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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, California, 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.

Program responsibility 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 Reduction; and Mr. G. McClure, Test Engineer.
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V

1. INTRODUCTION

1.1 GENERAL

The AiResearch Manufacturing Company prepared this report for the 
Transportation Systems Center of the Department of Transportation. It covers 
energy storage car (ESC) tests performed by AiResearch from May 1^7^ through 
January 1975 at the Transportation Test Center, Pueblo, Colorado. (See 
Figure 1-1.

The report consists of four volumes.

Volume I Program Description and Test Summary

Volume II Performance, Power Consumption, and Radio Frequency 
Interference Tests

Volume III - ' Noise Tests

Volume IV ' Ride Roughness Tests .

All tests reported herein 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 TEST CRITERIA ' ..... >- -

The objectives.of the tests were:

Verification of system performance 

Confirmation of system adaptability to rail cars 

Evaluation of system noise (exterior,, interior)

Evaluation of system ride roughness 

Evaluation of system structural dynamics

_]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.
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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 oar 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 dc 
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.

1-2
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Figure 1-2. Energy Storage Unit



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)

(c) AW3— Crush load (AWO + 21 tons)

1.3.2 EQUIPMENT LIST.AMD INTERFACE DETAILS

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

Table 1-1. Energy Storage System Components

Component
AiResearch 
Part No.

Qty per 
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 
Flywheel field supply 
Traction field supply 
Alternator regulator

542542 
2015368 ’ 
2015367 • 
NA

1

Brake resistor NA 2

Air duct assembly 
Air duct filter 
Cooling fan

523050

System instrument panel 543121 1

Figure 1-3 is a simplified circuit schematic that shows major
interfaces for a single-car system.
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Figure 1-3. Energy Storage System Simplified Circuit Schematic



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 a 9.1-mile, 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 INSTRUMENTATION

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-064. 
Detailed requirements for these tests are covered in AiResearch documents 
73-9373 and 74-10441.

2-1
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Table 2-1. Data Acquisition System Instrumentation

I t e m  

No.

E S C  I n s t r u m e n t a t i o n  

D e s c r i  p t i o n

M o d e l

No. Mfg.
R e s p o n s e

R a n g e S e n s i  ti vi t y C a li b. N o t e s

I O s c i l l o g r a p h  R e c o r d e r  

( 3 6  C h a n . )

5-1 19 B e l l  & 
H o w e l 1

0  t o  5 0 0  Hz ft* 2 . 5  v  p e r  

i n.

0 t o  2 

in. f o r  

F . S .  s i g ­

nal

2 O s c i l l o g r a p h  R e c o r d e r  

( 1 2  C h a n .  )

5-124 B e l l  & 
H o w e l 1

0  t o  5 0 0  Hz ft* 2 . 5  v  p e r  

i n.

0  t o  2 

in. f o r  
F . S .  s i g ­

nal

3 M u l t i p o i n t  T e m p e r a t u r e  
R e c o r d e r  ( 1 2  C h a n . )

S p e e d o -  

m a x  " H "

L e e d s  &  

N o r t h r o p

N. A. «  5 0 ° F  p e r  

i n.

0  t o  I 2 0 0 ° F  

( T y p e  E 

S e n s o r )

4 T a p e  R e c o r d e r 21 U P r e c i  si o n  
I n s t r u ­

m e n t s

0  t o  10 k H z ft* 10 m v  

m i n i  m u m

± 5  v  F.S. 

s i g n a l

5 S t r a i n  G a g e  S i g n a l  
C o n d i  t i o n i n g

L S K
3 6 3 9 8

Ai R e s e a r c h 0  t o  10 k H z ft* 10 p,G

mi n i m u m

D e p e n d s  o n  

S e n s o r

6 G e n e r a l  S i g n a l  

C o n d i  t i o n i n g

L S K

3 6 0 5 2

Ai R e s e a r c h 0  t o  5 0 0  H z N. A. ± 5  v  F . S.  

si g n al

P r o v i d e s  

b u f f e r i n g  f o r  
v o l t a g e s  a n d  

a c c e l s .

7 A c c e l e r o m e t e r  C h a r g e  

A m p l I f i  e r s

Dll U n h o l t z  

Di ck i e

0  t o  10 k H z 1g to  1O O O g  

F . S.

5  v  =  3 g

8 S p e e d  &  Di s t a n c e  

S i g n a l  C o n d i t i o n i n g

L S K
3 6 2 2 0  &

L S K

3 6 0 5 4

Ai R e s e a r c h 0  t o  1 k H z »  ± 0 . 1  m p h

&

«  ±1 . 0  ft.

0  t o  5 0  

m p h
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Table 2-1. Data Acquisition System Instrumentation (Continued)

I t e m

No.

E S C  I n s t r u m e n t a t i o n  

D e s c r i  pti o n

M o d e l

No. M f g .

R e s p o n s e

R a n g e S e n s i  ti vi ty C a l i  b. N o t e s

9 C h a r g e  A c c e l e r o m e t e r s 2 2 7 2 E n d e v c o 0  t o  5 k H z ^  .01 g

m i n i m u m

Ai R e s e a r c h  

C e r t i f i e d

10 L i n e a r  A c c e l e r o m e t e r s L S B C

3 9 - 2

S c h a e v i  t z 0  t o  4 0  H z «  . 0 0 1  g 

mi n i m u m

5  v  =  2 g

1 1 C u r r e n t  S h u n t s P R  1 0 0 0 Q u a  1 i t y  

E l e c t r i  c

0  t o  5 0 0  Hz ~  0. 1 m v  

m i n i m u m

5 0  m v  =  

I 0 0 0 A

12 C u r r e n t  S h u n t  
I s o l a t o r s

6 2 7 1 A Sci e n t i  f i c 
C o l u m b u s

0  t o  1 2 0  Hz ** 0 . 5 $  o f  

F . S .

5 0  m v  =  

5 v

13 V o l t a g e  D i v i d e r s “ Ai R e s e a r c h 0  t o  1 k H z *=» 0 . 5  v  

m i n i m u m

7 5 0  v  =  9 v 0 . 1 $  R e -  

si s t i v e  

Di vi d e r

14 C a l i b r a t i o n  P o w e r  
S u p p l y

L S 5 I 3 L a m b d a  . 0  t o  4 0  v 1 0 0  |j,v Ai R e s e a r c h  

C e r t i  fi e d

15 C a l i b r a t i o n  F r e q u e n c y  
C o u n t e r

C F 6 0 I R A n a d e x 1 Hz  t o  
9 9 , 9 9 9  Hz

±1 c o u n t Ai R e s e a r c h  

C e r t i  fi e d

16 C a l i b r a t i o n  O s c i l l a t o r 2 0 4 C H e w l e t t

P a c k a r d

5 Hz  t o  1.2 

m H z

+  1$ Ai R e s e a r c h  

C e r t i  fi e d

17 C a l i b r a t i o n  R M S  
V o l t m e t e r

4 2  7 A H e w l e t t

P a c k a r d

0 . 0 1  v  to  

3 0 0  v  

10 H z  to  

1 m H z

«  0 . 5  m v  

mi n i m u m

Ai R e s e a r c h  

C e r t i  f l e d

18 C a l i b r a t i o n  D C  V o l t ­

m e t e r

D S I 0 0 D o r i c 0  t o  1 0 0 0  v 0. 1 m v Ai R e s e a r c h  

C e r t i  fi e d

19 I n v e r t e r 1 0 0 0

G C C W D

T o p a z D C  t o  6 0  Hz N . A . N.A.
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Table 2-1. Data Acquisition System Instrumentation (Continued)

I t e m

No.

E S C  I n s t r u m e n t a t i o n  

D e s c r i p t i o n

M o d e l

No. M f g .

R e s p o n s e

R a n g e S e n s i  tivi ty C a l i b . N o t e s

2 0 O s c i 1 l o s c o p e 5 0 3 T e k t r o n i x DC t o  1 m H z 10 m v  

mi n i m u m

Ai R e s e a r c h  

C e r t i  fi e d

2! C o u p l e r  D i s p l a c e m e n t W R 8 L o c k h e a d

E l e c t r o n i c s

DC  t o  5 0  H z »  1 . 0  v  p e r

i n.

5 in* P* S •

22 K i l o w a t t  H o u r  M e t e r L S K
3 6 1 2 9

A i R e s e a r c h 0 t o  9 9 , 9 9 9 . 9  

K W H R

0. 1 K W H R 1.5 M E G A  

W a t t  F.S.



Figure 2-4. Data Recovery. System



Table 2 -2 . Data Recovery System Instrumentation

I t em I n s t r u m e n t M o d e l S e n s  i t i v i t y R a n g e D e s c r i p t  ion

1 M a g n e t i c  T a p e  
R e c o  r d e  r/  R e p  r o d u c e  r

H o n e y w e l 1 

N o .  7 6 0 0
0 . 5  t o  1 0  v 
p e a k  f o r  ful 1 

d e v  iat ion

3 - 3 A  ips - 0  t o  6 2 5  H z  
7 - 1 / 2  ips - 0  t o  1 2 5 0  H z  

15 ips - 0  t o  2 5 0 0  H z

14 - c h a n n e l  

F M  r e p r o d u c e  m e d ­

i u m  b a n d  s y s t e m .

2 S t r i p  C h a r t  

R e c o r d e r

.B e c k m a n -  

O f f n e r  
T y p e r  
D y n o g r a p h

1 . 0  m v / m m  m a x . 0  - 2 0 0  H z  + 2 0 % 8 - c h a n n e l  d i r e c t  

w r i t i n g  o s c i l l o -  
g r a p h

3 D i g i t a l  V o l t  M e t e r D o r i c - D S

1 0 0

0 . 1  m v  t o  

1 0 0 0 v
- D c  v o l t m e t e r

4 D C  P o w e r  S u p p l y L a m b d a  

L S  5 1 3

1 0 0  |jlv t o  4 0 v “ P r e c i s i o n ,  p r o ­

g r a m m a b l e ,  d i g i t a l  

a d j u s t

5 F r e q u e n c y  C o u n t e r A n a d e x

C F 6 0 1 R

+1 c o u n t 1 H z  t o  9 9 . 9 9 9  k H z D i g i t a l  C o u n t e r

6 O s c i l l a t o r H e w l e t t -

P a c k a r d

2 0 4 B

+ 1 %  o f  s c a l e 5 H z  t o  5 6 0  k H z Sol id s t a t e ,  
b a  t t e  r y - o p e  ra t e d

7 F r e q u e n c y A n a d e x

P 1 - 4 0 8 R

0 . 0 1 v  R M S  

t h r e s h o l d  
v o l t a g e

5 H z  t o  5 1 . 2  k H z F r e q u e n c y  to  

a n a l o g  c o n v e r t e r  
, w i t h  z e r o  s u p ­

p r e s s  ion

f



Table 2-3. Parameter Calibration Ranges

P a r a m e t e r C a l i b r a t i o n  R a n g e C a l i b r a t i o n

V o l t a g e s 1 0 0 0  v  =  F . S .  ( 7 5 0  v  =  9 . 0 0 0  v) R e s i s t i v e  D i v i d e r  ( 0 . 0 1 $  R e s i s t o r s )  
L a m b d a  P o w e r  S u p p l y  a n d  D o r i c  V o l t m e t e r

C u r r e n t s 1 0 0 0  A  =  5 0  m v  - 5 v C e r t i f i e d  C u r r e n t  S h u n t

L a m b d a  P o w e r  S u p p l y  a n d  D o r i c  V o l t m e t e r

L i n e a r  A c c e l e r o m e t e r s ± 0 . 5  g =  ± 5  v
1

C a l i b r a t e d  A c c e l e r o m e t e r

L a m b d a  P o w e r  S u p p l y  a n d  D o r i c  V o l t m e t e r

S p e e d 0  t o  5 0  m p h H . P .  O s c i l l a t o r  a n d  A n a d e x  C o u n t e r

C h a r g e

A c c e l e r o m e t e r s

±  3  g C a l i b r a t e d  A c c e l e r o m e t e r

H . P .  O s c i l l a t o r  a n d  H . P. R M S  V o l t m e t e r

T e m p e r a t u r e

R e c o r d e r

0  t o  1 2 0 0  °F  

T y p e  E T h e r m o c o u p l e

I c e  B a t h  R e f e r e n c e

L a m b d a  P o w e r  S u p p l y  a n d  D o r i c  V o l t m e t e r

O s c i 1 l o g r a p h  

R e c o r d e r s

5  v  =  2 i n. H . P .  O s c i 1 l a t o r  &  H . P .  R M S  V o l t m e t e r  o r  

L a m b d a  P o w e r  S u p p l y  a n d  D o r i c  V o l t m e t e r

T a p e  R e c o r d e r ± 5  v  =  F . S .  ( ± 4 0 $  d e v i a t i o n  o n  FM) L a m b d a  P o w e r  S u p p l y  a n d  D o r i c  V o l t m e t e r

T o t a l  p o w e r  c o n s u m p t i o n  f o r  t h e  e n t i r e  i n s t r u m e n t a t i o n  s y s t e m  is «  1 . 5  kw.



Table 2-4. Performance Test Parameters and Instrumentation

R e c o r d e d  
P a r a m e t e r

A c c e l
T e s t s

De c e l
T e s t s
( B l e n d e d )

Dece l 

T e s t s  
( F r i c t  ion)

D r i f t
T e s t s

D u t y  

Cy cl e 
T e s t s

P o w e r
C o n s u m p t i o n

T e s t s M i s c .

E v e n t  a n d  T i m e  M a r k 0 T 0 T 0 T 0 T 0 T 0 T

V o l t s ,  3 r d  Rail 0 T 0 T 0 T 0 0 0 T

Vo.lts, C a p a c i t o r  B a n k 0 0

V o l t s ,  F l y w h e e l  M t r .  A 0 T 0 T 0 T 0 0  T 0

V o l t s ,  T r a c .  M t r .  A 0 0 0 0 T 0  T 0 T

C u r r e n t ,  3 r d  Ra il 3 7 0 0 0 T 0 T 0 T 0 0 0

C u r r e n t ,  3 r d  Ra i l  3 7 0 1 0 0 0 0 0 0 T

C u r r e n t ,  T r a c .  M t r .  A 0 ( A ) T 0 ( A ) T 0 ( A ) T 0 ( A ) T 0 ( A ) T 0 T

C u r r e n t ,  T r a c .  M t r .  B 0 ( B ) 0( B )

C u r r e n t ,  F l y w h e e l  M t r .  A 0( A )  T 0 ( A ) T o (a ) t o  (a ) t 0 ( A ) T 0 T

C u r r e n t ,  F l y w h e e l  M t r ,  B 0( B ) O H )

V i b r a t i o n ,  C a r b o d y  V e r t , 0 0

V i b r a t i o n ,  C a r b o d y  Lat, 0 0

V i b r a t i o n ,  C a r b o d y  L o n g .

V i b r a t i o n ,  F l y w h e e l  V e r t , T

V i b r a t i o n ,  F l y w h e e l  La t. T

V i b r a t i o n ,  F l y w h e e l  L o n g .

A c c e l e r a t i o n ,  V e h i c l e  L o n g . 0 T 0 T 0 T 0 T 0 T 0 T

D i s p l a c e m e n t ,  C o u p l e r 0 0 0

C a r  C o m m a n d  S i g n a l 0 T 0 T 0 T 0  T 0 T 0 T

D i s t a n c e ,  V e h i c l e 0 T 0 T 0 T 0 T 0  T 0 T

S p e e d ,  V e h i c l e 0 T 0 T o T 0 T 0 T 0 T

S p e e d ,  F l y w h e e l  A 0 T 0 T 0 T 0 T 0 T 0 T

L o c k - o u t  M a g n e t 0 T 0 T 0 T 0 0  T

P r e s s u r e ,  B r a k e  C y l i n d e r 0 0 0 0 T 0 T

V o i c e T T T T T T

T e m p e r a t u r e  W h e e l ,  B r a k e  S h o e s S S

T e m p e r a t u r e  V e h i c l e  C o m p o n e n t s s

N O T E : T  =  R e c o r d e d  o n  M a g n e t i c  T a p e  (A) C a r  3 7 0 0
0 =  R e c o r d e d  o n  O s c i l l o g r a p h  P a p e r  (B) C a r  37 01
S =  R e c o r d e d  o n  S t r i p - C h a r t  T e m p e r a t u r e  S t a m p e r



TEST ORDER

Test

(a)

(b)

(c)

(d)

Only the tests in categories c and d are reported herein.

2.H 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 included 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.H.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 conditions (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-^2 vehicles are 
trainline-compatible with the original R-32 cars and are similar in size and 
performance characteristics. 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.

effort at the TTC was conducted in the following sequence:

Verification of safe arrival 

Debugging procedure 

Performance verification tests 

Expanded test program

AiResearch Document 73-9373 

(Tests planned prior to 

Contract DOT-TSC-838.) 

AiResearch Document 74— 10441 

(Tests added for Contract 

DOT-TSC-838.)
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All runs from the initial run through run 31 were conducted for the 
purpose 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 AND 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 III; 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

Pa ra 
No. Test Area Tes t Ti 11e

Test Procedure Reference-1-

GSP-064 
(Set No.)

AiR 73-9373 
(Pa ra No.)

AiR 74-10441 
(Page No.)

2.5.1

Performance

Accelerat ion P-2001-TT 4.4.7.3 3
2.5.2 Deceleration - Blended Braking. P-3001-TT 4.4.7.4 4

2.5.3 Deceleration - Service Friction P-3002-TT — 4

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

2.5.6 Powe r
Consumpt ion Power Consumption PC-5011-TT 4.4.7.11 -

2.5.7
Radio Freq 
Interference

Radio Frequency Interference PS 1-6001-TT — 11

2.5.8 Exterior
Noise

Equipment Noise Survey-Wayside 

Effect of Car Speed-Wayside

CN-0001-TT

CN-1001-TT
4.4.7.7

4.4.7.7

7

2-5-9
2.5.10

Interior
Noise

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 Interior Noise Survey PN-1301-TT 4.4.7.8 8

2.5.13 Acceleration Effect-On 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

Ride
Roughness

Dynamic Shake Test-Vertical R-0001-XX — 9

2.5.16 Dynamic Shake Test-Lateral R-0002-XX — 9

2.5.17 Dynamic Shake Test-Longitudinal R-0003-XX — 10

2.5.18 Component Induced Vibration R-0010-TT 4.4.7.8 10

2.5.19 Worst Speeds R-1101-TT — 10

2.5.20 Accel erat ion R-2001-TT — 10

2.5.21 Decelerat ion R-3001-TT — 10
••TSC General Vehicle Test Plan, GSP-064
AiResearch Proposed Test Program for Energy Storage Cars, 73-9373 
AiResearch Expanded Testing on Energy Storage Cars, 74-10441



A brief outline of the GSP-064 test sets used in the energy storage car 
test program are provided in paragraphs 2.5.1 through 2.5.21.

2.5.T ACCELERATION - ESC-P-2001-TT

2.5.1.1 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

(4) Controller level Half and full power

(6) Line voltage Min, 600, & max. volts

(5) Car weights AWO, AW2 and AW2

(3) Car direction Forward and reverse

(7) Train consists 2-car train

2.5. 1.3 Procedure

The tests were performed in accordance with procedures described in 
AiResearch documents 73-9373 and 7^— 104^1 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 Objective

To determine the overall deceleration characteristics 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

(5)

( 6 )

(7)

( 8 )

(4 )

(10) _

2.5.2.3 Procedure

Prime Variable 

Controller level 

Car weights 

Line voltage 

Train consists 

Car direction 

Regeneration (Load)

Test Conditions 

Half and full brake 

AWO, AW2, AW3 

Min, 600, & max. volts 

2-car train 

Forward and reverse 

100? and 50? line 

receptivity

Cars 3700- and 3701, under AWO, AW2 and AW3 conditions were subjected to 
deceleration tests in accordance with procedures described in AiResearch 
documents 73-9373 and 74-10441 in conformance with Test Set Number ESC-P-3001 
of TSC General Vehicle Test Plan GSP-064.

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.
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2.5.3*2 Description

The test vehicle was 
level tagent track. The

decelerated at the required 
following test combinations

controller command on 
can be tested:

Procedure Option Prime Variable Test Conditions

(5) Controller level Half and full brake

(6) Car weights AWO, AW2, AW3

(7) Train consists 2-car train

(4) Car direction Forward 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 7*1-10441 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

2-17



were disabled to attain a true coast. The speed-time-distance data is the 
source of the final resistance values.

Procedure Option Prime Variable Test Conditions

(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

( 1)

( 2)

(3)

(5)

Prime Variable 

Cruise speed and 

time

Car weight 

Brake type 

Brake blending

Test Conditions 

35 mph for 45 sec.

50 mph for 55 sec.

AW2 (orAW3)

Solid wheels

Blended & friction only
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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 7^—10441 in confor­
mance with’jTest Set Number ESC-P-5001-TT of TSC General Vehcile Test Plan 
GSP-06H. , . . . . .  ' '

2.5.5.4 Results

The cars successfully completed the friction brake duty cycle tests. A 
copy of the log for. test runs 7.7 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 Ob iective

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 (regener 
ation), and overall traction system efficiency.

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 

(1)

( 2)

(3) .

(4)

(5)

2.5.6.3 Procedure

Prime Variable 

Car weight

Regeneration (Load) 

Line voltage 

Train consists

Test Conditions 

AW2 r

100?.and 0?

100? and 50?

Min, 600, & max. volts 

2-car train

Regeneration

Cars 3700 and 3701 under AW0 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-061!.
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2.5.6.4 Results

The ears 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 obtained also includes power for the motor-generator 
set air compressor.

2.5.7 RADIO FREQUENCY INTERFERENCE - ESC-PSI-6001-TT

2.5.7.1 Objective

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

2.5.7.2 Description

. This 
under each

test to be performed with test vehicle 
of the following conditions:

passing by a wayside station

(a) Acceleration above and below base speed

(b) Constant speed

.(c) Braking

2.5.7.3 Procedure

Cars 3700 and 3701 under AWO conditions_were 
quency interference test contained in AiResearch 
mance with Test Set Number ESC-PSI-6001-TT of TSC 
GSP-064. The following operations were performed

subjected to the radio fre- 
document 74-10441 in confor- 
General Vehicle Test Plan 
during EMI evaluation:

(a) Power consumption

(b) Duty cycles

(c) Reliability

(d) Acceleration/Deceleration

(e) Constant speed
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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 during, 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

2.5-7.4 Results

Cars 3700 and 3701 under AW3 conditions were subjected to the external 
noise level tests contained in AiResearch documents 73-9373, and 7̂ 4—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.

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 during 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 AW0 and AW3

(b) Single car and multiple units

(c) 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 AiPesearch 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 performed at the following conditions:

(a) Car weights of AW0 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 ON CAR EFFECT OF TRACK SECTION - ESC-PN-1101-TT

2.5.11.1 Objective

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 (AWO) and one speed 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 OSD 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 Appendix 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 Objective

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 AWO 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 74-10441 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 Objective

To determine the vehicle vertical natural modes and frequencies.
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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 conditions, were subjected 
tp the vertical shake test described in AiResearch document 74-10441 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 C.)

2.5.17.1 Objective

To determine the vibration levels of the test vehicle components while 
sationary on the UMTA test track.

2.5.17.2 Description

This test was performed on a stationary par at a known level section of 
track.

2.5.17.3 Procedure

Cars 3700 and 3701 under AWO conditions 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.
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2.5.17.4 Results

The oars 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 Objective

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

(c) 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

2.5.18.3 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 vehicle test weights of AWO, 
AW2, and AW3.

2-26



2.5.19.3 Procedure

The tests were performed in accordance with procedures described in 
AiResearch document 74-10441 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 74-10441 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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D. 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 point 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 3̂ (1 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:

Peak line current 

RMS line current 

Kw hrs/cm (approx)

ESC

490 amps 

257 amps 

4.7

R-32 (Calculated) 

1120 amps 

421 amps 

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 tests is shown in Figure 3-4. 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.flywheel 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 Figure 3-3.

Refer to: Volume II for details concerning the power consumption tests.

3.3 RADIO FREQUENCY INTERFERENCE TESTS

The interior and wayside electromagnetic interference was measured for 
the 0.15 to 4,00 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 S0AC (state-of-the-art1 car) are superimposed 
on Figure 3-6 as a matter of interest. It should be noted that S0AC 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 carried but at a location near the 
north end of track Section I.

Refer to Volume II for details concerning the radio frequency inter­
ference tests.

3.4 EXTERIOR NOISE TESTS

The wayside 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 equipment. 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 t? 
this since only one platform location was used. Direct propagation from 
equipment on the far side and the ends 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 highest level. 
Generally the wheel rail noise 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 
'chart with the number and. length of flats per .wheel, is shown in Figure 3-9.

Refer to Volume III' for details concerning the exterior noise tests.

3.5 INTERIOR NOISE TESTS

Equipment interior noise contribution is summarized in Figure ;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 the 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 level 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 instrumentation 
equipment.

Refer to Volume III for details concerning 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.

3-11



WHEEL LOCATION
CAR NO. 3700 CAR NO. 3701

a ,X = L ,— . r—,
1 2 3 4 5 6 7 8

16 15 14 13 12 11 10 9
T = T T = T t = t 1=3 r = r r = r m

Wheel No. Number o f  Flats/Wheel

l - in . - L o n g 1 -5 - in . -L o n g 2 - in .-Long

1 3 - r

2 5 2 -

3 2 1 -

4 4 2 1 , '

5 3 - -

6 3 3 -

7 1 ' -

8 3 2 -  '

9 2 - -

10 1 -  . -

11 2 1 -

12 - 1

13 1 4 -

14 1 2 -

15 6 1 -

. .16 1 - -

Figure 3 -9 .  Wheel Flats Measurement



Figure 3-10. Interior Noise Summary - Equipment Noise Survey
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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

R E P O R T  OF I N V E N T I O N S  A P P E N D I X

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.
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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.
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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

(4) Controller level
(6) Line voltage
(5) Car weights
(3) Car direction
(7) Train consists

Half and full power 
Min: 600: and max. volts
AWO; AW2; AW3 
Forward and reverse 
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)
(6 )
(7)
(8) 

(4)

Controller Level 
Car weights 
Line voltage 
Train consists 
Car direction

Half and full brake 
AWO; AW2; AW3 
Min; 600; and max. volts 
Two car train 
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.
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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 AWO; AW2; AW3
(7) Train consists Two car train
(4) Car direction Forward and reverse

STATUS:

The energy storage cars .successfully completed the service friction 
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.
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TEST TITLE: , 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 consists will be allowed to coast from 
an initial speed on level tangent track. Both propulsion and friction 
brake systems will be disabled to attain a true coast. The speed-time-, , 
distance data will be the source of the final resistance values.

Procedure Option Prime Variable Test Conditions

(2) ' ' Car weight AWO and AW2

(3) Train consist Two,car train

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, 74 and 76 presented in Volume I, Appendix C of 
this report.
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TEST TITLE: FRICTION BRAKE DUTY CYCLES
TEST SET NUMBER: ESP-P-5001-TT

TEST OBJECTIVE:

To determine- the thermal capacity of the vehicle's friction braking 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.

(1) Cruise speed and time 35 mph for H5 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.
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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 conditions

Procedure Options

( 1 )
( 2 )
(3)

Prime Variable

Car weight 
Line voltage 
Train consists

Test Conditions

AW2
Min; 600; max. volts 
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.
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RADIO FREQUENCY INTERFERENCETEST TITLE:

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
(c) 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.
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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 constant 
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
(c) 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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• TEST TITLE: 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
(c) Five car speeds

STATUS:

The energy storage cars successfully completed the interior car speed 
tests as prescribed by the conditions specified in paragraph i|.1.2. Refer 
to test log run 72 presented in Volume I, Appendix C of this report.
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TEST 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 (AWO) 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 (AWO) 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 
weights of AWO and AW3.

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* 6? and 72 presented in Volume I, Appendix C of this report.
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TEST TITLE: DECELERATION EFFECT - ON CAR

TEST SET NUMBER: ESC-PN-3001-TT

TEST OBJECTIVE:

To determine noise levels inside the test vehicle while decelerating.

TEST DESCRIPTION:

This test will be performed at the following conditions:

(a) For'selected interior test points
(b) For various braking configurations (depends upon modes available 

on test vehicle). The basic configuration will be the normal 
service system.

(c) Vehicle weights of AWO and AW3.

STATUS:

The energy storage cars successfully completed the deceleration 
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 
frequencies. At these natural frequencies detail probes of the vehicle 
are necessary to determine the associated mode shapes. The test will 
be performed at vehicle weights of AW0..AW2 and AW3.

