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PREFACE

This document describes testing conducted on the Energy Storage
Car (ESC) at the Transportation Test Center, Pueblo, Colorado, by the
AiResearch Manufacturing Company, Torrance, Ca11forn1a, a division
of The Garrett Corporation.

The Energy Storage System (ESS) was installed onboard two
New York City Transit Authority R-32 transit cars for use as a test
bed confirming ESS adaptability to rail cars, and also to demonstrate the
the principles and feasibility of the concept of energy storage. AiResearch
is conducting the ESC program under a contract from the Metropolitan
Transportation Authority. The program is sponsored by the Urban Mass
Transportation Administration (UMTA) Rail Technology Division, the
Metropolitan Transportation Authority, and the State of New York.

This report is derived from the efforts of two agencies of the
U.S. Department of Transportation: the Rail Programs Division of
the UMTA Office of Research and Development and the Transportation
Systems Center (TSC).

As Systems Manager for the Urban Rail Supporting Technology
Program, Rail Programs Division, UMTA Office of Research and
Development, TSC is responsible for the development and conduct of
a comprehensive program of test and evaluation of vehicles,
structures, and related components.

The Energy Storage Car Test Program at the Transportation
Test Center (TTC) was accomplished under TSC sponsorship and
guidance. Mr. G. Neat, Assistant Program Manager for Test and
Evaluation, Urban Rail Supporting Technology Program, provided
technical guidance as contract monitor. Also acknowledged are the
efforts of key TSC personnel onsite at TTC such as Mr. R, Parker and
Mr. R. Brush.

‘ Prooram respon51b111ty at AiResearch was vested in the Ground
Transportation and Industrial Power Systems Department, headed by
Mr. W. H.. Sutton, Chief Engineer; Mr. E. E. Nickel, Program Manager;
Mr. R. W. McConnell, Data Reductionj; and Mr. G. McClure, Test Engineer.
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1. INTRODUCTION

1.1 GENERAL

The AiResearch Manufacturing Company pkepared this report for the
Transportation Systems Center of the Department of Transportation. It covers
energy storage car (ESC) tests performed by AiResearch from May 1974 through
January 1975 at the Transportation Test Center, Pueblo, Colorado. (See
Figure 1-1.

The report consists of four volumes.

Volume I Proéfem»Description and Test Summary

. )
Volume II Performance, Power Consumptlon and Radio Frequency
Interference Tests

Volume IIT - 'N01se Tests
Volume IV  Ride Roughness Tests .

All tests reported hereln were conducted in accordance with the procedures
defined in the TSC General Vehicle Test Plan, GSP- 064} (draft version), 21 May
1974. These test procedures are delineated in AiResearch documents 73-9373
(Energy Storage Cars Test Program) and 74 10441 (Expanded Testing on Energy
Storage Cars)

The vast amount of data recorded during these tests is stored on magnetic’
analog tape and will contribute to UMTA's growing data bank for urban rail
vehicles. .

1.2 IEST CRITERIA. . . . .

The objectives,Cf the tests were:

Verificéticn(of system performance
Confirmation of sysfem adapﬁability to rail cars
Evaluation of system noise (exterior,. interior)

Evaluation of system ride roughness

Evaluation of system structural dynamics

_1 This document. has since been formally published as General Vehicle Plan (GVTP)
for Urban Rail Transit Cars, September 1976 (Report No. UMTA-MA-0025-75— 14)
PB251-086. - . . .




Figure 1-1. Energy Storage Car at Transportation Test Center

1.3 SYSTEM DESCRIPTION

The energy storage system (ESC) developed by AiResearch uses two motor-
driven flywheel assemblies per car to supply electrical energy to the separately
excited traction motors for car acceleration. During car deceleration (braking),
the electrical energy from the traction motors (now generators) is returned
to the flywheel motors, increasing flywheel speed. The makeup electrical energy
required is supplied to the traction and flywheel systems by a solid-state dec
chopper, which is regulated to draw only an average amount of power during nor-
mal accleration and deceleration. The primary advantages of an energy storage
system are:

Reduced energy consumption
Reduced peak power from substations
Reduced tunnel heating due to less need for dynamic braking
The ESC is mounted onboard an R-32 transit car, This car, first built in
1964, was originally powered by series traction motors and a camshaft controller.

The energy storage car conversion was accomplished at the AiResearch facilities,
Torrance, California. The energy storage unit is shown in Figure 1-2.
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1.3.1 CAR WEIGHT
Definition for car weight abbreviation description is as follows:

(a) AWO--Empty weight: car 3700, 42.5 tons (including instrumentation
estimated at 1.35 tons); car 3701, 41.4 tons

(b) AW2--Full load (AWO + 15.4 tons)
(¢) AW3--Crush load .(AWO + 21 tons)
1.3.2 EQUIPMENT LIST.AND INTERFACE DETATILS

The major system components are listed in Table 1-i.

Table 1-1. Energy Storage System Components

, ~ AiResearch . - Oty per
Component Part No, Car
Motor/flywheel unit ‘ 543122~ 1 1
Motor/flywheel unit ' . 543122.2 : _ -1
Traction motor 2000756~1 4
Chopper - 2001000-1 ' 1
Smoothing inductor 542551 _ 1
Input inductor 542553 1:
Propulsion control ©2000997-1 ' 1
Power control unit : 542540 1
Auxiliary control unit : 542542 ; 1
Flywheel field supply 2015368 ° -
Traction field supply . 2015367
Alternator regulator NA
Brake. resistor NA 2
Air duct assembly 523050
Air duct filter
Cooling fan
~System instrument panel 543121 1

Figure 1-3 is a simplified circuit schematic that shows major system
interfaces for a single-car system.
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2., TEST DESCRIPTION

2.1 FACILITY

Energy storage car teSting was accomplished at the Transportation Test
Center (TTC), Pueblo, Colorado. Actual running of the ESC was performed on
the UMTA test track under existing environmental conditions.

The UMTA test track is é 9.1-miie, nearly oval loop embodying six different
"types of construction. Track layout and construction are shown in Figure 2-1
and the ‘track profile in Figure 2-2.

2.2 INSTRUMENTATTION

The vehicle was instrumented to record data on magnetic tape for future
retrieval and on an oscillograph for quick-look monitoring of selected para-
meters, - In addition, system component temperatures were recorded on a strip -
chart recorder for a limited number of test conditions. System input power
was integrated on a digital readout to provide kilowatt-hour data for power
consumption runs, Figure 2-3 is a block diagram of the onboard data acquisi-
tion system. (Refer to Table 2-1 for details.)

Retrieval of taped data was usually accomplished by playback on an eight-
channel recorder in the manner shown in Figure 2-4, (Refer to Table 2-2 for
details.,) Data reduction was then carried out using the analog information
provided from these playbacks. In some cases (e.g., power consumption) data
was manually tabulated directly from the digital readouts.

The bandwidth resolution and sensitivity ranges of the recording equipment
and the sensors are summarized in Table 2-3.

An example of the parameters recorded and the instrumentation used for the
performance tests is shown in Table 2-4,

Other volumes of this report include block diagrams of instrumentation
related to individual parameters when additional details are required.

- 2.3 PROCEDURES
ESC test procedures are described in TSC General Vehicle Test Plan, GSP-06U4.

Detailed requirements for these tests are covered in AiResearch documents
73-9373 and 74- 10&41. o

2-1
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Table 2-1.

-

Data Acquisition System I\nstr‘umentation

Item ESC Instrumentation Model Response
No. Description No. Mfg. Range Sensitivity Calib. Notes
| Oscillograph Recorder 5-119 Bell & to 500 Hz ~ 2.5 v per | O to 2
(36 Chan.) Howel 1 in. in. for
F.S. sig-
nal
2 Oscillograph Recorder 5-124 Bell & to 500 Hz ~ 2.5 vper | 0 to?2
(t2 Chan.) Howell in. in. for
F.S. sig-
nal
3 Multipoint Temperature| Speedo= Leeds & A, ~ 50°F per 0 to 1200°F
Recorder (12 Chan.) max "H" | Northrop in. (Type E
Sensor)
4 Tape Recorder 2114 Precision to 10 kHz ~ 10 mv 5 v F.S.
Instru- minimum signal
ments
5 Strain Gage Signal LSK AiResearch to 10 kHz ~ 10 pe Depends on
Condi tioning 36398 minimum Sensor
6 General Signal LSK AiResearch to 500 Hz N.A. *5 v F.S. |Provides
Conditioning 36052 signal buffering for
| voltages and
accels.
7 Accelerometer Charge DI Unholtz to 10 kHz lg to 1000g { 5 v = 3g
Amplifiers Dickie F.S.
8 Speed & Distance LSK AiResearch to | kHz ~ *0,1 mph 0 to 50
Signal Conditioning 36220 & & mph
LSK ~ +1.0 ft. -
36054
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‘Table 2-1.

Data Acquisition System Instrumentation (Contipued)

Item ESC Instrumentation Model . Response
No. Description No. Mfg. Range" Sensitivity | Calib. Notes
9 Chargé Accelerometers 2272 Endevco 0 to 5 kHz ~ .0l g AiResearch
minimum Certified
10 Linear Accelerometers LSBC Schaevitz | O to 40 Hz ~ 001 g 5v=2g
39-2 minimum
1 Current Shunts PR1000 Quality 0 to 500 Hz ~ 0.1 my 50 mv =
Electric minimum 1 000A
12 Current Shunt 6271A Scientific| 0 to 120 Hz ~ 0.5% of | 50 mv =
Isolators Columbus F.S. Sv
13 Voltage Dividers - AiResearch | 0 to | kHz ~ 0.5 v 750 v = 9 v | 0.1% Re-
' minimum sistive
Divider
14 Calibration Power LS513 Lambda . 0 to 40 v 100 pv AiResearch
Supply Certified
15 Calibration Frequency CF60IR Anadex | Hz to | count AiResearch
Counter ‘ 99,999 Hz Certified
16 Calibration Oscillator 204C Hewlett 5 Hz to 1.2 1% AiResearch
Packard mHz Certified
17 Calibration RMS 427A Hewlett 0.0l v to ~ 0.5 mv AiResearch
Voltmeter Packard 300 v minimum Certified
10 Hz to
| mHz
18 Calibration DC Volt- DS100 Doric 0 to 1000 v 0.1 mv AiResearch
meter Certified
19 Inverter 1000 Topaz DC to 60 Hz N.A. N.A.

GCCwD
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Table 2-1. Data Acquisition System Instrumentation (Continued)
Item ESC Instrumentation Model Response
No. Description No. Mfg. Range Sensitivity | Calib. Notes
20 Oscilloscope 503 Tektronix |DC to | mHz 10 mv AiResearch
minimum Certified
21 Coupler Displacement WR8 Lockhead DC to 50 Hz ~ 1,0 v per | 5 in. F.S.
Electronics ine

22 Kilowatt Hour Meter LSK . AiResearch |0 to 99,999.9] 0.1 KWHR 1.5 MEGA

36129 KWHR wWatt F.S.
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Table 2-2, Data Recovery System Instrumentation

6-2

ltem Instrument Model Sensitivity ' Range Description
1 Magnetic Tape Honeywell | 0.5 to 10 v 3-3/4 ips - 0 to 625 Hz 14-channel
Recorder/Reproducer | No. 7600 peak for full 7-1/2 .ips = 0 to 1250 Hz | FM reproduce med-
deviation 15 ips -~ 0 to 2500 Hz ium band system,
2 Strip Chart .Beckman- 1.0 mv/mm max. | 0 .~ 200 Hz +20% 8~channel direct
Recorder Offner writing oscillo-
Typer graph
Dynograph
3 Digital Volt Meter Doric=DS 0.1 mv to _ Dc voltmeter
100 1000v
L DC Power Supply Lambda 100 pv to L4Ov - Precision,'pro-
LS 513 - grammable, digital
adjust
5 Frequency Counter Anadex +1 count 1 Hz to 99.999 kHz Digital Counter
: CF601R -
6 Oscillator Hewlett- +1% of scale 5 Hz to 560 kHz Solid state,
Packard ’ battery=-operated
2048 :
7 F requency Anadex 0.01v RMS 5 Hz to 51.2 kHz Frequency to
P1-408R threshold : - analog converter
' voltage . with zero sup-
pression
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Table 2-3.

Parameter Calibration Ranges

Calibration Range

Parameter Calibration
Voltages 1000 v = F.S. (750 v = 9.000 v) Resistive Divider (0.01% Resistors)
Lambda Power Supply and Doric Voltmeter
Currents 1000 A =50mv - 5v Certified Current Shunt

Linear Accelerometers

Speed

Charge
Accelerometers

Temperature
Recorder

Oscillograph
Recorders

Tape Recorder

$0.5 g =25 v

0 to 50 mph
3 g
0 to 1200 °F

Type E Thermocouple

5v=21in.

+5 v = F.S. (240% deviation on FM)

Lambda Power Supply and Doric. Yoltmeter

!
Calibrated Accelerometer
Lambda Power Supply and Doric Voltmeter

H.P. Oscillator and Anadex Counter

Calibrated Accelerometer
H.P. Oscillator and H.P. RMS Voltmeter

Ice Bath Reference
Lambda Power Supply and Doric Voltmeter

H.P. Oscillator & H.P. RMS Voltmeter or

" Lambda Power Supply and Doric Voltmeter

Lambda Power Supply and‘Doric'Voltmeterf

Total power consumption for the entire instrumentation system is &~ 1.5 kw.
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Table 2-4, Performance Test Parameters and

Instrumentation

Recorded Accel
Parameter Tests

Decel
Tests

(Blended)

Decel
Tests
(Friction)

Drift
Tests

Duty
Cycle
Tests

Power
Consumption
Tests

Misc,

Event and Time Mark 0

0

T

o T

Volts, 3rd Rail 0

0

0

Volts, Capacitor Bank

Volts, Flywheel Mtr. A

Volts, Trac, Mtr, A

Current,

0| o ol o] of ©

o| ol o] ©o| O] ©

Current, 3rd Rail 3701

o

Current, Trac. Mtr. A

0
0
3rd Rail 3700 0 T
0
0

(A)T

ol ol ol o] ©

[ON

(AT

o{A)T

0T

o] O] o] o ©

Current, Trac. Mtr. B

0(8)

0(8)

Current, Flywheel Mtr., A 0(A)T

0(A)T

0(A)T

0(A)T

o(m)T

Current, Flywheel Mtr. B

0(B)

0(B)

Vibration, Carbody Vert.

Vibration, Carbody Lat.

Vibration, Carbody Long.

Vibration, Flywheel Vert.

Vibration, Flywheel Lat.

Vibration, Flywheel Long.

Acceleration, Vehicle Long. 0 T

Displacement, Coupler

Car Command Signal

Distance, Vehicle

Speed, Vehicle

4| 4] =

o] O] O] o ©of o
- =) 4 4

Speed, Flywheel A

Lock-out Magnet

eI

A 4| 4]~

Pressure, Brake Cylinder

o|lojojo| O ©
IR

o|jol ool oo

o| o] ol o ©o| ©

o| ol ol o] ©Of O] O] ©

—

ol o ol o] ©] o} ©O] ©

Voice

| ) e e | B [

Temperature Wheel, Brake Shoe S

Temperature Vehicle Components

NOTE:

T

0
S

nouou

Recorded on Magnetic Tape
Recorded on Oscillograph Paper

Recorded on Strip-Chart Temperature Stamper

(A) car 3700
(B) Car 3701




TEST ORDER

Test effort at the TTC was conducted in the followiné sequence:

(a) Verification of safe arrival AiResearch Document 73-9373
(b) Debugging procedure (Tests planned prior to

(e) Performanée verification tests Contract DOT-TSC-838.)
l(d) Expanded test program ' AiRgsearch Document T4-10441

(Tests added for Contract
DOT-TSC-838.)

Only the tests in cdtegories c and d are‘reported herein.

2.4 TEST DESCRIPTION AND RESULTS ‘

. 2.4,1 VERIFICATION OF SAFE ARRIVAL

Upon arrival at the TTC the ESC were subjected to a thorough preliminary
checkout and processing by representatives of AiResearch and NYCTA. Particular
attention was given to the newly installed equipment and wiring.

The checkout ineluded a thorough functional examination of the mechanical
and electrical devices and their controls. The air brake system was function-
ally tested per NYCTA Car Setup Procedures. Miscellaneous auxilliary equipment
and the propulsion system were also functionally checked out, followed by
a car clearance check that consisted of towing the cars on a track equipped
with a third rail to confirm proper alignment of the third rail shoe. The
clearance check was performed on both the tangent and minimum radius track
for the third rail shoe and other external car-mounted equipment.

The run logs included herein in Appendix C, provide a record of the
sequence of events. Test results in each category are compiled by test set,
not necessarily in chronological order. The order of testing was selected
to assure efficient scheduling and to minimize the shifting of ballast.

2.4,2 DEBUGGING OPERATIONS (FOUR-CAR TRAIN) - \

Initial operation was conducted to functionally check out the car's con-
trol system by verifying the stability of a four-car system (two ESC's coupled
to two R-42 cars) under AWO coriditions (empty weight) throughout the ESC's
speed regime. Compatibility testing of the ESC vehicles was conducted at
Pueblo with the R-42 cars because they were available. The R-42 vehicles are
trainline-compatible with the original R-32 cars and are similar in size and
performance characteristies. Calibration and trimming of the controls were
also performed during the debugging operation. A copy of the log for the
trainline test is included in Appendix C, run 32. :



All runs from the initial run through run 31 were conducted for the
purﬁbse of thoroughly checking the ESS and its associated instrumentation for
proper operation and integrity; also, these runs were utilized to familarize
the car operator with the ESS operation and handling characteristics. The
logs and all data recorded during the first 31 runs were not relevant to the
test program, Therefore, they are not included herein. :

2.4.,3 PERFORMANCE VERIFICATION TESTS

The following verification tests (refer to Table 2-5) were conducted in
accordance with the procedures described in AiResearch Proposed Test Program,
document 73-9373 and Expanded Testing, document 74-10441, on two R=-32 cars
(3700 and 3701) converted to energy storage cars. '

NOTE
Instrumentation for these tests is listed in Table 2-1.
2.4.4 FAILURE MODES‘A&D SAFETY DEMONSTRATION -

Cars 3700 and 3701 demonstrated safe ESS response when various fault sen-
sors and critical control signals were actuated or interrupted. Initially,
the condition of both cars was established at (1) zero speed on energized
third rail, (2) flywheels operating -at steady-state speed, and (3) controls in
the OFF position. Thereupon, the transient conditions of AiResearch document
75-9373, were introduced.

2.4.5 RESULTS

All safety features of both cars performed successfully. The QSD and
safety devices operated as specified for the respective design application.
Both cars were given a safety clearance to continue testing. Refer to test
log 32, Appendix C.

2.5 TEST SETS

"Each of the 21 ESC test sets listed in Table 2-5 incorporates a test objec-
" tive, description, procedure, and a definition of instrumentation and data
processing requirements. The information that makes up the test set is defined
in General Vehicle Test Plan, GSP-064., This same information, along with the
processed data and discussion of the results are packaged together to form a
compact sub-report of each test set.

The other volumes of this report each include the test sets applicable to
- the subject matter covered by that specific volume, Each test set is preceded
by a summary sheet which includes the test set number, title, objective,
description, and status of results., Summary sheets for the performance, power
consumption, and radio frequency interference tests are provided in Volume II;
noise test summary sheets, in Volume IIT; and ride roughness summary. sheets in
Volume IV. To provide and overview of the ESC test results, all of the summary
sheets are presented in Appendix B of this volume.
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Table 2-5, . Test List

N Test Procedure Reference*
Para GSP-064 AIR 73-9373 ATR 7h-10441
No. Test Area Test Title (Set No.) (Para No.) (Page No.)
2.5.1 Acceleration P=2001-TT L,4,7.3 3
2,5.2 Deceleration - Blended Braking . P-3001-TT L4 7.4 L
2.5.3 Performance Deceleration - Service Friction P-3002~TT - L
2,5.4 Traction Resistance (Drift) P-4001-TT 4.4,7,2 5
2,5.5 'Friction Brake = Duty Cycles P~5001~TT -~ 5
Power .
2.5.6 Consumpt ion Power Consumption PC-5011-TT hoh.7.11 -
Radio Freq . ) _ _ .
2.5.7 Interference Radio Frequency Interference PS1-6001-TT 11
2.5.8 Exterior Equipment Noise Survey-Wayside CN-0001-TT LoL,7.7 . 7
2.5.9 Noise Effect of Car Speed-Wayside CN-1001-TT 4,4,7.7 -
2.5.10 Effect of Speed-On Car PN-1001-TT 4.4,7.8 -
2.5.11 Effect of Track Section-On Car PN=1101=TT - 8
2.5.12 erior Interior Noise Survey PN-1301-TT 4.4.7.8 8
2.5.13 Accéleration Effect~0On Car PN-2001~TT 4.4,7.8 9
2.5.14 Deceleration Effect-On Car PN=3001-TT 4,4,7,8 9
2.5.15 Dynamic Shake Test-Vertical R=0001~XX - ]
2,5.16 Dynamic Shake Test-Lateral R-0002-XX -- 9
2.5.17 Dynamic Shake Test-Longitudinal R=-0003=XX - 10
’ Ride . .

2.5.18 Roughness Cqmponent Induced Vibration R-OO]O-TTV 4.4,7.8 10
2.5.19 Worst Speeds R=1101-TT - 10
2,5.20 Acceleration R-2001-TT -- 10
2,5.21 Dgceleration R=3001-TT - 10

" %TSC General Vehicle Test Plan, GSP-064 C
AiResearch Proposed Test Program for Energy Storage Cars, 73-9373
AiResearch Expanded Teésting on Energy Storage Cars, 74~10441




A brief outline of the GSP-06Y4 test sets used in the energy storage car
test program are provided in paragraphs 2.5.1 through 2,5.21.

2.5.1" ACCELERATION - ESC-P-2001-TT
2.5.1.17 Objective
To determine the overall acceleration characteristics of the test vehicle

as affected by controller input level, line voltage, car weight (load weight-
ing), car direction, and train consist.

2.5.1.2 Description )

The test vehicle was acclerated at the required controller command .on
level tangent track., The following combinations can be tested:

Procedure Option - Prime Variable . . Test Conditions
(%) : ) Controller level Half and full power
(6) ' Line voltage ' Min, 600, & max. volts
(5) : ‘ Car weights A . AW0, AW2 and AW2
(3) . " Car direction : Forward -and reverse
(7) Train consistg © 2-car train

2.5.1.3 Procedure

The tests‘were performed in abcprdance with procédhres described in
AiResearch documents 73-9373 and 74-10441 in conformance with Test Set Number
ESC-P-2001-TT of TSC General Vehicle Test Plan GSP-064.

2.5.1.4 Results

The cars completed the acceleration tests successfully. A copy of the
log for test runs 49 and 55 are included in Appendix C. Details and data
reduced from tapes recorded during these tests are presented in Volume II.

2.5.2 BLENDED BRAKING DECELERATION - ESC-P-3001-TT

2.5.2.1 QObjective

To determine the overall deceleration characteristies of the test
vechicle utilizing the blended braking system as affected by controller input
level, line voltage, car weight (load weighting), car direction, and train
consist. Regeneration capability will be tested at varying line load.
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2.5.2.2 Description

The test vehicle was decelerated at the required controller command on
level tangent track. The following test combinations can be tested:

Procedure Option Prime Variable Test Conditions
(5) Controller levél Half and full brake
(6) Car weights . AWO, AW2, AW3
(7) Line voltage Min, 600, & max. volts
(8) Train consists : 2-car train
) . Car direction Forward and reverse
(10) _ ‘ | Regeneration (Load) 100% and 50% line
receptivity

2.5.2.3 Procedure

Cars 3700 and 3701, under AWQ, AW2 and AW3 conditions were subjected to
deceleration tests in accordance with procedures described in AiResearch
documents 73-9373 and T4-10441 in conformance with Test Set Number ESC-P-3001
of TSC General Vehicle Test Plan GSP-06L4.

2.5.2.4 Results
The cars completed the blended braking deceleration tests successfully.
A copy of the log for test runs 55 and 76 are included in Appendix C. Details

and data reduced from tapes recorded during these tests are presented in
Volume II.

2.5.3 SERVICE FRICTION DECELERATION - ESC-P-3002-TT

2.5.3.1 Objective

To determine the overall deceleration characteristics of the test vehicle
utilizing the friction braking only system as affected by controller input
level, car weight (load weighting), car direction, and train consist.



2.5.3.2 Description

The test vehicle was decelerated at the required controller command on
level tagent track. The following test combinations can be tested:

Procedure Option Prime Variablé Test Conditions
(5) Controller level Half and full brake
(6) Car weights AWO, AW2, AW3
(7 Train consists 2-car train
(4) Car direction Forwérd and reverse

2.5.3.3 Procedure

Cars 3700 and 3701 under AWO, AW2 and AW3 conditions were subjected to
deceleration tests contained in AiResearch document TU4-10441 in conformance
with Test Set Number ESC-P-3002-TT of TSC General Vehicle Test Plan GSP-064.

2.5.3.4 Results

Runs 1 through 8 of the service friction deceleration tests were success-
fully completed. During run No. 9, a QSD was initiated due to a fault in car
3700, flywheel No. 1 Testing was discontinued for approximately the next four
weeks while both cars were subjected to a thorough checkout under AWO condi-
tions.

A copy of the log for test runs 54, 55, 67, and 76 are included in
Appendix C. Details and data reduced from tapes recorded during these tests
are presented in Volume II. Runs 56 through 66 were conducted to check out
the ESS and its associated hardware and were not considered germaine to test
results, therefore, data and log sheets for runs 56 through 66 are not
included herein. - :

2.5.4 TRACTION RESISTANCE (DRIFT) - ESC-P-4001-TT

2.5.4.1 Objective
To determine the traction (train) resistance of the test vehicle for
use in the analysis of adhesion test data, to check the coefficients used

to calculate the design performance of the vehicle, and as a baseline for
analysis of the vehicle tractive and braking effort values.

2.5.4.2 Description

During the drift tests the test consist was allowed to coast from an
initial speed on level tangent track. Both propulsion and friction brake
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were disabled to attain a true coast. The speed-time-distance data is the
source of the final resistance values. :

- Procedure QOption Prime Variable Test Conditionsg
(2) Car weight AWO and AW2

(3) Train consist 2-car train
2.5.4.3 Procedure

Cars 3700 and 3701 under AWO conditions were subjected to the drift test
contained in AiResearch documents 73-9373 and 74-10441 in conformance with
Test Set Number ESC-P-4001-TT of TSC General Vehicle Test Plan GSP-064.

2.5.4.4 Results

The cars completed the drift tests successfully. A copy of the log for
test runs 34, 71, and 74 are included in Appendix C. Details and data
reduced from tapes recorded during these tests are presented in Volume II.

2.5.5 FRICTION BRAKE DUTY CYCLES - ESC-P-5001-TT

2.5.5.1 Objective

To determine the thermal capacity of the vechicle's friction braking sys-
- tem during a sample service run. The dynamic brake system will be inoperative
during the tests with the friction brake providing all of the decelerating
force, as applicable.

2.5.5.2 Description

The test vehicle was accelerated to a target cruise speed, cruised for a
defined time, then brake was applied to a simulated station stop. Following
a defined station dwell the cycle was repeated.

Procedure Option Prime Variable » -Test _Conditions
(G lCruise speed and 35 mph for 45 sec.
time 50 mph for 55 sec.
(2) Car.weight ‘ AW2 (or” AW3)
(3) Brake type Solid wheels
(5) . Brake blending Blended & friction only



2.5.5.3 Procedure

Cars. 3700 and 3701 under AW2 conditions were subjected to.the friction
brake duty.. cycle test contained in AiResearch document 74-10441 in confor-
mance w1th Test Set Number ESC P-5001 TT of TSC General Vehcile Test Plan
GSP-064. AN Coe e . '

2.5.5.4 Results

The cars successfully completed the frlctlon brake duty cycle tests. A
copy of the log for, test runs 77 and 81 are included ir Appendix C. Details
and data reduced from tapes recorded during these tests are presented in
Volume II.

2.5.6 POWER CONSUMPTION - ESC~PC-5011-TT -

2.5.6.1 Objective

To determine the power éonsumption of the test vehicle while operating on
a sample service route at a defined level of schedule performance. The tests
will provide a measure of car schedule performance, power consumptlon (regener—
'atlon), and overall traction system efflclency.

2.5.6.2 Description

The cars were operated over a simulated route with stops at specified
stations. Normal service performance will be used. Power consumed by the
traction and auxifliaries will be measured for each stop and the round-trip.
The following test combinations can be tested.

Procedure Options Prime Variable Test Conditions
(n Car weight AW2
(2) - - ” Regenefation _ - 100%_and 0%
(3) . ’ . : Reéenerat;on (Load) . 100% and 50%
m) Line voltage ' Mip, 600, & max. volts
(5) Train consists 2-car train

2.5.6.3 Procedure

Cars 3700 and 3701 under AWO and AW3 conditions were subjected to power
consumption tests contained in AiResearch document 73-9373 in conformance
with Test Set Number ESC-PC-5011-TT of TSC General Vehicle Test Plan GSP-064,
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2.5.6.4 Results

The cars completed the power consumption tests successfully. However,
during these tests there were QSD's that were traced to underrated SCR's
and a zener causing a malfunction to the No. 2 flywheel alternator stator
on car 3700. These SCR's and zener had not been updated to the latest
configuration due to their unavailability.

A copy of the log for test runs 35 through 48 are included in Appendix C.
Details and data reduced from tapes recorded during.these tests are presented
in Volume II. The data obtalned also includes power for the motor-generator
set air compressor. -

2.5.7 RADIO FREQUENCY INTERFERENCE's'ESC-PSI-6001-TT
2.5.7.1 Objectivé

To determine levels of broadband radiated electromagnetlc emlss1on from
the test vehicle to the wayside.

2.5.7.2 Description

. ThlS test to be performed with test vehicle passing by a way51de station
under each of the following condltlons

(a) “Acceleration above and below base speed

(b) Constant speed

(e) Braking
2.5.7.3 Procedure

Cars 3700 and 3701 under AWO conditions_were subjected to the radio fre-.
quency interference test contained in AiResearch document T4-10441 in confor-
mance with Test Set Number ESC-PSI-6001-TT of TSC General Vehicle Test Plan
GSP-064. The following operations were performed during EMI evaluation:

(a) Power consumption

(b) Duty cycles

(e) Reliability

(d)  Acceleration/Deceleration

(e) Constant speed
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2.5.7.4 Results

The cars successfully completed the radio frequency interference tests.
A copy of the log for test runs 80 through 82 are included in Appendix C. .
Details and data reduced from tapes recorded durlng ‘these tests are presented
in Volume II.
2.5.8 WAYSIDE EQUIPMENT NOISE SURVEY - ESC-CN-0001-TT
2.5.8.1 Objective

To determine the contribution of equipment noise to total test vehicle
signature.

2.5.8.2 Description

This test was performed at a boarding platform area.
2.5.8.3 Procedure

Cars 3700 and 3701 under AW3 conditions were subjected to -the external
noise level tests contained in AiResearch documents 73-9373, and T74-10441
in conformance with Test. Set Number ESC-CN-0001-TT of TSC General Vehicle
Test Plan GSP-064.
2.5.8.4 Results

The cars completed the wayside equipment noise survey tests successfully.
During the performance these tests there were several malfunctions; the main
malfunction was on car 3700, flywheel No. 2, which required replacement.
i A copy of the log for test runs 51 through 54 are included in Appendix C.
Details and -data reduced from tapes recorded during these tests are presented
in Volume III.
2.5.9 WAYSIDE EFFECT OF CAR SPEED - ESC-CN-1001-TT
2.5.9.1 Objective

To determine wayside noise levels durlng vehicle passbys during constant
speed conditions.

2.5.9.2 Description

This test was performed at a wayside station 50 feet from the track for
the following conditions: ’

(a) Car weights of AWO and AW3
(b) Single car and multiple units

(e¢) Five selected speeds
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2.5.9.3 Procedure

Cars 3700 and 3701 under AW3 conditions were subjected to the external
noise level tests-contained in AiResearch document 73-9373 in conformance
with Test Set Number ESC-CN-1001-TT of TSC General Vehicle Plan GSP-064.
2.5.9.4 Result

The cars completed the wayside effect of car speed tests successfully.
A copy of the log for test runs 51 through 54 are included in Appendix C.
Details and data reduced from tapes recorded during these tests are presented
in Volume III. -
2.5.10 ON CAR EFFECT OF SPEED - ESC-PN~1001-TT
2.5.10.1 Objective

To determine noise levels inside the test vehicle while operating at
various speeds. '

2.5.10.2 Description

This test was pérformed'at the following conditions:

(a) Car weights of AWO and AW3

(b) Four car interior locations

: (c) Five car speeds

2.5.10.3 Procedure

The tests were performed in accordance with procedures described in
AiResearch document 73-9373 in conformance with Test Set Number ESC-PN-1001-~TT
of TSC General Vehicle Test Plan GSP-064.
2.5.10.4 Results

The cars successfully completed the effect of speed test a copy of the
log for test run 72 is included in Appendix C. Details and data reduced
from tapes recorded during these tests are presented in Volume III.
2.5.11 bN CAR EFFECT OF TRACK SECTION -~ ESC-PN=-1101-TT
2.5.11.1 0Objective

To determine the effect of the track construction on interior noise
levels.
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2.5.11.2 Description

This test was performed at one test vehicle weight (AWO0) and one speéd on
all sections of the UMTA test track.

2.5.11.3 Procedure

The tests were performed in accordance with procedures described in
AiResearch document 74-10441 in conformance with Test Set Number ESC-PN-1101-TT
of TSC General Vehicle Test Plan GSP-064.

2.5.11.4 Results

The cars successfully completed the effect of track section test. A copy
of the log for test run 72 is included in Appendix C. Details and data
reduced from tapes recorded during these tests are presented in Volume III.

2.5.12 INTERIOR NOISE SURVEY - ESC-PN-1301-TT
2.5.12.1 Objective

To determine the noise characteristics of the test vehicle by a survey
of various passenger locations.

2.5.12.2 Description

This test was performed at a single test vehicle weight (AWO) while opera-
ting at a constant speed.

2.5.12.3 Procedure

Cars 3700 and 3701 under AWO and AW3 conditions were subjected to interior
noise level tests contained in AiResearch documents 73-9373 and in conformance
with Test Set Number ESC-PN-1301 of TSC General Vehicle Test Plan GSP-064.

2.5.12.4 Results

The cars performed th interior noise survey tests successfully but experi-
enced a malfunction during the noise level run. The 0OSD encountered during the
test was due to a faulty diode in the auxiliary generator circuit of car 3701.
This diode was of a lower rating than that specified by the latest design
configuration.

The faulty diode was replaced with ahigher rated diode per latest draw-
ing. Car 3701 now has a complete diode set per latest drawings.

A copy of the log for test runs 50, 71, and 72 are included in Appéndix C.
Details and data reduced from tapes recorded during these tests are presented
in Volume III.
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2.5.13 ON CAR ACCELERATION EFFECT - ESC-PN-2001-TT

2.5.13.1 QObjective
To determine noise levels inside the test vehicle while accelerating.

2.5.13.2 Description

This test was performed on selected interior test points at test vehicle
weights of AWQ and AW3. '

2.5.13.3 Procedure

The tests were performed in accordance with procedures described in
AiResearch documents 73-9373 and 74-10441 in conformance with Test Set
Number ESC-PN-2001-TT of TSC General Vehicle Test Plan GSP-064.
2.5.13.4 Results

The cars successfully completed the acceleration effect tests. A copy of
the log for test runs 53, 67, and 72 are included in Appendix C, Details and
data reduced from tapes recorded during these tests are presented in Volume III.
2.5.14 ON CAR DECELERATION EFFECT - ESC-PN-3001=-TT
2.5.14.1 Objective

To determine noise levels inside the test vehicle while decelerating.

2.5.14.2 Description

This test was performed on selected interior test points for various
braking configuration at test vehicle weights of AWO and AW3.

2.5.14.3 Procedure
The tests were performed in accordance with procedures described in
AiResearch documents 73-9373 and T7U4-10441 in conformance with Test Set

Number ESC-PN-3001-TT of TSC General Vehicle Test Plan GSP-064.

2.5.14.4 Results

The cars successfully completed the deceleration effect tests. A copy of
the log for test runs 53, 67, and 72 are included in Appendix C. Details and
data reduced from tapes recorded during these tests are presented in Volume III.
2.5.15 VERTICAL DYNAMIC SHAKE TEST - ESC-R-0001-XX
2.5.15.1 O0Objective

To determine the vehicle vertical natural modes and frequencies.



2.5.15.,2 Description

This test will include performing frequency sweeps of the vehicle by
using a shaker to provide excitation forces, These sweeps will be generated
for selected locations of the vehicle to determine the natural frequencies.
At these natural frequencies detailed probes of the vehicle are necessary to
determine the associated mode shapes. This test will be performed at car
weights of AWO, AW2 and AW3.

2.5.15.3 Procedure

Cars 3700 and 3701, under AWO, AW2, and AW3 cdnditibns, were subjected
tq the vertical shake test described in AiResearch document T4-10441 in
conformance with Test Set Number ESC-R-0001-XX of TSC General Vehicle Test
Plan GSP-064.
2.5.15.4 Results

The cars successfully completed the vertical shake tests. A copy of
the log for test runs 83 through 86 are included in Appendix C. Details and
data reduced from tapes recorded during these tests are presented in Volume IV.

2.5.16 LATERIAL DYNAMIC SHAKE TEST - ESC-R-0002-XX

The lateral shake test was not performed due to the lack of a mounting
fixture. (See log for test run 83 in Appendix C.)

2.5.17 LONGITUDINAL DYNAMIC SHAKE TEST - ESC~R-0003-XX

The longitudinal shake test was not performed due to the inability of
the shaker to produce a measurable effect on the car body. .(See log for test
runs 83 through 86 in Appendix,Cﬂ)
2.5.17.1 QObjective : -

To determine the vibration levels of the test véhicle compohents while
sationary on the UMTA test track.

2.5.17.2 Description

This test was performed on a stationary car at a known level section of
track, ‘ '

2.5.17.3 Procedure
Cars 3700 and 3701 undér AWO conditibns were subjected to the component
induced vibration tests described in AiResearch documents 73-9373 and 74-10441

in conformance with Test Set Number ESC-~R-0010-TT of TSC General Vehicle Test
Plan GSP-064, T ‘ i

2=25



2.5.17.4 Results

The cars successfully completed the component induced vibration tests. A
copy of the log for test run 72 is included in Appendix C. Details and data
reduced from tapes recorded during these tests are presented in Volume IV.

2.5.18 WORST SPEEDS - ESC-R-1101-TT -~

2.5.18.1 QObjective

To determine worst steady vibration levels of the test vehicle on the
UMTA test track.

2.5.18.2 Description
The following configurations were tested:
(a) Vehicle weights of AWO, AW2, and AW3

(b) All track sections including‘grade crossings and switches as
: required to simulate revenue service

(e) Select discrete vehicle speeds simulating revenue service and
include V (max)

(d) Select other speeds as required to identify known or suspected
acute vibration levels associated with carbody characteristics

~.

2.3.18.3 Procedure

The tests were performed in accordance with procedures described in
AiResearch document 74-10441 in conformance with Test Set Number ESC~-R-1101-TT
of TSC General Vehicle Test Plan GSP-064.
2,5.18.4 Results

The cars performed the worst speed tests successfully, A copy of the log
for test runs 73 through 75 are included in Appendix C. Details and data

reduced from tapes recorded during these tests are presented in Volume IV.

2.5.19 RIDE ROUGHNESS ACCELERATION - ESC-R-2001-TT

2.5.19.1 Objective

To determine the most servere vibration levels encountered during car
acceleration. : ' ’

2.5.19.2 Description

The test was performed on Track Section I at vehiele test weights of AWO,
AW2, and AW3.



2.5.19.3 Procedure

The tests were performed in accordance with procedures described in
AiResearch document T4-10441 in conformance with Test Set Number ESC-R-2001-TT
of TSC General Vehicle Test Plan GSP-064.
2.5.19.4 Results

‘The cars successfully completed the ride roughness acceleration tests. A
copy of the log for test runs 73, 78, and 79 are included in Appendix C.

Details and data reduced from tapes recorded during these tests are presented
in Volume IV, '

2.5.20 RIDE ROUGHNESS DECELERATION - ESC-R-3001-TT

2.5.,20.1 Objective

To determine the most severe vibration levels encountered during car
deceleration.

2.5.20.2 Description

The test was performed on Track Section I at test vehicle weights of
AWO, AW2, and AW3.

2.5.20.3 Procedure

The tests were performed in accordance with procedures described in
AiResearch document T4-10441 in conformance with Test Set Number ESC-R-3001-TT
of TSC General Vehcile Test Plan GSP-064.
2.5.20.4 Results

The cars successfully completed the ride roughness deceleration tests, A
copy of the log for test runs 73, 78, and 79 are included in Appendix C.

Details and data reduced from tapes recorded during these tests are presented
in Volume IV.
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5. TEST RESULTS

3.1 PERFORMANCE TESTS

The performance goal for acceleration and deceleration (blended braking)
was to match the performance of the standard R-32 cars., Baseline data taken
prior to modification indicated a full service braking rate of 3.45 mph/sec
and an acceleration of 2.7 mph/sec at AWO weight. The energy storage car
demonstrated performance of 3.7 mph/sec and 3.0 mph/sec respectively for
these single poeint conditions. General car performance characteristics for
acceleration and deceleration rates are shown in Figures 3-1 and 3-2. The
acceleration data shown is indicative of system operation without weight
compensation of tractive effort.

Deceleration rate for the AWO weight typically shows a high deceleration
rate at the start of braking. This was caused by the jerk limit setting
which permitted the friction brakes to apply before energization of the lock-
out magnet, which cuts out the friction brake system. In subsequent dynamic
brake tests, this setting was corrected by reducing the jerk limit to closely
coincide with the response time of the friction brake application.

All of the dynamic brake tests show a sharp rise in deceleration as the
car speed approaches zero, This is again caused by the lockout magnet
deenergizing, thus cutting out dynamic braking and applying friction braking
at approximately 4 mph, The energy storage cars were purposely configured
in this manner to permit trainlining with the standard R-32 cars.

Refer to Volume II for details concerning the performance tests.
3.2 POWER CONSUMPTION TESTS

The primary goal of the energy storage car is to reduce the power con-
sumption required for the conventional car. The overall results of the tests
show that the advantages listed in Section 1 are attainable in practice,
while still retaining the basic performance characteristics of the R-32
vehicle.

