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INTRODUCTION 

This preliminary report summarizes the work done during Phase I of 
contract DOT-FR-9027. The background and objection of Phase I activity 
are clearly defined in the contract and are therefore not repeated here. 
This program covers the design and retrofit of a Conrail E44 electric loco­
motive with a chopper drive system. The chopper system was previously 
developed by the General Electric Company at its Erie facility and operated 
on a test bed locomotive at its Erie test track. A locomotive using this 
system will provide many railroad benefits. This program will serve to 
demonstrate these benefits and provide a means of testing and documenting 
all key parameters based on an electric locomotive operating in revenue 
service. This report also documents all locomotive arrangement drawings 
and preliminary performance curves that have been prepared during the 
Phase I portion of the contract. 

RESULTS 

Phase I drawings provide all layouts and arrangements that are re­
quired to partially strip a Conrail E44, fabricate new structural parts, 
and assemble the converted locomotive to a chopper equipped E60C configura­
tion. Many drawings have also been completed for components that will be 
required for the single axle test (scheduled for the Phase II program) 
because of their manufacturing lead time. Typical examples are electronic 
panels and chopper components. A major design objective was to use as much 
of the existing E44 as possible. The converted E44 will reuse the nose 
cab, operator•s cab, trucks, air compressor, and platform with changed 
equipment mounting supports and ventilation openings. Major tasks during 
the design were equipment ventilation, filter design, weight distribution, 
equipment accessibility, system integration and performance, control com~ 

partment design, platform modifications, and equipment cab design. The 
modified locomotive will use D.C. drive motors, one for the existing air 
compressor and one for the single equipment blower. The thyristor phase 
control system ,can provide rated output at reduced catenary voltage. All 
air is cleaned to improve equipment life using GE self-cleaning inertial 
air filters. Preliminary performance curves are included in the appendix. 
During operational tests of the converted locomotive on the Erie test 
track and on Conrail parameters will be measured and final curves provided. 
Also included is the preliminary locomotive specification. Other draw­
ings are being sent with this report, but are not part of it due to their 
size. However the appendix does contain the preliminary locomotive list 
that contains these Phase I drawings. Locomotive top speed is limited by 
the existing truck design and not the drive system. However this top 
speed will continue to be satisfactory for the Conrail freight service. 

The new roof arrangement requires insulation for 25 KV and uses a 
vacuum breaker. Therefore the locomotive height has been increased. 
During the program the M.U. arrangement was changed to have the chopper 
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locomotive only U.U. in a trail position. This insures safe operation 
for the remainder of the E44 fleet without any fleet modifications. Wheel­
slip testing will be an important part of Phase II testing as the E60 has 
individual axle detection and correction with all six motor/chopper circuits 
in parallel. Improved dynamic braking is being provided with peak braking 
effort being held down to approximately 3 MPH. The. preliminary schematic 
diagram (also being sent separately) will be completed as Phase II details 
are completed. Annunciator/diagnostic panels and lights are being provided 
to simplify maintenance of the locomotive. Service experience should 
indicate where changes in this function are required for a future design. 
Equipment cab improvements are expected to reduce water leaks. 
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1. GENERAL 

A current E44 locomotive will be equipped with a propulsion system of 
chopper design that is capable of operating from any one of three (3) 
power sources, namely: 1lkV 25Hz, 25kV 60Hz, and 12.5kV 60Hz. 

In order to minimize the locomotive structural changes, the maximum 
equipment clearance diagram of the locomotive will be raised to accom­
modate insulators necessary for 25kV electrical clearances. The loco­
motive will no longer be capable of operating through the East and 
Hudson River Tunnels into New York. 

TRANSFORMER 

The forced air, forced oil-cooled transformer consists of a multiple 
winding primary with an internal no-load tap changing mechanism. An 
operating shaft projects through the tank for an air operated transfer 
operator. 

The tank is of the sealed pressure type with pressure relief valve. 
The heat exchanger supplied uses cooling air from the platform air duct_ 

Three secondary windings are included, two (2) for propulsion power and 
one (1) for auxiliary power to the blower, compressor, etc. 

A high voltage bushing projects through a watertight seal to the roof 
power connection. A mid-tap bushing is provided for connection to the 
midpoint of two (2) lBkV lightning arresters. 

The transformer is designed with silicone oil coolant. 

A double rotor induction motor-driven pump circulates oil. The pump has 
dual speed, with 1450 RPM on 25 Hz and 1750 RPM at 60 Hz. 

ROOF ARRANGEMENT 

Because of the operation on a system primarily fed from utility supply 
lines, and because of operation in parallel with locomotives presently 
equipped with vacuum circuit breakers, it is planned to remove the rear 
pantograph and substitute in its ptesent location a vacuum breaker. The 
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JR circuit breaker presently installed on the locomotive will be removed.t----L-----1 
The vacuum breaker is necessary to accommodate automatic negotiation of 
phase breaks and also to allow automatic changeover from one power source 
to another. 

BLOWER DRIVE UNITS 

Because of multiple power.source requirements, a GY64 DC drive motor is 
to be used to drive the equipment blower. The equipment blower is a 
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horizontal shaft centrifugal blower arrangement located in the same gen­
eral area as the present blower. Inertial filters will be used for 
cleaning equipment air as required. The blower operational modes will 
minimize energJ requirements. 

COMPRESSOR DRIVE 

A GY64 motor will also be used to drive the air compressor. The present 
compressor drive motor is a single bearing motor, flange mounted to the 
compressor. It is planned to use the existing E44 compressor, but driven 
by the two (2) bearing DC drive motor with a coupling mounted on a sepa­
rate common subbase. The shorter length of the DC motor makes this com­
bination approximately the same length as the existing arrangement. A 
separate cooling air duct from the platform air duct/plenum provides 
cooling air to this motor. 

CHOPPER PROPULSION SYSTEM 

The chopper propulsion system consists of six (6) individual chopper/ 
power modules which are mounted in the existing rectifier compartment. 
DC supply rectifiers will be located in the present tap switch area. 
These modules are individually ventilated from the locomotive platform 
air duct. Power cabling is required between the power contactors lo­
cated next to the transformer and the rectifier modules. Immediately 
above the chopper modules are motor disconnect switches, DC bus filter 
capacitors, and power cable connections .. The DC bus filter reactor and 
traction motor smoothing reactors are located under the platform. 

MISCELLANEOUS CHANGES 

Two (2) individual rectifier-control assemblies for the auxiliary equip­
ment wi11 be located in the control compartment. 

The main control stands will be modified to accept the 8-notch 17KC108 
AAR approved controller. 

All control wiring, except for cab signal control, will be removed and 
rewired to accommodate the new control system. 

The MU connectors will be retained, but the pin designations will be 
such as to allow MU operation with only an unmodified E44 leading. 

Battery charging will be done with a static regulator. 

Certain changes in the AC auxiliary system are necessary to allow mul­
tiple frequency operation. 

Wheelslip control will utilize motor armature speed sensors mounted on 
each GE725AF tracti~n motor. 

APPROVALS OIV OR 41 A3 040 31 

REVISIONS 

PRINTS TO 

ISSUED ~~~~N r-------------------~::T~:: CONT ON SHEET 5 
SH NO. 4 

FF-803-WB (10-77) 
PRINTED IN U.S.A. 

CODE !DENT NO. 



' 
) .. 

\ 

) 

GENERAL@ ELECTRIC 
.-----------,1··, 

41A304031 
.-R-EV----------...,-------------------jCONT ON SHEET 6 
t-:.:N=

0
·----------ITITLE CHOPPER EQUIPPED E44/E60 FOR 

SH NO. 5 

41A304031 OPERATION ON CONRAIL 

CONT ON SHEET 6 SH NO. 5 FIRST MADE FOR CONTRACT DOT-FR-9027 
REVISIONS 

No changes in the cab signal equipment are included. 

No changes in the air brake system are included, except for that required 
to move the main air reservoir. 

2. APPLICATION ENVIRONMENT 

MADE BY 
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2.1 Power Source 

2.1.1 Voltage and Frequency- (At Pantograph) 

25 Hz + .25 Hz 

Normal Voltage - 11 kV 

Max. 1/2 Sec. - 14kV (Once per year) 

Max. Sustained - 13.5kV 

Min. Sustained - 9.5kV 

One Hour - 9kV 

·- 1/2 Hour - 8.25 
·- -

l/4 Hour Emergency - 7.5kV 

60 Hz + .25 Hz -

Normal Voltage - 12.5kV 

Max. 5 Minutes - 14kV 

Max. Sustained - 13.75kV 

~1i n. Sustained - 9 .50kV 

Emergency - 8.75kV 
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60 Hz + . 25 Hz -

Normal Voitage - 25kV 

Max. 5 Minutes - 28kV 

Max. Sustained - 27.5kV 

Min. Sustained - 19kV 

Emergency - 17. 5kV 

Line Transients 

2.1.2.1 On-board equipment shall be provided for protection 
against lightning strokes and switching transients 
on the power line. (Via 9L11PGA018 Tranquel Light­
ning Arresters across the main power transformer 
primary.) 

2.1 .2.2 Minimum BIL = 150kV@ 25kV connection 
= 95kV@ llkV or 12-l/2kV connection 

2.1 .2.3 Peak magnetizing inrush current when vacuum breaker 
is closed shall not exceed: 

Line Voltage 

llkV, 25 Hz 

13.5kV, 25Hz 

27.5kV, 60Hz 

Allowable 
Peak Current 

3500 

3900 

Less than 2000 

2.1.3 Substation/Impedance 

j 1 .25 ohms at 25kV and 60 Hz 

j 0.5 ohms at 11kV and 25Hz 

2.1 .4 Line Impedance 

0.25 + j 0.65 to 0.25 + j 1 .2/mile (60 Hz) 

Z = .42/mile' (25 Hz) 
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2.1.5 Phase Breaks 

7 miles between phase breaks typical. 

2.2 Environmental Conditions 

2.2.1 Ambient Temperature 

The design sha11 be based on the following temperature 
environment:· 

Variations of ambient temperature are taken from AlEE No. 
December, 1962, Introduction to AlEE Standards, General 
Principles Upon Which Temperature Limits are Based in the 
Rating of Electrical Equipment which represents Weather 
Bureau data over a fifty-year period. Ambient temperature 
is for the worst case of Philadelphia or Pittsburgh, and 
is taken from Page 13A, Table 1 of indicated reference. 

Annua 1 Average (Tl) 12°C 

Average Yearly Variation (T2) 24°C 

Average Daily Variation (T3) 10°C 

Absolute· Maximum (T4) 4l°C 

Absolute Minimum (T5) -29°C 

Average hours the temperature exceeds a certain reference 
temperature taken from Page 138, Table II. 

Reference Temperature 

Average Hours Per Year 

Average Percent of Year 

2.2.2 Atmospheric Conditions 

263 

3 

10 0 

0.1 0 

Relative humidity up to 100% for 50% of time; ocean salt 
spray atmosphe}'e, dry snow, corrosive vapors, fine par­
ticulate matter coal dust, sand, ingestion of leaves and 
cotton tree fuzz, etc. and frequent lightning storms. 
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2.2.3 Shock and Vibration 

The equipment must be good for the following forces and 
vibration frequencies: 

Coupling Shocks 

Horizontal (Transverse Shock) 

Verti ca 1 
Max. Sustained Deceleration 
Max. Peak Acceleration/Deceleration 

2.2.4 Altitude 

Sea level to 2200 feet. 

2.2.5 Noise Limits 

2.5G 
1.5G 
1.5G 
1.5 MPH/Sec. 
5.0 MPH/Sec. 

2.2.5.1 OSHA Section 1910.95 - Occupational Noise Exposure 

11 Protection against the effects of noise exposure 
shall be provided when the sound levels exceed 
those shown below when measured on the "A" scale 
of a standard sound level meter at slow response. 11 

·Duration Per Day Sound Level 
Hours dbA, Slow Response 

8 90 

6 92 
4 95 
3 97 
2 100 

1-1/2 102 
1 105 

1/2 110 
1/4 or less 115 
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2.2.5.2 FRA 49 CFR 210 - Railroad Noise Emission Standards 

Conditions - Noise 
measured at 100 ft. 
from center of loco­
motive perpendicular 
to centerline of 
track 

Locomotives mfd. 
after 12/31/79 
dbA, Fast Response 

Stationary- Full Load 

Stationary - Idle 

Moving, under any condition 
of grade, 1oad, acceleration, 
or deceleration 

3. LOCOMOTIVE PERFORMANCE RATINGS/PHYSICAL PARAMETERS 

Speed Tractive Effort Curve 
Maximum Starting Tractive Effort 
Continuous Horsepower 

Gear Ratio 
Maximum Locomotive Speed 
Speed Braking Effort Curve 

Power Factor 
Efficiency (Without Auxiliaries at Full Load) 
It. Product 

Starting Adhesion Limit 
Continuous Adhesion Limit 
Dynamic Braking 

41H141337 
135,000 lbs. 
5,130 RHP 

83:20 
60 MPH 
41H105988 

41 Hll9318 
41Hl15682 
41H119319 

34.6% 
21% 
17.4% 

MU Capability Trail only 

87 

70 

90 

Performance Under Abnormal Conditions Full performance at + 10% 
Nominal Voltage (25kV, 60 Hz) 

Location of Apparatus 

Full tractive effort at -24% 
Nominal Voltage (25kV, 60Hz) 

15-minute emergency opera­
tion at -30% nominal voltage 
(25kV, 60 Hz) 

410722707 

REVISIONS 

PRINTS TOI 
MADE BY APPROVALS 

DIV OR 41 A30403l 11/311 ------------------~~:T~:: CONT ON SHEET 10 SH NO. 9 

----~---~t--~,--~~----FF-803·-WB (10--77) 
PRINTED IN U.S.A. 