STATUS:

The lateral shake tests could not be performed due to the. lack of 
a mounting fixture. 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 vehicle longitudinal natural modes and freuqencies.

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:

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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TEST TITLE: COMPONENT.INDUCED VIBRATION

TEST SET NUMBER: Ê C_R"0010_TT

TEST OBJECTIVE:

To determine 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 prescribed 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 levels of the test vehicle on the 
UMTA test track.

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 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.

STATUS:

The energy storage cars successfully completed the worst speeds 
tests as prescribed by the conditions specified in paragraph 6.1.2. 
Refer to test log runs 73 through 75 presented in Volume I, Appendix 
C of this report.
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-  TEST TITLE : RIDE ROUGHNESS - ACCELERATION

TEST SET'NUMBER: ESC-R-2001 -TT! :, . •

TEST OBJECTIVE:

To determine-the most severe vibratiori’levels encountered during car 
acceleration

TEST DESCRIPTION:

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

STATUS:

The energy storage cars successfully completed the acceleration 
tests as prescribed by the conditions specified ini paragraph 7.1.2 
Refer to test: log runs 73,"78 and 79 presented in Volume I, Appendix- 
C of this report.
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TEST TITLE: , RIDE ROUGHNESS - DECELERATION

TEST SET NUMBER: ESC-R-300,1-TT

TEST OBJECTIVE:

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

TEST DESCRIPTION: .

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

RUN TIME: START 2 :OQ WEATHER CONDITION: WIND VEL

STOP 5:00 DIRECTION

MILES RECORDED 20, 5700 Fwd and Rev 
20, R-42, Fwd and Rev

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Beqier

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith, Tate, Leaston, Beeml

INSTRUMENTATION Sessions

REAR MONITOR As req'd

GROUND CONTROLLER As req'd

ADDITIONAL PERSONNEL Lewis, DeDee

TEST PROGRAM SPECIFICATION NO. 73-9375________________

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 

5700. 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 drops to 200-300 steady state. No adverse personal rear.tions

experienced bet R-32 and R-42 during accel.__ All running operations seemed
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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 ? : |S

STOP 2:00 

MILES RECORDED 42

WEATHER CONDITION: WIND VEL_____0

DIRECTION___ 0

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Begier

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G. Spon

VEHICLE OPERATOR Smith, Tate, Leaston, Beeml

INSTRUMENTATION Sessions

REAR MONITOR As Req'd

GROUND CONTROLLER As Req'd

ADDITIONAL PERSONNEL Lewis, Nickel, Sm| ts

TEST PROGRAM SPECIFICATION NO. 73-9373______________

TEST PROCEDURE NO. *»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.____________
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ESC TEST RUN NO.__ 34 DATE 5-16-74

STOP 4:30 

MILES RECORDED 40

RUN TIME: START 9 :30 WEATHER CONDITION: WIND VEL 0 MPH

DIRECTION_______

AMBIENT AIR 
TEMPERATURE_____

TEST PERSONNEL:

TEST CONTROLLER R. Begier

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR ... . .Smi.th ,-.Tate,-Leaston, Bei

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-itOOI-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 I set and then switched cables for 2nd set. Completed drift 

test. Ran Accel (max) Fwd and Rev driving from 5701. 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 NO.__ 35 DATE 5-17-74

STOP A;00 

MILES RECORDED 20

RUN TIME: START 10;00 WEATHER CONDITION: WIND VEL___

DIRECTION__

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, 

Carrol 1_________________________________ _________

TEST PROGRAM SPECIFICATION NO. 73-9575 G S P - 0 6 4 __________

TEST PROCEDURE NO. 4.5 ESC-PC-5011-TT________________________

TEST TITLE Performance Verification - Power consumption test 

VEHICLE CONFIGURATION 2 cars - empty w t . _____________________

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

COMMENTS On first brake initiation while driving from 5701, experienced T/L

Q.SD on 5701 only. Experienced same in Rev dir. Switched driver's cab to 5700 - 

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. S p o n s _____________________

VEHICLE O P E R A T O R Smith, Tate, Leaston, Beemler

INSTRUMENTATION Jenkins________________

REAR MONITOR As required___________________

GROUND CONTROLLER As required___________________

ADDITIONAL PERSONNEL Lewis_____________________

TEST PROGRAM SPECIFICATION NO. 73-QT7V GSP-064_______________

TEST PROCEDURE NO. 4.T ESC-PC-5011-TT_______________________

TEST TITLE Performance Ver if ir.at inn-Pnwor Hnncnmpt ion Tact 

VEHICLE CONFIGURATION ? rarc-Fmpi-y u » _______________________

TEST DESCRIPTION Perform Power consumption test.par fast plan; reel If.___

COMMENTS Initiated power consumption test per test plan. Cnmplp.tf»H Run 

Nos. 1 and 2. 3 to 1 OSD on current swapping. Shut down tn inusctigai-P. 

Found F/W PDR volt trap had arced and under rated SCR's were damaged. 

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

STOP 4:00 DIRECTION WSW

MILES RECORDED._________________  AMBIENT. AIR
TEMPERATURE___

RUN TIME: START 10:00 WEATHER CONDITION: WIND VEL_____

TEST PERSONNEL:

TEST CONTROLLER R. B e g i e r ___________ ~ '

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G. Spons____________.__________

VEHICLE O P E R A T O R Smith, Tate, Leaston, Beemler

INSTRUMENTATION Jenkins_________________ ■ ■

REAR MONITOR As required________ __________

GROUND CONTROLLER As r e q u i r e d _________

ADDITIONAL PERSONNEL Lewis, Nickel, Raskin

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064 

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

TEST TITLE Perform verification-power cons test 

VEHICLE CONFIGURATION 2 cars-emptv 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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ESC TEST RUN NO.___38 DATE 5-22-74

STOP 5:00

MILES RECORDED_______ 25

RUN TIME: START 10:00 WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Beqier

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith. Tate. Leaston. Beemle

INSTRUMENTATION Jenkins

REAR MONITOR As requ i red

GROUND CONTROLLER As required

ADDITIONAL PERSONNEL Lewis

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064_______ ■
TEST PROCEDURE NO. ^-3 ESC-PC-5011-TT______ ;_______
TEST TITLE Performance Verification-Power Consumption Test 

VEHICLE CONFIGURATION 2 cars-empty wt._______________________

TEST DESCRIPTION Cont inuat ion of Power Consumption Test per test plan;

reels 6 and 7.

COMMENTS TMS operatinq properly oni 3701 with CR13 jumper in. Noticed that

durinq P.S. test. when drivina from 3701 cw (fwd notch) and 3700 ccw (fwd

notch) the followi nq occurred:

cw 3701-fwd ccw 3700-fwd

Run 2 80.7 Kwh/Lap 69

Run 3 85.1 Kwh/Lap 5k_____________________________
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ECS TEST RUN NO. 38 (Continued)

ccw cw
Switched to driving from 3700 - fwd Rev

Run 2 - 6 0  Kwh/Lap 

Run 3 - 65-4 Kwh/Lap

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

4:30 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 windings. 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.
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ESC TEST. RUN NO.__ 39 DATE 5-29-74

STOP 5:15

MILES RECORDED 91________
1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1,1

RUN TIME: START 9:05 WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Begier

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER ' G. Spons

VEHICLE OPERATOR Smith. Tate. Leaston. Beeml

INSTRUMENTATION Jenkins

REAR MONITOR A s reau i red

GROUND CONTROLLER As reau i red

ADDITIONAL PERSONNEL Lewis

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

TEST PROCEDURE NO. A. 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. ___

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

stop =_____ ). Chopper inductor running at 9Q°F - New inductor. Scrubbed run -

Track was sprayed for weeds and substance on track made it too slippery - 

Wheels slide. Entered Run No. 4 -ccw and completed same. Ran No. h in rr.w Hir. 

(Start = 12:35. Stop =_______). Completed Run No. k.__ 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 lap 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.
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ESC TEST RUN NO. kO DATE 6-17-74

STOP 6:00

MILES RECORDED_______ 50
1,1,1,1,1

RUN TIME: START 10:00 WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Beo ier____________________ ■

CHIEF TEST ENGINEER G. McClure_________ _

SAFETY ENGINEER G. Spons________ ;____________ ;

VEHICLE OPERATOR Smith. Tate. Leaston. Beamier

INSTRUMENTATION Jenkins. Barnes_____________

REAR MONITOR As required________________________

GROUND CONTROLLER As required__________________

ADDITIONAL PERSONNEL Lewis. Ebonbach_________

TEST PROGRAM SPECIFICATION NO. 73"9373 GSP-06^______________

TEST PROCEDURE NO. 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 tanqent. 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)

C

D

300

300
265
280
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ESC TEST RUN NO. kO (Continued)

Completed step 'f 1 in following manner:

Entered Sta 300 at 35 mph and drove,thru radius section 

at k5 mph from Sta 300-180 in ccw dir.

Spotcheck of 3000' P.C. Run at k5:

Kwh/Lap Kwh/Mile/car

76.8 k.2

2000' P.C. Run (3 kO:

Over 90 - run called due to wet track conditions.
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ESC TEST RUN NO.___Vl 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. Beqier

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-064______________

TEST PROCEDURE NO. 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.
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ESC TEST RUN NO. 42 DATE ,.6 r1 9-74

RUN TIME: START 9:00 WEATHER CONDITION: WIND VEL n

STOP 6:00

MILES RECORDED 128

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

DIRECTION___________

AMBIENT AIR 
TEMPERATURE R g - m n

TEST PERSONNEL:

TEST CONTROLLER W. I. Thorns________________

CHIEF TEST ENGINEER G. McClure_______________

SAFETY ENGINEER G. Spons__________________

VEHICLE OPERATOR Smith. Tate. Leaston, Beemlar

INSTRUMENTATION Barnes_________________________

REAR MONITOR As required___________________

GROUND CONTROLLER As required______________

ADDITIONAL PERSONNEL Lewis, McCarty_________

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-06U____________
TEST PROCEDURE NO. k.3 ESC-PC-5011-TT_______________________

TEST TITLE Performance Verification-Power Consumption Tpst 

VEHICLE CONFIGURATION 2 Cars-emptv wt.______________________

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

COMM ENTS Ran chopper ind. temp test - o to 80^ in 10^ inr.rwnpnf-;. Completed 

cond. run. Commenced 2nd lap of Run #7, ccw dir. Successfully completed

Run #7- Run #8 = Accel to k5 & Brake to 15, Accel to 30 & brake to 15.______
Accel to 45... Stop every 5000'- Successfully completed Run No. 8. Began 

Run S. Successfully completed Run No. 3.________________________________________
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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 1ite - possible loss

of SCR in PDR. Will Move to TMB to investigate. Scrub initial 

Run No. 10. x

Need from Torr:

1 - Spare SCR1s

2 - Spare volt traps

3 - PDR insulating stand - offs
for 51 ohm resistors

4 - Qty = 4 - 51^ 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.



RUN TIME: START 3:20 WEATHER CONDITION: WIND VEL_________

ESC TEST RUN NO. 43 DATE 6-20-74

STOP 5:30 . DIRECTION__

MILES RECORDED 20 • AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Beoier_____________________

CHIEF TEST ENGINEER G. McClure_______________

SAFETY ENGINEER_______G. Spons______________ _

VEHICLE OPERATOR Smith. Tate. Leaston. Beemler

INSTRUMENTATION B a r n e s _______ _______________

REAR MONITOR_______________

GROUND CONTROLLER________________________________

ADDITIONAL PERSONNEL Lewis, McCarty_________

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064____________ _

TEST PROCEDURE NO. 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.

COMM ENTS Continued investigation of TMS problem on 3701 revealed that FSR1 

diode was shorted and caused R-13 relay to function improperly. R-13 relay

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. k3 (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).
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DATE 6-21-7frESC TEST RUN Nth___

STOP 8:00

MILES RECORDED_______ ^ ________

1 , 1 , 1 , 1 , 1 , 1 , M , 1,1

RUN TIME: START 08:45 WEATHER CONDITION: WIND VEL__________

DIRECTION__________

AMBIENT AIR 
TEMPERATURE 100+

TEST PERSONNEL:

TEST CONTROLLER R. Begier _____________

CHIEF TEST ENGINEER G. M c C l u r e __________

SAFETY ENGINEER G. Spons__________ '

‘ VEHICLE OPERATOR Smith, Tate, Leaston, Beemler

INSTRUMENTATION- ’ . B a r n e s ____________________

REAR MONITOR_______________________ ;________ '■

GROUND CONTROLLER '

-ADDITIONAL PERSONNEL Lewis, McCarty

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064

TEST PROCEDURE NO. **-3 ESC-PC-5011-TT____________

TEST TITLE Performance Ver if icat ion_______ - ■

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 consiim. test - empty wt. 

Performed re-run of Run No. 6 to further validate 30001. point. Completed 

Run No. 6. Gave demo to London Transit and Lockheed. Began re-run of Run 

No. 5- Completed Run No. 5. Postponed Drift test until l a t e r . ___________
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ESC TEST RUN NO. DATE 6-24-7*1

RUNTIME: START 09:^5 3rd rail

STOP 3:30

MILES RECORDED 20___________

WEATHER CONDITION: WIND VEL 5-10

DIRECTION West

AMBIENT AIR 
TEMPERATURE___70

TEST PERSONNEL:

TEST CONTROLLER R. Beqier

CHIEF TEST ENGINEER H. Lew i s

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith, Tate. Leaston. Bee

INSTRUMENTATION- Barnes

REAR MONITOR

GROUND CONTROLLER

ADDITIONAL PERSONNEL McCartv

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064

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

TEST TITLE Performance V e r i f i c a t i o n _____ ~

VEHICLE CONFIGURATION 2 cars - 42.000 lbs Ballast Parh

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

COMM ENTS Completed Run No. 1 of max, wt. Power Cons. Test. Experienced R700 

aux gen relay not functioning - Car would not regulate at 100^ F/W spspd. 

Went to barn to investigate. Found fuse F10 was blown which caused loss 

of 32 vdc output which kept F/W svs on batteries.____________________________
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" ESC TEST RUN NO. 46 DATE 6-25-74

STOP 7:45

MI LE S.RECORDED 72.8_________
1 , 1, 1 ,1,

RUN TIME: START 12:US WEATHER CONDITION WIND VEL____

DIRECTION___

AMBIENT AIR'’ 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Bea ier

CHIEF TEST ENGINEER ' G." McClure

SAFETY ENGINEER " G. SDons

VEHICLE OPERATOR ’ Smith. Tate. Leaston. Bee

INSTRUMENTATION Barnes

REAR MONITOR ' "

GROUND CONTROLLER

ADDITIONAL PERSONNEL Lewis, McCarty

TEST PROGRAM SPECIFICATION NO.___________

TEST PROCEDURE NO. ESC-PC-5011-TT

73-9373 GSP-06V-

TEST TITLE Performance-Verification-Power Consumption Test 

VEHICLE CONFIGURATION 2 cars-max, wt. - - . ...... .

TEST DESCRIPTION ' Perform test per test plan; reels 14 and 15

‘ COMM ENTS Successfully completed Run No. 1, 2, 3, & 4 ccw. Experienced FW/TL 

and aux. gen QSD on 3700 when shifting to coast during cw 15 mph run. ABRS 

“ON11 ALB "OFF" on reset: AFWS "ON11, AFWES "ON", ALB "ON" up t o -40$ -

then trip and FW/TL "ON11, ABRS "ON1', ALB "OFF11. ' _________

Attempted re-set in A.M. - No problem experienced with re-set-F/W's came up.

C-23



ESC TEST RUN NO. k7 DATE 6-26-74

RUN TIME: START 11:00 WEATHER CONDITION: WIND VEL

STOP
7:00 DIRECTION

MILES RECORDED 91 AMBIENT AIR
TEMPERATURE

TEST- PERSONNEL:

TEST CONTROLLER R. Beq i er

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 GSP-064

TEST PROCEDURE NO. ^-3 ESC-PC-5011-TT __________|__________

TEST TITLE Performance Verification-Max wt. Power Consumption 

VEHICLE CONFIGURATION 2 cars-max. wt.___________ _______________

TEST DESCRIPTION Perform tests per Test Plan; reels 16 and 17

COMMENTS Completed cw Run No. 4. During re-start. F10 fuse was blown on 3700- 

Replaced fuse and continued testing, completed Run No. 5 and 6. Purina Run 7 . 

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

and continued testing. Experienced same OSD on 3700 and 3701 as experienced 

last nite. QSD becoming more frequent towards end of dav.______________________
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ESC TEST RUN NO. 48 DATE 6-27-74

STOP__

MILES RECORDED 100

RUN TIME: START_ 9:40

9:00
WEATHER CONDITION: WIND VEL___

DIRECTION__

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 M O N I T O R ________________________________

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-Power Consumption. Max, wt. 

VEHICLE CONFIGURATION 2 cars-Max. Wt._______________________________

TESf DESCRIPTION Continue Power Consumption Test - Max, wt per Test Plan; 

reels 18 and 19*

COMM ENTS Completed Run Nols. 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._________

Completed Run No. 10 which completes max, wt. P.C. Changed 10T board in T701. 

Did not experience flashing L/B lite. Must investigate aux. gen on 3700 & aux.

gen and DBS on 3701. C-25



ESC TEST RUN NO. 48 (Continued)

Investigation revealed in barn that entire Bank of 12 fuses on 3701 which 

included F-33> 34 S- 35 were undersized: Should be 20A instead of 10A. 

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

30A fuse instead of 20A. Replaced with 30A fuse.
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ESC TEST RUN NO.__42 DATE 7-1-74

RUN TIME: START 09:40

STOP 5:15

WEATHER CONDITION: WIND VEL 15 mph

DIRECTION NNW

MILES RECORDED_______33
1 , 1, 1,1

AMBIENT AIR 
TEMPERATURE____22

TEST PERSONNEL:

TEST CONTROLLER R. Becier___________________

CHIEF TEST ENGINEER_______ G. McClure___________

SAFETY ENGINEER G. Spons_____________________

VEHICLE OPERATOR Smith. Tate. Leaston. 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 Test 

VEHICLE CONFIGURATION 2 cars-max wt.___________________________ __

TEST DESCRIPTION Perform Accel and Decel Tests per Test Plan: reel 20.

COMMENTS Gas generator set hard to start, rope broke. took-2 hrs to repair.

Successfullv completed conditioning run without any problems. Sur.r.e.^fnl ly 
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 O.K.
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Found breaker No. 5 in. 3700 was tripped. Successfully completed accel

FSC TEST RUN NO. 49 (Continued)

tests. Secured for day.

Test 1 - Accel

Run 1 Switch ing accel - fwd (ccw)

2 Switch i ng accel - rev (cw)

3 Switch ing accel - fwd

“4 Switch ing accel - rev

5- Switching accel - fwd

6 Switch ing accel - rev

7 Series accel - fwd . .

8 Series accel - rev

9
II. N - fwd

10 . II II rev

. 11 M II fwd .

12 II 1 1 rev

13 Paral1 el accel fwd

14 1 | 1 1 rev

15
II II fwd

16 ,11 -II rev

" ■ ■■ • 17
ii: II , fwd

-18 Xi . II ■ rev

Test 2 - Decel 

Run 1 20 ps i sap fwd 

.rev

Run 10 F.S. Brake Sap Rev.

NOTE: Found■breaker No. -5 trip, due to .lead for LOM s ignal into 0-graph'had

overheated. Removed lead from Lom card.. v
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ESC TEST RUN NO.___50 DATE 7-2-74

RUN TIME: START 10:00

STOP 4:30 

MILES RECORDED 30_______

WEATHER CONDITION: WIND VEL 15+

DIRECTION_____

AMBIENT AIR 
TEMPERATURE

TEST; PERSONNEL:

TEST CONTROLLER R. Beaier____________ ________

CHIEF TEST ENGINEER G. McClure______________

SAFETY ENGINEER_______ G. Spons ___________

VEHICLE OPERATOR Smith. Tate, Leaston. Beemler

INSTRUMENTATION " B a r n e s ________________

REAR MONITOR_____________________;_______________

GROUND CONTROLLER ' ___________

ADDITIONAL PERSONNEL McCarty ________

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

TEST PROCEDURE NO. 4.3 E S C - P N - 1 3 0 1 - T T _______ _

TEST TITLE Performance Verification - No ise Level Tests 

- VEHICLE CONFIGURATION 2 cars-max wt.  ̂-

TEST DESCRIPTION Perform tests per Test Plan___________

"COMMENTS Comp 1 eted paras.'~A. ~ B.' and' C of Interior Noise Test. Could not

perform exterior test due to high wind'effects'. Purina Run D of Interior

Noise Test', Aux. gen OSD reset O.K." but noticed smell coming from undp.rs ide

of car."-' Investigation revealed T1 volt trap ̂ flashed and wires burned. Went

to barn to' invest iqate: '' l~nveS:t1qat ion revealed flashed VT1 vol t trap, r-anqpd

b y  loss of d iode' D116. ‘ Rep laced, d iode with h igher rated - now havp. complete set

of replacement diodes in 3701.'"' "" ' .
' C-29 '



ESC TEST RUN NO. 51 DATE 7-11-74

RUN TIME: START 6:45 WEATHER CONDITION: WIND VEL

STOP 3:00 DIRECTION

MILES RECORDED 30 AMBIENT AIR
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. B e g i e r ________________

CHIEF TEST ENGINEER G. McClure_______________

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler

INSTRUMENTATION___________________________________

REAR MONITOR_____________ _ ______________________

GROUND CONTROLLER _______  ■ ■________

ADDITIONAL PERSONNEL McCarty. Lugo^tt

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

TEST PROCEDURE NO. 4.3 ESC-CN-OOOT-TT '

TEST TITLE Performance Verification-Noise L e v e l __

VEHICLE CONFIGURATION 7 rarc-mav. wt.

TEST DESCRIPTION______Perform Noise Level Test per Tast Plan

COMMENTS Completed Corid. run. Completed exterior* noise test - 5 0 1 from rail. 

Experienced aux." gen.' QSD's from 3701 • Placed monitor on 3700 to check oper. integrity 

B £■'K unit Was on tripod in car and leg of tripod collapsed. Mike was broken .

Borrowed TSC's. Will run exterior noise & interior noise in A.M. Gas gen set 

dropped power - Brush lead shorted. ______________,



DATE 7-12-7**ESC TEST RUN NO. 52

STOP 2:00

MILES RECORDED 30

RUN TIME: START 09:30 WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R- B e gi er_________________

CHIEF TEST ENGINEER G- McClure________________

SAFETY ENGINEER G. S p o n s _______________

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 Verification-Noise Level ESC-CN-0001-TT

TEST TITLE Noise Level Tests - ext and int.__________________________________

VEHICLE CONFIGURATION 2 cars - Max vit._________________________________;_______

TEST DESCRIPTION Perform tests per above documents

COMMENTS Aux. gen, problem not in logic on 3701. Circuit is external & FAR

and/or CFR is tripping out. Collin suggests that 32 vdc side of X-former he

disconnected' from logic since it is a signal only to ECD.__ Collin gave both cars

clean bill of health for lnpir system.__ 3701 has only slight nsc i 1 lat ion at___

brake - he will fix later.__________________-
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ESC TEST RUN NO 52 (Continued)

3700 F/W No. 2 (SNA):

Noticed Thursday, 7~11—7̂+-, that noise from G/B area was becoming quite 

audible. Vibration was set up in floor. During 2 hr run, noise and 

vibration was becoming more apparent. Shut down to investigate. On 

Friday ran spl on F/W (see attached sheet). Decided not to run car.

Will remove F/W and send to Torr. for investigation. They are sending spare 

unit up.
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ESC TEST RUN NO. 53 DATE 7-17-7*+

STOP 3:00

MILES RECORDED________ 30

RUN TIME: START 08:48 WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER______ R. Begier_________________

CHIEF TEST ENGINEER G. McClure________________

SAFETY ENGINEER G. S p o n s ________

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-CN-0001-TT, ESC-PN-2001-TT, and ESC-PN-3001-TT

TEST TITLE Exterior Noise Level. Accel & Decel Effect on c a r _________

VEHICLE CONFIGURATION 2 cars - AWT___________;____________________________

TEST DESCRIPTION Perform tests per test plan.

COMM ENTS Successfully completed exterior noise test (1st half) and accal & 

decel effect on car. Experienced loss of fan power infrequently on T701. HaH 

disconnected 32 vdc from Xformer. but still have loss of fan. Will inx/ast- igata 

regulator as a possible cause.____________’___________________________________________
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ESC TEST RUN NO. 54 DATE 7-18-74

STOP 4:00

MILES RECORDED________ 45

RUN TIME: START 09:30 WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER_______R. Beaier_________________

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 Decal 

VEHICLE CONFIGURATION 2 cars - AW3__________________________________

TEST DESCRIPTION Perform tests per test plan. De-ballast r.ars to AW2 in P. M 
Reel 21.

COMM ENTS Successfully completed ext, noise test. Platform completed AW3 

deceT service friction at 45 ps i and 25 ds i set. 15. 30 and 40 mph. Fxper ip.nr.f»H 

F/W T/L QSD on both cars in A.M. No OSD in P.M. Did not experience fan loss 

in 3701 all day. Gave demo, to Art Raabe and Dan Raskin- deballast to AW7. 

(30.800 lbs) in P.M.___________________________________________________________________
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ESC TEST RUN NO. 55 DATE 7-19-7^

STOP 12:00 

20
MILES RECORDED______________

RUN TIME: START 10:00 WEATHER CONDITION: WIND VEL___

DIRECTION__

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-T T , 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. Initiated 

Run 9 when 3700 had aux. gen. OSD S- much noise and vibration coming from F/W # 1. 

Visual inspection on coastdown revealed noise (thrashing) coming from rear flanae 

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

barn. ______  __________ ___________ __________
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ESC TEST RUN NO. 67 DATE 12-18-74

STOP 2:00

MILES RECORDED k5

RUN TIME: START 08:00 WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER R. Beaier

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G.SDons.

VEHICLE OPERATOR Smith. Tate

INSTRUMENTATION Mccommon__________________

REAR MONITOR

GROUND CONTROLLER As reau i red

ADDITIONAL PERSONNEL McCartv

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

COMM ENTS Succesfully completed accel blended brake and decel service 

fric tion at AWO. No problems experienced during test day._______________
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ESC TEST RUN NO. 71 DATE 1-7-75

STOP 4:00 DIRECTION____

MILES RECORD^fo **0___________ AMBIENT AIR
TEMPERATURE

RUN TIME: START 08:00 WEATHER CONDITION: WIND VEL____0

*JEST PERSONNEL:

TEST CONTROLLER G. McClure

CHIEF TEST ENGINEER R. Begier

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR

INSTRUMENTATION Mccommon

REAR MONITOR Yes

GROUND CONTROLLER As requ i red

ADDITIONAL,PERSONNEL McCarty

TEST PROGRAM SPECIFICATION NO._______GSP-064__________

TEST PROCEDURE NO. ESC-P-itOOi-TT and ESC-PN-1 301 -TT 

TEST TITLE Drift Test and Interior Noise Survey 

VEHICLE CONFIGURATION 2 cars-AWO_______________________

TEST DESCRIPTION_______Perform per test plan; reel 23

COMMENTS Successfully completed drift test - AWO., Zero wind velocity. Changed R8 

on 203 Brd from 75K to 150K - Both cars r. no. change, in accel. Changed 3700 203,

R8 from 100-150. Due.to 3700 speed.vs T/M curr higher than 3701- Noticed 1 mph 

dec in speed vs time. Changed R^ on 207 Brd from 75~10QK- When R8 on 203 was 

increased to 150K, 3700 3rd rail fell off at 5 amp point with 3701- No longer 

stays on 3 to 5 sec more. ________________________ _________________________

C-37



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

RUN TIME: . START 09:30 WEATHER CONDITION: WIND VEL 0

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 - Mccommon

REAR MONITOR Yes -

GROUND CONTROLLER As required

ADDITIONAL PERSONNEL* McCarty, Couv i11 on ‘ ' • ,

- " . ............