A typical 3000 foot run shown in Section 7 of Volume II, provides a means
of comparison for the ESC and the unmodified R-32 (no unmodified R-32 test
data was taken at Pueblo).

Figure 3-3 shows selected parameters from test run 78 record 1317. A
plot of the traction motor armature current, multiplied by 2 is superimposed
on the 3rd rail input current. Although not an exact comparison it is
closely representative of R-32 car versus ESC 3rd rail input current and
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graphically shows the advantages referred to previously. Quantitatively the
comparison is as follows for this 3000 foot run:

ESC R-32 (Calculated)

Peak line -current. ‘490 amps " 1120 amps
RMS line current i 257 amps . 421 amps
Kw hrs/cm-(approx) - - 4.7 6.9

The implied energy saving is slightly in excess of 31 percent. The above
values are for AW3 weight and do not include any station stop time. :

A summary ‘'of the power consumption tésts is shown in Figure 3-U4., The -
curves shown here are faired-in averages of the clockwise and anticlockwise
laps made for constant station stop distances. Actual test data for the AWO,
2000 foot station stop runs.was appreciably better than the faired curve;, it
averaged 3.7 kw hrs/cm as shown in the detailed results of Volume II, ’

The-relationship between.flywhéel speed and vehicle speed is shown in -
Figure 3-5 for a representative 3000 foot station-to-station run. This
figure is a machine plot of the data shown in Flgure 3 3.

Refer to Volume II for detalls concerning the power consumptlon tests.

3.3 RADIO FREQUENCY TNTERFERENCE IESTS

The interior and waysideé electromagnetic interference was measured for
the 0.15 to 400 MHz range and plots are shown in Volume II for the various
conditions of propulsion equipment. The data shown in Figure 3-6 shows the

.maximum exterior emissions levels relative to ambient.

The reference goals for SOAC (state-of-the-art'.car) are superimposed
on Figure 3-6 as a matter of interest. It should be noted that SOAC did
meet the requirement, however, the test location was at" the far side of
the track (in the southwest corner) where the background noise was at a
much lower level., The ESC tests were carrled out at a location near the
north end of track Section I.

Refer to Volume II for details concerning the radio frequency 1nter-1
ference tests,.

3.4 EXTERIOR NOISE TESTS
The wéyside noise measured at platform level and 50 feet away from the
side of the car indicates that the noise range is greater than the standard

under-car rotating equ1pment. Summary plots of these data are shown in
Figures 3-7 and 3-8,
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The under-car equipment noise, with, car_ not ‘moving, shows very little
increase in level at the platform, Microphone perspective may account for o
this since only one platform location was used. Direct propagation from
‘equipment on the far side and the énds of the train is partially blocked.

Moving vehicle data is shown at the center and left side of Figure 3- 8
The momentary phenomena of brake squeal. raching 95 dbA is the hlghest level,
Generally the wheel rail n01se at the platform is below 75 dbA except for fast
moving cars.,

At the time that these tests were conducted, the car wheels contained
number of flats which would have some effect on the db levels recorded. A
‘thart with the number and length of flats per. wheel.is shown in Figure 3-9.

Refer to Volume III for details c@ncerning the exterior noise tests.

3.5 INTERIOB'NOISE TESTS

Equipment interior noise contribution is summarized in ﬁigure?3-10._
The flywheel is the largest input with a slightly higher level at the low
speed end of its operating range.

Noise levels in ﬁhe moving train are shown in Figure 3-11 for'different
locations in the car at 40 mph, Higher levels toward the number two end are
probably due to the adjacent car. )

Runs were made over the six different track sections at constant speed.
The noise levél summary for these runs is shown in Figure 3-12 along with
the configuration of each rail section, .

The higher ambient noise levels for the interior tests is probably due
to the proximity of the gas driven generator used to power the 1nstrumentat10n
equipment,

Refer to Volume III for details cdncerning the interior noise tests.
3.6 RIDE ROUGHNESS TESTS

The induced dynamic shake and vibration levels for ride roughness evalua-
tion is presented for a wide range of conditions. The modification with the
energy storage propulsion system was not expected to cause any significant
changes from_the standard R-32 car in these parameters and the test results
did not uncover any unusual characteristics. The shake tests revealed that
the first three car body bending modes (at AWO car weight) had natural fre-
quencies of 7, 10.5 and 14.5 Hz. The results of the shake tests are shown
in Figures 3-13 through 3-15.

Since there was no dominant worst speed condition the ride quality tests
were run at a speed that could be controlled and maintained., Readings were
taken at a carspeed of 35 mph, at two locations in the car for each track
section as shown in the summary plots of Figures 3-16,
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Subjectively, track Section III seemed to provide the roughest ride and
this was probably due to the ballast condition at the time of the test. High
speed locomotive tests were being run on the track at night during this period.

Refer to Volume IV for details concerning the ride roughness tests.
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APPENDIX A
REPORT OF INVENTIONS APPENDIX

The engineering tests conducted on the Energy Storage Cars utilized
state-of~the-art testing technology and did not involve inventions or
innovations. Development of the Energy Storage System being tested was
carried out by Garrett AiResearch under a contract from the New York City
Transit Authority. Inventions and innovations involved under that contract
are not reported here. i
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APPENDIX B
TEST SET SUMMARY SHEETS
A GSP-064 Test Set summary sheet for each energy storage car test

performed is provided here as a convenience for the reader. Each sheet
covers the test objective, description, and status of a specific test.



TEST TITLE: ~ ACCELERATION

TEST SET NUMBER: ESC-P-2001-TT

(Options 1 and 2)

TEST OBJECTIVE:

To determine the overall acceleration characteristics of the test vehicle
as affected by controller input level, line voltage, car weight (load
weighing, car direct, and train consist..

TEST DESCRIPTION:

The test vehicle will be accelerated at the required controller command on
level tangent track. The following (example) combinations will be tested:

Procedure Option Prime Variable Test Conditions
(%) Controller level Half and full power
(6) Line voltage Min: 600: and max. volts
(5) Car weights ) AWO; AW2; AWS3
(3) Car direction Forward and reverse
(1) Train consists Two car train
STATUS:

The energy storage cars successfully completed the acceleration
tests as prescribed by the conditions specified in paragraph 2.1.2,
Refer to test log runs 49 and 55 presented in Volume I, Appendix C of
this report.
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TEST TITLE: DECELERATION-BLENDED BRAKING

TEST SET NUMBER: ESC-P-3001-TT

(Options 1 through 3)

TEST OBJECTIVE:

To determine the overall deceleration characteristics of the test vehicle
utilizing the blended braking system as affected by controller input level,
line voltage, car weight (load weighing), car direction, and train consist,
Regeneration capability will be tested at varying line "load",

TEST DESCRIPTION:

The test vehicle will be decelerated at the required controller command on
level tangent track. The following (example) test combinations will be tested:

| Procedure Option: Prime Variable Test Conditions
(5) ~ Controller Level Half and full brake
(6) Car weights . AWO; AW2; AW3
(7 Line voltage . Min; 600; and max. volts
(8) . Train consists ' Two car train
(4) Car direction Forward and reverse
STATUS:

The energy storage cars successfully completed the blended braking
deceleration tests as prescribed by the conditions specified in paragraph 3.1.2
Refer to test log runs 55 and 76 presented in Volume I, Appendix .C of this
report.




"TEST TITLE: -  DECELERATION -~ SERVICE FRICTION

TEST SET NUMBER; ESC-P=3002-TT

(Options 1 through 3)

TEST OBJECTIVE:

To determine the overall deceleration characteristics of the test vehicle
utilizing the friction braking. only system as affected by*controller input
level, car weight (load weighing), car direction, and train consist. }

TEST DESCRIPTION:

The test vehicle will be decelerated at the required controller command on .
level tangent track.. The following (example) test combinations will be tested:

} Procedure Option. : Prime Variable . - Test Conditions
(5) . Controller level - - Half and full brake
(6) . Car weights S : AWO; AW2; AW3
(7) . * Train congists - Two car train
W) ) Car direction = =~ Forward and reverse
STATUS:

The energy storage cars successfully completed the serviece frietion
deceleration tests as prescribed by the conditions specified in paragraph
4,1.2. Refer to test log runs 54, 55, 67 and 76 presented in Volume I,
Appendix C of this report.

B-4




TESTTITLE: . TRACTION RESISTANCE (DRIFT)

TEST SET NUMBER: ESC-P-4001-TT

(option 1)

TEST OBJECTIVE:

To determine the traction (train) resistance of the test vehicle for use
in the analysis of adhesion test data, to check the coefficients used to
calculate the’ design performance of the vehicle, and as a baseline for
analysis of the vehicle tractive and braking effort values,

TEST DESCRIPTION:

During the drift tests the test con51sts will be allowed to coast from
an initial speed on level tangent track. Both propulsion and friection
brake systems will be disabled to attain a true coast. The speed-time-, .
| distance data will be'the source of the final resistance values. i

Procedure Option> ’ Prime Variable Test Conditions
(2) T " "Car weight ' -‘AWO and AW2
(3) Train consist ' Two car train
B o
STATUS:

The energy storage cars successfully completed the traction resistance
tests as prescribed by the conditions specified in paragraph 5.1.2. Refer
to test log runs 34 71, T4 and 76 presented in Volume I, Appendlx C of
this report. )
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TEST TITLE: FRICTION BRAKE DUTY CYCLES

TEST SET NUMBER: ESP-P-5001-TT

TEST OBJECTIVE:

To determlne the thermal capacity of the vehicle's friction braklng system
during a sample service run. The dynamic brake system will be inopera-
tive during the tests with the friction brake providing all of the .
decelerating force, as applicable.

TEST DESCRIPTION:

The test vehicle will be accelerated to a target cruise speed, cruise for
a defined time, and brake to a simulated station stop. Following a
defined station dwell the cycle will be repeated.

Procedure Option’ Prime Variable : »Test Conditions.
(n Cruise speed and time 35 mph for 45 sec.
: 50 mph for 55 sec.
(2) Car weight AW2 (or AW3)
(3 . Brake type Solid and resilient wheels
(5) Brake blending " Blended and frict. only
STATUS:

The energy storage cars successfully completed the friction brake
duty cycle tests as prescribed by the conditions specified in paragraph
6.1.2. Refer to test log runs 77 and 81 presented in Volume I, Appendix
C of this report.




TEST TITLE: POWER CONSUMPTION

TEST SET NUMBER: ESC-PC-5011-TT

TEST OBJECTIVE:

To determine the power consumption of the test vehicle while operating on
a sample service route’at a defined level of schedule performance. The

tests will provide a measure of car schedule performance, power consumption
and overall traction system efficiency.

TEST DESCRIPTION:

The car(s) will be operated over a simulated route with stops at specified

stations. Normal service performance will be used. Power consumed by the

traction and auxiliaries will be measured for each stop ‘and the round-trip
Examples of test condltlons

Procedure Options Prime Variable Test-Cbnditions

(1) Car weight AW2

(2) Line voltage Min; 600; max. volts

(3) Train consists Two car train
STATUS:

The energy storage cars successfully completed the power consumption
tests as prescribed by the conditions specified in paragraph 7.1.2. Refer
to test log runs 35 through 48 presented in Volume I, Appendix C of this
report.




TEST TITLE: RADIO FREQUENCY INTERFERENCE

TEST SET NUMBER: ESC-PSI-6001-TT

TEST OBJECTIVE:

To determine levels of broadband radiated electromagnetic emission from
the test vehicle to the wayside.

TEST DESCRIPTION:

‘This test to be performed with test vehicle passing by a wayside station
under each of the following conditions:

(a) Acceleration above and below base speed
(b) Constant speed
(¢) Braking

STATUS:

The energy storage cars successfully completed the radio frequency
interference tests as prescribed by the conditions specified in paragraph
8.1.2, Refer to test log runs 80 through 82 presented in Volume I,
Appendix C of this report,




TEST TITLE: EQUIPMENT NOISE SURVEY - WAYSIDE

TEST SET NUMBER; ESC-CN-0001-TT

TEST OBJECTIVE:

To determine the contribution of equipment noise to total test vehicle
signature.

TEST DESCRIPTION:

This test will be performed at a boarding platform area.

STATUS:

The energy storage cars successfully completed the equipment noise
tests as prescribed by the conditions specified in paragraph 2.1.2.
Refer to test log runs 51 through 54 presented in Volume I, Appendix C
of this report. ‘
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TEST TITLE: EFFECT OF CAR SPEED - WAYSIDE

TEST SET NUMBER: ESC~CN-1001-TT

TEST OBJECTIVE:

Determine Wayside noise levels during vehicle passbys during constaﬁt
speed conditions,

TEST DESCRIPTION:

This test will be performed at a wayside station 50 feet from the track
for the following conditions:

(a) Vehicle weights of AWO and AW3
(b) Single car and Multiple Units
(¢) Five selected speeds

STATUS:

The energy storage cars successfully completed the exterior car speed
tests as prescribed by the conditions specified in paragraph 3.1.2. Refer
to test log runs 51 through 54 presented in Volume I, Appendix C of this
report.
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.- TESTTITLE: - EFFECT OF.CAR SPEED - ON CAR

TEST SET NUMBER: ESC-PN-1001-TT-

TEST OBJECTIVE:

To determine noise levels inside the test vehicle while operating at
. various speeds,

TEST DESCRIPTION:
This test will be performed at the following conditions:
(a) Vehicle weights of AWO and AW3

(b) Four car interior locations
(¢) Five car speeds

STATUS:

The energy storage cars sucéessfully completed the interior car .speed
tests as prescribed by the conditions specified in paragraph 4.1.2.

Refer
to test log run 72 presented in Volume I, Appendix C of. this report.
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TESf TITLE: EFFECT OF TRACK SECTION - ON CAR

TEST SET NUMBER: ESC-PN-1101-TT

TEST OBJECTIVE:

To determine the effect of track construction on interior noise levels.

TEST DESCRIPTION:

This test will be performed at one vehicle weight (AW0) and one speed
on all sections of the UMTA test track.

STATUS:

The energy storage cars successfully completed the track section
tests as prescribed by the conditions specified in paragraph 5.1.2.
Refer to test log run 72 presented in Volume I, Appendix C of this
report, :
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TEST TITLE: . INTERIOR NOISE SURVEY

TEST SET NUMBER: ESC-PN~-1301-TT

. TEST OBJECTIVE:

To determine the noise characteristics of the test vehicle by a survey .
of various passenger locations,

TEST DESCRIPTION:

This test will be performed at one vehicle weight (AW0) while operating
at a constant speed.

STATUS:

The energy storage. cars .Successfully completed the interior noise
tests as prescribed by the conditions specified.in paragraph 6.1.2..
Refer to test log runs 50 71 and 72 presented in Volume I, Appendix C
of this report
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TEST TITLE: ACCELERATION EFFECT - ON CAR

TEST SET NUMBER: ESC-PN-2001-TT.

TEST OBJECTIVE:

To determine noise levels inside the test vehicle while accelerating.

TEST DESCRIPTION:

This test will be performed at selected interior test points for vehicle
welghts of AWO and AWR.

STATUS:

The energy storage cars successfully completed the acceleration effect
tests as prescribed by the conditions specified in paragraph 7.1.2. Refer to
test log runs 53, 67 and 72 presented in Volume I, Appendix C of this report.
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" TESTTITLE:  DECELERATION EFFECT - ON CAR

TEST SET NUMBER: ESC-PN-3001~TT

TEST OBJECTIVE:

To determine noise levels inside the test vehicle while deceleﬁéfing.

TEST DESCRIPTION:

This test will be performéq“at the folldhiﬁg\conditions:‘

(a) For selected interior test points -
(b) For various braking conflgurations (depends upon modes avallable
- on test vehicle), The basic configuration will be the normal
service system. s o :
(¢) Vehicle weights of AWO and AW3.

STATUS:

The ‘energy  storage cars suecessfully completed the deceleratlon
effect tests as prescribed by the conditions specified in paragraph 8.1. 2
Refer -to test log runs 53, 67 and 72 presented in VOlume I, Appendix C
of this report.
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TEST TITLE: DYNAMIC SHAKE TEST - VERTICAL

TEST SET NUMBER: ESC-R-0001-XX

TEST OBJECTIVE:

To determine the vehicle vertical natural modes and frequencies,

TEST DESCRIPTION:

This test will include performing .frequency sweeps of the vehicle by
using a shaker to provide excitation forces. These sweeps will be
generated for selected locations of the vehicle to determine the natural
frequencies. At these natural frequencies detailed probes of the vehicle
are necessary to determine the associated mode shapes. The test will

be performed at vehicle weights of AWO, AW2 and AW3.

STATUS:

The energy storage cars successfully completed the vertical shake
tests as prescribed by the conditions specified in paragraph 2.1.2,

Refer to test log runs 83 through 86 presented.in Volume I, Appendix C
of this report.
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TEST TITLE: DYNAMIC SHAKE TEST - LATERAL

TEST SET NUMBER: ESC-R-0002-XX

TEST OBJECTIVE:

To determine the vehicle lateral natural modes and frequencies.

TEST DESCRIPTION:

This test will include performing frequency. sweeps of the vehicle by
using a shaker to provide excitation forces. These sweeps will be
generated for selected locations of the vehicle to determine the natural
1frequencies. At these natural frequencies detail probes of the vehicle
are necessary to determine the associated mode shapes., The test will
Jbe performed at vehicle weights of AWO,.AW2 and AW3., :

STATUS:

The lateral shake tests could not be performed due to the lack of
a mounting fixtur'e. Refer to test log run 83 (Volume I, Appendix C).
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~ TEST TITLE: DYNAMIC SHAKE TEST - LONGITUDINAL

TEST SET NUMBER: ESC-R-0003-XX"

TEST OBJECTIVE:

To determine the vehicie'longitudinal natural modes andl}beuQencies.

TEST DESCRIPTION:

This test will include performing frequency sweeps of the vehicle by using’
a shaker to provide excitation forces. 'These sweeps will be generated for
selected locations of the vehicle to determine the natural frequencies.
1At these natural frequencies detailed probes of the vehicle are necessary
to determine the associated mode shapes, The test will be performed

at vehicle weights of AWO, AW2 and AW3.

STATUS:

No test data or results could be obtained for ‘the longitudinal
shake tests because the output of the shaker was not able to produce
a measurable effect on the car body. Refer to test log runs 83
through 86 (Volume I, Appendix C).
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-~ - TESTTITLE:~ .- COMPONENT INDUCED VIBRATION

TEST SET NUMBER: ESC-R-0010-TT .

TEST OBJECTIVE:

To determlne the vibration levels of the:test vehicle components while
stationary on the UMTA Test Track.

TEST DESCRIPTION:

This test will .be performed on a stationary car-at a known level section
of track.,

STATUS:

The energy storage cars successfully completed the component induced
vibration tests as preséribed by the conditions specified in paragraph
5.1.2. Refer to test log run 73 presented in Volume I Appendix C of
this report. .
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TEST TITLE: - ° RIDE ROUGHNESS - WORST' SPEEDS

TEST SET NUMBER: ESC<R-1101=TT" - -

TEST OBJECTIVE:

To determine worst steady vibration 1evels of the test vehicle on the 3
UMTA test track. o :

TEST DESCRIPTION:
The following configurations will be tested:

(a) Vehicle weights of AWO, AW2, AW3. .
(b) All track sections including grade crossings and switches
as required to simulate revenue service.
(c) " Select discrete vehicle speeds 51mulating revenue service
. and include V' (max). .
(d) Select other speeds as required to identify known or suspected - °
acute vibration levels associated with carbody characteristics._

STATUS:

-The energy storage cars successfully completed the worst speeds
tests as prescribed by the condition§ specified in paragraph 6.1.2.
Refer to test-log runs 73 through 75 presented in Volume T, Appendix
C of this report
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"'TES'T TITUE:"-" 'RIDE ROUGHNESS - ACCELERATION

TESTSETNUMBER ESC+R<2001-TT"

TEST OBJECTIVE: o - ‘. R

To determine ‘the most severe vibration levels encountered durlng car '
acceleration

TEST DESCRIPTION:

This test is to be pérformed on track section I at vehiclé weights of

AWO, AW2 and AW3

STATUS:

The energy storage cars successfully eompleted the acceleration
tests as prescribed by the- ‘conditions spe01fied in paragraph 7.1.2
|Refer to test log runs 73, 78 and 79 presented in Volume I, Appendlx
C of this report.
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TESTTITLE:© , RIDE ROUGHNESS - DECELERATION

TEST SET NUMBER: ESC-R-3001-TT -

TEST OBJECTIVE:

To determine the most severe. v1brat10n levels encountered during-car
deceleratlon.

TEST DESCRIPTION: , . oo

This test to be. performed on track section I-at vehicle weights of -AWO,
AW2, AW3 . ,

STATUS:

The energy_storage cars successfully completed the,deceleration‘
tests as prescribed by the conditions specified in-paragraph 8,1.2.

{Refer to test log runs 73, 78 and 79 presented in Volume I, Appendix C .
of ‘this report.
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APPENDIX C
TEST RUN LOG SHEETS
Log sheets for thé energy storage car test runs are presented in numerical

order and provide a brief description of the tests, conditions and results
of the performance evaluation tests.



ESC TEST RUN NO._ 32 DATE _ 5-14-74

RUN TIME: START__2:00 WEATHER CONDITION: WIND VEL
STOP 5:00 DIRECTION
MILES RECORDED__ 20, 3700 Fwd and Rev AMBIENT AIR
20, R-42, Fwd and Rev TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Begier
CHIEF TEST ENGINEER G._McClure
SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler
INSTRUMENTATION Sessions

REAR MONITOR As req'd

GROUND CONTROLLER_As req'd

ADDITIONAL PERSONNEL Lewis, DeDee

TEST PROGRAM SPECIFICATION NO. 73-9373

TEST PROCEDURE NO. 4,3

TEST TITLE Performance verification - R~42 Trainline
VEHICLE CONFIGURATION 2 cars - empty wt.

TEST DESCRIPTION Functional checkout of ESC and R-42 cars in trainline.

Record coupler displacement, accels, decel and drive from both end cabs.

COMMENTS Successfully demonstrated all trainline operations in TMB. Moved 4-

car train to track - Successfully completed cond run in ccw dir driving from

3700. Ran through level tangent in Fwd (ccw) and Rev (cw) dir and recorded

steady speed coupler displacement. Drawing = 100 A more current above base
speed on accel then dro o 200-300 ions

experienced bet R-32 and R-42 during accel. All running operations seemed
c-2



ESC TEST RUN NO. 32 (continued)

satisfactory bet both sets of cars. Braking effort seemed smooth.

Driving from 3700, ccw, Fwd:+.56 (3700 pulling)

" " ", cw, Rev: +.32 (3700 pushing)
Performed decel test at 48 mph, F.S. Brake
Performed accel test in Fwd dir (ccw)

Performed Accel Test in rev Dir (cw)

Changed drive cabs from ESC to R-42 and repeated.
F.S. Decel
ccw, Rev Accel.

cw, Fwd Accel

Ran start-stop cycle every 3000' for 1 lap, driving from R-42 car.

Trainline compatibility looks good. No problems experienced during test.

Ran 4 car T/L from both cabs, both direction.

Successfully demonstrated running through rail gaps (45') w/o any difficulty.
4-car T/L test is considered complete.

Disconnected R-42 to set up for R-32 tests in a.m.
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ESC TEST RUN No. 33 DATE 5-15-74

RUN TIME: START 9:15 WEATHER CONDITION: WIND VEL 0
sTop___2:00 . DIRECTION__O .
MILES RECORDED 42 ' AMBIENT AIR
‘ TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Begier
CHIEF TEST ENGINEER G. McClure
SAFETY ENGINEER G. Spon

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler
INSTRUMENTATION__ Sessions

REAR MONITOR As Req'd

GROUND CONTROLLER_As Req'd

ADDITIONAL PERSONNEL LewiS; Nickel, Smits

TEST PROGRAM SPECIFICATION NO. 73-9373

TEST PROCEDURE NO. 4.3
TEST TITLE Performance Verification - Accel, Decel
VEHICLE CONFIGURATION 2 cars - Empty Wt.

TEST DESCRIPTION Perform Accels and Decels per Test Plan. Give demo ride to -
Under Secretary of DOT, John V. Barnum. Reel 2,

COMMENTS Successfully completed accel and decel tests per test plan. Began
to set instr'n up for drift test. Gave demo tour ride at 1:30 p.m.




ESC TEST RUN NO.__ 34 DATE__5-16-74

RUN - TIME: . START 9:30 WEATHER CONDITION: WiND VEL__O MPH

STOP_ 4:30 ) DIRECTION
MILES RECORDED___ 40 AMBIENT AIR
: TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER R. Begier
CHIEF TEST ENGINEER_ G. McClure

SAFETY ENGINEER . G. Spons
VEHICLE OPERATOR _... Smith, Tate, Leaston, Beemler
INSTRUMENTATION Sessions .

REAR MONITOR As_req'd
GROUND CONTROLLER__As req'd.
ADDITIONAL PERSONNEL Lewis, Nickel, Smits

TEST PROGRAM SPECIFICATION NO, ____ 73-9373

TEST PROCEDURE NO. 4.3 - ESC-P-4001-TT

TEST TITLE Performance verification - Drift, railgap and-modes tests
VEHICLE CONFIGURATION _2 cars - empty wt. ‘

TEST DESCRIPTION Perform drift test, railgap and dead rail test and mode
change test per test plan. Reel 3,

COMMENTS Ran 2 sets of drift test due to longitudinal vib pickup cable de-

fective - -ran | set and then switched cables for 2nd set. Completed drift

test. Ran Accel (max) Fwd and Rev driving from 370l. 2.53 mphps both dir.

Successfully completed drift test, railgap and dead rail and mode change test

per test plan. No problems experienced throughout day.
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ESC TEST RUN NoO. 35 DATE 5-17-74

RUN TIME: START__10;00 WEATHER CONDITION: WIND VEL
STOP 4:00 DIRECTION
MILES RECORDED 20 . AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Begier
CHIEF TEST ENGINEER G. McClure
SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler
INSTRUMENTATION___Sessions |

REAR MONITOR As req'd

GROUND CONTROLLER_As req'd

ADDITIONAL PERSONNEL_Lewis, Smits, LaFranchi,

Carroll

TEST PROGRAM SPECIFICATION NO.  73-9373 GSP-064
TEST PROCEDURE NO. 4,5 ESC-PC-5011-TT

TEST TITLE__ Performance Verification - Power consumption test
VEHICLE CONFIGURATION 2 cars - empty wte.

TEST DESCRIPTION Run power consumption test per test plan - See Attachments.

COMMENTS On first brake initiation while driving from 3701, experienced T/L
QSD on 370! only. Experienced same in Rev dir. Switched driver's cab to 3700 -

experienced same T/L QSD on 3700 but not 3701. Began investigating master con-

troller for proper operation. Moved cars into barn to continue investigation

on Saturday.
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ESC TEST RUN NO, 36 DATE_5-20-74

RUN TIME: - START 12:30 WEATHER CONDITION: WIND VEL
sToP___4:00 , DIRECTION
MILES RECORDED 30 : AMBIENT AIR

TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER __R. Begier
CHIEF TEST ENGINEER __G. McClure
SAFETY ENGINEER _ G. Spons
VEHICLE OPERATOR Smith, Tate, Leas;on, Beemler
INSTRUMENTATION _ Jenkins
REAR MONITOR As required
GROUND CONTROLLER As required
ADDITIONAL PERSONNEL Lewis

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064 »
TEST PROCEDURE NO.__ 4,3 ESC-PC-5011-TT

TEST TITLE__ Performance Verif ication-Power Consumption Test
VEHICLE CONFIGURATION__ 2 Cars-Empty Wt

TEST DESCRIPTION Perform Power consumption test per test plan; reel L.

COMMENTS__Initiated power consumption test per test plan, Completed Run

Nos. 1 and 2. to SD i i i :
Found F/W PDR volt trap had arced and under rated SCR's were damaged.

Replaced SCR's with larger txpe as in T/m PDR's.




EST TEST RUN NO. _36_ (Continued)

MONDAY A.M:
Found cause of Fridays QSD problem - under rated zener (1 watt)
in LOM snubber network went out and caused short-to-gnd upon

. initial brake initiation.

Replace with'temporary 1-watt zener. Will use 10 watt zeners
when we receive them.
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ESC TEST RUN NO. 37 DATE_5-21-74

"RUN TIME: START_10;00 - WEATHER CONDITION: - WIND VEL
STOP__ 4:00 "~ DIRECTION_SW
MILES RECORDED | AMBIENT. AIR
, : TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER __R: Begier .
CHIEF TEST ENGINEER ____G. McClure-
SAFETY ENGINEER _G. Spons ; '
VEHICLE OPERATOR_Smith, Tate, Leaston, Beemler .
INSTRUMENTATION __Jenkins
REAR MONITOR As required
GROUND CONTROLLER _As required
ADDITIONAL PERSONNEL_Lewis, Nickel, Raskin

~ TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-06k4
_ TEST PROCEDURE NO.__ 4.3 ESC-PC-5011-TT
TEST TITLE_Perform verification-power cons test
~ VEHICLE CONFIGURATION___2 cars-empty wt.

‘TEST DESCRIPTION_.__ Continuation of power consumption test per test plan;
reels 5 and 6. .

COMMENTS__ Successfully completed cond run. Driving from 3701 in cw direction

commenced Run No. 3. Must record power draw from lights, etc. to correct
data for completed Runs 1, 2 and 3 in ccw direction. Experienced TMS ‘on

3701 _not opening during brake. Went to TMB to investigate, could not re-
produce on simulated. Shorted out on 208 board. Resume testing in A.M.
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RUN TIME:

ESC TEST RUN NO.__ 38

DATE__5-22-74

START_10:00 _ WEATHER CONDITION: WIND VEL
STOP__5:00 DIRECTION
MILES RECORDED 25 AMBIENT AIR
- - TEMPERATURE
TEST PERSONNEL:
: TEST CONTROLLER__R. Begier
CHIEF TEST ENGINEER __ G. McClure
SAFETY ENGINEER__G. Spons
VEHICLE OPERATOR_Smith, Tate, Leaston,.Beemler

INSTRUMENTATION Jenkins

REAR MONITOR As required

GROUND CONTROLLER As required

ADDITIONAL PERSONNEL Lewis

~ TEST PROGRAM SPECIFICATION NO. _ 73-9373 GSP-06h4
TEST PROCEDURE NO. 4.3 ESC-PC-5011-T7

TEST TITLE

Performance Verification-Power Consumption Test

VEHICLE CONFIGURATION 2 cars-empty wt.

TEST DESCRIPTION
reels 6 and 7.

Continuation of Power Consumption Test per test plan;

COMMENTS TMS operating properly on 3701 with CR13 jumper in. Noticed that

‘during P.S. test, when driving from 3701 cw_(fwd notch) and 3700 ccw (fwd____

notch) the following occurred;

cw 3701 -fwd cecw 3700-fwd

Run 2

80.7 Kwh/Lap 69

Run 3

85.1 Kwh/Lap 56
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ECS TEST RUN NO. _38  (Continued)

ccw  cw

Switched to driving from 3700 - fwd Rev
Run 2 - 60 Kwh/Lap
Run 3 - 65.4 Kwh/Lap

Will run P.C. test from 3700 in both directions.

L:30 P.M:

Smoke coming from outside of car - investigation revealed

No. 2 F/W on 3700 was source. F/W alternator stator showed
signs of burned windiﬁgs. Moved cars to TMB. Further
investigation showed flashed over volt trap in F/W PDR.

Stator must be replaced and 800 V PDR SCR's replaced with 1200V
SCR's. This was the only PDR assembly that was not updated

with the higher rated SCR's due to their unavailability.



ESC TEST. RUN NO. 39 DATE_5-29-74

RUN TIME:  START_9:05 WEATHER CONDITION: WIND VEL

| STOP__5:15 - , . DIRECTION
MILES RECORDED__ 91 o AMBIENT AIR
TT,0,0,1,1,1,1,1,1  TEMPERATURE

TEST PERSONNEL:
‘ TEST CONTROLLER ___R. Beqier
CHIEF  TEST ENGINEER___ G. McClure
"SAFETY ENGINEER _ G. Spons

VEHICLE OPERATOR _Smith, Tate, lLeaston, Beemler
INSTRUMENTATION Jenkins '
REAR MONITOR__As required

GROUND CONTROLLER__As required

ADDITIONAL PERSONNEL _ Lewis

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064

TEST PROCEDURE NO.__ 4.3 ESC-PC-5011-TT

TEST TITLE Performance Verification-Power Consumption Test
VEHICLE CONFIGURATION 2—cars-empty wt.

TEST DESCRIPTION Perform Power Consumption Test per Test Plan; reels 8
and 9, ' ‘

COMMENTS _ Completed cond. Run. Re-ran Run No. 3 in ccw direction (Start = 9:40

stop = ). Chopper inductor running at 90°F - New inductor. Scrubhed run -
Track was sprayed for weeds and substance on track made it too slippery -

Wheels slide. Entered Run No. 4-ccw and complet

. i ir.
(Start = 12:35, Stop = ). Completed Run No. 4. Began Run No, 5. Com-
pleted Run 5.
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‘ECS TEST RUN NO. _39  (Continued)

Completed Run No. 6
Run 7 - 58.8 (20) ccw
' ccw
cw
cw
Upon second Tap of Run 7, noticed instability in T/M currents -
No. 2 truck drawing 800A, No. 1 truck drawing zero to - 300A.

Shut down and went to TMB to investigate. -



ESC TEST RUN NO. 40 . ~ DATE__6=-17-74

RUN TIME: START__10:00 WEATHER CONDITION: WIND VEL
STOP__6:00 DIRECTION
MILES RECORDED 50 ‘ AMBIENT AIR

1,1,1,1,1 _ TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER R. Begier
CHIEF TEST ENGINEER G. McClure ' T
SAFETY ENGINEER G. Spons

VEHICLE OPERATOR_ Smith, Tate, Leaston, Beemler
INSTRUMENTATION Jenkins ., Barnes

REAR MONITOR As required

GROUND CONTROLLER_ As required

ADDITIONAL PERSONNEL _ Lewis. Ebonbach

" TEST PROGRAM SPECIFICATION No. /39373 GSP-06k

TEST PROCEDURE NO. 4.3 ESC-PC-5011-TT ,

TEST TITLE Performance Verification-Power Consumption Test
VEHICLE CONFIGURATION 2 cars-empty wt.

TEST. DESCRIPTION  Perform Power Consumption Test per Test Plan and perform
Strain Gauge test per test plan; reel 9.

COMMENTS  Successfully completed conditioning run. Commenced stress level

evaluation tests. Completed Steps A, B, C, D, and E in level tangent. Re-

peated steps B, C, and D in minimum curved radius track section (STA 180-300,
Rad = (°30):

Para Sta Start Sta Stop
B : 300 290 (Lost sig #5)
300 265

300 280



ESC TEST RUN NO. 40 {(Continued)

Completed step 'f' in following manner:
Entered Sta 300 at 35 mph and drove,thru,radius section
at 45 mph from Sta 300-180 in ccw dir.

Spotcheck of 3000' P.C. Run at 45:

Kwh/Lap Kwh/Milé/car
76.8 L,2
2000 P.C. Run @ 40:

Over 90 - run called due to wet track conditions.



ESC TEST RUN NO. 41 DATE_ 6-18-74

RUN TIME: START__09:00 WEATHER CONDITION: WIND VEL
STOP___12:00 DIRECTION
MILES RECORDED 0 AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER __D. Begier
CHIEF TEST ENGINEER G. McClure
SAFETY ENGINEER G. Spons

VEHICLE OPERATOR_Smith, Tate, Leaston, Beemler
INSTRUMENTATION__ Barnes

REAR MONITOR As required
GROUND CONTROLLER _As required
ADDITIONAL PERSONNEL Lewis, McCormick

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-06k4

TEST PROCEDURE NO.___ 4.3 ESC-PC-5011-TT

TEST TITLE Performance Verification-Power Consumption Test
VEHICLE CONFIGURATION__2 Cars-empty wt.

TEST DESCRIPTION Continue Power Consumption Test per Test Plan; reel 9.

COMMENTS Spent A.M. Calib. instructions.




ESC TEST RUN NO._ 42 DATE_ 6-19-74

RUN TIME: START._9:00 WEATHER CONDITION: WIND VEL_g
STOP__6:00 DIRECTION
MILES RECORDED_'2S AMBIENT AIR
' 1,1,0,1,1,1,1,1,1,1,1,1,1,1 _ TEMPERATURE___85-100

TEST PERSONNEL:
TEST CONTROLLER W. 1. Thomas
CHIEF TEST ENGINEER __G. McClure
SAFETY ENGINEER _ G. Spons
VEHICLE OPERATOR_Smith r
INSTRUMENTATION _ Barnes
REAR MONITOR As required
GROUND CONTROLLER As required
\ADDITIONAL PERSONNEL Lewis, McCarty

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064

TEST PROCEDURE NO._ 4.3 ESC-PC-5011-TT

TEST TITLE__ Performance Verification-Power Consumption Test
VEHICLE CONFIGURATION 2 Cars-empty wt.

TEST DESCRIPTION Test to be performed per Test Plan; reels 9 and 11,

COMMENTS___Ran_chopper ind. temp test - o to 80% i i Completed
cond. run. Commenced 2nd lap of Run #7, ccw dir. Successfully completed

Run #7. Run #8 = Accel to 45 & Brake to 15, Accel to 30 & brake to 15,

Accel to 45... Stop every 5000'. Successfully completed Run No. 8. "Beqgan
Run 9. Successfully completed Run No. 9.
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ESC TEST RUN NO. _42 (Continued)

Experienced TMS on 3701 not opening upon braking infrequently

Will investigate tomorrow in Barn in A.M.

Began Run No. 10. 3701 QSD with Aux. gen lite - pOssiBle loss
of SCR in PDR. Will Move to TMB to investigate. Scrub initial
Run No. 10. a N l '

Need from Torr:
1 - Spare SCR's
2 - Spare volt traps

3 - PDR insdlating stand - offs
for 51 ohm resistors

L - Qty = 4 - 510 resistors for PDR.

Investigation revealed that 3701 T/M and F/W PDR's were in good condition
and not the source of problem.. Simulator checkout showed problem to be in
. ECU. Intermittent occurrance in ECU on simulator - Looking at CARD #209.

Prep cars for test continuation and 3701 ECU investigation.
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" ESC TEST RUN NO._ 43 " DATE_6-20=7L.
TR e S

RUN TIME: START__3:20 WEATHER CONDITION: WIND VEL
. STOP__5:30 . . DIRECTION
MILES RECORDED.. 20 o e . 'AMBIENT AIR

TEMPERATURE

TEST PERSONNEL: _
TEST CONTROLLER__R. Begier
CHIEF TEST ENGINEER_ G. McClure
SAFETY ENGINEER G. Spons
VEHICLE OPERATOR__Smith, Tate, Leaston, Beemler
INSTRUMENTATION__Barnes
REAR MONITOR
GROUND CONTROLLER
ADDITIONAL PERSONNEL__ Lewis, McCarty

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064

TEST PROCEDURE NO. 4.3 ESC-PC-5011-T

. TEST TITLE Performance Verification-Power Consumption Test
VEHICLE CONFIGURATION 2 cars-empty wt.

"TEST DESCRIPTION Continue Power consumption test per Test Plan; reel 11,

COMMENTS Continued investigation of TMS problem on 3701 revealed that FSRI1
~_diode was shorted and caused R-13 relay to function improperly. R-13 relgg _

-finally burned 2 contacts. Replaced relay and diode.

Suspected Problem: Bad diode (0115) caused by previous loss of PDR and
diodes D113 & D114 shorted which resulted in malfunction in 307 board

and R-13 relay. _
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ESC TEST RUN NO. _43 (Continued)

Replaced all 3 diodes and relay and 307 board (found spare
307 had been running in 3701 for some time, it was board.
that failed).



ESC TEST RUN NO. 44

RUN TIME: START _08:45 WEATHER CONDITION:
STOP__ 8,00
MILES RECORDED 1

1,1,1,1,1,1,1,1,1,1

DATE_ f-21-74
WIND VEL
DIRECTION
AMBIENT AIR
TEMPERATURE

100+

TEST PERSONNEL:
TEST CONTROLLER - _R. Begier.

CHIEF TEST ENGINEER_G. McClure

' SAFETY ENGINEER G. Spons

.. . VEHICLE OPERATOR__Smith, Tate, Leaston, Beemler

_ INSTRUMENTATION.. : -~ “Barnes. :

~_REAR MONITOR

__GROUND CONTROLLER

« ADDITIONAL PERSONNEL_Lewis, McCarty

TEST PROGRAM SPECIFICATION NO, 73-9373 GSP-064 -

TEST PROCEDURE NO._ 4.3 ESC-PC-5011-TT

TEST TITLE__ Performance Verification

" VEHICLE CONFIGURATION 2 cars-empty wt.

TEST DESCRIPTION Complete Power Consumption Test and Run Drift Test;

reels 11 and 12.

COMMENTS Successfully completed Run No. 10 of energy consum.test - empty wt.

Performed re-run of Run No. 6 to further validate 3000 point..

Run No. 6. Gave demo to London Transit and Lockheed.

Completed

Began re-run of Run

No.. 5. Completed Run No. 5. Postponed Drift test until later.

v
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ESC TEST RUN No. 45 DATE_ 6-24-74

RUN TIME: START 09:45 3rd rail  WEATHER CONDITION: WIND VEL__5-10
sTop__3:30 DIRECTION_West
MILES RECORDED___ 20 o AMBIENT AIR

TEMPERATURE_ 70

TEST PERSONNEL:

TEST CONTROLLER R. Begier

CHIEF TEST ENGINEER_H. Lewis

SAFETY ENGINEER.___. G. Spons

VEHICLE OPERATOR___ Smith, Tate, Leaston, Beemler
lﬂINSTRUMENTATIONf - Barnes '

'REAR MONITOR
GROUND CONTROLLER
ADDITIONAL PERSONNEL__ McCarty

TEST PROGRAM SPECIFICATION NO. _ 73-9373 GSP-06k
TEST PROCEDURE NO.__4.3 _ESC-PC-5011-TT

TEST TITLE__ Performance Verification
VEHICLE CONFIGURATION_ 2 cars - 42,000 lbs Ballast each

TEST DESCRIPTION __Commence max wt. power consumption test; reel 13.