ISSUED I 
I 

CODE !DENT r·;0 



GENERAL@ ELECTRIC 
i 

41 A30403l 
REV 

jCONT ON SHEET 11 r:N=o·-----------1 TITLE CHOPPER EQUIPPED E44/E60 FOR 
SI-t NO. 1 0 

41A304031 OPERATION ON CONRAIL 
.. '\ 11 

\ CONT ON SHEET SH NO. 10 FIRST MADE FOR CONTRACT DOT-FR-9027 

/ 

Loco Weight 390,000 + 2% (with individual 
axle load tolerance of + 1% 
of average axle 1 oad) 

4. EQUIPMENT DESIGN REQUIREMENTS 

4.1 Chopper Propulsion 

4.1.1 Individual propulsion module per motor. 

4.1 .2 Chopper/motor control may be cutout on an individual basis 
(with remaining chopper/motor sets each continuing to oper­
ate at their full tractive effort). 

4.1.3 Wheelslip Control 

- Single ~xle detection & correction 
- Correct on velocity differential & acceleration 
- Built-in locomotive overspeed 
-Automatic wheel diameter compensation for up to 2-l/2 11 

wheel diameter differential 
- Operating from motor armature speed sensors 

. - .. 

4.1 .4 No staging; notchless control (but with numerical notches 
on the master controller). 

4.1 .5 Motor/Truck Cutout 

- Individual motor cutout 
- Isolation of both sides of motor circuit 
- Remaining choppers at full power per motor with motor 

cutout 

4.2 Dynamic Braking 

- Provisions shall be made for maintaining dynamic braking during 
individual motor cutouts up to maximum of two motors cutout. 

- Extended range braking provided by chopper control from just 
over 3 MPH to the speed at max. braking effort. 
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4.3 MU Provisions 

Capability is to be provided for MU operation with only an unmodi­
fied E44 leading. The corresponding notch of the leading E44 and 
the trailing E44/E60 are as follows: 

E44 1 ,2 3,4 5,6 7,8 9-12 13-16 17-20 21-29 
Motoring 

E44/E60 1 2 3 4 5 6 7 8 

Dynamic E44 1 ,2 3,4 5,6 7-9 10 '11 12 '1 3 1 4 '1 5 16 '17 
Braking 

4.4 

E44/E60 1 2 3 4 5 6 7 8 

Vacuum Breaker 

4.4.1 Worst cast breaker operations/year is estimated with the 
fo11ov~ing locomotive duty cycles. 

7,000 Miles/Month, 12000 Breaks/Year 

4.4.2 Design is based on a 30 year life with reasonable mainten­
ance and replacement of wearing parts. For most of these 
operations, the breaker will operate as a line switch under 
no power conditions. Approximately 1 in 2,000 operations 
will be of the fault-trip nature. 

4.5 Battery Charger 

4.5.1 Equivalent of AMTRAK battery charger is to be used, providin 
74V de, 125 amps, charging into the existing E44 batteries. 

4.5.2 A low battery voltage trip shall be provided to shut the lo­
comotive down at 55 volts. An alarm at this condition shall 
be sounded. 

4.5.3 The battery box will accommodate a DEKA #823 battery, which 

4.7 EMI 

is 27-1/2 x 7-1/2 x 9-5/8, and weighs 160 pounds wet. (Made1--........__--l 
by East Penn Mfg.) 

4.7.1 The chopper propulsion subsystem shall not have any detri­
mental effects on the 100 Hz carrier cab signal subsystem 
that exists on the E44 locomotive . 
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4.7.2 Electrical equipment powered or operating in control and 
auxiliary power circuits shall have transient voltage sup­
pression applied. 

4.7.3 Appropriate grounding, shielding, separation of signal, 
control and power wires, and electronic card practices shall 
be incorporated in the design to the extent possible to in­
hibit any electromagnetic interference in the locomotive 
electrical system. 

4.8 Cooling Air 

Primary filtering of all air is provided. Air intake located high 
on equipment cab. Cab pressurization to keep dirt out. 

4.9 Telephone Interference Filter 

A filter shall be supplied to reduce the It product of the catenary 
current. The calculated performance is shown in 41Hll9319. 

4.10 Air System Compressor and Blower Drives/Electronics 

Two separate DC motors, with phase control electronics, to be ful~­
nished for driving the existing air compressor and the centrifugai 
blower. Overspeed and overvoltage protection are provided. 

4.11 Automatic Voltage/Frequency Changeover 

Make provision only, for future installation of the controls and 
mechanism to achieve automatic "on the fly" changeover of the 
power system from 11 kV catenary power to the 25kV catenary povJer 
and vice versa. The system shall also provide for automatic re­
moval and reapplication of locomotive power when negotiating a 
phase break. The system shall receive and respond to signals from 
permanent magnet modules on the wayside. The design of the system 
shall provide redundancy to assure that power is interrupted prior 
to passing through the gap, and a monitor catenary voltage and 
transformer tap switch position to assure agreement prior to reap­
plication. A light and reset switch in the operator•s cab will be 
provided to indicate and reset system fault on a trainline basis. 

4.12 Maintainability 

4.12.1 Locomotive Operator Indicating Panel 

An Operator Indicating Panel shall be provided, which indi­
cates when there are locomotive faults for which the oper­
ator can take action (propulsion faults, wheelslip/slides, 
overtemperature and grounds). 
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SH NO. 13 

4.12.2 Diagnostic Panel/Status Lights/Test Points 

Maintenance aids, such as logic card status lights and test 
points, sha11 be provided for troubleshooting the propulsion 
subsystem and the overall locomotive system. These mainten­
ance aids shall be separated from the Operator Indicating 
Panel and will be located inside a small control compartment 
that is accessible from the operator cab. 

4.12.3 In addition, the following maintenance features shall also 
be provided: 

- Ready accessibility to expendable maintenance items 
{brushes, filters, fuses, contactor tips, etc.) 

- Provisions for easy field realignments, where required, 
upon replacement of such items as blowers, couplings, 
motors, and compressor. 

- Ready accessibility of all electronic panel wiring, elec­
trical terminals, and all electrical test points for test 
and disassembly. 

- Ready accessibility to all mechanical bolted connections 
for dis?ssembly from the locomotive. 

4.13 Hipot and Megger 

MADE BY 

4.13.1 Hipot 

The equipment shall be designed to meet the dielectric 
strength of insulation and tests of ANSI C35/IEEE #11 stan­
dard for power circuits and ANSI C48/IEEE #16 standard for 
auxiliary and control circuits. 

4.13.2 Megger 

Individual circuits and complete control and auxiliary sys­
tems of a11 equipment shall have at least three (3) megohms 
insulation resistance to ground when measured by a megger, 
a resistance bridge, or by the voltmeter-ammeter system, 
all using 500 volt DC. Power systems shall be tested in a 
similar manner, using 1050 volts DC. 

Exceptions are as follows: 
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1. The high voltage measuring modules must be discon­
nected during the megger measurement. (Their inherent 
design impedance is under three (3) megohms when all 
measuring modules are in place.) . 

2. Complete Control and Auxiliary Circuits- 3 megohm 
minimum. If locomotive fails to meet the 3 megohm mini­
mum~ individual circuits for cab heaters, running lights, 
fuel pump, radio and cab signal will be isolated and 
measured separately. The individual circuits will meet 
5 megohms minimum. The remainder of the basic control 
circuit will meet 3 megohms. 

3. If the locomotives fail to meet the 3 megohm limit, 
the test will be repeated later in the test cycle at a 
time chosen by GE. However, the hipot test will be 
made if the megger reading is above 1 megohm, and hipot 
wires wil1 be removed and not replaced for the retest -
nor will hipot testing be repeated. 

5. RETROFIT WORK DESCRIPTION OF E44 CONVERSION TO CHOPPER PROPULSION 

5.1 Remove the following equipment: 

- Rear pantograph 

MADE BY 
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- Cab roof over transformer 
- Main transformer 
- Ground switch 
- Tap switches 
- J.R. breaker 
- Main equipment blower and drive motor 

- Control wire troughs and wire (but not cab signals and train 
cont. wiring) 

- Rectifier compartment cab/roof section 
- Main propulsion rectifiers 
- Blower start contactor and resistor 

- Everything in Control Compartment 
- KM45 Controller 
- Motor cutout switch 
- Compressor start contactor and resistors 
- Air compressor, drive motor 
- Whee1slip panel in cab control compartment 
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REVISIONS 

- Battery compartment 

- Braking and accelerating resistors 

- Auxiliary transformer 

- Both master controllers (leave housing) 

- Overload relays in cab control compartment 

- Main smoothing reactor 

5.2 Burn off blower support (radiator-and piping enclosure). 

5.3 Modify rectifier room to accept chopper control panels, line filter 
capacitors, and motor disconnect contactors. t---+-----i 

5.4 

5.5 

5.6 

5.7 

j 

Remove traction motors, gears, and wheels. 

Steam clean the stripped down locomotive. 

Modify transformer mounting pads. 

Mount new base frames for the following equipment: 

- Equipment blower/filter housing/blower drive motor. 

- New smoothing reactor supports - chopper reactors under platform, 
auxiliary motor reactors near drive motors. 

- Compressor drive motor. 

-Duct work for equipment blower/motor and air filter subassembly. 

MACE BY 

ISSUED 

- Pre-regulator and chopper modules. 

-Eight notch master controllers (2). 

5.8 Install new equipment to base frames of 5.7. In addition: 

- Install the main transformer. 

- Install 4 line disconnect switches alongside main transformer. 

- Install line filter capacitors and motor disconnect contactors 
above chopper modules. 

5.9 Do power cabling (above platform). Mount CT 1 s near transformer. 
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5.10 Control Wiring 

- Strip out all control wiring less that used for cab signal and 
train control. 

5.11 New cab section for blower will be furnished. Roof hatches will 
be reused, if possible. 

5.12 

5.13 

5.14 

5.15 

5.16 

Run control air pipe.line to roof for vacuum breaker. 

Mount vacuum circuit breaker on main transformer. 

Mount new traction motors, gears, and wheels. 

Install lightning arresters on main transformer. 

Put new equipment in control compartment. 

Mount new auxiliary transformer in contra 1 compartment. 

I '~.c ' 
SH NO. 16 l 

I 
REVISIONS~ 

I 
I 

l 
I 

I 
'· 5.17 
j. 

5 .18 

Mount air compressor and new drive motor on subbase and align. 

Mount and align equipment blower and drive motor. 

Miscellaneous changes to switches, indicating lights, breakers, 
etc. in operating cab, mount new overload relays. ~ 

5.19 Paint. 

5.20 Test- wiring, cabling, control sequence, limited load test, motor 
rotation, etc. Track test at Erie. 
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E44 CHOPP[R PROJECT 

PRELIMINARY TEST PLAN 
.. 

A. SCOPE 

B. 

This test will include all electrical and thermal stresses to a single chopper 
section. This chopper section will be loaded into a motor load, capable of 
loading the chopper components to their full rating in either motor or brake 
operation. 

The electronic controls required for the chopper section and preregu~ator 

section will be tested to the inferred system requirements of locomoti.ve 
specification 41A303259. 

The scope of this test is limited to a single chopper section of the pro­
duction variety. A preregulator will be required to perform the testing, 
however, it will not be a production model. 

Testina will be of the devices described by the following: 

Chopper (Power) l7KG39l 

Schematic 410756333 

Outline 41C662018 

Control 

Power Supply Panel l7FL213 

Chopper/Regulator l7FL215 

Chopper/Braking l7FL216 

Annunciator l7FL217 

OBJECTIVE 

To confirm that. the production designs of power and control circuits of a 
single section chopper meet the design specifications l8073-NL*A*A2 and 

7 l8073-NL*B*A2 and the inferred system requirements of locomotive specifi­
cation 41A303259. 
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C. FACILITY DESCRIPTION .. 

The facility required for this testing is shown in simplified form on sketch 
JAL91379 and consists of the following: 

l) A single phase AC source rated 

volts RMS 
Amps 

1935 v m~s 
l 000 amps 

2) A DC preregulator similar to or the same as the preregulator 
required for the E44 chopper locomotive. This preregulator 
must be capable of being controlled by E44 preregulator controls 
so that start up high and low line and dynamic braking can be 
accomplished. 

2.A) Preregulator controls which are to be checked for performance. 

3) Filter bank and dynamic brake resistors 

4) 

5) 

Filter choke & cap bank- Use the present equipment in Bldg. 50. 