TEST PROGRAM SPECIFICATION NO. GSP-064 ________ ' ‘ ' ' '•

TEST PROCEDURE NO. ESC-PN-1301-TT ...  ' V ■? ■ '

TEST TITLE Interior Noise Survey,. Accel and Decel & effect, Effect of track on car 

VEHICLE CONFIGURATION? cars -AWO . . ■ :

TEST DESCRIPTION Perform tests per test planreel. 23

Reel.! 8,.9, and 10 - Smal 1, recorder

COMM ENTS Successfully completed 73-9373 interior noise survey andGSP-06^ 

interior noise survey. Aiso.compl.eted acceT and decel- effect on car and effect 

of,track.se'ct ion, on car, ATI 1 at AW0.~ No prob-lems exper ienced dur ing test day.
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ESC TEST RUN NO. 73 DATE 1-9-75

RUN TIME: START 09:00 WEATHER CONDITION: WIND VEL 1

STOP 4:00 DIRECTION N-*i

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. Cony ill ion

TEST PROGRAM SPECIFICATION NO. GSP-064________________________________________

TEST PROCEDURE NO. ESC-R-0010; R-2001; R-3001; R-1101___________________________

TEST TITLE Ride Roughness - Component Induced Vibration. Accel & Decal, Worst speed 

VEHICLE CONFIGURATION2 cars - AMO _______

TEST DESCRIPTION Perform tests per test plan; reel 23

COMMENTS Successfully completed ride rouqhness tests of component induced

v ibrat ion, worst speeds (Selected 20. 35 & 45 since no maior indication of worst

car speed) and accel & decel. No problems experienced during dav. AWO complete 

except accel & power consumption. Weighed cars at end of day;__________________
No. 1 end No. 2 end Total

3701 = 42260 
_____________ 3700 = 43840

2+0560
41200

82820
RqnZin

C-39

A = 2220



ESC TEST RUN NO' 73 (Continued)

AWO AW2 AW3

3701 = 82820 113620 124820

3700 = 82320 113120 124320

+1800 = people (9 <® 200 ea)

+2700 = Instr'n S- equipment

86840

Ballast Req1d:

AW2

3700 3701

26,280 30,800

11,200

AW3

3700 3701

37,480 , 42,000

11,200_________ f
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ESC TEST RUN NO. 74 DATE 1-13-75

STOP 11:30 

MILES RECORDED___ °_________

RUN TIME: START 08:30 WEATHER CONDITION: WIND VEL___

DIRECTION__

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 as reqii i red

GROUND CONTROLLER as requ i red

ADDITIONAL PERSONNEL McCarty. Couvillion. Mcconnel

TEST PROGRAM SPECIFICATION NO. GSP-064 

TEST PROCEDURE NO. ESC-R-1101-TT

TEST TITLE Ride Roughness. Drift_______

VEHICLE CONFIGURATION 2 cars - AM2

TEST'DESCRIPTION Perform tests per test plan. Weiqh cars at AW2.

AW2 Wts: Truck 1 Truck 2 Total

3701 = 59000 56360 = 115360

3700 = 56140 50900 = 107040
-■ ■ - ... .

COMMENTS Correction:
- ' ’ 1 - remove 1740 lbs from 3701 , Truck 1'

• _i a , •

' ’ ■ 2 - Add 4280 lbs 3700, Truck 1
lo test run today Pot 1 power supply wires shorted and need repair.

" ' ■ ......  .
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ESC TEST RUN NO.___75 DATE 1-1^75

STOP 5:00

MILES RECORDED k5

RUN TIME: START 2:00 WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TE$T PERSONNEL:

TEST CONTROLLER W. Myer________________________

CHIEF TEST ENGINEER G. McClure________________

SAFETY ENGINEER G. Spons___________________

VEHICLE. OPERATOR _______ ; ~________________

INSTRUMENTATION Sessions ’ '

REAR MONITOR Yes _______ _

GROUND CONTROLLER as required ________

ADDITIONAL PERSONNEL McCarty, Couvill ion, Mcconnel, Nickel 

Curran, Huggett\ _____ " _____  : ■

TEST PROGRAM SPECIFICATION NO. . GSP-064 

TEST PROCEDURE NO. ESC-R-11OT-TT 

TEST TITLE Ride Roughness and Drift - AW2 

VEHICLE CONFIGURATION 2 cars - AW2________

TEST DESCRIPTION Perform tests per test plan-; reel 2k

COMMENTS Successfully completed ride roughness at AW2. ~ Performed accel' S. 

decels in level tangent. . Cal ibrated.motor speed for car vs 9th'wheel: Must

rerun @  constant speeds. Investigation revealed that’variable load reosTfat ‘ 

was set low for AW2; re-^adiusted for proper output res istance at AW2. ~ ~ '
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DATE 1-15-75

WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

ESC TEST RUN NO. 76

RUN TIME: START 08:30

STOP 5:00

MILES RECORDED 70

TEST PERSONNEL:

TEST CONTROLLER W. Myer J

CHIEF TEST ENGINEER G: McClure_______________

SAFETY ENGINEER G. Spons •

VEHICLE OPERATOR ‘____________

INSTRUMENTATION Sessions ‘ - *

REAR MONITOR ___________________ ________'

GROUND CONTROLLER as requ i red_____________ _

ADDITIONAL PERSONNEL McCarty. Huggett, Couvillion. 

Nickel, Mcconnel, Curran _________ - _______ _

TEST PROGRAM SPECIFICATION NO. GSP-064 

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

TEST TITLE Drift, decel service friction, Decel blended brake 

VEHICLE CONFIGURATION 2 cars - AW2 :

TEST DESCRIPTION - Perform tests per test'plan; reel 2b

COMMENTS Successfully completed drift test: Q A W 2 f decel hi ended hrake and rfpra 1

service friction. Ran accel and decel__in level tangent with and without frirtinn

brake. Ran 1 Lap of power consumpt ion at AW2 = 88.2 Kwh/I ap.__Nn. .pxnhlpms

experienced during test: day'- ------------- :---- -------- !------ _-- ----------------



ESC TEST RUN NO.__77 DATE 1-16-75

STOP 3:30 

MILES RECORDED_______ 70

RUN TIME: START 08:30 WEATHER CONDITION: WIND VEL_______ 0

DIRECTION_______

AMBIENT AIR 
TEMPERATURE_____

TEST PERSONNEL:

TEST CONTROLLER W. Mver

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR Tate

INSTRUMENTATION Sess ions

REAR MONITOR Lennesv

GROUND CONTROLLER

ADDITIONAL PERSONNEL Huqqett, Nickel, Mcconne

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

COMM ENTS Successfully completed friction brake duty cycle: Ran 1 lap at RO

mph. 45 sec cruise. 30 sec stop while recording temps @  stop.__ Ran in I . Tanjant fwd

and rev for 1/2 hr at k5 mp h. 55 sec cruise, etc. Completed accel, fwd and rav

in L.T. Ran accels and decels for Bob, drift fwd and ran with and without inshot 

and 1 Lap of 10,000! kS mph. 30 sec stop. CW. KwL/Lap = F>7.__ Ballast r a rs  m  AWR.
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Total

ESC TEST RUN NO. 77 (Continued)

A W 3

3700

Truck 1 Truck 2 

60,900 61,000 

121,900 lbs

3701

Truck 1 Truck 2

62,520 61 , 760.

Total = 12*+,280 lbs

+620 +600

3701 :

+600 Truck 1 

3700:

Truck 1 = 310 

Truck 2 = 310
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ESC TEST RUN NO. 78 DATE 1-17-75

STOP 5:00 DIRECTION 

MILES RECORDED___________100 AMBIENT AIR
TEMPERATURE

RUN TIME: START 08:30 WEATHER CONDITION: WIND VEL___

TEST PERSONNEL:

TEST CONTROLLER W. Mver

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G. Spons

VEHICLE OPERATOR__________________

INSTRUMENTATION Sessions

REAR MONITOR______________________

GROUND CONTROLLER__ ______________

ADDITIONAL PERSONNEL Huggett

TEST PROGRAM SPECIFICATION NO. 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

COMM ENTS Successfully completed accel. decel. and power consumption at 

AW3- No problems experienced.

0-^6



ESC TEST RUN NO..___Z£ DATE__ 1 -20-75

STOP 12:00 

MILES RECORDED__________kS

RUN TIME: START 08:30 WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER W. Mver_____________________

CHIEF TEST ENGINEER__________ G. McClure_______ .

SAFETY ENGINEER G. Spons ________________

VEHICLE OPERATOR ___________

INSTRUMENTATION Sessions______________ .

REAR MONITOR __________________

GROUND CONTROLLER _______________________

ADDITIONAL PERSONNEL McCarty, Hugqett. Convillion, 

Henst ■_______

TEST PROGRAM SPECIFICATION NO. GSP-064 

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

COMMENTS Successfully completed ride roughness. Went in to barn to install 

T/M power cons, instn'n______and hall effect current sensors._____________________
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ESC TEST RUN NO. 80 DATE 1-21-75

STOP 5:00

MILES RECORDED_________ 64

RUN TIME: START 9:00 WEATHER CONDITION: 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 NO. ESC-PS1-6001-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 3 rH rail

on Kwh meters at AWO. No change in Kwh/Lap howeverr T/M ran = 2k<fo higher_____
with 10jo added to reading for motor and chopper efficiency. Rp.ral ingtr'n. anH 

set up for shunts vs haul pffprt<;____________________________________________________
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ESC TEST RUN NO. 81 DATE 1-22-75

RUN TIME: START 08:30

STOP ^:30 

MILES RECORDED__________60

WEATHER CONDITION: WIND.VEL___

DIRECTION__

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-06^

TEST PROCEDURE NO. ESC-PSI-6001-TT_______

TEST TITLE Duty cycles and E M I __________

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 21o of energy consumed. Car 3701 runs at 5.19 

Kwh/CM and T/M's are matched to within of energy consumed. Must run accel and 

deduce speed schedule for arm current reduction. Ran laps with and without 

mshot-NO appreciable difference.___________________________________________________
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ESC TEST RUN NO. 82 DATE .1-23-75

RUN TIME: START °9 =00 WEATHER CONDITION: WIND VEL

STOP 1700 DIRECTION

MILES RECORDED_________ 30

Reliability time = 3 hrs 30 min______________________

TEST PERSONNEL:

TEST CONTROLLER W. Mver____________

CHIEF TEST ENGINEER G. McClure

SAFETY ENGINEER G. Spans

VEHICLE OPERATOR________________________

INSTRUMENTATION Sessions___________

REAR MONITOR_____________________________

GROUND CONTROLLER__________ . .

ADDITIONAL PERSONNELHenst, Wienstien.

AMBIENT AIR 
TEMPERATURE

Yutko

TEST PROGRAM SPECIFICATION NO. GSP-064

TEST PROCEDURE NO. ESC" PSI~6001~TT ________

TEST TITLE EMI and Reliability. Accel and AWO 

VEHICLE CONFIGURATION ? - aun_____________

TEST DESCRIPTION------ Run -par -teat -plans; reel 26

COMMENTS Ran accel at AWO, FWD and REV. Gave accel and decel data to Chariie 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 1-2U-75

ST0P_

MILES RECORDED______

RUN TIME: START WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER______________

CHIEF TEST ENGINEER McClure

SAF-ETY ENGINEER______________

VEHICLE OPERATOR__________ __

INSTRUMENTATION______________

REAR MONITOR__________________

GROUND CONTROLLER____________

ADDITIONAL PERSONNEL________

TEST PROGRAM SPECIFICATION NO. GSP-064___________

TEST PROCEDURE NO. ESC-R-OOOI-XX___________________

TEST TITLE Dynamic Shake Test and Pull Test at AWQ

V e h i c l e  c o n f i g u r a t i o n  a w o  r.ar r 7q o________________ _

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 snri.________________ ;________.

_________________ 3700 - 160 @  No.. 1 end and 280 No. 2 end._________

___________ ;_____ All data for Dvn. Shake Test is recorded on tape. O'graph and

__________________ i n s t r u c t i o n  Log Book.__ Performed v e r t i c a l , l o n g i t u d i n a l  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

STOP_

MILES RECORDED______

RUN TIME: START WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER___________________________

CHIEF TEST ENGINEER G. McClure_________

SAFETY ENGINEER___________________________

VEHICLE OPERATOR________________________

INSTRUMENTATION______ Sessions. Mcconnon

REAR MONITOR.;______________________________

GROUND CONTROLLER_________________________

ADDITIONAL PERSONNEL_____________________

TEST PROGRAM SPECIFICATION NO. GSF-064

TEST PROCEDURE NO. ESC-R-OOQ1-XX__________

TEST TITLE Dynamic Shake Test - AW2 

VEHICLE CONFIGURATION________________________

TEST DESCRIPTION Reel 27

COMM ENTS Successfully completed Dynamic Shake Test vertical, longitudinal 

and vertical torsion at AW2 and began A W V __Test data follows fast log Nn. ft*
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86 DATE__1-26^75ESC TEST RUN NO.

STOP_

MILES RECORDED______

RUN TIME: START WEATHER CONDITION: WIND VEL___

DIRECTION__

AMBIENT AIR 
TEMPERATURE

TEST PERSONNEL:

TEST CONTROLLER___________________________

CHIEF TEST ENGINEER G. MrClur^________

SAFETY ENGINEER___________________________

VEHICLE OPERATOR______________________ '

INSTRUMENTATION Mrrnnnnn

REAR MONITOR______________________________

GROUND CONTROLLER________________________

ADDITIONAL PERSONNEL_________ ___________

TEST PROGRAM SPECIFICATION NO. GSP-06fr

TEST PROCEDURE NO. ESC-R-OOQ1-XX_________

TEST TITLE Dynamic shake test at AW3 

VEHICLE CONFIGURATION_______________________

TEST DESCRIPTION Ree’ 27

COMMENTS Successfully completed vertical, longitudinal and vert, torsion 

(17" offset) at AW3. Calibrated suitcase for Monday._________________________
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ESC TEST RUN NO. 87 DATE 1-27-75

STOP 5:00 DIRECTION 

MILES RECORDED________ 50 AMBIENT AIR
TEMPERATURE

Reliability Run Time = k hrs. 45 min.___________________________________

TEST PERSONNEL:

TEST CONTROLLER____________W. Mver______________

CHIEF TEST ENGINEER G. McClure________________

SAFETY ENGINEER G. Spons____________________

VEHICLE OPERATOR^_________________________________

INSTRUMENTATION Mcconnon____________________

REAR MONITOR_______________________ _______________

GROUND CONTROLLER_____________

ADDITIONAL PERSONNEL Yutko_____________________

RUN TIME: START 10:00 WEATHER CONDITION: WIND VEL___

TEST PROGRAM SPECIFICATION NO. GSP-064

TEST PROCEDURE NO. ESC-PS1-6001-TT_______

TEST TITLE EMI and R e l i a b i l i t y ___________

VEHICLE CONFIGURATION 2 cars. AW3________

TEST DESCRIPTION

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

fuses blew in EMI equipment and only could record frea. 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 KWH,A. Completed 3700 T/M 

input and output test._______ _________ _______________________________________________
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GLOSSARY

Ampl vs Freq plot
AWO
AW2
AW 3
CB
DOT
ESC
ESS
FWD
F.S.
F/W
H.P.
MTA
NA
NYCTA
PAR
QSD
REV
RQD
SER
SW
TSC
TTC
T/M
UMTA
X-Y Plot

Log-log plot, or semi-log plot of data
Vehicle empty weight
Vehicle empty weight plus full load
Vehicle empty weight plus crush load
Carbody
Department of Transportation
Energy storage car
Energy storage system
Forward
Full scale
Flywheel
Hewlett Packard
Metropolitan Transportation Agency 
Not applicable
New York City Transit Authority
Parallel
Quick shutdown
Reverse
Required
Series
Switch
Transportation Systems Center 
Transportation Test Center 
Traction motor
Urban Mass Transportation Administration 
Graphical data presentation obtained by 
running analog magnetic tape into an 
X-Y plotter with minimum filtering.
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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
ices for various control and management applications. Communications services 
include 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
ices 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 operational 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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2 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 

signal 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 all 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 the 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.

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 functions 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/
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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 Rules 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

lations 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 time, the channel splitting made possible continued use by the Railroad
,Yy

Radio Service of the VHF operations in the same contiguous spectrum.

Coordination of channel assignments within the railroad industry 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 all 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 analyses 

for this program is discussed in Section 3.2.2.

C om m ercia l and g o vern m en t m a r i t im e  o p e r a t io n s  have d e v e lo p e d  s e r io u s

re q u ire m e n ts  f o r  a d d i t i o n a l  sp ec tru m  ass ig n m en ts  d u r in g  r e c e n t  y e a r s  f o r

in c r e a s in g  v o i c e ,  rem ote  e q u ip m en t c o n t r o l ,  and d a ta  t r a n s m is s io n  s e r v i c e s .
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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 assignments 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 proposals 

caused the Federal Railroad Administration of the U.sS. 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 capability should 

the railroads be forced to either consolidate their VHF communications on the 

58 channels remaining to them after vacating 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 tasks 

listed:

a. Develop operational-communications connectivities to identify the 

specific utility 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.

c. Examine the communications support 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.
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e. Evaluate the operational capabilities and transition costs for real­
locating the services supported by the 33 channels to the 450 MHz and 900 MHz 

regions.
f. Examine the potential for sharing of VHF assignments between rail­

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 processor 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 employed 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 derive 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 areas are tested with regard to interference 
and control utility. These fields are discussed in Section 3.2.2.1, and the
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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

ized 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 railroad 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 Regulations 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) the 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 
communications, 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 implement 

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

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 

in 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. Radar applications are currently 
confined to hump retarder control systems.

All 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 
licensing of railroad employees to operate radio stations would involve a 

number of complications both for FCC and the railroads. Accordingly, the FCC 

issued 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.
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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 

only communications between the train crew in the caboose and the engine 1 
crew in the locomotive regarding the normal operation of their train, but is 

also a means of warning when an emergency or unusual condition occurs.

B. Train-to-Train Radio —  All 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 wayside 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 equipment 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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heavy. On some roads, equipment of this kind is furnished with radios that 
utilize 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 
normally 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.

-r F. Use of Radio by Track-side Maintenance Forces —  Trackside mainten­

ance forces, such as section forces, track supervisors, Communications Depart­

ment 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 facilitate 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 law), and they require personnel to work around moving cars, thus 

making an instantly available channel of paramount importance to safety.
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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 frequencies 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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Figure 2.1. Illustrations of radio use by railroads



Figure 2.2. Illustrations of radio use of railroads



f

c0ntinued to the present, time. Between 100 and 150 changes, for example, are 

required each year.
The Canadian and United States railroads are assigned the same frequency 

band. 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 

same area. Thus, a 15 kHz offset is provided between the frequencies used by 
U.S. and Canadian railroads, which, in most cases, is sufficient to eliminate 

interference.

No agreements currently exist for operations along the U. S.-Mexican 

border. 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.
11HF Radio

In recent years, American railroads have had great success in the opera­
tion of remotely controlled auxiliary locomotives, 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 stopping 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 communications 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

3j  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 sequences of operational events par­

ticularly demonstrate the communications linkages; intratrain, 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, and have 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 Enrr’te 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. Maintenance crews often use locomotive- 

powered equipment moving on the track and need to actually schedule reserve 

time for the operations. All 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 block. Subsequent alterna­
tive actions are: routine, alert, and new train orders. If routine, the 

column on the left of the diagram shows typical following 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 requires (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.

Of course, other actions and communications possibilities exist. Those 

depicted in the diagram represent a major coverage of typical enroute train 
movement operations.

-  t
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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
volve the track and track side; therefore, scheduling and monitoring of the 

ivork 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 

(e.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 beep 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 summary
o classification yards used exclusively by a given railroad line 

for receiving trains, uncoupling, and regrouping cars into new 
trains, according to geographic destination.

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

o 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 to 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. Thesie 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 

railroad 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 requiring corranunications support; 
others were included only where clarity would be enhanced. The flow diagrams 

for the major 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, including 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 used by various supervisors to determine priority of trains to be worked.
Other computer 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 destinations, a 

hump lineup, 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 management and 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 asj ■■
soon as 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 yard 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 frequency 
channel assigned to that function, and the maintenance foreman dispatches a
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Figure 3.3. Receiving yard event diagram.
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mobile repair crew to effect the repairs. The train master is notified by 
radio upon completion 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 
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:

o assignment of switch engine,
o coordination of switch engine movement to the through-train 

receiving area,

o coordination between the train engineer, brakeman, and switch 
crew in uncoupling, setting out cars, and recoupling the 

train,

o the coordination of switch engine movement taking the 

cars to the car repair facility, and

o 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 "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 
by 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;pi ace, 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:

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

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

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

o 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;

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

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

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

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;

o movement coordination of switch engines, train movements, etc., using 
a combination of switch engine channels, receiving yard channel, and 
road channel.

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 list 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 list to be processed. Once the humping 

process has begun the humpmaster has the capability to override the computer 
and change signals, 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 control. 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.
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 coiminication 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 status, 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 pull5moves 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
ion 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:

o coordination between the receiving yard car lineup and the 
hump master using a combination of the receiving yard, hump 
yard, and switch engine frequencies;

33



o assignment of switch engine to hump cars using the switch 
engine frequency;

o coordination of humping between the hump conductor, pinpuller, 
hump engine, brakeman, and hump master using the hump frequency 
and the hump engine frequency;

o uncoupling and reassignment of hump engine using the hump 
engine frequency;

o coordination between the hump master and bowl master using either 
the hump frequency or bowl frequency;

o 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 

wel1 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 mini hump operations, a switch 

crew is called to pull the cars from the main classification tracks, in the 
appropriate order, to the mini hump. The necessary moves to be made in the 

mini hump are generated by the computer for the mini hump 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 mini hump 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 tojthose 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
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only one-third of the cars that are humped are mini humped; the mini hump is 
under control of the bowl master and the mini hump 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 mini hump, 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 involved, 
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 time of the train, the car is returned 
to the line up. If the repairs cannot be completed in time, the cars are held 

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 reported 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, 1s brought to the exit tracks by 
the assigned switch engine and coupled to the front section. The coupling 

and air are tested again and the car inspectors report ready for departure.

The caboose calls the telegraph operator to report the caboose number, engine 

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:
o assignment of switch engine to pull cars from the classification 

yard to the departure yard using a switch engine frequency;

o car inspection and reporting using the assigned channel for that 
function;

o coordination of car set-out if car repair is necessary using the 
yard frequency and the associated switch engine frequency;

o 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;

o the assignment and movement of road power and caboose to departing 
trains using the assigned road frequency;

o coordination of train make-up between switch engine, road crew, 
car inspector, and road power, using road and switch engine 
frequencies;

o train movement to exist track, subsequent reporting, and exit 
coordination using the road frequency.

Based on information from the Barstow yard, there are between 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 communications 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 persons 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 crew 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, 
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:

o crew chief to yard master to confirm track sections isolated using 
the channel assigned to the yard maintenance function;

o 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;

o alert to the yard areas of an isolated track using the various yard 
area frequencies.

o requests to the shops for support using the shop frequency via 
the yard master;

o clear crews from repair area when train moves on adjacent track 
using maintenance frequency;

o coordination of repair effort and switch engine coupling, uncoupling, 
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 conmunications 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 

load 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 local 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 comnunity.

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 railroad 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 railroad licenses, 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 separa­
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 and the railroad radio equipment 
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. Rules and regulations for railroad radio services are con­

tained in the Federal Communications 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 Services 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 railroad 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 end-to-end, fixed 
point-to-train, or train-to-train coimunications in connection with the 
operation o f railroad trains over a track or tracks extending through 
yards and between stations upon which trains are operated by timetable, 
train order, or both, or the use o f  which is governed by block signals, 
may use the following frequencies:

MHz MHz MHz MHz
160.215 4160.560 3160.905 3161.250
160.230 4160.575 3160.920 3161.265
160.245 4160.590 3160.935 3161.280
160. 260 4160. 605 3160.590 3161.295
160.275 160.620 3160.965 316,1. 310
160.290 160. 635 3160.980 3161. 325
160. 305 160. 650 3160.995 3161.340
160. 320 160. 665 S161.010 3161. 355
160. 335 160. 630 2161.025 Z161.370
160. 350 160.695 3161. 040 2161.385
160. 365 160. 710 3161. 055 ■ 2161.400
160. 380 160. 725 3161.070 2161.415
160. 395 160. 740 3161. 035 2161.430

4160. 410 160. 755 3161.100 2161.445
4160.425 160. 770 3161.115 2161.460
4160.440 160. 785 2161.130 2161.475
4160. 455 160. 800 2161.145 2161.490
4160. 470 160. 815 3161.180 2161.505
4160.485 160.830 3161.175 2161.520
4160.500 160.845 3161.190 2161.535
4160. 515 3160.860 3161.205 2161.550
4160.530 3160. 875 3161.220 3161.565
4160. 545 3160. 890 2161.235
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(Reserved)
2In Puerto Rico and the Virgin islands only3 these frequencies are not 
available to stations operating in the Railroad Radio Service.
7
This frequency is available on a shared basis with remote pickup 

broadcast stations in Puerto Rico and the Virgin Islands.
4This frequency is shared with the Special Industrial Radio Service in 
Puerto Rico and the Virgin Islands. All applications for the assignment 
o f a new frequency or to change existing facilities in such a manner as 
to require frequency coordination 3 as specified in paragraph 93.9 hereof3 
for stations in Puerto Rico or the Virgin Islands3 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 limits applicable to 
the 160.215 to 161.565 MHz band are of interest. The following paragraphs 

define, in part, these regulations:
1) 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:

7

a) all fixed and 
base stations

0.0005 percent

b) all mobile over 3W 0.0005 percent
stations 3W or less 0.005 percent

2) 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 limiting 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 regard 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. Theise 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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Figure 3.12. Spectrum levels for various modulations and transmitters.
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Figure 3.13. Response curves for various receivers and measurement 
methods.
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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 range. 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) 

is measured using two signal generators. One signal -generator operates a t '  

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 miles 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 coastal 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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channel transmitter distance (safe operating region).
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Table 3.1. Railroad Radio Equipment Specifications.

Hand-Held Portable Mobile/Portable

GENERAL

Input Voltage 12.5 VDC 13.8 VDC/12.5 VDC
Standby Current — —

Transmit Current — —
Battery Life 8 Hours 8 Hours
Height 1 lbs 5 oz 7 lbs 2 oz
Dimensions. 6.8"x2.58"xl.5" 1.87"x6.5"x8.9"
No. of Frequencies 1 to 6 1 to 5
Frequency Range 132-174 MHz 132-174 MHZ

TRANSMITTERS

RF Power (Output) 2.0 or 5.0 H 25U (mobile) 
8H (portable)

Spurious & Harmonics > 46 dB (2U) &
> 50 dB (5U)

> 63 dB

Frequency Stability ± 0.0005* - 30°C to 0.0005* - 30°C to
+ 60°C (+25°C ref) + 60°C (25°C ref)

Modulation ± 5 kHz (16F3) ± 5 kHz duration 
9 1 kHz

FM Noise & Hum — 50 dB 9 2/3 
system deviation

RECEIVER

Sensitivity 20 dB quieting 0.50uV 
12 dB SINAD 0.35uV

20 dB quieting 0.35 
12 dB SINAD 0.25ijV

Selectivity EIA SINAD -70 dB EIA (2 signal) 
-80 dB ± 30 kHz

Intermodulatlori 
Spurious & Image

2  -60 dB —

Rejection -60 dB -85 dB
Squelch Sensitivity 0.25pV 0.15uV
Audio Output 0.6 H < 8* distortion 5 H < 10* dlstortlo

Modulation Acceptance ±7.5 kHz ± 5 kHz

Locomotives
Cabooses

Cabooses Base Stations
Business Cars Business Cars

Cabooses Trucks 
Maintenance Equipment 
Automobiles

cn
03

13.8 VDC/12.5 VDC 72/13.6 VDC 36/13.6 VOC 117 VAC/13.6 VDC 13.6 VDC
0.15A/0.33A
2.1A/7.8A

0.52A/0.33A
4.3A/7.8A

10 VA/0.33A 
130VA/7.8A

23 lbs 23 lbs 28 lbs
.....  10-5/8" x 16-1/8" x 3-11/16" -----
........ 1 to 1 2 .......  1 to 4

........................  148 to 174 MHz

0.13A
7.6A

19 lbs
10-5/8" x 13-3/4" x 3-11/16" 
1 to 12

10 - 40 H (adjustable) 

........  85 dB .....

± 0.0005* - 30°C to + 65°C (28.5°C ref)

± 5 kHz = 100* 8 1000 Hz - 

65 dB below 66* modulation

20 dB quieting 0.50tiV ------
EIA SINAD 0 .3 5 ijV .................

EIA SINAD -100 dB at ± 30 kHz

EIA SINAD -80 dB

-100 d B .............................. -____
Adjustable; 0.25uV at threshold ..................

