
I

REPORT # FRA/ORD-80/17

P R O C E E D IN G S  O F  T H E  W O R K S H O P
F O R

CLASSIFICATION -  ■—

“A  S T A T U S  R E P O R T  O N  Y A R D  R E S E A R C H ”

F I N A L  R E P O R T  
M A Y  1 9 8 0

P R E P A R E D  FOR:

U .S. DEPARTMENT OF TRANSPORTATION  
FEDERAL RAILROAD A D M IN ISTR A TIO N  

O FFIC E OF RESEARCH A N D  DEVELOPMENT
W A S H I N G T O N ,  D . C .  2 0 5 9 0

/

l

DOCUMENT IS AVAILABLE TO THE PUBLIC 
THROUGH THE NATIONAL TECHNICAL 
INFORMATION SERVICE, SPRINGFIELD, 

VIRGINIA 22161

________s

21 - Freight Operations
EDITORS - PACIFIC CONSULTANTS 

BOSTON, MA 02108



NOTICE
This document is disseminated under the sponsorship 
of the Department of Transportation in the interest 
of information exchange. The United States Govern
ment assumes no liability for its contents or use 
thereof.

NOTICE
The United States Government does not endorse pro
ducts or manufacturers. Trade or manufacturers’ 
names appear herein solely because they are con
sidered essential to the object of this report.



Technical Report Documentation Page
1. Report No.

FRA/ORD-80/17
2. Government A c c tm o n  No. 3. R ec ip ien t's  Catalog No.

4. T it la  and Subtitlo PROCEEDINGS OF THE OCTOBER 1979 
WORKSHOP FOR CLASSIFICATION YARD TECHNOLOGY 
"A STATUS REPORT ON YARD RESEARCH"

5. Roport Oata

May, 1980
6. Performing O rganisation CodePC-B

7. A uthor's)
8. Perform ing O rganization Report No.

PC-DOT-01
Ellen S. Witt, Norka Shedlock, Editors

9. Perform ing O rganization Name and Address

PACIFIC CONSULTANTS 
47 Winter Street, 4th Floor 
Boston, MA 02108

10. Work U n it No. (TRAIS)

11. C ontract or Grant No.

DOT-FRA 9126
12. Sponsoring Agency Name and Address

U. S. Department of Transportation 
Federal Railroad Administration 
Office of Research and Development 
Washington, D. C. 20590

13. Type o f Report ond Period Covered

Proceedings for the workshop 
held in Chicago, Illinois 
October 30 & 31, 1979
14. Sponsoring Agency Code

15. Supplementary Notes 16

16. A b stra c t

The Classification Yard Technology Workshop was sponsored by the 
Federal Railraod Administration (FRA) to present'the results of current yard 
research under the Railroad Operational Improvements Program. The major 
program objectives are the development of technologies, quantification of areas 
for improvement, evaluation of components and systems, and improvement of 
effectiveness of railroad communication and control systems.

These proceedings include the technical papers, responses to the 
workshop questionnaire, and comments of conference participants and panel 
members of the following areas of research: Yard Design Methods, New
Concepts in Car Speed Control, Improvements for Car Presence Detection, 
Measurements of Rolling Resistance, Electromagnetic Compatibility, and 
Yard Computer Systems.

17. K#y Words Classification Yards, Rehabili
tation, Modification, Alternatives, Case 
Study, Speed Control System, Retarder, 
Presence Detectors, Rollability, Electro
magnetic Compatibility (EMC), Process 
Control (PC)

18. Distribution Stotomont

DOCUMENT IS AVAILABLE TO THE PUBLIC THROUGH THE NATIONAL TECHNICAL INFORMATION SERVICE, SPRINGFIELD, VIRGINIA 22161
19. Security C la ss !f. (o f th is  report)

UNCLASSFIED
20. Security C lo s s if. (o f th is  page)

UNCLASSIFIED
21* No. o f Pages 22. Price

Form DOT F 1700.7 (8 -7 2 ) Reproduction of completed page authorised

i



o<

ou

1
! f c l i i V i 3 * lu h ' i 9

1 i i h t i
III
i m i l l

1 -it 
i t i l l i ji

i i

I

O o  r» r- o  AC

Hill

1 8„.
O N •

i

ii| ..
ill lii

8rM « 2

II

I 6 € 6 5 4 1

i

t--6 6

IflSI

S..

*-r
s -

• -  °  M

to. o  X  Q O  
• *  * •I I

Ct XX It OX 61 •1 Ll 91 91 91 Cl ti II 01 6 « L 9 s » c t
JimllllllllliiillinillllllllllllllllllllllllllllljllllJimlllllllllllllllllllllllllllllllllllllllllllllJimiinliittJimJimlllllllllllllllllllllllllllllllllllllllllllll

ii



CLASSIFICATION YARD TECHNOLOGY WORKSHOP
William F, Cracker Federal Railroad Administration

OVERVIEW
It is a pleasure to welcome you to our Class

ification Yard Technology Workshop. Even though 
we have been interfacing with the industry—  
through project briefings with committees and 
participative projects with individual rail
roads— many of you may not have had the op- 
ortunity to acquaint yourself with our current 
research program. We are most willing to pro
vide you with the fruits of our labor— the 
results of our research. We in research are 
often accused of being in an ivory tower. So 
let me assure you we are most anxious to hear 
from you.

Let me take this opportunity to thank the 
railroadpresentors on the agenda. They have 
been guiding stars for our projects as partners 
in the development projects that meet the in
dustry needs. We will be most anxious to re
ceive their industry perspective.

Why must we improve yard technology? Is 
there a problem with yards? Well, let me take 
a deep breath before I try to answer these 
questions. I am an engineer, perhaps like your
self, and may not be acquainted with all of the 
operational reasons and economics involved. 
However, with cars spending 63% of the car cycle 
time in the yard, I think it is obvious that 
even minor improvements in the yard can have 
significant benefits within and beyond the yard. 
This time in the yard certainly effects car 
utilization. Also, yard operating expenses each 
year have been costing the industry approximately 
$4 billion, more than 1/3 of the total railroad 
expenses. Even with this huge expense, yard 
transit times are notorious for being the prime 
reason for shipping delays.

Yard projects can represent a huge investment 
for the railroad. With a new yard costing up to 
$50 million, railroads cannot afford to use less 
than the best technology. With the huge invest
ment needed and a needed expected Return-on-In- 
vestment at say 25-35%, railroads find it most 
difficult justifying a yard project let alone 
introducing innovation. Innovation introduces 
additional risk. It is a wonder why the 
basic technology applied to US yards hasn’t 
changed for decades. However, if new and im
proved systems are not introduced, the status 
quo will be maintained, which is not good 
enough. A recent study* indicates 200 class

*(SRI report— Survey & Assessment of Yards)

yards will receive major reworking or will be 
newly constructed in the next 25 years. Hopefully, 
the FRA involvement in yard technology can act as 
a catalyst to increase the level of innovation 
for improvements in these yards. Also, the FRA 
involvement in participative projects (cost 
sharing with railroads and suppliers) allows per
haps enough financial and technical leverage to 
introduce innovation. A recent report* priori
tizing research needs, indicates that approxi
mately $10 billion savings over a 20 year period 
can be potentially realized by improvement— in the 
technologies represented in our research program. 
The degree of actual return in savings of course 
is dependent on the success of the research and 
the degree of implementation over the years 
ahead.

As the title of a recent Railway Age article 
(September 22, 1979) indicated "Today’s Choice—  
Avoid Yards— or Improve Them," this workshop 
hopefully will assist you with the latter to im
prove them with the best technology.

Let me now outline the FRA Office of Research 
and Development Program for Classification Yard 
Technology (under the Railroad Operational Improve
ments Program for FRA budget).

The Classification Yard Technology Program examines technologies to improve classification yard operations. The major program objectives are to:
• Develop technologies that will substantially reduce car delays in yards,
• Quantify areas where yard improvements 

are feasible and desirable,
• Evaluate components and systems that will 

improve efficiency in yards; in coopera
tion with railroads and suppliers, and

• Improve the effectiveness of railroad 
communication and control systems.

The project results that are about to be 
presented represent research toward meeting these 
objectives. Each of the following projects repre
sent a most important element in yard design 
relating to more efficient and safe operations in 
the yard:

Yard Design MethodsNew Concepts in Car Speed ControlImprovements for Car Presence DetectionMeasurements of Rolling ResistanceElectromagnetic Compatibility
Yard Computer Systems

iii
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YARD DESIGN METHODS: AN INTRODUCTION

John Hopkins
Transportation Systems Center

Peter J. Wong 
SRI International

The Federal Railroad Administration has been 
engaged in a three-phase effort to develop a rail
road classification yard design methodology.
The effort is being performed by SRI Internation
al under the sponsorship of the Federal Railroad 
Administration and the technical administration 
of the Transportation Systems Center (Cambridge, 
Massachusetts). The first-phase was concerned 
with developing the design methodology; the 
second-phase involved using and refining the 
methodology in actual yard design case studies 
with cooperating railroads, and the third-phase 
(currently in progress) documents the methodology 
in the form of a yard design manual or handbook.

In this workshop there are presented four 
papers which present an overview of the yard 
design methodology and associated computer models 
and three case-study uses of the methodology by 
the following railroads: CONRAIL, Union Pacific,
and Boston and Maine. The case studies verified 
the practical relevance of the methodology and 
analytically assisted the railroads in the 
design process. The four papers are:

• Yard Design Methods: State of the Art
• Elkhart Yard: A Case Study
• Yermo Yard: A Case Study
• East Deerfield Yard: A Case Study

This effort is under the program management 
of Mr. William F. Cracker (Federal Railroad 
Administration). Furthermore, we would like to 
acknowledge the technical expertise provided by 
Messrs. J.A. Wetzel, C.C. Yespelkis, and A.T.
Lewis (CONRAIL): B.G. Gallacher and W.V.
Williamson (Southern Pacific); J.N. Page (former
ly with General Railway Signal), H.Hall and R. 
Convey (Santa Fe) , M.J. Anderson and H. Meyen 
(Union Pacific), P.Van Cleve (Chessie), V. 
Mudholkar (Boston and Maine) and B. Price 
XBegsemer and Lake Erie). In addition, we are 
appreciative of the reviews and comments provided 
by AREA Subcommittee 14 on Yards and Terminals.