Resistors and contactors -

(Contactors are available at Bldg. 50, dynamic brake resistors 
need to be defined then found). 

Chopper - A single section chopper (production version) and all 
controls necessary to operate this chopper. To specifications ? 

(;c t..J 
Test machine 752 shafted to another 752 which will be the load 
machine. 

The test machine will be a series field 752 motor. The load 
machine will be a separately excited 752 motor. The field will 
be held constant, its output will be fed to a 752 separately 
excited machine which is directly shafted to a synchronous 
machine driven by utility power. Controlling the field of this 
machine controls the output voltage and then the speed of the 
load machine. The field then can be controlled to load the test 
machine and chopper section as desired. 

6) f\_i_r ___ R_e_CLU_i_r~_Q_len_t~_ 

(a) Si_~_gle Chopper Section - 1500 CFM at 10" H20. 
This VJill require special ducting although the blower 
presently in bldg. 50 can supply this air. 

(b) -~!-~~-g~l a tor - The pre regula tor in 50 already has an air 
supply, however, it is combined with the air supply to the 
breadboard chopper. This chopper will be removed and the 
air supply modified to s~pply only the preregulator and filter. 



C. FACILITY DESCRIPTION - Continued 

6) Air ~~_j__cements - Continued 

(c) Dynamic Brake Resistors - It is possible if sufficient 
-r-es-1stors can be obtained that no forced air would be 
required. However, if air is necessary low pressure -
high CFM air could be used. 

Depending on the location and quantity of dynamic brake 
resistors it might be possible to duct exhaust air from 
preregulator or chopper through them. 

(d) Machine Coolina- As ~xist will be satisfactory for chopper 
testing. 

D. EQUIPMENT BEING EVALUATED 

l. ~in]le Section Chopper as shown on schematic 410756333 and outline 
41C662018 

This chopper section will be loaded to full load motoring and 
braking. 

(a) Thermal Stresses encountered by the semiconductors, commutation 
~eactors and capacitors will be evaluated at those conditions 
considered to be worst case. 

(b) Electrical Evaluation 

Semiconductors 

Commutation capacitors 
and Reactors 

Snubbers 

Watts dissipated 
Voltage stresses 

a) Vs 
b) dv 

dt 
c) di/dt 

d) Voltage overshoots 

a) Rt~S currents 

b) di/dt 

c) peak currents 

d) voltage excursion 

a) Proper Watt rating 

b) Rr1s I 

c) Peak currents 

d) Voltage balance 

d) Voltage sharing 

& stresses 



D. EQUIPMENT BEING EVALUATED - Continued 

l. (b) Electrical Evaluation - Continued 

System Logic a) Motoring 

b) Braking 

c) Startup 

d) Shutdown 

System logic in general will be checked out to a degree to 
confinn that the requirements of locomotive specification 
41A303259 can be met with the control equipment. The testing 
will include all the contactor control necessary to satisfy 
proper braking and motoring iri addition to chopper control 
logic. 

System lo~ic check includes the following control panels: 

17FL215Al 

17FL216A l 

17FL213Al 

17FL217Al 

Preregul a tor 

Chopper 

Power Supply 

Annunciator Panel 

These panels will be connected into the system and to the extent 
possible on a single chopper, their logic checked out. 

System logic would also include power system test in general; 
i.e. harmonic generation in line, telephone interference, 
switching transients, crowbar functioning, and etc. 

E. TEST EQUIPMENT REQUIRED 

This 1 ist of test equipment would represent a minimum requirement, in addition 
to facility. 

1) Oscilloscope 

2) Multimeters 
/\nalog 

3) Digital Multi­
meters 

4) Recording 
Instrument 

Double amp capability 
Extended hori zonta 1 svJeep 
Differential amplifier 
Chopper type amplifier 
Camera 

Two min. hand type. Similar to 260 Simpson 
or a Triplett. 

(3) Similar to John Fluke 8010 

Visicorder, six channel minimum 

Isolation and attenuation amplifiers for 
use with above. 



•'-

' ' ' 
' ' 

E. TEST EQU I PHENT REQ_~_I__REQ_ - Continued 

5) Recording 
Instrument 

6) Harmonic Measur- -
i ng ~~eter 

7) Temperature 
Measuring 
Equipment 

8) Air Flow 
t~easuri ng 
Equipment 

9) Control Power 

10) Isolation 
Transformers 

11) Sound Level 
Meter 

12) Electromagnetic 

}/ ;J 42~~/c~2{a~ 
J.A. Laukaitis 
42-2, Ext. 2489 

September 20, 1979 

mrr 

Brush type for recording performance 
characteristics 

Four to six channels with isolation 
amplifiers 

Similar to Gen Rad Model 2512 
Fast Forier Transform type scope 

or 

Hewlett Pachard wave analyzer 

Either would probably be satisfactory 

Heat run information required will be quite 
extensive. Automatic data taking instru­
mentation will be required. 

Need ability to measure pressure drop 
and Velocities. 

(2) 0±15 V control power 
(1) 75 V battery simulation 
(2) 0 to 25 

115 to 115 for instrument 
isolation where necessary. 
(scopes, visicorder, etc. if required) 

As Required 

To demonstrate that equipment meets 
the requirements of paragraph 4.7 of 
41A303259. 
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REV 
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\:ONT ON SHEET 
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GENERAL (f§} ELECTRIC 41A278712 

TITLE CONT ON SHEET 3 SH NO. 2._ 

PURCHASE SPECIFICATION FOR 25 KV 
VACUUM CIRCUIT BREAKER 

SH NO. FIRST MADE FOR GENERAL (DOT-FR9027 .E44/E60 LOCO 

SCOPE 
.. 

The s.cope of this specification covers elec tr,;ica 1, mechan­
ical, environmental and general characteristics of a vacuum 
type circuit breaker to be used on General Electrical loco­
motives. The unit is to be mounted on the roof of the loco­
motive as a pantograph line breaker whose output will feed 
the main transformer primary high voltage bushing. The 
unit will close .and open on command of either normal sig­
nals or fault signals at a lm.v level DC control voltage. 

VARIATIONS IN CONTROL POWER 

1.1.1 The breaker will be controlled by 75 VDC 
(50 VDC min). Iri addition, compressed air 
is available from the locomotive• s control 
equipment air tank. This air may be used 
to power the vacuum breaker if desired. 
The locomotive air supply will be set at 
either 70 + 3 psi or 90 + 3 psi, Once it 
is set it will be regulated at+ 1 psi from 
th e set point. 

1.1. 2 Breaker must close upon application of con­
trol voltage and open when voltage is removed. 

1..1.2.1 If dual speed opening breaker is 
offered, the fast opening (i.e. 
trip) mode shall be activated by 
remova 1. of control voltage to a 
trip circuit which is separate 
from the normal slow open-close 
circuit described in Paragraph 
1.1.3. No electrical energy 
storage devices (e.g. capaci­
tors) shall be required in the 
control circuits. 

REVISIONS 

1.2 DEFINITIONS 

I 
~F 803· WF(l· 77) 

1.2 .1 PARTIES 

Purchaser -General Electric Company 
Transportation Sys terns Business Div. 
Erie, Pe•.1.sylvania 

CONTROL DIY OR 
----------------DEPT, 41A2 78 712 
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ERIE 
LOCATION CONT ON SHEET 3 SH NO. Z 
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SH NO. 

GENERAL@ ELECTRIC 
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41A2 78712 

TITLE CONT ON SHEET 4 SH NO. 3 

PURCHASE SPECIFICATION FOR 25 KV 
VACUUM CIRCUIT BREAKER 

FIRST MADE FOR GENERAL (DOT-FR902 7 E44/E60 LOCO) 
REVISIONS 

DEFINITIONS (continued) 
.. 

1.2 .1 

Supplier -Vendor supplying material, ser­
vices or equipment to this pur­
chase specification 

DESIGN CHARACTERISTICS/RATINGS 

2 .1 ELECTRICAL 

I ..... 
/ 

FF 803-WF(l·77) 

2.1.1 All part number ~esignations of this breaker 
should be capable of operating on all the 
following single phase systems with the fol­
lowing ratings: 

AMP ASYM. MVA 
KV HZ CURRENT CLOSE/LATCH INTERRUPT 

--· - --·· 
MIN NOM MAX CONT INTERRUPT 
/.5 11 14 25 600 8000 12000 
8. 75 12.5 14 60 600 8000 12000 

17.5 25 2 7. 5 60 450 7200 12000 180 

2.1.2 Voltage Withstand Ratings 

2.1.2.1 Power frequency withstand 
External voltage to ground as 
mounted on locomotive 75 KV re­
quired WET 60 second rating. 
Interna 1 voltage across open 
interrupter bottles 130KV. 

2.1.2.2 Impluse Withstand (BIL) 1.2 x 
50 u sec wave 

External voltage to ground mounted 
on locomotive 150 KV 

Internal voltage across interrupter 
bottles 150 KV 
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GENERAL@ ELECTRIC 41A278712 

TITLE CONT ON SHEET 5 
PURCHASE SPECIFICATION FOR 25 KV 
VACUUM CIRCUIT BREAKER 

SH NO. 4 

SH NO. FIRST MADE FOR GENERAL (DOT-FR902 7 E44/E60 LOCO) 

2 .1.2. 3 Lightning arrestor will be provided 
external to breaker (by GE Co) in 
service. 

l) for 11-12.2 KV , 9LllPGAO 18 
2) for 25 KV , 2 of 9LllPGA018 

2.1.3 Opening speed versus control voltage. The 
breaker shall open and clear fault current 
as a result of control voltage signals from 
the locomotive system. 

2 .1. 3.1 Open time sha 11 be from time breaker 
receives trip signal to time fault 
has been cleared. Fault shall con­
sist of maximum rated current. at 
rna x im um r a ted v o 1 tag e a t any off s e t 
rates from 1..0 to 1.4. Breaker 
shall respond at 50 or 75 V no 
slower than the following times 
which are given in milliseconds. 

FAULT CLEARANCE TIME 
25HZ 60HZ 

Pl 45 ·33 

2.1.4 Close latch and 100 ms current carry - 1~,000A 
asym. peak. 

.. 

2.1.5 The breaker shall include three single pole double 
throw switches mechanically actuated by the open­
ing and closing of the breaker. Switch contacts 
shall be capable of switching l.OA@ 75V inductive 
load for the overhaul life of the breaker. 

REVISIONS 

2.2 MECHANICAL 

/ 

2.2 .1 Maximum closing time sball be 250 ms and maxi­
mum slow opening time (if any, in case of a 
dua 1 speed breaker) sha 11 be 250 ms at 50 and 
75 volts. 

' RC 
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PURCHASE SPECIFICATION FOR 2S KV 
VACUlM CIRCUIT BREAKER 

SH NO. FIRST MADE FOR GENERAL (DOT-FR 902 7 E44 /E 60 LOCO) 

MECHANICAL (continued) 

2.2.2 The breaker shall .operate in fast trip and slow 
opening modes (if any) and shall close with 
control voltage as low as SO VDC. 

2.2.3 The breaker will operate at each line phase 
break at 14 mile intervals, 84000mi./year 
are expected, 6000 operations per year. 30 
year life with reasonable maintenance is ex­
pected. Normal phase break opening will be 
at SO amp. 1 per 2000 openings will be of 
fault trip nature. 

.. 

2.2.4 The breaker shall be capable of being remotely 
controlled from anywhere in the ·locomotive through 
application or removal of low voltage DC control 
signals. Special power supplies, external con­
trols or other apparatus which are external to 
the vacuum breaker and which must be mounted se­
parately within the locomotive, ttmst be compact. 
All such apparatus as well a.s low voltage control· 
wiring and those switches covered in Paragraph 
2.1.5 shall be properly isolated from the high 
voltage portions of the breaker such that they 
are suitable for operation at or near ground 
potentia 1. 

2.2.S The breaker shall be trip free. That is, the 
breaker shall be capable of instantaneously trip­
ping open at any time the breaker is closed, or 
at any time during the clqsing stroke or the open­
ing stroke. 

2.2 .6 Mounting - Outline drawing showi.ng mounting dimen-. 
sions and insulators shall be included by the 
supplier in response to this specification. 

2.2. 7 An outline of the breaker and any auxillary box 
shall be provided. In interim, outline 3078A0449 
is being used for roof layout. Early update is 
required to minimize packaging impact. 

REVISIONS 
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VACUUM CIRCUIT BREAKER ~.·. 
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REVISIONS ! 
2.7. 

2.3 

MECHANICAL (continued) 
.. 

2.2.8 Definition of the following is required: 

Mounting requirements 
Terminal interface requirements 
Special Tools requirements 
Standard Hardware requirements 
Markers and standard terrnina 1 marking 
Nameplates and product rna rking 

MAINTENANCE SCHEDULE 

requirements 

Maintenance shall be minimized. A recommended maintenance 
and tip wear inspection shall be included in re·sponse to 
this specification. One year minimum inspection period 
is desired. 