10 H Into 8n 9 1000 Hz with less that 5* distortion 
............ t 7 kHz .............................
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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 conmunications 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 listing 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 

licenses 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

ization 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 Plan (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,
6. mailing address of licensee,

7. location of transmitters (fixed location),
a) city

b) state
c) 1ati tude

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.
All these items were retained in the VHF railroad 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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Class of StationBand (MHz)
1. 156.250-157.0375

2. 157.1875-157.450
3. 160.575-161.625

4. 161.775-162.0125

Ship
Coast

Coast

Coast and Ship

The initial search of the FCC tape* under the maritime (nature of service) 

symbols:

M = coastal group,

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 licenses 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 communications in such activities as 
switching, car inspection, police functions, etc. All 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 tape 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. All 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 spectrum 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 Railroad 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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ILLINOIS

(Except Chicago and E. St. Louis Areas)

180.215 
160.230

RI-MR, ES In Illinois except Chicago A E. St. Louis Areas* (1) 
CO, BO l W-EE -

SOU'-PT (D/IK-S 0) '
EJE-PT/IC6-G, Decatur area/ATSF-RH-NR, Dallas City

IT 160.245 
160.260

ICG-G J f j' 
LN-G

ST 160.275 
160.290

IT 160.305 
160.320

(D/LN-RH, ES In ILL. (1) 
RI-MR A G/CO. BO 6 WH-PT
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EJE-EE/ITC-EE

ST 160.33S 
160.350

5T 160.365 
160.360
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NH-G

IT 160.385 
160.410
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PC-G/PPU-G, ES/PC-EE 1n ILL. (O/MI-EE/SSU, SP-EE (7-MP, TP, CEI}(8) HP. CCI-EE

ST
B

160.425
160.440

BN-G (1)
NW-EE/UP(7.NW) (8)

ST
9

160.455
160.470

CNU-RW, ES (1) 
MP-PT/PPU-PT/PC-G/ /MI-PT, ES

10T
10
U T
11

160.485
160.500

PC-G.ni (1) (12) (17) 
SOU-PT/lCG-RH, Champaign Co.

160.515 TPWCRDn) ■ “ _
160.530 HILW-PT/GTW-PT/PPU-G 

CO, BO A WM-RW, ES
12T
12

160.545 
160.560 PC-G/ATSF-PT/ATsr o u - M R  Lemont

13T
13

160.575 
160.590

1TC-RW, ES (1)
ICG-RU, Bluford, Centralia, Decatur, Carbondale/GTb-EE

14T
14

160.605
160.620

RI-G (1) 
NW-EE

RI-G 111
ATSF-EE/ICG-RW, Decatur/SOU-PT/PC-EE v ie in ity  of Streator (7-ATSF) (6)/

TPW^K, Lomax ,_IJl_._to io j r t .Madison.^Iowa j  7-AT£Fj 14)Z.AHT!i-EC_l7-.ATSL)Jfi)_

1ST
15

16T
16

160.635
160.650

160.665
160.660 RI-G/Pf-" (6-R1)

17T
17

160.695
160.710

ITC-RW, ES in 111. (1) 
PC-G, ES/ORI-G

18T
18

160.725
160.740

GMO-G (1)/C0 A BO-G 
NW-G (1) (6-GMO)

19T
19

160.755
160.770

PC-G (U/RI-G u)
HILU-EE/UP-EE on lines of MILH in 111./AMTK-EE (7-MILW) (8)

ZOT
SO

160.785 
160. 800

ICG (1)/C0 A BO-G (1)
Pc-PT/CNW-G/ATSF-EE, v ic in ity  of Streator (7-PC) (8)/C0-PT, ES in ILL. (7-PC) 

AMTK-PT (7-PC) (8)
"iCG-Gllf 
CIM-PT/SOU-PT

Z1T
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160.815
160.830

Z2T
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160.845
160.860

GTW-RW, ES (1) 
ICG-EE/PC-G (6-GMO)

23T
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160.875
160.890

BO, CO-RW, ES (1)
CNW-EE/ITC-EE Madison and Macoupin Cos. (7-CNW) (8)

24T
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180.905
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LN-RW escept Chicago Area
ICG-EE/EJE-EE, ES in 111. (6-MILW) (8)/IC-PT, Pulaski Co. (7-GMO) (9) 
AHTK-EE (7-ICG) (8 )_______ ___________________ _ _ _ ______  __ _

All footnotes are listed In General Section of FAP. 

*See “Areas" in General Section of FAP.

Figure 3.13 An example of the 
assignment plan.

contents and structure of the frequency
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CHANNEL 6 1 6 0 .3 8 0

&■

(

1

}

I

I
I

Long I s l a n d  R a i l r o a d  Company 

B e l t  R a i l w a y  Company o f  Chicago  

Western M a r y la n d  R a i lw a y  CO.

B&O R a i lw a y  Company 

Western  P a c i f i c

F l o r i d a  E as t  Coast  R a i lw a y  Company 

Trona R a i lw a y  Company 

A p a l a c h i c o l a  N o r t h e r n  

B u r l i n g t o n  N o r t h e r n  

L o u i s v i l l e  & N a s h v i l l e  R a i l r o a d  Co. 

Penn C e n t r a l  T r a n s p o r t a t i o n  Co. 

Cuyahoga V a l l e y  R a i lw a y  Company 

B u t t e  Anaconda P a c i f i c  R a i lw a y  Co. 

N o r f o l k  & W estern  Rwy.

Chesapeake & Ohio R a i lw a y  

C h ic a g o ,  Rock I s l a n d  P a c i f i c  R a i l r o a d  

Seaboard C o a s t l i n e  R a i l r o a d  

S t .  L o u i s - S a n  F r a n c i s c o  Rwy.

Southern  P a c i f i c

Washington M e t r o p o l i t a n  Area T r a n s i t  
A u t h o r i t y

Mobile Base

^ M u l t i p l e  Channel  Radio TOTAL 169 1 , 5 3 7  1SS

/
Figure 3.19. A sample page from the mobile radio equipment inventory 

handbook. J
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f i l e s  f o r  t r a i n  s e r v i c e  and g e n e ra l  s e r v i c e  were b u i l t  t o  f u l f i l l  t h i s  r e q u i r e ­

ment. The s t r u c t u r i n g  pro cedures and d a ta  c o n te n ts  a r e  d is cussed  i n  t h e  f o l ­

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.

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 level 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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M A S T E R  W O R K IN G  F ILE  P R O C E D U R E

Figure 5.20. Flow diagram o f  the computer program t o  c r e a t e  r a i l r o a  
l i c e n s e  working f i l e s .
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Frequency
rState Longitude

rRai lroad
pal 1 Sign

160  
160  
160  
163  
16C 
160  
160  
160 
160  
16G 
160  
160 
160  
16C 
160  
160 
16C 
160  
160  
160  
i  60 
160  
160  
160 
160  
160  
160 
160  
163  
160  
16C 
160  
160 
16C 
160  
160  
163  
160  
160  
160 
160 
160  
16C 
160 
163  
160

| Lat i tude

, 620GACIRr IiG 950085C552KOY857 
, 62QG ACIRF KOV857
i 620COGWft 4b253t>10 4 5357KCR597 
, 62 OCOGWR 4 ;2CC91045352KCR602 
, 62CCOGWR 4QC9351Q5C456KCR599 
■ 620COGWR 4G 2 3511G 5C 321KCR598 
. 620COGVIR 4326321345336KCR600 
. 620COGWR KF6791
.62CCOGWP 4C24C«1050341KSLB93 
,62GNJLV 4C424C374C840KFZ538 
, 620USL V KH2916
, 62 CUSL V KQ6194
,62CMEM£C 440 5C6070 1135KCE546 
,620MEM£C 441&523695GG3KCE547 
. 620MEMEC 4357410695453KCE548 
, 62 OMEMFC 43443807G1919KCE550 
. 62 OMEMFC 4448190685649KCE545 
.620MRMEC 4435160693759KCE552 
. 620USMEC KC3079
, 52CM03LSF365930391582GKTG643 
, 52CMOSLSF3 8 03220 912 355KLW265 
.62GM0SLSF3713423931855KW0493 
,620MOSLSF3713360931952KVI649 
.62 00KSLSF3 607 4 30 9 640 0CKUI626 
. 6200 KSLSF3 60 92 30 955925KXD279 
. 62GOKSLSF3609230 955925KX0279 
1620USSLSF KA6119
162QILSOO KN52G6
. 62CILSOO 41500Q0874C0CKN5206 
,620USSnG KC9264
i 62QPAUFF 4 0 22320795121KGC 768 
, 62 CPAUFF; 4C16C10 795213KGB375 
i 62CPAURR 4C24500795320KGA849 
.62 CP AUC R 4023383795128KGF690 
, 62uPAUkR 4 02 2J10 79 5C18 K0Y781 
i 620PAURR 4 02G2oO795405KJZ930 
, 62CPAURR 4C2J56C795654KCY799 
162GPAUHR 4G26560 7947 3o KJZ931 
, 62CNVWP -G585G1174422K0H4C8 
, 6 2 C N V W P 4 05 31811545b6KOE264 
, 62CU5WP KDD508
.62CUSWP KA35C3
■620USWP KA3502
i 62OUTWP 4C4H9H22726KQL802 
i 62 1UTWF 4C45521116344KOH413 
.62CUTWP 404346114C2 Q4K0H4Q 9

Class
^Expirat ion

F 87 8 0 2 0 9 
MO780209  
F B 7 7 0 9 2 0  
F 8 7 7 0 9 2 0  
F B 7 7 0 9 2 0  
FB77C920  
FB77Q920  
M077C9 20 
F B 7 5 1 1 0 4  
F B 7 5 1 2 0 7  
H 0 7 9 0 5 1 0  
MO73C208  
FB 80C 424  
F B 8 0 0 4 2 4  
F B 8 0 0 4 2 4  
F B 83C 424  
F 6 8 0 C 4 2 4  
F 3 8 3 C 4 2 4  
H 0 8 0 0 4 2 4  
F87603  25  
F B 76C 816  
FB 80C 203  
F B 780710  
F B 7 7 0 8 1 1  
FB7908  26  
FB79C8 26  
MO760224  
MO750617  
DM
MO780416  
F 8 7 6 0 9 2 6  
F B 8 0 0 5 1 3  
F 8 7 6 G 1 29  

FB 8 0 0 5 2 8  
F8 7 9 0 2 1 3  
FB7 805 0 3 
FB78G533  
F B 7 6 0 5 0 3  
F 8 7 8 0 2 2 6  
F 8 7 9 0 2 1 9  
F B 78C 226  
MO7705Q 3 
MO760226  
F 8 7 9 0 2 1 9  
F 8 7 8 C 2 2 6  
F 8 7 8 C 2 2 6

F ig ure  3 . 2 1 .  A working f i l e  o f  t r a i n  s e r v i c e  l i c e n s e s

- S i z e  o f  Subgroup 

[“ C i ty

2CE0AR SPRINGS 
CEDAR SPRINGS 

7DENVER 
DENVER 
DENVER 
DENVER 
DENVER 
DENVER 
DENVER 

3BETHLEHEM 
BETHLEHEM 
BETHLEHEM 

7P0RTLAND 
PORTLAND 
PORTLANO 
PORTLANO 
PORTLANO 
PORTLANO 
PORTLANO 

8SPRINGFIEL0 
SPRINGFIELO 
SPRINGFIELD 
SPRINGFIELD 
SPRINGFIELD 
SPRINGFIELD 
SPRINGFIELD 
SPRINGFIELD 
3MINNEAPOLIS

MINNEAPOLIS 
8PITTSBURGH 
EAST PITTSBURGH 
PITTSBURGH 
EAST PITTSBURGH 
PITTSBURGH 
EAST PITTSBURGH 
FAST PITTSBURGH 
EAST PITTSBURGH 

6SACFAMENT0 
SACRAMENTO 
SACRAMENTO 
SACRAMENTO 
SACRAMENTO 
SACRAMENTO 
SACRAMENTO 
SACRAMENTO

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 line 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. All licenses designated 

"DM" are artificial and are considered only in the area compatibility testing. 

They are not tallied for potential transfer or retained in any other data files.

Approximately 1,150 mobile licenses 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 desig­

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 frequency-railroad subgroup pass eligibility tests in order for 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

69



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 distance 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 respective latitudes and/or longitudes of the two stations. If the differ­

ence exceeded a given value (as shown in Figure 3.22), the 50-miTe 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 left illustrates a 

candidate channel that may be challenged. The channel number, frequency and 

subgroups are identified. The number adjacent to the railroad abbreviation is 

the number of licenses 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 "IT", "1", 

and "2T", defines the cluster 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 licenses 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 

(licenses in a subgroup) pass, the frequency of channel 1 is acceptable for
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SEPARATION DISTANCE TEST

107° 106° 105° 104°

— « 4 0  m i  —
I

44°

©
431024
1060905

*  7C) MI

43°

i,2°

41°

© 402311
1040321 40°

Given: Stat ion locations (T) and ^2)

♦Tests': 1) The stat ions are compatible, i f  the la t i tu d e  di f fe rence
is greater  than 1°.

2) The stat ions are compatible, i f  the longitude di f fe rence  
is greater than 1 .5 ° .

3) The stat ions are compatible, i f  the greater  c i r c l e  
distance is more than 50 miles.

♦Only one te s t  need be passed to permit reassignment.

Figure 3.22. An explanation of the separation distance test for 
two stations.
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-REASSIGNMENT T E S T  PROCEDURE

CHALLENGED 
T R AI N  SERVICE

UNCHALLENGED

TR AI N  SERVICE G E N E R A L

18 3 5  ! ] T

187 f.i  ; 1

213 Jit i 2 T

L .j

197 32

. J 3 T

110

Figure 3.23. The cluster concept of testing for channel reassignment 
or channel sharing.
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FREQUENCY RE ASSIGNMENT PROCEDURE

Figure 3.24. A flow diagram for channel reassignment evaluation
(cont. on next page).
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D IS T A N C E  C H EC K P R O C ED U R E

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 channels.

The-results of this first screening of train service-1icenses (to determine 

the potential of transfer) of the 34 challenged channels is shown in Table B-l 

(Appendix B). The individual lists (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 licenses 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 reassignment frequencies for the various challenged subgroups, varies from 

none (0) to all (58). A total of 40 subgroups were not eligible for reassign­

ment to any of the unchallenged channels. Most of these contained a large 

number of licenses. The largest 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 licenses 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 distance between 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 GROUPS LICENSES

14 1 6 0 . 6 2 0 8 45 8 45 0 0
15 T 1 6 0 . 6 3 5 1 1 1 1 0 0
15 1 6 0 . 6 5 0 13 663 10 40 3 623
16 T 1 6 0 . 6 6 5 1 2 1 2 0 0
16 1 6 0 . 6 8 0 4 24 3 11 1 13
17 T 1 6 0 . 6 9 5 5 18 . 4 14 1 4
17 1 6 0 . 7 1 0 6 19 6 19 0 0
18 T 1 6 0 . 7 2 5 2 11 1 7 1 4
18 1 6 0 . 7 4 0 11 277 9 45 2 232
19 1 6 0 . 7 7 0 17 155 14 48 3 10 7
20 T 1 6 0 . 7 8 5 6 25 6 25 0 0
20 1 6 0 . 8 0 0 11 417 10 55 1 362
21 T 1 6 0 . 8 1 5 1 2 1 2 0 0
21 1 6 0 . 8 3 0 8 118 7 89 1 29
22 T 1 6 0 . 8 4 5 5 12 5 12 0 0
22 1 6 0 . 8 6 0 5 55 5 55 0 0
23 T 1 6 0 . 8 7 5 3 6 2 3 1 3
23 1 6 0 . 8 9 0 11 177 10 24 1 153
24 T 1 6 0 . 9 0 5 3 10 2 7 1 3
24 1 6 0 . 9 2 0 12 240 11 94 1 146
25 T 1 6 0 . 9 3 5 7 145 3 5 4 140.
25 1 6 0 . 9 5 0 17 494 14 96 3 398
26 T 1 6 0 . 9 6 5 1 3 1 3 0 0
26 1 6 0 . 9 8 0 13 60 11 49 2 11
42 1 6 1 . 4 6 0 5 198 3 15 2 183
43 T 1 6 1 . 4 7 5 1 28 0 0 1 28
43 1 6 1 . 4 9 0 9 94 7 75 2 19
44 T 1 6 1 . 5 0 5 2 5 1 1 1 4
44 1 6 1 . 5 2 0 10 206 8 64 • 2 142
45 T 1 6 1 . 5 3 5 4 11 4 11 0 0
45 1 6 1 . 5 5 0 15 358 12 58 3 300
46 T 1 6 1 . 5 6 5 2 29 1 1 1 28
46 1 6 1 . 6 1 0 8 176 6 7 2 169

TOTAL 227 408 4 187 983 40 31 01
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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 step 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

lowed by those that passed at only one frequency and so on. A review of this 

data suggests further analyses in the attempt at reassignment and also points 

to further barriers.

The only possibility for reassignment of the 40 subgroups (3101 licenses) 

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

group 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 should 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 subgroups 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

CHANNEL FREQUENCY
SUB
GROUPS

NO. OF 
LICENSES

SUB
GROUPS

NO. OF 
LICENSES

SUB
GROUPS

NO. OF 
LICENSES

14 1 6 0 . 6 2 0 17 67 15 55 2 12
15T 1 6 0 . 6 3 5 5 7 5 7 0 0
15 1 6 0 . 6 5 0 18 50 15 37 3 13
16T 1 6 0 . 6 6 5 6 9 6 9 0 0
16 1 6 0 . 6 8 0 16 98 14 33 2 65
17T 1 6 0 . 6 9 5 2 4 1 2 1 2
17 1 6 0 . 7 1 0 11 53 10 48 1 5
18T 1 6 0 . 7 2 5 3 10 2 4 1 6
18 1 6 0 . 7 4 0 14 91 12 86 2 5
19T 1 6 0 . 7 5 5 6 13 4 8 2 5
19 1 6 0 . 7 7 0 15 50 13 45 2 5
20T 1 6 0 . 7 8 5 4 8 4 8 0 0
20 1 6 0 . 8 0 0 12 45 11 32 1 13
21T 1 6 0 . 8 1 5 6 8 5 6 1 2
21 1 6 0 - .8 3 0 11 48 8 20 3 28
22T 1 6 0 . 8 4 5 5 17 4 15 1 2
22 1 6 0 . 8 6 0 13 60 10 25 3 35
23T 1 6 0 . 8 7 5 6 36. 6 36 0 0
23 1 6 0 . 8 9 0 14 142 11 55 3 87
2.4 T 1 6 0 . 9 0 5 4 6 4 6 0 0
24 1 6 0 . 9 2 0 16 43 13 32 3 11
25T 1 6 0 . 9 3 5 5 7 5 7 0 0
25 1 6 0 . 9 5 0 20 109 16 30 4 79
26T 1 6 0 . 9 6 5 6 17 4 5 2 12
26 1 6 0 . 9 8 0 15 69 13 34 2 35
42 1 6 1 . 4 6 0 9 113 7 34 2 79

■ 43T 1 6 1 . 4 7 5 4 15 4 15 0 0
43 1 6 1 . 4 9 0 13 62 11 31 2 31
44T 1 6 1 . 5 0 5 5 27 5 27 0 0
44 1 6 1 . 5 2 0 14 43 13 35 1 8
45T 1 6 1 . 5 3 5 6 17 5 16 1 1
45 1 6 1 . 5 5 0 19 68 17 64 2 4
46T 1 6 1 . 5 6 5 9 30 8 29 1 1

TOTAL 3 29 1 4 4 2 281 8 9 6 48 546
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FREQUENCY REASSIGNMENT ANALYSIS

GENERAL
• 329 SUB-GROUPS
• • LICENSES
• 382 FAILED 

m SUB-GROUPS)

REASSIGNMENT POSSIBLE 
-  ADJUST
UNCHALLENGED GENERAL 
SUBGROUPS

REASSIGNMENT POTENTIAL 
EXISTS -  ADJUST 
UNCHALLENGED TRAIN SERVICE 
AND GENERAL SUB-GROUPS 
OR SEPARATION REQUIREMENTS

Figure 3.25. Frequency reassignment analysis.
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the screening tests for both train service and general license groups. The 
middle block shows that, through selective cluster testing, possible reassign­

ment frequencies 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 

the Channel 15 reassignment screen testing. The data in Figure 3.26 show that 

subgroups 2, 3, and 12 were unassignable to all 58 unchallenged channels. A 

diagnostic printout 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 unchallenged 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 alternative 

reassignment options may be exercised.

Subsequent 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 

KJN 910, issued to the Kansas City Terminal Railroad (KCT) on Channel 27T 

(161.010 MHz). The subgroup containing KJN 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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R E A S S I G N M E N T  T E S T  R E S U L T S

CHANNEL 15 663 LICENSE 13 SUB-GROUPS
(1 6 0 .6 5 0 ) (TRAIN SERVICE)

AMIK A TSF b n BO DH DMIR DS FEC ICG LEF LNW SOU SP
★ 1 327 218 2 1 5 4 18 1 3 2 78 3

01T * 1 t A 1 2 1 3

01 * 1 1 2 3

02T ★ 1 1

02 * 1 • 5 1 3

03T * 1 5 1

03 * 1 5 1

04T * 1 .
- 1

04 * 1 4 18 1 3

05T ★ 1 1

05 it 1 . 1

06T it 1 1 3

06 ★ 1 ' 1 5 1 3 2

07T * 1 1 5 1 3

07 * 1
;

1 5 1 3

08T * 1 < 5 4 1 3 2 3

08 ★ 1
i
i 2 5 4 1 3 2 3

0 9 T * 1
i
! 5 . 4 1 3 3

0 9 * 1 ■ i 5 4 1 8 1 3 3

1 0 T it 1
1

5 4 1 8 1 3

1 0 it 1
*.

5 4 1 8 1 3 , 2

1 1 T it 1 i 5 1

1 1 * 1 5 1 -'1

1 2 T * 1
/
i 5 1

1 2 * 1 1 5 4 1 3 2

1 3 T * 1 1 3 2

1 3 ★ 1 1 3 2

1 4 T * 1 FA I  L E D
1 3 2

- FjM L E D

2 7 T ★ 1 2 5 4 1 2 3

2 7 * 1 5 4 1 2 3

2 8 T * 1 5 1 2 3

-
Figure 3. 26. Reassignment testing for channel 15
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28 ★ 1 5 1 3 2
29T ★ 1 5 1 2
29 ★ 1 5 1 2
30T ★ 1 j

j 1 ^ 2
30 * 1 i 1 3 1
31T * 1 1 ■3 2
31 * 1 < 5 4 18 • 1 3 2
32T * 1 j 1 2
32 ★ 1 1 2
33T * 1 1 2
33 * 1 1 2 1 3 2
34T * 1 1 2
34 * 1 l 1 2
35T * i  j 5 1
35 ★

1 I 5 4 18 1 3
36T * i

j
18 1 3

36 * i 1 1 18 1 3
37T * i i! 1 18 1 2
37 ★ i ! 2 1 5 4 18 1 2
38T * i

1
j 2 1 2

38 * i 1 3 2
39T * i

l

| 1 3 2
39 * i ; 1 5 4 1 3 2
40T * i  1 5 4 1
40 ★ i 1
41T ★ i ' 1
41 * i 2 1 3 2
42T * i  . ' 1 f  2 5 4 1 3 2

(

i)

1

Figure 3.26.(cont.) Reassignment testing for channel 15.
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R E A S S I G N M E N T . T E S T  R E S U L T S

CHANNEL 15  3 SUBGROUPS THAT FAILED
( 1 6 0 . 6 5 0 )

A T S F - 3 2 7
TS

B N - 2 1 8
G TS G

S OU -7 8
TS G

01 T ★ B N - 4 4 . 0 S C L - 4 5 . 1
01 ★ D M I R - 3 8 . 5

02T* * A T S F -  6 . 5 C G - 4 3 . 5

02 * S 0 0 - 3 5 . 3

03T ★

03 * U P - 2 0 . 7 U P -  6 . 6 B S - 3 1 . 6
04T *

04 •k S P - 4 3 . 9 R I - 3 8 . 0 L N - 3 8 . 2

05T *

05 * K C S - 3 4 . 1 D M I R - 4 9 . 5 M B - 2 3 . 8

06 T *

06 it W P - 1 7 . 3 ◄ B N - 3 7 . 0 4
07 T * 4 4  S C L - 3 1 . 3

07 * M P - 4 6 . 7 4 B N - 3 1 . 8 4
08 T * 4 4
08 * MW- 9 . 3 4  L N - 3 0 . 1

09 T * C N W - 3 5 . 7

09 ★ M P - 4 6 . 7

10 T * 4 4  S L S F - 3 2 . 1

10 * S N - 4 0 . 9 4 B N - 3 1 . 3

11 T it 4
11 * B O - 1 2 . 7 4 BN-  6 . 2 S L S F - 3 2 . 1

12 T *

12 ★ A T S F - 4 1 . 1 S I - 3 1 . 3

13 T * A A W - 1 9 . 8

13 ★ S E R A - 4 6 . 8 BN-  0 . 0 L N - 3 9 . 4

14 T * 4
27T * 4

Figure 3.27. Reassignment test diagnostics for subgroups 2 (ATSF-327), 
3 (BN-218), and 12 (SOU-85).
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27 * 4  K C T - 3 7 . 1 B N - 3 1 . 1 I C G - 4 6 . 3

28T ★

28 * C N W - 1 9 . 3 ◄ B N - 2 2 . 5

29T * S C L - 3 4 . 6

29 ★ A T S F -  0 . 0 V S L - 2 5 .- 6

30T *

30 ■k A T S F -  6 . 5 B N - 4 0 . 6 S C L - 4 8 . 9

31T *

31 * DRG W-41 . 1 ◄ B N - 3 1 . 5 S L S F - 4 3 . 2

32T * ◄
32 * C S - 2 7 . 7 ◄ BN-  0 . 0 S L S F - 4 8 . 6

33T ★

33 * I C G - 3 1 . 8 IC G -19 .0 I C G - 3 2 . 4

34T *

34 * R I - 1 1 . 0 ◄

3 5T it 4  C S P - 1 8 . 1 S L S F - 3 2 . 1

35 * C W - 4 2 . 3 ◄
36T ★

36 ★ I C G - 3 1 . 8 I C G - 1 9 . 0 C H U - 4 9 . 6

37T *

37 * S P -  5 . 0 ◄ B N - 4 2 . 3 WA- 0 . 7

38T *

38 * R I - 1 3 . 7 D M I R - 3 3 . 9 ◄
39T ★ ◄
39 ★ A T S F -  0 . 0 S O O - 2 9 . 7

4 0T ★ W A - 4 0 . 5

4 0  , * S P -  3 . 0 M N S - 3 1 . 6

4 1 T * SCL-37.6

4 1 * M I L W - 1 4 . 7 M I L W - 4 5 . 6

42T * ◄

soo-o.o

BS-31.3

Figure 3.27.(cont.) Reassignment test diagnostics for subgroups
2 (ATSF-327), 3 (BN-218), and 12 (SOU-85).
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RE-ASSIGNMENT TEST RESULTS

CHANNEL 15 

(160.650 MHzr
UNCHALLENGED GENERAL SUB-GROUP 

ADJUSTMENTS

1. SUB-GROUP 2

-ATSF (327)

- 4540 M o b i l e

- 290 B a s e

27T

A. Ch a n n e l  27 (161.010) 

o KCT KJN 910

S u b -G r o u p  - 2 L i c e n s e s  

(15 M o b i l e  Un i t s )

B. C h a n n e l  27T (160.995) 

o WP KXM 782

S u b -Gr o u p  - 2 L i c e n s e s

2. SUB-GROUP 3 31

BN (218)

- 198 Mo b i l e

A. C h a n n e l  31 (161.130) 

o BN KYF 398 

S u b -G r o u p  - 5 L i c e n s e s  

(22 Mo b i l e , 2 B a s e )

o SP K0K 728 ^  

S u b -G r o u p  - 7 L i c e n s e s  

(46 M o b i l e  - 2 B a s e )

3. SUB-GROUP 12 8

SOU (73)

- 9 M o b i l e

- 61 B a s e

A) Ch a n n e l  8 (160.440)

 ̂ o LN - (13 L i c e n s e s )

S u b -G r o u p  - 21 L i c e n s e s  

(402 M o b i l e , 18 b a s e )

o SCL - (6 L i c e n s e s ) 

S u b -G r o u p  - 16 L i c e n s e s  

(1 M o b i l e , ,5 B a s e )

B) Ch a n n e l  8T (160.425) 

o BS - KA 2688

S u b -Gr o u p  - 2 L i c e n s e s

(3 Mo b i l e , 1 Ba s e )

Figure 3.28. Unchallenged frequency adjustments required to assign 
channel 15 subgroups 2, 3, and 12.
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of Channel 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 required. 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 circle, 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 would require adjustments similar to those displayed in Figure 

3.28.

s of the types described for reassignment of

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 procedure 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 this 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 analysis was 

conducted to identify procedures leading to reassignment as a result of relaxed 

operating conditions. Although the only 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 little chance of a 
successful completion. This conclusion is based on the outcome of the screening

general license subgroups contained in Tables
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Channel 20 
PC-362

Channel 23
CNW-153

Channel 25 
SOU-376

TS
01T * ITC- 4.1
0 1 ★
02T k SOU- 1.7
02 k

03T k

03 k BO-35.9
04T k

04 k BO- 4.7
05T k

05 k RDG- 3.0
06T k

06 k LI-40.0
07T k

07 k BO- 4.7
08T k

08
09T

k

k

(j0^46.7

09 k BO-34.8
10T k

10 k SOU-26.1
11T k

11 k BO- 4.7
12T k

12 k [P(^24.5
13T k

13 k DH-37.8
14T k

27T k

27 k ICG- 5.3
28T *
28 ★ GTW-35.4
29T *

29 (pcJ-25.6
30T *

30 
3 IT

k

k

(BN)-48.6

31 k |p^-25.6
32T k

32 k BO-34.7
33T k

33 k PRS-12.2
34T k

34 k PC-37.9
35T k

35 k CNJ-26.5
36T k

36 k |pc}-40.7
37T k

37 k CNJ-26.5
38T . k

38 k ICG-37.8
39T k

39 k LN- 9.4
40T k

40 k DH-37.8
4 IT k

|p^-24.741
42T

*
★

G TS G TS
(RI)-48.1 SCL-38.7

SOU-41.0 AGS-41.9

UP-22 1 BS-27.3

(Rl)-49 9 LN-38.9

ITC-14 1 MB-30.7

BRC-22 6 FEC-40.1

CEI-27 2 BO- 5.5

NW-32 8 <s)-47.9

MP-44 5 BO-34.6

CIC-29. 6 SOU -32.5

MILW-36.5 SLSF-27.5

ALS-38. 7 ALS- 0.7

BN-16.0 SCL-29.4

ICG-38.9

CNW-43.0 

PC-35.1 

BN-32.2 

SLSF-42.9 

BN-42.3 

ICG-14.5 

RI-42.6 

(NW^49.5 

ICG-14.5 

TRRA-36.9 

KI-12.6

(£oj}M9.6

BN-24.2

MILW-34.5

ICG-12.7

SCL- 0.2 

ICG- 8.6 

PBR-37.6

SLSF-33.6 

SLSF-27.5 

MSE-42.6 

ICG-38.1 

ICG-17.0 

WA- 0.8 

ICG-44.0 

LN- 8.8 

(6o^49.6 

WA-40.3

Figure 3.29. Reassignment screen test diagnostic displays of subgroups 
CH 20-PC(362), CH 23-CNW(153) and CH 25-S0W(78).
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Figure 3.29.(cont.) Reassignment screen test diagnostic displays of
subgroups CH 20-PC(362), CH 23-CNW(153) and 
CH 25-S0W(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 link 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 simulation readily provides de­

tailed analysis of yard management, 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 previously, 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 system 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 S im u la tio n  Program was used to  a n a ly ze  th e  system m odel. T h is  

is  a queuing typ e  program which shows what resources a re  being used, what tasks  

th e y  a re  p erfo rm in g  and which tasks  a re  w a it in g  f o r  resources  to  com plete t h e i r  

jo b .  The b as ic  e lem ent o f  th e  netw ork  model is  a ta s k . The g ra p h ic a l symbol 

used to  p o r tra y  tasks  in  t h is  model is  shown in  F ig u re  3 .3 1 . Three b as ic  

fu n c tio n s  a re  a s s o c ia te d  w ith  each ta s k :

1 ) re le a s e  o f  th e  ta s k  ( s a t is f y in g  a l l  p redecessor re q u ire m e n ts );

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 

departure 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 sta­

tistics desired from the program give the time delays that trains will experi-
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Figure 3.32. A portion of a network using SAINT symbols.