-7-



YARD DESIGN METHODS STATE OF THE ART

Peter J. Wong SRI International

1.0 Background and Need
It is generally accepted that the best rail

road operating policy is to schedule trains so 
that they bypass as many intermediate switching 
terminals as possible. However, the wide dis
persal of traffic origination and destination 
points and the low car count of the average cus
tomer release indicate that most railroad traf
fic must still undergo considerable switching and consolidation before trains can be formed 
that bypass terminals. Because the bulk of this 
switching and consolidation takes place in ter
minals, the railroad terminal will remain an 
important factor in railroad operations as long 
as freight is shipped in carload units by widely 
distributed shippers to widely distributed re
ceivers .

Recent studies(1) on car utilization and 
freight service reliability have concluded that 
the rail terminal has the largest negative im
pact on service reliability, car utilization, 
and damage liability. Furthermore, it has been 
estimated that 25% to 40% of the time freight 
cars spend in classification yards is closely 
associated with deficiencies related to yard 
layout and design. This is roughly equivalent 
to a loss of 55 million to 85 million car-days per year, an underutilization of approximately
210.000 freight cars. Consequently, we see that 
yard designs can have a substantial impact on 
the ability of terminals to process cars when 
better designs are implemented.

The procedures for designing classification 
yards have evolved through trial and error over 
many decades. Thus, within a conventional frame
work of basic design principles, many crucial 
decisions may sometimes be based in part on 
personal intuition or persuasiveness simply be
cause the required analytical tools are not 
available, and the price of developing or acquiring them is not warranted for a particular project. The relative infrequency with which 
any one railroad builds a yard makes it diffi
cult to maintain a core group of individuals who specialize in and can improve upon the de
sign process. This will become a more acute problem when many of the most experienced yard 
designers reach retirement. On the other hand, there is scattered throughout the railroad 
industry, yard design information and knowledge

that could be of benefit to the entire industry 
if it were aggregated and documented.

That yard design is a subject of both cur
rent and future interest to railroads is exem
plified by the fact that in the last decade over 
30 yard projects involving major rehabilitation 
have been undertaken, at a cost of tens of mil
lions of dollars per yard (2,3,4,5). Furthermore, 
a recent study(6) indicates that over the next 
25 years 200 classification yards will receive 
major reworking. Therefore, designs for new 
yards and rehabilitations must be even more ef
ficient for the best return on investment and 
can influence the ability of the railroads to 
recapture lost revenues and profits well into 
the twenty-first century.

2.0 Yard Design Project Objective
The fundamental objective of the FRA/TSC 

sponsored yard design project is to establish a 
set of practical guidelines, procedures, and 
principles, accompanied by a sufficiency of data, 
tables, computer programs, and other resources, 
to improve significantly classification yard de
sign and engineering and to enhance the effi
ciency of the design process. The design method
ology will be applicable to the design of new 
yards and the rehabilitation of existing yards 
and to the full range of yard types and sizes, 
including both flat yards and hump yards, whether 
manual or highly automated.

The final result of the project will be a manual of yard design, usable by any railroad, 
railroad supplier, or government planner who 
needs to make informed choices among a myriad of 
possible design alternatives. Although a de
tailed design study will ultimately be required in any particular case, the product of this research will provide a framework that will greatly 
facilitate the yard design process. In particular, the design methodology will substantially increase the degree to which alternatives will be considered at the early design stages which will 
include a wider range of configuration, techni
cal, and economic choices. At the same time, it will make possible greater precision than is 
customary in estimating potential costs and benefits. The yard design methodology will con
tribute to a reduction in design effort, reduced



and/or more efficient expenditure of construc
tion resources, and— most important— yard im
provements that significantly enhance produc
tivity and system levels of service.

3.0 The Yard Design Manual
The yard design manual will provide facts, 

guidelines, and procedures to assist in the yard 
design process. In some areas, where the pro
cedures are mature (i.e., where the procedures 
are well known and no improvement can be made) , 
the manual will synthesize and catalogue current 
practice. In other areas, where advancements 
to the state of the art are contemplated, the 
manual will document newly developed practices.

To the maximum extent practical, results 
that are easily codified will be presented in 
sample worksheets, tables, graphs, and equations; 
detailed procedures will be given for their use. 
In those areas where decision rules cannot be 
precise, design guidelines will be presented 
in terms of important considerations, facts and 
information, rules of thumb, and step-by-step 
design processes (in manual or computer-aided 
form). Examples of the application of the de
sign methodology will be provided.

The needs for state-of-the-art computer- 
aided yard design tools are recognized. A 
description of the computer programs developed 
in this project and their use in the design 
process will be documented in the manual.

Although some changes may occur, topics 
that are expected to be included are presented 
in Table 1 in the form of a preliminary outline 
of the manual.

4.0 Yard Capacity Estimation Procedures
4.1 Problem Description

The number of receiving, classification, 
and departure tracks and their required lengths 
must be estimated in the planning stage of yard 
design. Both a manual and a computer-aided 
procedure were developed for use in determining 
yard capacity requirements. Both procedures 
use a deterministic accounting-type approach 
and represent block movements in the yard fol
lowing a given set of rules.

To illustrate the rules followed in the 
procedures, yard operational functions are 
initially described. Although there are numer
ous types of classification yards, a series of 
operational procedures common to most yards can 
be applied to represent yard functions. The 
major functions of a yard are as follows:

• Receive inbound trains on the receiving track.
• Inspect and bleed brakes of cars on in

bound trains standing on the receiving tracks.

• Hump cars standing on the receiving 
tracks onto the classification tracks.

• Make up the outgoing trains by pulling 
blocks from classification tracks to 
departure tracks.

• Inspect and charge air brakes of cars on 
outgoing trains standing on the depar
ture tracks.

• Depart outgoing trains.
The exact operational procedure for each 

function may differ from yard to yard. Both the 
manual and computer-aided procedures deal with 
this problem by accepting variable time lengths 
for each function. Essentially, the procedures 
represent car movements in the yard by following 
the above sequence of operational functions.
The major difference between the two procedures 
is that the manual procedure is simpler in con
cept but far more time consuming in terms of 
man-hours than the computer-aided procedure.

4.2 Manual Procedure
The manual procedure requires manual cal

culation and use of diagrams and tables.
The major tasks of the manual procedure 

are as follows:
• Task 1: Estimate the key activity time

periods of the functions performed in 
the yard.

• Task 2: Construct a queueing diagram
and estimate yard requirements based on 
the diagram.

• Task 3: Estimate arrival and departure
train block assignments and classifica
tion track buildups.

A sample queueing diagram of the receiving 
yard is shown in Figure 1. The inbound inspec
tion time is indicated by TI, the travel time 
to the hump is indicated by TT, and the hump 
time is indicated by TH. The time intervals 
obtained in Task 1 are used to build the queue
ing diagram. Based on this queueing diagram, 
the required number of receiving-yard tracks 
and their lengths are obtained.

In the real world, the arrival times of 
trains are not necessarily exactly as scheduled, 
and the inbound inspection may not finish at 
the scheduled time. In designing a yard, early 
arrivals, late inspection endings, and allow
ances for longer trains may be desired. These 
allowances can be considered. The number of 
offsets from the schedule and the extra number 
of cars to be considered should be determined based on the experience of the individual rail
road .

The departure yard capacity requirements are estimated in a manner similar to that used 
to estimate receiving yard capacity requirements To obtain the required number of classification



Table 1
PRELIMINARY OUTLINE OF YARD DESIGN MANUAL

Chapter 1: Introduction

es

Chapter 8: Deciding on Flat Versus Hump Yard
1.1 Background and Scope
1.2 Purpose of This Manual
1.3 Organization of This Manual

Chapter 2: Using the Design Procedur

8.1
8.2
8.3

Chapter

General
Alternatives for Small Yards 
Deciding Between Alternatives
9: Geometric Design of Flat Yards

2.1 General 9.1 Various Types
2.2 Designing a Hump Yard 9.2 Design Specifics
2.3 Designing a Flat Yard 9.3 Ladder Profile Design
2.4 Rehabilitating Existing Yards

Chapter 10: Planning Overall Hump Yard Con-
Chapter 3: Organizing the Design Effort figurations
3.1 General 10.1 General
3.2 The Yard Design Team 10.2 Conventional Geometric Designs
3.3 Management and Coordination 10.3 General Configuration Considerations

10.4 Facilities Location
Chapter 4: Rail Systems Analysis
4.1 General Chapter 11: Hump Yard Track and Switch Layout
4.2 Need for New or Modified Yard Facili- 11.1 General

ties 11.2 Switches: Definitions and Terminology
4.3 Determine System Locations 11.3 Turnouts: Definitions and Terminology
4.4 Determine Required Yard Capabilities 11.4 Rules of Thumb on Switch/Turnout Place
4.5 Develop General Yard Characteristics ment

To Meet System Requirements 11.5 Detailed Layout Design Procedure
Chapter 5: Evaluation of Alternativei Sites Chapter 12: Hump Grade Design and Retarder
5.1 General Placement
5.2 Noneconomic Considerations 12.1 General
5.3 Economic Evaluation 12.2 Rules of Thumb for Grades

12.3 Constraints of Layout on Grade Design
Chapter 6: Economic Evaluation Procedures 12.4 Alternative Conventional Systems
6.1 General 12.5 Manual Design Procedure
6.2 Cost Categories 12.6 Computer-Assisted Design Procedure:
6.3 Rate of Return Method PROFILE
6.4 Worksheets 12.7 Design for a Dowty Yard

Chapter 7: Estimating Detailed Yard Require- Chapter 13: Hump Yard Trim-End Design
ments and Performance 13.1 General
7.1 General 13.2 Trim-End Design Alternatives
7.2 Yard Specifications 13.3 Manual Evaluation Procedure
7.3 Manual Estimation Procedure 13.4 Computer-Assisted Evaluation
7.4 Computer-Assisted Estimation Procedure: CONFLICT

Procedure: CAPACITY
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tracks and their lengths, a block buildup history 
table is constructed. This table shows the cumu
lative number of cars in each block along with 
the number of cars brought in by each incoming 
train. If one block is assigned to each track, 
then the required number of tracks is identical 
to the number of blocks dealt with in the yard. 
The minimum track length requirement of each 
track is the maximum number of cars carried in 
a block by a departure train.