2.4 ENVIRONMENTAL 

The breaker is mounted on the locomotive roof unprotected 
from the environment. It will be subject to a typical 
railroad atmosphere which may contain as a minimum, iron 
dust, ozone, fine sand, carbon dust, salt air, alkaline 
dust, 100 MPH winds, freezing rain, ice, ·snow and sleet 
as well as RR car washing detergents under high pressure 
stream or spray (e.g., commerical caustic water soluble 
hot or cold cleaning solutions such as oakite). 

2.4.1 Relative humidity may be from 0 to 100/o 

2.4.2 Ambient temperature may be from a minimum of 
-40°C to a maximum of 40°C plus direct solar 
radiation equivalent to a total of 74°C in 
the shade, 

Av. hours ambient temperature exceeds ref. temp 
as below 

Ref. Temp 
Av. Hr/Yr 
Av % of Yr 

35.5°C 
10 
. 1 

41.1°C 
0 
0 
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; ... 

2.4 ENVIRONMENTAL (continued) ·· ~ 

2 .4.3 ELEVATION t-
Elevation will vary from sea level to 2200 ft. f 

2.4.4 THERMAL CYCLING DUE TO OPERATION 
0 -Max rating 20 times/day PLUS 
0 to continuous rating 100 times/day 

2.4.5 THERMAL SHOCK 
Must be capable of withstanding 100 step changes 
starting at 0 current at -30°C then operating at 
full rated performance. 

2.4.6 MECHANICAL SHOCK REQUIREMENTS 

Shock(Coupling Shocks (longitudinal) 
· (Horizontal & Vertical 

2.5g 
l.5g 

VibrationC 1 -40Hz 
(40-JOOHz 

3 11 /sec velocity 
1.5g Ace. 

"~" 

3.0 WARRANTY AND PRODUCT SERVICE 

3 .l The supplier will comply with a 11 -requirements 
of Vendor Product· Service Instruction 41A218021 
and Warranty for Purchased Components 41A282026. 

4.0 QUALITY ASSURANCE REQUIREMENTS 

4.1 Quality assurance requirements shall include Test 
and inspection plan records and first article in­
spection, notice of changes and deviations for 
a pprova 1. 
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3. Critical Frequencies 

No critical frequencies of the oil cooler tubes shall be excited 
by air flow from 50% to 150% of the design air flow velocity. In 
addition, no resonant frequencies below 300 cps shall exist in 
the cooler tube design. 

4. Tank Construction 

A. Special precaustions shall be taken to m1n1m1ze the danger of 
transformer leaks at the tank corners and terminal boards. 
Creepage distance between LV terminals should be as large 
as possible to minimize the problem~ of oil seepage. Minimum 
acceptable creepage distance is 5 inches. 

5. Machine Screws 

A. All machine screws shall be in accordance with requirements 
of the American Standards Association. 

1. Hex head screws ASA Standards 818.6. 

2. Slotted and recessed head screws ASA Standards 818.6. 

B. All machine screws shall be rolled or cut to national form 
thread. 

1. Thread for machine screws #12-28 and smaller shall be 
NC fine. 

2. Thread for machine screws size 1/4'' - 20 and above 
shall be NC Coarse. 

6. Plain and Lock Washers shall be in accordance with ASA 827.1. 

7. All hardware (nuts, screws~ and plain washers) shall have a zinc 
(hot dip) coating or cadmium plate (.002" to .004") for outdoor 
use. F70 B4D zinc electroplate may also be used. 

l 
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8. Class of Fit 

A. All nuts and tapped holes shall have Class 28 tolerances. 

B. All capscrews, machine screws and bolts shall have Class 2A 
to 1 erances. 

9. Lock Hashers or Other Locking Devices 

Shall be provided for bolts, screws, and nuts except where flat 
head screws are used in which case the heads will be center 
punched to prevent them from loosening. 

10. Screw Threads 

In wood or molded compounds are not permitted. Any device mounted 
on wood or molded compount shall be secured with a trhough bolt or 
machine screw. It is permissible to hex counter bore a nut on the 
back side of a panel to keep the nut from turning while the screw 
is being inserted. 

11. Exterior of the transformer shall be primed and finish 
coated with gray paint. The bidder shall obtain approval 
of his paint system. 

12. Accessibility 

A. All accessories mounted on a transformer shall be easily 
removable. 

B. All mounting screws shall be accessible. 
+ 

C. Sufficient clearance around bolt heads shall be provided. 

D. All nuts not accessiblQ from the front shall be welded in 
place. ~ 

14 
I 
l 
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V. ENGINEERING COORDINATION 

The transformer equipment covered by this specification shall be a 
coordinated design between the vendor and the Locomotive Engineering 
Department, General Electric Company. -

VI. TESTING 

1. Engineering Tests 

Engineering tests to be made on only one unit. 

The transformer shall be designed to ASA Standards for 11 0istri­
bution, Power, and Regulating Transformers and Reactors other 
than Current Limiting Reactors" Section 12-02 10/29/1958 for a 
transformer ttJith a single phase line to ground voltage of 25 Kv. 
Basic impulse level of 150 Kv full wave voltage applies. Impulse 
test will be made on one transformer in accordance with the above 
named standards, using the method without normal frequency excita­
tion both full and chopped wave. 

The Engineering tests shall include the following: 

A. With rated load on the transformer, (primary and three 
secondaries), liquid circulating pump in operation and 
rated cooling air through the radiator temperature rise 
shall not exceed that specified by the bidder. 

B. Determine pressure-flow characteristic of radiator on 
one transformer with air inlet as it will be on the 
locomotive. (In the event that the identical cooler 
that was used on the E44 outline 579E257 is used this 
test is waived.) 

C. Resistance of transformer windings and impedance volts 
and impedance loss for each winding shall be determined 
with transformer at room temperature. 

J 
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D. Make tests to determine whether or not high fre­
quency surges will be transmitted through the 
transformer. This test is to determine the capac~ 
itive coupling between the primary and secondary 
windings in circuits. Peak voltage should be chosen 
so as to give reliable values of capacitance coupling 
consistant with the measuring device chosen. 

A sharp front (rise time .2 microseconds) voltage at 
the high voltage bushing of at least 1000 microseconds 
duration should be applied and the voltage transient 
at each secondary tap to ground measured. 

E. Secondary Impedance Tests 

Primary to secondaries x1 x2 and x3 x4 individually 
and between secondaries x1 x2 - X{ Xd with H1 H2 open 
and x1 x2 and x3 x4 both short circuited. 

Commercial Tests 

A. Designed for dielectric tests in accordance with the 
American Standard Test Code for 11 0istribution, Power, 
and Regulating Transforrri€rs and Shunt Reactors 11 

C57.23.00-1965. 

Applied voltage (to other windings and ground) 
.HV winding - 15 Kv for one minute* 
LV winding - 10 Kv for one minute* 
Induced Voltage -50 Kv from high voltage terminal 

to ground, with high voltage windings in series, 
in accordance with test code referred to. 

The induced voltage test shall be repeated with the 
high voltage windings connected in parallel, and 
with an induced voltage of 25 Kv primary. 

* Duration specified by GE Co. Test Form 13483 
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B. Winding resistance. 

C. Turn ratio shall be determined for all taps and for the 
full secondary winding, including main and auxiliary 
windings. 

D. Excitation loss determination shall be based on a sine 
wave voltage. 

E. Exciting current at normal and maximum continuous voltage 
shall be corrected to a sine wave basis. 

F. All tests subject to inspection by the customer. 

G. Electrical isolation of the secondary windings shall be 
proven by testing per ASA code referred to, with each 
secondary tested at 10 Kv to ground with other windings 
grounded. 

H. Verify direction of pump motor rotation to be correct 
for both supply frequencies. 

I. Auxiliary equipment including current transformers, pump 
motor, and t~mperature switch must be megger tested at 
500 volt megger. The insulation resistance o.f each device 
must be in excess of 10 megohms. The auxiliary equipment 
must also be hipotted at 1500V ac RMS, 60 Hz for 1 minute. 

VI I. INSPECTION 

The transformer equipment covered by this specification shall be 
subject to inspection by representative~ of Locomotive Operations, 
General Electric Company. Vendor shall warrant all material furnished 
on this specification in accordance with 41A282026. 
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VIII. VENDOR PRODUCT SERVICE 

1. Instruction and Customer Education Material 

At the time the locomotive is placed in service on the customers 
property, complete instruction books are to be in the hands of 
the ultimate customer. The vendor is to supply complete manuals 
in a format and bound in a manner agreed upon between the vendor 
and representatives of the Locomotive Operations and in quantities 
to meet the requirement of the ultimate customer as specified in 
this requisition. 

Manuscript and reproducible illustrative art work to be supplied 
for the use of the Locomotive Operations in preparing running 
maintenance and customer education manuals. The content arrange­
ment and production lead time for the material is to be indi­
vidually negotiated with representatives of the Locomotive 
Operations in quantity to meet the requirements of the ultimate 
customer as specified in the requisition. 

2. Renewal Parts Bulletins 

Parts catalogs and bulletins are to be supplied so as to be in 
the hands of the ultimate customer when the locomotive is 
placed in service on his property. Catalogs and bull~tins are 
to be furnished in a format and bound in a manner agreed upon 
between the vendor and representatives of the Locomotive Opera­
tions in quantity to meet the requirements of the ultimate 
customer as specified in the requisition. 

I X. DRAWINGS 

Vendor to furnish outline drawings, and photographs in quantities 
to be specified at time requisition is issued. 

X. DRAWING LIST PER GENERAL ELECTRIC, PITTSFIELD AS FOLLOWS: 

l. 

2. 

3. 

Connection Diagram 

Elementary Diagram 

Outline Drawing (Railroad) 
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XI. VJARRANTY 

The equipment covered by this specification will be under warranty 
by the transformer manufacturer, inGluding material, labor and 
delivery charges to the Locomotive Operation or the final customer, 
by the following clauses: 

1. The manufacturer of the transformer shall provide an 
unconditional two year warrantee. 

2. All equipment shall be free from defects in title. 

3. All equipment shall be 100% new and unused and in 
accord with this specification and shall be free 
from defects in material and workmanship. 
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DUTY CYCLE 1 

WINDING 

Primary = H1-H2 

MADE BY 
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41A303522 
2 SH NO. J 

CODE IDENT tiC 



GENERAL@ ELECTRIC 
1 

41A303522 
CONT ON SHEET 

REV TITLE 
NO. 

3 SH NO. 2 

TRANSFORt·1ER DUTY CYCLE 

CONT ON SHEET SH NO. FIRST MADE FOR CONTRACT # DOT-FR-9027 (CONRAIL E60) 

CURRENT M~PS 
REVISIONS! 

DELTA RAIL TOTAL 
TH1E SPEED SECOND AUX. TRACT POt,/ER TIME 
(MIN) (MPH) PRit~ vJOG. \~DG. t-10TOR (HP) U1IN) -- --

0.25 I. 0 182. 501. 455. 2407. 533. 0.25 
0.25 4.0 228. 660. 455 •. I 781 •. 1540. 0.50 
0.27 7.0 297. 897 •· 455 .• 1635. 2453. 0.77 
0.28 10.0 368. 1 140. 455. 1538. 32.75. 1.05 

! 0.29 13.0 423. 1 328. 455. 1456. 4007. 1. 34 
0.30 16.0 476. 1 51 J •· 455. 1381. 4648. I .64 

I 0. 32 19.0 51 7. 1651. 455. 1286. 5092. I. 96 
0.36 22.0 52 I. 1666. 455. 1157. 5228. 2.32 
0. I 3 24.0 510. 1628. 455. 1069. S207. 2.45 I 
3.0] 25.0 36. . 0 •. 455 • 0. 1 • 5.46 I 6.24 25.0 255. 751. 455. 559. 2413. 11.70 I 

0.28 26·. 0 504. 1608. 455. 999. 52.12. I I. 98 I 0.20 29.0 492. 1566. 455. 900. 5130. 12. 18 
3.76 30.0 36. 0. 455. 0. I • 15.94 
2.96 30.0 489. 1555. 455. 867. 5079. 18.90 
I • J 4 31.0 489. 1555. 455. 847. 5099. 20.04 

I 2.22 34.0 488. 1553. 455 •. 786. 5102. 22.2.6 
I. 30 36.0 48-1. 1 550. 455. 750. 5098. 23.56 

~ 
I .80 33.0 488. 1552. 455. 806 •. 5106. 25.36 
0.95 31.0 488. 1554. 455. 847. 5098. 26.31 
0.66 33.0 488. 1552. 455. 806. 5105. 26.97 I 

0.74 36.0 487. I 550. 455. 750. 5098. 27.71 
0.50 39.0 484. 1537. 455. 703. 5085 •. .28. 2 I 
1. 73 40.0 36. 0. 455. 0. I • 29.94. 
0.76 39.0 483. . 1535. 455 • 702. 5078. 30.70 
0.25 39.0 483. 1535. 455. 702. 5078. 30.95 

.1.25 40.0 36. 0. 455. 0. I • 32.20 
I. 55 38.0 484. 1539. 455. 718. 5089. 33.75 
1 .27 37.0 486. 1545. 455. 734. 5097. 35.02 
3. 33 38.0 342. 1050 •. 455. 537. 3472. 38.35 
J.35 39.0 4t32. J 533. 455. 701. 5070. 39.70 
3. 4 ., 39.0 483. i 534. 455. 701. 5074. 43.17 
2.09 37.0 485. 1544. 45S. 734. 5095. 45.26 
1. 18 35.0 489. 1 555. 455. 766. 5091. 46.44 
0.65 36.0 487. J 550. 455. 750. 5099 •. 47.09 
0.45 38.0 484. 1539. 455. 7 I 7. 5087. 47.54 
.I. 67 40.0 36. 0. 455. 0. 1 • 49.21 
2.56 39.0 482. 1533. 455. 701. 5071. 51.77 
0.75 39.0 37 3. 11 56. 455. 566. 3825. 52.52 
0.60 40.0 334. 1023. 455. 508. 3381. :>3. 12. 
2.1 ~ 39.0 482. 1533. 45~. 701. 5071. 55.22 
2.25 39.0 264. 781. 455. 431. 25d3. 51.47 
1 .05 40.0 36. 0. 455. 0. I • 58.52 
2. -,8 35.0 490. 1558. 455. 768. 5102. 61.30 
2.24 33.0 487. 1551. 4::>5. 805. 510 I. 63.54 

PRINTS TC -· 

MADE BY 

4/2/79 
APPROVALS DIY OR 

RJ Hopkins t---- __ lQ. ______ -------DEPT. 41A303522 
ISSUED 

ERIE LOCATION CONT ON SHEET 3 SH NO. 2 

FF-803-WB (5-78) t I LO I CODE !DENT !lC 

PRINTED IN U.SA 



GENERAL@ ELECTRIC 41 A303522 

I REV TITLE 
CONT ON SHEET 4 SH NO. 3 

NO. 