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 t1me-Hne 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 reallocation #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 reallocation #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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CHAN FREQ ASSIGNMENT

FI 160.650 ROAD

F2 161.370 WEST YARD

F3 160.560 EAST YARD

F4 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

FI 0 160.275 SWITCH ENGINE #6 EAST

j F11 161.565 CAR INSP BASE REC

F12 160.440 CAR INSP BASE XMT

FI 3 161.190 DIESEL SHOP RPTR XMT

F14 160.215 DIESEL SHOP RPTR REC

FI 5 160.980 MAINT 8 SUPVY

UHF 457.925 HUMP ENG CONT

F16 160.260T PBX 3 RPTR (161490R)

FI 7 160.335T PBX 4 RPTR (161460R)

F18
_____

160.605 SWITCH ENGINE #7 EAST

VEHICLE
MOBILE ASSMT FREQ EQPTD

TERM SUPT 1-2-16-17

TRAINMASTER l-?-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

SIG INSPECTOR
’-15- i

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 "x" is shown in minutes at the left. The trains are programmed 

to arrive at the yard in the following fashion:

o From 6:00 a.m. to 9:00 a.m., one train every 20 minutes,

o From 9:00 a.m. to 5:00 p.m., one train every 40 minutes,

o From 5:00 p.m. to 8:00 p.m., one train every 20 minutes,

o 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 expected 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 Cl tasks 31, 32, 

and 33, the trends 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.

97



Figure 
3.34. 

Model 
results 

- 
delay 

in 
receiving yard 

(facility control

86

AVERAGE DELAY IN MINUTES (f)

IGINAL RESOURCE ALLOCATION 
ESOURCE REALLOCATION #1 
DURCE REALLOCATION #2 
RESOURCE REALLOCATION #3 
RESOURCE REALLOCATION #4

RESOURCE REALLOCATION #5

o ro 00 o

o  -C z  >
— I 50

-< ZCT>o



1

\

)l

vovo

$

10-

p

to CVJ c o =#=
LU
h- R -

=#= =**=
Z

=3 ° r— z  z oz =*= o  o HH
HH HH HH 1—
Z Z Z l—  l— < Co o «=c c oz ►— 1 HH o  o o
1— I 1— 1— o  o _l

=c <c — 1 — 1 u
o o -J — 1 <

«=c o - o o « C  cC LU
— J — 1 LU LU c£
LU -J _J Cd Cd
O c c LU

LU LU LU O
LU LU Cd O  O q :
CD O q ; o; ZD
C cel LU ZD ZD o
Cd ZD O o  o to
L U  4 - o Cd t o  CO LU
> to => LU LU CH
< LU o Cd Cd

Cd to 1
LU 1

-J Cd
<z
hH
CD

C HH
C£o

F ig u r e  3 . 3 5 .

RE
SO

UR
CE

 
RE

AL
LO

CA
TI

ON
 #

5

j

RECEIVING YARD - 
CAR INSPECTOR - CAR 
INSPECTOR FOREMAN

32

TASK NUMBERS

Model results - delay in receiving yard (car inspector-car 
inspector foreman).



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 " x "  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 "x" does indeed follow what appears to be an exponential 

function. The greatest "x" 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 average 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 is 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

work and will adequately show the trends which the average delay time will take 

as communication resources are removed. It has been shown that modern railroad 

yards use and need communications for efficient operations. For those tasks 

involved 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 

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 this 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 reassignment of railroad license subgroups, as 

discussed in a previous section, might be a sharing of frequency channels 

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-
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TASK DESCRIPTIONS

SIMULATION CONTROL

Task No. Description

1 Begin simulation.
Started automatically by SAINT.

2 When completed, simulation will end and final 
statistics reports will be printed.

3 When completed, arrival of trains to Barstow will 
be changed to the low rate (DS,8).
Started automatically by SAINT.

4 When completed, arrival of trains to Barstow will 
be changed to the high rate (DS,7).

5 When completed, arrival of trains to Barstow will be 
changed to the low rate (DS,1).

6 When completed, arrival of trains to Barstow will 
be changed to the high rate (DS,7).

Figure 3.41. Task descriptions of simulation control.
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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 entry block. 
Receiving yard track is assigned.

10 Train moves to receiving yard.

11 Train arrives at receiving yard. 
Engine service track is assigned.

12 Road power is uncoupled.

13 Road power has been uncoupled. 
Uncoupling is reported.

31 Car inspector foreman is alerted to incoming train. 
He alerts Cl and security crew.

101 Train is being taken into receiving yard.
No other trains may enter until train is in position.

102 Receiving yard is kept busy until train is in 
position.

Figure 3.42. Task descriptions of arrivals at Barstow.
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38

39

40

41

42

43

44 

76 

82

83

Figure :

Task No.

THROUGH TRAIN INSPECTION YARD 

Description

Cl 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 Cl and security crew.

Cl and security crew inspect train.

.43. Task descriptions of through train inspection yard.
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DIESEL SERVICING

Task  No., D e s c r i p t i o n

14 Road power is moved to diesel service area, checked,
and serviced.

15

16 

17

18

19

144

145

Road power service report is made.

Road power is moved to ready yard.

Switch engine is assigned and moves to ready 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.
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RECEIVING YARD

Task No. - Description

20

21

22

23

24

25

26

27

28

29

30

Determines if train requires doubling.

Doubling is not required.

Crew pickup 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.
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RECEIVING YARD

Task No. Description

84

85

86 

87

Switch engine frequency 5 is kept busy until it is no 
longer needed.

Switch engine frequency 6 is kept busy until it is 
no longer needed.

Switch engine frequency 7 is kept busy until it is no 
longer needed.

Switch engine is no longer needed and may be reassigned

88 Switch engine is no longer needed and may be reassigned

103 Train is in position in the receiving yard. 
Another train may now enter receiving yard.

Figure 3.45.(cont.) Task descriptions of receiving yard.
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CAR REPAIR

Task No. - Description

32

33

34

35

36

37

77

78

Car inspector foreman coordinates inspection by Cl and 
security crew.

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, mvoes to train, and sets 
cars requiring major repairs aside.

Cl and security crew inspect train.

Cl and security crew make inspection report.

Figure 3.46. Task descriptions of car repair.
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CLASSIFICATION YARD

Task No. _ D e s c r i p t i o n

45

46

47

48

49

50

84

85

86 

89

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.

90 Train is humped.

91 Switch engines and hump master are no longer needed and 
may be reassigned.
Another train may now be humped.

F ig u r e  3 . 4 7 .  Task  d e s c r i p t i o n s  o f  c l a s s i f i c a t i o n  y a r d .
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CLASSIFICATION YARD

Task No. __ D e s c r ip t io n

92

93

94

95

96

97

98

99

104

105

106

Train is mini-humped.

Switch engines and mini-hump are no longer needed and 
may be reassigned.
Another train may now be mini-humped.

Humping operation has been completed.
Prepare to free resources.

Mini-hump operation has been completed.
Prepare to free resources.

See classification yard to departure yard descriptions. 

See classification yard to departure yard descriptions. 

See classification yard to departure yard descriptions. 

See classification yard to departure yard descriptions. 

Hump is kept busy until humping operation is completed. 

Train is ready to be mini-humped.
No other train may be mini-humped until this train has 
been mini-humped.

Mini-hump is kept busy until train is in position in 
departure yard.

F ig u r e  3 . 4 8 .  Task d e s c r i p t i o n s  o f  c l a s s i f i c a t i o n  y a r d .
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CLASSIFICATION YARD TO DEPARTURE YARD

Task No.

51

52

53

54

55

56

57

58

59

60

Description

Classification has been completed.
Departure track is assigned.

Determines if train requires doubling.

Doubling is not required.

Crew pickup is called for.

Crew is picked up and taken to classification yard. 

Doubling is required.

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.

Figure 3.49. Task description of classification yard to departure yard.
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CLASSIFICATION YARD TO DEPARTURE YARD

Task No. Description

61 Switch engine is coupled to second half of train and takes 
it to the departure yard after first half of train has 
been moved.

62 Switch engine is uncoupled from second half of train and 
moves to standby area to await reassignment.

63 Car inspector foreman is alerted to outbound train.
He alerts Cl.

81

96

97

98

99 

100

Switch engine is no longer needed and may be reassigned.

Switch engine frequency 8 is kept busy until it is no 
longer needed.

Switch engine frequency 9 is kept busy until it is no 
longer needed.

Switch engine freuqency 10 is kept busy until it is no 
longer needed.

Switch engine frequency 18 is kept busy until it is no 
longer needed.

Switch engine is no longer needed and may be reassigned.

Figure 3.50. Task description of classification yard to departure yard.
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Task No.

DEPARTURE YARD 

Description

Car inspector foreman coordinates inspection by Cl.

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.

Cars are ready for departure.

Crew pickup is called for.
Road power is assigned.

Crew is picked up and taken to road power.

Road power moves to train and couples.

Switch engine is assigned and moves caboose from waycar 
service area to train.

Train is ready for departure.

Cl inspects train.

Cl makes inspection report.

Train is ready to enter departure yard.
No other train may enter until this train has left.

Departure yard is kept busy until train has left.

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

112

113

114

115

116

117

118 

Figure

Task No. - Description

Generates occurrences of minor problems.

Mobile repair crew is called.

Problem is in west yard.
Mobile repair crew moves to area.
Track section is isolated.

Problem is in east yard.
Mobile repair crew moves to area.
Track section is isolated.

Mobile repair crew affects repairs.

Problem was in west yard.
Track is reported as ready.

Problem was in east yard.
Track is reported as ready.

3.52. Task descriptions of yard maintenance: minor problems.
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YARD MAINTENANCE: MAJOR PROBLEMS

Task No. * Description

84 See receiving yard task descriptions.

85 See receiving yard task descriptions.

86 See receiving yard task descriptions.

96 See classification 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 yard 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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120

121

122

123

124

125

126

127

Figure 3.

Task

YARD MAINTENANCE: MAJOR PROBLEMS

No. " Description

Problem is in west yard.
Switch engine is assigned and moves to equipment storage 
area.

Problem is in east yard.
Switch engine is assigned and moves to equipment storage 
area.

Switch engine moves equipment to problem area.
Equipment is put in position.
Switch engine is uncoupled.

Equipment is reported as in position.

Switch engine is no longer needed and may be reassigned.

Crew effects repairs.

Train is moving 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.

53.(cont.) Task descriptions of yard maintenance: major problems
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YARD MAINTENANCE: MAJOR PROBLEMS
f

\

Task No. ~ Description

128

129

130

131

132

133

134

135

136

137

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.

Problem was in east yard.
Switch engine is assigned and moves to area.

Switch engine moves heavy equipment to equipment storage 
area.

138 Track is reported as clear.

139 Problem was in west yard.
Crew pickup is called for.

140 Problem was in east yard.
Crew pickup is called for.

141 Switch engine is no longer needed and may be reassigned.

142 Track is reported as reopened.

143 Need for additional materials is reported to super­
intendent of shops.

Figure 3.54. Task descriptions of yard maintenance: major problems.
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cies which is designated as a challenged frequency complete with subgroups.
Then any or all of the current challenged 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 licenses issued. A listing of the number of 
licenses 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 exist, 
are not known. The number of licenses per channel range from one to 3274. The 

channel frequency at 156.800 MHz with the 3274 licenses is designated for dis­
tress, safety and calling, indicating a utility frequency for emergency use.

As explained 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.

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, latitude 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. Maritime Mobile Service

F i l e Frequency (MHz) Number F i l e Frequency (MHz) Number

1 156 .275 21 31 157 .05 0 3
2 156 .300 102 32 157 .100 10
3 156.325 6 33 157 .15 0 3
4 156 .340 1 34 1 5 7 .20 0 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 1 5 7 .40 0 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 .40 0 1
17 156 .650 166 47 159 .90 0 1
18 156 .675 30 48 160 .80 0 1
19 156 .700 190 49 161 .500 1
20 156.725 50 50 1 61 .60 0 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 .90 0 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 1 6 2 . -0 0 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 letter-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 1icenses
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 - 27 licenses

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 licenses. 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
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Frequency
(MHz) State Abbr Latitude Longitude

156.925 WA A142 474834 1222323

156.925 CA B023 333619 1175307

156.925 PR Cl 86 182742 0660508

156.925 FL C223 280300 0824712

156.925 MA C267 . 422159 0705859

156.925 MD G055 390504 0762522

156.925 CT G074 411319 0730249

156.925 ME H074 435909 0690432

156.925 CA HI 34 334259 1180259

156.925 LA J003 302429 0903329

156.925 CA J069 404413 . 1221331

156.925 LA L002 295016 0900050

156.925 CT L031 411429 0730353

156.925 MA M025 423359 0704639

156.925 IN Ml 82 414326 0865425

156.925 PR Ml 97 182739 0660509

156.925 UP P048 000000 0000000

156.925 NH P180 430421 0704305

156.925 UI PI 90 444434 0924739

156.925 FL R027 294954 0851844

156.925 UI R062 464559 0905359

156.925 ME R092 000000 0000000

156.925 CA S091 333714 1175519

156.925 MA V051 422659 0705759

156.925 CT U013 411054 0731234

156.925 CA W12C 335547 1182635

156.925 MA HI 40 413235 0703617

Figure 3.55



Call Sign Class Date Sub-Group Company Name

KQU487 FC .791107 i A n ch or Boat Charters Sales

KSK249 FC 760318 l Bahia Corinthian Yacht Club

KXE246 FC 791030 i Club Nautico De San Juan

KTR834 FCL 800708 l Commodores Inti Yacht Club '

KSK273 FC 760125 i Co tt ag e Park Yacht Club

KSK352 FC 760416 i Gi bs on Island Yacht Squadron

KQU442 FC 791211 i Godfrey, John F.

KXS249 FC 800509 i Hewetts island Corp.

KTA417 FC 760602 i Hu nt in gt on Harbour Yacht Club

KTD509 FC 771207 i J.D. Hair, Inc.

KVF862 FC 780725 l Jones Valley Resort

KUF814 FC 780302 l L.L. Oil Co., Inc.

KUF603 FC 770803 l Land Sea Enterprises

KVL931 FC 781003 i Manche st er Yacht Club

KTR977 FC 771107 i Michigan, City of

KWS619 FC 79 06 20 l Mi ke Benitez Marina, Inc.

MSP551 TP i Part 83, Vol. IV, FCC RR

KQU637 FC 750527 i Portsmouth Yacht Club, Inc.

KTA448 FC 760622 i Prescott Marina', Inc.

KTR898 FC 770314 i Raffield Fisheries, Inc.

KL G3 11 FC 760709 l Reeds, Inc.

KQ9022 FC 790301 l Rings Marine Service, Inc.

KUR855 FC 780523 i Sea Air Systems Co., Inc.

KUF795 FC 770331 i Volunteer Yacht Club

KUF598 FC 770803 l Waldhaus Electronics

KUF742 FC 771106 i Windjammers Yacht Club

KSK255 FC 800505 l Woods Hole Boat Sales, Inc.

Maritime mobilei licenses - file 26.
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Figure 3.56. Maritime mobile 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. All of the subgroups passed one or more of the frequency tests. The 
only subgroups to pass on all channels were the two mobile assignments (which 
were not properly tested) and the two Puerto Rico assignments (which under­

standably would pass).
The composite results of the five channels tested are:

1. A total of 139 licenses were tested against the 
33 railroad channels.

2. All but one passed at one or more frequencies.
3. Nine of the 139 licenses 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 subgroups 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 frequency assignment plan maintained by the railroads.

Conclusions to be drawn from this limited exercise are that the process 
developed 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 a train moves geographically, presents unacceptable safety and 
control problems.
3.3.3.1 Train service communications

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 include signal fading and attenuation caused 
by the various propagation modes and equipment characteristics required to 
maintain the existing capabilities.

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 importance of examining typical sets of mountain geog­
raphy with regard to these propagation effects.

Difference in conductivity and the secondary 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 moving train in hilly or 
mountainous regions, these elements affect the magnitude of the reflected 
signal component and the fading rates. The latter will be particularly more 
serious at the UHF bands than encountered with present VHF Operations.

These propagation effects are herein tabulated for the frequencies and 
geometries listed to demonstrate the range of variations:

o frequency -
o train length -
o track -
o terrain -

o train antennas -

160 MHz, 450 MHz, 900 MHz,
1 mile with hardwood car tops,
curve with 1 mile radius,
open prairie, shallow canyon with smooth stone 
walls and a width of 1000 ft.
160 MHz - monopole mounted on top of locomotive 
and caboose,
450 MHz and 900 MHz-topload monopole with center 
phasing element.
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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 0.87 0.65 0.53

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 hilly terrain causes the larger reduction in signal availability for 
the end-to-end mode. The reductions in channel availability are generally 
unacceptable because of the access requirements dictated 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 primary 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 connecting tracks for different 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 sunmarized 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 Increase 12 dB T9 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 
Threshold 0.55 0.46

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 deployment of repeaters in yard 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 Relay Requirements

o 3-5 additional yard relays - fixed and mobile operations,

o 60% additional wayside relay complement,

o Approximately 80% increase in total UHF channel requirements.



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 evaluation phases.

Table 3.9 Facility Implementation and Conversion Times (VHF-to-UHF)

0 frequency assignment planning
urban areas 9 months
enroute facilities 6 months

0 site and facility engineering - 1 year
0 test and evaluation

urban yards 1 year
0 enroute facilities 18 months
0 phased transition period 5 years
0 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 yard locomotives. 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, Houston), 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 major railroads 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 
important in hilly and mountain regions. The approximately 80% increase in

134



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, the 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- 
la t io n . l|g |

The yard measurement of frequency channel usage was an important part of 
the model validation. The methodology applied to the making of radio trans­
mission measurements in a railroad yard is important. Factors such as geometry, 
equipment characteristics, and operational procedures are involved in deter­
mining the placement of the receiving system for proper reception of the 
greatest number of transmissions for a given peri# of time. Most yards will 
be on flat land, but tall structures, particularly those that are basically 
steel construction, may interfere with certain transmissions or cause reflec­
tions and multipath reception. The layout of tracks and subsequent transmis­
sion problems encountered when many sets of parallel 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 yard. Potential multipath problems often occur 
either in conjunction with atmospheric phenomena, certain car line-ups in a 
particular 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 when placing the monitor receiver antenna.



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 
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 along corridors between parallel trains. 
This would require two measurement systems if all transmissions in a yard were 
to be monitored at the same time. If only one measurement system is available, 
the best location would probably be central in the yard with the antenna as 
high as possible above the ground. The height of the antenna is important in 
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 locate the monitoring 
antenna for best results.

The instrumentation employed for measuring all channel activity simulta­
neously 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 160.215 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 
the intensity spots. These traces on the film lasted only the duration of the
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Figure 3.58. Pictorial diagram of channel usage measurements equipment.
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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) 

and highest (161.565 MHz) frequencies were injected into the analyzer and 

recorded on the film. This was repeated at 6 hour intervals. A clock in the 

camera provided day and time information which was recorded at the edge of 

the film. This was done each hour to provide a time record and as a check to 

verify film speed.

For convenience of operation and in cooperation with the Barstow communi­

cations personnel, the system, as described, was set up in the communication 

test lab in the terminal building at the west end of the Barstow yard. Re­

ceiving antennas on top of the terminal building were used during this meas­

urement program, which lasted 48 hours. The only problem encountered was the 

anticipated occasional 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 operational modes to guide monitor location and equipment- technical char­

acteristic specifications. For this exercise at Barstow, the facility near 

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 simplified because ofthe use of separate frequency assignments for 

different operational functions; contrasted with similar measurements of time 

multiplexed communications.
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Figure 3.60. A section of film, showing the output formed from the 
usage measurements.
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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 film viewer with a cali­

brated scale provided good accuracy, for determining 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 cycle 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. The top curve of 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 communications 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 

lowest 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

parture area. Some degree of correlation within the model outputs was attempted 

after adjustment for train throughput. The correlation with train services 

between the model and the measurements was poor for functions associated with 

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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Figure 3.61.
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Figure 3.62. Duty cycle of communications events (switch engine channels 
at receiving yard and hump yard).



NU
MB

ER
 O

F 
ME

SS
AG

ES
/^

 M
IN

UT
ES

60 - i

\ HUMP OPERATIONS

— .... i .....- 1— i-— i— \— -i- \ .... i.....I— i

M N M
T I MF  OF DAY

Figure 3.63. Number of messages per four minute intervals (train service 
and hump operations).

i



1

4*Cl

50-

oo

i 40 h
■=r
GO
LU
(JD
<C
GO
CO

O
OC
LU
CO

30

2 0 -

/

1 0 -

f .. I....
M N

T I M E  O F  D A Y

S W I T C H  E N G I N E  C H A N N E L S  
R E C E I V I N G  Y A R D

\
'V
V

\ C A R  I N S P E C T I O N  
C H A N N E L S

M

Figure 3.64. Number of messages per four minute interval (switch engine 
channels at receiving yard and car inspector channels).



50

4 0 -

GO

, MAI NT.a SHOP
i■?
•>

ENGINE CHANNELS 

& BOWL

4 ' i— I -  -I- I  “I------1-----1-----1-----1 ~ \----- \
M N il

T I M E  O F  D A Y

Figure 3.65. Number of messages per four minute interval (maintenance
shop and switch engine channels at departure yard and bowl).



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 curves 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

bility of a message taking less than 3 seconds is 0.15. However, there is a 

high probability, approximately 0.85, that a message will be less than 10 

seconds for that same time. These curves also indicate the efficiency of 

message utilization since the average message duration was approximately 5 

seconds.

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 combining 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 is approximately 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 governed communications on the individual lines. From these plots, 

the yard activity (trains processed per 24-hour period) measured at Barstow 

became input to the model data to adjust to frequency 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 model consistently 

showed very long delays in availability of switch engines. 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 road 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 heavily 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 

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 communications activities such as the 

diesel-ready yard transmissions to the major diesel repair shop in east Barstow 

to bring parts for a minor repair, or yard 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 addition 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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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), anci 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

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 communica­

tions links can with the integration of data transmission and processing tech­
nology allow utilization of digital display and limited control functions, 

and accommodate interface with track 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 alerting, and situation status 

interrogation through remote computer facilities. Additional summaries are 
also included regarding the general problems in utilizing directional antennas 

and "net control" techniques to improve spectrum usage efficiency.

Although digital modes will be integrated into the VHF systems, voice 
communications will be dominant for the foreseeable future. Particularly for 

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 nearly identical 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 display 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 

sensors 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, could 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 automatically interrogated coded transponder 

mounted at the side or between tracks. Multiple track units may be employed 

to provide warning to train crew of improper speeds in congested areas.

c. Train or remote track sensor to track 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 (identifica­

tion, message, time, authentication/verification keys).

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 communications 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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include both voice and digital transmissions. As mentioned previously, a 

reduction in voice duty cycle and probably 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 propagation 

modes with moving link terminals.

The basic range of differences in BER performance for data-under-voice 

and time multiplexed 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"^

Time MUX (DESK) 10"5 2.0xl0"6

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

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 

listed.

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. teleprinter operation - 100-300 BPS

These digital rates are readily compatible with control and display devices, 

and the bandwidth limitations 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 impact discussed in Section 3.3.1 because of the BER effects in address 

and data message components.

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 possibly to the dispatcher. Current emphasis 

for the former concerns speed, location, and service status information for 

trains approaching 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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With proper organization, the digital message component would lower voice 

utilization, thus probably reducing the channel duty cycle for these functions 

by as much as 30%. Fo'r the functions cited, a limited 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 applications cited, microprocessors will 

be utilized for status decisions and alert initiation through the communications 

links. This mode is particularly important, relative to channel utilization 

efficiency, in the train-road crew-dispatcher data exchange. Processors would 

be integrated into locomotive signaling functions and wayside or track sensor 

systems.

With yard and right-of-way maintenance crews, the signaling 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 supervisory or train or 

service locomotive stations.

3.4.2 Antenna applications

Railroad operations generally prevent maximum exploitation of directional 

antennas for compatibility improvement and spectrum usage conservation. Any 

form of directional antenna with adequate control components is totally imprac­

tical for moving equipment application. The use of directional antennas in^ 

urban yards for fixed control sites (i.e., yard master, hump master, maintenance 

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 - 38p

c. front-back ratio - 15 dB.