A dynamic track assignment can also be de
signed utilizing the block buildup history 
table. The table is designed in such a manner 
that the usage of a class track by a block can 
be identified. Although the exact time during 
which cars occupy the classification tracks is 
not known, a rough class track utilization 
status can be recognized from the table. When 
two or more blocks occupy class tracks at dif
ferent times of the day, they are good candi
dates for sharing a class track.

This manual process is both tedious and 
time consuming, thereby inhibiting experimenta
tion with many traffic scenarios for the yard 
and thus reducing the accuracy of estimating 
capacity requirements for the real-world en
vironment .

4.3 Computer-Aided Procedure: CAPACITY
The computer model CAPACITY is capable of 

analyzing yard capacity requirements more quickly 
and more accurately than the manual of procedure. 
The computer-aided procedure can simulate a 
train makeup scheme where each block on a de
parting train is made up by the engine that can 
start coupling that block soonest. CAPACITY 
also enables the user to designate certain 
blocks as preclassified bypass blocks. These 
blocks go directly from the receiving yard to 
the departure yard, bypassing the hump and 
storage in the receiving and classification 
yards.

An overall flow chart of CAPACITY is given 
in Figure 2. The inputs to CAPACITY are:

• General yard parameters.
• Arriving train specifications,
• Consist mix specifications of arriving 

trains.
• Block assignments.
• Departing train specifications.
The outputs of the model are:
• An "echo back" of user input.
• A prehump scenario of the processing of 

all arriving trains.

• Receiving yard occupancy diagrams and 
track requirements.

• A departure train makeup scenario.
• Departure yard occupancy diagrams and 

track requirements.
• Classification yard block buildup his

tories .
A computer-aided yard capacity estimating 

procedure using this program will be more ac
curate and less time consuming than the manual 
procedure. This will allow more experimentation 
with and evaluation of alternative traffic de
mand patterns and will ensure the most optimum 
yard design.

5.0 Hump Profile Design Procedures
5.1 Problem Description

The procedures for the hump grade profile 
design are based on a worst-case design philos
ophy.* The assumption is that if a design can 
satisfactorily handle a worst-case situation, 
it can certainly handle less severe situations, 
which occur much more frequently.

The worst-case situation in the design of 
a hump yard occurs when a hard rolling car is 
followed by an easy rolling car, which in turn 
is followed by another hard rolling car (HEH).
The grade must be designed (perhaps with a small 
amount of retardation) so that the hard rolling 
car observes all speed constraints at various 
points between the hump and tangent point. This 
results in the easy rolling car quickly catching 
the hard rolling car, unless a large amount of 
retardation is applied to the easy rolling car.
In some cases, the easy rolling car is retarded 
so much that a second catch-up problem can occur 
when a second hard rolling car is following the 
easy rolling car unretarded. In this situation 
if too much retardation is given to the second 
rolling car, it may not enter the classification 
tracks with sufficient velocity for proper 
coupling. The objective of the calculations 
will be to design the hump yard so that the hard 
rolling car is delivered to the clearance point 
(or some other point specified by the user) with 
a specified velocity, while meeting all speed 
and headway constraints for an HEH group of cars. 
In most cases, this will require iteration to a 
final design.

Two alternative procedures have been de
veloped for the calculation of the motion of 
cars rolling under gravity from the hump into 
the classification tracks. The first is a 
manual procedure that requires the construction 
of scale drawings and calculations in a tabular 
format. The advantages of the manual procedure 
are that it:

Although a worst-case situation may occur relatively infrequently, the consequences of, say, overspeed 
impacts between cars or misswitched cars may be severe from an operational and cost standpoint.
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• Does not require the availability of or 
familiarity with a digital computer.

• Follows on the well-known classical 
procedure for the calculation of the 
motion of cars.

• Gives the user, as a part of the graphi
cal process, a "feel** for the behavior 
of individual cars.

The second procedure is a computer simula
tion model called PROFILE. This program simu
lates the motion of a sequence of up to three 
cars in their roll from the hump into the clas
sification tracks. The advantages of the 
computer-aided procedure are that it is:

• Far more fast and easy to use.
• More accurate in its ability to conform 

more closely to the theoretical model.
• Less likely to have user errors; it is 

relatively easy and inexpensive to re
cover should such errors occur.

5.2 Manual Procedure
The basic equation of the manual procedure 

relates energy head at two points 1 and 2 of a 
section of track:

h - h + Ay + mAL , (1)
e ,  z  e ,  1

where
h 9 = energy head at a downstream point (ft)e, z
h .. = energy head at an upstream point (ft) e, i
Ay = drop between points 1 and 2 (ft)
m = sum of energy losses (ft of head per 

ft)
AL = distance between points 1 and 2 (ft).
The energy loss term m is the sum of the

individual energy losses:

m  *  Qf +■ 9  V  +  s  +  c  +  W  +  e  ,  ( 2 )
1  w  r  r  r

where
a '  -  static car resistance (lb of resistance 

per lb of car).
3̂  = velocity-dependent car resistance (lb per 

lb/ft per sec)
= velocity at point 1 (ft per sec)

s = switch loss (ft of head per ft) (applies
only if the section is a switch)

c = curve loss (ft of head per ft) (applies 
only if the section is a curve)

w^ * wind loss (ft of head per ft)
e = retarder extraction (ft of head per ft) 

(applies only if the section is a re
tarder) .

Except for V̂ , the individual terms and coeffi
cients of Equation (2) are specified by the 
user. This equation is plotted graphically by 
the user in a point-to-point representation on 
a profile drawing as shown in Figure 3. The 
energy head over the entire profile is repre
sented as a series of such sections. It is at 
the userfs discretion to determine the number 
and location of sections needed to represent a 
car’s roll from hump crest to a point of coupling 
on the classification track. Usually, new sec
tions begin where there is a major change in 
track characteristics, such as grade or hori
zontal curvature. Sections are also required 
for the representation of switches and retarders. 
The velocity at any point can then be directly 
converted from the energy head at the point 
using the relation

vt ■ M .  ik • <3)

where
V_̂ = speed (in ft/sec)
g = gravitational acceleration constant 

(32.2 ft/sec2)
k = rotational head correction factor for 

energy stored in rotating wheels and 
axles.

The velocities thus computed are then integrated 
to yield distances from which time-distance 
diagrams of the motion of each car are drawn. 
Distance headways are scaled directly from these 
diagrams.

If there are a large number of sections 
(say, 40 or more), these manual calculations 
can be both tedious and time consuming, thereby 
impeding experimentation with alternative de
signs . Furthermore, the calculations become 
even more cumbersome if there is a velocity- 
dependent rolling resistance term.

5.3 Computer-Aided P r o c e d u r e: PROFILE

This model is a continuous time simulation 
of up to three consecutive cars rolling over 
the hump into the classification tracks. The 
trajectory of these cars in the time-distance 
plane is calculated. From this trajectory, 
nearly any variable of interest can be obtained.

The model allows a user to specify param
eters associated with hump height, grades of
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track sections, and for each track section, the 
rolling resistance for various types of cars 
traveling in sequence over the hump. Provisions 
to add extra resistance for curved sections of 
track, wind, and switches are included in the 
model. At switches, switch resistance is as
sumed to be in the form of feet of velocity-head 
drop at the point of the switch location. The 
simulation assumes that the rolling behavior of 
a car is governed by the following differential 
equation:

V ’ hS (9 ‘ R1 * R2V) * (4)

where
V = velocity of the car
0 = grade of the track section
g = acceleration of gravity
M = mass of the car
1 = equivalent rotational mass of the wheels

of the car
= sum of all static rolling resistance 
terms

= sum of all velocity-dependent rolling 
resistance terms.

The simulation also assumes that at retarder 
sections of the length of the section is given 
and that the maximum and actual retardation 
forces in feet of velocity-head drop per foot 
of retarder length are also given.

The outputs of the simulation are speed of 
cars versus distance (or time) and headway of 
trailing cars versus distance (or time). These 
are given in both tabular and graphical formats. 
Sample graphical outputs are shown in Figures 4 
and 5.

A computer-aided hump design process using 
this program will be more accurate and less 
time consuming than the manual procedure. This 
will allow more experimentation with and evalua
tion of alternative hump designs and thus will 
ensure the most optimum design.

6.0 Trim-End Conflict Evaluation Procedures
6.1 Problem Description

One of the most important functions of a 
classification yard is to make up departing trains by coupling cars in the classification yard and pulling them to the departure yard.
This necessitates many back and forth trips by 
the trim engines between the classification and 
departure yards. The engines travel with a 
string of cars from the classification yard to 
the departure yard and travel light on the re
turn movement. These trim-engine movements

conflict at the throat, creating a bottleneck in 
the yard operations. The conflicts of engine 
movements may be caused by several factors, such 
as geometric conditions, yard traffic charac
teristics, and the trim-engine operations. These factors are interrelated; often it is not clear 
which factor contributes most to the engine 
movement conflicts. The problem can be allevi
ated by a careful analysis of engine movement 
conflicts realized under given conditions.