COMMENTS Completed Run No. 1 of méx. wt. Power Cons. Test. Experienced 3700
aux gen relay not functioning - Car would not requlate at 100% F/W speed,

Went to barn to investigate. Found fuse F10 was blown which caused loss
of 32 vdc _output which kept F/W sys on batteries,

c-22



~E§C TEST RUN NO. L6 ' DATE_6-25-7h

RUN TIME:  START_i3:45 WEATHER CONDITION: WIND VEL
STOP__7:45 : "~ DIRECTION
MILES RECORDED 72.8 | % - - = & AMBIENT AIR
1,1,1,1,1,1,1,1 TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER__R; Beqler “ '
CHIEF TEST ENGINEER_ -j-' g McClure
SAFETY ENGINEER " G. Spons_
* VEHICLE OPERATOR Sith, Ig;g, Lgas;g ; ngmler
“INSTRUMENTATION _ Bagnes
~ REAR'MONITOR "~
‘GROUND CONTROLLER | .
- ADDITIONAL PERSONNEL  Lewis, McCarty

~ . e St { _ _ ¢y

TEST PROGRAM SPECIFICATION No. - 73 9373 _GsP-06k-

*“TEST PROCEDURE No._ _'*+3 ESC-PC-5011-TT o _
TEST TITLE Pérformance-Ver|f1catlon-Power Consumption Test -

VEHICLE CONFIGURATION_2 Cars-max. wt. ~~ -

TEST DESCRIPTION "~ Perform test perﬂfést p?én; reels 14 and 15 S

. yCOMMENTS Suééessfully completed Run No. 1, 2, 3 &b CCW Egggrlenced FW/TL

- and aux. gen QSD on 3700 when shifting to coast dur;;g cw 15 mph run. ABRS
"ON"! ALB ”OFF“ on reset: _AFWS "ON'', AFWES “ON”, ALB "'ON'" up to -40% -
then trip and FW/TL "ION'', "ABRS "ON',” ALB T'OFF'". : L

" Attempted ‘re-set in A.M. - No problem experiencea with re-set-F/W's came up.
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ESC TEST RUN NO._47 'DATE_6-26-74°

RUN TIME: . START_11:00 * WEATHER CONDITION: WIND VEL
sTop /00  DIRECTION
. MILES RECORDED__ 91 . \  AMBIENT AIR

TEMPERATURE_

TEST. PERSONNEL:
TEST CONTROLLER R. Begier

| CHIEF "TEST ENGINEER_G. McClure
SAFETY ENGINEER_____G. Spons
'VEHICLE OPERATOR "Smith, Leaston, -Beemler

INSTRUMENTATION ' Barnes
REAR MONITOR’ R
' GROUND CONTROLLER _
ADDITIONAL PERSONNEL Lewi§;,McCaFty: )

TEST PROGRAM SPECIFICATION: NO. 73-9373 GSP=06L ~ GSP-064F
" TEST PROCEDURE NO. 4.3  ESC-PC-5011-TT -
TEST TITLE Performance>Verificatipn-Max‘wt; Power Consumptioﬁ
VEHICLE CONFIGURATION_ 2 cars-max. wt. -

' TEST'DE§CRIPTION Perform tests per Test Plan; reels 16 and 17

COMMENTS Completed cw Run No. L. During re-start, F10 fuse was blown on 3700-
Replaced fuse and continued testing, completed Run No. 5 and 6.

During Run 7,
3701 experienced QSD - found blown fuses F33, F34, and F35. Replaced fuses

and’ cont inued testing. "Experienced same QSD on 3799_ahd 3701 ‘as experienced
last nite. QSD becoming more frequent towards end of day.
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ESC TEST RUN NO. 48 DATE _6-27-74

RUN TIME: START 9:40 WEATHER CONDITION: WIND VEL
:00
sTOP 9 DIRECTION
MILES RECORDED _ 100 . o AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Begier

CHIEF TEST ENGINEER_G. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith, Leaston, Beemler
INSTRUMENTATION Barnes

REAR MONITOR
GROUND CONTROLLER
ADDITIONAL PERSONNEL_ Lewis, McCarty

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064

TEST PROCEDURE NO.__ 4.3 ESC-PC-5011-TT

TEST TITLE Performance Verificgtion-Power Conshmption. Ma#. wt.
VEHICLE CONFIGURATION_ 2 cars-Max. Wt.

TEST DESCRIPTION__ Continue Power Consumption Test - Max. wt per Test Plan;
reels 18 and 19.

COMMENTS Completed Run No's. 8 and 9 of Power Consumption Test. Plagued by
trips on 3700 (Aux gen, F10 fuse) and 3701 (Aux. gen, F33, 34 & 35). Also,
3701 has Fw overspeed trip (DB5 does not close at overspeed). 3701 problem

seems associated with F/W overspeed during end of brake - Pops fuses.

Comglgted Run No. 10 which completes max. wt. P.C. Changed 103 board in 3701.

Did‘not experience flashing L/B lite. Must investigate aux. gen on 3700 X
gen and DBS on 3701.
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ESC TEST RUN NO. 48 (Continued)

Investigation revealed in barn that entire Bank of 12 fuses on 3701 which
Should be 20A instead of 10A.

included F-33, 34 & 35 were undersized:
Should be

Replaced with 20A fuses. F10 fuse on 3700 was also undersized:

30A fuse instead of 20A. Replaced with 30A fuse.



'ESC TEST RUN NO. 49 DATE_7-1-7h

RUN TIME: START__09:40 WEATHER CONDITION: WIND-VEL__ 15 mph
stop °:12 ' : DIRECTION _NNW
MILES RECORDED 33 : AMBIENT AIR
1,1,1,1 TEMPERATURE___99

TEST PERSONNEL:
TEST CONTROLLER R. Begier

CHIEF TEST ENGINEER G. McClure
SAFETY ENGINEER G. Spons
VEHICLE OPERATOR __Smith, Tate, lLeaston, Beemle

INSTRUMENTATION__ Barnes

REAR MONITOR

GROUND CONTROLLER

ADDITIONAL PERSONNEL Lewis, McCarty.

TEST PROGRAM SPECIFICATION NO. 73-9373

TEST PROCEDURE NO. 4.3 ESC-P-2001-TT '

TEST TITLE_Performance Verification-Max. wt. Accel. Decel Teét
VEHICLE CONFIGURATION_ __2 cars=-max_ wt. '

TEST DESCRIPTION__Perform Accel and Decel Tests per Test Plan; reel 20.

COMMENTS__- Gas

Successfully completed conditioning run'without any problems. Successfully

completed accel test. max wt. Order of Runs listed on back side of paper-ref:

Driving from 3701 max wt - max accel = 2.5 Fwd, 2.41 Rev. Ran decel test in
same order (i.e: 1 Fwd, 1 Rev), Aux gen on 3701 QSD - Wait 5 min and reset 0.K.
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FSC TEST RUN NO. _49 (Continued)

Found breaker No. 5 in. 3700 was tripped. Successfully completed accel
tests.  Secured for day.

Test 1 - Accel

fwd (ccw)

rev (cw)

Run 1 Switchfng accel

2 Switching accel

3. Switching accel - fwd

n 'Swifching agcé] - rev

5. Switching accel - fwd . . oo
' 6 Switching accel - rev

7 Series accel - fwd

8 Série§>acce1 - rev

9 MM fwd

10 " " rev '

11 e fwd

12 " " pev .

13 Parallel accel fwd

1y M " rev )
15 " " fwd
- 16, M rey
e - 17: '#~, 'L'f' fwd - | |
» -18 Lo cUrev o t T

- Test 2 -‘Decel ‘ .
Run 1-- 20 psi sap 'fwd -

2 e s reve
Run 10 _F.S. Brake Sap Rev.

_NOTE: Found- breaker No.-5 .trip_due to .lead “for LOM- 5|gnal into 0-graph-had

‘overheated. - Removed lead from Lom-card.. -~



ESC TEST RUN N0.__ 50 DATE__7-2-74

RUN TIME: START__ 10:00 _WEATHER CONDITION: WIND VEL 15+
sTop__ 4:30 ] DIRECTION
MILES RECORDED 30 AMBIENT AIR
L - TEMPERATURE

TEST: PERSONNEL:
TEST CONTROLLER__R. Begier
CHIEF TEST ENGINEER__ G. McClure _

SAFETY ‘ENGINEER G. Spons
VEHICLE OPERATOR Smith, Tate, Leaston, Beemler
INSTRUMENTATION ~ " Bafnes

REAR" MONITOR
GROUND CONTROLLER
ADDITIONAL PERSONNEL_McCarty

TEST PROGRAM SPECIFICATION NO. ___ 73-9373 GSP-06h

TEST PROCEDURE NO.__ 4.3 ESC-PN-I301 T ]

TEST TITLE Performance Verlflgggign___ugise Level Tests
~ VEHICLE CONFIGURATION _ 2 cars-max ut ‘

TEST'DESCRIPTION‘:'" Perform tests

"COMMENTS Completed paras A “B -

r

Noiise Test Aux gen QSD o reset 0 K but notlced smell comlng fromgundersLde

of car. lnvestlgatlon revealed Tl volt traD/flashed and ires burnedL UQnL_
i ..I_. . -~ . s . .

“ to'barn to lnvestlgate investigat ion fé efld' _trap.
~by*-loss "of diode D116." “Replaced. disde w:th hlqher rated - now have complete set

v

~of “replacement "diodes in 3701." T
’ : C=29 -



ESC TEST RUN NO._51 ' DATE__7-11-74 _

RUN TIME: A START __6:45 WEATHER CONDITION: WIND VEL
STOP 3:00 : ' "~ DIRECTION
MILES RECORDED 30 ‘ AMBIENT AIR

TEMPERATURE

TEST PERSONNEL: .
TEST CONTROLLER___R. ‘Begier
CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G. Spons : :
VEHICLE OPERATOR Smith, Tate, Leaston, Beemler
INSTRUMENTATION

REAR MONITOR
GROUND CONTROLLER

* ADDITIONAL PERSONNEL g§§£:¥ |“ggg;t

* TEST PROGRAM SPECIFICATION NO. 73-9373 6SP=064
TEST PROCEDURE NO.__ k.3 ESC- CN=0001=TT
TEST TITLE. Pgrformangg Verification= Nglse;Lexel »
VEHICLE CONFIGURATION_2 cars-max. wt. -

" “TEST DESCRIPTION____ Porform Noise Level Test per Test Plan

COMMENTS “Complefed'tohd run. Completed exterlor nonse test - 50 from rall
Experfented aux“zéen QSD s from 3701 Placed monltor on 3700 to check oper. integrity.

'B &K unit was on’ trlpod |n car and leg of trlpod collapsed. Mlke was broken .

Borrowed TSC's. Will’ run exterlor nonse & lnterlor nonse in A M. Gas qen set
dropped power'- Brush lead shorted B _ _ k

5

- Beus
M. L e - e - 3
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ESC TEST RUN NO. 52 DATE 7-12-74

RUN TIME: START 09:30 WEATHER CONDITION: WIND VEL
STOP___2:00 DIRECTION
MILES RECORDED 30 . , ~ AMBIENT AIR
: TEMPERATURE

. TEST PERSONNEL: - o
' TEST CONTROLLER R. Begier .

CHIEF TEST ENGINEER 6. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler
INSTRUMENTATION Barnes

REAR MONITOR

GROUND CONTROLLER

ADDITIONAL PERSONNEL_McCarty, Luggett

TEST PROGRAM SPECIFICATION NO. 73-9373 & GSP-064 .

TEST PROCEDURE NO.__ Performance Verif ication-Noise Level ESC-CN-0001-TT
TEST TITLE_ Noise Level Tests - ext and int.

VEHICLE CONFIGURATION_2 cars =~ Max wt.

TEST DESCRIPTION _ Perform tests per above documents

COMMENTS . oblem not in logi 0 ircuit is FAR
disconnected from logic since it is a signal only to ECD. Collin gave hoth cars
brake - he will fix later.
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ESC TEST RUN NO_52  (Continued)

3700 F/W No. 2 (SNA):

Not iced Thursday, 7-11-74, that noise from G/B area was becoming quite
audible. Vibration was set up in floor. Dﬁring 2 hr-run, noise and
vibration was becoming more apparent. Shut down to investigate. On
‘Friday 7-12-74 ran spl on F/W (see attached sheet). Decided not to run car.
Will remove F/W and send to Torr. for investigation..AThey are sending spare

unit up.
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ESC TEST RUN NO. 53 . DATE__ 7-17-74

RUN TIME: START___ 08:48 WEATHER CONDITION: WIND VEL
STOP 3:00 DIRECTION
MILES RECORDED 30 AMBIENT AIR
TEMPERATURE

TEST PERSONNEL: o
TEST CONTROLLER R. Beqier

CHIEF TEST ENGINEER _G. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith, Tate, Leaston. Beemler
INSTRUMENTATION Barnes

REAR MONITOR
GROUND CONTROLLER
ADDI*IONAL PERSONNEL_ McCarty

TEST PROGRAM SPECIFICATION NO. GSP-064

TEST PROCEDURE NO. ESC~CN-0001-TT, ESC-PN-2001-TT, and ESC-PN-3001-TT
TEST TITLE_Exterior Noise Level, Accel & Decel Effect on car
VEHICLE CONFIGURATION 2 cars - AW3 i

TEST DESCRIPTION Perform tests per test plan.

COMMENTS__ Successfully completed exterior noise test (Ist half) and aﬁgg] g'
decel effect on car. Experienced loss of fan power infrequently on 3701. Had

disconnected 32 vdc from Xformer, but still have loss of fan., Will inyesfigate
regulator as a possible cause. »




ESC TEST RUN NO. 54 : DATE___7-18-74

RUN TIME: START__09:30 WEATHER CONDITION: WIND VEL

STOP 4:00 DIRECTION
MILES RECORDED 45. AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER R. Begier
CHIEF TEST ENGINEER _G. McClure
SAFETY ENGINEER G. Spons
VEHICLE OPERATOR Smith, Tate, Leaston, Beemler
INSTRUMENTATION Barnes
REAR MONITOR
GROUND CONTROLLER .
ADDITIONAL PERSONNEL_McCarty, Nickel, Raskin, Rabe,
Bowler, Augiuado, Blakely '

TEST PROGRAM SPECIFICATION NO. GSP-064

TEST PROCEDURE NO. ESC-CN-0001, and ESC-P-3002-TT

TEST TITLE__Exterior Noise test (Platform), Friction Brake Decel

VEHICLE CONFIGURATION_2 cars - AW3

TEST DESCRIPTION___Perform tests per test plan. De-ballast cars to AW2 in P.M,
Reel 21.

COMMENTS Successfully completed ext. noise test. Platform completed AW3

decel’ service friction at 45 psi and 25 psi set, 15, 30 and 40 mph., Experienced
F/W T/L QSD on both cars in A.M. No QSD in P.M. Did not experience fan loss

in 3701 all day. Gave demo. to Art Raabe and Dan Raskin- deballast to AW2
(30,800 1bs) in P.M.




ESC TEST RUN NO. 55 DATE__ 7-19-74

RUN TIME: START  10:00 WEATHER CONDITION: WIND VEL
STOP  12:00 DIRECTION
20 '
MILES RECORDED AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Begier
CHIEF TEST ENGINEER G. McClure
SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler
INSTRUMENTATION___ Barnes

REAR MONITOR |

GROUND CONTROLLER

ADDITIONAL PERSONNEL_McCarty

TEST PROGRAM SPECIFICATION NO. GSP-064
TEST PROCEDURE NO. ESC-P-3002-TT, ESC-P-3001-TT, and ESC-P-2001-TT

TEST TITLE Decel Service Friction (AW2), Decel B.B., Accel
VEHICLE CONFIGURATION 2 cars - AW2

TEST DESCRIPTION Perform tests per test plan; reel 21

COMMENTS Began AW2 decel service friction test. Completed Run #8. lnitiated
Run 9 when 3700 had aux. gen. QSD & much noise and vibration coming from E/W #1.
Visual inspection on coastdown revealed noise (thrashing) comlng from rear flange

-of F/W section, Vibration began to decrease from rear to fwd flange. Went to
barn.

C-35



ESC TEST RUN NO, 67 DATE 12-18-24_

RUN TIME: START _ 08:00 WEATHER CONDITION: WIND VEL
STOP 2:00 DIRECTION
MILES RECORDED___ - 45 AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Beqier

CHIEF TEST ENGINEER G. McClure
SAFETY ENGINEER G.Spons .

VEHICLE OPERATOR Smith, Tate
INSTRUMENTATION Mccommon

REAR MONITOR
GROUND CONTROLLER As required
ADDITIONAL PERSONNEL_McCarty

TEST PROGRAM SPECIFICATION NO. GSP-064
TEST PROCEDURE NO. ESC-P-3001-TT and ESC-P-3002-TT

TEST TITLE_ Decel blended braking, Decel service friction

VEHICLE CONFIGURATION_2 cars-AWO

TEST DESCRIPTION Perform tests per GSP-064

Reel 23

COMMENTS Succes$ully completed accel blended brake and decel service

fric tion _at AWO. No problems i d Ve
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ESC TEST RUN NO. 71

RUN TIME: START 08:00

STOP 4:00

MILES RECORDEL'QJ Lo

WEATHER CONDITION:

DATE__ 1-7-75

WIND VEL O
DIRECTION

AMBIENT AIR
TEMPERATURE

~JEST PERSONNEL:
TEST CONTROLLER

G. McClure

CHIEF TEST ENGINEER

1R Begler

SAFETY ENGINEER

G. Spons

VEHICLE OPERATOR

INSTRUMENTATION

REAR MONITOR

Mccommon

Yes -

GROUND CONTROLLER

ADDITIONAL, PERSONNEL

As required

McCarty

TEST PROGRAM SPECIFICATION NO.

GSP-06k4

TEST PROCEDURE N0.

ESC-P-4001-TT and ESC-PN-1301-TT .

TEST TITLE

Dr|ft Test and'lnterjor NoseSurvey-

VEHICLE CONFIGURATION 2 cars=-AWO

TEST DESCRIPTION

Perform per test pJan;‘reel 23

COMMENTS Successfully completed drlft test - AWO.,

"Zero wind velocity.

on 203 Brd from 75K to 150K - Both cars =

no, change in accel.

RS from 100 150 Due to. 3700 speed VS T/M curr hlgher "than 3701.

. Noticed 1 mph

dec in speed vs tlme

Chanqed Rl on 207 Brd from 75 -100K.

When R8 on 203 was

'JDSLﬂaaﬁd to 150K 3700 3rd rall fell off at 5 amp ponnt wnth 3701 - No Ionger

Stays on 3 to 5 sec more.

Cc-37
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ESC TEST RUN NO. 72 DATE 1-8-75

RUN TIME: . START 09:30 ' 'WEATHER CONDITION: WIND VEL O
sTOp  5:00 DIRECTION
MILES RECORDED 75 ' . AMBIENT AIR

TEMPERATURE_35

TEST PERSONNEL:
' TEST CONTROLLER __R. Begier.
CHIEF TEST ENGINEER:_G. McClure

SAFETY ENGINEER____G. Spons.
VEHICLE OPERATOR_ '
INSTRUMENTATION .. Mccominon .
REAR ‘MONITOR__. Yes. -

'GROUND CONTROLLER___As required
~ ADDITIONAL PERSONNEL_McCarty, Couvillon

.*TEST PROGRAM SPECIFICATION NO. . “GSP-064 ’ _ v
_ TEST PROCEDURE -NO.__ ESC-PN-1301-TT = .. ‘' . '~ ~0 . &= "% i .
TEST TITLE - Interior Noise Survey, Accel and'Decel .& effect, Effect of-track on car
* VEHICLE CONFIGURATIONZ cars -AWO . ' " L : N

"“TEST DESCRIPTION . Perform tésts per test -plan;. resl 23

Reel. 8,.9, and 10 - Small recorder .

" COMMENTS- - Successfully completed 73-9373 intetior nolise survey and.GSP-064

interior ndise survey. Also.compléted accel and decel. effect on ¢ar and. efféct

' of _track.section. on car, Al at AWO. No. problems experienced dﬁr?nqlfeétfday.

o
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ESC TEST RUN NO.__ 73 DATE__1-9-75

RUN TIME: START___09;00 WEATHER CONDITION: WIND VEL 15-25
STOP___4:00 DIRECTION__ N-4
MILES RECORDED 90 AMBIENT AIR

TEMPERATURE 20

TEST PERSONNEL:

TEST CONTROLLER W. Myer
CHIEF TEST ENGINEER _G. McClure
SAFETY ENGINEER G. Spons
VEHICLE OPERATOR
INSTRUMENTATION Mccommon _
REAR MONITOR as required

GROUND CONTROLLER as required
ADDITIONAL PERSONNEL_McCarty, Convillion

TEST PROGRAM SPECIFICATION NO. GSP-064
TEST PROCEDURE NO. ESC-R-0010; R-2001; R-3001; R-1101

TEST TITLE__Ride Roughness - Component lInduced Vibration, Accel & Decel, Worst speed
VEHICLE CONFIGURATION2 cars - AWO

TEST DESCRIPTION. Perform tests per test plan; reel 23
COMMENTS Suc;essful]y completed ride roughness tests of component induced
vibration, worst speeds (Selected 20, 35 & 45 since no major indication of worst
car speed) and accel & decel. No problems experienced during day. AWO complete
except accel & power consumption. Weighed cars at end of davy:
No. 1 end No. 2 end Total
01 = L2260 - 0560 82820
%@00 =_ 43840 iJ%OO 85040
A = 2220
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ESC TEST RUN NO' _73 _ (Cont inued)

AWO AW2 AW3
3701 = 82820 113620 124820
3700 = 82320 113120 124320
+1800 = people (9 @ 200 ea)
+2700 = Instr'n & equipment on car

86840

Ballgst Req'd:

AW2 AW3
3700 3701 _ . 3700 3701
26,280 30,800 37,480 42,000
11 200
11,200 - I
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ESC TEST RUN NO. 74 DATE__1-13-75

RUN TIME: START__08:30 WEATHER CONDITION: WIND VEL
STOP 11:30 DIRECTION
MILES RECORDED 0 : " AMBIENT AIR
TEMPERATURE
TEST PERSONNEL: '
' TEST CONTROLLER W. Myer
CHIEF TEST ENGINEER _G. McClure
SAFETY ENGINEER _G._Spons

VEHICLE OPERATOR
INSTRUMENTATION,_ Séss lons

REAR MONITOR as required -

GROUND CONTROLLER___as required »
ADDITIONAL PERSONNEL McCarty, Couvillion, Mcconnel

TEST PROGRAM SPECIFICATION NO. _GSP-06k4
TEST PROCEDURE No._ESC-R-1101-TT

TEST TITLE Ride Roughness, Drift
VEHICLE CONFIGURATION_ 2 cars = AW2

TEST DESCRIPTION Perform_tests per test plan. Weigh cars at AW2.

AW2 Wts: Truck 1 ‘Truck 2 Total
’ 3701 = 59000 ’ ) 56360 = 115360
3700 = = 107040

56140 - 50900

COMMENTS Correction: |
o 1= remdve 1740 158 from 3701 Truck 1
2 - Add 4380 ‘Ibs 3700, Truck 2 -

No test run:today Pot 1 power supply wires shorted and need repair.

e




ESC TEST RUN No.__ 75 DATE_1-14-75

RUN TIME:  START_2:00 WEATHER CONDITION: WIND VEL
STOP__ 5:00  DIRECTION
MILES RECORDED____ 45 ' AMBIENT AIR

TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER __W. Myer
CHIEF TEST ENGINEER _G. McClure

SAFETY ENGINEER ~__~ G. Spons
VEHICLE OPERATOR T
INSTRUMENTATION - Sessions ~ "
REAR MONITOR . Yes o

GROUND CONTROLLER ___as requlred .
ADDITIONAL PERSONNEL McCarty, Couvnllnon, Mcconnel Nickel
" Curran, Huggett o ‘

TEST PROGRAM SPECIFICATION NO. . GSP-06k
TEST "PROCEDURE NO. ESC-R-1101-TT T
TEST TITLE . Ride Roughness and Drift - AW2
VEHICLE CONFIGURATION_ 2 cars - AW2 |

TEST DESCRIPTION_Perform tests per test plan; reel 2i

COMMENTS Successfully completed ride roughness at AWZ - Performed;aggelii__
decels in level tangent. . Calibrated. motor speed for car vs 9th wheel.__ﬂusi__

rerun @’constant'speeds Invest;gatlon revealed that’ v;r] ble

was set lTow for sz, re- ad|usted for proper output r's:s
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ESC- TEST
RUN TIME: ~ START 08:30
sTop  5:00

MILES RECORDED - -~ 70

RUN NO._76 '

WEATHER CONDITION:

DATE, 1-15~-75

WIND VEL
DIRECTION

AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:
' TEST CONTROLLER

- W. Myer

CHIEF TEST- ENGINEER

G McClure’

SAFETY ENGINEER -

VEHICLE OPERATOR

G. Spons - - -

INSTRUMENTATION -

- Sess jons perott -

REAR MONITOR

GROUND- CONTROLLER

as -required

ADDITIONAL PERSONNEL. McCarty, Huggett, Couvillion,
Nickel, Mcconnel, Curran . -

TEST PROGRAM SPECIFICATION NO, __ GSP-08k4

‘TEST PROCEDURE NO. - ESC-P-4001-TT

TEST TITLE Drift, decel service friction,-Decel»Blended‘bfake'-

VEHICLE CONFIGURATION - 2-cars = AW2 ..

Nt
'

TEST--DESCRIPTION_ Perform tests per test:plan; reel 24

P y

- COMMENTS__ Successfull
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ESC TEST RUN NO. 77 DATE___1-16-75

RUN TIME: START__08:30 . WEATHER CONDITION: WIND VEL 0
SToP 3:30 ' DIRECTION
MILES RECORDED_ 70 AMBIENT AIR

TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER W. Myer
CHIEF TEST ENGINEER___G. McClure
SAFETY ENGINEER G. Spons
VEHICLE OPERATOR Tate
INSTRUMENTATION Sessions
REAR MONITOR Lennesy

GROUND CONTROLLER

ADDITIONAL PERSONNEL_Huggett, Nickel, Mcconnel,
Curran

TEST PROGRAM SPECIFICATION NO. GSP-064
TEST PROCEDURE No. ESC-P-5001-TT

TEST TITLE Friction Brake Duty Cycle, Accel
VEHICLE CONFIGURATION 2 cars - AW2

TEST DESCRIPTION Perform tests per test Plan; reel 24

COMMENTS

Successfully completed'friction brake duty cycle: Ran 1 lap at 30

mph, 45 sec cruise, 30 s 0 il i i jent fwd

and rev for 1/2 hr at 45 mph., 55 sec cruise, etc. Completed accel, fwd and rev
in L.T. Ran accels and decels for Bob, drift fwd and ran with and without inshot

and 1 Lap of 10,000, 45 mph. 30 = W3.




ESC TEST RUN NO. _77  (Continued)

AW3
_ 3700 3701
Truck 1 Truck 2 Truck 1 Truck 2
60,900 61,000 62,520 61,760,
Total 121,900 lbs Total = 124,280 1bs

+620 . . +600

3701:
+600 Truck 1
3706:
Truck 1
Truck 2

310
310

1

]
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ESC TEST RUN NO. 78 DATE__1-17-75

“ RUN TIME: START 08:30 WEATHER CONDITION: WIND VEL

STOP 5:00 . DIRECTION
MILES RECORDED 100 ' AMBIENT AIR
TEMPERATURE

TEST PERSONNEL: _
TEST CONTROLLER___W. Myer
CHIEF TEST ENGINEER _ G. McClure

SAFETY ENGINEER_ G. Spons
VEHICLE OPERATOR
INSTRUMENTATION_ Sess ions

REAR MONITOR
GROUND CONTROLLER
ADDITIONAL PERSONNEL_Huggett

TEST PROGRAM SPECIFICATION NOQ GSP-064

TEST PROCEDURE NO. ESC-PC-5011-TT, ESC-R-2001-TT
TEST TITLE Accel, Decel; Power Cons., Ride Roughness
VEHICLE CONFIGURATION_ 2 cars - AW3

TEST DESCRIPTION Perform tests per test plan; reel 25
COMMENTS Successfully completed accel, decel, and power consumption at

AW3.. No problems experienced.
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ESC TEST RUN NO. 79 DATE__1-20-75

RUN TIME: START. 08:;30 .  WEATHER CONDITION: WIND VEL
STOP 12:00 o "~ DIRECTION
MILES RECORDED 45 AMBIENT AIR
TEMPERATURE

TEST PERSONNEL: _

' TEST CONTROLLER W, Myer

CHIEF TEST ENGINEER ___ G. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR

INSTRUMENTATION Sess ions

REAR MONITOR

'GROUND CONTROLLER .

ADDITIONAL.PERSONNEL_McCarty, Huggett, Convillion,
Henst ' . R ] ‘ '

TEST PROGRAM SPECIFICATION NO. __ GSP-06L
TEST PROCEDURE NO. _ ESC-R-1101-TT °

TEST TITLE_ Ride Roughness. |

VEHICLE CONFIGURATION_ 2 cars  AW3

TEST DESCRIPTION Perform test per test plan; reel 26

COMMENTQ"-Successfuify completed ride routhess; Went in to barn to install

T/M-power cons. instrin ‘and hall effect current sensors.
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ESC TEST RUN NO, 80

RUN TIME: START 9:00 WEATHER CONDITION:
sTop____ 5:00

MILES RECORDED 6l

DATE__ 1-21-75

WIND VEL
DIRECTION

AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER R. Begier

CHIEF TEST ENGINEERG. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR

INSTRUMENTATION Sessions

REAR MONITOR

GROUND CONTROLLER

ADDITIONAL PERSONNEL Huggett, Wienstien

TEST PROGRAM SPECIFICATION NO. GSP-064

TEST PROCEDURE N0. ESC-PSI-6001-TT

TEST TITLE__EMI

VEHICLE CONFIGURATION__2 cars - AWO

TEST DESCRIPTION

COMMENTS__Ran 1 lap fwd & Rev @ 3000 , 30 sec 45 mph with T/M and 3rd rail
on_Kwh meters at AWO. No change in Kwh/Lap however, T/M can = 24% higher

with 10% added to reading for motor and chopper efficiency,

Recal instr'n. and




ESC TEST RUN NO._81 DATE__ 1-22-75

:

RUN TIME: START___08:30 WEATHER CONDITION: WIND.VEL
STOP 4:30 ~ DIRECTION
MILES RECORDED 60 ~ AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER W. Myer
CHIEF TEST ENGINEER_G. McClure

SAFETY ENGINEER___._G. Spons
VEHICLE OPERATOR .
INSTRUMENTATION Sessions

REAR MONITOR
GROUND CONTROLLER
ADDITIONAL PERSONNEL_ Henst, Wienstien

TEST PROGRAM SPECIFICATION NO. GSP-064
TEST PROCEDURE NO. ESC-PS1-6001-TT

TEST TITLE  Duty cycles and EMI.

VEHICLE CONFIGURATION_2 cars - AWO

TEST DESCRIPTION

COMMENTS Ran duty cycles all day. Results: car 3701 runs at 3.92 Kwh/CM
and T/M's are matched to within 2% of enerqy consumed. Car 3701 runs at 5.19
Kwh/CM and T/M's are matched to within 1% of energy consumed. Must run accel] and

reduce speed schedule for arm current reduction. Ran .laps with and without
inshot-NO appreciable difference.
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ESC TEST RUN NO, 82 DATE .1-23-75

[y

RUN TIME: START  09:00 . WEATHER CONDITION: WIND VEL
STOP 1700 . _ DIRECTION
MILES RECORDED 30 AMBIENT AIR
TEMPERATURE

Reliability time = 3 hrs 30 min
TEST PERSONNEL:

TEST CONTROLLER W. Myer
CHIEF TEST ENGINEER_G. McClure
SAFETY ENGINEER G. Spans’
VEHICLE OPERATOR
INSTRUMENTATION Sessions

REAR MONITOR
GROUND CONTROLLER .
ADDITIONAL PERSONNELHenst, Wienstien, Yutko-

TEST PROGRAM SPECIFICATION NO.  GSP-064

TEST PROCEDURE NO.  ESC-PSI-6001-TT ,
TEST TITLE EMI and Reliability, Accel and AWO
VEHICLE CONFIGURATION_ 2 care - AwQ

TEST DESCRIPTION____ Run per test-plans; reel 26

_ COMMENTS Ran accel at AWO, FWD 'and REV. Gave accel and decel data to Charlie for
AWO and AW3. Accel and decel schedule for both are low. Car 3700 pulling more

T/M current than 3701 = 25A higher. Successfully completed constant speed runs
at 45, 18 and 12 mph for EMI. '
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ESC TEST RUN NO. 83 : DATE__ 1-24-75

RUN TIME: START WEATHER CONDITION: WIND VEL
STOP ‘ DIRECTION
MILES RECORDED . ~ AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER
CHIEF TEST ENGINEER_McClure
SAFETY ENGINEER
VEHICLE OPERATOR
INSTRUMENTATION
REAR MONITOR
GROUND CONTROLLER
ADDITIONAL PERSONNEL,

TEST PROGRAM SPECIFICATION NO. GSP-06L
TEST PROCEDURE NO. ESC-R-0001-XX

TEST TITLE__Dynamic Shake Test and Pull Test at AWOQ
VEHICLE CONFIGURATION AWOQ _ Car 3700

TEST DESCRIPTION__ Perform test per test Plan; reels 26 and 27

COMMENTS Performed Pull Test on cars
3701 - 300 @ No., 1 end and 280 No, 2 end

3700 - 160°@ No.. 1 end and 280 No. 2 end.
All data for Dyn. Shake Test is recorded on tape, 0'graph and
instruction Log Book. Performed vertical, longitudinal and .

vertical torsion @ AWO - Could not. do lateral due to lack of
"mounting fixture. Test data follows test Log No. 86.
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ESC TEST RUN No, 84-85 DATE 1-25-75

RUN TIME: START, _ WEATHER CONDITION: WIND VEL
STOP, DIRECTION
MILES RECORDED AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER
CHIEF TEST ENGINEER_G. McClure
SAFETY ENGINEER
VEHICLE OPERATOR
INSTRUMENTATION Sess ions, Mcconnon
REAR MONITOR_
GROUND CONTROLLER
ADDITIONAL PERSONNEL

TEST PROGRAM SPECIFICATION NO. GSP-064
TEST PROCEDURE N0, ESC-R-0001-XX

TEST TITLE Dynamic_Shake Test = AW2
VEHICLE CONFIGURATION

TEST DESCRIPTION Reel 27

COMMENTS__ Successfully com i i itudi
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ESC TEST RUN No. 86 DATE 1-2675

RUN TIME: START. WEATHER CONDITION: WIND VEL
STOP DIRECTION
MILES RECORDED_ AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER _
CHIEF TEST ENGINEER__G. McClure
SAFETY ENGINEER
VEHICLE OPERATOR
INSTRUMENTATION Sessions, Mcconnaon
REAR MONITOR
GROUND CONTROLLER
ADDITIONAL PERSONNEL

TEST PROGRAM SPECIFICATION NO. GSP-06h

TEST PROCEDURE NO.__ ESC-R-0001-XX

TEST TITLE_Dynamic shake test at AW3

VEHICLE CONFIGURATION

TEST DESCRIPTION Reel 27

COMMENTS Successfully completed vertical, longitudinal and vert. torsion

(17" offset) at AW3. Calibrated suitcase for Monday.




ESC TEST RUN NO._ 87

RUN TIME: START 10:00 WEATHER CONDITION:
STOP 5:00
MILES RECORDED 50

Reliability Run Time = 4 hrs, 45 min.

DATE___1-27-75

WIND VEL_
DIRECTION

AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:
TEST CONTROLLER W. Myer

CHIEF TEST ENGINEER_G. McClure

SAFETY ENGINEER G. Spons
VEHICLE OPERATOR
INSTRUMENTATION Mcconnon

REAR MONITOR

GROUND CONTROLLER

ADDITIONAL PERSONNEL_ Yutko

TEST PROGRAM SPECIFICATION NO. GSP-064

TEST PROCEDURE N0, ESC-PS1-6001-TT

TEST TITLE_EMI and Reliability

VEHICLE CONFIGURATION__2 cars, AW3

TEST DESCRIPTION

COMMENTS__ Successfully completed EMI testing. During below base speed accels,

fuses blew in EM! equipment and only could record freq. above 25. Re-entered
reliability running. Checked out both sides of suitcase by swapping 3rd rail

from 3700 from right to left for same 2 runs = 0.2 KWHA. Completed 3700 T/M

input and output test.
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GLOSSARY

Ampl vs Freq plot ’ Log-log plot. or semi-log plot of data
AWO - Vehicle empty weight

AW2 . Vehicle empty weight plus full load
AW3 Vehicle empty weight plus crush load
CB : Carbody

DOT ) ‘ Department of Transportation

ESC ' Energy storage car

ESS- Energy storage system

FWD : Forward

F.S. - Full scale

F/W _ Flywheel

H.P. Hewlett Packard

MTA Metropolitan Transportation Agency

NA . Not applicable

NYCTA : New York City Transit Authority

PAR . - Parallel

QSD ) Quick shutdown

REV Reverse

RQD -Required

SER . Series

SW : Switch . :

TSC Transportation Systems Center

TTC - . Transportation Test Center

T/M Traction motor :
UMTA i Urban Mass Transportation Administration
X-Y Plot Graphical data presentation obtained by

running analog magnetic tape into an
X-Y plotter with minimum filtering.

D-1/D-2

200Cop1es T U. S. GOVERNMENT PRINTING OFFICE: 1977--701-101--53



U. S. DEPARTMENT OF TRANSPORTATION
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE, CAMBRIDGE, MA. 02142

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300



POSTAGt AND FEES PAID
U. S. DEPARTMENT OF TRANSPORTATION
518



00152
VHF Communications Usage by U.S. Railroads
Federal Railroad Administration; E.L. Morrison, Jr; W.B. Grant; R.H. Espeland; T. H. Hemp
1111977

FRA-RFA-78/02



N

. FRA/RFA-78/02

VHF COMMUNICATIONS USAGE

BY U.S. RAILROADS

E. L. Morrison, Jr.
W.B. Grant
R.H. Espeland
T.H. Hemp ‘
U.S. DEPARTMENT OF COMMERCE
INSTITUTE FOR TELECOMMUNICATION SCIENCES

Boulder, Colorado 80302

FALL 1977
ANAL REPORT

Thls document is availabie to the U.S. public through the
National Technical Information Service,
Springfield, Virginia 22161

Prepared For

U.S. DEPARTMENT OF TRANSPORTATION
Federal Railroad Administration
Office of Federal Assistance
Washington, D.C. 20590

_. e

1 06 ~ Signals, Control and .'
Communications



NOTICE

This document is disseminated under the sponsorship
of the U.S. Department of Transportation in the
interest of information exchange. The United States
Government assumes no liability for the contents of
use thereof.

NOTICE

The United States Government does not endorse
products or manufacturers. Trade or manufacturers’
name appear herein solely because they are
considered essential to the object of this report.



TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accessi

FRA-RFA-78-02

on No. 3. Recipient’s Catalog No.

4. Title ond Subtitie

o . Fall 1977
VHF Communlcatlops Usage by U.S. Railroads 8 Pertorming OraoniomenCone
RFA of FRA
7. Author(s)

5. Report Date

E. L. Morrison, Jr., W. B. Grant, R. H. Espeland,

8. Performing Organization Report No.

Institute of Telecommunication Sciences
U. S. Department of Commerce ’
Boulder, Colorado 80302

and T. H. Hemp N/A
9. Performing Orgonizaotion Nome and Address 10. Wark Unit No.
. N/A

. Contract or Groant Ne. AR_64262

Interagency Agreement
Type of Report and Period Covered

12. Sponscring Agency Name and Addres«
U. S. Department of Transportation
Federal Railroad Administration
Office of Federal Assistance

400 7th St., S.W., Washington, D.C. 20590 FRA

Final Report

14. Sponsoring Agency Code

15. Supplementary Notes

industry through the Radio Liaison Commit

Carrier channel spectrum assignment data was provided by the rail transportation

Section of the Association of American Railroads.

tee of the Communications and Signal

16. Abstroct

included in this research study effort.

economic impacting value contribution.

This document provides a comprehensive overview of radio communications and
channel spectrum usage in the rail transportation industry. It reviews much
of the data analyzed and methodologies/logic on which The Summary of Findings
and Recommendations are based. Considerable focus is given to the growth of
radio communication usage and associated safety and economic related achieve-
ments which resulted. Addressed are the impacts posed by a loss or reassign-
ment of channel spectrum. The countermeasures available to preserve the
achievements in safety and operating command control categories are also

The need to document through research study the importance of radio
communications usage so as to provide a more clear understanding throughout
Federal/State governmental agencies, industry carriers, communications
community and railroad labor organizations was a key motivation. to pursue
the effort. The critical concern of the FRA was to scope the safety and

17. Key Word
Y Enroute event flow, propaga- 18.

tion, frequency stability, needlines,
equipment inventory, operational capa-
bilities, data working files, frequency

usage, assignment plan, frequency/spectruﬁ
allocation, quality degradation

Distribution Statement

Document is available to the U.S.
public through the National Technical
Information Service, Springfield,
Virginia 22161 }

19. Security Classif. (of this report)

Unclassified Unclassified

20. Security Classif. (of this poge) 21. No. of Pages 22, Price

263

Form DOT F 1700.7 (e-69)




)

Approximate Convergions to Metric Measures

METRIC CONVERSION FACTORS

Approximate Conversions trom Metric Measuses

Symbol When You Knew Multiply by To Find Symbe!
Symbel Whes Yeu Kasw Multiply by Te Find Symbel
LENGTH
LENGTH
nm wilhineturs 0.04 nches tn
cm cantimeters 0.4 mchas "
#
in inchas ‘28 centimneters cm " neotory 3.4 fum "'
ft feot 0 contimeters cm " mater18 N yands M
vd yurds 0.9 matocs " an hitonntn s .6 alns s
mi flag 1.6 kilometore km
AREA AREA
3 2 cm? square cenlimalers 0.1 square inches w?
Ml2 square inches 6.6 Square cuntimeters Uﬂz‘ m? square moters 1.2 Square yards .
fn , squure fost 0.09 squdio metors m ken? squiry kilonieturs 0.4 squatg mles v
yl-l, square yurde 0.8 syudre nwlors " N ha hecturas (10,000 m?) 2.6 aeres
™ agquare miles 2.b syuiste kilonstura kv
acres 0.4 hsclares hn
MASS (weight} MASS (waight)
o1 ounces 24 grams 9 ] grams 0.036 ouncys o1
b pounds 0.46 wstograma *g [ 1) kilograms 2.2 il L]
whort 1on8 0.9 (onnes ‘ = [} 1wonnes 11000 kg) 1. shurl 1one
12000 Ib) »~ —
VOLUME —= VOLUME )
tsp teaspoons b milliliters ml '___: ml milltliters 0.03 {lurd ounces 1 o2
Tusp tabluspoons 15 mifihitere nit —_— I litera 2.1 Pty ut
! oz fluid vuncea k1] mitlihters mi [*] -—E 1 11ters 1.06 quarts qt
c cups 0.24 tituce ) = t 11618 .26 golting u-l’l
pt pints 0.47 ers ' — m’ cubi motery ¥ b teet fl )
qt qudrts 0.96 [ITIYY t - m? cublc meturs 1.3 coitire; yands vd
aa) pullung RNC] hiture ' =
OIJ cubic teet 0.03 culie meters m =
ya? Lubic yards v.76 cubic muters " TEMPERATURE {exact)
TEMPERATURE (exact) —_— “c Celsius 975 fihan Fahronheit °r
= tempearanrs adi 32) tempe ature
¢ Fabrenheit 6/9 taher Celsius “c -
P ! ing tomparsiure o= of
k! —= of 32 986 22
- -40 o 40 80 120 160 200 |
= :
1t 254 (ueButly), Fur uihel Ba0LY LODVEIR NG JIKE ua B Getd.lad 1ables, see NBS Mist. Publ 2do, 3 - b T T K T v 190
Uints ul Weignts and Measiicos, Prica §2.26. S0 Cataiuy Nu, 1310248y, § — —49 ~20 0 20 ,.40 80 80 2
b —-= < 7




VHF COMMUNICATIONS USAGE BY U. S. RAILROADS
E. L. Morrison, Jr., W. B. Grant, R. H. Espeland, and T. H. Hemp*

ABSTRACT

The U. S. railroad industry has implemented communications support serv-
jces for various control and management applications. Communications services
jnclude microwave data systems, equipment control functions, and a wide range
of VHF voice communications that are directly associated with resource manage-
ment and movement control activities of the railroad:.