TRANSFORMER DUTY CYCLE 

CONT ON SHEET SH NO. FIRST MADE FOR CONTRACT # DOT-FR-9027 (CONRAIL E60) 
REVIS!ONSi 

1. 51 35.0 489. I 555 •. 455. 766. 5091. 65.05 
I .07 34.0 489. I 555. 455. 787. 5 110. 66.12 
1 • I I 31~0 489. 1555. 455. 847. 5100. 67.23 
0.20 29.0 36. 0. 455. 0. • o7.43 I • 

0.50 23.0 36. 0 •. 455. 0. 1 • 67.93 

l 0.60 20.0 203. 573. 4 5:>. 523. I 76 I. 68.53 
6.30 20.0 466. 14 77. 455. 1 1 1 I • 4536. 74.83 
2.40 20.0 203. 573. 455. 523. I 761. Tl. 23 I 6.90 20.0 466. 14 Tl •. 455. 1 I II. 4536. 84.13 
4.50 20.0 466. 1477. 455. 1 1 1 1 • 4536. 88.63 

I 0.30 20.0 203. 573. 455. 523. I }61. 88.93 
0.83 2 I. 0 532. 1704. 455. 1212. 5262. 89.76 

15.87 22.0 518. 1657. 455. I 151. 5199. 105.63 
ll • 19 22.0 518. 1657. 455. 1 1 51. 51')8. I 16.82 I J.22 24.0 51 I. I 633. 455. 1072. 5225. I 18.04 
15.39 24.0 510. 1628. 455. 1070. 5208. 133.43 I 4.17 33.0 490. 1559._ 455. 809. 51 30. I 37 .60· 
0.91 45.0 487. 1550. 455. 63 I. 5106a 138.51 I 
I. 05 48.0 486. 1545. 455. 597. 5060 .• 139.56 l 

0.04 49.0 484. 1537. 455. 584. 5018. 139.60 I 
I. 12 50.0 36. 0. 455. 0. I • 140.72 l 

0. 73 49.0.. 485. 1542. 455. 585. 5033. 141 .45 I 
)~ 

4.52 40.0 485. . I 543. 455. 690. 5099. 145.91 
0.73 32.0 488. 1553. 455. 826. 5105. l 46. '/1/J 

l 

0. 33.0 36. 0. 451::>. 0. I • 146.70 l 
I .06 33.0 48 7. 1550. 455. 805. 5.100. 147.76 ! 
0.94 38.0 485. 1542. 455. 718. 5097. 148.70 ' 
0.47 43.0 488. 1552 •. 455. 654. 5 110. 149.17 I 
0.50 46.0 487. 1549. 455. 620. 5098. 149.67. i 

l 

0.41 48.0 485. 1541. 455. 596. 5049. 150.08 I 
I 

3.29 50.0 36. 0. 455. 0. I • 153.31 1 

I .20 49.0 484. 1537. 455. 584. 5018. 154.57 I 

I .23 48.0 485. 1 542. 455. 596. 505 I. 155.80 
0.51 48.0 485. .1542. 455. 596. 5050. 156.31 
0.95 50.0 36. 0. 455. 0. 1 • 157.26 
I. 33 40.0 36. 0. 455. 0. 1 • I 58.59 
1 .42 29.0 489. I 557. 455. 895. 5i00. 160.01 
0.61 29.0 468. 1485. 455. 860. 4862. 16(1. 62 
1 • 01 29.0 489. 1555. 455. 8s.>4. 5092. 16 I. 63 
I. 05 28.0 494. 1575. 455. 930. 5155a 162.68 
2.25 2(3.0 414~ I 299. 455. 794. 4253. 164.93 

16.92 26.0 503. 1604. 455. 997. 5199. I 81 .85 
0. 22.0 36. 0. 455. 0. I • 1 d I .85 
0. 5.1 23.0 5.1 3. 1640. 455.- 1109. 5204. 182.36 
0.30 25.0 509 •. 1625. 455. 1034. 5218. 182. 66 
0.33 2(3.0 494. 1574. 455. 930. 5153. 182.99 
0.35 31 .0 489. 1555. 455. 847. 5 I 00. 183.34 
0.38 34.0 489. 1 555. 455. /87. 5 I I 0. 183. -/2 
0.40 37.0 4(36. 1545. 455. '134. 509iJ. !84. I 2 

PRINTS TC 

MADE BY APPHOVALS DIV OR RJ Hopkins 4/2/79 LO 41 A303522 
ISSUEO 

!---- -----------------DEPT. 

ERIE LOCATION CONT ON SHEET 4 SH NO. 3 

FF-803-WB (5-78) t I PRINTED IN U.SA 
LO I COOE IDENT hC 



GENERAL@ ELECTRIC 41A303522 I: 

CONT ON SHEET h SH NO. 4 REV TITLE 
v 

NO. 

TRANSFORI~E R DUTY CYCLE 

CONT ON SHEET SH NO. FIRST MADE FOR CONTRACT # DOT-FR-9027 (CONRAIL E60) I 

-- REVISION~ 
0. II 39.0 483. 1535. 45:). 702. 5076. 184.23 i 
5.08 40.0 36. 0. 4 =>5. 0. 1 • 189.31 
I. 50 40.0 36. 0. 45~. 0. 1. 190.81 
1 .. 05 39 .. 0 482 .. ! 533 .. 455 .. 70!.. 5070 .. 19! .. 86 
1 .20 39.0 482. 1534. 455. 701 • 5072. 193.06 
0.04 39.0 482. 15 33. 455. 701. 5071. 193. 10 
0.5b 40.0 36. 0. 455. 0. 1 • 193.66 
3.45 40.0 36. 0. 455. 0. 1 • 197.11 I I .20 40.0 36. 0. 455. 0. 1 • 198.31 
0.75 40.0 122. 296. 45~. 254. 977. I 99.06 I 0.45 40.0 122. 296. 455. 254. 977. ! 99.51 
0.90 40.0 407. 1275. 455. 596. 4213. 200.41 

I 3.45 40.0 36. 0. 455. 0. I • 203.8b 
10.61 31.0 495. 1576. 455. 856. 5168. 214.47 
2.67 26.0 502. 1600 •. 455. 995. 51d6. 217. 14 I 2.85 27.0 491:5. 1587. 455 •. 962. 51 76. 219.99 
2.84 24.0 510. 1629. 455. 1070. 5212. 222.03 I 6.45 23.0 513. 1639. 455. I 1 il8. 5202. 229.28 
0.30 24.0 512. 1634. 455. 1073. 5228. 229.58 l 0.32 27.0 500. 1594. 455. 966. 5201. 229.90 

I 

0.35 30.0 494. 1573. 45:). 876. 5138. 230.25 

I 0.37 33.0 488. 1552. 455. 806. 5105. 230.62 
0.40 36.0 488. I 551. 455. 751. 51 iq3. 231.02 I 

·. 
\ 0.34 38.0 484. 1539. 455. 718. 5089. 231.36 l /> I .04 40.0 36. 0. 455. 0. I • 232.40 

2.55 40.0 220. 631. 455. 371. 2086. 234.95 
2.47 36.0 487. 1 551. 455. 750. 5101. 237.42 I 

0.38 34.0 489. 1 555. 455. 787. 5 110. 237.80 I 

0.40 37.0 486. 1545. 455. 734. 5098. 238.20 I 
0. 11 39.0 483. 1535. 455. 702. 5076. 238.31 I . 
5. 18 40.0. 36. 0. 455. 0. 1. 243.49 I 

9.35 31.0 494. 1S74. 455. 856. 5163. 252.84 
1 .82 26.0 503. 1605. 455. 998. 5203.' 254.66 
0.34 30.0 494. 1573. 455. 876. 5138. 255.00 
0.20 32.0 488. I 553. 455. 826. 5105. 255.20 
0.22 31.0 36. 0. 455. 0. 1.. 255.42 
8.40 30.0 36. 0. 455. 0. I • 263.82 
1.60 30.0 321. 978. 455. 601. 3194. 265.42 
2. 00 15.0 36. 0 •. 455. 0. I • 267.42 
1.00 1. 0 3b. 0. 455. 0. 1 • 268.42 
3.23 5.0 248. 728. 455. 1702. 1832. 271.65 
0.54 11.0 374. 1161. 45::>. 1462. 3406. 212. 1 9 
0.49 12.0 397. 1241. 45S. 

-
1456. 3699. ~72.68 

5.00 16.0 479. 1 523. 455. I 391. 468 -,. 277.68 -
I. 56 22.0 523. 1672. 45~. 1160. 5245. 279.24 -
4 • .77 2Y.0 493. 1571. 455. 902. 5144. 284.01 
3.57 27.0 499. 1589 •. 45S. 964. 5ld4. 287.~8 -

3.39 19.0 5 J 6. 1650. 455. 12d5. 508<). 290.97 
3.68 22 .. 0 518. 1656. 455. J J 51 • 5195. 294.6::> 

-·- 2.00 31.0 491. 1::i62. 455. 850. 5122. 296.71 
PRINTS TC 

t-;;:"OE gv APPROVALS 
OIV OR RJ Hopkins 4/2/79 LO 41A303522 

ISSUED 
t---- -----------------DEPT. 

ERIE LOCATION CONT ON SHEET 5 SH NO. 4 
-

FF-803·WB (5-78) t I LO I CODE IOENT N :' 

PRINTED IN U.S.A. 



\ 
/ 

I 
I 

\ 

.~ 

REV 
NO. 

CONT ON SHEET 

. -

0.63 
0. J 5 
3.19 
2.90 
I. 7 3 
0.69 
0.33 
I . 74 
I .63 
0.52 
5.86 
1. 22 
0. 6-/ 
2.03 

. 0.26 
1. 64 
0.37 
0.51 
2.68 
.3. 57 
0.31 
I. 46 
1.07 
3.67 
0.14 
I. 54 
I. 93 

.0.24 
0.73 
0.24 
I. 58 
I. 34 
1.96 
0. 14 
0.28 
1.97 
0. 
0.16 
0. 72 
0.81 
0.92 
0.99 
0.31 
2.67 
0.60 
8. 6"/ 
0. 

MADE BY 

RJ Hopkins 
ISSUED 

FF-803-WB (5-78) 
PRINTED IN U.SA 

SH NO. 

37.0 
39.0 
39.0 
37.0 
34.0 
34.0 
35.0 
37.0 
31.0 
34.0 
33.0 
34.0 
35.0 
41.0 
46.0 
47.0 
48.0 
46.0 
40.0 
33.0 
32.0 
32.0 
33.0 
4.1 .0 
49.0 
50.0 
4Y.0 
49.0 
49.0 
49_.0 
49.0 
49.0 
45.0 
42.0 
42.0 
3Y. 0 
37.0 
37.0. 
39.0 
42.0 
45.0 
48.0 
50.0 
30.0 
10.0 
10.0 
0. 

4/2/79 

GENERAL@ ELECTRIC 41A303522 I 
I 

TITLE 
CONT ON SHEET 6 SH NO. 5 

TRANSFORMER DUTY CYCLE 

FIRST MADE FOR CONTRACT # DOT-FR-9027 (CONRAIL E60) i 

REVISIONS! 