Both a manual and a computer-aided proce
dure were developed for evaluating engine move
ment conflicts. Yard geometry, traffic at the 
throat, and the engine operational policy are 
given as the inputs to both procedures. The 
procedures merely identify the conflict loca
tions and times. In the envisioned design 
process, the yard designer will evaluate his 
trial designs using either the manual or the 
computer-aided procedure.

6.2 Manual Procedure
The manual procedure was developed as an 

alternative to the computer-aided procedure.
The manual procedure is not necessarily simple; 
it requires time-consuming, tedious work. It 
is essentially a simulation procedure using 
pencil and paper.

First, all links and major routes are iden
tified. A link is a segment of track that only 
one engine can occupy at a time. For example, 
a classification track can be defined as a link, 
a pullout lead can be defined as a link, and so 
forth. A route is an ordered set of links that 
connect the classification track lead and the 
departure track lead. It is possible to have 
more than one route for a pair of origin and 
destination links; in this situation the user 
specifies the priority in which routes are to 
be utilized. It is assumed that all routes can 
be used for both directions (from the classifi
cation yard to the departure yard, and vice 
versa). The routes identified in this process 
are tabulated for later use.

Second, the engine and block movements are 
identified. Here, each engine trip is specified 
by its origin track, its destination track, the 
route to be taken, and the time periods to be 
spent at key locations in the trip. The trip 
is specified for both the trim engine and line- 
haul engines. The origin and the destination of a trip are located either at a classification 
or a departure track. The classification track 
number from which a block is ready to be pulled 
at a given time is identified from the output 
of the yard capacity requirement analysis. The departure track to which the block is pulled must be identified by the designer. The routes 
to be taken by blocks and light engines are chosen from the route tabulations prepared 
earlier. If these exist on more than one route, 
then the highest priority route is selected; if 
there is a conflict on this route, then the next highest priority route is chosen, and so 
forth. The time durations spent in these trips14-
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are estimated by the designer. To simplify the 
calculations, these time durations are rounded 
to the nearest 10 min.

Third, the engine conflicts are presented 
in an engine conflicts diagram (see Figure 6).
If a route is taken by an engine, the corres
ponding time slot of the route is marked by a 
number that indicates the departing train being 
made up by the engine. In Figure 6, route 1 is 
taken from 3:00 A.M. to 3:30 A.M. by an engine 
that carries a block of departure train 5. The 
bar on the top of the number indicates that the 
engine travels the route in the reverse direc
tion, that is, from the departure yard to the 
classification yard or from the main line to 
the departure yard. Whenever one column of the 
engine conflicts diagram is occupied by two or 
more moves, a potential conflict is identified. 
The time slots in which potential conflicts 
exist are identified by arrows in Figure 6.

The engine movements schedule with no con
flicts is given in Figure 7, which was made by 
eliminating the conflicts shown in Figure 6. A 
comparison of Figure 7 with Figure 6 shows that 
departure trains 10 and 11 are delayed by 10 
min because of engine conflicts.

Conflict evaluation work is completed after 
a modified engine conflicts diagram is drawn up. 
The user would then examine when and where con
flict occurs and attempt to alter the trim-end 
geometry (i.e., parallel leads or extra cross
overs) to eliminate major conflict points. The 
above manual evaluation process would continue 
on each alternative design until the designer 
is satisfied.

• Delay time of engines caused by conflict 
for each link, route, and the combina
tion of link, engine, and route (hourly 
statistics).

• Idle time, break time, route selection 
time of each engine and its link (hourly 
statistics).

• The number of trips made by each engine 
and the number of cars carried by each 
engine (hourly statistics).

• Travel time of engines for each link, 
route, and the combination of link, 
engine, and route (hourly statistics).

• Engine movements history.
The designer would use this program to 

evaluate a proposed trim-end geometric design. 
The program would essentially tell the designer 
when and where conflicts between trim-engines 
occur. Given this information, the designer 
would attempt to alter the trim-end geometry 
to alleviate conflict, that is, parallel leads 
or extra crossovers. The program would be used 
to evaluate each successive alternative until 
the designer is satisfied.

A computer-aided trim-end yard geometry 
design process using this program will be more 
accurate and less time consuming than the manual 
procedure. This will allow more experimenta
tion with and evaluation of alternative trim-end 
geometric designs to minimize trim-engine con
flicts and ensure the most optimum design.

6.3 Computer-Aided Procedure: CONFLICT
The computer-aided procedure (called CON

FLICT) deals with less simplified assumptions 
and more comparisons and computations than the 
manual procedure. However, the basic principle 
of the computer-aided procedure is identical to 
the manual procedure. The computer-aided pro
cedure is much simpler to use than the manual 
procedure, even though the computer-aided pro
cedure gives more outputs.

The inputs to the simulation model are:
• Geometry of the yard throat, including 

links and routes.
• Classification-track-related informa

tion.
• Departure-track-related information.
• Engine schedule.
• Initial status of the system.
The outputs of the simulation model are:
• All input data.
• Traffic flow at each link and route in 

terms of number of cars and engines 
(hourly statistics). -17-
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SUMMARY OF QUESTION AND ANSWER DISCUSSION 
October 30, 1979

Yard Design Methods 
State of the Art

Presentation by Peter J. Wong 
SRI International

Topics of discussion during the question 
and answer session of the Yard Design Methods 
presentation ranged from technical to very 
general. However, the discussions centered 
mainly around yard geometric design, especially 
the hump profile and bowl track grade design.

Details of the rolling resistance value of 
each design car were discussed. It was pointed 
out that the rolling resistance of each car must 
be adjusted to various conditions. For example, 
the designer may have to choose a higher rolling 
resistance value for a hard rolling car in the 
northern United States than in the South. For 
design purposes 18 lb/ton can be used. In 
actual operations, rolling resistance values 
can be used.

The noise problem around railroad classifi
cation yards was discussed. Most participants 
agreed that there is no miraculous solution to 
their problem. Certain aspects of the noise 
problem will be covered in the manual.

Another topic covered in the discussion 
session was rolling resistance distribution, 
and the importance of obtaining this distribution 
was recognized.
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CLASSIFICATION YARD TECHNOLOGY QUESTIONNAIRE SECTION

A questionnaire was included as part of the 
Workshop Notebook. This questionnaire provided 
an opportunity for participants to contribute 
additional feedback beyond the feedback received 
during the discussion periods. The questionnaire 
contained many specific questions useful as in
puts to the projects being addressed at the 
Workshop. The "General", "Comments", and "Yard 
Design Methods" sections are addressed here, while 
the other questionnaire sections are included in 
the proceedings under their appropriate subject 
areas.

General Questionnaire Section
1. Do you work for a railroad company ___

supplier ___  other ___ ?
2. What aspects of yard operations typically 

generate the most problems?
What research should be conducted?

3. What types of yard hardware typically gener
ate the most problems?
What research should be conducted?

4. To what degree are yard personnel (particu
larly the yardmaster) aware of the impacts
of their actions on the rest of the railroad?

5. To what degree are they able to concern 
themselves with improving system performance 
rather than performance of the individual 
yard (as in system-wide blocking policies)?

6. Is equipment reliability a serious limitation 
on yard performance?

7. Are train schedules, availability of motive 
power, etc., serious limitations on yard 
performance?

8. To improve yard technology, what other re
search projects would you like to see FRA 
sponsor?

QUESTIONNAIRE RESPONSES 
"General" and "Comments" Section

27 questionnaires were submitted, some only 
partially completed. 17 were from railroad staff, 
4 from suppliers, and 6 from individuals who 
classified themselves as "other". (These included 
representatives of rail organizations, retired 
railroaders, and consultants.) A large number of 
problems in yard operations were identified, with 
different respondents focusing on different

aspects. The largest number of comments related 
to difficulties associated with lack of regularity 
in traffic or operations; late arrivals, disregard 
of schedule, traffic variations, weather, handling 
of bad order or other special cars, and locomotive 
shortages. Most elements of the basic yard opera
tion were mentioned: inspection delays, speed
control (impact speeds, trimming, failure to 
couple) make-up of departing trains, and trim
end conflict. Another frequently mentioned area 
involved administrative and information processing 
factors: handling of waybills, lack of advance
consist information, coordination of crews, and 
the need for more meaningful measures of yard 
performance. A final area can be described as 
"human factors"; this includes primarily matters 
of employee motivation and work rules.

In response to a question concerning the 
types of yard hardware which generate the most 
problems, a variety of answers were again found: 
retarders, computers, turnouts, communication 
systems, track circuits, and wheel detectors. 
"Retarders", which were mentioned by many, 
includes noise considerations.

In both of these "problem identification" 
areas, the research recommendations were typically 
general and simply called for improvements in 
whatever problem areas the individual had noted. 
Several people called for planning aids and 
operational analysis to minimize resource require
ments. The need for better couplers was mentioned 
frequently.

There was a mixed opinion as to estimates of 
the degree to which yard personnel are aware of 
the impact of their actions on the rest of the 
railroad— most received a real but limited aware
ness— but it was virtually unanimous that yard 
employees are so pressed by local concerns that 
they cannot actually concern themselves with 
system-wide (rather than individual yard) per
formance.

Of 18 who answered, 15 felt that equipment 
reliability was not typically a limitation on 
yard performance. There was almost a unanimous 
feeling that lack of availability of motive power 
was sometimes a serious constraint on yard per
formance; only a few individuals found schedules 
to be a problem.