With the increasing pressure from the maritime industry for additional
channel allocations, particularly in consideration of the World Administrative
Radio Conference (WARC) 1979, those existing VHF railroad allocations within
the internationally allocated maritime channels (Footnote 287 frequencies) are -
being reconsidered as to the advisability of reallocating these railroad serv-
jces with subsequent placement of all maritime allocations within the United
States in accordance with international allocations. This report analyzes the
impact of these proposed reallocation actions relative to cost and performance
factors. Vacating this action would require railroad operations to implement
a major exchange of equipment and procedures of operation over most of the
continental U. S.

This investigation was initiated by the Federal Railroad Administration
to examine the character of usage of VHF radio by the railroad industry, par-
ticularly relevant to the operational support required of these radio services;
develop data regarding the current investment in VHF radio by the railroad
industry; and examine various options and their consequences regarding reallo-
cation of the railroad channels in conflict with the maritime channels or all
the VHF radio services into other spectrum regions.

This railroad report describes the development of the operational and
functional relationships that define the utility of the various VHF services,
a detailed analysis of the impact of reducing current channel allocations or
reallocation into UHF regions, the existing investment in equipment and support
services, and the cost for proposed reallocation actions. The conclusions and
recommendations of this report indicate the necessity of VHF radio to support
the operational efficiency and safety of the U. S. railroad industry, and the
major investment necessary by the industry over a period of almost a decade to
transfer to another spectrum region. Current communications capabilities are
fundamental to these operational considerations, and are not peripheral to
other signaling or communications facilities. The conclusions on the basis of
the data collected and the analyses developed favor the retention of all avail-
able VHF channels for the railroad industry because of the priority of opera-

. tional support afforded by these communications and the indicated relationships

to operational effectiveness and safety. The report presents detailed data
summaries, operational and functional simulation and model exercises to demon-
strate the communications usage in relation to operatijonal requirements, and

.data regarding the time usage of the various communications channels.

* The authors are with the U. S. Department of Commerce, Office of Telecommu-
nications, Institute for Telecommunication Sciences, Boulder, Colorado.
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K 1.0 INTRODUCTION
The radio frequency (rf) spectrum is recognized as a basic national re-

source, supportive to the national economy and defense, with priorities equal
to those generally recognized material resources; energy sources, water, atmos-
phere, and natural physical material. One obvious difference in character is
the non-consuming nature of the rf spectrum. The limitation in utility concerns
the number of simultaneous operations within specific frequency channels and
spatial regions that can be accommodated with satisfactory service. This

'usage'is dependent on the modulation, unintentional emissions, spatial distri-

bution of energy and receptor apertures, propagation modes, receiver discrim-
ination and processing capabilities, and "channel" time statistics elements.
The efficiency of channel usage or maximum support capability is dependent on
éigna] and system technical characteristics, deployments and propagation mech-
anisms, and operational time factors.

With recognition of the rf spectrum as a prime national resource, the
utilization relationship to national economy and security should be examined
for af] users to assure the maximum possible benefit to national goals. Re-
newal, reassignment or reallocation, and new authorization actions should
have criteria that adequately consider the "national interest" support facets
implicit with federal agency decisions. System technical parameters, employ-
ment and control procedures, and basic service support relationships should,
therefore, be required as justification for proposals regarding spectrum usage.

During the previous three decades, one major element of the U.S. economy
- the transportation industry - has developed extensive radio communications
functions that are fundamental to control, management, security, and safety
in relation to industry operations and public service. With the railroad
industry, communications support roles have evolved that are in varying degrees
functionally integrated with organizations and operations; also incorporated
into the structure of operating rules and industry-union contracts. The oper-
ating rules for railroad and other elements of the transportation industry
have been developed and modified over extended years between industry associ-
ations and the federal and individual state Departments of Transportation and
Public Safety. Industry-union contracts have recognized thé importance of
radio communications to operational efficiency and safety. Efficiency consid-
erations include equipment, operating personnel, and general citzenry located
in the vicinity of industry traffic.



For railroad operations, radio communications affords extensive improve-
ments in flexibility, reliability, and availability in comparison to manual
signals (e.g., lanterns, flags), and the various telephone or telegraph line
systems previously employed. These characteristics have allowed the large im-
provements in efficiency and safety for route and terminal transportation oper-
ations. Because of the extensive geographic coverage of railroads, the spectrum
management problem is, however, significantly aggravated compared to other land
mobile services. B

Starting in 1944, the railroad industry initiated the utilization of radio

for intratrain and train-wayside station communications, and local area security’

support. These uses, subsequently evolved into the existing large-scale inte-
grated right-of-way, terminal, and yard systems for data and voice transmission,
- that are now fundamental to railroad facilities management, control, security,
and safety. An explosive growth in radio applications occurred in the 1955-1970
period because of the demonstrated advantages in efficiency and safety and the
acceptance by operating personnel.

Railroad communications can generally be categorized into the microwave
data networks, and the VHF operations that are integrated into equipment .
coordination and control of nearly all right-of-way and yard functions. The
microwave systems provide a multiplexed data and voice capability.connecting
terminals, and traffic and facility management elements to wayside stations
that interface with VHF train communications and other remote track operations.
The categories of VHF communications include intratrain (end-to-end); wayside
station, train, or relay to train (point-to-train); and general service (yard
operations, right-of-way maintenance and security, system supervision). The
VHF categories in relation to railroad operations are discussed in subsequent
sections of this report.

The current VHF radio communications functiens will be extended in future
years to incorporate increased data operations to improve the command/control
effectiveness, and safety of yard and right-of-way operations. These modes
will accommodate digital data displays for status and supervisory control in-
formation, and micro/mini processor interface for integration of track sensor
(data with the command/control and alert or status information)-transfer,
intratrain and between trains, or moving equipment and supervisory or coordin-
ation elements. Voice will continue to be the primary mode for the command/

4



control functions provided by VHF systems, with the digital elements Providing
alerting, sensor assistance, and confirmation data for displays and local pro-
cessor operations. .

Frequencies for the Railroad Radio Service are contained in. Part 93, Sub-
part H, of the Ru]es of the Federal Communications Commission (FCC); With a
very few exceptions, all of these frequencies are at VHF in the 160.215 -
161.565 MHz band. - The history of this allocation extends-over some twenty or
more years at which time this band was included as part of the Land Mobile
Service. At a World Administrative Radio Conference (WARC) held in 1959, an”
agreement identified the 160.625 - 160.975 and 161.475 - 162.025 MHz regions
for the exclusive worldwide use of maritime telecommunications as spelled out
in Appendix 18 of the Radio Regulations of the International Telecommunications
Union. However, a footnote (Footnote No. 287) was inserted in the Radio'Regu-
tjations at the 1959 Conference to protect certain land mobile operations.
(Without specifically stating, the footnote was intended to protect primarily
railroad radio operations on those frequencies in the United States and Canada. )
As of this time, the railroads of the United States still retained priority
use of their-VHF frequencies in the maritime band by virtue of Footnote 287.

The authorization of VHF for the Railroad Radio Service by the FCC
actually consists of 91 channels, each fifteen kHz in bandwidth. The Railroad
Radio Service, however, went through channel splitting three different times
in arriving at the present fifteen kHz channels. While costly to the railroads
each,gime, the channe1 splitting made possible continued use by the Railroad
RadidTService of the VHF operations in the same contiguous spectrum.

Coordination of channel assignments within the railroad induétry is
effected through the Communications and Signals Section of the Association
of American Railroads (AAR). This AAR group publishes annually a Frequency
Assignment Plan which documents all- industry licenses, and coordinates with
the FCC.a11 industry requests for new assignments or assignment modifications.
The utility of the AAR Frequency Assignment Plan as one data source for the
development of a Master Frequency File to support the reassignment ana]ysés
for this program is discussed in Section 3.2.2.

Commercial and government maritime operations have developed serious
requirements for additional spectrum assignments during recent years for
increasing voice, remote equipment control, and data transmission services.

3



The latter require bandwidths of at least double the standard channel. This
maritime requirement and conflicting international interests in the elimination '
of the variation in Land Mobile band allocations represented by the present

railroad assfgnments in the United States and Canada resulted in proposals by

the maritime interests in both countries to phase the railroads and other land )
mobile operations from “Appendix 18" frequencies. The same maritime interests
.advocate strongly that Footnote 287 should be deleted from the Radio Regulations !
by the upcoming 1979 World Administrative Radio Conference. These pfoposa]s
caused the Federal Railroad Administration of the U..S. Department of Trans-
portation to initiate the study presented herein to determine the usage by the
railroads of current assignments, and the impacts in cost and tapabi]ity should
the railroads be forced to either consolidate their VHF communications on the
58 channels remaining to them afterlvacating the maritime channels, or to relo- !
cate their operations to an entirely different band (presumably UHF).

-The FRA recognized the national resource facets of this spectrum assign- -
ment problem and therefore organized an investigation that would address the
requirements for VHF communications and provide the analyses of costs and
capability penalties associated‘with any reduction in assignments or realloca-
tion into other spectral regions. This program included the principal ta;ks
listed: ’ '

a. Develop operational-communications connectivities to identify the
specific ufi]ity of VHF communications relative to command/control and safety
criteria. Right-of—way and yard areas were described separately. Communica-

tions availability and frequency usage were to be tracked through the opera-
tional descriptors.

>

b.  Develop VHF communications investment data for U.S. railroads, with
growth data for the previous two decades. B !
c. Examine the communications éupport capability impact, if the 33 |
channels (160.605 MHz to 160.980 MHz and 161.475 MHz to 161;565 MHz) were
deleted from the railroad allocations. Determine the potential for reassign-
ment of affected functions into the remaining 58 channels available to the |
railroad industry. ’ | , ‘
d.” Determine costs for appropriate equipment modifications if reassign-
ment of 33 channels into the remaining 58 VHF channels is functionally feasible. '




'e. Evaluate the operational capabi]ifies and transition costs for reaj-
locating the services supported by the 33 channels to the 450 MHz and 900 My
regions.

f. Examine the potential for sharing of VHF assignments between raiil-
road and maritime operations in major port areas.

g. Indicate the spectrum requirements implications of advanced support
operations being planned by the railroad industry. These include track sensor
and control data transfer, and mini/micro level processon interface.

Execution of these tasks required active participation by ITS, FRA, and
the Communications and Signals Section of the Association of American Rail-
roads. The AAR group participation was fundamental in assuring the necessary
realism in the definition of right-of-way and yard operations and procedures,
the communications events and the specific relationships to control and safety
criteria, and interpretation of Frequency Assignment Plan listings relative
to geography and types of service.

The general methodology emplioyed for the analyses is indicated by the
_tasks listed:

‘ a. Operations procedure specification and communication event definition
to establish communication (and assigned frequency) support priorities. Flow
diagrams indicating the right-of-way and yard operations involving communica-
tions support are presented in Sections 3.1.1 and 3.1.2.

b. Development of yard operations event models to dérive ranges of

operational penalties associated with reduced assignments. Delays in control
“of physical resources (switch and hump engine movement, inspection reporting
and maintenance execution) and equipment and personnel safety (engine and
materiel movement coordination) are derived in relation to frequency availa-
bility. The sets of most appropriate reassignments are examined; primarily
reducing the available channels to serve operational functions. Impacts in
communications availability because of the reductions in channels is subse-
quently interpreted in terms of control and safety criteria. The models are
described in Section 3.2.2.3; the exercise results in Section 3.3.2.

c. Organize frequency usage data files with appropriate decision
thresholds to evaluate the reassignment potential for the 33 VHF channels.
Exemplary national and urban yard'akeas are tested with regard to interference

and control utility. These fields are discussed in Section 3.2.2.1, and the



reassignment tests in Section 3.2.2.2. Frequency usage summaries derived
through selected retrieval exercises are presented in Appendix C.

d. Evaluate the utility of 450 MHz and 900 MHz spectrum region opera-
tions for yard and selected right-of-way communications, and derive transition
costs and an implementation schedule for services indicating satisfactory
usage. Technical and operational factors included in the analysis are summar-
jzed in Section 3.3.4. :

e. Implement a measurements effort to validate the operations model
task specifications and associated communications events with existing
frequency assignments. This was accomplished at the Atchison, Topeka, and
Santa Fe Railroad yard at Barstow, California. Records of individual communi-
cations channel usage were also used to update message character statistics.

. These measurements are discussed in Section 3.3.6.

f. Collect data from AAR and equipment manufacturers to indicate the
existing investment and possible trends for VHF communications equipment and:
supporting services.

g. Review advanced usage and technology application planning by U. S.
railroads that impacts the future VHF spectrum requirements. These include
digital modes for control and sensor data, and mini/micro processor applica-
tions. Information to support this task was provided by AAR and industry
sources. The applications and spectrum implication information is presented
in Section 3.4..

Subsequent sections of this report detail the technical and data analysis

“tasks indicated, with Conclusions and Recommendations presented in Sections
5.0 and 6.0. These final sections relate specifically to VHF spectrum usage
by the railroad industry and the expected impacts of any reductions in
channel assignments or reallocation to the UHF spectral regions, and recom-
mended actions by the railroad industry and AAR relative to spectrum manage-
ment and planning functions.

-~
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: 2.0. PROGRAM BACKGROUND -
2.1 Proposed Allocation--Actions

As indicated previously, this program was initiated because of mounting
pressure by the maritime interests on the FCC and on the Office of Telecommuni-

cations Policy to remove raiiroad operations from the "Appendix 18" frequencies
and to reassign them for marine use in United States ports, waterways, and
coastal confluences. Included in these pressures are proposals to delete
Footnote 287 from the Radio Requlations when they come up for review at the
1979 WARC. ‘ , .

Specific actions that could result if the maritime proposals referenced
above prevail are (1) the railroads could be required to vacate the spectrum
concerned and to concentrate their operations on their remaining frequencies
-- in short, accept a one-third reduction in spectrum; (2) the railroads could
be offered replacements for the spectrum lost to the maritime interests in the
UHF band -- result would be a split requiring two sets of equipment, one at
VHF and one at UHF; (3) the railroads could be required to vacate all of their
VHF spectrum and relocate their operations to UHF, i.e., to the 400 MHz region;
or (4)vthe railroads could be required to vacate all their VHF spectrum and |
relocate to the 900 MHz band area. The simplest solution from the railroad
standpoint would be, of course, to maintain the status quo. ‘

The maritime services have been clear in statements to the FCC that re-
quirements for short-range communications have grown substantially in recent
years. Even if all of the railroad frequencies were turned over for maritime
communfcations, the requirements of the latter would not come close to being
satisfied. The additional maritime requirements include a large number of
channels for public correspondence communications and spectrum to imp1ement-
such functions as Vessel Traffic Systems (VTS) communications and various
remote control operations. ' '

' For these services, the operations would be primarily in port areas,
along the U. S. coastlines, and on inland lakes and large rivers. Sharing
the allocations between railroads and maritime operators, therefore, has high
potential for interference problems.

Interference is critical to both users because of the safety implications

and the probable unacceptable degradation in efficiency of railroad and mari-

time commercial transportation operations. This consideration is additionally
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critical for railroads because of the usage rates for right-of-way and yard
channels, as demonstrated by the data presented in this report. The potential
for shared service in deep sea and river port areas is addressed in this in-
vestigation.

Subsequent sections of this report indicate the VHF communications utility
by the railroads relative to operations and services and the impacts in per-
formance and cost for any UHF reallocation. |
2.2 Railroad Radio Communications History Summary _ v

The U.S. railroad industry has, since World War II, evolved a substantial
application for communications and other electronic systems that utilizes the

|

electromagnetic spectrum. These systems are licensed primarily for operation
jn various VHF, UHF, and microwave bands.

Communications functions presently include voice and control signals re-
lating to train movement in right-of-way and yard areas, a number of switching
and train organization operations in humping and transfer yards, system main-
tenance and security, remote vehicle and functional control, and a range of
system data and command/control requirements. Redar appiications are currently
confined to hump retarder control systems.

A11 modern yards have been designed with primary reliance on communications
for control of the various inspection and checking, humping, and train move-
ment operations. Procedures and physical organization are based on this com-
munication mode availability. System management and control also are based
on data transfer capabilities over microwave and VHF facilities. This includes
numerous command, safety, and security functions.

The Railroad Radio Service was established by the FCC on December 31, 1945,
following extensive general allocation hearings in 1944-1945. The principal
allocation consisted of 60 channels, from 158.430 to 161.970 MHz inclusive,
each with bandwidth of 60 kHz.

In 1949, the Land Transportation Radio Services were established with the
Railroad Radio Service as a sub-service therein. In this service, the princi-
pal mobile allocation was thirty nine 60 kHz channels nation-wide, plus two
additional channels for use in the Chicago area only. ‘

The present VHF mobile radio allocation for railroad service is composed
of 91 channels at 15 kHz separation between 160.215 and 161.565..MHz. This
allocation consists of 45 frequencies at 30 kHz separation (called primary

; !
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and secondary) which, under FCC rules, are intended for assignment in the
same geographical area; and 46 frequencies interleaving the primary and second-
ary channels, presently assigned under conditions to not interfere with stations
operating on the primary and secondary frequencies.

Early in the evolution of the Railroad Radio Service, it appeared that
Jicensing of railroad -employees to operate radio stations would involve a
number of complications both for FCC and the railroads. Accordingly, the FCC
jssued an order providing that railroad employees would be qualified for the

' operation of railroad radio stations if they successfully completed an examin-

ation on radio rules given by the railroad's regular rules examiners. The
material on which such an examination should be based was appended to the
commission order and entitled "Railroad Radio General and Operating Rules."
Another provision of the order was that any railroad wishing to take advantage
of this arrangement was required to adopt these rules. Practically all rail-
roads have adopted these rules and a number have included them in the regular
book of rules governing the operation of railroad trains. .

The first use of radio by railroad was for communications between the
conductor and the engineer (end-to-end) and between wayside stations and the
train (point-to-train). Subsequent applications included communication between
right-of-way crews and trains, and communication in support of nearly all
yard and terminal activities. The use of radio has greatly enhanced the safety
and efficiency of all operations. The radio communications nets utilized by

. the railroads permit a visual inspection of all trains by employees with an
~ immediate and timely report of abnormal conditions and emergency situations.

A closer coordination of track-side maintenance forces and normal rolling-stock
traffic is accomplished through mobile radio links. Likewise, nearly all

yard activities, such as car classification, inspection, switching, crew
movements, servicing and repair, and general surveillance and security are
accomplished more safely and efficiently with mobile radio.

Current applications include remote control of locomotives and extensive
long-distance communication obtained via microwave systems. Future applica-
tions will include digital command/control microprocessor and miniprocessor
data integration with track sensors and remote control facilities.



Present-day Radio Services : ;
- A partial list of the different radio operations now in service and

several pictorial representations of these services are added to help the
unfamiliar reader comprehend the need for and use of radio by the railroads:

A. End-to-End Radio -- Mobile radio provides essential communications
from one end of a train to the other. On a freight train, for example, radio
units are located in the locomotive and the caboose. On a long train, the
distance between the two units may be one or-two miles. Radio permits not
bnly communications between the :train crew in the caboose and the engine °
crew in the locomotive regarding the normal operation of their train, but is
also a means of warning when an emergericy or unusual condition occurs.

B.  Train-to-Train Radio -- A1l trains on a given railroad use the same
-channel for end-to-end operation. Therefore, the crews of one train can talk
to other crews of the same railroad when such trains are within radio range.
The crews of all trains have standing orders to observe the condition of
passing trains with special reference to potential hot boxes, shifted loads
or dragging equipment.

C. Point-to-Train Radio -- Radio is used to provide communications
between trains and telegraph offices (the traditional railroad term, which
today might better be called wéyside offices). On a number of railroads,
this form of service also provides communication between the train dispatcher
and moving trains. The dispatcher is the railroad employee who has the re-
sponsibility of seeing that trains move safely and efficiently over that area
of the railroad he controls.

D. Automatic Wayside Equipment -- A number of railroads have devised _
systems whereby detector devices on the right-of-way transmit warnings to -
train crews immediately when a defect on the train is discovered. This
system is used on the end-to-end frequency in connection with the operation
of such devices as hot box detectors, dragging equipmeht detectors and wide
load detectors.

E. Maintenance-of-Way Operation -- The maintenance of railroad tracks,
roadbeds and rights-of-way requires numerous varieties of equipment, much of
which is highly specialized. Examples are ballast cleaners, ballast tampers,
spike drivers and tie renewers. Some of these machines operate off the track,
but most of them employ the rails for movement, and some of them are extremely '
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neavy. On some roads, equipment of this kind is furnished with radios that
ytilize the railroad's end-to-end frequency. On other roads, a separate fre-
quency is required for maintenance vehicles. In the latter case, there is
pormally an additional radio or radio channel associated with this equipment

to permit the maintenance-of-way gang to communicate with approaching trains

on the end-to-end frequency. This is absolutely essential because the single
greatest danger to be feared in maintenance-of-way work is that the work equip-
ment will be struck by trains.

F. Use of Radio by Track-side Maintenance Forces -- Trackside mainten-
ance forces, such as section forces, track supervisors, Communications Depart-
mént maintenance personnel, Signal Department maintenance personnel and Engi-
neering Department personnel operating along the railroad are provided with
radios, usually in their vehicles, whether it is a station wagon, heavy truck,
track motor car or, in some cases, packsets. Normally, the communications
carried on by this group of people in their regular work are confined to the
need to communicate with trains, or to communicate through the point-to-train

_radio system with either the telegraph operator or with their supervisors in

order to report conditions along the railroad or to advise when abnormal
conditions have been found and repaired.

G. Switching -- Switching operations are greatly assisted by radio.
The frequency used may be either the end-to-end frequency, in cases where cars
are picked up or set out in the course of over-the-road movements, or separate

. frequencies in terminal areas used solely for yard switching purposes.

H. Mobile Relay -- In yard and terminal areas on a number of railroads,
mobile relay stations are used to increase the range of packsets so as to
permit communication between them (when they are carried by men on the ground)
for the entire length of the train. Such a train may extend from one end of
the yard to the other. This service is ordinarily used to faciiitate car
inspection (for brake and other mechanical appliances associated with the
work of assembling, disassembling and dispatching trains). Both inbound and
outbound inspections for such mechanical matters are essential (many are re-
quired by Taw), and they require personnel to work around moving cars, thus
making an instantly available channel of paramount importance to safety.

11



Figures 2.1 and 2.2 illustrate some of the uses described above. These
figures and the use descriptions were edited from a report prepared by the
communications and Signal Section of the Association of American Railroads.

The Frequency Assignment Plan
A frequency assignment coordination procedure was initiated when the

Railroad Radio Service was first established in 1945. As a first step, a
questionnaire was sent to all railroads on the Association of American Rail-
roads (AAR) roster. Each railroad was requested to submit maps with all lines
marked in colors indicating.what radio installations were being proposed. At
that time, frequencies allocated to the Railroad Radio Service were primarily
for train service; that is, communications between the front and rear of long

trains, train-to-train, and from fixed point-to-train. The rules provided
that, on a secondary basis, the frequencies might be used for radio communica-
tions in yard and terminal areas. Thus, in preparing the maps, the railroads
were instructed to indicate in which yards and terminals frequencies were re-
quired and how many frequencies were desired.

With the questionnaire information on hand, work began on a national
frequency assignment plan. Since Chicago was the largest terminal area in the
United States and railroads fanned out from that point to all parts of the
country, the assignment of frequenciés was made with Chicago as the keystone
of the plan. Upon completion of the assignment plan in the Chicago area, a
meeting of communications officials of the Chicago railroads was held to
achieve an approval of these tentative assignments. After the approval, a
draft assignment plan was drawn up for the rest of the nation which was subse-
quently reviewed and approved.

Upon final completion and approval, the nationwide frequency assignment
plan was submitted to the Federal Communications Commission by the President
of the Association of American Railroads. The plan was filed with the FCC as
a recommendation, subject to change as necessary to meet the requirements of
the individual railroads. From the time the plan was originally submitted to
the FCC, the Communications Engineer of the AAR has been available to coordin-
ate frequency assignments between the various railroads. After obtaining
agreement on changes in assignments, a recommendation is submitted to the FCC
for a change in the national Frequency Assignment Plan. This practice has
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Continued to the present time. Between 100 and 150 changes, for example, are
required each year. ’ | A

The Canadian and United States railroads are assigned the same frequency
pand. Therefore, in the United States-Canadian border area coordination be-
tween assignments to U.S. railroads and Canadian railroads is necessary to
avoid interference. By agreement with Canadian railroads, U.S. railroads in
the border area have been assigned primary and secondary frequencies (Line A
area). The Canadian railroads are assigned tertiary frequencies only, in this
came area. Thus, a 15 kHz offset is provided between the frequencies used by
y.S. and Canadian railroads, which, in most cases, is sufficient to eliminate
jnterference.

No agreements currently exist for operations along the U. S.-Mexican
porder. Mexican railroads presently use no VHF radio operations, but are
planning future applications. Frequency coordination is simplified because
of the different spectrum areas that will probably be employed by Mexican
railroads and because of the low Mexican railroad activity within about
100 miles of the U. S. border.

UHE Radio ‘

In recent years, American railroads have had great success in the opera-
tion of remotely controlled auxiliary 1oc6motives, through the use of radio.
Slave locomotives are usually located somewhere between the rear and center
of the train. They automatically perform all operations needed in starting,
pulling, and sfopping a train in response to controls from the lead locomo-
tive. The several series of digital pulses used to transfer information
between the controlling and controlled locomotives are issued in a coded and
programmed format to provide fail-safe operation.

Three pairs of frequencies in the UHF band (450-460 MHz) have been allo-
cated for railroad use. These are 452.900/457.900, 452.925/457.925, and
452.950/457.950 MHz. They are numbered, respectively, 47, 47m, 48, 48m, 49,
and 49m. Channels 47 and 47m are authorized for general use and 48, 48m, 49,
and 49m are authorized for remote control of slave and hump locomotives. The
channels 47 and 47m are employed for locomotive-passenger terminal communica-
tions. Under the existing rules, these radio frequencies (452.925/457.925 and
452.950/457.950 MHz) cannot be used, even by railroads, for any other purpose.
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Microwave Systems » ,
A number of railroads have microwave systems along their rights-of-way

to provide communications for railroad operations. In years past, the rail-
roads' pole line provided for these communibations needs. In recent years,

the pole line has been supplemented or replaced by microwave to obtain the
additional channels required for the extensive use of direct dialing telephone
communications over the entire railroad, as well as to-provide for the commu-
nications required for data and control of VHF point-to-train and point-to-mobile
" communications. | | )

A railroad microwave system differs from the microwave systems of other
users, primarily in the large number of drop-out points needed to serve local
wayside communications and VHF control. Also, extensive branch operations
- feed off the main line right-of-way, all requiring communications. The micro-
wave systems that are available for private users (railroad companies) have a
maximum of 420 channels. Often, this entire baseband is allocated in segments
to different parts of the railroad. In the process of providing service for
the different branches, there may be only 50 percent loading of the total .
number of voice channels. Regardless of the link loading factor, the total

bandwidth must be available and is used to provide the required system service.
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3.0 TECHNICAL DISCUSSION
3.1 Communications Support to Railroad Operations
As indicated previously, one of the major emphases in this program con-
cerns the priorities of supporting VHF communications in relation to railroad
operations. These include equipment movement, facility maintenance coordin-

ation, and various inspection and status monitoring functions, with an iden-
tification with command/control and safety criteria. (

This section presents discussions of sets of right-of-way .and yard oper-
ations in the form of flow diagrams. The seqﬁences of operational events par-
ticularly demonstrate the communications ]inkages;'ihtratrain, train-to-track
personnel for movement coordination, and the various control functions in yard
operations.

‘ These flow diagrams represent the basic form of operations for the
specific functions indicated. Variations in procedures between railroads
cause only minor differences in specific sequences, andthave no effect on the
support modes demonstrated.

As mentioned previously, these operations descriptors are the basis for
the organization of the operations and communications resource utilization
models described in Section 3.2.2.3. These models, with supporting communica-
tions channel activity measurements, define the typical usage and relationships
to safety and command/control, with the current channel assignments, and
various reduced channel availability situations.

3.1.1 Enrcirte operations
Enroute operations are those performed on the main run of track which

interconnects the major switching yards and terminals. These include the
actual operation of the train, including-scheduling, set-out and pick-up oper-
ations, plus responding to all emergencies involving train malfunctions and
track disorders. Similarly, all maintenance work performed on(the track and
right-of-way are enroute operations. Mainterance crews often use locomotive-
powered equipment moving on the track and need to actually schedule reserve
time for the operations. A1l crews traveling and working on the main lines
have communications with each other and wayside stations in support of these
operations.
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3.1.1.1 Train movement functions
The flow diagram in Figure 3.1 displays typical sets of alternate events
that generally occur during a train movement enroute. The diagram details

actions required for each of several occurrences. The use of communications
to enhance the efficiency and safety of these actions is implied. Nearly all
such communications are by mobile radio or supplemented by radio.

The events start at the top-of the flow diagram (Figure 3.1), with the
train entering the departure block or an enroute biock. Subsequent alterna-
tive actions are: routine, alert, and new train orders. If routine, the.
column on the left of the diagram shows typica]'?o]]owing actions and communi-
cations. End-to-end movement includes (end-to-end) communications and actions
to put the train underway or to continue movement. The actions that follow
~are primarily (point-to-train) communications between wayside stations, work
crews or supervisors regarding status of the train and schedule. On most lines,
all employees are required to make a visual inspection of passing trains to
observe their functional status.

A second alternative would be train orders involving a change of schedule,
emergency condition or instructions to "pick-up" or "set-out" cars. Such
action regquires (end-to-end) and (point-to-train) communications.

The third alternative, outlined in the diagram, starts with an alert.

Such an alert can originate at any time enroute and at any location. The
nature of the hazard or emergency may call for a stop or slow-down with subse-
quent movement to a siding. Either action would require a communications with
a wayside station to advise supervisory personnel of this departure from sched-
ule. An inspection by members of the train crew show that alternative actions
(second page of Figure 3.1) could be a repair with subsequent resumption of
schedule or a partial repair with a movement to clear the tracks. This might-
be followed with a car set-out and repair operation. Either alternative re-
quires, again, communication (point-to-train) between the train and wayside
stations, and (end-to-end) communications on the train.

0f course, other actions and communications possibilities exist. Those
depicted in the diagram represent a major coverage of typical enroute train
movement operations.
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Figure 3.1. A flow diagram of enroute events.
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3.1.1.2  Right-of-way maintenance
Right-of-way and track maintenance are not performed on a routine sched-

ule, like the operation of trains. However, maintenance and repairs do in-
yolve the track and track side; therefore, scheduling and monitoring of the
work is required. Routine maintenance would be scheduled at the most conveni-
ent time, in accordance with regular traffic. This scheduling includes the
movement of equipment and personnel, ‘often on the main tracks, to the work
area. It may also require temporary clearing of the tracks to accommodate
regularly scheduled trains. The availability of mobile radio affords a close
scheduling capability without sacrifice of safety, and also provides a means
for timely alerting of departure from planned schedules.
3.1.1.3 Supervision and security

- These functions support right-of-way operations through the activities
of various supervisory elements associated with facility maintenance, equipment
control, and police surveillance and protection for railroad equipment.

Supervisory activities concern equipment movement coordination, mainten-

ance crew movement, and various status monitoring responsibilities. These
supervisory functions involve personnel located at operational control centers
(é.g., Trainmaster and dispatcher offices), coordination responsibilities,
particularly relative to train movement (movement to sidings for equipment
repair and modified movement orders to other trains to assure safety, track

or other facility emergencies), and supervision and coordination of right-of-
way‘track and other fixed facility repair or modification.

These supervisory functions require communications support connecting
supervisory offices and vehicles, right-of-way offices or way stations, and
‘train and maintenance crews. Generally, the VHF and microwave systems are
utilized for these requirements, depending on the communications organization
within individual railroads. Emergency situations along the right-of-way,
such as those examples cited, require extensive coordination between trains
or other track site equipment, service crews, right-of-way offices, and
Trainmasters and associated supervisors to assure safety and minimal impact
in train services. ' ‘

Security functions along right-of-way areas are primarily provided by
railroad police having the responsibility for inspection and protection of
trains on the right-of-way, equipment parked on sidings, and fixed facilities
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and temporary sites located on railroad property.  The protection role fre-
quently requires coordination and cooperation with municipal or state police

agencies.

These activities are compounded in industrial or urban areas where, for
example, right-of-way tracks pass through large cities or a continuum of cities
and towns where speed may be restricted because of crossings or the density
of railroad traffic. The Northeast corridor is one example of this type of
environment. Damage to railroad equipment and property and pilferage of
freight from parked or slowly moving trains have been serious problems in such
regions. Railroad police accompany trains and use automobiles along sections
of right-of-way, with communications to right-of-way offices and central
supervisors.

3.1.2 Yard operations

3.1.2.1 Yard functions summanx‘

0 classification yards used exclusively by a given railroad 1ine
for receiving trains, uncoupling, and regrouping cars into new
trains, according to geographic destination.

0 classification yards with the same functions as above but shared
by more than one railroad line which may aiso include piggyback
handling facilities and freight unloading and pickup capability;

0 a third type would include shared or unshared facilities with
passenger handling services as well as those functions listed above.
The two main types to be discussed here, and Which make up the majority of
modern railroad yards, are the freight train classification yards, shared and
unshared.

" The modern classification yard uses computer-aided control and uses a
vast array of communications and data processing equipment td assure a smooth
flow of cars through the yard. Most modern yards also include diesel and
caboose servicing facilities, and freight car maintenance and repair which
may or may not include refrigeration car servicing.

The main yard is composed of three major yard areas, as shown in Figure
3.2: the arrival or receiving yard, the classification or hump yard, and a
departure yard.

Within the functional action elements in these yard areas, communications
has a fundamental role in the efficiency and safety of execution of the indi-
vidual tasks performed by various yard crews. Included are switch and hump
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engine movement control and coordination, equipment inspection and repair,
logistics control, administrative coordination, and security. These localized
communications functions are all in the 91 .channel VHF Land Mobile allocation,
and interface with other right-of-way VHF operations (Train Service Modes),
and microwave data services.

As indicated in the introductory section of this report, the analysis of
rajiroad spectrum requirements and usage parameters must be based on operations
support relationships. This procedure required the preparation of operational
procedure definitions with communication users identified, thus allowing speci-
fication of the critical aspects of safety and control effectiveness.

A series of flow diagrams were prepared and closely coordinated with
railroad operations and communications and signal personnel. These diagrams
included primarily those yard operations }equiring communications support;
others were included only where clarity would be enhanced. The flow diagrams
for the majof yard operations are presented in Figures 3.3 through 3.10. Sub-
sequent paragraphs summarize these operations descriptions, relating individ-
ual operations to the associated communications and user requirements. These
descriptions also are the basis for the operations and communications event
models as discussed in Section 3.2.2.2.3. '

'3.1.2.2 Incoming train communications functions

Information on trains due to arrive at a given yard, includihg associated
car lineup and train movement status, is transmitted to the yard over railroad
microwave communication links, or is transmitted via telephone. The information
is presented to the train master from the computer on a cathode ray tube (CRT)
display. This display contains details and status on all trains currently in
the receiving yard and those due to arrive within the next 12 hours. This in-
formation is kept current by the computer which either updates automatically,
or information can be entered manually as work progresses. This information
is dsed by vdrious supervisors to determine priority of trains to be worked.

Other éomputer outputs; either on printed paper and/or CRT display (de-
pending on the yard), relate to the total number of cars in the various
. areas of the yard, the number of cars for given geographical destinafioné, a
hump 1ineup, the moves necessary by switch engines to assemble outbound trains
in the departure yard, and status of trains being assembled and planned.

These data-support operations indicate the basic character of communica-
tions utility for facility managementzipd operational planning. In these



contexts, the principals involved include the arriving train engineer or con-
ductor, train masters, and yard master. Equipment status and identification
are also provided to the hump master and yard area controllers, through

similar communications and data processing systems, during the course of car
processing and transfer within yard operations; this extends from the "breaking
down” of a train in the receiving yard, to classification, and assembly actions
for a departing train.

A train first arrives at the entry block, which is a point some miles
away from the yard, designated by the respective line, as an area from- which
to report its arrival. The subsequent events are shown, starting with Figure
3.3. A call is made from the train to the yard on the assigned point-to-train
radio frequency, notifying the yard of its arrival and, in return, getting a
track assignment and routing instructions from the train master. The diamond
shape nodes in the figures represent decision points. As seen in Figure 3.3,
there are two possible assignments to be made for incoming trains; those trains
to be broken down and classified, and through trains. Through trains are
those designated for some other geographical area, but need enroute car in-
spection as required by law. If the train is a through train, the train
master assigns it to an appropriate track in the receiving yard or to a special
through-train receiving area which some yards have, as shown in Figure 3.2.

The train master alerts the car inspector foreman of the incoming train on one
of the yard frequencies assigned to car inspection functions. The car inspec-
tor foreman assigns the car inspectors to the train and inspection starts as
soonsas the train reports by radio that it is in position and ready. The car
inspectors report, on the car inspector frequency, the extent and type of re-
pairs needed. If no repairs are necessary, the train is radioed yérd clearance
on the point-to-train frequency. The train acknowledges and moves to the main
track. The brakeman reports switch clearance to the engineer and to the train
master on the assigned end-to-end frequency channel. The train master gives
the order to "high ball"; the train confirms and proceeds on its way via the
main track. ‘

Returning to decision node number 2 (Figure 3.3), minor problems located
by the car inspectors, such as brake shoes, hoses, etc., are radioed to the
train master. The train master alerts the maintenance foreman on the fféquency
channel assigned to that function, and the maintenance foreman dispatches a
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mobile repair crew to effect the repairs. The train master is notified by
radio upon cempletion of repairs. The train requests yard clearance and pro- |
ceeds as outlined above for the "no problem" situation. There are other com- :
munication events that support the repair operations while in progress. These .i
may consist of communications between the brakeman, train engineer and repair
crew for testing of brake action upon repair, air line pressure and coupling
action when hoses have been changed, or any coordinated action necessary to
complete and check out needed repairs.

The remaining branch from decision node 2 deals with major repairs.
when major repairs are needed on a car (or cars), the car inspector radios
this information to the train master. The train master calls for a switch
engine to set out the car or cars which are in need of major repair, and the
switch engine takes these cars to the appropriate car repair facility. The

"communication events needed to complete this "set out" consist of:

0 assignment of switch engine,

o) coordination of switch engine movement to thé through-train

receiving area,

0 coordination between the train engineer, brakeman, and switch

crew in uncoupling, setting out cars, and recoupling the
“train, ' |

0 the coordination of switch engine movement taking the

cars to the car repair facility, and

0 reassignment of the switch engine.

The frequency channels involved would be those assigned to the following
communication functions: end-to-end, maintenance, switch engine, car inspec-
“tion, and the various yard areas through which the switch engine passes to
complete its assignment. Upon completion of “set out" and recoupling, the
train requests yard clearance from the train master and exits as explained
under the Il'no repair” condition.

Referring to Figure 3.4 and decision node number one, if the train has a
yard assignment, it is assigned a track in the receiving yard. In some yards,
such as the Santa Fe's Barstow, California, classification yard, the road
power is removed as the train arrives in the receiving area. The road power
units are given track assignment in the diesel service area by the diesel
shop foreman and move to the appropriate tracks for engine inspection and
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service. The train master has alerted the crew caller foreman of the arriving
train. The crew caller foreman assigns crews to each arriving train assigned
for yard operation, thus the movement of trains in the yard is accomplished
py yard personnel. A switch engine is assigned to pull the train onto the
assigned track in the receiving yard. If the train is too long for the
assigned track, a second switch engine'may be assigned to uncouple the train
in the middle and pull the rear section onto adjacent tracks. As the last
car of each section clears the switch, the brakeman reports this event to the
“switch engine. When the train is in place, the train master is informed by
radio and car inspection starts. The communications events that are needed
to support the movement of a train into the receiving yard would consist of:

) announcement and confirmation of train arrival using the frequency
channel assigned to the road or point-to-train;

] track assignment to the receiving yard and confirmation by the train
using the same channel assignment as above;

0 track aséignment and confirmation for the movement of road power to
the engine service area using a combination of road frequency and
the diesel shop frequency;

) assignment of crews to the train by the train master via the crew
caller foreman using the frequency channel assigned to the receiving
yard for command and control;

LI 15 SRR

) assignment of switch engines by the train master using either the
individual channel assigned to each switch engine or the receiving
yard channel;

0 the assignment of car inspectors to the train via the car inspector
foreman using the channel assigned to the car inspector function;

0 coordination of the uncoupling of road power from the train using
the end-to-end frequency;

Cd e L.
sabnbabila L s R

o  coordination in coupling the switch engine and uncoupling the train,
coupling a second switch engine if a double is necessary. These
actions would use the switch engine channels;

0 movement coordination of switch engines, train movements, etc., using
a combination of switch engine channels, receiving yard channel, and
road channel.