486. 1544 •. 455. 734. 509o. 297.34 
483. 1536. 455. 702. 5079. 2Y7 .49 
483. I :535. 455. 702. 5078. 300.68 
486. 1544 •. 455. 734. 5096. 303.58 
488. I 551 •. 45~. 785. 50<;5 •. 305.31 
488. 1551. 455. 785. 5096. 306.00 
4(3 9. 1555. 455. 767. 5093. 306.33 
48:5. 1544. 455. 734. 5095. 308.07 
486. I 545. 455. "/34. 5091. 309. 70 
48 -,. 1551 • 455. 785. 5094. 310.22 
48"1. 1550. 455. 805. 5100. 316.08 l 488. 1552. 455. 785. 5098. 317.30 
489. 1555. 455. "161. 5093. 317.97 I 

486. 1547. 4:55. 677. 5103. 320.00 I 
48 -,. 1548. 4:55. 619. 5094 • 320.26 I 

I 

486. 1546. 455. 608. 5078. 321. Y0 I 

i 
486. 1546. 45:5. 597. 5066. 322.27 

! 
486. 1546. 455. 619. 5088. 322.78 i 

485. . 1543. 455. 690 • 509<}. 325.46 
I 

488. I 552. 455. 806. 5106. 329.03 
488. J 552. 455. 826. 5104. 329.40 
488. 1553. 455. 826. 5105. 330.86 
487. I 551. 455. 805. 5101. 331.93 
486. 1544 •. 455. 676. 5093. 335.60 
484. 1539. 455. 584. 5023. 335.74 

36. 0. 455. 0. I • 337.2b 
484. 1539. 455. 584. 5023. 339.21 
485. I 541 •. 455. 585. 5030. 339.45 
485. 1542. 455. 585. 5033. 340. 18 
485. 1542. 455. 585. 5035. 340.42 
485. 1544. 455. 586. 5039. 342.00 
486. 1545. 455. 586. 5044. 343.34 
486. 1547. 455. 630. 5096. 345.30 
48t3. 1554. 455. 665. 5107. 345.44 
488. I 552 •. 455. 665. 5.102. 345~72 
485.· 1 542. 455. "/04. 5099. 347.69 
36. 0 •. 455. 0. I • 347.69 

486. 1545. 455. 734. 5097. 347.85 
485. 1542. 455. 704. 5100. 348.57 
488. I 554. 455. 665. 5107. 349.38 
487. 1549. 455. 631. 5104. 350.30 
485. 1543. 455. 596. 5i<J55. 351 .29 
36. 0. 455. 0. I • 351.60 
36. 0 •· 455. 0. I • 354.27 
36. 0. 455. 0. . l •. 354.87 

16 7. 450. 455. 698. 12.92. 363.54 
36. 0. 455. 0. 5. 363.54 

PRINTS TC 

APPROVALS 
• DIV OR 

~ --- _J..O _______ -------DEPT. 41A303522 
ERIE LOCATION CONT ON SHEET 6 SH NO. 5 

t I LO I CODE !DENT N< 



) 

' CONT ON SHEET SH NO. 

DUTY CYCLE 2 

l~INDING 

Primary = H1-H2 

and H3-H4 in series 

x,-x2 and x3-x4 

x5-x6 

MADE BY 
R.J Hopkins 4/2/79 

ISSUED 

FF·SO~·WB (5·78) 
PRINTED IN U.S.A. 

GENERAL@ ELECTRIC 

TRANSFORMER DUTY CYCLE 

FIRST MADE FOR CONTRACT # DOT- FR-9027 (CONRAIL E60) • 

APPROVALS 

VOLTAGE 

25,000 

1 ,818 

1 ,000 

RMS 
CURRENT 

189 

1 ,201 

400 

"~'staNsl 

L 

l 

I .....____! 

PRINTS TOj 

LO DIV OR 
1--------------------- DEPT. 

41A303522 

ERIE LOCATION CONT ON SHEET 7 SH NO. 6 

LO CODE ID[NT NO. 



GENERAL@ ELECTRIC 41A303522 i 

i 8 7 
REV TITLE 

CONT ON SHEET SH NO. 

NO. 

TRANSFOR~1ER DUTY CYCLE 

CONT ON SHEET SH NO. FIRST MADE FOR CO~lTRACT # DOT-FR-9027 (CONRAIL E60) 
REVISIONS! 

CURRENT ( A~1PS) I DELTA RAIL TOTAL 
TIME SPEED SECOND AUX. TRACT PO\·JER TH1E I 
(r~I N) (MPH) PRIM HOG. \>JOG. MOTOR ( HP) U.1IN) -- --

0.25 1. 0 89~ 501. 400. 2407. 533. 0.25 
0.25 4.0 104. 605. 400. 1 781 •. 1 540. 0.50 
0.27 7.0 131. 791. 400. 1635. 2453. 0. 77 
0.28 10.0 159. 985. 400. I 538. 3275. I .05 
0.29 13. 0. 182. 1 144. 400. 1456. 4007. . 1. 34 
0.30 16.0 205. 1299. 400. I 381. 4648. 1 .64 

I 0.32 19.0 224. 1427. 400. 1286. 5092. I. 96 
0.36 22.0 228. 1459. 400. I 1 57. 5228. 2. 32 I 

0. 13 24.0 224. 1430. 400. 1069. 5207. 2.45 ! 

3.01 25.0 16. 0. 400. 0. 1 • 5.46 
6.24 25.0 112. 662. 400. 559. 2413. 1.1. 70 
0.2(3 26.0 222. 1415. 400. 999. 5212. 11 • 9ts 
0.20 29.0 2 J 6. 1375. 4fiJ0. 900. 5130. 12. 18 

I 3.76 30.0 1 6. 0. 400. 0. 1 • 15.94 
2.96 30.0 214. 1364. 400. 867. 5079. 18.90 
1. 14 31.0 214. 1364. 400. 841. 5099. 20.04 

I 
2.22 34.0 214. .1362. 400. 786 •. 5102 • 22.26 
I. 30 36.0 21 4. 1360. 400. 750. 5098. 23.56 

r 1 .80 33.0 214. 1362. 400. 806. 5106. 25.36 
0.95 31.0 .214. 1363. 400 • 847. 5098. 26.31 

I 0.66 33.0 214. 1361. 400. 806. 5105. 26.97 
0.74 36.0 214. 1360. 400. 750. 5098. 2 I. 71 

I 
0.50 39.0 212. 1349. 400. 703. 5085. 28.21 I 

I. 73 40.0 16. 0. 400. 0. 1 • 29.94 l 

I 0.76 39.0 212. 1347. 400. 70.2. 5078. 30.70 
0.25 39.0 212 •. 1347. 400. 702. 5078. 30.95 

.1 .25 40.0 1 6. 0. 400. 0. l • 32.20 I 
I. 55 38.0 212. 1350. 400. 718. 5089. 33.75 

I 1 • 2 ., 37.0 2.13. 1355. 400. 734. 5097. 35.02 
3.33 38.0 150. 921. 400. 537. 3472. 38.35 : 

1. 35 39.0 212. 1345. 400. 701. 5070. 39.70 ! 

3.47 39.0 212. 1346. 400. 701. 5074. 43.17 
2.09 37.0 213. 1 354. 400. 734. 5095. 45.26 
1. 18 35.0 214. 1364. 400. 766. 5091. 46.44 
0.65 36.0 214. 1360. 400. 750. 5099. 47.09 
0.45 38.0 212. 1350. 400. 717. 5087. 47.54 
1. 67 40.0 16. 0. 400. 0. 1 • 49.21 
2.56 . 39.0 212. 1345. 400. 701. 5071. 51. Tl 
0.75 39.0 164. 1014. 400. 566. 3825. 52.52 
0.60 40.0 147. 897. 400. 508e 3381. 53.12 
2. 10 39.0 212. 1345. 400. 701 • 5071. 55.22 
2.25 39.0 11 6. 685. 400. 431. 2583. 57.4'/ 
I .05 40.0 1 6. 0. 400. 0. 1 • 58.52 
2.7'd 35.0 215. 1367. 400. 768. 5102. 61 • Jl() 

2.24 33.0 214. i 360. 400. 805. 5101. 63.~4 PRINTS TC 

MADE BY APPROVALS 
OIV OR RG Hopkins 4/2/79 LO 41f\303522 

ISSUED 
1--------------------- DEPT. 

ERIE LOCATION CONT ON SHEET n SH NO. 7 (> 

···~ 

FF-803-WB (5-78) I PRINTED IN U.S.A. LO I CODE IDENT ><:· 



.... 
GENERAL@ ELECTRIC 41A303522 

l ~ 

REV 
TITLE CONT ON SHEET 

HO. 9 SH NO. 8 

TRANSFORMER DUTY CYCLE 

I : CONT ON SHEET SH NO. FIRST MADE FOR CONTRACT # DOT-FR-9027 (CONRAIL E60) 
REVISIONS! 

---
1. 51 35.0 214~ 1364. 400. 766. 5091. 65.05 

I 
1. 07 34.0 214. 1364. 400. 78 7. 5 I i 0. 66.12 
I • I I 31.0 214. 1364. 400. 847. 5100. 67.23 
0.20 29.0 I 6. 0. 400. 0. I • 67.43 
0.50. 23.0 16. 0. 400. 0. 1 • 67.93 
0.60 20.0 89. 499. 400. 523c 1 761. 68.~3 
6.30 20.0 203. 1285. 400. l 11 J. 4536. 74.83 
2.40 20.0 89. 499. 400. 523. I 761. 77.23 
6.90 20.0 203. 1205. 400. I I I I • 4536. 84.13 
4.50 20.0 203. 1285. 400. I I I I • 4536. 88.63 
0.30 20.0 89. 499. 400. 523. I 761. 88.93 
0.83 21.0 233. 1489. 400. 1212. 5262. 89.7b 

15.87 22.0 227 •. 1451. 400 • .1151. 5199. 105.63 
. II. 19 22. ((). 22 7. 1450. 400. I 151 • 5198. 116.82 
l. 22 24.0 225. 1435. 400. 1072. 5225·. 118.04 

15.39 24.0 224. 1431. 400. 1070. 5208. 133.43 
4. I 7 33.0 215. 1368. 400. 809. 5130. 137.60 
0.91 45.0 210. 1333. 400. 631. 5106. 138.51 
1.05 48.0 205. 1302. 400. 597~ 5060. 139.56 
0.04 49.0 203. .. 1287. 400 • 584. 5018. 139.60 
1 .. 12 50.0 I 6. 0. 400. 0. I • 140.12 
0.73 49.0 .204. 1290. 400. 585. 5033 •. 141.45 
4. 52 40.0 2.13. 1353. 400. 690. 5099. 145.9-/ 
0.73 32.0 214. 1362. 400. 826. 5105. 146.10 ~ 
0. 33.0 16 .. 0. 400. 0. I • 146. -,0 
I .06 33.0 214. 1360. 400. 805. 5100. J47.7b 
0.94 38.0 213. I 352. 400. 718. 5097. 148.70 
0.47 43.0 213. 1352. 400. 654. 51 I 0 .• 149.17 
0.50 46.0 208. 1323. 400. 620. 5098. 149.67 
0.41 48.0 205. 1299. 400. 596. 5049. 150.08 
3.29 50.0 I 6. 0. 400. 0. I • 153.37 
I .20 49.0 203. 1287. 400. 584. 50J 8. 154.57 
1 .23 48.0 . 205. 1299 • 400. 596. 5051. 155.80 
0.51 48.0 205. 1299. 400. 596. 5050. 156.31 
0.95 50.0 I 6. 0. 400. 0 • I • 157.26 
.1.33 40.0 16. 0. 400. 0. I • 158.59' 
].42 29.0 215. 1 36-/. 400. 895. 5100. 160.01 
0.61 29.0 206. 1303. 400. 860. 4862. 160.62 
1. 0.1 29.0 21 5. 1365. 400. t394. 5092. I 61.63 
1.05 28.0 2 I 7. 1384. 400. 930. 5155. 162.68 
2.25 28.0 182. . I 1 41. 400. -194 • 4253. 164.93 

16.92 26.0 22 I. 141 I • 400. 997. 5199. 181 .85 
0. 22.0 16. 0. 400. 0. I • lt3J.S5 
0. 51 23.0 22j. 1438. 400. I I 09. 5204. 182.36 
0.30 25 .. 0 224. 1431. 400. 1034. 5218. I d2. 66 
0.33 28.0 21 7. 1383. 400. 930. 5153. 182.99 
0.35 JJ. 0 214. 1364. 400. 847. 5100. 183.34 
0. 38 34.0 214. 1364. 400. /81. 5110. 183.72 

' 0.40 37.0 21 3. 1355. 400. 734. 5098. i 84.12 
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0. II 39.0 212. 1346. 400. 702. 5076. 184.23 I 

1 
5.08 40.0 16. 0. 400. 0. I • 189.31 ! 
1.50 40~0 I 6. 0. 40~. 0. I • 190.81 l 
1.05 39.0 2 1.2. 1345. 400. 701. 5070 .• 191 .86 I 1.20 39.0 212. 1345. 400. 701. 50/2. 193.06 
0.04 39.0 212. 1345. 400. 701 0 5071. 193. 10 I 
0.56 40.0 1 6. 0. 400. 0. 1 • 193.66 ~ 
3.45 40.0 16. 0. 400. 0. I • 197. 11 l 1.20 40.0 I 6. 0. 400~ 0. I • I 98.31 l 
0.75 40.0 54. 259. 40(1. 254. 977. 199.06 I 

0.45 40.0 54. 259. 400. 254. 977. 199.51 I 
0.90 40.0 179. I I 18. 400. 596. 4213. 200.41 I 

1 
3.45 40.0 I 6. 0. 400. 0. I • 203.86 ! 10.61 31 .0 211. 1382. 400. 856. 5168. 214.47 \ 
2.67 26.0 22.1. 1401:3. 400. 995. 5186. 217.14 I 2.85 27.0 219. 1395. 400. 962. 517b. 219.99 
2.84 24.0 224. 1432. 400. 1070. 5212. 222.83 ! 