When asked for general research recommenda
tions, those who answered, most often mentioned 
various types of operational analysis; some 
referred to human factor issues. Specific 
technologies included scales, couplers, car 
identification, and pollution control. Location 
of yard facilities and "futuristic" yard designs 
were mentioned.
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YARD DESIGN METHODS QUESTIONNAIRE SECTION

1. What yard projects will you be undertaking in
the near future: new yard or rehabilitation?

2. What are the reasons for undertaking the yard 
project?

3. When was the last time a major yard project 
was undertaken?

4. What is the experience level of the current
staff in yard projects: low___ , medium ____
or high ___ ?

5. What areas in yard design would you like
the FRA/TSC Yard Design Manual to concentrate 
on?

6. Which area of the yard seems to limit yard 
performance (hump, throat, departure yard, 
receiving yard, etc.)?

Seventeen of the 24 respondents said that 
they would be undertaking yard projects in the 
near future or that they presently had projects 
underway. There are new yards in the planning 
stage or underway. Six railroads undertook 
their last major yard projects in the 1970*8; 
one undertook its most recent project in 1960, 
and another started its last one in 1959.

Opinions varied on the experience level of 
the current staff handling yard projects. Seven 
respondents rated their staffs* levels as high, 
eight as medium, and four as low.

Reasons frequently given for undertaking 
yard projects were to reduce operating costs 
and increase productivity and efficiency (e.g., 
by eliminating congestion caused by arriving and 
departing trains). Traffic growth had necessi
tated several of the projects, as had outdated 
yards and the need to improve service and de
crease impact damage.

The pullout (or trim) end of the yard was 
the area most frequently cited for limiting yard 
performance. The throat and hump areas were 
also often mentioned. The additional rehandles 
(e.g., of weigh cars and shop cars), waybills in 
the receiving yard, and management*s daily 
planning and scheduling were other factors listed 
as limiting yard performance.

Design Manual to concentrate on include:
• Total yard performance.
• Throughput analysis.
• Comparison of designs, showing advantages 

and disadvantages.
• Step-by-step design procedure with 

associated tables and computations.
• Detailed engineering methods for 

determining yard capacity.
• Layout and grades for optimum performance
• Various track configurations at the 

hump-end and the associated types of 
retarder systems.

• Alternative approaches to predicting 
exit velocity out of retarders.

• Alternative methods of car control 
(measuring and speed control devices).

• Car reliability values.
• Various areas of the yard:

- Switch area
- Pullout end
- Relationship between departure yard 
and trim-end conflict and subsequent 
effect on total yard capacity.

• Computer control:
- Process control
- Management information systems
_ Detailed explanation of computer 
model logic.

• Flat yards.
• New systems— propulstion, sorting, in

spection, switches.
• Decision-making aspect of operating a 

physically well-designed yard.
Areas in yard designs for the FRA/TSC Yard
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ELKHART YARD REHABILITATION: A CASE STUDY

C. V. Elliott, M. Sakasita, W. A. Stock, P. J. Wong 
SRI International
James Wetzel

Consolidated Rail Corporation

1.0 Introduction
CONRAIL operates over 17,000 miles of line 

and over 300 yards where one or more crews report 
for duty. Many of these lines and yards, includ
ing 18 hump yards, are redundant, serving traffic 
routes of previously competitive railroads.

One of the primary targets of CONRAIL and 
the United States Railway Association (USRA) is 
plant rationalization: the elimination of re
dundant facilities, lines, and functions. Cur
rently, traffic routed via the Chicago and 
Kankakee Belt may move over one of four lines and 
may be classified at one or more of eight major 
yards. Elkhart Yard is in a key location to 
consolidate traffic routes although it does not 
have the capacity to handle all of the traffic 
potentially available to it. About 3,600 cars 
per day are potentially available for classifica
tion at Elkhart, but of these, 850 cars now by
pass Elkhart via other routes and are switched at 
other yards.

Consolidating CONRAIL!s Chicago gateway 
traffic into one primary route and through one 
major classification yard— Elkhart— will lead to 
economics of scale, better network traffic
blocking efficiency, and improved route utiliza
tion. Consolidation of this traffic will also 
permit the elimination of some intermediate 
handlings and duplicate operations, and will pro
vide a more efficient interface with western 
connections.

Figure 1 shows CONRAIL1s western gateway 
routes, Elkhart Yard, and the terminals that will 
be affected by the expansion of the Elkhart Yard 
operation.

Elkhart Yard’s present capacity constraints
are:

(1) Short tracks in the classification yard.
(2) Single track pullout lead on westbound 

yard side.
(3) Excessive distance between the classi

fication yard leads and westbound 
departure yard.

(4) Excessive curvature and distance be
tween the hump crest and class yard 
clearance point.

(5) An obsolete retarder control system.
Items 1, 2, and 3 above are related to the 

classification yard and the westbound trim-end 
geometry, and items 4 and 5 are related to the 
hump-end geometry. Both westbound trim-end 
(including the classification tracks) and the 
hump-end geometry improvement plans were gen
erated and examined using the FRA yard computer 
programs. The work involved in evaluating the 
improvement plans is an iterative process. The 
FRA yard programs, i.e., PROFILE (for hump pro
file design) and CONFLICT (for trim-end geometry 
analysis), were proven to be extremely useful 
analysis tools.

This paper consists of three major parts. 
The first part describes the existing yard 
geometry and proposed plan. The second part de
scribes the hump grade modification plan. The 
third part describes the trim-end geometry modi
fication plan.

2.0 Existing and Proposed Yard Description
2.1 Existing Yard Description

Elkhart Yard, built by the former New York 
Central in 1957, is a first-generation computer
ized hump yard with an in-line receiving yard, a 
hump with electronic retarder controls, a classi
fication yard with a fishtail configuration, and 
two parallel departure yards. Figure 2 is a 
sketch of the present facility.

2.1.1 Receiving Yard
The receiving yard includes fifteen tracks 

for inbound trains. Track capacities range from 
45 to 120 cars in length with adjacent running 
tracks for through movements of trains and loco
motives. The receiving yard switches are power- 
operated and controlled from the main hump tower. 
The hump is in-line with the receiving yard, which 
allows trains to be shoved directly from the re
ceiving yard to the hump.
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2.1.2. Retarder Controls
Two sets of retarders are used in this con- 

trol process. A master retarder, 198 feet long 
and located about 250 feet from the crest, con
trols the speed of all cars. This hump control 
is activated by an analog computer programmed to 
release cars when their velocity has been reduced 
to a predetermined value. A series of switches 
beyond the master retarder splits the hump lead 
into eight group routes, each of which ultimately 
divides into nine tracks for a total of 72 classi
fication tracks. The group retarders are also 
controlled by the analog computer. Velocity cal
culations for the master and group retarder con
trols are based on a series of values, which in
clude a car’s rolling resistance, weight, length, 
speed, track destination, and distance to coup
ling as well as wind velocity, direction, and 
other weather characteristics.

This computerized retarder control system is 
an example of a "first-generation" analog com
puter. It has a limited capacity to measure and 
analyze reliability variables. It is necessary, 
therefore, to employ a retarder operator for mon
itoring the operation and, when necessary, over
riding the programmed commands. In modern yards, 
this need has been made obsolete through the use 
of advanced digital computers.

2.1.3 Classification Yard
The present classification yard (72 classi

fication tracks) is split into two parts. For 
eastbound classifications 39 tracks are retained, 
and 33 tracks are retained for westbound classi
fications. The tracks, varying in length from 
1,440 to 3,180 feet, are capable of holding be
tween 24 and 53 cars, 60 feet long. The short 
tracks are in the center, and the longer tracks 
form the outside groups, creating a V-shaped 
configuration. The unique shape is the source 
of the general design term, fishtail.

2.1.4 Departure Yards
The two departure yards are located on 

either side of the classification yard. The 
eastbound departure yard contains six tracks, 
each with the capacity to hold 112 cars 60 feet 
long. The westbound departure yard contains 
five tracks with the same capacity of 112 cars 
each. Cars pulled from the classification yard 
are shoved into one of the departure yards ac
cording to their destinations. In the case of 
eastbound trains, cars may be moved directly 
from the classification yard to the departure 
yard with a series of sequential moves and 
coupled to another block already on the departure 
tracks.

The design of the westbound departure yard 
produces a less efficient operation than that of 
the eastbound yard because the westbound track 
configuration was originally modified to provide 
an in-bound route for trains coming from the west 
and destined for the receiving yard. This

construction required a 2,000-foot extension of 
the westbound departure yard beyond the end of 
the classification. The cars to be moved from 
the classification yard to the westbound departure 
yard must be handled by a series of intermediate 
switches or over the additional distance of the 
extension. The time consumed in moving cars this 
excessive distance is double the standard time 
required for similar moves to the eastbound de
parture yard. All switches in the trim end of the 
classification yard, as well as those in the de
parture yard, are manual. They slow the operation 
further and restrict the yard capacity.

In addition to the principal components pre
viously described, Elkhart also has auxiliary fa
cilities for car repair and cleaning and locomo
tive service and repair, and an 11-track local 
yard to serve local industry.

2.2 Proposed Improvement Plan
Various designs have been engineered to 

improve the operation and to increase the yard’s 
capacity. They range from a plan to rebuild the 
fishtail into a teardrop configuration with two 
symmetrical departure yards with wide track cen
ters to a plan for constructing a modified west
bound departure yard with power-operated cross
overs at the approximate intersection of the 
classification yard lead and departure yard body. 
Plans to rebuild the receiving yard with wide 
track centers and extend the tracks to hold 150 
or more cars were investigated. Designs were also 
analyzed for a double lead and fully automatic 
computer control including a management informa
tion system and for a single hump lead with tan
gent point retarders on each track.