.
i
i
!
i
.!;

If the train now in the receiving yard contains piggyback cars (flat cars
carrying semi-trailers for trucking), the cars are assigned to a special dock
~designed for loading and unloading of these trailers. The piggyback cars are
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uncoupled, taken to the docks, unloaded, and the flat cars brought back to
the receiving yard for humping. The communications support functions for
the piggyback cars would be the coordination between the switch engine and
crew for uncoupling and cutout of the cars, the movement coordination to the
unloading docks, and the coordination upon return to the receiving yard.

The car inspectors inspect the train, checking car order and condition,
then report any needed repairs to the train master as shown in Figure 3.5.
A mobile repair crew is dispatched for minor repairs; cars needing major
repair are cut out and taken to the car repair facility. This would be
very similar to the car inspector function discussed for the through train
situation and would use the same communications support. Upon completion
-of the car inspection and repair, the cars are ready for classification and
are lined up for humping. '
3.1.2.3 Hump yard functions

The event flow diagram for the hump activities is shown in Figure 3.6.
The hump master is in charge of humping operations, issuing commands to begin
operation, and supervises to assure everything in the humping process is
functioning properly. The actual switching of cars into the appropriate
tracks in the classification yard is an automatic operation under computer
control. The humpmaster first reviews the inbound train lineup, either on
his CRT or computer printout, and then, based on priority, determines the
train identification and associated hump 1ist number of the train to be
classified. Based on *this information, a switch crew is assigned and neces-
sary switch alignment made to allow movement of the train from the receiving
yard to the hump. During this movement, the humpmaster will enter the com-
puter command identifying the hump 1ist to be processed. Once the humping
process has begun the humpmaster has the capability to override the computer
and change signails, switches, or retard car speed manually from his console.
He is in radio contact with the hump engine, hump conductor, and bowl master
during the complete humping operations.

The train to be humped is pushed over a physical hump in the yard. As
each car arrives at the top of the hump, a pinpuller uncouples it and the
car coasts down the hump, through some speed-retarding section of track, and
is switched into the appropriate track, under computer contro]."The tracks
in the classification yard are graded so the cars will slowly coast down the
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track. The speed, as set by the computer operated retarding section, is such
that the car is supposed to couple appropriately with any cars already on that

track. _ E
A hump conductor directs all actions involving the movement of cars over

the hump while the hump master is concerned with the over-all classification
of the cars. In this operation, a very tight coordination is required between
the hump engine, the pinpuller, the hump conductor, and the humpmaster. For
example, the cars moving over the hump in the Barstow, California, yard are
traveling 2.4 miles per hour or at a rate of about 3 cars per minute. With
this much activity, it is imperative that'communication functions supporting
these activities be dedicated frequencies not only for command and control
but, particularly, for safety. )

~ There are some classification yards such as the Barstow yard which have

an automatic pause after some designated number of cars have gone over the

hump (every eight cars at Barstow). After checking the status of the yard
relating to the space availability, equipment statué, and personnel operations,
an appropriate command is entered to restart the operation, if all systems are
"go." As the cars are switched into the classification tracks, the bowlmaster
keeps alert of the status of cars in the bowl area.

Since the rolling friction is different for various cars, sometimes the
tracks get blocked by cars which have not rolled the required distance down a
given track. When this occurs, a "pull move" is required to shove the cars
together and pull them to the end of the bowl track or into the departure yard.

When pull”moves are required or when cars are moved from the classification

yard to the departure yard or minihump, the bowl master will take necessary

.steps to arrange for movements. This is shown in Figure 3.6, from the decis-

jon node to the right. The bowlmaster assigns switch engines for pull moves,
as well as directing activities in the minihump for yards that have one. If
there are cars that are mis-switched or some other problem occurs on the end
of the classification yard closest to‘the hump master which causes a car to
block a track, a "trim move" is made with a switch engine assigned by
the hump master.

The communication activities in support of the hump events follow:

0 coordination between the receiving yard car lineup and the
hump master using a combination of the receiving yard, hump
yard, and switch engine frequencies;
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) assignment of switch engine to hump cars using the switch z
engine frequency;

0 coordination of humping between the hump conductor, pinpulier,
hump engine, brakeman, and hump master using the hump frequency
and the hump engine frequency;

0 uncoupling and reassignment of hump engine using the hump
engine frequency;

] coordination between the hump master and bowl master using ejther
the hump frequency or bowl frequency;

) assignment of switch engine to “pull” in the classification yard
using the switch engine frequency.
These events, because of the many cars that move over the hump in a given day
(at Barstow approximately 2,000 maximum in 24-hour period), demand dedicated
frequency channels, particularly for safety of personnel and equipment, as
well as command and control.

The ATSF Barstow yard uses a minihump to build smaller car blocks and put
them in station order without tying up tracks in the main hump yard. For ex-
ample, a train can be made up on the west coast, heading east, and the cars
can be arranged in station order for ease in setting out as the train pro-
gresses. from west to east. Cars for such a train are switched into the speci-
fied tracks in the main classification yard. When it is determined by the
bowl master that these cars are ready for the minihump operations, a switch
crew is called to pull the cars from the main classification tracks, in the
appropriate order, to the minihump. The necessary moves to be made in the
minihump are generated by the computer for the minihump conductor. The com-
puter output helps to minimize the amount of classification switching as the
blocks are put together. ‘

When the blocks are in station order, the switch crew puts the train to-
gether by pulling the cars from the minihump tracks (in an order advised by
the bowlmaster). The bowlmaster assigns the completed train a position in
the departure yard. Of course, for those yards with a minihump facility,
there are increased demands for communications since the amount of communica-
tions involved in these operations will be comparable to_those in the main
hump. The main difference in the minihump events compared to the main hump
events would be the number of cars humped and the control person. Perhaps

34 I'



only one-third of the cars that are humped are minihumped; the minihump is
under control of the bowl master and the minihump conductor. The frequencies
used for this operation are the bowl frequency and the frequency channel
assigned to the switch engine (assigned to minihump use).

3.1.2.4 Departure yard functions
Cars that have gone through classification are pulled from the classifi-

cation tracks in the main hump yard, or from the minihump, to the departure
yard. The bowl master arranges these pulls and assigns tracks in the depart-
ure yard. He also is responsible for the make-up of trains and, again,
receives information from the computer on train makeup, order, cars involived,
destination, priorities, and estimated time of departure.

When all cars making up a train are in the departure yard, the car
inspectors are assigned to check the cars for damage and proper car assign-
ment. In Figure 3.7, at decision node number 1, if the car inspectors find a
problem, the bowl master is notified by radio and he, in turn, assigns a
switch engine to set out the car or cars. The switch engine couples and moves
the cars to the hold tracks, for minor repair, or to the car repair facility,
upon assignment by the bowl master. If only minor repairs are needed, a
mobile repair crew is assigned to make such repairs. If the repairs can be
completed before the scheduled departure fime of the train, the car is returned
to the line up. . If the repairs cannot be completed in time, the cars are heild
for the next train going to that geographical area. A switch engine will be
assigned to bring cars from the hold area to the exit tracks for assignment to
an outbound train.

If, in decision node 1 (Figure 3.7), the car inspectors find no problem,
the train coupling and air hose status is'kepbrted to the bowl master. At
decision node 2 (Figure 3.8), it is decided whether the train being made up is
long enough to require make-up in two sections. If two sections are required,
a switch engine is assigned to help couple the train together. The bowl
master calls the diesel shop for road power, the caboose service area for a
caboose, and the crew caller foreman for a road crew. The assigned engine
calls the radio shop for radio check and, upon satisfactory completion, calls
the bowl master for track assignment in the departure yard. After receiving
track assignment, the road engine calls the train master or hump master (this
varies for different yards) to coordinate movement in the various areas through
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which the engine must pass, to avoid potential collision with another moving
vehicle or yard personnel who may be working along the route. !

Upon arrival of the road power in the departure yard, the engine couples :
and checks out air and air coupling in coordination with the assigned train
crew and the car inspectors. The front section is then pulled to the exit
tracks. The rear section, with the caboose, is brought to the exit tracks by
the assigned switch engine and coupled to the front section. The coupling
and air are tested agaih and the car inspectors report ready for departure.
The caboose calls the telegraph operator to report the caboose number, enginhe
number, and departure time. The request for departure is radioed to the bowl
master who gives the order to "high ball."

If there is only one section to be considered, the road power and caboose
are added, air and coupling check made, and the exit made as explained for the
two section case.

The communication actiVities to support a typical departure yard operation
follow: ‘

) assignment of switch engine to pull cars from the classification

yard to the departure yard using a switch engine frequency;

0 car inspection and reporting using the assigned channel for that
function;

0 coordination'of car set-out if car repair is necessary using the
yard frequency and the associated switch engine frequency;

0 coordination of car movement from the holding yard or car repair
facility to the departure yard using the associated switch engine
frequency and the bowl master frequency;

0 the assignment and movement of road power and caboose to departing
trains using the assigned road frequency;

0 coordination of train make-up between switch engine, road crew,
car inspector, and road power, using road and switch engine
frequencies;

0 ‘train movement to exist track, subsequent reportihg, and exit
coordination using the road frequency.
Based on information from the Barstow yard, there are betweer 18 to 35 trains
that are made up in the departure yard in a single day. At this rate, it can
be seen that these yard functions are almost continuous, resulting in a very |
high utility of the frequencies involved.
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3.1.2.5 Yard maintenance functions

Another function of major importance is yard maintenance. In the complex
yards of today, there are miles of track, many automatic switches, retarder
control and track sections, and other systems and areas too numerous to mention
here. The general maintenance function covered here might be common to most
yards and use commuﬁications backup to carry out the desired repairs.

Upon report of needed repairs, by the yard inspector or other yard per-
sonnel, the yard master assigns a crew to make the repairs (follow diagram in
Figures 3.9 and 3.10). The crew chief takes his crew to the assigned area,
isolates the track section, and reports the isolation to the yard master, who,
in turn, informs the appropriate peréons involved with train movement through
the area. After the repairs are initiated, there is often train movement on
adjacent tracks to those isolated. If this be the case, the yard master will
advise the crew chief who, in turn, will clear the area until the train moves
through. The yard master informs the crew chief when the track is clear and
the crew returns to complete repairs. If the repair turns out to be more than
the assigned crew can handle in good time, the crew chief requests additional

crews and material through the yard master. The yard master then coordinates
the movement of the new crews and material into the repair area and re-isolates
it. The material may be large enough to require a switch engine and flat car.
If so, this will also be coordinated by the yard master. This event is the
_path from the decision point represented in Figure 3.9 by the diamond shape,
taking the flow to the right.

There are times when heavy-duty equipment, such as a crane, may be
needed. This event flow is represented by the flow from the bottom of the
decision diamond in Figure 3.10, wherein the crew chief requests the heavy
'equipment backup for the repair task at hand. The yard master assigns a
switch crew to bring the desired equipment to the repair site. This will often
mean movement from some remote storage area across the yard. This movement
will be coordinated with the various yard area masters involved. Once on site,
the yard master, crew chief, and switch créew will coordinate the placement of
the equipment. After the equipment is in place, the switch engine is reas-
signed. Upon completion of the work involving the heavy equipment, the crew
chief requests removal of the equipment through the yard master. The yard
master again requests a switch crew to remove the equipment. When the heavy
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equipment has been removed and the final repairs and cleanup are completed, r
the crew chief reports the completion to the yard master. Arrangements are :
made for crew pickup and, upon crew clearance of the areas, the track is
reopened.

The communications channel used in support of the yard maintenence
functions are described as follows:

) crew chief to yard master to confirm track sections isolated using

the channel assigned to the yard maintenance function;

) assignment and coordination of switch engines using switch engine
frequencies and the frequencies assigned to the various yard areas
that the switch engine must pass through;

0 alert to the yard areas of an isolated track using the various yard
area frequencies.

0 requests to the shops for support using the shop frequency via
the yard master; .

0 clear crews from repair area when train moves on adjacent track
using maintenance frequency;

0 coordination of repair effort and switch engine coupling, uncouptling,
and equipment positioning using yard master, maintenance and
switch engine frequencies.
These are only samples of the many yard maintenance functions that might take
place in a yard. The kinds and descriptions of events would be exhaustive to
write down in this report. These are explained here as examples of possible
problems and the communications support required. A section of communication
events for interconnections the yard maintenance functions is shown in Figure
3.11. This also points up the importance of radio communications in the
operations of today's modern railroad yards.
3.1.2.6 Yard security and supervision
The supervisory elements of yard operations include the yardmaster,

humpmaster, maintenance supervisors, and a general superintendent. Subordin-
ate supervison includes various technical (car repair, track and physical
facility maintenance, communications and signaling), security, and operations
and scheduling functions. These activities require communications support
within the general yard area that involves supervisor station, mobile opera-
tion (automobile, service vehicle), and handy-talkies. Generally, communica-
tions between fixed points (yardmaster and humpmaster stations, superintendent
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and supervisor offices) is accommodated by telephone, with the mobile and
remote activities supported through the VHF system. The single or' dual channel
pairs assigned to this service have a "more than occasional" usage because of
equipment movement and scheduling coordination required to minimize train and
Toad handling delays. During emergencies, these channels can be shared with
security elements.

Yard security involves railroad police having patrol responsibilities
within railroad property. Coordination with municipal or other governmental
~ police agencies is effected where necessitated by common investigative or
apprehension interests. Depending on the area and activity of a yard and
proximity to other yard or connecting track facilities, one or two channel
pairs would be assigned for communications support. The primary communication
"is between the security supervisor and patrols during emergencies; patrol unit
to patrol unit also having heavy traffic. Relative to other communications
links, the security traffic is of minimal density for normal patrol circum-
stances. In some urban situations, the municipal police dispatcher has access
to the railroad security channel to facilitate joint operations.

Yard security includes more than patroling the perimeter of the yard to
watch for vandalism, break-in, and theft, however important these may be. It
is not a well-known fact that there is much cooperation between local and
federal law enforcement agencies and railroad security people. There are times
when fugitives from the Tocal law will try to find either a place to hide
among the cars in a railroad yard or secret themselves away in an empty car in
hopes of escaping the area by train. Yard security personnel inspect all areas
of the yard, including incoming cars and cars that have been held in the yard
for repairs and reassignment. Along with the frequencies assigned to them by
the railroad for yard use, they also use local law enforcement frequencies for
~aid in case of problems, as mentioned above. This helps in coordinating
capture of fugitives who are either heading for the yards to escape from local
police or have been routed out of a car by the yard security and are escaping
toward a local community.

There is also an increasing problem with illegal aliens trying to smuggle
into the country or be transported across the country by hiding in empty box
cars. There are criminals fleeing from one part of the country to another who
may gain entry into an open box car enroute and are discovered by yard security
and turned over to local or federal authorities, whichever the case indicates.
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The more intensive use of security is prevention of vandalism which repre-
sents increasing problems in metropolitan areas. This was highlighted in
recent 1977 Congressional Hearings.

Any modern-day law enforcement agency depends upon communications for
coordinated pursuit of alleged criminals, location of various units, and infor-
mation gathering. Railroad security is dependent on communications for their
activities within the yard and along railroad right-of-way as they carry out
their assigned tasks, as well as coordinating with other law enforcement .
agencies in stopping criminal activity involving raiiroad domain.

3.2 Data support and analysis models

As indicated in Section 2, possible actions to be considered on the re-
duction of the existing VHF spectrum allocated to the Railroad Radio Service
by one-third or a complete relocation in another frequency band. Either will
require detailed information for evaluation in the manner in which existing
communications channels are utilized. Such an evaluation required the imple-
mentation of a data file for raiiroad Ticenses, and the organization of resource
utilization models for communication channel usage analysis. The data files
were prepared by merging and purging FCC license files and the AAR Frequency
Assignment Plan. Communications transmitter and receiver technical charac-
teristics (power, emission bandwidth, receiver minimum detectable signal,

and receiver selectivity) guided the selection of transmitter-receiver sepéra-
tion distance and adjacent channel utility criteria for the interference
threshold in the reassignment analysis.

The models are organized to provide resource availability impact in
relation to communications accessibility. These are operations event models
based on the operations functions described in Section 3.1.2.

Subsequent paragraphs present discussions of communications equipment
technical characteristics, the organization and usage of the master data file,
and the organization of the yard operations and communications models.

3.2.1 Railroad communications equipment technical characteristics
In this section, curves of typical transmitter spectrum levels, receiver

response, and signal propagation characteristics are presented. Two data sets
are developed from this information that show the desired transmitter-to-receiver
distance vs. adjacent channel transmitter distance for safe operation (Figure
3.16) and the minimum distance to an undesired adjacent channel transmitter to
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break squelch (Figure 3.17). These data aﬁd the railroad radio equipment T
specifications listed in Table 3.1 support the conclusions regarding perform- :
ance penalties from operating with reduced VHF channel capacity, and the

establishment of distance and frequency separations utilized for the reassign-

ment analyses.
The Federal Communications Commission (FCC) sets rules and regulations

and issues licenses to operate radio equipment for specific use and at desig-
nated locations. Ru]es and regulations for ra11road radio services are con-
tained in the Federal Commun1cat10ns Commission Rules and Regulations, Vol. V,
" Part 93 - Land Transportation Radio Service, Subpart H - Railroad Radio Ser—
vices. Technical Standards for the Land Transportation Radio Serv1ces are
described in Subpart C.

Provisions to license for several types of stations (base, mobile, fixed
and mobile relay), within several frequency bands, and for various emissions
are defined in the rules and regulations. Because the main emphasis of this
study and report deals with the railroad radio service in the VHF band, it is
primarily the regulations which govern operation in this band that are discussed
here. Pertinent information includes frequencies and channels, type of emissions,
and emission limitations, compiled from the cited FCC documents and typical FCC
licenses. This material is supportive to the analysis and interpretation (in
the next sections) of the frequency assignment constraints and potential inter-
ference programs, and contains a listing of performance specifications of
various types of railroad radio equipment.

A recent ruling by the Federal Railroad Administration on Radio Standards
and Procedures (Part 220) establishes operating procedures and regulates the
specific utilization of radio transmissions in support of train movements.
Included are terms of definitions consistent with raiiroad operations usage.
This rule is published in the Federal Register, Volume 42, Number 18,

January 27, 1977.
VHF Channels
Ninety-one frequencies are available for railroad radio service. These

frequencies are between 160.215 MHz and 161.565 MHz, spaced at 15 kHz intervals.
The FCC allocation of these frequencies is in paragraph 93.352 of Vol. V on
page 264. It is reproduced here to provide a list of these frequencies:
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"93.352 Frequencies below 952 MHz available for base and mobile sta-
tions.

(a) Base and mobile radio stations used for emd-to-end, fized
point-to-train, or train-to-train communications in comnection with the
operation of ratlroad trains over a track or tracks extending through
yarde and between statioms upon which trains are operated by timetable,
train order, or both, or the use of which is govermed by block signals,
may use the following frequencies:
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160.215 4160.560 5160.905 3161. 250
160. 230 4160.575 3160.920 3161. 265
160. 245 4160.590 5160.535 3161. 280
160. 260 4160.605 3160.590  3161. 295
160. 275 160.620 3160. 965 3161.310
160. 290 160. 635 5160. 980 3161. 325
160. 305 160. 650 3160.995 3161. 340
160. 320 160. 665 5161.010 3161. 355
160. 335 160. 630 2161.025 3161.370
160. 350 160. 695 5161. 040 2161. 385
160. 365 160. 710 5161.055 . 2161. 400
160. 380 160. 725 8161.070 2161. 415
160. 395 160. 740 5161. 035 %161. 430

4160, 410 160. 755 5161.100 2161. 445
4160. 425 160. 770 8161. 115 2161.460
4160. 440 160. 785 2161.130 2161. 475
4160. 455 160. 800 %161. 145 2161. 490
4160.470 - 160.815 8161.180 2161.505
4160. 485 160. 830 8161. 175 2161.520
4160. 500 160. 845 $161.190 2161.535
4160.515 8160. 860 8161. 205 2161. 550
4160. 530 ®160.875  3161.220 %161.565
4160. 545 5160. 890 2161. 235



1 (Reserved) .

21n Puerto Rico and the Virgin islands only, these frequencies are not
avatlable to stations opérating in the Ratilroad Radio Service.

Srhie frequency is available on a shared basie with remote pickup
broadeast stations in Puerto Rico and the Virgin Islands. _

Yrhis frequency is shared with the Special Industrial Radio Serviee in
Puerto Rico and the Virgin Islands. All applications for the assigrment
of a new frequency or to change existing facilities in such a manner. as
to require frequency coordinatiqn, as specified in paragraph 93.9 hereof,
for stations in Puerto Rico or the Virgin Islands, shall be accompanied
by evidence of interservice frequency coordination.”

Frequency Stability and Emissions

Regarding frequency and emissions, the rules cover several ranges of fre-

quencies. For this report, however, only tolerances and 1imits applicable to
the 160.215 to 161.565 MHz band are of interest. The following paragraphs
define, in part, these regulations:

1)

2)

A licensee shall maintain the carrier frequency of each authorized trans-
mitter within the following percentage of the assigned frequency in the
50 to 450 MHz band:

a) all fixed and 0.0005 percent
base stations

b) all mobile over 3W 0.0005 percent
stations 3W or less 0.005 percent

Unless otherwise provided, stations will be authorized to use only
A3 or F3 emission for radiotelephony. The authorization to use A3
or F3 emission will be construed to include the use of tone signals
or signaling devices whose sole function is to establish- and
maintain communications between stations. An A3 designation
indicates amplitude modulation (double sideband) and F3 indicates
frequency (or phase) modulation. Emission limitations for these
services are given below.
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3) The maximum authorized bandwidth for all type A3 emissions is 8 kHz and
the maximum authorized bandwidth and maximum authorized'frequency devia-
‘tion for type F3 in the 150 to 450 MHz band are 20 kHz and 5 kHz, respec-
tively. , , .

4) The power which may be used by a station in these services shall be no
more than the minimum required for satisfactory technical operation com-
mensurate with the size of the area to be served and local conditions
which affect radio transmission and reception. Except where the maximum
power that may be used on a particular frequency is specifically desig-
nated in connection with the use of such frequency, the maximum power
that will be authorized for the 100 to 470 MHz band is 120 W maximum
plate power input.

Many other specific and 1imiting statements are contained in the rules and

regulations cited, but are not reproduced here.

3.2.1.1. Technical characteristics analysis
The consequences of a loss of one-third of its present spectrum would be

"either the "doubling-up" of railroad communications cn the remaining VHF fre-

quencies or the removal of all railroad operations to another band, presumably
UHF. As an aid to studying and analyzing this impact, several graphs and
figures are presented and discussed in régard to the emission and propagation
characteristics of the VHF band. -
Spectrum Level of Transmitters

The several curves in Figure 3.12 show relative emission levels as a

“function of frequency (referenced to the center frequency) for various modula-
tions and transmitters. Curve (a) gives limitations of emissions as specified
by the FCC. Curve (b) traces the average voice spectrum resulting from +5 kHz
modulation bandwidth. Curve (c) shows the spectrum that results from tone
modulation using a +3 kHz modulation bandwidth. A typical transmitter noise
spectrum is shown by curve (d). Curves (e), (f), and (g) show, respectively,
the upper limits of spurious and harmonic emissions for 2 W, 5 W, and 40 W
transmitters. These levels are from manufacturer's specifications.
Receiver Response Curves

The response curves in Figure 3.13 give relative signal~amplitude in dB
as a function of frequency (offset from the center frequency) for various
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receivers and measurement methods. Curve (a) defines the response curve for
Westinghouse Air Brake Company (WABCO) portable equipment in the 2 or 5 W
transmitter range and curve.(b) defines a similar response for WABCO equipment
in the 10-40 W transmitter fange. Curves (c) and (d) show selectivity of a
modern mobile FM receiver as determined by the one-signal selectivity 20 dB
quieting method and the representative two-signal selectivity SINAD method.
The two-signal selectivity SINAD measurement methods produced curve (c).

SINAD (the ratio of audio signal + noise + distortion to noise + distortion)
fs measured using two signal generators. One signal generator operates at
the desired signal frequency and the other signal generator produces interfer-
ence effects. The procedure for producing the one-signal 20 dB quieting curve
(d) is to first note the quiescent noise level and then increase the generator
signal output level until a 20 dB audio output is measured.

Propagation Curves

The FCC Rules and Regulations contain a smooth-earth propagation curve
which is adequate for calculation of general service area contours based on a
receiving antenna height of 30 ft, for frequencies in the 156-162 MHz band .
and an effective radiated power of 1 kW. The propagation curves in Figures
3.14 and 3.15 are the FCC propagation curves modified and extended to represent
40 W radiated power and a 12.5 ft antenna, and to include the range 0.2 to 2
statute mites from the transmitter.

~ Figure 3.14 shows field strength as a function of distance for free space
and various antenna heights. Data as shown are for the receiving antenna
heights indicated, using a 30 ft transmitting antenna (the functions of the
receiving and the transmitting antennas could be reversed and the results
would be the same). The 30 ft antenna is typical of a yard installation and
the 12.5 ft antenna height represents a short antenna mounted on a locomotive
or caboose. The 100 ft and 200 ft antenna heights from the original (FCC
graph), represent various coastaT antenna elevations. They are equally useful
for this study to represent antennas mounted on hills or tall buildings for
railroad communications.

The data in Figure 3.15 are similar to those of Figure 3.14, covering
the 2 to 100 mi range.
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Table 3.1. Railroad Radio Equipment Speciﬁ‘cations..

Cabooses Trucks

Frequency Stabilfity

+ 60°C (+25°C ref)

+ 60%C (259C ref)

f

iocomotives Cabooses Base Stations Maintenance Equipment
Hand-Held Portable Mobile/Portable Cabooses Business Cars Business Cars Automobiles
GENERAL
Input Voltage 12.5 vbC 13.8 ¥DC/12.5 VDC  72/13.6 VDC 36/13.6 VOC 117 VAC/13.6 VDC 13.6 vDC
Standby Current --- --- 0.15A/0.33A 0.52A/0.33A 10 VA/0.33A 0.13A
Transmit Current -—- --- 2.1A/7.8A 4,3A/7.8A 130VA/7.8A 7.6A
Battery Life 8 Hours 8 Hours --- -—-- ) -——- -——-
. Weight 1 1bs 5 oz 7 1bs 2 oz 23 1bs 23 1bs 28 1bs 19 1bs
Dimensions. 6.8"x2.58"x1.5" 1.87"x6.5"x8.9"  —---e- 10-5/8" x 16-1/8" x 3-11/16" -ecua- 10-5/8" x 13-3/4" x 3-11/16"
No. of Frequencies 1to6 1Ttod = cemcmeeo 1t0 12 commcean J to 4 1 to 12
Frequency Range - 132-174 MHz 132-174 W2 L. -- - 148 to 174 WMz
TRANSMITTERS
RF Power (Output) 2.0 0or 5.0 W 25W (mobile) - 10 - 40 W (adjustable) =eeecmecucccmacccccccmmacavann
: 84 (portable)
Spurious & Harmonics > 46 dB (2W) & > 63 dB ——- = =B85 dB emccmmcmmiececmecemccamcecaa
. >50 d8 {5W
+ 0.0005% - 30°C to 0.0005% - 30°C to  -ev-ceececnon- + 0.0005% - 30°C to + 65°C (28.5°C ref) cmmmmemmmmeceeeeneaen

Modulation s+ 5 kHz (16F3) + 5@k¥zkguration -------------- + 5 kHz = 100% @ 1000 Hz
. z
FM Noise & Hum - R R T — 65 dB below 66% modulation ----
system deviation .
RECEIVER
Sensitivity 20 dB quieting 0.50uV 20 dB quieting 0.35uV  ----ccceceeo 20 dB quieting 0.50uV
12 dB SINAD 0.35uV 12 dB SINAD 0.25uV = --c-occcmvaoo EIA SINAD 0.350V  ccmmmmvecmcmarcenen
Selectivity EIA SINAD -70 dB EIA (2 signal) = eceeeemmeeoo EIA SINAD <100 dB at ¢ 30 KNz
-80 dB + 30 kHz
Intermodulation > -60 dB R PR SRR EIA SINAD -80 dB
Spurious & Image
Rejection -60 dB -85d8 000 eeemmecmeeeo -100 dB -- _
Squelch Sensitivity 0.25uv 0160 eecoman-- Adjustable; 0.25uV at threshold -------
Audio Qutput 0.6 W & 8Y distortion 5 W < 10% distortion  <ececae-e- 10 W into 80 @ 1000 Hz with less that 5% distortion =--------
Modulation Acceptance + 7.5 kHz + 5 kHz i - + 7 kHz ——-
- F i)
— ~ ~ — , e > -~ N . _— } — - \) lj\ —_— ~
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3.2.2 Environment data and models
3.2.2.1 Master file organization

Two major tasks in the study of radio communications for the railroad
industry were 1) to identify and describe the current railroad use of land
mobile communications in the 160.215-161.565 MHz band, and 2) to analyze the
effect of the loss of all or part of 33 channels from the 160.215-161.565 MHz
band. Because of the data structures, testing procedures, and analytical

techniques used, this section is restricted to a discussion of the analysis of
data obtained from the Federal Communications Commission's (FCC) listing of
railroad service licenses, an FCC listing of maritime service licenses in the
150.250-162.0125 MHz band, the Association of American Railroads' (AAR) tables
of frequency use assignments, and an inventory of mobile radio equipment in

~ use by the industry as determined from the 1974 AAR survey. These analyses

resulted in a definition of use and distribution of licenses and equipment,

the establishment of a procedure for the reassignment evaluation and an assess-
ment of that task. Similarly, an evaluation and assessment of the channel
sharing with the maritime industry was made.

The FCC 1isting of railroad service and maritime service licenses contains
authorizations issued through mid-year, 1975. The AAR frequency assignment
plan used for this analysis was current for the same year. Although neither
data file contained the most recent changes, the two files were compatible with
each other and for the purposes of evaluating the effect of reassignment and
frequency sharing, the files were very adequate. A similar confidence is
placed on the data regarding distribution analyses. The approximate 100-500
changes processed per year represent about one percent of the more than 15,000
Ticenses contained in the working files. The distribution data presented in
Appendix C is-based on 1975 data.

The following paragraphs describe the data organization, the data retrieval

processes, the evaluation criteria, and a discussion of the results obtained.
Data Resources

The data required for this study, as outlined above, came in different
formats. The listing of licenses for railroad service and for maritime service
was obtained from the FCC on magnetic tapes. The AAR frequency assignment plan

and the equipment inventory data were obtained from the AAR Communications and
Signal Office in printed handbook form.
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Also, particularly in the FCC license listings, the records contained ’

data that were not essential to the analyses to be performed and records not
in the frequency bands of .interest or geographic areas of interest. Thus,
various data sorting and ordering routines were used to create working files
pertinent to the study requirements. All the records were converted and stored
on magnetic tape in a format compatible for reading and processing with the
- CDC-6600 computer at the Department of Commerce Computer Facilities at Boulder,
Colorado. The methods and tasks undertaken to create the data files, to
_accomplish the testing and data displays and to perform the preliminary analyses
are described. Detailed explanations of the file organization and format, and
the test elements are given when considered helpful in the discussion of the
task objectives and results.
.The Railroad Mobile Radio Licenses

When an application for a mobile radio license by a member railroad (which
is'coordinated through the Communication and Signal Section of AAR) has been
approved by the FCC, a license is issued to the railroad company as an author-
jzation for that company to operate radio equipment in accordance with the
general rules and regulations for Land Transportation Radio Services and in
accordance with the specific items entered on the license. Further use desig-
nations are recorded in the Frequency Assignment P]an'(FAP) through coordina-
tion with the AAR. Magnetic tape records of all issued licenses are maintained
by the FCC.

The specific information contained on the licenses and stored on the FCC

magnetic tape was read from a copy of the FCC magnetic tape and the data were

" converted to a format compatible with the CDC-6600 and some existing computer
data processing programs. The format used was an IRAC standard format called
the Non-Government Master File (NGMF). This format uses a control item in
each record which identifies the contents of the record and character position
of specific information in the record. This technique permits the use of
variable record lengths, with a subsequent saving of tape or file space. -

Typically, the information contained in a license record would include:

1.  frequency of operation, |

2 number of transmitters (mobile stations),

3. type of emission, ‘

4 input power (watts),
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5. name of licensee,
mailing address of licensee,
7. location of transmitters (fixed location),
a) city
b) state
c) latitude
d) longitude
8. area of operation (mobile or temporary locations),
9. name of radio service,
10. class of station,
11. antenna characteristic (if applicable),
a) elevation of antenna site
b) antenna height above ground
c) elevation of support structure
12. special conditions (i.e., precautions regarding adjacent
channel interference, etc.), and
13. date of issue and expiration.
A1l these items were retained in the VHF railrnad radio service master files
compiled for this study. However, only the frequency, railroad name, state
name, latitude and longitude were recorded in the working files to be discussed
later. . _

In the retrieval and conversion process, from the FCC magnetic tape to
the CDC-6600 master file, only the licenses designated "LR" for railroad
service were obtained. A total of 18,128 licenses were so designated, including
licenses in all allowable bands (HF, VHF, UHF, and microwave). These licenses
were further sorted by bands and a total of 15,071 were contained in the VHF
band of interest to this study (14,895 licenses in the 160.215-161.565 MHz
band and 176 licenses at 161.610 MHz). These were authorizations to operate
as base stations, mobile stations or combinations of base and mobile stations.
The Maritime Mobile Radio Licenses

The FCC rules and regulations for the maritime radio service are contained
in Volume IV, Part 81 - Stations on Land in the Maritime Services and Alaska
- Public Fixed Stations, and Part 83 - Stations on Shipboard in the Maritime

Services. The VHF frequency bands listed for maritime mobile services are as
follows:
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Band gMsz Class of Station

1. 156.250-157.0375 Coast and Ship -
2. 157.1875-157.450 Ship

3. 160.575-161.625 Coast

4. 161.775-162.0125 Coast

The initial search of the FCC tapé* under the maritime (nature of service)
symbols:
M = coastal group, B
MA = marine auxiliary group, \ -
MK = Alaska group,
MR = marine radiolocation land, and
] MS = ship group,
produced a file containing 19,280 licenses. This file was later reduced via
geographic and frequency band limitations to a file containing 16,550 licenses.
The information contained in each license record is very similar to the
contents of the master file in the NGMF format. These data were used in the
analysis to explore and evaluate a concept of frequency sharing between rail-
road and maritime users. The study and results are discussed later in the ‘
report.
Frequency Assignment Plan

The FAP is both the record and the reference for specific use assignments
of railroad mobile radio, whereas the FCC Ticenses authorize operation in a
particular territory. The FAP provides the details of use and limitations
associated with that use. The two main classes of radio are train service
and general. Radio for train services includes end-to-end communications,
point-to-point communications, mobile relay service and right-of-way communi-
cations. The general service includes Cohmunications in such activities as
switching, car inspection, police functions, etc. A1l of these communication
functions are in support of safe and efficient train movements. Train service
has priority over general service, and end-to-end and point-to-train communi-
cations have the highest priority within the train service. This priority is

*The tapé is a record of the non-government file containing fixed-base and
mobile authorizations for operations in specific states or in the United

States. It does not include approximately 274,000 authorizations in this
'band for ship radio stations.
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accomplished chiefly through frequency use assignments and through cooperative
non-interference practices. The FAP, in its present form, does not readily
facilitate spectrum utilization analysis. A computerized data bank affords
much more flexibility for processing to determine distributions by railroad,
use functions, number of licenses, etc.

The FAP is structured by territory. Specific assignments are given by
state, groups of states, or areas within a state. A section of the handbook
is maintained for each territory. Al1 individual railroad use designations

-are listed for each of the 91 channels. Specific footnotes and comments re-

garding general use limitations are also listed. An example from one section
of the handbook is shown in Figure 3.18.

To generate a computerized data file of the records in the FAP, a card
was punched for each entry. Frequency, channel, railroad and use information
plus all comments were transferred to the cards. This file was used in con-
junction with the FCC license file to form working files for the train service
and for general service.

The Radio Equipment Inventory

The 1974 AAR mobile radio equipment survey was conducted to develop inven-
tory to. determine the potential of spéc;rum use based on the number and type
of equipment owned by the member railroads for each channel in which they were
licensed to operate. The results of this study produced a handbook organized
by channel, with listings of the railroads and the number of units owned for
each type of equipment. The categories of equipment were multiple channel
radio (extra crystals for a mobile radio), mobile radio stations, and base
stations. An example page from this handbook is shown in Figure 3.19. These
data were also computerized by entries from punched card. Each record con-
tained frequency, channel, railroad, equipment type and quantity information.
This data file was used in the analyses of usage and distribution of licenses
and equipment.

The Raiiroad Radio Data Working Files

Among the requirements for the channel reassignment evaluation was a re-
ordering and listing of the licenses into subgroups. For this study, the
term "subgroup" is used to identify all the licenses issued to a given railroad
at a given frequency for either train service or general service. Working
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ANl footnotes are listed in General Section of FAP.
)
*See “Areas” in General Section of FAP.

Figure 3.13. An example of the contents and structure of the frequency
assignment plan. - )
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CHANNEL 6 160.380

* Mobile Base

Long Island Railroad Company 121 492 30
Belt Railway Company of Chicago 9 133 5
Western Maryland Railway CO. 8 2
B&0 Railway Company ) 10
Western Pacific o 360 136
Florida East Coast Railway Company 2 3
Trona Railway Company . 17 1
Apalachicola Northern 19 3
Burliington Northern | 50 26
Louisville & Nashville Railiroad Co. 318 |18
Penn Central Transportation Co. 6 6
Cuyahoga Valley Railway Company 17 l
Butte Anaconda Pacific Railway Co. 6 1
Norfolk & Western Rwy. 6 127 12
Chesapeake & Ohio Railway 1
Chicago, Rock Island Pacific Railroad ' 2
Seaboard Coastline Railroad 11
St. Louis-San Francisco Rwy. 1
Southern Pacific , 10
Washington Metropolitan Area Transit

Authority 2
*Multiple Channel Radio TOTAL 169 1,537 158

Figure 3-]9- A Samp]e page fr‘om the mObi] . R .
handbook . e radio equipment inventory
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files for train service and general service were built to fulfill this require-
ment. The structuring procedures and data contents are discussed in the fol-
lowing paragraphs.

The information needed to test any given license for reassignment is
contained in the frequency, railroad, state, use, and location coordinate
information. Because all of these data existed in neither the FCC license
files nor in the FAP, an interaction of the two data files was required to
compile a file that uniquely grouped the licenses by frequency, railroad and
use. i} )

The data common to both files that is needed in the reassignment test are
the frequency, railroad and state information. Consequently, it is necessary
to match the FCC records to the FAP records and the composite of the two would
produce a record of frequency, licensee, state, use and location of operation.
A computer program was written to perform this task. The comparisons described
above were made and each license grouped into either the train service working
file or the general working file. The flow diagram of the computer program is
shown in Figure 3.20. Of the 15,071 licenses processed, 11,177 were designated
for train service and 3,894 for general service. All licenses authorizing
operation on the same frequency are grouped together within each file. A
second Tevel of ordering within the frequency group is by railroad (licensee).
Discussion of procedures and analysis for reassignment is in the next section.
An example of a working file is the listing in Figure 3.21. This list is of
the train service licenses for channel 14(160.620 MHz). This group of 46
licenses contains 8 subgroups. The contents of the listing are given at the
top of each column - namely, frequency, state, railroad, latitude (degrees,
minutes, seconds), longitude (degrees, minutes, seconds), call sign, service
class, expiration date, the number of licenses in the subgroup and the home
office (city).

The service class designations in Figure 3.21 are "FB", "MO", and "DM".
The most common designations are “FB", indicating a base station, and "MO",
indicating a mobile station. Each license issued for base station operation
received location coordinates that define its point of operation and subsequent
coverage area. Those licenses authorizing the operation of a mobile station
received no location coordinates and are authorized for operation within a
state, area, or other territory designation. These are generally issued for
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MASTER WORKING FILE PROCEDURE

C START

READ
FCC and
FAPC FILES

I=I+1

SORT STORAGE

FILE BY FREQUENCY
RAILROAD and STATE

13

BUILD SUB-BLOCKS
and WRITE TO
PERMANENT FILE

READ ALL
FCC LICENSES
NIt BLock

READ-
ASSIGNMENT
from Ith
FAPC BLOCK

END of FAPC.