6.45 23.0 225. 1437. 400. 1108. 5202. 229.28 ! 0.30. 24.0 225. 1436. 40(1. 10"/3. 5228. 229.58 \ 

0. 32 27.0 220. 1402. 400. 966. 5201. 229.90 
l 
t 

0.35 30.0 2 I "/. 1380. 400. 876. 5138. 230.25 ' l 
0.37 33.0 214. 1 361. 400. 806. 510~. 230. 6~ I 
0.40 36.0 214. 1361. 400. 751. 5103. 231.02 l 

·~ 
0.34 3tl.0 21.2. 1350. 400. 718. 5089. 23 l. 36 ' 
1.04 40.0 l 6. 0. 400. 0. I • 2 32.40 I 
2.55 40.0 91. 554. 400. 371. 2086. 234.SI5 
2.47 36.0 214. 1360. 400. 750. 510 J. 237.42 
0. 38 34.0 214. 1364. 400. 7S7. 5110. 237.80 
0.40 37.0 213. 1355. 400. 734. 5098. 238.20 
0. II 39.0 212. 1346. 400. 702. 5W76. 238.31 
5.1(:) 40.0 16. 0. 400. 0. l • 243.49 
9.35 31.0 21 7. 1381. 400. 856. 5163. 252.64 
1 .82 26.0 22 I. 1412. 400. 998. 5203. 254.66 
0.34 30.0 21 7. 1380. 400. 876. 5l3S. 2 55.00 
0.20 32.0 214. J 362. 400. 826. 5105. 255.20 
0.22 31 .0 I 6. 0. 400. 0. 1 • 255.42 
8.40 30.0 I 6. 0 • 400. 0. I • 263.82 
.1.60 30.0 141. 858. 400. 60l. 3194. 265.42 
2. 00 15.0 16. 0. 400. 0. 1 • 26 7. 42 
1.00 I. 0 I 6. 0. 400. 0. I • 268.42 
3.23 5.0 112. 657. 400. 1702. 1832. 211 • 65 
0.54 11.0 162. 1002. 400. 1462. 3406. 2 12. 1 9 -
0.49 12.0 172. 1070. 400. 1456. 3699. 212.68 
5.00 16.0 207. 1310. 400. 1391 • 46d 7. 2 77.68 
I. 56 22.0 229. 1463~ 400. 1160. 5245. 279.24 -
4. 77 29.0 2 j -,. 1379. 400. 902- 5144 •. 284.k)] 
3.57 27.0 219. 1397. 400. 964. 5!84. 287.~8 
3.39 19.0 223. 1427. 400. 12d5. 5089. 290.97 -· 
3.68 22.0 22 -,. 1450. 400. .I I 51 • 51 9S. 294.6~ 

! 2.06 31 .0 21 5. 1 3hJ. 400. 8:)0. 5122. 2 Y6. /I 
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0.63 
0.15 
3. I 9 
2.90 
I. 7 3 
0.69 
0.33 
I. 74 
1 .63 
0.52 
5.86 
1 .22 
0.67 
2.03 
vJ.26 
. I. 64 
0.37 
0.51 
2.68 
3.57 
0.37 
l .46 
1 • 07 
3.67 
0. 14 
1. 54 
I. 93 

.0. 2.4 
0.73 
0.24 
I. 58 
I .34 
1. 96 
0.14 
0.28 
1. 97 
0. 
0.16 
0.72 

'0.81 
0.92 
0.99 
0.31 
2.67 
0.60 
8.61 
0. 
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37.0 
39.0 
J')o0 
37.0 
34.0 
34.0 
35.0 
37.0 
31.0 
34.0 
33.0 
34.0 
35.0 
41. 0. 
46.0 
47.0 
48.0 
46.0 
40.0 
33.0 
32.0 
32.0 
33.0 
4 J. 0 
49.0 
50.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
4:J.0 
42.0 
42.0 
3•). 0 
37.0 
37.0 
39.0 
42.0 
45.0 
48.0 
50.0 
30.0 
10.0 
10.0 
0. 

21 3. 
212. 
212. 
21 3. 
214. 
214. 
21 4. 
21 3. 
21 3. 
21 4. 
214. 
214. 
214. 
213. 
208. 
207. 

. 206. 
208. 
213. 
214. 
.214. 
. 21 4. 
2 J 4. 
21 3. 
203. 

I 6. 
203. 
204. 
204. 
204. 
204. 
204. 
209. 
214. 
214. 
21 3. 

l 6. 
21 3. 
213. 
214~ 

210. 
205. 

16. 
1 6. 
I 6. 
13. 
16. 

1355. 
1347. 
I 347. 
1355. 
1361. 
1361. 
1364. 
1354. 
1355. 
1360. 
1 36k1. 
1361. 
1364. 
1357. 
1322. 
1 31 I • 
1303. 
1320. 
1353. 
1362. 
1362. 
1362 • 
1360. 
1355. 
1288. 

0. 
1288. 

. 1290. 
1290. 
1291. 
1292. 
1293. 
1330. 
1363. 
1 362. 
1352. 

0. 
1355. 
l 353. 
1363. 
1332. 
1300. 

0. 
0. 
0. 

389. 
0. 
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400. 
400. 
400 •. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400c 
400. 
400. 
400. 
400. 
400. 
400,. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 

734. 
702. 
702. 
734. 
785. 
"/85. 
761. 
734. 
"/34. 
78 5. 
805. 
185. 
767. 
677. 
619. 
608. 
59-1. 
61'). 
690. 
806. 
826. 
826. 
805. 
676. 
584. 

0. 
584. 
585 • 
585. 
585. 
586. 
586. 
630. 
665. 
665. 

. 704. 
0. 

734. 
704. 
665. 
631. 
596. 

0. 
0. 
0. 

6')8o 
0. 

5096. 
50/9. 
5078. 
5096. 
50')5. 
5096. 
5093. 
5095. 
5097. 
5094. 
5100. 
50')8. 
5093. 
5103. 
5094. 
5078. 
5066. 
5088. 
50:.)9. 
5106. 
5104. 
5105. 
5101 • 
5093. 
5023. 

1 • 
5023. 
5·030. 
5033. 
5035. 
5039. 
5044. 
5096. 
5107. 
5102. 
5099. 

l • 
5097. 
5100. 
5107. 
5104. 
5055. 

1 • 
1 • 
1 • 

1292~ 

5. 

297.34 
2 97.49 
300.68 
303.58 
305.31 
306.00 
306.33 
308.0 1 
309.70 
310.22 
"316.08 
317.30 
317.97 
320.00 
320.26 
321.90 
322.27 
322.78 
325.46 
329. k13 
329.40 
330.86 
331 • 93 
335.60 
335.74 

. 337.28 
339.21 
339.45 
340.18 
340.42 
342.00 
343.34 
345.30 
345.44 
345.72 
3.47.69 
347.69 
34 7. 85 
348.57 
349.38 
350.30 
351 .2';) 
351.60 
354.27 
354.87 
363.54 
363.54 
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GENERAL@ ELECTRIC 
, 41A303264 

!.-:R=Ev.,.------------.,.-T-IT-LE---------------j CONT ON SHEET 2 SH NO. 

~IN~O~. -----------------~ 
TRANSFOR~lER SPECIFICATION FOR MULTIPLE 
VOLTAGE/FREQUENCY LOCOMOTIVE WITH CHOPPER 

FIRST MADE FOR CONTRACT # DOT -FR-9027 (CONRAIL "; CONT ON SHEET E60) SH NO. 

This specification covers transformer equipment for a locomotive wherein 
a nominal llKv 25Hz, 25Kv 60Hz, 12-1/2 Kv 60 Hz single phase power is 
converted to 1800 volts de for driving six traction motors. 

The transformer equipment is to include: 

1 - Single phase, silicon coolant immersed, forced air cooled outdoor type 
locomotive transformer having a two winding primary with Sl'litching for 
a 2/l voltage change, t~vo propulsion power secondary windings plus one 
auxiliary winding. 

1 - Pump: 240 volt 60 Hz 
212 volt 25 Hz 

1 - Pump motor capacitor(s) 

1 - Indicating thermometer 

1 -High voltage bushing C.T. (for relaying only) 

Note: Secondary CT's vvill be applied by locomotive builder. 

1 - Overtemperature trip 

1 - AWR type relay - primary winding 

1 - Pressure relief device plus indicator 

1 - Spare thermostat tap block 

1 - Sight glass oil level indicator 

1 - Top oil sampling valve 

1 - Drain valve with sampler 

1 - Filter press valve 

1 -Terminal board(s) for all customer connections 

2 -Shutoff valves for transformer pu~p removal without draining transformer 

1 - Pump motor rotation sight glass 

i 
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I. ELECTRICAL REQUIREMENTS 

l. Power Supply 

25 Hz +.25 Hz 

Nominal 
· Maxi mum 1 /2 sec 

Maximum sustained 
Minimum sustained 
One hour 
1/2 hour 
1/4 hour 

60 Hz +.25 Hz 

Nomina 1 
Maximum continuous 
Minimum sustained 
Emergency minimum 

Maximum - 5 minutes 

60 Hz +.25 Hz 

11 Kv 
14 Kv (once per year) 

13.5 Kv 
9.5 Kv 
9.0 Kv 

8.25 Kv 
7.5 Kv 

12.5 Kv 
13.75 Kv 

9.5 Kv 
8. 75 Kv 

14. o Kv 

Nominal 25 Kv 
t~aximum continuous 27.5 Kv 
Minimum sustained 19 Kv 
Emergency minimum 17.5 Kv 
Full performance required to 90% line voltage 
Maximum - 5 minutes 28.0 Kv 

Minimum BIL = 150 Kv @ 25 Kv connection 
Minimum BIL = 95 Kv@ 11 Kv or 12-l/2 Kv connection 

MADE sv Rf•1 Smith 2/20/79 
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FIE'/ TITLE CONT ON SHEET 4 SH NO. 
NO. 

~-----------1 TRANSFORi,1ER SPECIFICATION FOR t•iULTIPLE 
VOLTAGE/FREQUENCY LOCOMOTIVE WITH CHOPPER 

'\ CONT ON SHEET SH NO. FIRST MADE FOR CONTRACT # DOT-FR-9027 (CONRAIL E60) 

ELECTRICAL REQUIREMENTS (CONTINUED) 

2. Transformer 

A. Primary vlinding 

1. 

2. 

RMS current based on rating at 100% line voltage 
(25 Kv) and 60 Hz, 

IP = 189 amps 

RMS current based on rating at 100% line voltage 
(11 Kv) and 25 Hz, 

IP = 432 amps 

3. This rating is based on a duty cycle from Enola, 
Pennsylvania to Waverly, New Jersey hauling a 8560 
ton train. The duty cycle is documented on drawing 
41A303522. 

4.· A 9LllPGA018 lightning arrestor (GE Tranquell) will 
be connected as shown for the ll and 12-1/2 Kv 
connection. Two of these units in series will be 
connected for 25 Kv. Supplied by locomotive builder. 

5. Magnetizing inrush current allowable when 
vacuum breaker is closed is as follows: 

ALLOWABLE 
LINE VOLTAGE PEAK CURRENT 

11 Kv, 25 HZ 3500 

13.5 Kv, 25 HZ' 3900 

27.5 Kv, 60 HZ Less Than 2000 

6. The transformer must have the ability to withstand 
repeated inrush cur_rents from the following sources. 

Impedance of Jl.O ohms at 11 Kv and 25 HZ. 
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Impedance of Jl.25 ohms at 25 Kv and 60Hz. 
Due to the introductions of phase breaks, on 60 Hz 
only, approximately 12,000 energizations per year 
can be expected. 

B. Secondary Windings 

PRIMP.RY 

l. Two secondary windings will be provided for the traction 
circuits and one for the auxiliary power. 

2. Transformer secondary voltages and impedances are based 
on published performance @ 90% line voltage 60 Hz, and 
100% line voltage 25 Hz. RMS current ratings are based 
on 100% line voltage in both cases. 