Each variation of design was evaluated by a 
simulation to determine its capacity. Then the 
operating improvements were measured against 
costs. The yard capacity alternatives ranged from 
a "do-nothing" alternative, with the present ca
pacity of 2,600 cars per day average with a peak 
of 2,900 cars per day to an alternative increasing 
production to a maximum of 4,200 cars per day by 
using a double lead hump.

In August 1979, CONRAIL’s Board approved an 
expenditure of $1.75 million for engineering and 
the initial year’s work. The yard modification 
project is estimated to cost $18 million. This 
expenditure will provide an added throughput ca
pacity of about 500 cars per day with a peak ca
pacity of 3,200 cars. A plan for the modified 
yard is shown in Figure 3.

The improvements to be made include the 
following:

(1) Extending 21 classification tracks to 
hold 40-50 cars each.

(2) Adding two departure yard tracks to the 
westbound departure yard.

(3) Constructing two parallel pullout leads 
with power-operated crossovers.
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(4) Modifying the hump track configuration 
by installing two master retarders.

(5) Installing automatic retarder control 
with automatic self-tuning.

3.0 Hump Grade Modification
3.1 Objectives and Constraints

The maximum humping rate at a yard is gov
erned by many variables, including car rollabil- 
ity, weather, the track configuration, and hump 
profile. The present sustained humping rate at 
Elkhart yard is 1.8 miles per hour. Although 
cars may be humped at higher speeds, the result 
is an increase in adverse events such as mis- 
switches, comer impacts, catch-ups in retarders, 
and overspeed impacts. The required humping rate 
in the proposed plan for providing a switching 
capacity for 3,200 cars per day (each 60 feet 
long) is 2.5 mph. The objective of this analy
sis is to find a design that meets this hump 
speed goal with as few adverse humping events as 
possible and at minimum cost.

Due to budgetary considerations, the range 
of design alternatives that can be considered is 
highly constrained. It is very desirable that 
the current scale be maintained in its present 
location on its present grade.* This permits 
little flexibility in the location of the hump 
crest. Escape tracks on the outside of the out
ermost groups must also be maintained, which re
stricts the configurations that can be considered 
on the bowl end of the hump grade. To reduce re
habilitation costs, it is desirable that the 
present grade (0.0%) from the group retarder to 
the tangent point be maintained. Finally, the 
present low hump speed of the existing design 
primarily appears to be due to the extreme curva
ture and the long distance to the clearance point 
of the outermost groups. Proposed designs should 
include a reduction of the curvature and distance.

3.2 Existing Design and Proposed Design
Alternatives
The existing design consists of 72 classifi

cation tracks arranged into 8 groups of 9 tracks 
each. There is a single master retarder consist
ing of two control sections. There are 8 group 
retarders, one to each group, varying in length 
and number of control sections. Immediately 
after the hump crest is a 105-foot scale on a 3% 
grade. Maintaining this scale in its present 
configuration is desirable for any rehabilitation 
of the hump grades. After the group retarder, 
the grade decreases to zero. At the tangent 
point, it becomes 0.15% (the proposed designs all 
maintain this profile in this area although their 
horizontal layouts differ).

Eight alternate designs were developed in an 
effort to meet the above objectives and con
straints. Of these, five were retained for later 
study and designated Alternatives 4 through 8.
The designs all modify the present Elkhart hump 
grade geometry in the area between the hump crest 
and the tangent point; no modifications to the 
bowl tracks themselves were considered. The de
signs reduce the excessive track curvature in the 
outer groups from 15° to 12°30f. To reduce the 
total central angle and reduce the distance be
tween the hump crest and clearance point, the 
designs call for a turnout before the master re
tarder, thus dividing the yard into two equal 
parts. After examining several alternate 
schemes, a design was developed that fits a 
number-eight equilateral turnout below the exist
ing hump scale. It locates the proposed master 
retarders in a position that requires only minor 
track changes in the center groups, and no change 
in groups two, three, six, and seven. These modi
fications decrease the degree of curvature and 
the total central angle, reduce the distance from 
the crest to the clearance point from 1,344 feet 
to 1,259 feet, and permit retention of the scale. 
No other design alternatives could be generated, 
due to the constraints of simultaneously flatten
ing the outermost group curvature, while keeping 
the scale in its present location. In each de
sign, each master retarder consists of two con
trol sections separately controlled to reduce the 
likelihood of two cars being in the retarder at 
the same time (denoted as catch-up in a retarder). 
This event is more likely to occur in a single 
unit retarder. The group retarders consist of 
single control sections.

It should be noted the Elkhart retarder sys
tem has recently been upgraded from 100 tons to 
160 tons capacity. As a result of the added re
tarder capacity, a reappraisal of the retarder 
requirement for handling an easy-rolling car 
(2 lb/ton), permitted reducing the master re
tarder from an effective length of 192 feet to 
177 feet.

The profile geometries of the present design 
and the five proposed designs are summarized in 
Table 1. A schematic view of the horizontal lay
out of the five proposed designs shown in com
parison to the present design is given in Figure 
4. The horizontal layouts of the five designs 
coincide (with the exception of the deletion of 
the scale in Alternative 8). In the horizontal 
layout, Alternative 8 coincides with Alternatives 
4 through 7 virtually everywhere except in the 
location of the hump crest. The differences be
tween the plans are seen in the different pro
files summarized in Table 1.

A problem inherent to the present hump pro
file is the crest vertical curve. When this yard 
was built in 1957, the average car length was 
only 45 feet. Today the average car handled

Primarily for purposes of comparison, one design reported herein was tried that eliminated the scale. 
However, because one of the designs with the scale was a better performer and because retaining the 
scale is so desirable, further designs without the scale were not pursued.
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Table 1

SUMMARY OF THE GEOMETRIES AND SIMULATED PERFORMANCE 
OF PRESENT AND FIVE PROPOSED HUMP GRADE DESIGNS

Present Alternative
Profiles Design 4 5 6 7 8

Grade
End Vertical Curve to 
Scale

3.00% 3.19% 3.19% 3.19% 3.19% 3.19%

Scale 3.00% 3.00% 3.00% 3.00% 3.00% Scale
eliminated

Scale to Master 
Retarder

3.00% 4.00% 4% decreasing 
to 3%

4.00% 4.00% 5.00%

In Master Retarder 4.15%
decreasing 
to 3.9%

4.00% 3.00% 3.00% 1.75% 5.00%

Master to Group 
Retarder

0.93%
increasing 
to 1.18%

0.50% 1.50% 1.50% 1.75% 0.50%

Group Retarder 1.39% 1.18% 1.35% 1.00% 1.40% 1.18%
Group Retarder to 
Tangent Point

0% 0% 0% 0% 0% 0%

In Bowl 0.15% 0.15% 0.15% 0.15% 0.15% 0.15%
Crest Location Unchanged Moved 10 ft 

toward bowl
Moved 10 ft 
toward bowl

Moved 10 ft 
toward bowl

Moved 10 ft 
toward bowl

Moved 115 ft 
toward bowl

Crest Vertical Curve 
Length

80 ft* 80 ft 80 ft 80 ft 80 ft 80 ft

Distance, Crest to 
Clearance Point

1,344 ft 1,259 ft 1,259 ft 1,259 ft 1,259 ft 1,154.1 ft

Location Where Colli
sion Occurs According 
to Simulation

1,230.3 ft 1,207.1 ft 1,162.7 ft 1,173.1 ft 1,168.6 ft 1,077.7 ft

Distance Before Clear- 113.7 ft 51.9 ft 96.3 ft 85.9 ft 90.4 ft 76.4 ft
ance Point Where 
Collision Occurs

For comparison purposes, the crest vertical curve was lengthened from 50 ft to 80 ft. This change is 
contemplated, regardless of any other changes that may be made, to better accommodate long-wheelbase 
cars.

through Elkhart is over 60 feet long. In 1957, 
a 50-foot vertical curve was desirable for 
faster separation, but switching longer cars 
today over a 50-foot vertical curve creates a 
problem with binding knuckles and stuck pins. 
The solution to the stuck pin problem is a 
longer vertical curve (80 feet); however, with 
a flatter hump and longer cars, separation is 
decreased. To compensate for the slower break
away, the hump crest was moved 10 feet toward 
the bowl, and the grade between the crest and 
the scale was increased from 3.00% to 3.56%."̂

The crest vertical curve was used in each proposed 
design. Because even a minimum upgrade of the 
existing Elkhart hump necessitates lengthening the 
hump crest, this one improvement was also included 
for comparison in the test of the present design.

3.3 Evaluation Procedure
Each of the five proposed designs was eval

uated using the FRA PROFILE hump gradient simula
tion model. Because PROFILE is a one-route

The 3.19% grades reported in Table 1 are effective grades traversed by the center of gravity of a 60- 
foot car. Because of the car’s wheelbase, its center of gravity will never actually experience des
cent on a 3.56% grade. ,-2 8-



simulation, only the outermost track (this being 
the worst case) of the outermost group was eval
uated. This track is the worst case because it 
has the most curvature and the longest distance 
from crest to the clearance point.

The evaluations were performed based on 
hardest- (slowest) and easiest- (fastest) rolling 
cars. Only velocity-independent (static) rolling 
resistances were considered. The hardest-rolling 
car was assumed to have an 18 lb/ton initial re
sistance, dropping to 15 lb/ton after the group 
retarder. The easy-rolling car was assumed to 
have a resistance of 2 lb/ton throughout. The 
worst situation considered was a triplet where a 
hard-rolling car was followed by an easy-rolling 
car, which was followed by another hard-rolling 
car traveling to the last switch on the farthest 
outside track. The hard-rolling cars were re
tarded as little as possible to achieve maximum 
penetration into a class track assumed to be 
empty. The easy-rolling cars were retarded to 
maintain 4 miles per hour at the clearance point 
since they were assumed to be targeted to an ad
jacent class track nearly full. In addition, 
each car was retarded to limit its speed to at 
most 15 miles per hour at all facing point 
switches. The additional losses taken for all 
simulated cars were:

• On curves— .04 foot of velocity head/ 
degree of central angle (without curve 
oilers) or .025 foot/degree of central 
angle (with curve oilers).