With multipath environments typical of urban yards, an effective distance 

advantage of 1-2 miles can be obtained from this type of antenna. Considering 

the differences in geometries between, for example, the AT&SF and EJE yards in
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C hicago, causes a v a r i a t io n  o f  50% -  70% in  t h is  d is ta n c e  advan tage . These 

r e s u l t s  p ro v id e  no p r a c t ic a l  improvement in  spectrum u t i l i t y  f o r  d i r e c t io n a l  

an tennas . These r e s u l t s  a ls o  negate  c o n s id e ra t io n  o f  any o f  th e  c o n t r o l le d  

a r r a y  techniques where p a t te r n  s w itc h in g  could be coupled to  frequency  and 

y a rd  o p e ra t io n a l  fu n c t io n s .  P a t te r n  s w itc h in g  between r e c e iv in g  and d e p a rtu re  

a r e a s ,  f o r  example, could r e a d i l y  be accomplished w i th  a d iode  sw itched a r r a y .  

The m u lt ip a th  problems and small y a rd  a re a s ,  however, a l lo w  as in d ic a te d  no 

r e a l  advantages f o r  such an o p e r a t io n .

The data  requ irem ent c i t e d  f o r  these  sensor and d i g i t a l  o p e ra t io n s  are  

co m p atib le  w i th  th e  channel bandwidth o f  th e  e x is t in g  VHF assignm ents. Band­

w id th  c o n s id e ra t io n s  w i l l  n o t r e q u i r e  a d d i t io n a l  channel assignments f o r  r a i l ­

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 predict 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 railroads covered, this is a 

very comprehensive survey. In this study, no distinction was made between 

directly controlled 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

vestment figure, the cost per item will be the average of all mobile equipment 

or all base equipment.

The second survey, conducted during the last half of 1975, was designed 

to estimate the impact of the necessity 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 received 

from 140 railroads. Although these returns represent only 44 percent of those 

contacted, the percentage 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 results 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 primarily for remote locomotive control (channels 47-49 and 47m-49m). 

These UHF equipments represent 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 inventory using an average unit cost.* The 

results are as follows:
1. Mobile Units

Average costs 
Number of units 

Mobile unit investment
2. Base Stations

Average cost
Number of units

Base station investment
TOTAL INVESTMENT

$1,477
95,145

$4,067
12,934

$140,429,165

$ 52,602,578 

$193,031,743
(This cost estimate can be extended by adding the cost of 

additional crystals.)

3. Crystals
Average cost = $ 100

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 o f Multiple Channel Radios, Mobile and Base Stations

‘ Multiple
Channel
Capacity Mobile Base

Channel IT (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) 74 211 18
Channel 3 (160.290) 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 (160.410) 456 5,361 488
Channel 8T (160.425) 0 33 4
Channel 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 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 2 IT (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

159



M u l t i p l e
Channel
Canacitv 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
Channe1 30 (161.100) 1,813 6,984 1,047
Channel 3 IT (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 4 IT (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 liaison 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 .jj!

14-26 13080 35252 3671
is.

42-46T 10812 8129 1172 Hisir

TOTAL 23892 43381 4843 , 1 l‘
•il
!].

These results indicate that the percentage of equipment in the challenged . !•:' 
1 ii.

channels is 36.7%, 46.1%, and 37.4% , respectively, for crystals, mobile units,
ii:
till

and base stations. The costs would be proportional because the same per unit
ji: H’

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 include 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 planned 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 dependent on radio 

use, and 3) equipment changes to the UHF band from all challenged 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 follows:

Estimated Cost to the Industry Based on the Survey Returns

Crystal Channel Frequency $ 9,781,983

Element Change only 

Crystal Channel Frequency 

Element Change for EE, PT, and RW 

and Complete Transceiver 

Change for General $ 71,677,004

Complete Transceiver Change $188,873,804

These costs represent only direct exchange of existing 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.

162



5.0 CONCLUSIONS

The previous sections have presented the analysis of VHF communications 

support to railroad operations, tabulated industry investment data in VHF radio 

equipment and supporting facilities, and discussed the technical and associ­

ated operational factors implicit with reduced channel availability or a real- 

location of selected functions to either of two UHF spectral regions. Cost 

estimates for different levels of transition into UHF operations were also 

indicated.

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 preparation 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 which 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 alloca­

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 discussions, enroute 

and yard operations were described in terms of the flow of resources and 

materiel with the linkage of communications events related to the effectiveness 

of 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- 
mentj 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 operations are fundamental and essential ele­

ments of railroad operations; fundamental to route and yard command/control, 

and equipment and personnel safety.

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 national transportation resource and major labor union-industry 

contract problems. Within the past 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 link 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 communication 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 capabilities 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 communications, 

would result in an operational service degradation described previously. This 

includes reduced speeds in the yards and enroute, greatly increased times for 

inspection and equipment service, reduced utility for expensive yard engines 

and operating personnel, and significant increases in support personnel. These 

impacts were generally discussed in the analysis of communications availability 

and capability data derived from the model exercises.

5.1.3. Measurements indicate that railroad VHF operations employ generally 

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 these 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 assignments 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 indicated for a constant 

level of facility/equipment operation. As anticipated, the rapid increases in 

delay rates for the yard equipment control operations relative to enroute train 

control demonstrates the larger sensitivity of the yard functions.

These short-term access criteria have obvious high sensitivity for moving 

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. Indications 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 presently allocated VHF frequencies. 

Foreseeable growth in railroad communications will not require added radio 

frequency spectrum if the channel complement, including 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 limited application of time multiplexing (analog 

voice + time series of data segments) may be required, particularly for remote 

sensor data transfer.
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Data rate requirements have been indicated to extend to a maximum of 
1 kBPS to 2 kBPS range, with most services accommodated in the 100 BPS to 

500 BPS range. These requirements are readily accommodated with FSK modulation 

and the previously indicated time multiplexing within the current 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 resulting 

from the proposed FCC adjustments within the Land Mobile allocations. As indi­

cated previously, this evaluation of the requirements 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 unacceptable compromise in communications capability and the 

directly identifiable operational 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 problems 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 renegotiation 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; reallocation 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. Reallocation of selected functions to 

UHF spectral regions represents an investment of nearly equal magnitude, con­

sidering direct equipment exchange and the additional relay systems required 

to achieve a nearly equal support capability. These additional 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 required to provide area coverage and avail­

ability equivalent to the existing VHF operations. 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 equipments 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 channels (numbers of 1 to 3 indicated) represent a severely limited
168



potential for sharing with another user service. Since these are also not 
adjacent channels, the bandwidth constrains operations to voice, analog data, 

or low rate digital modes.
The potential for extending to a few additional channels 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 satisfying service requirements with the remaining VHF channels. Even with 

all required iterations to test the potentially valid situations, the proba­

bility of successfully reassigning 25% of the affected services is nil. Reduc­

ing the distance constraint or the two channel separation criteria are imprac­

tical because of interference problems. This reassignment difficulty is 

obvious for train service functions because of the large geographic areas 

associated with individual 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 

area interface.

5.3.2 Proposals for even limited sharing of VHF channels between the Rail­

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 particularly 

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 proximity, no advantages are realized by 
physical separation. Switching operations near dock areas and the attendant 

critical communications 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 facilities 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 concerning 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 Transportation (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.

This technical 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 associated 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 software 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 

facility available to AAR.
Maintenance of the data files for licenses, locations, and applica­

tions is obviously required. Data base coordination must also be effected 

with FCC and DoT to provide a common base for analysis in response to utiliza­

tion and proposed reassignment queries. Data base maintenance includes the 

periodic updating and purging of active license files and proposed assignments.

This software system will afford the necessary analysis capability 

for AAR to effectively 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 management and usage evaluation requirements prevail 

through the entire spectrum. Basic file structures would be identical with 

those developed for this VHF investigation; additional access keys and param­

eter thresholds must be incorporated 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 limited monitoring effort accomplished for this program indicated

no improper use of VHF communications. The industry should periodically review 

operating rules and possibly establish occasional local 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 multiplexed digital and analog 

data operations have indicated the compatibility of time multiplexed techniques 

with the existing channel bandwidth. As discussed, the time multiplex mode 

has significant advantages over other simultaneous mixing methods in data 

transfer reliability, reduced signal level sensitivity, and interface compati­

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 problems. 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 recorranended 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 (e.g., port maritime, local land transportation), a small number 

of channels could probably be temporarily released. The number and specific 

channels would as previously indicated be identified through exercise of the 

data processing software to quantify interference 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 limited 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.

Since communications are integrated into operations to the depth 

demonstrated in these analyses, planning for communications requirements 

should be included in the design of operational facilities such as yard and 

track areas. Communication resources and modes of employment would then be 

identified with elemental operations, allowing for quantification of priorities 

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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APPENDIX A - VHF COMMUNICATIONS SAFETY RELATIONSHIPS

Each year, in the operation of trains and support equipment, many condi­

tions of peril to the safety of property and life occur. Many of these condi­

tions are corrected through timely communications, and serious accidents are 

avoided. Others go undetected or are improperly reported, with a resultant 

heavy loss in property damage and loss of personnel through injury or death.

The VHF mobile radio, used by the railroads for routine operational mes- 

-sage transfer, provides a key link in this vitally needed emergency communica­

tion. There are several reasons why VHF mobile radio can provide a communica­

tions need that is not available in any other form. These reasons are:

1. The fastest and surest way to contact the locomotive engineer, the 

person most able to provide corrective response in most emergency situations, 

is via the clear channel set in the engine cab. Many accidents can be avoided 

by an early warning of hazardous conditions or through a stoppage of train 
movement during malfunction conditions.

2. The fact that radios are used to some extent by all facets of rail­

road operations provides a readily available means for reporting of hazard 

conditions or potentially dangerous operations.

3. A natural extension of the railroad radio for reporting emergencies 

are the public and private radio systems, and the telephone.

Many hazardous conditions have been corrected through reporting by 

radio and the damaging potential of accidents have been reduced through similar 

action. Numerous accounts of the use of mobile radio in emergency and accident 

situations are contained in industry files. The following paragraphs present 

examples of the several general categories of accident situations and cite 

actual recorded accounts of corrective action taken in these cases*:

*The reason for citing these cases is to impart the general conditions
of occurrence and the resultant corrective actions. A detailed accounting
of each incident is not intended.
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1. Train Equipment Malfunctions - This category includes the "hot- 

box," loose cars, dragging apparatus, and derailed cars.

a) Atchison,'Topeka, and Santa Fe Railway

"On th e  Southern D iv is io n  in  1971, Second D i s t r i c t ,  an e x tra  

w e s t had headed in to  th e  s id in g  a t  Landes to  m eet Train  400, 

an eastbound f r e ig h t  t r a in .  The e x tra  w est was moving s lo w ly  

in  s id in g  when tr a in  w en t in to  em ergency. The engineman 

o b served  Train  400 approach ing  on main tra c k  a t  maximum speed ;  

he im m ed ia te ly  n o t i f i e d  T rain  400 by ra d io  th a t  he had an 

emergency a p p lic a t io n  and may be  d e r a i le d ,  fo u lin g  main tr a c k .  

The engineman on T rain  400 im m ed ia te ly  a p p lie d  b ra k es  and 

t r a in  s to p p ed  o n ly  a few  c a r  le n g th s  s h o r t  o f  a d e r a i le d  car 

from tr a in  on s id in g  th a t  was fo u lin g  th e  main tr a c k  and had 

n o t a f f e c te d  b lo c k  s ig n a ls  on th e  main tr a c k .  D era ilm en t was 

caused by a broken r a i l  on s id in g .  The use o f  ra d io  in  th i s  

ca se  saved  a c o l l i s i o n  and p o s s ib ly  l i v e s . ”

b) Louisville and Nashville Railroad

"On March 16 , 1976, tra in m a s te r  o b served  r e a r  engine o f  S-141  

t r a in  d e r a i le d .  He c a l l e d  th e  en g in eer  on th e  ra d io  and g o t 

th e  tr a in  s to p p e d , th u s p r e v e n tin g  o th e r  en g in es and ca rs  from  

d e r a i l in g .”

2. Improper Train Movements - This category includes trains moving 

toward each other on the same track, one train overtaking another, 

and trains approaching a work crew.

a) Chicago, Rock Island, and Pacific Railroad

"Our s p e r ry  r a i l  ch an ge-ou t gang s ta r te d  work a t  W hite C i t y ,  

Kansas a t  7:30 am on ou r westbound tr a c k ,  a f t e r  rem oving th e

A -2



tr a c k  from  s e r v ic e .  T his gang c o n s is t s  o f  1 bu rro  cra n e , 1 
e le c tr o m a t ic  j r .  tam per, 1 h y - r a i l  tru c k  and has 6 men p lu s  a 

forem an, 2 o p e r a to r s ,  and an a s s t ,  roadm aster f o r  a t o t a l  o f  

10 men. The cra n e , tam per, and tru c k  s ta r t e d  from W hite C ity  

and th e  a s s t ,  roadm aster went to  th e  shop a t  H erington  to  

se c u re  some needed p a r ts  f o r  th e  gang. W hile on h is  way to  

th e  sh o p , he p ic k e d  up a ra d io  c o n v e rsa tio n  betw een th e  

H erington  r e la y  o f f i c e  and a westbound t r a in .  Mr. Wixon asked  

th e  e n g in ee r  o f  th e  tr a in  which tra c k  he was u sin g  and when 

t o l d  th a t  he was u sin g  th e  westbound m ain, Mr. Wixon took  

s te p s  to  s to p  th e  tr a in  movement. W ithout th e  r a d io ,  we cou ld  

have l o s t  9 men, 1 bu rro  crane (va lu ed  a t  $ 1 7 1 ,0 0 0 ), an 

e le c tr o m a t ic  tam per (va lu ed  a t  $ 9 7 ,0 0 0 ), a h y r a i l  v e h ic le  

(va lu ed  a t  $ 8 ,1 4 1 ) . Even though th i s  was a man f a i l u r e ,  i t  

would have been  a c o s t l y  a c c id e n t."

b) Louisville and Nashville Railroad

" 4 /1 7 /7 6 , L .B . l i g h t  en g in es sou thw ard , run re d  s ig n a l  a t  

P erth  so u th  m e e tin g , northward b ra in , n o r th  o f  Bourne N orth . 

D isp a tc h e r  a t  L a ton ia  c a l le d  northw ard t r a in  by r a d io ,  s to p p in g  

same and g e t t in g  them to  back up b e fo r e  g e t t in g  southward  

t r a in  to  s t o p ,  p o s s ib ly  p r e v e n tin g  head-on c o l l i s io n ."

3. Track Disruptions - Including loose rails, torn-up tracks and wash­

outs.

a) Union Pacific Railroad Company

"On May 1 s t  a t  a pprox im a te ly  12:25 pm, a woman c a l le d  th e  

a g en t a t  K im ball to  r e p o r t  r a i l  r a is e d  in  th e  a i r .  In sp e c tio n  

d ev e lo p e d  th a t  con tin ou s w elded r a i l  had been removed and was 

la y in g  betw een  e a s t  and w est main tr a c k s  a t  MP 446.25 to  MP
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4 48 .70 . E v id e n tly ,  th e  r a i l  expanded from th e  su n 's  h e a t and 
r a is e d  from th e  ground and moved in  a manner to  fo u l th e  

eastw ard  main tra c k  w ith  th e  p o s s i b i l i t y  o f  sw in g in g  to  th e  

w estw ard tr a c k . R a il  on th e  n orth  s id e  o f  th e  w estw ard tra c k  

was r e a c t in g  in  th e  same manner. The r e p o r t  was phoned to  th e  

d is p a tc h e r  and th e  d is p a tc h e r  used ra d io  to  in form  th e  t r a in  

en g in eer  to  s to p  a t r a in  approaching th a t  area ."

b) Atchison, Topeka, and Santa Fe Railway

" A pril 16 , 1976, an o f f - d u ty  s ig n a l m a in ta in er  o b served  our  

main l in e  b e in g  fo u le d  and knocked o u t o f  l i n e  by a c o n tr a c to r ’s  

b u lld o z e r .  He c o n ta c te d  th e  d is p a tc h e r  on th e  code phone, who 

r e la y e d  th e  in fo rm a tio n  to  an o p e r a to r ,  and he c o n ta c te d  th e  

t r a in  which g o t s to p p e d  b e fo r e  i t  reached th e  lo c a tio n ."

Obstructions on Track - Such as stalled vehicles, debris, and 

livestock.

a) Atchison, Topeka, and Santa Fe Railway

"May 23 , 1975, a s e c t io n  foreman o b served  an au tom obile  

s e t t i n g  on th e  main tr a c k  a t  a p r iv a te  c ro s s in g  w ith  two f l a t  

t i r e s .  The s e c t io n  foreman c o n ta c te d  th e  o p e ra to r  by ra d io  

and inform ed him o f  th e  s i tu a t io n .  An en g in eer  on one o f  our 

t r a in s  overh eard  th e  r a d io  tra n sm iss io n  and s to p p e d  h is  tr a in  

c le a r  o f  th e  a u to m o b ile . The o p e ra to r  c o n ta c te d  o th e r  tr a in s  

in  th e  v i c i n i t y  and th e y  were s to p p ed  u n t i l  th e  au tom ob ile  was 

p u lle d  c le a r  o f  th e  main t r a c k ."

b) Atchison, Topeka, and Santa Fe Railway

"March 15 , 1976, a Y e llo w  F re ig h t L ines t r a c to r  and t r a i l e r  

fo u le d  b o th  main tr a c k s  a t  MP 7 3 .2 . A ra d io  c o n v e rsa tio n  was



used to  s to p  963-F -3  and w estw a rd  t r a i n s  b e f o r e  th e y  re a ch ed

th e  l o c a t io n  o f  th e  w reckage ."

i

5. Personal Injury and Illness

a) Union Pacific Railroad

"At 4:05 am, A p r il  3 , 1976, a t  Kansas C i t y ,  K ansas, a d i e s e l  

u n it  326,  w ith  30 c a r s ,  moving 5 mph when brake p la tfo rm  on 

which switchman N.J.  Henrich was s ta n d in g  gave away, cau sin g  

him to  f a l l  between moving c a r s . During h is  f a l l ,  h is  r ig h t  

elbow  caught betw een th e  ca r  and p in  l i f t ,  dragg in g  him w ith  

move, and w ith  h is  r ig h t  hand he was a b le  to  p r e s s  s l im - l in e  

w a lk ie - ta lk ie  ra d io  b u tto n , r e q u e s tin g  en g in eer  to  s to p  move­

m ent, w h ile  u sin g  h is  l e f t  hand to  push h im s e lf  away from  

drawbar t r y in g  to  g e t  c le a r ."

b) The Denver and Rio Grande Western Railroad Company

"On A p r i l  2 1 , 1975, Mr. H.V. Meek, System  Roadm aster was 

t r a v e l in g  by  H y-R ail v e h ic le  Westward from G i l l u l y  s id in g .  He 

a p p a re n tly  ex p er ien ced  d isc o m fo rt and c a l le d  an o th er su p er­

v i s o r  by  r a d io  to  m eet him a t  D etour.

In th e  m eantim e, Mr. Meek’s  d isc o m fo r t in c re a se d  and he c a l le d  

th e  t r a in  d is p a tc h e r  by ra d io  t o  have an ambulance s e n t  from  

P rovo . A t t h i s  tim e , he was on r a i l s  abou t 35 m ile s  from  

P rovo.

W ith in  s i x  m inu tes th e  second s u p e rv is o r  a r r iv e d  and found  

th a t  Mr. Meek was a p p a ren tly  ex p e r ie n c in g  a h e a r t  a t ta c k .  He 

s e t  th e  H y-R ail v e h ic le  o f f  th e  r a i l s  and p ro ceed ed  by highway 

to  m eet th e  ambulance a lre a d y  en ro u te .

i l l
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Personal Injury and Illness

a) Union Pacific Railroad

"At 4:05 am, A p r i l  3 , 1976, a t  Kansas C i t y ,  K ansas, a d i e s e l  

u n it  326, w ith  30 c a r s ,  moving 5 mph when brake p la tfo rm  on 

which switchman N.J.  H enrich was s ta n d in g  gave away. Causing  

him to  f a l l  between moving c a r s .  During h is  f a l l ,  h is  r ig h t  

elbow  caught between th e  c a r  and p in  l i f t ,  draggin g  him w ith  

move, and w ith  h is  r ig h t  hand he was a b le  to  p r e s s  s l im - l in e  

w a lk ie - ta lk ie  ra d io  b u tto n ,  r e q u e s tin g  en g in eer  to  s to p  move­

m ent, w h ile  u sin g  h is  l e f t  hand to  push h im s e lf  away from  

drawbar tr y in g  to  g e t  c le a r ."

b) The Denver and Rio Grande Western Railroad Company

"On A p r il  21 , 1975, Mr. H.V. Meek, System  Roadm aster was 

t r a v e l in g  by H y-R ail v e h ic le  W estward from G i l l u l y  s id in g .  He 

a p p a re n tly  ex p erien ced  d isc o m fo r t and c a l le d  an o th er su p er­

v i s o r  by r a d io  to  m eet him a t  D etou r.

In th e  meantime, Mr. M eek's d is c o m fo r t in c re a se d  and he c a l le d  

th e  t r a in  d isp a tc h e r  by r a d io  t o  have an ambulance s e n t  from  

P rovo. A t th i s  tim e , he was on r a i l s  abou t 35 m ile s  from  

P rovo.

W ithin s i x  m inutes th e  secon d  s u p e r v is o r  a r r iv e d  and found  

th a t  Mr. Meek was a p p a re n tly  e x p e r ie n c in g  a h e a r t a t ta c k .  He 

s e t  th e  H y-R ail v e h ic le  o f f  th e  r a i l s  and p roceeded  by highway 

to  m eet th e  ambulance a lre a d y  en r o u te .

u sed  to  s to p  963-F -3  and w es tw a rd  t r a i n s  b e fo r e  th e y  re a c h e d

th e  lo c a t io n  o f  th e  w r e c k a g e ."
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The d ia g n o s is  a t  th e  h o s p i ta l  in d ic a te d  th a t  Mr. Meek had 
e x p e r ie n c e d  a m assive  h e a r t  a t ta c k .  I t  i s  l i k e l y  th a t  had he 

n o t had ra d io  equipm ent w ith  which he cou ld  p ro m p tly  summon 
a s s i s ta n c e  th a t  h is  s u r v iv a l  would have been je o p a r d i z e d ."

It becomes apparent from a review of these incidents and other 

similar accounts that, in many cases, after observation of a hazardous 
condition, only through an immediate contact with the train engineer can 

an accident be prevented or that the damaging potential be reduced.
Also, frequently because of the size and makeup of a train, malfunctions 

occur that go unobserved by the train crew. Again, only through a 
direct and timely communication between the observer along the track and 

a crew member can timely corrective actions be taken.
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APPENDIX B - CHANNEL REASSIGNMENT EVALUATION

This appendix contains the results of initial testing to determine the 

eligibility of reassigning challenged licenses to unchallenged frequencies.

A description of the data files and evaluation programs is found in Section

3.2.2.2 of the main report. Comments and analyses of these data are also given 
in that section.

These data are displayed in matrix form. The column headings identify the 
subgroups by railroad and size (number of licenses issued to the railroad at 

the given channel). The row headings identify the unchallenged channels. A 
number at the row-column intersection indicates that the subgroup is eligible 

for reassignment to the specified channel. A subgroup may be eligible for 

reassignment to more than one channel.
The three tables (B-l, B-2, and B-3) contain the train service subgroups 

by channel, the general service subgroups by channel, and the train service 
subgroups ranked in order of assignable unchallenged channels, respectively.
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Table B-l. Train Service Reassignment Eligibility

Channel 14 - 160.620 MHz 

thru

Channel 26 - 160.980 MHz 

and

Channel 42 - 161.460 MHz 

thru

Channel 46 - 161.610 MHz
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09T OST 5
09 09 5
10T 6 13T e
10 6 2 1C 5 5
11T 6 2 11T 5
11 6 2 11 5
12T 6 £ 12T c
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12 * 3 * 1 3 5 3  1 2 *
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317 * 3  4 1 317' ♦
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33 * 3 k 1 3 33 • 
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35 • 4 1 3 35 • 
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36 * 3 4 1 3  3 36 *
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37 * 3 ' * 1 3 ' ~3r‘"*.........
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4CT • 4 1  4C7 • 
k rj • 4 1 4& •
41T * 3 4 41T ♦
61 • 3 4 1 4i *
*2T * ? 1 4cT •
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32T ♦ 32T • 1 1 2 2 2 1
32 • 32 • 1 1 2 2 t 2 1
33T • 33T * 1 1 2 2 2 1
33 * 2 5 33 * 1 1 2 * 1
3I.T • 2 39T * 1 1 2 1
39 * 2 39 ♦ 1 1 2 2 1
35T ♦ 2 35T ♦ i 1 2 2 2 1
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•AGS AMTK CG CNTP CM GSF GTH ICG KCS K IT L» NS SLSF  SOU .S.P HA
♦ 2 1  1 23 12 2 13 7 5 t 1 1 A 23 2 376 2 3

O iT  • j 1 2 - 1 2 , 2 3
01 • 1 1 2
I2 T  • 1 1 2
02 • 1 1 A 2
03T • 1 1 A 2
03 • 1 1 1 A 2
OAT * 1 1 2
0% • 1 13 1 2
05T * 1 1 2
05 • 1 1 A 2 3
06T • 1 2 1 A 2
06 • 1 2 1 A 2
07T • 1 1 A 2 .
0/ * 1 1 1 A 2 • 3
• 8T • 1 1 A 2 3
( 6  • 1 2 1 2 3
09T • 1 1 2 3
09 * . i 23 12 13 1 2 3
10T • 1 23 13 1 A 2 3
10 • 1 23 2 13 7 1 1 A 2 2 3
111 • 1 2 1 A 2 3
11 • 1 2 1 A 2 3
12T • 1 2 1 A 2 3
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• 2 <i 16

017 *  2 6 i 
01 ♦  2 6 '

G KH UP «SO 
1 22 a *  Z

r i ~ .... . ' :  <

u........................ ................ .
6

02T *  
02  *

02T *  
02 •

03T •
03 *  2

Q3T • 
83 *

067 •
04 •

067 *  
0% ♦

057  • 
05 •

057 *  
05 •

067  *  
06  ♦

067 *  
06  •

W *  
o r  • a

07T ♦  
07 ♦

08T *  
08  *

067 • 
06 •

09T •
09 • ?