WRITE ALL Ith
MATCHING

LICENSES TO

STORAGE FILE

A

" FIND FCC
LICENSE WHICH
MATCHES STATE
and RAILRDAD

S

license working files.
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Frequency _—

tate -Longitude -

ailroad . lass

{RLatdtude all Sign T ]Expiration
160.62dGACIRR31459500850552K0Y857 FB780209
160.,520GACIRF KOY857 MO740209
160,620CO06GWR 4325301045357KCR547 - FB?270320
161.62GCO6GWR 4320091045352KCR602 FB8770329
160.,62CC0GKR 40C39351050456KCRE39 FB778920
160,625CNGKRE 4323511050321KCR598 FB77C320
160.620C06HR L328321J345338KCR600 FB7.70320
165.620C0GWR KF6791 MO77G329
160.620C0GWR 4G24CR1053341KSLB93 FB751104
160.,0620NJLV 47424 (074CBLOKFZ538 FB751207
16G.628USLV - KH2916 MO730510
160.62CUSLYV : K@6194 MO73C208
16C.Hh2CMEMEC 4405C60701135KCESL6 FBBOGL24L
16C.620M=MEC L416920695003KCESLT FB800424L
160.620MEMEC 4357410695453 KCESLE FB8OOW2&
160.620MEMEC 4344380701919KCESSE  FB8JCe24
16C.A2CMEMFC 4LLB130685649KCESLS FBBIC0L24L
160.620MEMEC 4435160693759KCE552 F3830424
160.620USMEC KC3073 M0800424
162.620M05LSF32653300915820KTG643 FB76032°
162.520M0SLSF3833220912355KLW265 FBT76C816
160.527MOSLSF371346230931855KW0633 . FBBUC203
1€0,520M0SLSF3713360434952KVI6nd FB786710
160.62C00KSLSF3EI7L4399€64] 1CKUIBEZ6 FBT70811
16C.62C00KSLSF3609230355925KXD279 FB790826
160.62G00KSLSF3609237355325KXN279 FB79C826
160 .820USSLSF KAB119 MO760224
164.620ILS00 KNS52G6 MO7590617
165.62CILS00 4150080374CN0KN5206 COM
160,622U5S00 KC32646 MO780416
160.620PAURFE 4D22320795121KGCT768 FB76092¢E
16J.620PAUFF 45150193795213K68375 FB420513
160.H27TPAURR 4{24500795320KG6A849 FB76C129
16C.Hh2CPAUFR 4023380795128KGFEYD FB 800528
16C.620PAUNE 4722510795016K0Y781 FB790213
170« H2GPAURKR 4725200 7%5405KJZ933 FB780503
163.627PAURR 472J5807%5654LKCYT38 FB73G533
16L.62CPAUKRE (285607947 30KJZ2931 FB74G503
16T7.62CNVHP L (58501174L22KOH403 FB730226
16G.62CNVHP  L353131154506K0E26% FB79C0219
16L.6250USKWP KOL508 FB78(228
16G.82C0USKWP KA3SC3 MO773503
162,620U3uWe KA3502 MO7d022¢
1654622UTHP  T41151122726KQL302 FB720219
162.62WTWF 474552111 5344K0NL1) FBTB8C226
162, 620UTWP 4243456114 020LKOHLOI FB74C226

Size of Subgroup
[}City
2CEDAR SPRINGS
CEDAR SPRINGS
7DENVER
DENVER
DENVER
GENVER
DENVER
DENVER
DENVER
3BETHLEHEM
BETHLEHEM
BETHLEHEM
7PORTLAND
PORTLAND
PORTLAND
PORTLAND
PORTLAND
PORTLAND
PORTLAND
8SPRINGFIELD
SPRINGFIELD
SPRINGFIELD
SPRINGFIELD
SPRINGFIELD
SPRINGFIELD
SPRINGFIELS
SPRINGFIEZLD
SMINNEAPOLIS

MINNEAPOLIS
SPITTSBURGH
EAST PITTSBURGH
FITTSBURGH

EAST PITTSBURGH
PITISBURGH

EAST PITTSBURGH

EAST PITTSZURGH
EAST PITTSBURGH
8SAGRAMENTO
SACRAMENTO
SACRAMENTO
SACRAMENTO
SACFAMENTO
SACRAMENTO
SACRAMENTO
SACRAMENTO

Figure 3.21. A working file of train service licenses in channel 14.
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operation on or near a railroad company's lines within a state or, if desig-
nated for "US" operation, for use over the entire 1line within the contiguous
United States. The third service classification "DM" is not a formal service
class as defined in the FCC rules. Rather, it is a convenient designation
utilized only in these working files and serves to designate an area of opera-
tion for mobile licenses in the reassignment analysis. A1l licenses designated
"DM" are artificial and are cbnsidered only in the area compatibility testing.
They are not tallied for potential transfer or retained in any other data files.
Approximately 1,150 mobile Ticenses were reviewed to determine their dummy
"DM" license requirements. The "DM" licenses were added to the working files
only in those cases where inadequate area testing would result if they were not
used. '
3.2.2.2 _Reassignment assessments

This section describes the analyses and presentation of the results of
exercising the data files to reassign the challenged channels into the remain-
ing 58 channels for comparable railroad operations, and the potential for
maritime frequency sharing. The presentation on utilization of“the railroad
mobile VHF band is found in Appendix C.

Railroad License Reassignment Analysis

A primary objective of this project was to assess the feasibility and
impact of channel reassignments that might be required if channel space in the
operating band were lost. Specific ground rules were established for this
evaluation. The channels designated as challenged were in the band from 160.620
through 160.980 MHz and from 161.460 through 161.565. These bands included

channels 14 through 26 and 42 through 46T. An additional channel (here desjg-

nated 46) is a grandfathered frequency assignment at 160.610 MHz, which, for
this evaluation, is considered among the challenged channels. The remaining
58 channels in frequency bands 160.215 through 160.605 MHz and 160.995 through
161.445 MHz are all unchallenged and become candidates for additional assign-
ments.

The conditions for reassignment eligibility are: 1) that all licenses
in a fkequency-railroad subgroup pass eligibility tests in order fbr the entire

subgroup to be eligible, 2) that no challenged frequency can be reassigned

within 50 miles of an existing assignment on the same frequency, and 3) that
there must be a two-channel separation for reassignment of train service
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licenses. This means that all challenged licenses are tested in a cluster
concept; the cluster being the candidate channel and both of its-adjacent
channels. The 50-mile separation criteria is evaluated using a great circle

- distance calculation or equivalent. The latitude and longitude values provide
data for this calculation. The 50-mile separation affords non-interference -
for normal use and installations. |

The drawing in Figure 3.22 illustrates the test for distance separation
between a station operating on an existing frequency assignment in an area and
a station in the same area which is being considered for reassignment to the )
same frequency. If the'distanqe between the stations is 50 miles or greater,
the two stations can be operated on the same frequency. It was not necessary
to actually calculate the distance (by great circle distance equation) in all
cases. An economy of computer process-time was realized by first comparing
the respéctive latitudes and/or longitudes of the two stations. If the diffek-
ence exceeded a given value (as shown in Figure 3.22), the 50-mile separation
distance was assured. ~ '

The cluster-concept for testing in channel reassignment and sharing is
illustrated in Figure 3.23. The data in the square on the 1eft illustrates a
candidate channel that may be challenged. The channel number, frequency and
subgroups are identified. The number adjacenf to the railroad abbreviation is
the number of Ticenses assigned to that railroad. The numbers in the small
square on the right represent the number of licenses respectively assigned to
train service and general service in the designated unchallenged channels.
These channels are identified by the numbering to the right. The rectangle
formed by the broken line enclosing the small squares, identified "1T", "1",'
and "2T", defines the c]uéter to be processed in the test for eligibility of
reassignment of a challenged channel, such as 15, to the new frequency occupied
by channel 1. The computer process to evaluate the potential of reassignment
of channel 15 Tlicenses to the channel 1 frequency is shown in the flow-diagram
of Figure 3.24.

In the process, each license in a challenged subgroup‘is tested in the
order that it appears in the file against each license in the unchallenged
cluster, (also in the order that they appear) until either a license fails or

~they all pass.' The test is for 50 miles station separation. If they all
(1icenses in a sUbgroup) pass, the frequency of channel 1 is acceptable for
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SEPARATION DISTANCE TEST

_ 1079 106° 1050 1040 1030
<= 140 M]» '
f yyo
=70 M1
431024 l

@ 1060905 | 430

420

410

@ 402311 | |
< 1040321 | 400

Given: Station locations (:) and (:)

*Tests: 1)

3)

*Only one test

Figure 3.22.

The stations are cdmpatib]e, if the latitude difference
is greater than 10.

The stations are compatible, if the longitude difference
is greater than 1.59,

The stations are compatible, if the greater circle
distance is more than 50 miles.

need be passed to permit reassignment.

An explanation of the separation distance test for
two stations.
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-REASSIGNMENT TEST PROCEDURE

TRAIN SERVICE TRAIN SERVICE ~ GENERAL '
% S |
15 160,650 . B Bt
AMTK - 1 o - |
ATSF - 327 e L o

BN - 218 oL187 B | ‘

RO - 2 5 - 1

DH- 1 T .

DMIR - 5 r | ,

DS - 4 | 213 1y 2T 3
FEC - 18 ! | , -
166 - 1 e S
LEF - 3 [T .
sou - 78 A

P 3 I
TOTAL - 663 L |
. 1 24 3T
1.
(_110 225 | 3 '

Figure 3.23. The cluster concept of testing for channel reassignment
or channel sharing.
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FREQUENCY RE-ASSIGNMENT PROCEDURE

C o

READ TS
and G
WORKING FILE

INCREMENT
CHALLENGED
| CHANNEL COUNTER|

CHAL
COUNTER

> # CHAL
CHANNELS
ANALYZE ?
CONTROL WORDS,
and ASSIGN

READ CHALLENGED
CHANNEL'S LICENSES
FROM WORKING FILE.

INCREMENT
UNCHALLENGED
CHANNEL COUNTER

UNCHAL

COUNTER
> # UNCHAL
CHAN;IELS

SKIP T0 ' READ UNCHALLENGED
NEXT CHANNEL CHANNEL'S LICENSES
IN CLUSTER FROM WORKING FILE

Figure 3.24. A flow diagram for channel reass1gnment evaluation
(cont. on next page).
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DISTANCE CHECK PROCEDURE

SUB-BLOCK

FAIL BEFORE

ON UNCHAL

CHANNEL
f,

YES

MORE
LICENCES
WITHIN

SUB- BLOCK
?

GET ONE LICENSE
SKIP TO NEXT . FROM SUB-BLOCK.
SUB-BLOCK WITHIN BEGIN 50 MILE
CHAL. CHANNEL SEPARATION CHECK
ON LICENSE

LICENSE FAIL
50 MILE CHECK
?

NO

!
O

FLAG SUB-BLOCK AS
FAILING AGAINST
CURRENT UNCHAL.
CHANNELS AND

ADJACENT CHANNELS

v

PRINT FAILURE
LICENSES and
MILES SEPARATION
for USER

Figure 3.24.(cont.) A flow diagram for channel reassignment evaluation.
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reassignment to those licenses. If one fails in the process, the testing is
stopped, the channel 1 frequency is determined to be unacceptable in the reas-
signment process, and a new cluster is read in for testing. Again, a certain
economy of process time and cost is achieved by only testing a cluster until a
failure is detected. It efficiently accomplishes a first screening of all the
challenged channels for potential reassignment within the unchallenged channe]é.

The -results of this first screening of train service.licenses (to determine
the potential of transfer) of the 34 challenged.channe]s is shown in Table B-1
(Appendix B). The individual Tists (by channel) in the table are organized -
as a matrix (challenged subgroups vs. unchallenged channels). A number at a
column-row intersection indicates that the frequency of the unchallenged channel
(row) is suitable for replacement to the Ticenses in the challenged subgroup
Because no licenses were assigned to channel 19T for train services, it was
omitted from the table.

The number of unchallenged channel frequencies determined to be suitable
as reassignﬁent frequencies for the various challenged subgroups, varies from
none (0) to all (58). A total of 40 subgroups were not eligible for reéésignf
ment to any of the unchallenged channels. - Most of these contained a large
number of licenses. The 1argeét subgroup to pass the eligibility test was a
subgroup of 69 licenses assigned to the DRGW on channel 24(160.920 MHz).
Acceptable reassignment frequencies for channel 24 were determined to be
160.440 MHz - Channel 8, 160.560 MHZ - Channel 12, and 160.995 MHz - Channel
27T. This first screening test determines only eligibility. An actual attempt
at creating a reassignment plan would require a series of assignment-retesting
runs. Rather than proceed with such a plan, an analysis of the process and

assessment of the magnitude and impact of such a process will be given.

A summary of the number of total Ticenses and subgroups, of the numbers .
of licenses and subgroups that passed, and of.the number of licenses and sub-
groups that failed are shown in Table 3.2. This summary shows that the 33
channels tested contained 227 subgroups and 4,084 licenses. Of these, 187
subgroups passed (983 licenses) and 40 subgroups failed (3,101 licenses). This
screening test indicates that nearly 75% of the train service licenses cannot
be readily reassigned to any of the unchallenged frequencies, within the con-
straints of two-channel separation and a 50-mile distanceAbetween‘stations. A
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Table 3.2.

Summary of First Level Testing

(TRAIN SERVICE LICENSES)

TOTAL PASSED FAILED
‘ * SUB NO. OF SUB NO. OF SUB NO. OF .
CHANNEL FREQUENCY GROUPS LICENSES GROUPS LICENSES GROQUPS LICENSES

14 160.620 8 45 8 45 0 0
15 T 160.635 1 1 1 1 0 0
15 160.650 13 663 10 40 3 623
16 T 160.665 1 2 1 2 0 0
16 160.680 4 24 3 11 1 13
17 T 160.695 5 18 -4 14 1 4
17 160.710 6 19 6 19 0 0
18 T 160.725 2 11 1 7 1 4
18 160.740 11 2717 9 45 2 232
19 160.770 17 155 14 48 3 107
20 T 160.785 6 25 6 25 0 0
20 160.800 <11 417 10 55 1 362
21 T 160.815 1 2 1 2 0 0
21 160.830 8 118 - 7 89 1 29
22 T 160.845 5 12 5 12 0 0
22 160.860 5 55 5 55 0 0
.23 T 160.875 3 6 2 3 1 3
23 160.890 11 177 10 24 1 153
24 T 160.905 3 10 2 7 1 3

24 160.920 12 240 11 94 1 146 -
25 T 160.935 7 145 3 5 4 140
25 160.950 17 494 14 96 3 398
26 T 160.965 1 3 1 3. 0 0
26 160.980 13 60 11 49 2 11
42 161.460 5 198 3 15 2 183
43 T 161.475 1 28 0 0 1 28
43 161.490 9 94 7 75 2 19
44 T 161.505 2 5 1 1 1 4
44 161.520 10 206 8 64 2 142
45 T 161.535 4 11 4 11 0 0
45 161.550 15 358 12 58 3 300
46 T 161.565 2 29 1 1 1 28
46 161.610 8 176 6 7 2 169
TOTAL 227 4084 187 983 40 3101
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similar screening of challenged channel subgroups for general service was per-
formed and the results are given in Table B-2 (Appendix B). A summary of these
results are shown in Table 3.3.

The next stép in the assessment process was to rank the train service
subgroups by the number of potential frequencies available for reassignment.
These results are shown in Table B-3 (Appendix B). The first 40 entries in
this table are the subgroups that failed at all frequencies. These are fol-
Towed by those that passed at only one frequency and so on. A review of this
data suggests further ana]yses’in the attempt at reassignment and also points
to further barriers. -

The only possibility for reassignment of the 40'subgroups (3101 Ticenses)
that failed at all the unchallenged frequencies, is to relax or alter the
conditions of reassignment. One consideration, which was tested on a sample
basis, requires a second level of testing. The‘procedure is to,test the sub-
grﬁup against all licenses in a cluster instead of only until one license
fails. If none of the failures occurred against train service licenses, and

'if some adjustment in the general service assignments of select unchallenged

frequencies can be made, a possible assignment frequency could be found. Of -
course, any adjustments other than a few general licenses, would be a task
such that a complete reassignment assessment‘shou1d be considered. An evalua-
tion of the potential of this process and the results of some select testing
are discussed later.

A further look at Table B-3 shows that there are some unchallenged fre-
quencies which seldom pass as candidates for reassignment and there are some
which pass more often than average. This is not unexpected, but it does in-
crease the potential for even more subgroups not passing the reassignment
tests. As an example, the section in Table B-3, where a subgroup has only one
potential frequency for reassignment, six subgrbups passed on channel 10. If
one of these subgroups is selected for reassignment (such as LI-21), then before
any of the remaining five subgroups can be reassigned, those licenses must be
tested against those that were previously reassigned. Thus, it is conceivable
that several more subgroups would be added to the first 40 that did not pass,
due to the initial reassignment attempt. \

~The block diagram in Figure 3.25 shows the steps in a progressive analysis
of the frequency reassignment. The two upper blocks summarize the result of
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Table 3.3. Summary of First Level Testing

(GENERAL LICENSES)

" TOTAL ' PASSED FAILED

SUB NO. OF SUB NO. OF SUB NG, OF
CHANNEL FREQUENCY GROUPS LICENSES  GROUPS LICENSES GROUPS LICENSES

14 160.620 17 67 15 55 2 12
15T 160.635 5 7 -5 7 0 0
15 160.650 18 . 50 15 37 3 13
16T 160.665 6 9 6 9 0 0
16 160.680 16 98 14 33 2 65
17T 160.695 S22 4 1 2 1 2
17  160.710 11 53 10 48 1 5
18T 160.725 3 10 2 4 1 6
18 160.740 14 91 12 86 2 5
19T  160.755 6 13 4 8 2 5
19 160.770 15 50 13 45 2 5
20T 160.785 4 8 4 8 0 0
20 160.800 12° 45 1 32 1 13
21T  160.815 6 8 5 6 1 2
21 160..830 11 48 8 20 3 28
22T 160.845 5 17 4 15 1 2
22 160.860 13 60 10 25 3 35
23T  160.875 6 36. 6 36 0 0
23 160.890 14 142 11 55 3 87
24T  160.905 4 6 .4 6 0 0
24 160.920 16 43 13 32 3 11
25T  160.935 5 7 5 7 0 0
25 160.950 20 109 16 30 4 79
26T 160.965 6 17 4 5 2 12
26 - 160.980 15 69 13 34 2 35
42 161.460 9 113 7 34 2 79
- 43T 161.475 4 15 4 15 0 0
43 161.490 13 62 11 31 2 31
44T  161.505 5 27 5 27 0 0
44 161.520 14 43 13 35 1 8
45T  161.535 6 17 .5 16 1 1
45 161.550 19 68 17 64 2 4
46T 161.565 9 30 8 . 29 1 1
TOTAL 329 1442 281 896 48 546
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FREQUENCY REASSIGNMENT ANALYSIS

N SERVIC
227  SHR-GROIIP
4084 LICENSES

- 757 FAILED

(40 SUB-GROUPS)

40 SUB-GROUPS

SELECTIVE CLUSTER

TEST

b ——

5 SUR-GROUPS

(NO REASSIGNMENT POTENTIAL)!

RELAY SEPARATINN DISTANCE
INTERNAL ASSIGHMENT

Figure 3.25.

ADJUSTMENT (RAILROAD)
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the screening tests for both train service and general license groups. The 1F%
middle block shows that, through selective cluster testing, possible reassign-

ment frequencieg may be located, but such a reassignment would entail additional
testing and reassignment of unchallenged general subgroups. The lower block

shows that there are at least five subgroups that exhibit no reassignment :
potential without even further concessions, such as a relaxation of separation
distance or internal channel adjustment among licenses issued to the railroad
company of the subgroup in question. Even these measures would only make

possible further selective testing and not guarantee reassignment potential.

An example of the selective cluster testing is given using the results of S
the Channel 15 reassignment screen testing. The data in Figure 3.26 show that
subgroups 2, 3, and 12 were unassignable to all 58 uncha]]enged channels. A
diagnostic printdut from the screening test shows which licenses in the un-
challenged channel a subgroup failed and the separation distance of these \
stations. The tabulation of this information in Figure 3.27 readily shows
where further testing (complete cluster test) is feasible. In this figure, a
triangle identifies the unchalienged channel candidates for further testing
for each of the three subgroups. At this stage, an exhaustive test of all
candidates was not necessary since for each subgroup only one reassignment fre-
quency need be identified. However, this reassignment process has built-in
reiterative testing requirements and, as a result, any practical é1ternative
reassignment options may be exercised. | .

Subéequent cluster testing disclosed potential reassignment frequencies
for the three subgroups. The candidate channels and additional unchallenged
frequency adjustments required to effect such reassignment are shown in the
data of Figure 3.28. A reassignment of subgroup 2 ATSF(327) of Channel 15
would require an adjustment (reassignment) of the general service license
KIN 910, issued to the Kansas City Terminal Railroad (KCT) on Channel 27T
(161.010 MHz). The subgroup containing KIN 910 has two licenses. A similar
action is required for the subgroup containing general service license KXM
782, issued to the Western Pacific Railroad (WP); A further interpretation of
the chart indicates an adjustment in two general service subgroups of Channel
31 containing 12 licenses in order to reassign train service subgroup 3 of
Channel 15 to Channel 31. If sUbgroup 12 of Channel 15 were to be reassigned
to Channel 8, adjustments in two general subgroups of channel 8 and one subgroup
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REASSIGNMENT TEST RESULTS

CHANNEL 15 663 LICENSE 13 SUB-GROUPS
(160.650) (TRAIN SERVICE)

AMIK ATSF__BN __BO DH_DMIR DS FEC__ICG. LEF LNW SOU_ SP

1
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Figure 3.26. Reassignment testing for channel 15.
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Figure 3.26.(cont.)

Reassignment testing for channel 15.
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REASSIGNMENT. TEST RESULTS

CHANNEL 15 3 SUBGROUPS THAT FAILEb
(160.650)
ATSF-327 BN-218 sou-78
TS G . TS G. TS G
01T * BN-44.0 SCL-45.1
01 * ' " DMIR-38.5
02T** ATSF- 6.5 CG-43.5
02 * S00-35.3
03T *
03 * UP-20.7 UP- 6.6 BS-31.6
04T * '
04 * SP-43.9 RI-38.0 LN-38.2
05T * , .
05 * KCS-34.1 DMIR-49.5 MB-23.8
- 06T *
06 * WP-17.3 <4 BN-37.0 <4
07T * 4 <4 SCL-31.3
07 * MP-46.7 4  BN-31.8 4
08T * 4 <4
08 * MW- 9.3 , 4 LN-30.1
09T * ' CNW-35.7 4
09 * MP-46.7 ] 4
10T * 4 d  susF-32.1
10 * SN-40.9 4 BN-31.3 4
11T * 4 .
11 * BO-12.7 4 By-6.2 SLSF-32.1
T 12T * ' '
12 * ATSF-41.1 SI-31.3
13T * AAW-19.8
13 * SERA-46.8 BN- 0.0 IN-39.4
14T * ' 4
27T * < -

Figure 3.27. Reassigmﬁent test diagnostics for subgroups 2 (ATSF-327),
3 (BN-218), and 12 (SOU-85).
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27 * <4 KCT-37.1 BN-31.1 ICG-46.3
28T *

28 * CNW-19.3 R | BN-22.5

29T * SCL-34.6
29 * ATSF- 0.0 VSL-25:6

30T *

30 * ATSF- 6.5 BN-40.6 SCL-48.9
31T * o ‘

31 * DRGW-41.1 - d BN-31.5  SLSF-43.2
32T * <

32 *  (Cs-27.7 4 BN- 0.0 SLSF-48.6
337 * .

33 * 1ICG-31.8 _ 1CG~-19.0 ' ICG-32.4
347 * .

3¢ * RI-11.0 ' 4

35T * _ <4 CcsP-18.1 SLSF-32.1
35 *  CW-42.3 4

36T * ,

36 * I€G-31.8" 1CG-19.0 , CHU-49.6
37T * :

37 * SP- 5.0 4 BN-42.3 WA- 0.7
38T * '

38 * RI-13.7 . DMIR-33.9 |
39T * o 4 S00-0..0
39 * ATSF- 0.0 S00-29.7 ‘
40T * ' » . . WA-40.5
40 *  SP- 3.0 MNS-31.6

41T * . SCL~37.6
41 * MILW-14.7 : MILW-45.6

42T * ' 4 BS~31.3

Figure 3.27.(cont.) Reassignment test di'agnostics' for subgroups
2 (ATSF-327), 3 (BN-218), and 12 (SOU-85).
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RE-ASSIGNMENT TEST RESULTS

CHANNEL 15 ' U GED GER -
(160.650 MHz) ADJUSTMENTS
1.  SUB-GROUP 2 . 277
- ATSF (327) A, CHanNeL 27 (161.010)
- 4540 MoBILE : o KCT KJN 910
- 290 Base SuB-GrouP - 2 LICENSES

"~ (15 MoBILE UNITS)

B.  CHANNEL 27T (160,995)
o WP KXM 782 _
SuB-GRouP - 2 LICENSES .

2. 'SUB-GROUP 3 3
BN (218) A, CHanneL 31 (161.130)
- 198 MoBiLE o BN KYF 398 .

SuB-GRouP - 5 LICENSES
(22 MoB1LE, 2 Base)

o SP KCK 728
SuB-GRouP - 7 LICENSES
(46 MoBILE - 2 Base)

3, SUB-GROUP 12 ~ 8

SOl (78) A)  CHanneL 8 (160,440)
- 9 MoBILE . 0 LN - (13 Licenses)
- 61 Base . - SuB-Group - 21 LiCENSES

(402 MoBILE, 18 BASE) .

o SCL - (€ Licenses)
Su-Group - 16 LICENSES
(1 NOBILE;hS BAsE)

B) - ChanneL &T (160.425)
o BS - KA 2688
- SuB-GRouP - 2 LICENSES

(3 MoBILE, 1 BAsE)

ngure 3.28. Unchallenged frequency adjustments required to assign
: channel 15 subgroups 2, 3,-and 12.

85




!.."
: ]

of Channe1 8T are required. A total of 39 licenses could be involved in

this adjustment. This reassignment philosophy is to make adjustments in general
service subgroups in order to find a channel for potential reassignment of
challenged train service subgroups.

Even so, this approach can only be carried so far. The diagnostic dis-
plays of the five subgroups in Figure 3.29 exhibit no'channels where further
cluster testing>is feasible. This means that either the process stops or
~ further concessions are reqdired. Concessions suggested were to reduce the _
separation distance and/or consider adjustments of channel use among the several
channel subgroup licenses issued to a railroad company. To illustrate this |
concept, those channels in Figure 3.29 where the fail distance was within 5%
of the 50-mile requirement are highlighted with a cifcle, and those channels
in the same figure where both the challenged license and the unchallenged
license which caused the subgroup to fail are issued to the same railroad
company are highlighted by a square. These symbols readily identify channels
where further testing is feasible. No actual testing was pursued because
positive results wou]d require adJustments similar to those displayed in FIgure
' 3.28. _

Prior to attempting analyses of the typés deséribed for reassignment of
the challenged train service and general license subgroups contained in Tables
3.2 and 3.3 additional display of data such as contained in Figures 3.27 and
.3.29 would be useful in establishing an order for analysis. These proceSses
are not readily adaptable to optimization routines, thus a manual procedufe is
suggested. The best chances of success might come from starting with the most
difficult subgroups and working toward the least difficult, performing all
iterative testing as required.

The analyses conducted in th1s section consisted of a screening test (re-
sults in Appendix B, with summaries in Tables 3.2 and 3.3) and a second-level
testing to assess the potential of train service subgroup reaSSignment at the
expense of general service subgroup realignment. Some cursory anaiysis was
conducted to identify procedures leading to reassignment as a result of relaxed
operat1ng conditions. Although the on1y exhaustive testing was for screening,
the overall indication has been that to attempt a reassignment of this magnitude,
with reduced constraints, would be an immense exercise with 1ittle chance of a
successful completion. This conclusion is based on the outcome of the screening
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Channel 20 Channel 23 Channel 25
PC-362 CNW-153 S0U-376
TS TS TS

oIT * ITCS 4.1 RI} 48,1 SCL-38.7
01 * ‘
02T * SoU- 1.7 SOU-41.0' AGS-41.9
02 * .
03T * .
03 * BO-35.9 UP-22.1 BS-27.3
04T * '
ggT : BO- 4.7 ' 49.9 LN-38.9
05 * RDG- 3.0 ITC-14.1 MB-30.7
06T *
06 * LI-40.0 BRC-22.6 FEC-40.1
07T * )
07 * BO- 4.7 CEI-27.2 BO- 5.5
08T * :
08 * @-46.7 NW-32.8 @ 47.9,
09T *
09 * BO-34.8 MP-44.5 BO-34.6
10T *
10 = SO0U-26.1 CIC-29.6 32.‘5 )
uT *
11 * BO- 4.7 MILW-36.5 SLSF-27.5
12T * <
12 * Pd-24.5 ALS-38.7 ALS- 0.7
13T * .
13 * DH-37.8 BN-16.0 SCL-29.4
14T *
27T *
27 * ICG- 5.3 I1CG-38.9 1C6-12.7
28T *
28+ GTW-35. 4 CNW}43.0
29T * . SCL- 0.2
29 pd-25.6 PC-35.1 o
30T * 1CG- 8.6
30 * 48.6 BN-32.2
31T * PBR-37.6
31 * [E}zs.s SLSF-42.9
32T *
32+ BO-34.7 BN-42.3 SLSF-33.6
33T *
33 * PRS-12.2 1CG-14.5 SLSF-27.5
34T
34 PC-37.9 RI-42.6 MSE-42.6
35T *
35 * CNJ-26.5 (:}49.5 ICG-38.1
36T *
36 * E:}40.7 1CG-14.5 1CG-17.0
37T * _ .
37 * CNJ-26.5 TRRA- 36.9 WA- 0.8
38T - * _
38 * 1CG-37.8 KI-12.6 ICG-44.0
39T *
39 IN- 9.4 49.6 IN- 8.8
40T *
a0  DH-37.8 BN-24.2 49.6
41T * _ ‘ :
41 = EE}24.7 MILW-34.5 WA-40.3
42T *

Figure 3.29.

Reassignment screen test diagnostic displays of subgroups
CH 20-PC(362), CH 23-CNW(153) and CH 25-SOW(78).
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Channel 46

Channel 42
1CG-161 RI-167
TS G TS

01T * 1TCr49.5 BN-30.4
01 * - U )
021 * SOU-17.0 &oU-45.5
02 * ‘
03T * -
03 * EEE-4:.: 1CG-41.0
04T * h— N

04 * LN- 0.8 RI-10.1
05T * -
05 = A1C-18.7 KCS-33.4
06T * : N
06 * BRC-12.8 BRC-12.1
07T *

7+ CE1-12.8 MP-42.8
08T *
08 = AR 49.1 ALM-40.9
09T * -~
09 * MI-38.4 MP-22.2
10T *
10+ SOU-33.3 BXN-23.3
11T * ~

1 x B0-47.1 SLSF-43.0
12T * :

12+ ALS-45.4 ATSF- 1.7
13T * ‘

13 * BN-19.1 1CG-40.0
4T
27T * —
27 1cG29.7 1CG-38.5
28T ¢ -
28+ CNW-24.0 MP-42.7
29T *
9+ (c:45.9 CNK-15.5
30T * :
30 * BN-23.3 1CG-10.5
31T *
31 =+ SLSF- 0.7 SLSF-40.6
327 *
32 0+ SLSF- 0.7 CS-16.4
53T * J—
33 o+ ICGr 0.6 1CG- 5.4
34T * —_
34 0* MSE-35.4 RI- 5.1
35T *
35 * LA-36.1 1C"-38.5
36T *
36 * CG-47.5
37T * -
37 * SLSF-13.0
38T * —
38+ RI- 1.9
39T * —
39+ 1N-46.9
40T * e
40+ SSW-42.6
41T *
41 > SLSF-30.8 SLSF-13.0
12T *

Figure 3.29.(cont.) Reassignment screen test diagnostic displays of

subgroups CH 20-PC(362), CH 23-CNW(153) and
CH 25-SO0W(78).
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tests and the fact that the process of reassignment is iterative. Seventy-five
percent of the train service licenses and thirty-eight percent of the general

service licenses failed the screen test, meaning that the only potential for
reassignment lies in the realignment of unchallenged general and/or train
service licenses. The iterative processing aspect means that each tentative
assignment leads to additional testing (increased potential for failure) as
further reassignment is attempted to a given channel. Convergence to a satis-.
factory situation is not indicated.

3.2.2.3 Communications models

3.2.2.3.1 Model applications

In order to assess accurately the use of radio frequencies for railroad
communications, computer models simulating events that take place in a rail-
road yard were built. The following paragraphs discuss in detail the applica-
tion, experiences, and results of modelling and of exercising those models.

The operations events relate to equipment movement and facility control.
For this requirement, the only functional element of interest is the associated
usage of the VHF channel resources. As indicated earlier, the organization of
the models must allow 1link identification for operational event with safety
and command/control impact criteria. The operations model includes primarily
only those events having identifiable linkages to frequency resources obtained
from the assignment tables.

Event modeling and computer simulation has wide application and can give
desired information on system management, operations, control and design. An
event model of a modern railroad yard could be accomplished showing communica-
tion support activities with given resource allocations, allowing these resource
allocations to be manipulated in the computer and the resultant effect on yard
operations could be evaluated. Once the model was completed, any number of
frequency allocation schemes could be excercised and studied to show yard
impact. In the yard model, frequency channel allocation would not have to be
the only yard resources that could be studied. For example, switch engines
could be resources, yard crews, or freight car unloading schemes could be
studied. This type of modeling and computer simu]ation_readi]y provides de-
tailed analysis of yard mahagement, command and control, yard safety, crew
efficiency, car movement efficiency, yard design criteria, and yard operations
priorities.
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3.2.2.3.2 Yard models

As discussed previous]y,'the various models were organized to demonstrate
the connectivity and priorities between operations and the VHF communications
resource. An important factor in building an event model is experience with,
and knowledge of, the system to be modeled. Expert advice must come from
those most familiar with the system. ITS personnel met with experts from
various railroad lines to develop the event flow diagrams of Section 3.1.2 of
this report. These event flow diagrams detail the connecting of operations of
a railroad yard with supporting communications activities. This allows fre-
quency assignments to be examined with regard to operations event priorities,
e.g., management, command and .control, yard safety, etc.

The Santa Fe's new Barstow, California, Classification Yard was chosen as
the yard to evaluate. This facility represents one of the most integrated
communications- operations capabilities having full operational status. Opera-
tional compromises in older facilities, because of reduced communications capa-
bility, should be greater than indicated by these model exercises. ' Personnel
from the Santa Fe line assisted in procedure definition as required for devel-

opment of the typical operations-communications time-line event diagram, part
" of which is shown in Figure 3.30. From that and the flow diagrams of Section
3.1.2, an event model was developed. The event model describes the. communica-
tions support events in network terms using a given symbol set. This network
model identifies each task to be performed, the resources required to perform
the tasks, states variables and the conditions that initiate interactions be-
tween variables and task performance. Once the model is developed, the simula-
tion program will automatically generate sysfem performance estimates. The
modeling problem considered was to determine what the impact of reducing the
number of channels assigned to the Barstow Yard and the effect on the various
operations, and to examine the possible frequency sharing schemes among.the
remaining communications ‘channels.

The system description of the yard included the characteristics of the
‘resources required, the tasks performed by the resources, the precedence rela-
tions among tasks, the flow of information through the system, and the effects
of environmental stressors on task performance.
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The SAINT Simulation Program was used to analyze the system model. This
js a queuing type program which shows what resources are being used, what tasks
they are performing and which tasks are waiting for resources to complete their
job. The basic element of the network model is a task. The graphical symbol
used to portray tasks in this model is shown in Figure 3.31. Three basic
functions are associated with each task:

1) release of the task (satisfying all predecessor requirements);

" 2) performance of the task and associated operations, and

3) identification of potential successor tasks.

These functions are described by an input side, a task description, and an out-
put side. The task of Figure 3.31 is assigning a switch engine to work in the
departufe yard. The time assigned to accomplish this task is given by decision
set 60 which is assigned to task 60. The time assigned to the decision sets
may be some constant value or may be represented by probability distribution.
There are eleven distribution types available in SAINT; some of which are nor-
mal, uniform, triangular, Poisson, lognormal, etc.

The resources (RESR) available to this task are frequency channels 8, 9,
10, and 18 which are assigned to switch engines 4, 5, 6, and 7, respectively.
The frequencies of switch engines are selected in order as they are freed by
the simulation program. This task is assigned one of the idle channels or waits
until one of the channels is freed. The code STAT on the task description, sets
the statistics that will be kept at this node. In this instance, it tells the
program to mark the time of release of this task and sets internal statistics
on time as assigned by decision set 60. The output of this task is determin-
istic and all output arcs are released. The task output characteristics can
be deterministic, conditional, or probabilistic. For any task in a SAINT net-
work that is defined as a statistics task, the program obtains estimates of the .
mean, standard deviation, minimum and maximum value of time that resources are
busy, and prints a histogram associated with the statistical quantity to be
observed.

A portion of the network in SAINT symbol set, showing some of the activities
in the receiving yard, is displayed in Figure 3.32. This represents only 16
tasks of the 144 tasks that make up the total network model. The type of sfa-
tistics desired from the program give the time delays that trains will experi-
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- MODELING COMCEPTS

NUMBER OF REQUIREMENTS FOR FIRST RELEASE OF THIS TASK

LABL ASSIGN SW, ENGN, MOVE
TIME DS, €0

£6

6
RESR | @: 8, 9, 10, 18 L
STAT | MRK, REL, IHT STA
N - |
TASK | TASK | TASK
CINPUT | DESCRIPTION | OUTPUT

“NUMBER OF REQUIREMENTS FOR SUBSEQUENT RELEASE OF THfS TASK

Figure 3.31. ‘Graphi‘c symbol for network model.
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ence in various areas in the yard as fewer frequency channels are available to
assist in the flow of cars through the yard.

The actual exercises of the model and output will be discussed in Section
3.3.2. _
3.3 Communications Capability Evaluation

3.3.1 Yard model exercises

The yard model, as described in Section 3.2, was designed to give statis-
tics to show the effect of frequency channel reduction on the flow of cars
“through a modern railroad yard. The network model was built around Santa Fe's
Barstow, California, Classification Yard. A form of time-l1ine diagram of
communication events was completed to help understand the timing and occurrence

of communications activity within the yard, a portion of which was shown in
Figure 3.30. This helped to establish the "decision set" for tasks and commu-
nication channel resources described in the yard model section, as they relate
to yard operations. Once the decision sets were completed and resources
assigned, the yard model was exercised.

~ There are 18 frequency channels allocated to the Barstow yard. The yard
assignments of these frequencies are shown in Figure 3.33. The yard model was
exercised under six different frequency allocation schemes as follows:

1. The original resource allocation given in Figure 3.33.

2. Resource reallocation #1 - all car inSpector communication events to
be carried out on the Diesel Shop channels (Channels 11 and 12 to Channels 13,
14). '

3. Resource reallocation #2 - in addition to the car inspector functions,
all maintenance communication events to be carried by the Diesel Shop channels
(Channels 11, 12, 15 to Channels 13 and 14).

4. Resource rea]]ocat1on #3 - in addition to above, removal of Channel
#9 assigned to switch engine #5. Switch engine #5 must share frequencies
Channels 8, 10, and 18.

_ 5. Resource realiocation #4 - In addition to all above, removal of
Channel #7 assigned to switch engine #3. Switch engine #3 must share frequency
Channels 5 and 6.

6. Resource reallocation #5 - In addition to all above, removal of
Channels #6 and #18 assigned to switch engines #2 and #7, respectively.

Switch engines 1, 2, and 3 must share frequency Channel #5. Switch engines

4, 5, 6, and 7 must share frequency channels #8 and #10.
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VEHICLE

CHAN |  FREQ ASSIGNMENT

F1 160.650 | ROAD

F2 161.370 | WEST YARD

F3 160.560 | EAST YARD

Fa 161.145 | MAIN HUMP

F5 161.250 | SWITCH ENGINE #1 WEST

F6 161.280 | SWITCH ENGINE #2 WEST

F7 161.340 | SWITCH ENGINE #3 WEST

F8 160.530 | SWITCH ENGINE #4 EAST

F9 160.770 | SWITCH ENGINE #5 EAST

F10 | 160.275 | SWITCH ENGINE #6 EAST
F11 | 161.565 | CAR INSP BASE REC

F12 | 160.440 | CAR INSP BASE XMT

F13 | 161.190 | DIESEL SHOP RPTR XMT

F14 | 160.215 | DIESEL SHOP RPTR REC

F15 | 160.980 | MAINT 8 SUPVY

UHF | 457.925 | HUMP ENG CONT

F16 | 160.260T | PBX 3 RPTR (161490R)

F17 | 160.335T | PBX 4 RPTR (161460R)

F18 | 160.605 | SWITCH ENGINE #7 EAST

SIG INSPECTOR

MOBILE ~ ASSMT | FREQ EQPTD
' TERM SUPT 1-2-16-17
© TRAINMASTER 1-2-16-17
SIG SUPVR 1-15-16-17
ROADMASTER 1-15-16-17
SECTION FRMN 1-15-
SIGNAL MAINT 1-15-
COMM DEPT TRK #1 | 1-15-16-17
COMM DEPT TRK #2 | 1-15-16-17
MESSGR VAN | 1-2-3
'ENGR DEPT 1-15-16-17
CONST ENG 1-15-16-17
CREW CALLER 1-3-2-
COMM ASSTENG 1-15-16-17
COMM ASST ENGR 1-15-16-17
COMM DIV LINEMAN | 1-15-
SUPT OF SHOPS 1-15-16-17
ASST SUPT OF SHOP . 1-15-16-17
ASST ROADMASTER | 1-15-16~17
1-15-

Figure 3.33. Channel allocation to Barstow yards.




The results of the model exercises are shown in Figures 3.34 through 3.39.
In Figure 3.34 are shown receiving yard tasks which have to do with movement
of trains into the receiving yard. These particular tasks use the road fre-
quency and mainly include communications with the road power as the train
arrives. Actual task descriptions are given in Figures 3.41 through 3.54.

The delay time "T" is shown in minutes at the left. The trains are programmed

to arrive at the yard in the following fashion: _

) From 6:00 a.m. to 9:00 a.m., one train every 20 minutes.

0 From 9:00 a.m. to 5:00 p.m., one train every 40 minutes.

0 From 5:00-p.m. to 8:00 p.m., one train every 20 minutes.

0 From 8:00 p.m. to 6:00 p.m., one train every 2 hours.
This arrival rate produced 35 trains per day into the yard which is the average
for Barstow. The highest arrival rates are between 6:00 a.m. to 9:00 a.m. and
5:00 p.m. to 8:00 p.m., which is based on actual peak arrival times at Barstow.

The program is set up to run the 35 trains-per day through the yard for 30 days;

It can be seen in Figure 3.34 that there is little effect on delay times
in these entry tasks caused by the frequency sharing. Only resource realloca-
tion #5 seems to have any large effect and this causes waiting time to drop.
This was expectéd from the model since it is not designed to tally the number

of trains waiting for track assignment on the main line for entry into the yard.

As the number of communication channels decreases, the remaining resources are
so busy with tasks in other areas of the yard that the actual number of trains
that could get track asSignment in the receiving yard drops and, consequently,
the entry tasks are not as busy. '

In Figure 3.35, the tasks are those that require the car inspector channel
for communications. Here, the removal of the car inspector channel and subse-
quent use of the diesel shop channel for car inspector functions shows a
significant jump in average waiting time. There is some random change in "t"
as the other resource-reallocations are made. In the case of CI tasks 31, 32,
and 33, the trend.is toward increased waiting time until the reduced number of

resources are tied up doing tasks in other parts of the yard and trains are not

coming into the yard in a normal flow. At this point, the delay for car in-
spector function drops simply because there are fewer trains getting into the
yard to inspect.
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Figure 3.36 shows most dramatically how those functions in the receiving
yard are affected by reduced allocation for tasks which involve switch engine
assignment and movement coordination. The waiting time for resource availabil-
ity is almost negligible for the original resource allocation. It was felt
that the average delay "t" should increase exponentially as these tasks were
required to share fewer and fewer channels. As can be seen in the bar graphs,
the increase in "t" does indeed follow what appears to be an exponential '
function. The greatest "t" occurs in task 28, which is assignment of a switch
engine to pull the rear section of a train being doubled into the receiving
yard. This varies from an'ayerage waiting time at 3 minutes for the original
allocation to 63 minutes waiting time for resource reallocation #5.