• On switches— .025 foot of velocity head/ 
switch traversed.

All car lengths were taken as 60 feet, and in all 
cases, a 2.5 mile-per-hour hump speed was used.

Under these assumptions, the easy-rolling 
car tends to overtake the hard-rolling car ap
proximately up to the area of the group retarder. 
In the group retarder, however, the easy-rolling 
car must be retarded so severely that after this 
point the hard rolling car is the one that tends 
to overtake the easy-rolling car.

The target speed for the easy-rolling car 
(4 miles-per-hour at the clearance point) is an 
extremely taxing trial for any design. Usually, 
the target will be 4 miles per hour at the tan
gent point. However, the clearance point was 
used in this study because it is the most extreme 
case any design will be asked to handle. (Occa
sionally, under extremely heavy traffic condi
tions it will be necessary to b^ck cars around 
the curved track upstream from the tangent point.) 
If a design works for the 4 miles-per-hour target 
speed at the clearance point, it should certainly 
perform adequately when the target is 4 miles per 
hour at the tangent point. If a design does not 
work for the 4 mile-per-hour clearance point tar
get speed, but does perform adequately for a 
4 mile-per-hour target speed at the tangent 
point, it can still be considered when no better 
design is available because loading the class 
tracks upstream from the tangent point is com
paratively rare. In such designs, however, ade
quate performance with a 4 mile-per-hour target

speed at the tangent point is a must. The per
formance in such a case can be verified through 
a separate PROFILE run.

Only the overall results from the design 
evaluations done by PROFILE will be summarized 
here. (A more detailed discussion will be contained 
in a yard design manual to be published in 1981.
It will be available from the National Tech
nical Information Service, Springfield, Va. 22161). 
The usual evaluation procedure for one design re
quires at least two and often more runs by the 
PROFILE model. In the first run, the hard- and 
easy-rolling cars are simulated without any re
tardation to obtain the speeds they would attain ' 
if allowed to roll freely. Examining speeds at 
switches and at other target speed points such as 
the clearance point or tangent point allows simple 
energy calculations to be performed yeilding the 
excess velocity heads that must be extracted from 
the cars by retardation. A second PROFILE run is 
then made with these values as the retarder set
tings. Sometimes this second run is sufficient to 
evaluate a designfs performance; however, often 
headway problems will be discovered between cars, 
and further runs will be necessary to revise the 
retarder settings to obtain the best possible performance for which the design is capable.
3.4 Results of Evaluations

Over 100 separate iterations were made an
alyzing these designs with the FRA-PROFILE model. 
These analyses revealed that none of the designs 
could satisfactorily separate the two cars prior 
to the clearance point. In fact, the headways 
were so close that in none of the designs could 
the cars be separated at the last switch (thus 
the catch-up preceding the clearance point was 
only a misswitch, not a cornering). However, as 
previously stated, retarding the easy-rolling car 
to achieve 4 miles per hour at the clearance 
point is an extreme trial for any design. In
deed, all of the proposed designs are far better 
performers than the existing design.

Under these assumptions, design Alternative 
4 performed the best, with the cars coupling 
51.9 feet before the clearance point. In a sepa
rate run, when the easy-rolling car was retarded 
to achieve the less severe target of 4 mile's-per- 
hour at the tangent point, design Alternative 4 
performed well, with headways sufficient for 
switching being maintained through the last 
switch, and no catch-up prior to the clearance 
point. Based upon these series of runs, design 
Alternative 4 was chosen as the basis for the re
habilitation of the hump end of Elkhart Yard.

Finally, a limited sensitivity analysis re
garding car length was performed on the Alterna
tive 4 design. The final Alternative 4 PROFILE 
run was rerun changing only the car lengths in
volved. Two such runs were made; one with all 
cars of 45-foot length, and one with all cars of 
86-foot length. The results of these sensitivity 
runs are summarized in Table 2. As expected, 
there are some slight differences in the location 
where the coupling collisions occur. However, 
with the short cars, two cars were found to be in 
the same retarder control sections in both the 
master and group retarders; this despite there 
being two control sections for the master retarder.
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Table 2
LIMITED SENSITIVITY ANALYSIS WITH REGARD TO CAR LENGTH 

FOR ALTERNATIVE 4

Distance Before 
Collision Point Clearance Point

Distance Where Collision
Car Length from Crest
(feet) (feet)
45 1,187.3
60* 1,207.1
86 1,231.1

*Normal run previously reported

Therefore, on the basis of these runs, the Al
ternative 4 design was revised to have three 
control sections for the master retarder, and two 
control sections for the group retarder.

3.5 Detailed Examination of a PROFILE Simulation
Run for Alternative 4
This section presents a typical PROFILE 

model simulation output, and at the same time 
provides a more detailed look at design Alterna
tive 4. A partial PROFILE output, summarizing 
most of the important portions of the output, is 
shown in Figures 5 through 9. The run presented 
in these figures is the "normal" run for design 
comparisons reported in Table 1.

First, the model prints an "echo-back" of 
the input parameters. Certain model control 
parameters comprise the first part of the "echo- 
back"; these are shown in the top portion of 
Figure 5.

The specified track geometry comprises the 
next portion of the "echo-back"; this geometry 
comprises the bulk of Figure 5 and indicates the 
nature of the track geometry input required by 
the model. The entire profile grade is repre
sented as a series of track sections of uniform 
characteristics. As can be seen in Figure 5, 
these charactersitics include such features as 
section length, grade, car rolling resistances 
(since these can change section-by-section), 
curve resistance, switch loss, and retarder 
characteristics. Of course, certain parameters 
(such as curve resistance, switch loss, and re
tarder characteristics) may not be applicable in 
all track sections, in which case they are set 
to zero by the user when preparing the input.
The details of the Alternative 4 design are

Occurs
(feet) Other Events of Note
71.7 Catch-up in master

and group retarders
51.9 None
27.9 None

evident in Figure 5; for example, the two control- 
section master retarders (as originally envisioned 
when running the normal Alternative 4 design) can 
clearly be seen.

The last portion of the "echo-back" consists 
of the characteristics of cars that are to be 
simulated, except for track section-dependent 
rolling resistances, which were given earlier 
with the track data. The data that must be en
tered by the user to describe the cars is evident 
in Figure 6.

Immediately after the car data (on the same 
page) is found a list of undesirable events that 
may have occurred during the course of the simula
tion. This information comprises the first part 
of the simulation output proper. For example, in 
Figure 6 the report on the collision before the 
clearance point, which was alluded to earlier, 
can be seen.'f* Other events which may be reported 
here could include a car stopping, or a catch-up 
within one control section of a retarder.

The primary numerical output of the PROFILE 
simulation is a table giving the position of each 
car at uniform, user-specified intervals of time. 
Additionally, the positions of the cars are re
ported at every track section boundary. An ex
ample of this table is given in Figure 7. Each 
row contains pertinent information giving a com
plete status of the named car. The information 
reported includes car travel time (time since the 
reported car crested the hump), system time (time 
since the first car crested the hump), distance 
of the car’s center of gravity from the hump 
crest, time and distance headways to the preced
ing car, instantaneous velocity and velocity 
head, and the track section of the location of 
the car’s center of gravity.

i The collision distance reported in Table 1 was the location of the couplers at the impact point, while 
the distances reported in the output shown in Figure 6 are the locations of the centers of gravity of 
the involved cars. Hence, the distance'in Table 1 is, for example, the location of the trailing car 
plus half its length.
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SRI HUMP PROFILE SIMULATION - ALTERNATIVE 4 - DEMONSTRATION RUN

S IM U L A T IO N  T IM E  STEP , DELTA T. SEC 1 .0 0 00
HUMP SP EED , M IL E S  PER HOUR 2 .8 0 0 0
DATA P R IN T  INTERVAL, SEC 1 .0 0
TABLE SW ITCH 1
PLOT SW ITCH 1
P R IN T E R  WIDTH (CHARACTERS) 132

T R A C K  D A T A

♦ TRK+
♦ SE C +

LENG + CUM. +GRADE+  
(F T ) ♦  LENG ♦ ( P C T )+  

♦  (F T )  ♦

R E S I S T A N C E S  ♦ SWITCH-1-
- ............................... ♦ ........... ♦  LO SS ♦

R O L L I N G  ♦ H O R I2 . -K F T  OF+ 
♦ .................♦ ................. ♦ CURVE +VELO C. ^

RETARDATION  
(FT . OF VEL. 