09T *
09 •

lf i f  ♦  , 2
10 • 2 * <*

107 • 
10 •

11T ♦  
11 •

11T *  
11 *

12T • 
12 •

127 ♦
9 12 *

13T ♦  
13 *

13T • 
13 *

167 ♦  2 
27T • 2

167 *
277 •

27 •  2 
26T •  2

27 *
9 267 ♦

28 *  2
297 ♦  2

5 2 6  • 
9 297 «

29  • 2
30 T •

9 29 *  
307 *

30 • 
31T •

30 *  
317 ♦

31 • 2 
32T *  2

31 • 
327 ♦

32 • 2 
33T • 2

32 ♦
337 *

33 *  
367 ♦ —

33 • 
367 •

31* *
357 • 2

36 ♦
357 ♦

35 *  2 
36T • 2

35 *  
367 •

36 • 2 «*
37T ♦  U

"3 7  * • ...........<*......
3CT •
38 • 2 
39T *  2
39 *  2 
607 •
6b • t.
617 *
61 • 2 , 
<*27 • 2 ' r 1

36 • 
377 •
37 *  
337 •
3o • 
397 *

s  39 *  
6C7 •
6C *  
617 •

i  1 
' 627 • 1r

-Jlr
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1>

iFREQUfN CY- I 6 I .H S 1C HHZ. CHANNEL i t l l  .. ____  iKKEnUCNCV- 1 6 1 . 5 i 5  HH 7.  CHANNEL rT tI

♦  AA AMT* ATSF CHH C l DRGW NW ROG SFP • IC G SOU
; 1 1C 4 1 47 3 * 1 • • 6 1

01T 1 1C 4 017 • t 1
01 1 15 01 4

02T 1 10 02T 1
€2 1 10 1 02 1
03T 1 4 1 03T 1
03 1 4 1 07 1
0 *7 1 4 04T 1 . (

06 1 4 04 1
051 1 4 05T 1
05 1 4 05 1
061 1 10 Q6T 1
0 * 1 1C 3 9 06 1
C7T 1 9 077 4 l
07 1 07 1
OOT 1 08T 1
• ft 1 10 47 Oft 1
097 1 09T 1
09 1 4 09 ■■ 1
10T - 1 1 ior 1
10 1 10 1 10 1
11T 1 10 117 1
11 1 10 4 11 1
12T 1 10 4 12T 1
12 1 10 4 1 47 12 1
137 1 10 4 1 13T 1
13 1 1C 4 1 13 1
14T 1 Id . 4 1 14T 1
27T 1 10 4 1 47 277 1
27 1 10 4 1 27 1
201 1 10 4 1 3 287 1
2ft 1 1G 4 1 i 26 1
297 1 ia 29T 1
29 1 1 0 29 1
3QT 1 307 1
30 1 4 30 1
317 1 4* 317 1
31 1 1C 4 31 1
327 1 10 32T 1
32 1 1G 32 1
33T 1 10 33T 1
33 1 1C 33 1
34T 1 _ 3 *7 1
3 9 1 4 1 3 34 1
35T 1 4 35T 1
35 1 4 35 1
36T 1 36T 1
36 1 I f oa 9 36 1
37T 1 37T 1
37 1 37 i
36T 1 36T 1
3o 1 1C u 36 1
39T « 4 9 391 '1
39 1 4 1 19 t
4 *1 1 4 1 40T 1
4C 1 U 1 4C 1
41T 1 41T 1
41 1 1 '; V 41 1
4?T I i  C l 4 ?T f 1

y ? < 4 ' .i
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IFk EOUEM 161. 5 2 T HHZ CHANNEL I|A| Ip K ra U tN L Y - 1 6 1 .5 3 5  C iiANNfV . ; i j

•AMTK AkC BH OH Z i LN P 3 r .  F.I so o UP •AON 6T SF L I  $CU
• 1 2 26 1 1C1 61 1 3 2 ) i 2 i 3 5

o i l  * ' “l  ‘ z - - ■ ....... - i i 017 • i
----  .. ------------

01 • 1 l 01 » i

Q2T • 1 l 02T ♦ l
02 * 1 l 02 • 2 l
03T • 1 2 i 03T ♦ 2 i

03 • 1 2 29 l 03 * Z i
06T • 1 2 l 06T * z i f
06  # 1 2 l 06 * 2 i
05T * 1 l 05T • 2 l
05 • 1 l 05 • 2 i
06T • 1 i U6T • 2 i

06 * 1 26 1 l 06 * 2 i

07T • 1 26 1 l 07T ♦ l 5
07 • 1 'i 26 1 A C7 * l 5
o o t  • 1 2 1 087 • l
00 • 1 2 1 3 1 06 • i
09T * 1 1 09T • i

09 • 1 1 09 * i 5
10T • 1 ‘ 1 10T • l 5
10 • 1 2 3 1 10 • 2 l 3 5
l i t  • 1 2 3 1 11T * 2 l
11 • 1 •9 3 1 11 • 2 i
12T • 1 2 3 1 12T * 2 l
12 • 1 2 1 3 1 u  • 2 l 5
13T • 1 1 13T • 2 l
13 • 1 1 13 • 2 l
187 • 1 1. 16T • 2 l
271 • 1 2 1 3 1 27T • 2 i
27 • 1 2 3 1 27 ♦ 2 i
26T • 1 2 1 26T • 2 i
28 • 1 ? 1 28 ♦ 2 i
29T • 1 2 1 29T • 2 t
29 * 1 2 3 1 29 • 2 l
JOT • 1 1 30T * i
30 • 1 1 30 • l
317 • 1 1 317 • l
J1  * 1 2 1 31 * 2 i 5
32T * 1 1 32T ♦ 2 i 5
32 • 1 1 32 ♦ 2 i 5
J3T • 1 1 33T • l
33 • 1 ? 1 1 33 ♦ i
J6T  • a  . . 2 1 . . .X . 36T * i
36 • 1 2 3 1 3 *  • 2 i 5
357  • 1 2 1 35T • 2 i
35 ♦ 1 2 1 35 • 2 i
36 T ♦ 1 ? 1 36T • l
36 • 1 2 Z b 1 1 36 • « 5
37T • 1 2 1 • 1 37T • i
37 • « 7 1 1 1 37 • 2 l
J *T  • 1 2 1 1 38T • 2 i
36 • ! 1 3b • 2 i
39T • 1 1 J9T • 2 t
39 * 1 1 1 39 • 2 0
6CT ♦ * 7 1 6 0 T • 1
6C * 1 •> 1 60 • 1
6 1 T * 1 2 1 6 1 T ♦ 1
61 * 1 2 r 1 1 61 * 2 1
62T • 1 .? "  1 1 62T * 2
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IFREQUENC7- 1 6 1 . 61C NH7. CH«KN£L > feL

♦ A TSF 04GW FNO HBT LN MILW * 1 SP
1 1 2 . 1 1 l 167 1

OlT 1 2 1 . t i , 1
01 2 1 1
Q2T
•2

2
2

1
1

1
1

031 2 1 i -  ,
03 2 1 1
04T 2 1 1
04 2 1 1
05T 2 1 1
05 2 1 1
06T 1 1 2 1 1
06 1 1 2 1 1
07T 1 1 1 1
or 1 1 1 1 .
OOT 1 1 1
oe 1 1 2 1 1
09T 1 1 1
■  9 1 i 1
10T
10 1 2

1
1

1
1

\
1
1

11T
11

1
1

2
2

1
1

1
1

1ZT
12

1
1 1

2
2

1
1 1

1
1

1ST 1 1 1
13 1 1 1
16T
27T

1
1 1 2

1
1

t
1

27 1 2 1 1
26T 1 2 1 1
20 1 2 1 t
29T 1 2 1 1
29 1 2 1 1 1
30T 1 1
30 1 1
31T 1 1
31 2 1 1 1
32T 2 1 1 1
32 1 . 2 1 1 i
33T 1 2 ' 1 1 i

,33 1 1 2 1 1 l
34T 1 2 1 1 l '
34 1 2 1 1 l
35T 1 2 1 l
35 2 1 l
36T 2 1 l
36 1 2 1 1 l
37T 2 • 1 i
37 lr 2 1 i
3 *T 1 2 1 l
3« 1 2 1 i
39 T 
39 1

2
2

1
1

i
i

4CT 1 1 2 1 i
6C 1 2 1 i
k i J 9 1 i
m
«»2T 1

■>

C
1

' 1 i
i

?



Table B-2. General Service Reassignment Eligibility

Channel 14 - 160.620 MHz 

thru

Channel 26 - 160.980 MHz 

and

Channel 42 - 161.460 MHz 

thru

Channel 46 - 161.610 MHz
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S?

|F»i£qUCNCY- HH2. CHANNEL 1 5 t|

PC S t S F  SOU S P  ZCP.C
T " -T--- l --- 2“ — i— 2

BIT T “ 1 *
01 • 1 1 2
is r T ~ 1 4 2
02 ♦ 1 1 1 2
D3T 0 1 i i
»3 • 1 1 1

-----p.r 0 1 1
04 • 1 1 2

-----U5T s ~ 1 1
05 • 1 1 1
ffrr~w~ 1 i i

06 • t 1 2 i ’
-----rrr l T 2 i r

02 i 1 2 1
-----BFT 1 — T --- 2“ — i—

00 • l 1 2 1
w r 9 i 1 2
09 • i 1 2
10T « i . 1 *
10 • l 1 2 1 2

----- I T T V i ~ r l i
11 9 l 1 2 1
12T i i 2 i
12 • l 1 2 1
1JT i i i
13 • l 1 1
161 9 i 1 1
2TT • l 1 ? 1
27 i i 2 i
20T • l 1 l
26 f i 1 i
297 • l 1 . 1
2 3 i 1 1
30T l 1
30 l l
311 9 « 1
31
32T •

i
1

1
1

2
2

32 1 1 2 i
33T « l 1 l
33 i I • i
3*7 • l •* l
3* « * 1 1
35T • l 1 l
35 » 1 1
36 T • 1 1 1
J f l i “2 l
37 T • i * 4 y

' * 7 l t 1 2 ... " • - • •• . .........— .........

JtT • l i *
36 • * « * ■
39 T * i l 1
39 i 1 1

. . . . . . . . .  •. --------------------— —

« l 1
«*£ • i 9
*»!T • i :
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<

F P EOUc N C V - l k C . n h c. .i m 7# l i T |

♦ C L I F K I T PC CL SF sou ; p
* 1 1 1 1 i 2

•  ■ O'iT • 1 1 1 i 7

0 1 • 1 1 C

0 2 T • 1 1 2
0 2 v 1 I 2 .
a  a  t 1 1 2
0 3 1 1 1 3 2
c v f ♦ 1 1 3 2
0<* ♦ 1 1 1 3 2  ,
0 5 T ' ¥ ~ 1 1 3 2

0 5 • 1 1 Z
-------------s r r ~9 i 1 2

0 6 • 1 1 , 2
“ r r r np— 2

0 7 1 1 1 3 2
------------ B T T “ » 1 — r — r ~ 3 2

0 9 ♦ 1 1 ' 1 3 2
------------ e r r ■~r~ 1 i 3 Z

0 9 • 1 1 * 3 2
i C T 1 1 2
1 0 1 1 1 i 2
i i t

_g—
1 1 1

2  .  -  -  -  -

n * 1 1 1 3 2
1 S T * i i i 3 2
1 2 • 1 1 1 3 ?
1 3 T * i 1 3 2
1 3 * 1 1 3 2
i * r T ~ ~ 1 1 3 2
2 7 T 9 1 1 1 3 2
* 7 i i 1 3 2
2 8 T « 1 1 3 2
2 d # i 1 3 2
Z 9 T * 1 1 3 2
2 4 • 1 1 3 2
3 0 1 • 1 1 3 2
3 0 - 1 1 '3 2
3 1 1 • 1 1 4 2
3 1
3 2 T •

i 1
1 1

r
3 2

3 2 4 1 1 3 2
3 3 T » 1 1 ?

3 3 1 1 1 2
3 < *r • 1 i 1 2
3 * . • i i 1 '1 c 2
3 5 T • i I 2

"  3 e " r 1 2
3 6 T * i 1 2
7 6 "¥ " T -  ' ' I - ~ '

— _ 2  --------------------------------------

3 2 1 • « i i 2

3 2 • l i I 2 .........  ....................

3<JT • l i 1 2
3 e * 1 2 1 2 ' ............................ ‘ * —
3  i t 9 1 1 2  •
3 5 • I 4 2
u : t « l ; 1 2

6 " • i i i il .
4 1 T • i 1 1

<*; • J : i '

<*2T • 1 i 1 "
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: ? jj » L *  121 X * 129
.? 1 «- 19 T • ■ T9

• 119 T « 119
. ___ . . . 1 T • 09 T ft 09

9 T • 109 T ft l i 9
1 / z T X *  6 f • 6 (
t 2 e! T X • 1 6 f t • 16£

....... .... .... ...... ..... „_1 c 1 2 _ 2___.. T_____ x X X # 6£
9 j T • 19£ T I « 1Q£

.......... ............... ... „9 . 5 _ ..... ___ ▼ i t T . . .  x ...... . a
X • i / t X X • 12£

J ___ 2 i T *  9 f I *  9 f
T 1 • 19f T * 19£

‘ T « 9£ X • 9£
X I * 1S£ X • 1S£
I ? 9 I T # 9fi X X X * 9£

9 l T • 19C T • m
9 T T * ££ T • ££

2 T T • i££ X # 1££
.... 2 1 T * 2£ T • 2£

T • 12£ T . 12f
T q l * TC X X ft If
T X * lit T • lit

______________________________________ i____ 9 2 T * Of T * Of
9 T • lOf T • 10£

_2___ _ s _ t t • 62 T « 62
9 X T * 162 T • 162

I 9 2 T T * 02 T * 02
I 9 2 T t « 102 X • 102

_____________________________ :________ 1____ ? 9 t T * 12 I • 1 2
X 2 2 9 T T # 122 T * 112
T i • 19 T T * 19T
T T * £1 T « £T

____________________ i____ . T * lfl T *  IPX
T 9 2 9 X I « 2T I . 21

9 z I •  121. I I ft I2T
9 2 T * TT T T • ii

2 T • ITT * ft ITT
2 2 X X • 01 T 2 • OT

T * 10T T « IDT
I T . 60 T * 60
T T • 1*0 T * 160
T 2 2 9 X T • 09 X • 90

X • 100 T * 100
2 X • 20 T ft 20
2 X * 110 I * 110

1 T T X * 90 T T • 90
T X • 190 T • 190
T X * 90 X T • SO
X 1 • 190 T • ISO

2 T . X • 90 I ft 90
2 X _ 4_ i*>9 X « 160
2 X • £0 X . to

T • 110 X X • n o
I 9 T T ft 20 X T • 20

i i  120 X •  120
2 . i * TO T •  TO

1 2 -------- ]L  X ] T .. - ■ -  - -  .....— « 1T0

________________________________________ X 9 c 2 9 fc 7 L  . . 1 1 1 . .T  S .X * T 2 T X 2 T •
f'dNM ofl d i ds  j s i r Oc UN JH9 13 H9V0 NH » 0a02 HN dW OJ fNO S9*

|T ? 13 NN* h? • * n k  * r *»• * 91 -O N i.O b H U  " liT 2_ 13IIN7H0 • 2 hk -ON3PO 3 H |

1
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IFSEQ U ENCT- lfeC.dt.5 HH7. CHANNEL 2171_________ |FPEQIJCNCT- H j . 4 h r, 1HZ. CHANNEL £T1

•ftTSF SDK S L S F  SP  ZCSC « *T S F  OF GMC GSM LN
• 1 5  3  S  l  *  I  i  I  i

PC k FP  F Y r L  SAN SrtER S lS F  SP  UP 
Z2 3 3 2 - 1  k 3  >

O i l  •
81 *

i  O i l  *  J 
1 01 ♦

A  2 1
f .........................

B Z t  *  
12  •

t OZT • 
l  02 •

3
3 k

--------BST * '
03  •

i  1 ST • :
1 03 • 1 1

2  1  **
2  1 k

'  ~ " 2 ....  1 k ..............
2  1 *•

f t f  *  
14 •

! I  OkT’**’
1 Ok • l |

1ST  • 
85 •

I  O St *  l  
1  OS ♦  1

1  1
2 1

1ST ■
06  *

1 D6 T *  1 
3 1 06 *  1 '

2
2

B 7 T "*  
87  *

I  077 » I  
6 1  07 • 1 2 1

------- I6 T  •
88 •

5 I  : GOT *
6 1 00 • x 2 1 k 3

09T » 
89  •

1  OOT •
1 09  • 1

2 i  
2 1

10 T *  
10  •

~  t  n r - *  i
S 6 1 .  10 » 1 1

2 1 
3 2 1

--------i r r » —
i i  •

I  l l f  *  i  
l  11 • l

3 1 
3 1

--------IZ T  * -----1
12 •

----------------------------------- 1---------------------- r h “ ------------------ ;----------1
6 1 12 • 1 . 1

3 1
6  2  1  k

— — n r » —
13 •

--------------------------e ------- 1--------------- --- -------------- n r - * ------------------------------------------
6 1 13 •

1
1

H I  • 
27T •

5 i  f t r ~ *
1 277 • 1 1 1 1

1
2 1 k 3

------- 77— * -----
28T *

I  77 » I  I  
6 1  287 •

2 1 k  
l  k

20 •
29T ♦

_  , 5  j  j g  l  :

6 1  29T *
1 k 
1 k

79 *  
307 *

5 1 29 *  I  
1 30T •

3 1 io
1  C

30 » 
31T* •

!  30 *  
1 31T ♦

1  . k 
1

31 . *  
327 •

r *  31  *  . 1--------1--------!
1 32T ♦ ____ 2 ___ 1 ___________^  .

32 ■  
33T •

T  i  32 *  "  
1 33T •

33 *
JkT  •
3k  *  
35T •

------- J 5 * * ¥ —
36T *

— J Z  t—  
37T •
37 • 
38T •
39 • 
39T *
39 • 
kCT •
w; •
k lT  «
C l « 
k2T •

i  S3 a 1 1 
1 3kT •

i  6 1 3k  1 
6 1  35T *

....... ......... ....... s — : "  " 3 r *  »------------- r -------------------
1 36T *

1 37T *
1 .....37 -  l ..................
1 J 8 T •

3 '1  3 8 ' *  " 1  
1 39T • 1 

6 1 39 • 1 1 
1 kCT • 

kO *
: k lT  ♦

. 1 c i  ♦  1 :
7 1 k 2 l  • 1 . 1 1

1
f

r

k ■
2  " i  k

3  2 i ~  — Z  -----------
l  1  k 

1 k 
1 k
1 3 

• :

r : ■  «
.

f
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iF r O su c N o r -  ii Z*«T|

H it
01
G2T
02

T 3 T
0 3
OLT
O L
W
0 5

"1ST
0 6

“ 0 7 T
or
u r
00
" W

0 9-nrr
10irrii

I T T
12TTT
1 3
~iW

27T
ST201TS-

2 9 TT9 
3 0 1  

"SB-  
3 1 T
“JT"

3 2 T

* 'L S  L i / SCI bOU. . . .  j  -

T T
3 3 T

-----------
a m  *

l 1
1

3<» •
35T *

------- 3 5  r
36T ■

1 . 1

35 *
37T •. 3 7  ,  • • “

30T * 1
3 "
39T
39
LO T
l :
L I T
L I
L 2 T
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If b e w c Nc y - ib C .^ ?: y h z . channel zsl

• » cC ftr-s flTSF EM C IC O  CO IL Gft LN LOPG NS NH PC RFP SAN Sli S L S F  $ P UP ZCRC
• 2 2 J ? < (. 1 2 3 1 2 I 1 1 1 7 1 9 2

_ - 1 - - ~ i" B I T 2 j i * i .1 2 : i . i

01 2 1 2 1
------~ ff2 l z 2 1

02 2 2 3 1 1 2
B3 r 2 3 1 i 1
03 *  2 2 1 1 1 1
ti.T *  2

.. .  r
1 1 1 1

•<» • 2 1 2 2 1 2 1 1 1 1
AST '  2 2 1 1 1
05 2 2 1 3 1 1
BBT 2 2 i l
06 1 2 9 2 2 1 1 1

--------B T T ---- 2-------- 4 2 2 i 1 1
•7 2 9 2 1 2 l 1 1

--------n r * '  2. ' — 2— " ■ 9 2 4 1 i ■ i
•0 ♦  2 1 2 9 2 2 1 1 1 1 1
09T *  2 4 2 2 1 i 1 ■
09 • 2 2 2 1 z 1 1 1
i t ! *  4 2 2 1 2 1 1 1
10 • 2 2 2 2 1 2 1 1 i

— n r « "  4 ' 1 2 4 l 2 i
11 *  2 1 2 9 2 1 2 3 1 6
1ZT *  2 1 4 9 4 t 2 4 i
12 • 2 1 2 9 2 1 2 i 1 1 1 2

--------r r r . 2 4 i 2
13 2 9 l 2

--------n r — 2------ 9 i 2
27T • 2 2 2 i 2 1 1 1 1 1 2
47 • 4 4 2 i 4 i i l l 2
20T *  2 2 1 1 1 1 2

--------4S- » ' 2 — r 1 4 1 1 1 l 2
29T • 2 1 1 1 1
2$ *  2 1 2 z 1 i 1
JOT 2 1 1 -
30 2 T 1 i l 2
31T 2 1 1 2

------- 31 *  7 2 1 2 3 1 i l 9 z
321 2 1 Z i 1 1

--------32 2 9
... - j -

2 ■ 1 i i
33T 9 2 l 1
33 *  2 9 z 1 i 1 i k
39T • 2 1 1 1 i

-  S i • 2 1 2 3 r ~ — r ~ 1 JT T ~
35T • 2 i 1. ... J5 -

*  2 ' 1 F " i  •• 1
361 • 2 2 1 1
» " *  2 F L 2 2 "  i i i l
37T ♦  2 c 2 1 1 1

7 7 » ?  ■ 1 2 1 2 3 ~ 7 i " i :
301 • 2 2 1 2 3 1 1 1 1
36 ♦  2 2 1 z i 1 2
35T • 2 2 2 1 1
39 « 9 9 9 2 1 1
<*o r • 9 2 1 1 1
96 • 2 2 1 1 2 1 1 X
91T • 9 1 i 2 * 4 1
91 •  9 1 1 <6 A 2 i 1 1 1 H
«*2T • 9 1 * l ( 2 1 1 1 9
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I

IFSECHFNCY- lcS.jt* ?WZ. • CHANNEL 2 ^ t|____|FS£f)UFNCY- loC.^ft': MHZ. U h *NNE l ^b|

•BN 8 RC METC wr KOG SLSF *  AT3r 9N CTN FC IN GTH ICG LN  »-C RFP SLSF SP U3J UP ZSL3
• 1 2 1 > 1 1 C * 4 ? '■ 2 2  . 2 1 2 9 3 1 4 ? 6 k

-------- o r r ^ "
0 1  •

1
1

i 1 
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Table B-3. Challenged Frequency Subgroups Ranked in 
Order of Assignable Unchallenged Channels

NOTES:

1. The first 40 subgroups are unassignable, indicated by the 
blanks at the row-column intersections.

2. The vertical lines divide groupings. The number (N) inset 
near the top of each line indicates that the subgroups to 

the right of that line were found to be assignable at (N) 
frequencies.

3. The notations at the heading of each subgroup is the railroad 

name, channel number, and the number of licenses in the sub­
group.
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APPENDIX C - SPECTRUM UTILIZATION

The data sources used for the study and analysis of VHF railroad mobile 

radio reassignment and sharing are identified and described in the main body 
of the report under Section 3.2.2.1 - Master File Organization. This same 

data and the working files generated for that analysis were also used to 
assess and define the spectrum utilization by the railroads. The results of 

this assessment are presented in this appendix.
Using the working files as a source, a tally of licenses issued for each 

channel was obtained for both train service and general service. These data 
and the results of the 1974 equipment survey are given in Table C-l. The table 

is divided into two parts, with the primary channels listed in part one and the 

secondary channels in part two. The primary channel numbers are designated 
"1", «2". » y > t etc. Channel "1" is at 160.230 MHz and consecutive primary 

channels are separated by 30 kHz. The secondary channel numbers are desig­
nated "IT", "2T", "3T", etc. Channel "IT" is at 160.215 MHz. The secondary 

channels are also separated by 30 kHz. However, the primary and secondary 

channels are interleaved, so that consecutive channels in the railroad mobile 
band have 15 kHz separation.

There are several observations to be made of the data in Table C-l.
First, in regard to the number of licenses issued for each type of service, 

there is approximately a three-to-one ratio in the number of licenses used in 
train service as compared to those issued for use in general service. No 

similar observation can be made regarding the equipment inventory because the 
inventory was based on type of equipment, not utilization of that equipment.

A second observation considers the distribution of licenses and equipment among 
the channels. The number of licenses issued for a given channel is the result 

of the number of railroads using that channel, the size of those railroads, 
the physical distribution of their lines and terminals, and the specific use 

of the channel capacity by each railroad. Consequently, there is no distin­
guishable pattern in the distribution within part one or part two of the table. 
However, there is a very definite difference in the number of licenses issued 

to primary channels and secondary channels. For train service, there are more 
than ten times as many licenses issued to the primary channels as to the 

secondary channels. The ratio for general services is a little less than

C-l



TABLE C-l FCC. VHF RAILROAD LICENSES 

Part 1: (Primary Channels)

Channel Frequency 
No. MHz

U tiliza t io n  
No. o f  Licenses 
TS G

Equipment Inventory 
Mult.
Channel Mobile Base Total

1 160.230 187 61 462 1885 219 2566
2 160.260 197 32 1327 1606 222 3155
3 160.290 110 225 1419 772 298 2489
4 160.320 125 36 781 385 128 1294
5 160.350 183 107 864 1218 280 2362
6 160.380 91 94 169 1537 155 1861
7 160.410 400 119 456 5361 488 6305
8 160.440 63 60 1635 798 102 2535
9 160.470 294 100 866 898 334 2098

10 160.500 50 45 78 466 76 620
11 160.530 207 52 1173 992 254 2419
12 160.560 27 37 69 166 40 275
13 160.590 688 72 822 4764 622 6208
14 160.620 45 67 42 356 73 471
15 160.650 663 50 3098 4740 617 8455
16 160.680 24 98 515 396 84 995
17 160.710 19 53 306 283 71 660
18 160.740 277 91 315 3462 366 4143
19 160.770 155 50 313 1982 189 2484
20 160.800 417 45 1682 10425 562 12669
21 160.830 118 48 3388 317 129 3834
22 160.860 55 60 342 954 96 1392
23 160.890 177 142 296 2988 268 3552
24 160.920 240 43 530 750 218 1498
25 160.950 494 109 87 6878 582 7547
26 160.980 60 69 441 823 124 1388
27 16 .010 153 24 242 147 173 562
28 161.040 32 93 1017 252 112 1381
29 161.070 168 49 10467 455 170 11092
30 161.100 1102 93 1813 6984 1047 9844
31 161.130 220 36 255 2044 211 2510
32 161.160 120 133 2313 353 181 2847
33 161.190 453 40 1905 2940 334 5179
34 161.220 58 56 1546 456 92 2094
35 161.250 348 51 1395 3669 395 5459
36 161.280 180 92 436 888 235 1559
37 160.310 115 71 1486 701 161 2348
38 161.340 32 57 1607 125 59 1791
39 161.370 404 58 105 5177 415 5697
40 161.400 408 50 88 1785 414 2287
41 161.430 57 48 658 526 105 1289
42 161.460 198 113 1272 859 273 2404
43 161.490 94 62 748 451 138 1337
44 161.520 206 43 4644 125 222 4991
45 161.550 358 68 2960 6014 411 9385

*46 161.610 176 0
TOTALS: 10248 3202 56433 89153 11745 157331

I
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306
801
303
653
277
63
87
37

923
59

108
112
61

119
24
26

179
157
106
374
106
153
181
36

419
154
16

566
16
42
88

104
239
366
75

705
345
173
197
310
362
250
476
267
728
525

TABLE C -l FCC VHF RAILROAD LICENSES 

Part 2: (Secondary Channels)

Frequency
MHz

U tiliza t io n  
No. o f  Licenses 
TS G

Equipment Inventory 
Multi Mobile Base 
Channel

160.215 18 35 31 255 20
160.245 213 14 540 65 196
160.275 1 24 74 211 18
160.305 69 13 503 57 93
160.335 39 27 84 161 32
160.365 0 24 33 12 18
160.395 5 20 50 23 14
160.425 0 9 0 33 4
160.455 23 19 2521 357 45
160.485' 0 21 17 27 15
160.515 1 11 33 67 8
160.545 4 17 75 27 10
160.575 5 17 6 49 6
160.605 3 4 68 49 2
160.635 1 7 0 19 5
160.665 2 9 4 19 3
160.695 18 4 79 89 11
160.725 11 10 70 72 15
160.755 0 13 30 65 11
160.785 25 8 132 233 9
160.815 2 8 28 72 6
160.845 12 17 80 57 16
160.875 6 36 27 140 14
160.905 10 6 16 17 3
160.935 145 7 1158 77 184
160.965 3 17 101 38 15
160.995 1 8 9 0 7
161.025 27 15 250 295 21
161.055 6 8 0 10 6
161.085 5 4 17 19 6
161.115 16 5 21 52 15
161.145 3 8 8 90 6
161.175 6 8 150 81 8
161.205 27 29 30 333 3
161.235 2 17 18 45 12
161.265 42 7 501 166 38
161.295 6 12 204 125 16
161.325 1 22 16 129 28
161.355 9 21 87 91 19
161.385 39 15 136 152 22
161.415 38 17 117 220 25
161.445 12 10 98 137 15
161.475 28 15 48 388 40
161.505 5 27 95 157 15
161.535 11 17 663 42 23
161.565 29 30 382 93 50

TOTALS 929 692 8610 4916 1148
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five-to-one. Correspondingly, a similar distribution of equipment would be 

expected. The ratio of total equipment between the primary and secondary 

channels is also greater than ten-to-one.

One cause for this uneven distribution could result from the way the 

channels were initially allocated and later reallocated. The channels were 

initially authorized at 60 kHz separation. This separation was later reduced 

to 30 kHz and still later to 15 kHz. A second reason for this uneven distri­

bution is that a guard channel is often used between train service assignments 

in a given territory (state, group of states or area).

The totals of equipment collectively owned by the railroad industry show 

94,145 mobile units and 12,934 base-station units. An additional 65,043 

crystals are listed in the multiple-channel category. This number of units 

and the distribution among the various types continually changes to meet the 

requirements of the individual railroad companies.