LEAKAGE I t~PEDANCE 
PRI~~RY-SECONDARY O.C. RMS RMS 

VOLT/FREQ WINDING REFERRED TO SECONDARY VOL TJ\GE CURRENT 

x1 x2 

x3 x4 

25KV, 60Hz x5 x6 

Hl H2 H3 H4 
Series 

11 Kv, 25Hz 

x1 x2 

x3 x4 

Hl H2 

H3 H4 

Para 11 e 1 

0.12 OH~1S 

0.12 0Ht·1S 

as required 

----

0.05 OHMS 

0.05 OHMS 

1818 v 

1818 v 
1000 v 

25 Kv 

1600 v 

1600 v 

11 Kv 

120la 

1201a 

400a 

l89a 

1373a 

1373a 

432a 
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3. Windings X1, X2, X3, and X4, should be matched 
- within 5% reactance and be capable of being 

connected directly in parallel if desired. An 
interwound secondary winding is not requested to 
meet this specification. 

4. For certain applications the X1, X2, X3, and X4 
windings will be paralleled to give a single winding 
secondary. This will be done by the locomotive 
builders. Load sharing between the two windings 
must be within the limits established by the 
differences in impedance. External sharing reactors 
or resistance are not permitted. 

5. Zero impedance faults can occur on the secondary 
windings. The transformer should be designed using 
the latest state of the art design practices so that 
such faults cause minimal/no degradation or damage. 

In calculating fault currents, a minimum system 
reactance given in 2A6, and a maximum 3-cycle (.050 Sec.) 
breaker opening line should be used. Over the life 
of the transformer two (2) such faults should be 
assumed. Assuming a locomotive breaker failure once 
in the life of the transformer a clearing time of .16 
Sec should be considered. 

C. Auxiliary Load (Loads below are typical but not limited 
to these) 

1. · XS - X6 will supply a regulated power supply for one 
200 horsepower blower drive motor. 

2. XS - X6 will also supply a dry type isolation trans­
former for a 53 hp compressor drive motor and 
regulated supply. 

3. For this order, maximum inrush current for de motor 
starting is regulated to 150% of running current. 

4. The same auxiliary transformer will have a 240V 
winding for the transformer oil pump, battery charger, 
and miscellaneous control. 
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D. High Voltage Bushing Current Transformer 

1. One high voltage bushing current transformer is required 
as follows: (mounted inside tank) intended for protective 
relaying 

Ratio required: 240/200/160 to 1 (5 amp secondary) 
Total burden of CT- .140 ohms (P.F. 1 .0) 
0.5% accuracy to 2000 amps (primary) 
10% accuracy required above 2000 amps up to 
maximum fault current possible due to bolted 
fault on secondary winding. 

E. Low Voltage Current Transformers (supplied and mounted by 
Locomotive Operations) 

1. Two CT's one each on vlindings Xl - X4 2000:5 ratio 
externally mounted. Each to operate an instantaneous 
trip relay coil ohms - .0026. (GE 752X20G8) 

2. One CT on auxiliary \vinding X5 - X6 1500:5 ratio 
externally mounted (GE 752X20G7). 

3. A ground block should be welded to the outside of the 
transformer tank near the low voltage bushing and a 
copper connection strap (removable) connected between 
the two, capable of handling full primary amperes. 

F. High voltage switching of the primary winding is to be 
furnished to allow 12-1/2 Kv, 60 Hz, or 25 Kv, 60 Hz 
operation. No switching is to be done between 11 Kv, 
25 Hz, and 12-1/2 Kv, 60 Hz. The transfer switch is to 
be located inside the transformer tank with a rotating 
operating shaft extending through. Transfer will be made 
only with transformer de-energized, with the external 
operating mechanism furnished by the locomotive builder. 
It is estimated that the switch will see not more than 
2000 operations (or 1000 hi-lo cycles) per year. The 
tap changer should be identical to the one used on the 
AMTRAK E60C Locomotives. The external tap change operating 
mechanism will be furn:i):;hed by Locomotive Operations and 
will be the same as that used on the AMTRAK E60CP Locomotives. 

G. An auxiliary high voltage bushing shall be provided to 
bring out the center tap of the primary winding. This 
point will be connected to the mid-point of the two light­
ning arrestors so that external shorting of one arrestor 
on 11/12.5 Kv is not required. 
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1. Reactance Design 

A. Reactance specified is nominal fioure and is subject to 
negotiation between builder and u~er. Once agreed upon 
in a final issue of this specification variations of not 
more than 3% between transformers is allowed. 

B. It is desired that the coupling between secondary windings 
be as low as possible. Short circuit reactance primary 
to secondary should be equal for each winding alone. 
Ideally a separate parallel primary winding for each 
secondary would provide the optimum isolation, this 
winding arrangement however, should not be used if it 
incurs a significant cost penalty. 

2. Winding Temperature Rise 

A. Transformer primary winding will be excited 24 hours per 
day. The secondary may be in use at least 16 hours per 
day. It is estimated that there would be 500 trips/year. 

B. The maximum admissible winding temperatures is 145°C. 
Required minimum transformer life is 30 years. Trans­
former builder will supply thermal time constant data 
for evaluation of instantaneous winding temperatures. 

3. The primar~ winding is protected by a high voltage vacuum circuit 
breaker. It is also used as a line switch to deenergize the 
locomotive but at no main load. The 50 hp auxiliary load is 
present when the circuit breaker opens. 

Tripping to clear a fault is initiated by one of the transformer 
cr•s operating a Type 12PJC1403 instantaneous trip relay, in 
turn signalling the vacuum breaker to open. Normally three cycle 

I 
"' 

1------l 
I 
l 

+ 60 Hz interruption or better is expected. I 
4. Winding Capacitance 

,{ 

The bidder shall furnish Locomotive Operations with an inter'.'linding 
capacitance model of the transformer. This is necessary to properly 
design the power electronics tied to the transformer secondaries. 

1----; 
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III. MECHANICAL REQUIREMENTS 

1. Cooling System 

A. Transformer v1ill be cooled by means of a recirculating 
cooling system using a liquid silicone to air heat 
exchanger. 

B. Liquid coolant to be circulated by a pump driven by a 
capacitor start and run motor. The motor to be designed 
in accordance with American Standard for Rotating Elec­
trical Machinery on Raihiay Locomotive and Rail Cars 
C35.1-1943 (IEEE #11-176 and 11-177). Hipot with 1500V 
to ground for 1 minute. The supply voltage for this 
pump will be · 

240 V 60 Hz @ 12-l/2 Kv, 25 Kv 

or 

212 V 25 Hz @ 11 Kv 

Voltage variations for starting will correspond to those 
given for the primary input voltage. 

Circuit breaker and switching between power supplies for 
the pump motor(s) to be provided by the locomotive builder. 

The bidder shall furnish Locomotive Operations with estimated 
values of pump motor currents for both starting and running 
conditions for all combinations of power supply voltage and 
frequency including the lowest voltage conditon described 
on Sheet No. 9. 

The pump must be capable of running but not starting @ 60 Hz 
with a minimum line vo1tag~ = 120 and at 25 Hz of 110 volts. 

The pump mot6r(s) shall be capable of operation with degra­
dation when the voltage supply contains approximately the 
following harmonics: 

22% 
12% 

1% 

3rd 
5th 
75h 

ol 

.; Others less than 1% 
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Direction of rotation of the motor must be marked so that 
rotation can be checked with motor installed in place in 
transformer with electrical connections complete before 
cover is applied. A sight glass permitting observation 
of motor rotation shall be provided. 

Pump inlet and exit is to be provided with shut off valves 
so the pump can be removed without draining the transformer. 
In addition, a vent at the highest point (pipe plug satis­
factory) so the replacement unit can be filled \vithout 
introducing air into the core. A method of sealing the 
valve handles in the open position must be provided. A 
drain plug should also be provided at the lowest point 
of the pump assembly to facilitate pump replacement. If 
this requirement causes the overall transformer to exceed 
that of 579E257 outline, agreement with the locomotive 
builder to waive th~s section should be reached. 

C. The design shall be based on the following temperature 
environment: 

Variations of ambient temperature are taken 
from AlEE No. 1 December, 1962, introduction 
to AlEE standards, General Principles Upon 
Which Temperature Limits are Based in the 
Rating of Electrical Equipment which repre­
sents weather bureau data over a fifty year 
period. Ambient temperature is for the worst 
case at either Pittsburgh or Philadelphia and 
is taken from Page 15, Table 1 of indicated 
reference. 

Annual Average (T
1

) l2°C 

Average Yearly Va rfa t ion (T 2) 24°C 

Average Daily Variation (T3) 10°C 

Absolute Maximum (T 4) 4l°C 

Absolute Minimum (T5) -29°C 
~ 
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Average hours the temperature exceeds a certain reference 
temperature taken from Page 16, Table II. 

. 
Reference Temeerature 30°C 35.5°C 41. PC 

Average Hours Per Year 263 10 0 

Average Percent of Year . 3 0.1 0 

D. Approximately 6000 en~@ 5.6 11 of water@ .0744 #/ft3 will be 
available for forced air cooling of the heat exchanger. 
Cooling air for heat exchanger will enter the bottom of the 
transformer from a longitudinal air duct underneath the loco­
motive floor. Cooling air will be 7°C warmer than ambient. 

E. An indicating thermometer will be provided by the bidder to 
indicate coolant temperature in degrees centigrade. 

F. An AWR type relay shall be provided by the bidder to indicate 
that the windings are approaching maximum temperature. It 
shall be similar to that supplied on the transformer for 
Taiwan per 41A241587. The relay shall have normally open 
contacts rating 1 amp at 75 volts de. 

G. Provision should be made for calibration of the transformer 
cooler so that air flow can be readily verified on the 
locomotive. It is suggested that a pressure tap be located 
on the cooler duct between the air inlet and heat exchanger. 
This can be accomplished by drilling a hole with a #64 drill 
through the cooler duct, polishing off all burrs on both 
sides and then brazing 1/4 11 pipe coupling centered on the 
hole. A manometer is connected to record static pressure 
at known flow. 

H. Cooling air will be filtered by an inertial type filter 
but fine dust (10 micron and below) will still pass. A 
fouling factor of 10% (that is K = 90%) should be allowed 
before cleaning is requ·ired. 
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2. Weight 

Height is not a consideration, and no premium for lightweight 
is allowed. 

The total weight expected is approximately 36,000 lbs. Trans­
former builder must confirm. 

3. Outline Dimensions 

The transformer must fit within the overall outline dimensions 
as shown on 41D724021. 

Exact locations of the high and low voltage bushings, etc., 
will be determined during Phase 1 design. 

4. High Voltage Bushings 

The high voltage bushing should be gray color. Bushing should 
be supplied with 4 brass locking nuts for buss ·connection. 

5. Accessories 

A. Pressure relief switch and indicating flag must be protected 
against accidental damage by people working on roof. 

B. Temperature protective switch must be sealed in such a manner 
that condensation does not occur in the.well. 

C. Temperature gage and AWR relay should be mounted so they do 
not form a head bumping hazard. 
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6. Preferred winding sequence on the low voltage taps will consist 
of a horizontal rovJ near the top side facing LV face. Sequence 
can be negotiated but xi x2 x5 x6 x3 x4 is preferred. 

7. Control v11r1ng to the primary CT, .AJ~R relay, the overtemperature 
switch, and pressure relief switch, should terminate in a common 
junction box on terminal studs (not. loose wires). 

8. Low voltage studs should terminate in a flat horizontal surface 
suitable for bus bar boltinq on 4" wide bar with two bolts l/2" 
diameter spaced 2" apart 1" from edge of bar. Line of bolt holes 
should be perpendicuiar to face of transfOi~mer. Studs must be 
not closer than 4-l/2" with 1-1/2" stagger, or 6-5/8" with no 
stagger. The external portion of the low voltage studs shall 
be tin or zinc plated to inhibit corrosion. 

These terminations are identical as to dimensions (but not as 
to location on the transformer tank) to 3903E532 as supplied 
on Requisition 463-132670P. 

IV. MECHANICAL DESIGN 

1. Wreck Damage 

Mounting must be secure so that the locomotive·may be rolled on 
its side and then returned to vertical without damage to the 
transformer due to internal movement of the core and coils or 
excessive stress on the mounting feet. A 2G load while the 
locomotive comes to rest in the horizontal position should be 
allowed for. 

2. Shock· 

A. The assembly must be designed for the following forces 
but no test is required: 

Coupling shocks ~ 
Horizontal (transverse shock) 
Vert ica 1 Shock 

Pitch of locomotive 
Roll of locomotive 
Max sustained deceleration 
tfi.ax peak acce 1 era ti on/dece 1 era ti on 

2-l/2 G 
1.5G 
1.5G 

1-1/4° Max 
7° Max 
1.5 mph/sec 
5.0 mph/sec 
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B. 10,000 applications of the shocks specified in 2.A shall 
not result in damage to or malfunction of the equipment. 

C. 1,000,000 applications at O.SG peak and 0.010 second base 
in any direction shall not result in damage to or mal-
function of the equipment. · 

D. 15 times in each of 3 orthogonal planes with lOG's at 
longest pulse available on test machine (0.150 sec. 
minimum) with no failure of any part. 

2.5 Vibration (Design only, no test required) 

A. No malfunction or damaqe shall result when the equipment 
is exposed to sinusoidal vibrations in any plane having 
peak values as described below: 

1-30 Hz 
30-300 Hz 

3 In/Sec Velocity 
l.SG Acceleration 
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