Humpyard activities are shown in Figure 3.37. It shows the activities
that are tied to those communications functions supporting hump engine and
‘switch engine movement coordination in the humping process. Again, the shape
is that of a somewhat modified exponential curve. Tasks 45, 48, and 50 have
to do with those communication activities that support the actual humping of
trains, such as communications between the humpmaster, hump engine, hump con-
ductor, pinpuller, etc. Tasks 47 and 49 are the communication support activi-
ties involving switch engine "pull moves" in the hump and mini-hump, and are
not as busy for the equivalent times as the actual hump activity. It can be
seen that the real significant delays come with those channel allocation reduc-
tions that support switch engine movement as would be expected. -

Figure 3.38 shows tasks that support facility control and car inSpector
functions in the departure yard. Tasks 63, 64, and 80 are car inspector
support communications and show significant increase in waiting time as they
share the Diesel Shop channel. An additional delay in ability to access the
shared channel 15 noticed with the addition of maintenance support sharing.
Again, as in the receiving yard, a reduced delay for reallocations 4 and 5 is
seen, caused by reduced ability of trains to move freely through the yard as
command and control functions become paralyzed by lack of communication capa-
bility.. There are simply fewer trains entering the departure yard for car in-
spection. _ | '

Tasks 57, 60, and 69 in Figure 3.39 are those tasks which represent com-
munication support to switch engine movement in the departure yard. Here, again

the basic shape of the average delay, as the frequency channels are removed, is -
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that of an exponential. Task 60 is only used 10% of the time so does not have
the statistical base that tasks 57 and 69 have where each train entering the
departure yard gets_communication support. ' '

As will be explained later, under Section 3.3.3, the model, as dimensioned
here, will not show every use of communications in the yard. There are some
_ 140 network nodes in the existing model. This constitutes a very complex net-
‘ﬁ work and will adequately show the trends which the average delay time will take §

G

as communication resources are removed. It has been shown that modern railroad
yafds use and need communications for efficient operations. For those tasks
jnvolved with communications support to switch engine movement, full channel
availability is critical. Again, one must keep in mind that this model is
patterned after what could soon be the most modern and efficient yard in the

. country. If a comparison were made to a yard where there is no hump and all i
car movement must be powered by switch engines, it is not hard to imagine delays >§
building up to intolerable levels much sooner than at Barstow. |

The network tasks giving the communication function they perform are listed
in Figures 3.41 through 3.54. These tasks, when compared to the event flow
diagrams of Section 3.1.2, will. show almost parallel actions. There are some -
events that are unique to Barstow, but thjs'model could easily be modified to
match almost any modern classification yard. Other statistics or variations of
resources could be used to give further detail as to the operation of the yard.
The results given here are those that give information on the effects of fre- -
quency channel impact on yard operations. A copy of a portion of computer out-
put from SAINT is presented in Figure 3.40, which shows the type of data (aver-

age value) used to produce the bar graphs given in this section.
3.3.2 Shared service evaluation

An alternate to channel reassignmeht of railroad license subgroups, as ‘
discussed in a previous section, might be a sharing of frequency channels i

between members of the railroad industry and the maritime industry. This could
be a utilization of railroad channels by the maritime users, or utilization
of maritime channels by railroad users, or a combination of both on an assign-

ment schedule that precluded interference.

The techniques for determining the feasibility of frequency sharing between
these two industries can be the same as described and used in the previous
sections. The procedure would be to create a working file of maritime frequen-

| | | | 105
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Task No.

TASK DESCRIPTIONS

SIMULATION CONTROL

Description

Begin simulation.
Started automatically by SAINT.

When completed, simulation will end and final
statistics reports will be printed.

When completed, arrival of trains to Barstow will
be changed to the low rate (DS,8).
Started automatically by SAINT.

When completed, arrival of trains to Barstow w111
be changed to the high rate (DS,7).

When completed, arrival of trains to Barstow w111 be
changed to the low rate (DS,1).

When completed, arrival of trains to Barstow will
be changed to the high rate (DS,7).

Figure 3.41. Task descriptions of simulation control.




ARRIVALS AT BARSTOW

Task No. Description.
7 Begins the arrival process of trains to Barstow.
8 Generates all arrivals of trains at Barstow based
on the current arrival rate (DS,7; DS,8; or DS,1)
as determined by tasks 3, 4, 5, and 6.

: 9 Train arrives at enf}y block. )

' . . Receiving yard track is assigned.
! .
; 10 Train moves to receiving yard.

é{ 11 Train arrives at receiving yard.

i Engine service track is assigned.
i 12 Road power is uncoupled.

i _ 13 Road power has been uncoupled.

il _ Uncoupling is reported.

31 Car inspector foreman is alerted to incoming tra1n
He alerts CI and security crew.

;' 101 Train is being taken into receiving yard

jé‘ No other tra1ns may enter until train is in pos1t1on.
: 102 - Receiving yard is kept busy until train is in

j position.

Figure 3.42. Task descriptions of arrivals at Barstow.
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Task No.

38
39
40
41
42
43

44
76
82

83

Figure 3.43.

THROUGH TRAIN INSPECTION YARD

Description

CI and security crew make inspection report.

Mobile repair crew is called for minor repairs.

Mobile repair crew moves to train and affects repairs.
Mobile repair crew reports that repairs are complete.

Repair crew is alerted to major repair requirements.

Switch engine is-assigned, moves to train, and sets
cars requiring major repairs aside.

Through train is ready for departure.
Through train moves to through train inspection yard.

Car inspector foreman is alerted to incoming train.
He coordinates inspection by CI and security crew.

CI and security crew inspect train.

Task descriptions of through train inspection yard.




Task No.

14

15
16
17

18

19

144
145

DIESEL SERVICING

Description

Road power is moved to diesel service area, checked,
and serviced. :

Road power service report is made.

Road power is moved to ready yard.

Switch engine is assigned‘and moves to réady yard.
Engine requiring major repairs is removed and taken
to diesel shop by switch engine.

Road power is moved to ready yard.

Road power is moved to ready yard.

- Minor repairs are made.

"Call repaired unit from diesel repair>yard.

Road power unit is moved to ready yard after major
repair. .

Figure 3.44. Task descriptions of diesel servicing.




LY

20
21

' 22
| :
24
25

26

27

28

29

30

Task No.

RECEIVING YARD

- Description

‘Determines if train requires doubling.

Doubling is not required.

Crew pickdp is called for.

Crew is picked up and taken to receiving yard.
Doubling is required.

Switch engine is assigned and moves to receiving yard

for bringing train into receiving yard.
If doubling is required, this switch engine will bring

only first half of train into receiving yard.

Switch engine is coupled to train and brings it into
the receiving yard, clearing the switch.

Switch engine is uncoupled from train and moves to
standby area to await reassignment.

Switch engine is assigned and moves to receiving yard
if doubling is required.

This switch engine will bring second half of train
into receiving yard.

Switch engine is coupled to second half of train and
brings it into the receiving yard, clearing the switch,
after first half of train has cleared the switch.

Switch engine is uncoupled from second half of train
and moves to standby area to await reassignment.

- Figure 3.45. Task descriptions of receiving yard.




1 I r
l% : RECEIVING YARD P
N Task No. Description

84 Switch engine frequency 5 is kept busy until it is no

; longer needed.

i 85 , Switch engine frequency 6 is kept busy until it is
). | _ no longer needed. :

%' 86 Switch engine frequency 7 is kept busy until it is no

f longer needed

% 87 - Switch engine is no longer needed and may be reassigned.
i 88 | Switch engine is no 1enger needed and may be reaesfgned.
| 103 Tra1n is in position in the rece1v1ng yard.

Another tra1n may now enter receiving yard.

Figure 3.45.(cont.) Task descriptions of receiving yard.
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CAR REPAIR
Task No. - Description
32 Car inspector foreman coordinates inspeétion by CI and
security crew.

33 : Mobile repair crew is called for minor repairs.
34 Mobile repair crew moves to train and>affects repairs.
35 Mobile repair crew reports that repairs are complete.
36 - | Repair crew is alerted to major repair requirements.
37 Switch engine is aésigned, mvoes to train, and sets

. cars requiring major repairs aside.
77 CI and security crew inspect train.
78 CI andAsecurity crew make inspection report.

Figure 3.46. Task descriptions of car repair.




Task No.

45

46
47
18
49
50
84
85
86
89

90
91

CLASSIFICATION YARD

Description ;
Train is ready to be humped.

No other train may be humped until this train has been
humped. .

Hump master is assigned to hump this train.

Switch engine is assigned to hump.

Switch engine is assigned to hump.

Switch engine is assigned to mini-hump.

Switch engine is assigned to mini-hump.

See receiving yard task descriptions.

~ See receiving yard task descriptions.

See receiving yard task descriptions.

Hump master frequency is kept busy until humping operation
has been completed.

Train is humped.
Switch engines and hump master are no longer needed and

may be reassigned.
Another train may now be humped.

Figure 3.47. Task descriptions of classification yard.
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CLASSIFICATION YARD

Task_No. . Description
92 Train is mini-humped.
93 Switch engines and mini-hump are no longer needed and
- may be reassigned.
Another train may now be mini- -humped.
94 Humping operation has been completed.
Prepare to free resources.
95 Mini-hump -operation has been completed.
Prepare to free resources.
96 ~See classification yard to departufe yard descriptions.
97 See classification yard to departure yard descriptions.
98 See classification yard to departure yard descriptions.
99 See classification yard to departure yard descriptions.
104 Hump is kept busy until humping operation is completed.
105 Train is ready to be mini-humped.
No other train may be mini- humped until this train has
been mini-humped.
106 Mini-hump is kept busy until train is in position in

departure yard.

Figure 3.48. Task descriptions of c]assification yard.
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Task No.

51

52
53
54
55
56
57

58
59

60

Figure 3.49. Task description of classification yard to'departure yard.

CLASSIFICATION YARD TO DEPARTURE YARD

Description

Classification has been completed.
Departure track is assigned.

Determines if train requires doubling.

Doub]%ng is not required. |

Crew pickup is called for.

Crew is picked up and taken to classification yard.

Doubling is réquired.

~ Switch engine is assigned and moves to classification

yard for taking train to departure yard.

Switch engine is coupled to train and takes it to the
departure yard. .

Switch engine is uncoupled from train and moves to
standby area to await reassignment.

Switch engine is assigned and moves to classification
yard if doubling is required.

This switch engine will take second half of train to
departure yard.

o e e




Task No.

61

62
63
81
96
97
98

99

100

Figure 3.50.

CLASSIFICATION YARD TO DEPARTURE YARD

Description

§w1tch

engine is coupled to second half of train and takes

it to the departure yard after first half of train has
been moved.

Switch

engine is uncoupled from second hé]f of train and

moves to standby area to await’reassignment.

Car 1nspector foreman is alerted to outbound train.
He alerts CI.

Switch

Switch
Tonger

Switch
Tonger

Switch
longer

Switch
longer

Switch

engine is no longer needed and may be reassigned.
engine frequency 8 is kept busy until it is no
needed.

engine frequency 9 is kept busy until it is no
needed.

engine freugency 10 is kept busy until it is no
needed.

engine frequency 18 is kept busy until it is no
needed.

engine is no longer needed and may be reassigned.

Task description of classification yard to departure yard.
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DEPARTURE YARD | |
;? § Task No. - Description
é? 64 Car inspector foreman coordinates inspection by CI.
EE: 65 Mobile repair crew is called for minor repairs.
E%z 66 Mobile repair crew moves to train and affects repairs.
i; . 67 Mobile repair crew reports that repairs are complete. §
68 Repair crew is alerted to.major repair requirements. |
69 Switch enginé is assigned, moves to train, and sets
: cars requiring major repairs aside.
70 ' Cars are ready for‘departure.
N Crew pickup is called for.
. Road power is assigned.
72 Crew is picked up and taken to road power.
73 : Road power moves to train and'coupIes.
74 Switch engine is assigned and moves caboose from waycar
service area to train.
!g : 75 : Train is ready for departure.
%% 79 ! inspécts train.
I 80 - CI makeé inspection report.
| 108 Train is ready to enter departure yard.
;. ' No other train may enter until this train has.1eft.
% 109 - Departure yard is kept busy until train has left.
1 110 Train is in.position in departure yard.

Another train may now enter.

I Figure 3.51. Task descriptions of departure yard.
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YARD MAINTENANCE: MINOR PROBLEMS
Task No. . Description
112 Generates occurrences of minor problems.
113 Mobile repair crew is called. ;
- !
114 Problem is -in west yard. _ ;
Mobile repair crew moves to area. _ i
Track section is isolated. _ _ SRR
115 Problem is in east yard. _ é?
Mobile repair crew moves to area. _ 1
Track section is isolated. ' i
116 - Mobile repair crew affects repairs. : B
; % 117 - Problem was in west yard. ﬁ:
E Track is reported as ready. i
5 13
43 118 Problem was in east yard. ﬁ
- : Track is reported as ready. -
i’i, |
- b
3 Figure 3.52. Task descriptions of yard maintenance: minor problems. xﬁ
k A
4 :
73 b
;
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YARD MAINTENANCE: MAJOR PROBLEMS

Task No. - Description

84 See receiving yard task descriptions.
P 85 See receiving yard task descriptions.
86 , See receiving'yard task descriptions.
- 96 See c]ass1f1cat1on yard to departure yard task
descriptions.
97 See classification yard to departure yard task
descriptions.
98 See classification yard to departure yard task
descriptions.
99 See classification yard to departure yérd task
descriptions.
111 Generates occurrences of major problems.
119 ~ Major problem is reported to supervisor.

Engineering department is notified.
Track section is isolated. '
Need for heavy equipment is reported.

Figure 3.53. Task descriptions of yard maintenance: major problems.
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Task No.

120
2
122

123

12

125
126

127

Figure 3.53.(cont.)

YARD MAINTENANCE: ‘MAJOR PROBLEMS

Description

Prob]em is in west yard. _
Switch engine is assigned and moves to equipment storage

area.
Problem is in east yard

Switch engine is a551gned and moves to equ1pment storage
area. -

Switch engine moves equipment to prob]em area.

" Equipment is put in position.

Switch engine is uncoupled.

Equipment is reported as fn position.

Switch engine is no longer needed and may be reassigned.
Cre& effects repairs.

Train is mov1ng on adJacent track.

Crew leaves area.

Train on adjacent track is now in position.
Crew returns to work.

- Switch engine is requested to bring additional materials.

Taﬁk descriptions of yard maintenance: major problems.”
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Task No.

128
129
130

131
132
133
134

135
136
137

138
139

140

141
142
143

_Figure 3,54.

YARD MAINTENANCE: MAJOR PROBLEMS _ ?

Description

Problem is in west yard.
Switch engine is assigned.

Problem is in east yard.

“Switch engine is assigned.

Switch engine moves to material Storage area, obtains
required materials, and takes them to problem area.

Switch engine positions materials and uncouples.
Switch engine is no longer needed and may be reassigned.
Crew completes repairs.

Repairs are reported as complete.
Switch engine is requested to remove heavy equipment.

Problem was in west yard.
Switch engine is assigned and moves to area.

Probliem was in east yard. .
Switch engine is assigned and moves to area.

Switch engine moves heavy equipment to equipment storage
area.

Track is reported as clear.

Problem was in west yard. .
Crew pickup is called for.

PrébIem was in east yard.
Crew pickup is called for.

Switch engine is no longer needed and may be reassigned.

Track is reported as reopened.

" Need for additional materials is reported to super-

intendent of shops.

Task descriptions of yard maintenance: major problems.
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cies which isAdesignated as a challenged frequency complete with subgroups.
Then any or all of the current chalienged railroad channels could become the
unchallenged frequencies. Selected reassignment testing could be performed
resulting in preliminary analysis tables (such as 3.2 and 3.3 above) that could
be used for an initial evaluation and assessment of this plan.

Maritime mobile working files |

_ The frequency band definitions of the maritime mobile service and the con-
tents of the FCC tape are discussed in Section 3.2.2.1. This tape is a record_
of the non-government licenses containing fixed-base and mobile authorizations »
for operations in specific states or the entire United States. This does not
include approximately 274,000 ship radio station licenses in this band. These
additional ship radio station licenses are contained in the Marine Master File,
including both required and voluntary licenses.* The initial search of the
tape produced 19280 licenses issued to maritime service. When the Alaska group

had been removed, 16550 licenses remained in the file. Further listings of
these data show that licenses have been issued at'1200 different frequencies
to maritime users in the range from 1 MHz to 997.6 MHz. In the maritime mobile
service bands (see Section 3.2.2.1) between 156.250 and 162.0125 MHz, 60 channels
are indicated for a total of 8211 Ticenses issued. A 1isting of the number of
- Ticenses in each of the 60 channels is given in Table 3.4. The frequencies are
listed by file number because the formal channel designations, if they exiét,
are not known. The number of licenses per channel range from one to 3274. The
channel frequency at 156.800_MH2 with the 3274 licenses is designated for dis-
tress, safety and calling, indicating a utility frequency for emergency use.
As éxplained above, this file does not contain approximately 274,000 licenses
to ocean-going vessels in this frequency band. Even with this omission, the
file is adequate to demonstrate techniques of testing and the application of
the cross-services sharing. N A ;
These 8211 licenses were converted to a working file similar in form to
the train service and general service files of the railroad. These files con-
tain frequency, state, user abbreviation, 1atitudé and longitude, call sign,

*This information was obtained from Mr. R. E. Miehley of the FCC Aviation
and-Marine Division, Safety and Special Radio Service Bureau.
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Table 3.4. e ﬁg'rzit-,i me Mobile Service

File Frequency (MHz) Number File Frequency (MHz) Number
1 156.275 21 31 157.050 3
2 156.300 102 32 157.100 10
3 156. 325 6 33 157.150 3
4 156.340 "1 34 157.200 7
5 156,350 399 35 157,225 5
6 156,375 1 36 157.250 9
7 156.400 - 3 37 - 157.275 2
8 156.425 344 38 "~ 157.300 22
9 156,450 772 39 157.325 3

10 156.475 38 40 157.350 8
11 156.500 627 41 157.375 2
12 ~156.525 1 42 157.400 17
13 156.550 247 . 43 157.425 1
14 156.575 31 44 158.000 4
15 156.600 368 45 158.800 1
16 156.625 1 46 159.400 1
17 156.650 166 47 159.900 1
18 156.675 30 48 160.800 1
19 156.700 190 49 161.500 1
20 156.725 .50 50. 161.600 7
21 156.750 2 51 161.800 20 -
22 156.800 3274 52 161.825 6
23 156.850 13 " 53 161.850 18
24 156.875 2 54 161.875 10
25 156.900 533 55 161.900 97
26 156.925 27 - 56 161.925 6
27 156.950 240 57 161.950 30
28 156.975 177 58 161.975 2
29 157.000 2 59 162.-00 2
30 157.025 171 60 162.000 3
' TOTAL 8211
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class, expiration date, and subgroup information. A listing of file 26 is
shown in Figure 3.55. The user abbreviation is a Tetter-number combination.

The letter is the first letter in the user name and the three-digit number dis-
tinguishes that user from others with the same first letter. This procedure
was used to properly identify a user with different names on more than one
license.

The approximate locations of the licensees in this file are indicated on
the map in Figure 3.56.. This appears to be a typical distribution of licensees.
The number of licensees in a subgroup in the maritime files is generally much
smaller than for the railroad users. The subgroup size seldom exceeds 20 in
number and is,most often 1, 2, or 3 licenses in a group. The small subgroup
numbers are not unexpected, realizing that there are approximately 3200 licensees

~using the maritime mobile service. Again, recall that this file is of fixed-

base and U. S. or state designated mobile, only. |
Data analysis

An analysis suggested in the introduction of this section was to determine
the compatibility of licenses in'a maritime mobile channel for reassignment and
consequent sharing with one of the challenged railroad channels. Five channels
from the 60 in the working file were tested in a manner similar to the railroad
reassignment tests. These five were: ' '

1. File 10 - 156.475 MHz - 38 licenses )
2. File 14 - 156.575 MHz - 31 licenses |
3. File 18 - 156.675 MHz - 30 licenses

4. File 23 - 156.850 MHz - 13 licenses !
5. File 26 - 156.925 MHz - 1

27 Tlicenses

These five were selected partly on the basis of size (number of licenses),
being neither trivial nor enormous, and partly because they consist predomi-
nantly of fixed-base Ticenses. There is no information available at this time
with which to generate area limits to evaluate mobile assignments. Also, this
is only an exercise to demonstrate the feasibility of the sharing assignment
process and to briefly assess the contents of these files and their distribu-
tion. It is highly unlikely that transfers of licenses as demonstrated here
would take place. However, new licenses of distributions similar to those

125
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Frequency

Abbr

- 156.

413235

(MHz) . State Latitude Longitude
156.925 WA A142 474834 1222323
156.925 CA B023 333619 1175307
156.925 - PR 186 182782 0660508
156.925° FL €223 280300 0824712
156.925. MA €267 . 422159 0705859
156.925 MD G055 390504 0762522
156.925 cT G074 411319 0730249
156.925 ME HO74 435909 0690432
156.925 CA H134 334259 1180259
156.925 LA J0o3 302429 0903329
156.925 CA J069 408413 1221331
156.925 LA L002 295016 0900050
156.925 cT. ~L031 411429 0730353
156.925 MA M025 423359 0704639
156.925 IN . MI82 414326 0865425
1156.925 PR M197 182739 0660509
156.925 up P048 000000 0000000
156.925 NH P180 ' 430421 0704305
156.925 Wl P190 444434 0924739
156.925 FL RO27 294954 0851844
156.925 WI R062 464559 0905359
156.925 ME R092 000000 0000000 -
156.925 CA S091 333714 1175519
156.925 MA V051 422659 0705759
925 T W13 411054 0731234
156.925 CA 26 335047 - 1182635
156.925 MA W40 0703617

Figure 3.55.
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Company Name

Call Sign Class Date Sub-Group
KQu4a7 FC 791107 1 Anchor Boat Charters Sales
KSK249 FC 760318 1 Bahia Corinthian Yacht Club
KXE246 kC 791030 1 Club Nautico De San Juan
KTR834 FCL 800708 1 Commodores. Int]l Yacht Club '
KSK273 FC 760125 1. Cottage Park Yacht Club
KSK352 FC 760416 1 Gibson Island Yacht Squadron
KQu442 © FC 791211 1 Godfrey, John F. :
KXS249 FC 800509 1 Hewetts Island Corp.
KTA417 FC 760602 1 Huntington Harbour Yacht Club
KTD509 FC 771207 1 J.D. Hair, Inc. ‘
KVF862 FC 780725 1 Jones Valley Resort
KUF814 FC 780302 1 L.L. 0i1 Co., Inc.
KUF603 FC 770803 1 Land Sea Enterprises
KVL931 FC 781003 1 Manchester Yacht Club
KTR977 FC 77107 1 Michigan, City of
KWS619 FC 790620 1 Mike Benitez Marina, Inc.
MSP551 TP ] Part 83, Vol. IV, FCC RR
KQue37 FC 750527 1 Portsmouth Yacht Club, Inc.
KTA448 FC 760622 1 Prescott Marind, Inc.
KTR898 FC 770314 1- Raffield Fisheries, Inc.
KLG311 FC 760709 1 Reeds, Inc.
KQ9022 FC 790301 1 Rings Marine Service, Inc.
KUR855 FC 780523 1 Sea Air Systems Co., Inc.
KUF795 FC 770331 1 Volunteer Yacht Club
KUF598 FC 770803 1 Waldhaus Electronics
KUF742 FC 771106 1. Windjammers Yacht Club

FC 800505 1 Woods Hole Boat Sales, Inc.

KSK255

-Maritime mobile licenses - file 26.
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Ci86 PR-Puerto Rico
MI97 PR- Puerto Rico
PO48 HP - (Mobile)
RO92 ME - (Mobile)

Figure 3.56. Maritime mobﬂe file 26 (156.925 MHz) geographic distribution.




contained in these files could be placed among the railroad channels and oper-
ated without interference. This would put additional loading on the existing
railroad channel capacity.

The results of the frequency sharing analysis for file 26-156.925 MHz are
shown in Figure 3.57. This file contained 27 licenses, each as a single sub-
group. A1l of the subgroups passed one or more of the frequency tests. The
only subgroups to pass on all channels were the two mob11e‘assighments (which
were not properly tested) and the two Puerto Rico assignmenté (which under-
standably would pass). - : ' :

The composite results of the five channels tested are:

1. A total of 139 Ticenses were tested against the

33 railroad channels.

Al11 but one passed at one or mbre'frequencies. 
Nine of the 139 Ticenses are mobile and have no
coordinates assigned. |

4. Three of the 139 licenses are in Puerto Rico.

| 5. The largest subgroup contained 5 licenses.
6. A total of 124 subgroubs were tested.

Any or all of the remaining channels could be tested and scored.. Such an

exercise is not planned at this time. The reason for not testing further is
that, for the state and U. S. assigned maritime mobile licenses, no area use
information is immediately available. This information would be in a form
similar to the frequenczy assignment plan maintained by the railroads.
Conclusions to be drawn from this limited exercise are that the process
'deVe]oped for reassignment evaluation of railroad licenses would work very well
for a shared service evaluation of railroad and maritime frequency channels.
However, in order to make such an evaluation, considerable work would be re-
quired to properly define the use areas of the mobile licenses in the maritime
mobile file and to properly define the use areas of any ship radio station
‘licenses that could work in any given test area.
3.3.3 UHF reallocation analysis

The possibilities of relocating all current VHF functions into the 450 MHz

or 900 MHz spectral regions are herein discussed relative to implications in
communications support capabilities and the probable costs for transition.
Conversion of train service and yard systems are considered.
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Relocation of services to the UHF region cannot be considered selectively
within any railroad, since equipment must be usable over the geographic extent
of the railroad lines. Transition of equipment between VHF and UHF channels,
for example, as 5 train moves geographically, presents unacceptable safety and
control problems. "
3.3.3.1 Train service commun1cat1ons

This application involves the intra-train, inter-train, train-to-relay or
way- ~-station, and train-to-track facilities communications. Particular effects
associated with any UHF ‘transition 1nc1ude signal fading and attenuation caused

by the various propagation modes and equipment characteristics required to
maintain the existing capabilities. ‘

A Propagation considerations include the frequency dependent line-of-sight
and reflection attenuation, and resultant mixed mode fading. The reflection °
geometry involves the tops of freight cars (primarily of concern for end-to-end
communications) and terrain in the general vicinity of the track route. With
a moving train, the comparison between VHF and UHF capabilities concerns the

'average attenuation and fading rates for the end-to-end and train-to-wayside

station links. The extent of trackage in the Appalachian and Rocky Mountain

regions indicates the importanée of examining typical sets of mountain geog-
raphy with regard to these propagation effects.

Difference in conductivity and the secondaky factor of vegetation cover
between the mountain and rolling hill areas of eastern and western U.S. must
be considered in determining UHF utility. For a mdving train in hilly or
~ mountainous regions, fhese_e]ements affect the magnitude of the reflected
- signal component and the fading rates. The Tlatter will be particularly more
serious at the UHF bands than encountered with present VHF cperations.

These propagation effects are herein tabulated for the frequencies and
geometries listed to demonstrate the range of variations:

) frequency - 160 MHz, 450 MHz, 900 MHz,

0 train length - 1 mile with hardwood car tops,

o  track - _ curve with 1 mile radius,

0 terrain - _ 'open prairie, shallow canyon with smooth stone
, : walls and a width of 1000 ft.

0 train antennas - 160 MHz ~ monopole mounted on top of locomotive

and caboose,

450 MHz and 900 MHz-topload monopole with center

phasing element.
130
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The propagation effects for these geometries and frequencies are summa-
rized in Tables 3.5 and 3.6. These characteristics are usable for voice and
FSK transmissions, but would require additional parameter definition if any
future operation would involve signal tracking functions with frequency
multiplexed formats.

Table 3.5 Propagation Effects (Terrain - Open Prairie)

160 MHz 450 MHz 900 MHz
Mean Attenuation 81 . 92 98
Avg. Fluctuation Frequency -—- » 3 Hz 5 Hz
Fade Depth - 2 dB 5-9 dB 12-16 dB
Fraction of Time Signal to |
Threshold 0.96 0.76 ' 0.68

Table 3.6 Propagation Effects (Terrain - Shallow Canyon)

160 MHz 450 MHz 900 MHz
Mean Attenuation 82 94 101
Avg. Fluctuation Frequency 6 Hz 11 Hz 13 Hz
Fade Depth ' 6-9 dB 11-13 dB - 18-24 dB
Fraction of Time Signal to : .
Threshold B 0.87 0.65 0.53

1
{
1

These data demonstrate the range of differences in propagation effects for
the three land mobile bands with the indicated terrain situations. The charac-
teristics presented indicate the expected direct relationships of attenuation
and fluctuation magnitudes and rates with frequency. The relation of these
characteristics to communications availability (assuming a receiver minimum-
usable-signal of -105 dBm) is indicated by the fraction of time the signal is
above threshold for the three frequencies and two terrain situations. Moun-
tainous or hi]1y terrain causes the larger reduction in sigha} availability for
the end-to-end mode. The reductions in channel availability are generally
unacceptable because of the access requirements dictatéd by safety and command/
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control factors. Safety elements include end-to-end, train-to-relay or
train-wayside station, and train-relay-track crew or train-track crew modes.
3.3.3.2 Yard service communications

Transition of yard communications to the UHF regions involves similar

propagation and associated access or availability considerations. Efficiency
and safety are potentially severely compromised.

The brimary considerations for yard operations concern switch engine-
brakeman-yard master, and‘car inspector-car inspector foreman communications.
For these modes, the reflective multipath environment caused by cars in the
receiving and departure yards, fixed structures in the yard, and buildings on
the periphery of the yard causes very erratic spatial coverage. The shadoWing
problem primarily concerns communications "outages" for brakemen and car in-

spectors that do not have line-of-sight geometry to locomotives and tower areas.

A significant safety and control problem is evident because of the sensitivi-
ties with channel availability (ref. Section 3.3.2). These problems can be
resolved with additional repeaters in yards, with the cost penalties and the
requirements for additional channels.

The geometry problems cited obviously predominate with urban yards. With
increased repeater operations, the interference problems also escalate because
of the close proximity of yards, and connect1ng tracks for d1fferent railroads
converging into terminals and port areas.

To illustrate typical problems, the ATSF EJE, and CNW Chicago yards were
utilized to determine the probable propagation impact and the requirements for
additional intra-yard repeaters to provide acceptable service levels. For
these Chicago yards, the receiving and departure yard areas were assumed to
have 50% of maximum car capacity, and the tower, shops, and nearby industrial
buildings. The effects of these situations are summarized in Table 3.7.

For these data, a switch engine is assumed to be moving longitudinally on
a central track in either receiving or departure yard areas, and car inspectors
were moving the full length of the same receiving and departure yard tracks.
Line-of-sight and reflective signal components were included, and shadow areas
beyond any diffraction zones were used for drop-out tabulation. The channel
availability data represents an unacceptable compromise with respect to car
inspection and equipment control, and the safety aspects of movement coordina-
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tion. With present- yard operations, the accident potential for equipment and

personnel is not acceptable.

Table 3.7 Propagation Impact (Chicago Yards)

450 MHz 900 MHz

Attenuation Ihcrease 12 dB 19 dB
Fraction of Time Switch Engine

Channel Signal to Threshold 0.76 0.68
Fraction of Time Brakeman Receiver '

Signal to Threshold : 0.64 0.52
Fraction of Time Car Inspector

Foreman Receiver Signal to

0.46

Threshold . ) 0.55

The small number of yards in open areas such as

the ATSF Barstow facility

would have a reduced reflective problem, but similar shadowing and intra-yard-

multipath effects.
3.3.3.3 . UHF capability extension

The previously indicated problems for UHF operations can be eliminated

with the dep]oymentmof repeaters in ydrd-areas, and additional repeaters along
the right-of-way. - This requires additional channels and a serious cost penalty.

In urban areas where a number of railroads are in close proximity, a severe

interference problem is also probable.

The additional relay complement required to achieve service comparable to

the existing VHF systems are indicated in Table 3.8.

The Chicago yards cited

were also used for reference geometry and relative facility separations.

' Table 3.8 Additional Re1ay Requirements

) 3-5 additional yard relays - fixed and mobile operations.A'

0 60%-additiona1 wayside relay complement.

0 Approximately 80% increase in total UHF channel requirements.
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©3.3.3.4 UHF conversion time and cost
For conversion of current yard, train, and wayside facilities to UHF
operation, the times listed in Table 3.9 are necessary. These allow for
engineering and development, installation, and test and eva]gation phases.

Table 3.9 Facility Implementation and Conversion Times (VHF-to-UHF)

0 frequency assignment planning
urban areas - 9 months

enroute facilities - 6 months
o site and facility engineering - 1 year
0 test and evaluation
urban yards Co- 1 year
0 enroute facilities C - 18 months
phase& transition period - 5 years
total conversion time - 8 years

These transition times assume a scheduling so as to minimize the degree
of dual VHF and UHF services in enroute trains and yérd 1ocomotfves. For the
major railroads having more than one yard, operation in urban areas (New York
and Northeast Corridor, Chicago, St. Louis, New Orleans, San Francisco,

Los Angeles, Houstqn), restricted locomotive services between yards may extend

to a 6-9 month period. This represents a significant operational expense for
the railroad industry, in addition to the costs of equipment purchases with
associated engineering and installation costs. Since about 60% of existing
equipment was procured before 1965, salvage or resale credits will not reduce
the transition expenses. .

The anticipated transition cost for the majof»rai]roads is about
$288,000,000. This includes direct mobile and fixed site equipment exchange,
the additional relays for yards and right-of-way areas; and engineering, in-
stallation, test, and site preparation expenses. Siting costs include the
relocation of existing right-of-way relays and control equipments, and the
necessary measurements to assure coverage and isolation which are particularly
. imbortaqt in hilly and mountain regions. The approximately 80% increase in
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- be on f]at‘land, but tall structures, particularly those that are basically

channel availability is required to provide a level of service comparable to
the existing VHF operations. In addition to the conversion times and costs
cited, tne industry would be subjected to hampered operations and jeopardized
safety during the transition to new frequencies, equipment, and engineering
designs.

- 3.3.4 Yard measurement requirements

In the development of a model, the statistics that set the timing of
events are important‘for a credible analysis of the system. For the Barstow
yard, for example, the shortest trains into the yard have about 15 cars, the
longest have approximately 190 cars with a normal distribution between these
limits. The timing assigned to most communication events which support train
movement and processing are tied to the length of trains. There are 135 time
distribution sets for communication support events in the Barstow model. The
mean and variances of each of these sets must be as accurate as possible to

assure the desired confidence level in the information from the network simu-

lation. ;%

The yard measurement of frequency channel usage was an 1mportant part of
the model validation. The methodology applied to the making of radio trans-
mission measurements in a railroad yard is 5mportant. Factors such as geometry,
equipment character1st1cs, and operational procedures are 1nvo1ved 1n deter-
mining the placement of the receiving system for proper recept1on of the
greatest number of transmissions for a given perigd of time. Most yards will

steel construction, may interfere with certain transmissions or cause reflec-
tions and multipath reception. The 1ayont of tracks and subsequent transmis-
sion problems encountered when many- sets of para]]e] ‘tracks are full of cars
must be considered. Low power pack sets may use repeater transmitters placed
appropriately in the yard to transmit from an area close to the ground between
cars to other areas of the yerd.‘ Potential multipath problems often occur
either in COnjunction with atmospheric phenomena, certain car Tine-ups in a
particufar area of the yard, terrain effects, power line placement, or a com-
bination of all of these. In the Barstow yard, for example, "radio holes" are
experienced in some areas of the yard under certain conditions of car line-up
in the departure area. The responsible radio communication personnel at a
given yard can relate actual experiences encountered with such phenomena and
such problem areas can be avoided‘wheq3%1acing'the monitor receiver antenna.
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If the monitoring antenna is placed close to a high-powered base station trans-
mitting antenna, the sensitivity of receiVing unit may have to be reduced to P
such a level in overcoming saturation that low-power pack set transmissions
will not always be received. The ideal location for the monitoring antenna
would be at both ends of a long yard such as Barstow. This would allow the
best line-of-sight paths between the various transmitting units and the antenna
since the transmissions would propagate a16ng corridors between parallel trains. | /
This would require two measurement systems if all transmissions in a yard wefe
to be monitored at the same time. If only one measurement system is available,
the best Tocation would probably be central in the yard with the antenna as
high as possible above thekground.‘ The height of the antenna is important in § o

getting the most line-of-sight paths which allow best reception for measure-
‘ment. If the measuring equipment is portable, sample measurements around the
yard can alleviate detection uncertainties caused by propagation characteris-
tics depending on terrain features, transmitter antenna placement and power,
buildings, yard and track layout, etc., which are peculiar to that yard. The
suggestions made here are general, but should help to Tocate the monitoring
antenna for best results. : ‘ - L

The instrumentation employed for measuring all channel activity simulta-
neous1y included a spectrum analyzer, an oscilloscope and a continuously moving
photograph film. Figure 3.58 shows interconnection of three instruments. The
scan width of the spectrum analyzer was set so that the grid on the face of
the CRT display was 2 MHz full scale. The 2 MHz bandwidth was sufficient to
display all of the channels at Barstow in the range from T60.215 MHz to 161.565
MHz. Transmissions are displayed as pulses or spikes on the-CRT display as -
shown in the upper diagram in Figure 3.59. The "SCAN OUT" from the analyzer
drives the horizontal sweep of the oscilloscope. The "VERTICAL OUTPUT" signal !
from the analyzer is coupled to the z-axis input on the oscilliscope. This '
causes the beam intensity modulation where the transmission spikes occur. This
is shown in the middle diagram of Figure 3.59 where the brightness of the spot
is proportional to the magnitude of the corresponding pulse on the CRT or ’
received signal amplitude. A 35 mm moving film oscilloscope camera was :
utilized for the data recording. The film speed was set at 2" per minute and »
as the film was exposed by the CRT display, lines were traced corresponding to Il
the intensity spots. These traces on the film lasted only the duration of the
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_ camera‘provided day and time information which was recorded at the edge of

verify film speeﬂ.

acteristic specifications. For this exercise at Barstow, the facility near

actual transmissions as shown in the bottom diagram of Figure 3.59. In this
diagram, the horizontal axis scale represents the frequency band, and the
vertical axis represents time. A typical section of film is shown in Figure

3.60.

To calibrate the measurement system, signals at the lowest (160.215 MHz) %3
and highest (161.565 MHz) frequencies were injected into the analyzer and Rt
recorded on the film. This was repeated at 6 hour intervals. A clock in the

the film. This was done each hour to provide a time record and as a check to

For convenience of operation and in cooperation with the Barstow communif
cations peﬁsonnel, the system, as described, was set up in the communication
teét lab in the terminal building at the west end,of the Barstow yard. Re-
céiving antennas on top of the terminal building were used during this meas- ' A3
urement program, which lasted 48 hours. The only problem encountered was the ;

anticipatedroccasiona] missed measurements of packset transmissions when the
operators were between cars at the extreme ends of the yard. The input>sensi-
tivity of the analyzer was adjusted to allow reception of the low-level signals
and not saturate on the local high-level signals. The few missed transmissions
could have been recorded if the receiving antenna could have been placed more
centrally in the yard. ' ‘

Planning for a validation measurement program where signal sources are
mobile and have a high probability of obstructed transmission paths should -
include a detailed examination of source magnitudes, propagation variations,
and opefationa] modes to guide monitor location and equipment- technical char-

the tower was the best location available (minimum compromise in detection of:
packset signals from the yard extreme locations and large signal non-linear
responses in the monitor receiver). An examination of typical train arrival

and departure data, and the flow of communications related activities within
the yard provides guidance in the anticipated channel density patterns. For
this program, the initial operations model exercises provided this baseline
activity reference. This experiment design problem for a railroad yard is
greatly simp]ified because ofthe use of separate frequency assignments for
different operational functions; contrasted with similar measurements of time

multiplexed communications.
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A summary of yard measurements is discussed in the following section.

3.3.5 Measurements summary

The 35 mm film containing the recorded data discussed in the previous
section was developed and the data scaled. A 35 mm £ilm viewer with a cali-
brated scale provided good accuracy, for determ1n1ng the frequency and dura-
tion of each transmission. '

_Curves produced from the scaled data (Figures 3.61 and 3.62) indicate
the duty cycle of communication events identified over a 24-hour period. The
duty oycle represents the percent activity for 10-minute segments, from mid-
night through noon to midnight the following night. These curves represent
the average of two days of collected data. fhe top curve ot‘Figure'3.61 repre-
sents those communication events which back up train service such as car in-
spection, car repair, etc., throughout the total yard. The lower curve repre-
sents those communication events that support switch engine status and move-
‘ment in the departure and bowl area. In Figure 3. 62 the upper curve repre-
sents commun1cat1ons events that support switch engine movement in the receiv-
ing yard. The lower curve represents those communications events that support
humping activities. These curves show that the frequency utilization was
Towest in the departure area. This is due to the sensitivity of the receiving
system not being adequate to detect all the communcitions events in the de-
partuhe area. Some degree of corre]at1on within the model outputs was attempted
after adjustment for train throughput The correlation with train serv1ces
between the model and the measurements was poor for functions associated w1th
movement coordination and assignments for switch engines in the receiving and
departure yard. The cause for discrepancy was due to the use of road engines
for switch engine support in these two areas of the yard. This was, of course,
unique to the Barstow operation. '

Figures 3.63, 3.64, and 3.65 present the number of messages per 4-minute
interval for movement coordination and administrative support activities as
indicated on each curve averaged over two 24-hour periods. For example, in
Figure 3.63, the curve for train services shows that 54 messages/4-minute
interval were recorded at noon. These curves support the previous duty cycle
curves of Figures 3.61 and 3.62 by indicating the channel utilization of the
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24-hour periods; The error bars on the switch engine curves in Figures 3.64
and 3.65 represent_the maximum and minimum recorded values for those events.

- Figure 3.66 indicates message length for the switch engine channels oper-
ating in the departure yard and bowl. These curves indicate the probability

of a transmitted message taking less time than the value assigned to each curve.

These curvés represent a two-hour period from noon to 2:00 p.m. during the busy
part of a day. For example, if one chooses 1300 on the time scale, the proba-
biiity of a message taking less than 3 seconds is 0.15. However, there is a
high probability, approximately 0.85, that é message will be less than 10
seconds for that same time. These curves also indicate the efficiency of
message utilization since thevaverage message duration was approximately 5
.seconds. ' o

Figure 3.67 shows the effects of combining communication functions. The
curves of this figure represent the probability that a tried communication
activity will have to attempt a retransmission based on channel unavailability.
There are 3 reallocation combinations shown:

- The lower curve is the result of combihing the yard

~ master-maintenance functions with the diesel shop channel.
- The middle curve shows the additional combination of the
car inspector functions with the diesel shop channel.
- The upper curve shows the reduction of frequency channels
assigned to switch engine functions from 7 to 3 channels.