A report of the distribution of railraods licensed to use VHF mobile radio 

equipment and the distribution of these licenses by state is given in Table 

C-2. Also, mappings of these distributions are shown in Figures C-l and C-2.

A similar distribution showing railroads and channels is contained in Table 

C-3. A mapping of the channel information by state is given in Figure C-3.
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TABLE C-2. RAILROAD AND LICENSE DISTRIBUTION BY STATE

S ta te  Name

Number
o f

R a ilroads

Number
o f

Licenses

Number
o f

S ta te  Name R a ilroads

Number
o f

Licenses

Alabama 11 489 Nebraska 8 250

A rizo na A 110 Nevada 3 78

Arkansas 14 213 New Hampshire 6 24

C a li fo rn ia 20 736 New Je rsey 10 178

Colorado 12 259 New Mexico 5 83

C onnecticu t 2 40 New York 17 559

Delaware 3 25 N orth  C a ro lin a 16 400

D is t .  o f  Columbia 6 19 N orth  Dakota 4 206

F lo r id a 13 453 Ohio 22 506

G eorgia 15 770 Oklahoma 9 244

Idaho 7 152 Oregon 14 345

I l l i n o i s 28 493 P ennsylvan ia 28 -  588

Ind ia na 12 156 Rhode Is la n d 2 14
Iowa 11 202 South C a ro lin a 6 341

Kansas 8 325 South Dakota 4 34

Kentucky 13 317 Tennessee 14 432

Lou is iana 21 416 Texas 30 .672

Maine 6 62 Utah 5 155

M aryland 7 113 Vermont 6 56

Massachusetts 4 98 V ir g in ia 15 420

M ich igan 19 215 Washington 8 526

M innesota 14 537 West V ir g in ia 8 -377

M is s is s ip p i 10 319 W isconsin 9 145

M is s o u ri 24 436 Wyoming 5 79

Montana 4 408
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TABLE C-3. RAILROAD AND CHANNEL DISTRIBUTION BY STATE

u-

|

.

S ta te  Name

Number
o f

R a ilroa ds

Number
o f

Channels S ta te  Name

Number 
o f  .

R a ilroa ds

Number j 
o f  ! 

Channels {
|

Alabama 11 72 Nebraska 8 26

A rizo na 4 22 Nevada 3 16
Arkansas 14 35 New Hampshire 6 11

•C a lifo rn ia 20 65 New Jersey 10 37
Colorado 12 41 New Mexico 5 13

C onnecticu t 2 12 New York 17 56

Delaware 3 15 N orth  C a ro lin a 16 39

D is t .  o f  Columbia 6 12 N orth  Dakota 4 14

F lo r id a 13 38 Ohio 22 58

G eorgia 15 ’ 49 Oklahoma 9 31
Idaho 7 27 Oregon 14 43

I l l i n o i s 28 69 Pennsylvania 28 62
In d ia n a 12 40 Rhode Is la n d 2 5

Iowa 11 24 South C a ro lin a 6 31
Kansas 8 42 South Dakota 4 9

Kentucky 13 47 Tennessee 14 63
Lou is iana 21 44 Texas 30 46

Maine 6 16 Utah 5 35
Maryland 7 30 Vermont 6 18 j
Massachusetts 4 24 V irg in ia 15 66 |
M ich igan 19 46 Washington 8 41 j

M innesota 14 43 West V ir g in ia 8 28
M is s is s ip p i 10 27 W isconsin 9 23

M isso u ri 24 63 Wyoming 5 10
Montana 4 25
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I

Figure C-l. A map of the number of railroads operating in each state.
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Figure C-2.. A map of the number of mobile radio licenses issued to 
all railroads in each state..



J

Figure C-3. A map of the number of channels used by all railroads in 
each state.



APPENDIX D - RAILROAD LICENSE DISTRIBUTION

Tables C-2 and C-3 in Appendix C list the total number of railroads that 
have been issued VHF radio frequency licenses, the number of licenses, and the 

number of VHF channels in use as distributed in the United States by state. 
These tables give only summations. In this appendix, the railroads and the 

corresponding number of licenses issued are identified. In the following 
pages, a short table is given for each state. The first column contains the 

railroad abbreviation. The second contains the number of licenses issued, and 
the third column gives the number of channels to which these licenses are 

issued. Totals are given for the first column (railroads) and the second 
column (licenses). Note that these lists contain only those railroads to whom 

licenses in the VHF mobile radio band have been issued and the totals may not 
correspond to the number of railroads operating in a given state.

A list of abbreviation identifications is given at the end of the appendix. 

The inclusion of a railroad name on the abbreviation list does not imply 
current radio frequency licensing of that railroad.
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Ta b le  D -l R a ilro a d  VHF License D is t r ib u t io n

ALABAMA CALIFORNIA
* LIC * CHN

AGS ♦ 20 * 2
ASAB 2 * 2
BS * 16 * 1A
HS * 2 * 1
ICG * 22 * 7
LN 9 117 ♦ 17
SCL 9 72 * 8
SLSF * 39 * 12
SOU * 163 9 19
TASD * 7 9 2
HA * 28 9 8

11 ♦ U88 *

ARKANSAS

* LIC • CHN

.AON * 6 * 2
a l h * 2 9 2
BXN • 2 9 1
OQE * 1 9 1
ECHO * 2 9■ 1
GNA ♦ K ♦ 2
KCS * 53 ♦ 5
LA * 5 * 5
LNW * 2 9 2
HP 9 85 9 8
RI * 13 ♦ 3
SLSF 18 * 3
SSW * 16 * 6
TP * 2 * 2

1* * 212 ♦

ARI-ZONA

* LIC * CHN

APA * 2 * 1
ATSF * 35 ♦ 7
SMA * 2 * 1
SP * 70 9 13

A ♦ 109 *

LIC CHN '

A9L * 2 * 1
ATSF * 88 ♦ 17
BN * 6 * 3
CCT * 5 * 2
HBL * A * 2
LAJ ♦ 3 * 1
METC * 5 ♦ A
MR 9 6 * 2
NHP 9 32 * A
RYEA A * 2
SERA 9 3 ♦ 1
SHY 9 2 * 2
SN 9 9 * 3
SP » 375 ♦ 3A
TRC * 2 * 2
TS * 15 * A
UP 9 26 * 8
VCY ♦ 2 * 1
HP ♦ 1A2 * 13
YH ♦ 2 * 1

20 9 735 *

COLORADO

* LIC ♦ CHN

ATSF * 2b * 6
BN ♦ 12 * 3
CS * 7 * 2
cw 9 6 * 3
ORGW 9 1AC * 15
GWR 9 13 * 2
MANP ♦ 3 ♦ 1
HP • 1 A * 2
RI * 7 * 2
RYEA * 2 * 1
SLC * A * 2
UP * 22 * 9

12 * 258 •
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CONNECTICUT FLORIDA

♦ LIC * CHN * LIC ♦ CHN

GTW •* 3 * 3 AMTK * 1 * 1
PC * 36 * 9 AN 4 9 ♦ 3

ASAB 4 2 ♦ 2
2 ♦ 39 ♦ FEC * 89 * 6

GSF * 4 * 2
JT * 10 * 6
LN 4 14 * 5
LOPG 4 2 * 1
MBT * 2 * 1
RYE A * 2 * 1
SCL * 310 ♦ 19

DISTRICT OF COLUMBIA SLSF 4 3 ♦ 2
SOU * 4 * 1
7ST * 4 * 1

* LIC * CHN
14 4 456 *

BO * 6 * 4
PC *  1 * 1
RYE A ♦ 2 * i
SOU * 3 * 3 GEORGIA
WATC
HMAT

♦ <* ♦ 2 
* 2 * 1 LIC * CHN4

6 * 16 *
AGS ♦ 2 ♦ 2
AWP ♦ 22 ♦ 6
CG * 46 * 2
CIRR ♦ 4 * 2
GA 4 64 * 8
GSF * 21 * 2
LN * 34 * 11

DELAWARE RYEA * 2 * 1
SAN * 3 *  2

* LIC ♦ CHN SCL 4 359 * 17
SG 4 1  * 1

BO * 3 * 3 SH * 6 * 2
PC ♦ 12 * 7 SOU 4 197 * 20
ROG * 9 ♦ 5 VS 4 3 ♦ 1
- - - - - HA * 5 * 5

3 * ?i* ♦ —
1 6 * 769 *
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IDAHO

♦ LIC #• CHN

APC * 2 * 1
BN * A6 * 10
CSP * 5 * A
MILW * A ♦ 1
SI * 6 • 2
U P * 81 * 16
WIN » 2 ♦ 1

7 » 151 *

ILLINOIS

ALS

*

♦

LIC

12

*

♦

CHN

6
ATSF * 17 * A
BN * A5 * 6
BO * 16 * 5
BRC 1A * 6
CEI * 15 * i
CIW ♦ 2 ♦ 1
CNN * 30 • 7
e w i * 1 * 1
DRI * 2 ♦ . i
EJF * 5 * 2
GMO * A * 2
ICG * 175 * 1A
IHB ♦ 2 ¥ 1
ITC ♦ 7 ♦ 3
LN * 16 « 5
MI * 2 * 2
MILW ♦ 10 ♦ 5
MP ♦ 18 * 2
NW * ' 7 * 2
PC * 26 * A
RI * 27 * 6
RYEA * 2 • 1
SOO # 5 * A
SOU * 16 * 2
SSW * A * A
TPW * 3 * 1
TRPA * c * 6

2b * A92

INDIANA

* LIC ♦ CHN

AWW * A * 1
BO * 10 * 6
C S S * 2 * 1
EJE 5 * 2
ICG * 10 ♦ A
I U * 2 ♦ 2
LN * 53 * 7
MILW * 1 1
NW * 7 * 3*
PC * 36 ♦ 6
RYEA * 2 V 1
SO U * 21 * 5
ZCRC # 12 ♦ 5

13 * 167 *

IOWA

* LIC ♦ CHN 
******* r * * * * * * * * * * *

A T S F * 1 * 1
BN * 35 * 5
C I C 2 * 1
CNW * 51 * 2
O C I * A * 2
O R I * 2 * 1
I C G ♦ A i # A
M ILW ♦ I S * 1
R I * 39 • * 5
U P ♦ A ♦ 3
WR * A -* 2

11 ♦ 201 *
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LOUISIANA

KANSAS

* LIC * CHN

ATSP ♦ 113 ♦ 13
CNW * 1 * 1
KCS * £ * 5
MKT * 3 * 2
MP * 93 ♦ 5
RI * 52 * 5
SLSF * 18 * 6
UP * 3L * 6
ZMSI 2 + i

9 * 326 *

KENTUCKY

♦ LIC * CHN
* * ¥

CAD ♦ 2 * 1
CARR * 1 * 1
CNTP * 12 ♦ 2
CO ♦ 53 * 16
CRR * 1 ♦ 1
FCIN ♦ 2 * 2
ICG * 77 •» 13
K IT * 15 ♦ 5
KT * 3 ♦ 1
LN * 126 * 1L
MILW * 1 * 1
NW ♦ 7 * 1
SOU ♦ . 16 ♦ 3
ZCRC ♦ 10 * 6

1-L * 326 »

* LIC * CHN 
** + *+*****««

AGS * b ♦ 2
ALM b * 2
ATSF ♦ ' 1 ♦ 1
CNW * 1 *- 1
ICG ♦ 93 * 13
KCS * 62 ♦ 6
LA * 97 % 5
LN * 8 ♦ L
LOAM * 2 * 1
MP * 38 * 2
NLC * 1 * 1
NLG ♦ 2 * 1
NOPB * 5 ♦ 2
RYE A * 2 * 1
SOU 5 * 3
SP ♦ 27 * 7
ssw * c:• > .♦ L
STER ♦ 2 * 1
TP * 33 * 3
TRMP + 20 3
WWR ♦ 2 * 1
ZNOT * 1 * 1
ZNOU * . 2 * 1

23 * L18 ♦

MAINE

* LIC ♦ CHN

BAR ♦ 28 ♦ b
BM * 5 ♦ 3
BML ♦ . 7 * 2
GTW * 9 * 3
NEC * e * 2
PTM •V- b *■ 2
ZNC ♦ 5 ♦ 3

7 * rtf' *
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MARYLAND
♦ LIU * CHN

30 4 A6 ♦ 12
CTN 4 2 * 1
NW 4 1 * 1
P6R * 1C * 5
PC ♦ 2A * 3
WM ♦ 21 * A
WM AT * 8 * A

7 4 112 *
MASSACHUSETTS

4 LIC * CHN

QM 4 61 ♦ 11
GTW 4 7 ♦ A
PC 4 22 * 5
PW * 7 * A

A 4 9 7 *

MINNESOTA

4 LIC .4 CHN

ON 4 255 4 19
CNW 4 26 4 2
DMIR 4 161 4 8
DNE 4 2 4 1
GBW 4 2 4 2
GTW * 1A 4 2
ICG 4 3 4 3
MOW 4 6 4 3
MILW 4 ' 13 4 3
MNS 4 12 4 3
MTFR 4 A 4 2
RI * 6 4 3
RYEA 4 2 * 1
SOO 4 29 ♦ 3

1A * 536 *

MICHIGAN
♦ LIC ♦ CHN

AA 4 15 4 3
GLC 4 2 4 1
C N V, 4 1G 4 2
CO 4 3 A 4 b
OC * 2 4 1
OM 4 6 4 1
DT 4 A 4 1
DTI 4 3 A 4 7
OTS 4 A 4 2
ELS 4 2 * 1
GTW 4 A7 4 11
LSI 4 7 4 2
MILW 4 1 4 A
NW 4 8 * 3
PC 4 2- * 1C
PHD 4 1 ♦ 1
SOO 4 2 4 2
UQO 4 b 4 3
WYT * 3 4 2
ZCRC 4 32 4 13

2C 4 2A6 4

MISSISSIPPI

4 LIC 4 CHN

AGS * 16 4 2
CCR * 1 4 1
CGR 4 2 4 1
ICG 4 252 4 17
LN 4 5 4 2
MB ♦ 2 4 1
MSE ♦ 2 4 1
MSV 4 2 4 1
SLSF ♦ 19 4 6
SOU 4 15 4 u

10 4 318 4



MISSOURI

* LIC ♦ CHN 
* * * * * * * * * * * * * * * * * *
ALS ♦ l * 1
A TSF * 1C * 1
BN * 35 * 5
BVS ♦ 1 1
CNW ♦ 3 ♦ 1
GMO ♦ 1 ♦ 1
ICG * 22 ♦ 6
ITC ♦ 3 ♦ 3
KCPS ♦ 1 ♦ 1
KCS * A7 ♦ 6
KCT * A ♦ 3
MI * 2 * 2
MILW * 6 2
MKT ♦ 1A * 2
HP * 111 ♦ 9
MRS * 9 * 3
NW * 29 * 9
RI 21 * 3
RYE A * 5 * 2
SLRX * 1 1
SLSF * 101 * 2A
ssw ♦ 2 ♦ 1
TRP.A ♦ 7 ♦ 5
UP ♦ 1 * 1

2A * A35 ♦

NEBRASKA

* LIC ♦ CHN

BN * 93 * 5
CNW 21 ♦ 2
GpIN * 2 * 2
MILW * 1 * 1
MP * 15 * 2
RI * 9 ♦ 2
RYEA ♦ 2 ♦ 1
UP * 106 * 13

6 * 2A 9 ♦

NEVADA

* LIC * CHN 
* * * * * * * * *  * * * * * * * *
SP ♦ A7 * 8
UP * 17 5
WP ♦ 13 * 5

3 * 77 *

NEW HAMPSHIRE
MONTANA

* LIC ♦ CHN

BAP * 3 * 2
BN * 399 * 23
MILH ♦ 13 ♦ 1
UP * 2 * 1

A ♦ AO 7 ♦

* LIC * CHN 
* * * * * * * * * * * * * * * * * *
BM + q A
RMS ■ ♦ 2 ♦ 1
CLCO * ? * 1
CSR ♦ 2 * 1
GTW ♦ 5 * 3
WLFB ♦ 3 * 1

6 * 23
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NEW JERSEY

* LIC * CHN 
♦♦♦***♦****♦****«
CNJ * 6u _¥ 7
EL •* 26 * 6 .
LHR ♦ 7 * 2
LV ♦ 9 ♦ 6
ME * 2 ♦ 1
PATH * 3 * 2
PC ¥ 29 * 10
PRS ♦ 27 ♦ 3
ROG * 12 ¥ u
«R * 2 * 1

1C ♦ 177 *

NEW MEXICO

♦ LIC ♦ CHN

ATSF * 50 * 5
cs * 2 ♦ 1
P.I ¥ 2 ¥ 1
SP * 26 ♦ U
TNM * 2 * 2

5 ¥ 82 ¥

NORTH CAROLINA

* LIC * CHN

AEC ¥ 2 * 1
AR ¥ 7 ♦ 2
ARC ¥ 2 * 1
BEM * 2 * 1
CF * 1 * 1
CLIF ¥ 1 * 1
CRR ♦ 5 * 1
OS * 4 * 1
LN ¥ 2 * 2
LRS ♦ 2 ♦ 1
NS ¥ 24 ♦ <t
NW ¥ ' u * 1
RYEA * 2 * 1
SCL * 22 5 * 19
SOU ¥ 106 * 11
wss ¥ 1C * 2

16 * 399 *

NEW YORK 

* LIC ♦ CHN
******************
BM' ¥ C ¥ 5 NORTH DAKOTA
BO ¥ 15 ¥ 3
DH ¥ 96 ¥ 5 ¥ LIC ¥ CHN
EL ¥ 111 ¥ 7 >.*♦**•»*■**♦♦*******
FJG * ? * 1 BN * 181 * 10
GNW ¥ 6 ¥ 2 CNW * 2 * 2
LHR ¥ 5 * 2 MILW ♦ 2 ¥ 1
LI * 122 ¥ 11 SOO * 20 ¥ 2
L V * 1 * 1
MSTR * u * 1 u * 205 *
NJ ¥ 2 ¥ 1
NW ♦ 6 ¥ 3
PC ¥ 147 ¥ 25
RYEA * 5 ¥ 2
SB ■* 10 ¥ 2
SBK ¥ 20 ¥ 2
SIRT ¥ 1 ¥ 1

17 * 553 ¥
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OHIO

f-

♦ LIC ♦ CHN 
**♦*♦**♦***♦*♦**'
AA 3 ♦ 3
ABB ■» 2 * 1
ACV * ID 2
6LE * 18 ♦ 6
BO ♦ 50 ♦ 9
CO 4 53 * 14
CUVA 4 2 * 1
o n * 13 ♦ 2
DTS ♦ 6 ♦ 4
EL 4 52 * 5
FPE * 2 4 1
LN 4 2 4 2
LT ♦ 1 4 1
NSS ■4 2 4 1
NW 4 63 4 14
PC * 163 * 24
PLE * 0 9 5
RT 4 2 4 1
RYE A 4 G> 4 2
SOU 4 3 4 3
TT * 2 4 ,1
ZCRC 4 16 4 6

22 4 521 *

OKLAHOMA

* LIC * CHN 
*•*•**♦♦***♦**»*.*♦*
ATSF ♦ 26 * 1
KCS 4 36 * 5
MKT 4 11 * 1
MP 4 10 * 2
RI 4 16 * 3
b l s f 4 116 4 21
ss 4 2 4 1
TOE * 4 * 2
TP * 18 4 2

9 ♦ 243 4

OREGON

* LIC * CHN 
*******************
BN * 66 4 10
COP * 5 9 1
KN * 2 9 1
LPN 4 2 9 1
NPT 4 5 4 2
OCF 4 3 4 2
OPE 9 2 9 1
RYEA 9 2 9 1
SP 4 137 4 16
UP 9 60 4 15
VSL 9 4 9 2
WCT 9 6 4 2
WCTU 9 6 4 2
ww 4 2 4 2

14 9 344 4
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SOUTH CAROLINA
PENNSYLVANIA * LIC * CHN
♦ LIC * CHN CNL * 2 * 2Mf ***•***♦**♦*♦*♦ *4 CRR * 2 * 1

ALOS ♦ u * 2 LC * 2 * 1
RLE * <♦6 * 5 PIC * 2 ♦ 1BO * 15 * 6 SCL ♦ 269 * 20
CBL A * 2 SOU * 63 ♦ 6
Cl ♦ k * i* zscs * if * 1
OH * 22 * if
EL * 32 • L 7 * 3 if if *
LEF * 5 * 2
LV * 6 * 3
MCRR * 2 * 2
MGA * 10 * 3
MKC ¥ 1 * 1 SOUTH DAKOTA
MSW * 2 * 1
MTR * 3 * 1 * LIC * CHN
NB * 2 * 1
NW ♦ 8 ♦ 3 BN * 11 * 3
PAM * 2 * 1 CNW * 13 * 1
PBNE * 6 * 3 ICG * 4 * if
PC ♦ 195 * 26 MILW * 5 * 1
PLE * 30 ♦ 3
POV 1 * 1 if * 33 ♦ *■
PS * 5 ♦ 2
RDG * 121 * 9
SH * 6 * 3
SRC ♦ 2 * 1 TENNESSEE
UMP ¥ 2 + 1
URP * 31 * c * LIC * CHN
WM 18 * 3

CCR * 1 * 1
28 * 587 * CNTP * 13 * 2

CRP * 6 * 2
GMO * 1 * 1
ICG * 12C * 18
LN * 117 * 15

RHODE ISLAND MP * 7 * if
RI * 3 * 2
RYEA * i* * 1* LIC * CHN S H E R  * 2 ♦ 2i*** **»*-»*****•»**« SLSF * 36 * 17

PC * 9 * 3 SOU * 116 * 17
PW ♦ i* * 2 SSW ♦ 1 * 1

TENN * 4 ♦ 2
2 * 13 * 7HRC * 1 * 1



TEXAS

- * LIC * CHN

ANP * 2 * 1
A'TSF * 86 ♦ 5
BRR * 4 * 2
FWB * 1 * 1
FWD * 14 M 2
GHH ♦ 2 * 2
GSW * 1 ♦ 1
GWF * 6 * 2
HBT * 12 * 6
KCS * 27 * 5
LA * 48 * 5
MCSA * z * 1
MKT * 22 * 2
HP ♦ 121 * 4
PCN * 2 ♦ 1
PTR * 3 * 1
PVS * 3 * 1
QAP * 3 * 2
RI * 25 * 5
RSS * 2 * 1
RVEA ♦ 4 • 2
SLSF * 9 * 2
SP ♦ 141 ♦ 2C
SRN * c * 1
SSW * 17 * 3
TCT ♦ 4 * 2
TM ♦ 6 ♦ 2
TN ♦  ̂2 ♦ 1
TP * 35 ♦ 6
TSE * 2 » 1

30 *. 671 

UTAH

*

* LIC * CHN
t*****#*»***4MMMMM
cac * 3 ♦ 1
ORGW ♦ 64 * 11
SP * 7 * 5
UP * 64 ■ • 17
WP * 16 ♦ 5
ZSTT * 2 * 2

. . . . .

6 * 15b *

VERMONT
* LIC * CHN

BM * 5 * 3
GMRC * 1 * 1
GTW ♦ 26 * 4
MPB ♦ 4 * 2
SJLC * ia * 2
VTR * 9 * 4
ZNC * 12 * 2

7 ♦ 67 ♦

VIRGINIA

* LIC * CHN
***♦♦♦♦*****•****.
CHW * 4 * 1
CO * 63 * 23
CRR ♦ 3 * 1
FG ♦ 2 * 1
LN * 4 * 1
NFD * 1 * 1
NPB ♦ 5 * 1
NS ♦ 5 * 3
NH * 125 * 13
PC * 1 * 1
RFP * 72 * 34
SCL ♦ 73 ♦ 8
SOU ♦ 59 ♦ 7
WMAT * 6 * 4
WN * 2 * 1
ZCRC * 19 * 11

16 ♦ 438 *

WASHINGTON 

♦ LIC * CHN
***♦*♦#*♦♦**#♦♦**4
BN ♦ 426 ♦ 26
LPN * 1 * 1
MIL W * 21 * 1
RVEA * 2 1
SI 4 ♦ 2
STC * 2 ♦ 1
UP * 67 * 13
w w ' * 2 * 2
ZTC ♦ 2 * 1

4 ♦ «S?7 ♦
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WYOMING WASHINGTON, D. C.

♦ LIC * CHN

3N 20 * 1
CNN ♦ 2 4 1
CS * 4 * 1
cw * 1 * 1
UP ♦ 51 ♦ 7

- 5 * 7 b ♦

j
WISCONSIN

* LIC * CHN
♦♦ *•**♦* #>«***-*+» 4

1 BN 4 43 4 121
] CNN * <♦3 * 2

OMIP * 2 4 2
|— , GBN 4 21 4 3

LSTT ♦ * .4 1
U MILW * 11 2

MTN ♦ 2 4 1
| P7FA 4 2 4 1

J SOO ♦ 19 ♦ 3

H 9 ♦ 144 *

j

WEST VIRGINIA

J
* LIC 4 CHN

BO * 200 * 5
CO 4 54 4 9

- MG A 4 6 4 3
MW 4 87 * 7
PC * 15 * 3
WM 4 12 4 3
WNFR 4 1 4 1
WVN 4 1 4 1
7CRC * 38 * 11

— . . . . . .

9 4 414 4

* LIC * CHN 
*****************
AA * 4 * 4
ALM * 2 * 2
ALS * 6 * 6
AMTK * 23 * - 23
ASAG 9 2 * 2
ATSF * 31 * 28
AUCX * 3 * . 3
AWP ♦ 5 ♦ 5
BLE * 5 * 3
BM * 2 * 2
BN * 61 * 35
BO * 7 4
CCR * 1 * • 1
CEI ♦ 1 * 1
CHV * 1 1
CNN -* 6 * 6
CRR * 3 * 3
CS * 2 * 2
OH * 7 * 7
OQE •* 2 * 2
DRGW * 20 ♦ 13
OR1 * 1 * 1
OTI ♦ 3 * 3
OTS * 3 * 3
EL * 13 * 7
FCIN * 2 * 2
FWD * 2 9 2
GBN * ~ 3 * 3
GTN * 24 * 15
ICG V 37 ♦ 28
ITC * 4 * 4
KCPS * ' i * 1
KCS ♦ 8 * 6
KCT * 2 * 2
LA „ ' * 8 * 8
LHP * 2 * 2
LN ■ 3G *• 17
INN > ,o ■■■ -2 * 2
LSI * . - . 2 * 2
LV * ",\'b - * 7
MB * i • # 1
MEC * 2 ’ * 2
HGA 9 1 , * 1
MILW * 5 * 4
MKT * 4 * 4

'
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TASD
TN
TP
TCT
TM
TNM
TOE
TRMP

TSE
TS
TPW
TT
TRC

UP
URR
UMP

VSL
VCY
VTR
VS

WW
WIM
WMAT

WATC
WWR
WAS
WM
WP
WA .
WVN
WW
WNFR' 
WSS. 
WLFgjr 
WYT ’

YN
YS
YW

Term. Rwy. Alabama State Docks 
Texas & Northern Rwy.
Texas & Pacific Lines 
Texas City Term. Rwy.
Texas Mexican Rwy.
Texas-New Mexico Rwy.
Texas, Oklahoma & Eastern RR 
Texas Pacific-Missouri Pacific 

Term. RR of New Orleans 
Texas South-Eastern RR 
Tidewater Southern Rwy.
Toledo, Peoria & Western RR 
Toledo Term. RR 
Trona Rwy.

Union Pacific RR 
Union RR (Pittsburgh)
Upper Merion & Plymouth RR,

Valley & Siletz RR 
Ventura County.RR 
Vermont Rwy.
Voldosta Southern RR

Walla Walla Valley Rwy. 
Washington, Idaho & Montana Rwy.: 
Washington Metropolitan,Area 
Transit Authority 

Washington Term. Co. 
Washington-Western Rwy. Co. 
Waynesburg Southern Rwy.
Western-Mary1and’ • Rwy;
Western Pacific RR 
Western Rwy. of Alabama 
West Virginia Northern RR 
Winchester & Western RR 
Winifrede RR
Wirtston-Salem Southbound Rwy. 
Wdljfeboro RR 1 ,
Wyandotte.. Term. RR ■ .

Youngstown & Northern RR 
Youngstown & Southern Rwy.
YrekaWeSternRR , ,

UBD Union Belt of Detroit 
KOG Kansas, Oklahoma u Gulf 
NUP New Orleans Union Pass Term. 
GF Georqia & Florida RR 
CLC Cadillac & Lake City RR 
WCT White City Term.
NEO Northeast Oklahoma RR 
IN Illinois Northern RR
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