These curves are results of averaging data taken at Barstow for two periods
from noon to 2:00 p.m. An example of information these curves give is at 1300,
the probability of channel unavailability (communication already in progress)
for the upper curve 1S.approximate1y 0.6. So, there is a fairly high proba-
bility that a person would have some delay time in making his transmission.

"This is assuming no priority consideration, but that a first call, first serve

procedure goverhed communications on the individual 1ines. From these plots,
the yard activity (trains processed per 24-hour peribd) measured at Barstow
became input to the model data to adjust to frequenéy usage outputs.
3.3.6 Communications capability modifications

The measurements at Barstow introduced some modifications in the original
yard event model. As mentioned in Section 3.3.4, the yard modeT consistently
showed very long delays in availability of switch engineé. This suggested
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that either information was missing or some information which went into the
designing of the model concerning switch engine task timing was not correct.
The yard measurements showed that indeed there was a shortage of switch engine
capability at peak operation times in the yard and that roaq power was used to
help make up trains in the departure yard. ’

Another model change had to be made regarding the number of trains that
arrived at Barstow in a given 24-hour period. The model had been designed to
handle 15 to 20 trains in a 24-hour period. Actual arrivals and departures
turned out to average 35 trains with a maximum of 45. Other changes in the
task timing concerned car inspector functions which were either lengthened or
shortened appropriately. " ‘“ |

According to the original model exercises, the diesel shop frequency was
not heavi]y utilized in the yard. Based upon this premise and the fact that
the diesel shop used repeater aid to communicate from pack sets between cars
and for communications originating from the old east Barstow yard, car inspec-
tor and maintenance channel activities shared these diesel shop frequencies.
The actual measurements in the yard showed that the diesel shop frequency was

one of the busiest communication channels in the yard. Since the car inspec- "~
tor communications also used a repeater for pack set operation between rows of i
cars, the diesel shop channels still seemed to be the logical choice for sharing.
However, the task timing had to be changed to show the appropriate diesel shop
use.

The main communication activities within the yard are well represented by
the model. However, there were many commun1cations activities such as the
diesel-ready yard transmissions to the major diesel repaif shop in east Barstow
to bring parts fbr a minor repair, or yakd personnel who carry on many pack set
communications in support of yard work activity that could not be represented
in the model. A network which has 145 tasks is already quite complex and takes
considerable ‘time to run on the computer. The additidn'of every possible pack
set communication would have made the network unmanageable and cost of computer
runs would have been exorbitant.

There were many timing adjustments made in the model based on yard meas-
urements. These changes were mainly in yard operations such as the length of
time to hump trains (the number of cars per minute on the average), the length
‘of time it takes a car inspector to inSpect a car, the distribution of train
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~interrogation through remote computer facilities. Additional summaries are

sizes (the number of cars that make up the smallest trains, the number of
cars in the longest trains, and the number of cars in the average train that
enters Barstow), and other information that helped set the distributions used
to generate statistics in the model. ,
With the feedback generated by the yard measurements, the model in its
new modified form is a good facsimile of the actual Barstow operation. With
appropriate modifications, it could easily represent many classification yards
throughout the country. The information that can be extracted from this type
of event model is helpful in learning much about the intricate Operations of a
railroad yard and can be designed to give information on almost any facet of
yard function capability. _ ' ‘
3.4 Advanced Technology Applications A
The importance of the current VHF communications capabilities to safety

and operational efficiency of various railroad functions has been discussed.
Present procedures utilize almost exclusively voice modes. The VHF commqnica-
tions links can with the integration of data transmission and processing:tech-
nology allow utilization of digital display and Timited control functioné,

and accommodate interface with trach and wayside sensor and "status" advisory
systems. The applications discussed herein represent the general consensus

of railroad communications management as reflected by the AAR Communications
and Signals Group's movement or action signaling and coordination through _
digital data displays, status monitors and a]erting, and situation status S

also included regarding the general problems in utilizing directional antennas o

and "net control" techniques to improve spectrum usage efficiency.
Although digital modes will be integrated into the VHF systems, voice ", ;ﬂf
communications will be dominant for the foreseeable future. Particularly for g

movement control, the safety implications for message errors relegate digital'
transmissions to a verification and secondary information role. Addition of
the digital mode will reduce the voice operations duty cycle. The cited

safety consideration also imposes significant limitations on the netting appli-
cation, the relationship between channel access delays and safety criteria
being néar]y jdentical to that indicated in the operations model exercise

data for the reduced channel assignment cases (ref. Section 3.3).
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3.4.1 Digital applications
The earliest utilizations will concern direct data d1sp]ay and teleprinter

operation for train service units and yard locomotives, and communications
interface with micro/mini processors on locomotives and cabooses for data
transfer or control involving track and wayside sensors and message storage
devices. -Communications between trains, road crews, and wayside stations and
sensofs will concern alerts, movement instructions, equipment monitor data,

and status information regarding other trains or activities within nearby

track areas. These communications, with appropriate display and printer out-
puts and alarms, cou]d'significantly enhance operational safety for train
equipment and personnel, and right-of-way crews. For command/control functions

involving variations in Train Orders, such digital data would complement the
primary voice communications mode.

The digital modes would include the operational data and users listed:

a. Dispatcher to train - movement information for particular track
sections and situation alerts (speed limits and locations and status of other
trains or track within the track section). |

b. Track sensor to train - speed limits and track activity or status
identifier. This would be an automat1ca11y interrogated coded transponder
mounted at the side or between tracks. Mu1t1p1e track units may be employed
to provide warning to train crew of improper speeds in congested areas.

c. Train or remote track sensor to traék crew - train identification,
location, and speed data to allow crew to prepare and clear tracks.

d. Train to dispatcher station - train interrogation of local computer
regarding track status, alerts or movement instructions for specific track
sections. Computers would store interrogating train information (1dentifica-
tion, messege, time, authentication/verification keys). a

e. Track sensor to train and dispatcher - equipment problem warning
with location, train identification tags. Subsequent coordination between
trainmaster/dispatcher and train regarding action to repair or remove equip-
ment would involve VHF links. |

These modes require commun1cat1ons channels that accommodate voice and
digital data. General status information would generally involve only digital
data; forward transmission of authentication address, train identification,
and the status message, with verification reply. Movement commands would
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jnclude both voice and digital transmissions. As mentioned previously, a
reduction in voice duty cycle and probabTy channel duty cycle is to be antici-
pated from these procedures. . '

These digital modes must be maximally compatible with existing VHF equip-
ment. The applications cited can be accommodated by dual tone FSK, time
multiplexed with the voice mode. Simultaneous voice data transmission
(data-under-voice) presents significant equipment complications and increased
channel usage (larger data error rates with resulting message retransmissions).
This aspect is additionally aggravated by the effects of multipath propagdtibn
modes with moving link terminals. .

The basic range of differences in BER performance for data-under-voice
and time)mu1tip1exed voice-data modes are indicated by the listed measured
data for S/N ratios of 9 dB and 15 dB.

MUX BER (9 dB) (BER (15 dB)
Data-Under-Voice 2x10'3 3.0x10'4
Time MUX (DFSK) 107 2.0x107°

These data do not include signal fading, and are therefore optimistic, with
the greatest sensitivity indicated for the data-under-voice mode.

Where voice and data are time multiplexed, the voice would probably pre-
cede data transmission to be maximally compatible with current operations.
The user could initiate the channel with present "press-to-talk" operation,
and after release of the operator switch, the digital component would be trans-
mitted with the channel automatically released after verification. This mode
can be implemented as an additional functional module for existing VHF equip-ﬂ>
ment, with the only modification to control circuitry involving the automatic
release element. ' : . |

For the digital applications indicated, the bit rates for time MUX are
Tisted. ‘

a. action signaling - discrete address with authentication and

verification - 100-300 BPS
b. movement control data - 300-500 BPS
c. status monitor with alert - 100-300 BPS
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d. computer interrogation - train status, location, scheduling -
100-300 BPS .
e. teleprimter operation - 100-300 BPS
These digital rates are readily compatible with control and display devices,
- and the bandwidth Timitations of existing VHF channels. Two-tone operations

are assumed for digital transmission speech, and data separation at the receiver

is readily accomplished with active filters; 30 Hz - 2.2 kHz notches for speech

and 2.7 kHz and 2.9 kHz notches for data components. These filters are readily

available as mechanical or active electronic configurations.

With independent channels for each communications function, the error
rate for receiver actuation and data message components is singularly depend-
ent on signal amplitude. If, for compatibility reasons, two or more functions
not directly associated with equipment movement or coordination were combined
on a single channel, the error dependency would also include the digital
" address component. This would necessitate increased retransmissions in a
manner analogous to that depicted in Figure 3.67. Combining digital messages
‘on a common channel for movement-related functions would aggravate even the
safety 1mpac£'discussed in Section 3.3.1 because of the BER effects in address
and data message components. A : '

The track sensor applications previously mentioned include stored message
devices that transmit to a passing train and wayside equipment monitors with
transmission to the train and possib]y to the dispatcher. Current emphasis
for the former concerns speed, location, and service status 5nf0rmation for
trains appfoaching stopped trains or track maintenance crews. This type of
sensor Would be easily moved by track crews. Wayside sensors would primarily
be concerned with monitoring passing equipment and alerting for hot bearings,
flat wheels, and dragging or improperly protruding loads. Control and data
logic would provide condition data and train identification if reliable auto-
matic car identification devices are included in the sensor system.

For communications supporting operations not directly involved with equip-
ment movement (i.e. car inspection, maintenance shops), combining functions
on sets of common frequencies could be accomplished with the introduction of
digital techniques. For most classification yards, this could ultimately
provide two or three channels for equipment control functions.
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,drbah yards for fixed control sites (i.e., yard master, hump master, mainténance

With proper organization, the digital message component would lTower voice
uti]ization, thus probably reducing the channel duty cycle for these functions
by as much as 30%. For the functions cited, a 1imited reassignment could be
effected. This mode of operation will require a tone signaling technique for
channel activation. With 5 to 10 addresses required for the considered func-
tional combinations, this type of initialization provides advantages in equip-
ment simplicity and reduced propagation sensitivity relative to other pulse
code formats. ' ‘
| For many of the monitor sensor'apblications cited, microprocessors will
pe utilized for status decisions and alert initiation through the communications

7inks. This mode is particularly important, relative to channel uti]ization
. efficiency, in the train-road crew-dispatcher data exchange. Processors would

be integrated into locomotive signaling functions and wayside or track sensor
systems. e '

With yard and right-of-way maintenance crews, theAsignaling format should
include one "Alert" address that allows all users to be activated for a "broad-
cast” mode. Such action would be controlled by local supervisofy or train‘br
service locomotive stations. '

. 3.4.2 Antenna app]icétions

. Railroad operations generally prevent maximum exp]oitation of directional

antennas for compatibility improvement and spectrum usage conservation. Any
form of directional antenna with adequate control components is totally imprac-
;ica] for moving equipment application. The use of directional antennas in«

facilities), particularly where several yards and interconnecting tracks may
be within normal communications distances, was evaluated. Layouts for yards
in Chicago were the basis, including the industrial and commercial buildings
that cause propagation anomalies. Antenna parameters utilized to determine
basic advantages are listed:

a. frequency range - 160-164 MHz

b. horizontal beamwidth - 38°

c. front-back ratio - 15 dB. , | .gf
With multipath environments typical of urban yards, an effective distance '
advantage of 1-2 miles can be obtained from this type of antenna. Considering
theAdifferences in geometries between, for example, the AT&SF and EJE yards in
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Chicago, causes a variation of 50% - 70% in this distance advantage. These
results provide no practical improvement in spectrum utility for directional
antennas. These results also negate consideration of any of the controlled
array techniques where pattern switching could be coupled to frequency and
yard operational functions. Pattern switching between receiving and departure
areas, for example, could readily be accomplished with a diode switched array.
The multipath problems and small yard areas, however, allow as indicated no
real advantages for such an operation.
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The data requirement cited for these sensor and digital operations are
compatible with the channel bandwidth of the existing VHF assignments. Band-

width considerations will not require additional channel assignments for rail-
road communications. :
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4.0 COMMUNICATIONS INVESTMENT DATA
The Communication and Signal Section of AAR initially had minimal informa-

tion available on an industry-wide basis that could be used to develop actual
total investment and cost of ownership information in radio facilities. However,
the AAR has conducted two surveys that provide a basis for suitable estimates
of facility investments and can also be used to predfct the potential impact
of possible VHF frequency reassignments or radio band changes for mobile com-
munications. _ -

" The first study, started in the last quarter of 1973 and finished in 1974;
was to develop the actual number of base stations and mobile units in service
on each frequency in the railroad industry. Data were obtained on approximately
350 railroads, listing quantity of'equipment in mobile, base and extra channel
categories. From the standpoint of the number of rai]roads,co?ered, this is a
very comprehensive survey. In this study, no distinction was made between
directly controlied and remotely controlled base stations, and the types of
mobile units (locomotives, cabooses, automobiles, work equipments, hand-held,
etc.) were not identified. This means that in order to determine a total in- A
vestment figure, the cost per item will be the average of all mobile equipment u

or all base equipment.

The second survey, conducted during the last ha]f‘of 1975, was designed
to estimate the impact of the nécessity of channel reassignments. A question-
naire was sent to 316 railroads asking for an estimate of cost related to three
possible options. These were: 1) channel changes that involved only crystal
replacement; 2) crystal replacement in channels used for end-to-end, point-to-
train and right-of-way service and a complete change of equipment for confined
yard operations; and 3) a complete change of equipment to provide operation in
a different portion of the spectrum. Cost estimates by equipment type were
given for the 900 MHz band. By mid-January, 1976, returns had been feceived
from 140 railroads. Although these returns represent only 44 percent of those
contacted, the percéntage of total radio equipment investment represented is
greater than 95%.

4.1 Current VHF Investment Summary

The data received from the 1974 AAR equipment inventory survey were tabu-
lated by frequency channel and railroad. Each railroad that operated equipment
in a given channel supplied quantity information pertaining to mobile equipment,
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base station equipment and multiple channel capacity (additional crystals).
The total number of equipment in each category for each frequency was deter-
mined and the resutts of this tally are shown in Table 4.1. The total of each
category is 65,043, 94,145, and 12,934 for crystals, mobile units, and base
stations, respectively. This table for the AAR survey includes the UHF assign-

" ments used primari]y for remote locomotive control (channels 47-49 and 47m-49m).

These UHF equipments rebresent an insignificant element in the total investment
cited. The survey represents only AAR membership response (excludes AMTRAK
UHF equipments). ' _

Total radio equipment investment was estimated by the AAR for the rail-.
roads responding in the above jnventory using an average unit cost.* The
results are as follows:

1. Mobile Units

Average costs = $1,477

Number of units = 95,145

Mobile unit investment - -$140,429,165
2. Base Stations :

Average cost 4 = $4,067

Number of units 12,934
Base station investment $ 52,602,578
TOTAL INVESTMENT . $193,031,743
(This cost estimate can be extended by adding the cost of
additional crystals.) "

3. Crystals

$ 100

Average cost =

Number of units = 65,043

Crystal investment = $ 6,504,300
NEW TOTAL - $199,536,043

From the results of an equipment inventory (1974) and an estimated
average cost of equipment, it has been determined that approximately $200
million is invested in mobile radio communications equipment by the railroad
industry. |

*AAR Memo from L. R. Thomas, AAR Comm. & Signals Section, AAR
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Table 4.1. Railroad Mobile Radio Equipment Inventory

Total Number of Multiple Channel Radios, Mobile and Base Stations

*Multiple .
Channel

Capacity Mobile Base

Channel 1T  (160.215) ) 31 255 20
Channel 1 (160.230) 462 1,885 219
Channel 2T (160.245) _ 540 65 ' 196
Channel 2 (160.260) 1,327 : 1,606 222
Channel 3T (160.275) 74 .. 21 18
" Channel 3 (160.296) - 1,419 772 298
Channel 4T (160.305) . 503 57 93
Channel 4 (160.320) . 781 385 128
Channel 5T (160.335) ‘ 84 ‘161 . 32
Channel 5 (160.350) 864 1,218 280
Channel 6T (160. 365) 33 12 18
Channel 6 - (160.380) : 169 1,537 155
Channel 7T (160.395) 50 23 14
Channel 7 (150.410) 456 5,361 488
Channel 8T (160.425) 0 33 4
Channeéel 8 (160.440) 1,635 798 102
" Channel 9T (160.455) 2,521 . 357 45
Channel 9 (160.470) 866 898 334
Channel 10T (160.485) 17 27 15
Channel 10 (160.500) 78 466 76
Channel 11T (160.515) 33 67 8
Channel 11  (160.530) 1,173 992 254
Channel 12T (160.545) 75 27 10
Channel 12 (160.560) 69 166 40
Channel 13T (160.575) .6 49 6
Channel 13 (160.590) _ 822 4,764 622
Channel 14T (160.605) 68 49 s 2
Channel 14  (160.620) 42 356 73
Channel 15T (160.635) 0 19 5
Channel 15 (160.650) © 3,098 4,740 - 617
Channel 16T (160.665) 4 19 3
Channel 16 (160.680) ' 515 396 84
Channel 17T (160.695) 79 89 11
Channel 17 (160.710) ' 306 283 71
Channel 18T (160.725) 70 . 72 © 15
Channel 18 (160.740) 315 3,462 366
Channel 19T (160.755) 30 65 11
Channel 19 (160.770) 313 - - 1,982 189
Channel 20T (160.785) 132 233 9
Channel 20 (160.800) . 1,682 10,425 562
Channel 21T (160.815) 28 72 6
Channel 21 (160.830) 3,388 317 129
Channel 22T (160.845) ’ . 80 57 - 16
Channel 22 (160.860) ’ 342 954 96
Channel 23T (160.875) ’ 27 140 14
Channel 23 (160.890) 296 2,988 268
Channel 24T (160.985) 16 17 3
Channel 24 (160.920) ; 530 750 218
Channel 25T (160.935) 1,158 77 184
Channel 25 (160.950) 87 6,878 582
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Multiple

Channel -

Canacity Mobile Base

Channel 26T (160.965) 101 , 38 15
Channel 26 (160.980) 441 823 124
Channel 27T (160.995) 9 0 7
Channel 27 (161.010) 242 147 173
Channel 28T (161.025) 250 295 21
Channel 28 ~ (161.040) 1,017 . 252 112
Channel 29T (161.055) 0 . 10 6
Channel 29 (161.070) . 10,467 455 170
Channel 30T (161.085) 17 . 19 6
Channel 30 (161.100) 1,813 6,984 1,047
Channel 31T (161.115) 21 . 52 15
Channel 31 (161.130) 255 2,044 211
Channel 32T (161.145) 8 90 6
Channel 32 (161.160) 2,313 ’ 353 181
Channel 33T (161.175) . 150 81 8
Channel 33 (161.190) 1,905 2,940 334
Channel 34T (161.205) 30 333 3
Channel 34 (161.220) .1,546 456 92
Channel 35T (161.235) 18 45 12
Channel 35 (161.250) 1,395 3,669 395
Channel 36T (161.265) 501 166 38
Channel 36 (161.280) 436 888 235
Channel 37T (161.295) 204 125 16
Channel 37 (161.310) 1,486 701 161
Channel 38T (161.325) 16 129 28
Channel 38 (161.340) 1,607 125 59
Channel 39T (161.355) 87 91 19
Channel 39 (161.370) 105 5,177 415
Channel 40T (161.385) 136 152 22
Channel 40 (161.400) 88 1,785 414
Channel 41T (161.415) 117 220 25
Channel 41 ' (161.430) 658 ' 526 105
Channel 42T (161.445) 98 137 15
Channel 42 (161.460) 1,272 859 273
Channel 43T (161.475) 48 388 40
Channel 43 (161.490) 748 451 138
Channel 44T (161.505) 95 157 15
Channel 44 (161.520) 4,644 125 222
Channel 45T (161.535) 663 42 23
Channel 45 (161.550) 2,960 6,014 411
Channel 46T (161.565) - 382 93 50
Channel 47 (452.900) 0 1 24
Channel 47m (457.900) 0 50 6
Channel 48  (452.925) 0 5 6
Channel 48m (457.925) 6 0
Channel 49 (452.950) 0 8 6
Channel 49m (457.950) 0 6 0
TOTAL 65,043 94,145 12,934

TOTAL RADIO UNITS 107,079

* ADDITIONAL CRYSTALS
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4.2 Maintenance Summary
Cost data derived by AAR for total annual maintenance are based on the

inventory results and an estimate of per unit maintenance cost as derived from
a survey of members of the radio 1iaison committee.**
Annual radio maintenance_

Average annual cost $ 149
Number of units 107,079 _
TOTAL MAINTENANCE = . $15,945,771
The 107,079 units to be maintained are the sum of the mobile and base

equipment in the operational inventory.
A further use of this table is to determine the percentage and estimated
~cost of the total equipment affected by the challenge of 33 channels in this
band. The challenged frequencies are between and include channel 14 (160.620
MHz) to channel 26 (160.950 MHz) and channel 42 (161.460 MHz) to channel 46T
(161.565 MHz). The sub-total of equipment included in these bands are listed

in table 4.2.

Table 4.2 Challenged Channels

Additional

Crystals Mobile Base
14-26 | 13080 35252 3671
42-46T 10812 8129 1172
TOTAL 23892 43381 4843

These results indicate that the percentage of eqhipment in the challenged
channels is 36.7%, 46.1%, and 37.4%, respectively, for crystals, mobile units,
and base stations. The costs would be proportional because the same per unit
estimates are used for challenged and unchallenged frequencies.. These figures
are not intended to infer cost of reassignment and/or replacement, because
they do not ihc]ude specific information regarding replacement such as cost of

**AAR memo from L. R. Thomas, AAR Comm. & Signals Section, AAR
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equipment in another radio band, additional equipment resulting from band
changes, etc. An estimate of those costs (replacement and change) were in-
cluded in the 1975 survey The results of that survey are presented in the
next section. '
4.3 Proposed Reallocation Cost Estimates

The 1975 AAR reassignment cost survey was p]anned to estimate a cost to
the railroad industry that could result if frequency channel changes were re-
quired. With only the knowledge of which channels could potentially be affected
but not knowing what specific changes might be required, the survey was con-
ducted on the basis of three options. These were: 1) crystal changes only in
the VHF band, 2) a combined crystal and'equipment change depéndent on radio

use, and 3) equipment changes to the UHF band from all cha]]enged frequency
equipment. _

As of January, 1976, survey responses had been received from 140 of the
316 addressees. The returns were in the form of cost estimates as requested
in the survey letter, or to inform the survey committee that there were no
assignments among the challenged channels; consequently, the railroad would
be unaffected by the change. ’

The tally of the radio survey as of January 19, 1976, is as fo]lows:

- Estimated Cost to the Industry Based on the Survey Returns

Crystal Channel Frequency ‘ $ 9,781,983

Element Change on]yA

Crystal Channel Frequency

Element Change for EE, PT, and RW

and Complete Transceiver

Change for General $ 71,677,004

Comp]ete Transceiver Change $188 873,804
These costs represent only direct exchange of ex1st1ng VHF equipments.
Additional facilities and the implementation cost elements are not included
but are reflected in the basic conversion discussions in Section 3.3.3.4.
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5.0 CONCLUSIONS

The previous sections have presented the analysis of VHF communications
support to rgi]roaa operations, tabulated industry investment data in VHF radio
equipment and supporting facilities, and discussed the technical and associ-
ated operational factors 1mp1icit with reduced channel avaf]abi]ity or a real-
Tocation of selected functions to either of two UHF spectral regions. Cost
estimates for different levels of transition into UHF operations were also
indicated. i

As discussed previously in this report, thirty-three of the ninety-one
VHF channels allocated by the FCC to the Railroad Radio Service are in a

frequency band that is allocated internationally to the maritime mobile service.

Because of the special footnote on the Radio Regulations of the International

- Telecommunications Union (ITU) (Footnote 287), the United States and Canada

continued railroad communications on those thirty-three channels. The afore-

. mentioned Radio Regulations are being reviewed for possible revision at a

World Administrative Radio Conference (WARC) scheduled to be held in 1979, -
United States pfeparation for the 1979 WARC must include a critical examina-
tion of Footnote 287 and, particularly, the need for retaining that part of

the footnote on which the allocation of one-third of the railroad frequencies

~ is based. There is interest in the maritime community in gaining access to’

those frequencies whjch'are not available in U. S. waters because of Footnote
287 and consequent FCC actions. This prompted the U. S. Department of Trans-
portation to initiate this study to define railroad usage of all VHF a]}oca-'

tions, and the penalties associated with the considered reduction in allocations

or transition of selected functions into the indicated UHF regions.

' The methodology employed for analysis of VHF frequency usage emphasized
the identification of relationships between railroad operations and VHF com-
munications support components. (As indicated in previous distussions, enroute
and yard operations wére described in terms of the flow of resources and
materiel with the linkage of communications events related to the effectiveness

Aof control and safety operations.) These procedures are necessary to quantify

the functional requirements and specific utility of the allocated spectrum for
various priorities of command/control and safety elements. Such a definition.

" of utilities and priorities in effective and safe‘operation of this major
‘national transportation system is required, since the EM spectrum is a national
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resources with strong competition for allocations from government and private
users. These analyses and the accompanying presentations contained in this
Report identify these operational linkages, the large inventory of radio equip-
ment, and the distribution of that equipment over the railroad systems of the
United States.

.Subsequent paragraphs summarize the conclusions regarding the VHF com-
munications usage and requirements for U. S. railroads, based on the analyses
and supporting data presented in the various sections of this report.

5.1 Communications Support Requirements
5.1.1 The VHF communications operat1ons are fundamental and essential ele-

ments of railroad operations; fundamental to route and yard command/control,
and equipment and personnel safety. ' A

This relationship has been demonstrated through model exercises {for
example, the yard resource exercises with the communications event histogram
displays) and the communications and operations data collection tasks. These
data and the similar enroute analyses have demonstrated the direct utilization
of VHF radio in equipment movement control and inspection operations that
directly affect safety and efficiency.

The communications availability displays are identified with such specific
actions as: yardmaster task assignments to switch engines, movement control
actions involving the yardmaster, locomotive engineer, and brakeman; and the
absolute priority for the locomotive engineer-brakeman movement and car couple/
uncouple types of coordination. With substitution of other communications
modes (e.g., hand signals), increased damage and accident rates are to be
expected because of the delays and/or message errors in train-train,
wayside-train, and right-of-way crew-train communications. The alternative.
of drastic reductions in movement execution rates and the range of equipment
or facility management to be compatible with any form of manual signalling
or "wire" communications represents disastrous economic consequences to a
‘primary natiqnal transportation resource and major labor union-industry
contract problems. Within the paét decade, recognition of the safety aspects
of VHF radio for operating personnel has had primary recognition by union and
management contract initiatives. The false and lost message potentials for
the character of signal interference indicated by the compacted frequency
assignments reduces link availability to an unacceptable level because of the
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increased 1link duty cycle per message. The cited accident potential accrues
because of the reduced time windows in the communications-operations relation-
ships resulting from normal open right-of-way speeds.
5.1.2 The VHF conmﬁnication is not subordinate or peripheral to other yard
or route signaling systems. Because of the obvious advantages in efficiency
and safety, VHF radio has almost supplanted previous telephone (wire) and manual
signal operations and equipments. The increased capability afforded by radio
command/control has allowed the development of existing route and yard opera-
tional procedures during the past five to ten years. Yard operations and ‘
facility design (yard layout, trade capacities, switch engine requirements,
' operating and service personnel requirements and organization) have been
based on the availability of current levels of communications support. As
indicated previously, the communications capabi]itiés afforded by current
frequency assignments is therefore required if the current level of yard
~and train operations are to be retained. To implement other candidate modes
considered for substitution of all or part of the existing communicationé,
would result in an operational service degradation described previously. This -
includes reduced speeds in the yards and enroute, greatly 1ncreased times for
inspection and equipment service, reduced utility for expens1ve yard engines
and operating personnel, and significant increases in support personne], These
impacts were generally discussed in the analysis of communicatﬁoq; availability .
and capability data derived from the model exercises. ) 3
5.1.3. Measurements indicate that railroad VHF operations employ gene;élly
good operating procedures that enhance spectrum usage efficiency. The usage
data derived from the Barstow and Chicago area measurements indicate the quality
and .character of individual channel usage, and also to support the validation
of the model predictions. The minor changes in model organization and input
data because of these measurements were described previously in this report.
With thesé adjustments, the model predictions correlated very satisfactorily
with the measured data. ‘ |

The measurements also indicated that a satisfactory discipline is main-
tained in the usage of the channels. Although the railroad industry has no
controlled vocabulary as is utilized by many communications operations (mili-

tary tactical units), no significant "wasted verbage" was noted in the channel
monitoring. This factor is important in weighing the importance of the model
derived and measured message rate and channel usage statistics.
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5.1.4. Short term channel access is required for equipment movement control.
The previous model exercises, which output channel delay in relation to reduced
frequency assignmenis for yard and enroute equipment movement control and co-
ordination, have demonstrated the operational compromises in efficiency and
safety for various levels of access delay. An exponential access delay growth
in relation to reduction in channel assignments is {ndicated for a constant
level of facility/equipment operation. As anticipated, the kapid increases in
delay rates for the yard equipment contro]'operations relative to enroute train
control demonstrates the larger sensitivity of the 'yard functions. |
These short-term access criteria have obvious high sensitivity for mov1ng

equipment because of the control and safety considerations. For other source
functions (inspection, local repair coordination), the efficiency and related
operations cost effects predominate.
. 5.1.5 . Current VHF allocations are adequate for new technology application
requirements. The operations of the Railroad Radio Service are concentrated
in 1.3 MHz of spectrum space at VHF. While railroad radio communications grew
in a quantum fashion during the 1960's and early 1970's, no new spectrum was
requested. Instead, over the years the railroads maximized use of the avail-
able spectrum through channel splitting. 'Indicatiohs are that voice communi-
cations on the railroads have, in general, "peaked out." New technology, e.g., -
the use of digital system is likely to be used increasingly in the railroads.
With good spectrum management practice, such new technology can be introduced
into railroad communications utilizing the pfesent]y allocated VHF frequencies.
Foreseeable growth in railroad communications will not require added radio
frequency spectrum if the channel complement, fncluding those in Footnote 287,
is retained. _

The expected additional services for VHF channel support are discussed
in Section 3.4 of this report. These include analog voice and digital data
combinations between yard engines and route trains and control locations; and
digital data exchange between trains and track and wayside sensors for routine
transfer and alert or alarm purposes. Micro- and mini-processor direct inter-
face is anticipated where a 1imited app11cat1on of time multiplexing (analog
voice + time series of data segments) may be required, particularly for remote
sensor data transfer.

166




Data rate requirements have been indicated to extend to a maximum of
1 kBPS to 2 kBPS range, with most serviées accommodated in the 100 BPS to
500 BPS range. These requirements are readi]yAaccommodated with FSK modulation
and the previously indicated time multiplexing within the cufrent VHF channel
width. Time multiplexing with data sequences following voice represents the
easiest procedure for control (normal push-to-talk procedure), and is readily
accommodated with the time Spacing on even the channels with highest usage
(switch engines, maintenance, and train service). Data-under-voice or other
similar multiplexing techniques represent unnecessary costs and functional
complexities, and would generally provide a system data error rate larger than
the voice-data time multiplex method. |

The analyses and related data regarding railroad VHF usage and the evalu-
ations of the utility of reallocation options and the different operational
modes, provide basic quantification regarding the necessities for support of
train operation control functions and general efficiency of assigned spectrum
usage as well as the economic and probable effectiveness degradation resultihg
from the proposed FCC adjustments within the Land Mobile allocations. As indi-
cated previously, this evaluation of the reduirements for allocation of such
a critical national resource must relate to critical aspects of usage; in this
case, sets of command/control and safety criteria.

The analyses and other data presented have demonstrated the primary role
of VHF communications to the efficiency and safety of various railroad opera-
tions. The reduced availability evaluations have also indicated, with high
confidence, the unacceptablé compromise in communications capability and the
directly identifiab]e,operétiona] safety and effectiveness. These analyses
demonstrate the severe implications in railroad operations and economics, if
even a major segment of the thirty three VHF assignments were withdrawn.

These data capabilities can be implemented as added functional modules
to the existing transmitter and receiver equipments. No modifications to
existing equipments ‘are required; only additional data modules with signal and
control cabling are necessary.

5.1.6 The Canadian/United States border agreement (Line A) presents some
constraints in frequency reassignments. The probiems in VHF frequency reas-
signment with reduced allocations indicated in previous sections of this report
are to some degree impacted by this agreement because of the limitations on
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the usage of tertiary frequencies in the northern United States railroads.
Because of the low density railroad trackage in this area of the United States,
however, any renegaotiation of this agreement to partially or wholly relieve
this restriction would not in any useful manner relieve the problems in reas-
signment with a reduced allocation (removal of Footnote 287).

5.2 Performance and Cost Reallocation Penalties _
5.2.1 A major investment and inventory exists; realliocation represents'

. extreme cost and operational penalties.

The VHF service investment over about three decades by the railroad _
industry to a current level of about $200,000,000 is indicative of the impor-

- tance of this function to operations. Reailocation of selected functions to
UHF spectral regions represents an investment of néar]y equal magnitude, con-
sidering direct equipment exchange and the additional relay systems required
to achieve a near1y'equa1 support capability. These additiona]_relays are
necessary because of composite media characteristic differences between the
VHF and considered UHF regions as discussed in Section 5.2 of this report.

As discussed previously in this report, a major expansion in relay comple-
ment in yards and route areas is reduired to provide area coverage and avail- -
abi]ity equiValent to the existing'VHF Operatiohs. The more severe engineer-
ing problems and relay density requirement concern the routes in the two
national mountain ranges and the numerous urban yards. The expanded relay
configurations.in urban areas also imply increased UHF channel assignments to
assure acceptable interference criteria.

Dividing the Railroad Radio Service into VHF and UHF components presents
serious operational safety and system management or control problems. Since
the communications equibments are used directly by operating and "field" crews,
the problems in channel coordination and associated message transfer delays
" and errors (improper call actions) represent serious safety and command/control

implications. If the UHF railroad assignments were in the urban port areas,

a severe cost penalty would still be evident. This accrues because of the
large mobile equipment utilization by the major railroads in urban yard areas.
5.3 Shared Service Potential

5.3.1 Urban/port railroad operations utilize all available channels.

" The frequency assignments, as displayed for major U. S. coastal ports and
the St. Louis area, indicate that nearly all railroad channels are assigned.
Unassigned qhanne]s (numbers of 1 to 3 indicated) represent a severely Timited
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potential for sharing with another user service. Since these are also not
adjacent channels, the bandwidth constrains operations to voice, analog data,

or Tow rate digital modes.
The potential for extending to a few additional channe]s in these areas

through a well planned exercise of the frequency management software is dis-
cussed in the Recommendations Section (Section 6.0) of this report. Such an
exercise would indicate a very limited reduction of channel requirement,
probably 1 to 3 in New York, Los Angeles, and Houston. This prediction is
indicated by geography and traffic density considerations. Even a temporary
reassignment to another service is not advisable; however, since operational
expansion by railroad services would be severely restricted.

Increased operational impacts occur because of the necessities for addi-
tional channels to serve the added relays, and the status monitoring and pro-
cedural control necessary if mobile or portable relays are employed for yard
operations (ref. Section 5.2). The reassignment exercises for_the challenged
thirty three channels demonstrated the degree of difficulty to be encountered
in satisfyihg service requirements with the remaining VHF channels. Even with
all required iterations to test the potentially valid situations, the proba-
bility of successfully reassighing 25% of the affected services is nil. Reduc-
ing the distance constraint or the two channel separation criteria are imprac-

1
&
H
b

tical because of interference problems. This reassignment difficulty is
obvious for train service functions because of the large geographic areas
associated with individﬁa] licenses, and the consequent inter-actions that
severely restrict the potential for reassignment. These inter-actions include
competing railroads in near proximity and intra-system right-of-way and yard

w2

area interface. :
5.3.2 Proposals for even limited sharing of VHF channels between the Ra11-

road Radio Service and the Maritime Mobile Service presents intractable problems

in major port areas.
Shared service on specific VHF channels between maritime and railroad

operations in major port areas presents problems in management to assure no
degradation in control capabilities and safety. The latter is particuTar]y
important for railroads as demonstrated through previous comments regarding
critical communications access for movement control. Since yard areas and
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docking operations are in close pkoximity, no advantages are realized by
physical separation. Switching operations near dock areas and the attendant
critical comunications access requirements would severely constrain the
channel utility to any second user. Other channels in nearby yard areas are
few in number and generally have moderately high activity (e.g., inspection,
maintenance) and, therefore, provide limited utility for sharing.
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6.0 RECOMMENDATIONS
This section summarizes specific actions that are considered necessary

based upon review of the analyzed data and supporting information. The primary

thrust of these recommendations concerns the efficiency of spectrum usage and
the associated management faci]ities for the railroad industry, and the impli-
cation of the analyses described herein relative to the issues involved in the
U. S. preparation for the 1979 WARC. These recommendations, in addition to

the comments concernihg the proposed allocation actions, cite specific techni-

"cal considerations and management actions for the railroad industry oriented

toward maximizing spectrum usage effectiveness and operations support capa-
bilities. Effective management requires coordination between railroad
organizations through the mechanics afforded by the AAR, and between the AAR
and the U. S. Department of Transportatibn_(DoT) and the FCC. This cooperative
relationship would have procedural similarities to the maritime and airline
industries coordination with the DoT and FCC.

‘These recommendations with comments regarding utility are presented.

1. The proposed reduced allocation or reallocation actions should be

opposed. ' o

This technica] report should be the basis for the DoT expressions
to the FCC and OTP, citing the operations requirements, spectrum usage, and
cost impacts to the railroad industry for reduced VHF allocation, or UHF
reallocation actions. Based on this utilization information, the DoT should
recommend and support negative decision by FCC for the proposed Land Mobile
channel allocation actions. The serious negative ramifications in efficiency
and safety for all elements of the railroad industry has been indicated herein.

Additional information requirements regarding equipment deployments,
investment and operational communications functional relationships for specific
areas to support particular queries from WARC Task Groups can be provided by
DoT through exercise of the data files and associafed analysis routines devel-
oped for this program.
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2. The railroad industry should implement and utilize the software
information system developed for this program as the primary

support for frequency management. ' -

The softﬁére data programs developed to evaluate reassignment poten-
tial should be utilized by the AAR to support future assignment requirements,
and to examine the possibilities for improving the utilization efficiency in
high density urban areas. These programs can be installed on the multiprocessor
fac111ty available to AAR. )

Maintenance of the data files for llcenses, 1ocat1ons, and applica-
tions is obv1ous1y required. Data base coordination must also be effected
with FCC and DoT to provide a common base for analysis in responSe to utili;a-
tion and proposed reaséighment queries. Data base maintenance includes the
periodic updating and purging of active license files and broposed assignments.
- This software System will afford the necessary analysis capability
for AAR to effectivé]y manage spectrum utilization, provide quantitative exam-
ination of proposed actions with regard to communications capability, and
support the development of technical and operational specifications and regu-
lations to minimize -interference potential and maximize utilization effective- -
ness. The data files should also be extended to include UHF and microwave
systems, since the same managemeht and usage éva1uatioh requirements prevail
_ through the entire spectrum. Basic file structures would be identical wi th
those developed for this VHF investigation; additional access keys and param-

eter thresholds must be 1ncorporated that are appropriate for other system
operations.

3. The AAR should review high density urban areas to maximize
utilization.

The Chicago, St. Louis, New York, Boston, and Los Angeles areas
should be examined using the software processing system regarding usage
efficiency, and possible local assignment adjustments to remove interference
_ situations. Restricted share service operations in functions not associated -
to equipment movement control or coordination (e.g., inspection, security,
administration) should be examined to maximize channel utilization. This is
important with regard to any future additional equipment control requirements
in these urban areas. -
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4. Maintain strict operational management in communications operations.
The 1imited monitoring effort accomplished for this program indicated

no improper use of VHF communications. The industry should periodically review '

operating rules and possibly establish occasional 1ocal monitoring exercises
to assure a minimal misuse of all communications systems.

5. Minimize channel requirements for digital operations through

signal formating and protocol. ' ,

The previous discussions regarding: mu1t1p1exed digital and analog
data operations have indicated the compat1b111ty of time multiplexed techn1ques
with the ex1st1ng channel bandwidth. As discussed, the time multiplex mode
has significant advantages over other simultaneous mixing methods in data
transfer reliability, reduced 51gna1 level sensitivity, and interface compat1-
bility with existing receiver and transmitter equipment.

| Procedural control will have increased importance with digital
operations to reduce to an absolute minimum the data error and "incorrect
message" probabilities with digital modes. The usage control and aural-and
visual channel availability indicators discussed should be incorporated to
minimize these error and delay prbb]ems. This requirement is obviously
~particularly critical for equipment movement control functions.

6. Limited port area reassignments be implemented if: necessary

to allow temporary service to other users. .

With the previously recommended examination of high density usage
areas, a small number of channels (approximately 1 to 3) should be available
for temporary use by other services. If this would have high value for other
operations (é.g.,.port maritime, local land transportation), a small number
of channe]s'tou1d probably be temporarily released. - The number and specific
channels would as previously indicated be identified through exercise of the
- data processing software to quantify.interfefence potential and temporary
reassignments to assure acceptable operations. Only channels not utilized for
equipment movement control should be considered. As mentioned previously,
this action should only be considered for emergency situations because of the
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restrictions in extended service potential for railroad operations. The .
extremely Timited capability provided to maritime or other users indicates
the questionable economics associated with such sharing actions.

7. A general recommendation: Include radio communications

functions in the resource planning activities of the .

railroad industry. |

Sinte communications are integrated into operations to thé depth
demonstrated in these analyses, planning for communications requirements
should be included in the desfgn of operational facilities such as yard and
track areas. Communication resources and modes of employment would then be
jdentified with elemental operations, allowing for quantification of pr1or1t1es
in communications support functions and channel usage.

Such resource planning would utilize the data system of AAR for
environment predictions to support assignment decisions, and provide basic
“guidance for decisions regarding fixed site (relays and passive reinforcement
devices) equipments'in high density regions. Significant enhancements would
also be evident in the cost effectiveness of communications over a facility
life cycle (development through operations phases). Through such planning,
integrated communications requirements would be coupled directly to facility
or equipment operations, allowing trade-off in procedures, siting, and equip;
ment inventory to achieve specified ranges of performance criteria.
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