HEAD)

♦  MAX. ♦  
♦ RETA R - ♦  
♦ DATION +  

- ♦ (F T  OF+

D E S C R I P T I O N

♦  S T A T IC  ♦ V ELO C ITY  ♦ (L B /T )+ H E A D )  +CAR 1+CAR 2+CAR 3+VELO C.+
♦ (L B /T O N )  ♦ ( L B /T O N )/ ♦  ♦  ♦  ♦  ♦  ♦ HEAD) +
♦  ♦ ( F T /S E C )  ♦  ♦  ♦  ♦  ♦  ♦  ♦

♦ EASY♦ HARDTEASY+HARD+

1 6 .0 0 .0 .95 2 .0 0 1 6 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 CREST TO EVC
2 7 .0 6 .0 1 .4 7 2 .0 0 1 6 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 VC1 TO VC2
3 1 0 .0 1 2.0 2 .2 0 2 .0 0 1 6 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 VC2 TO VC3
4 1 6 .0 2 2 .0 3.01 2 .0 0 1 8 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 VC3 TO VC4
5 1 0.0 4 0 .0 3. 19 2 .0 0 1 8 .0 0 -0 . 0 0 - 0 . 0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 VC4 TO EVC
6 1 0.0 8 0 .0 3. 19 2 .0 0 1 8 .0 0 -0 . 0 0 - 0 . 0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 EVC TO SCA LE
7 1 06 .0 6 0 .0 3 .0 0 2 .0 0 1 6 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SCA LE
6 1 0 .0 168 .0 3 .5 0 2 .0 0 1 6 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SCA LE  TO K SW
0 1 .0 1 78 .0 4 .0 0 2 .0 0 1 6 .0 0 -0 . 0 0 - 0 . 0 0 10.61 .03  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 K IN G  SW

10 4 2 .0 176 .0 4 .0 0 2 .0 0 1 8 .0 0 -0 .0 0 -0 .0 0 10.61 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 KSW 1 E SW1
11 6 .0 2 1 6 .0 4 .0 0 2 .0 0 1 8 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 KSW TO BHC1
12 6 0 .0 2 2 6 .0 4 .0 0 2 .0 0 1 6 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 BHC1 TO EHC1
13 3 4 .0 2 7 6 .0 4 .0 0 2 .0 0 1 8 .0 0 -0 .0 0 -0 .0 0 6 .5 8 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 HC1 TO BVC2
14 1 0.0 3 1 0 .0 4 .0 0 2 .0 0 1 8 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 BVC2 TO MASTER
16 6 6 .0 3 2 0 .0 4 .0 0 2 .0 0 1 6 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  4.61  4 .6 2  4.61 4 .6 2 MASTER 1
16 118 .8 3 6 6 .0 4 .0 0 2 .0 0 1 8 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  1 .4 3  8 .7 8  1 .4 3 8 .4 0 MASTER 2
17 2 9 .0 6 0 1 .8 2 .2 5 2 .0 0 1 8 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 MASTER TO SW2
16 1 .0 6 3 0 .8 .50 2 .0 0 1 5 .0 0 -0 .0 0 -0 .0 0 12.5 5 .03  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SW 2
19 8 0 .0 8 3 1 .8 .50 2 .0 0 1 5 .0 0 -0 . 0 0 - 0 . 0 0 12.5 5 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SW2 TO ESW2
20 1 34 .0 6 6 1 .8 .50 2 .0 0 1 6 .0 0 -0 .0 0 -0 .0 0 10.0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 ESW2 TO TAN ESW
21 8 0 .0 7 1 8 .8 .50 2 .0 0 1 5 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  “0 .0 0  -0 .0 0 -0 .0 0 EHC2 TO TANESW
22 6 6 .0 7 6 5 .8 .80 2 .0 0 1 5 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 TAN ESW TO ESCA PE SW
23 1 .0 6 3 3 .6 .50 2 .0 0 1 5 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 .03  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 ESCA PE SW
24 1 6 .0 6 3 4 .8 .50 2 .0 0 1 5 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 ESCA PE SW TO BVC3
28 1 0 .0 6 4 9 .8 .75 2 .0 0 1 5 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 BVC3 TO GP 8 RET
26 1 18 .8 6 8 9 .5 1 .1 6 2 .0 0 1 5 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  0 .0 0  7 .6 2  0 .0 0 8 .4 0 GROUP RET.
27 1 0 .0 9 7 8 .0 .50 2 .0 0 1 2 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 GRP. RET. TO SW 3
26 1 .0 9 6 8 .0 0 .0 0 2 .0 0 1 2 .0 0 -0 .0 0 -0 .0 0 7 .6 4 .03  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SW 3
29 8 0 .0 9 6 6 .0 0 .0 0 2 .0 0 1 2 .0 0 -0 .0 0 -0 .0 0 7 .8 4 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SW 3 TO ESW3
30 4 8 .0 1036.0 0 .0 0 2 .0 0 1 2 .0 0 -0 . 0 0 - 0 . 0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 ESW3 TO SW4
31 1 .0 1 061.0 0 .0 0 2 .0 0 1 2 .0 0 -0 . 0 0 - 0 . 0 0 14.64 .03  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SW4
32 4 2 .0 1062.0 0 .0 0 2 .0 0 1 2 .0 0 -0 .0 0 -0 .0 0 14.64 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SW 4 TO ESW4
33 4 6 .0 1124.0 0 .0 0 2 .0 0 1 2 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 ESW4 TO SW5
34 1 .0 1170.0 0 .0 0 2 .0 0 1 2 .0 0 -0 . 0 0 - 0 . 0 0 6 .7 6 .03  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SW 5
38 4 2 .0 1 171.0 0 .0 0 2 .0 0 1 2 .0 0 -0 .0 0 -0 .0 0 6 .7 6 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 SW 8 TO ESW5
36 4 6 .0 1 213.0 0 .0 0 2 .0 0 1 2 .0 0 -0 .0 0 -0 .0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 ESW5 TO CL
37 3 1 4 .0 1 259.0 0 .0 0 2 .0 0 1 2 .0 0 -0 .0 0 -0 .0 0 6.61 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 CL PT TO TAN PT
36 2 6 0 0 .0 1673.0 . 16 2 .0 0 1 2 .0 0 -0 . 0 0 - 0 . 0 0 -0 .0 0 -0 .0 0  -0 .0 0  -0 .0 0  -0 .0 0 -0 .0 0 TAN PT TO IN ER T  RET

F I G U R E  5 E X A M P L E  O F  E C H O - B A C K  O F  S I M U L A T I O N  P A R A M E T E R S  A N D  

T R A C K  G E O M E T R I C  D A T A  -  N O R M A L  R U N  O F  A L T E R N A T I V E  4

CAR DATA
TYPE OF ROLLER, 1 ■  EASY , 2 ■  HARD

CAR TYPE CAR WEIGHT EXTRA WIND WINO
NO. ROLLER LENGTH OF CAR WEIGHT RES  IS RES I S

WHEEL STAT VELOC
ROTATION (L B /T )

(F T ) (TON S) (TONS) (L B /T ) / ( F P S )
1 2 6 0 .0 0 3 0 .0 0 1 .0 0 -0 .0 0 -0 .0 0
2 1 6 0 .0 0 7 0 .0 0 1 .0 0 -0 .0 0 -0 .0 0
3 2 6 0 .0 0 3 0 .0 0 1 <00 -0 .0 0 -0 .0 0

A C O L L IS IO N  OCCURRED AT T IM E  1 04 .67  SEC . BETWEEN
CAR 2 -  VEL  ■  4 .3 0  MPH, D IS T  ■  123 7.0 7  F T .,  T IM E  ON TRACK -  66.31  SE C .
CAR 3 -  VEL  ■  1 1 .6 6  MPH, D IS T  ■  117 7 .0 7  F T .,  T IM E  ON TRACK ■  7 1 .0 4  SEC .

F I G U R E  6 E X A M P L E  O F  E C H O - B A C K  O F  C A R  D A T A  A N D  S I M U L A T I O N  P R E D I C T I O N  

O F  A N  U N D E S I R A B L E  E V E N T  -  N O R M A L  R U N  O F  A L T E R N A T I V E  4
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CAR NO. 2
D I S T A N C E  T I M E

D IS TA NC E HEADWAY HEADWAY IN S T A N  I N S T A N 
CAR TRAVEL SYSTEM ALONG BETWEEN BETWEEN TANEOUS TANEOUS V E L O C I T Y TRACK

T IM E T I M E TRACK PREC CAR PREC CAR V E L O C I T Y V E L O C I T Y HEAD S E C T I O N
( S E C ) ( S E C ) ( F T ) ( F T ) ( S E C ) ( F T / S E C ) (MPH) ( F T ) NUMBER TRACK S E C T I O N  D E S C R I P T I O N

0 . 0 0 0 1 6 .3 6 4 0 . 0 0 0 3 6 . 1 2 4 5 . 3 4 9 3 . 6 6 7 2 . 3 0 0 .2 1 2 0/ 1 ••••TRACK S E C T I O N  BOUNDARY****
.6 3 6 1 7 . 0 0 0 2 . 3 8 6 6 1 . 6 5 9 5 . 7 1 5 3 . 8 3 8 2 . 6 1 7 .2 3 2 1 CREST TO EVC

1.301 1 7 . 6 6 5 5 . 0 0 0 6 7 . 6 0 9 6 .0 9 1 4 . 0 1 8 2 . 7 4 0 .2 3 4 1/ 2 • a* *TRACK S E C T I O N  BOUNDARY****
1 .6 3 6 1 6 . 0 0 0 6 .3 7 1 7 0 . 6 6 2 6 . 2 7 6 4 . 1 6 4 2 . 8 3 9 .2 7 3 2 VC1 TO VC2
2 . 6 3 6 1 9 . 0 0 0 1 0 . 7 5 2 7 9 .9 2 1 6 . 6 0 6 4 . 5 9 9 3 . 1 3 3 .3 3 3 2 VC1 TO VC2
2 . 9 0 4 1 0 . 2 6 6 1 2 . 0 0 0 8 2 . 4 4 0 6 . 9 4 5 4 . 7 1 3 3 . 2 1 5 .3 3 0 2 / 3 ••■•TRACK S E C T I O N  BOUNDARY****
3 . 6 3 6 2 0 . 0 0 0 1 5 . 6 2 9 6 9 . 3 3 7 7 . 3 0 4 3 . 2 0 3 3 . 3 4 7 .4 2 6 3 VC2 TO VC3
4 . 6 3 6 2 1 . 0 0 0 2 1 . 1 6 5 9 8 . 8 1 2 7 .7 5 1 3 . 8 6 9 4 . 0 0 2 .3 4 3 3 VC2 TO VC3
4 . 7 7 7 2 1.14 1 2 2 . 0 0 0 100. 154 7 .8 1  1 3 . 9 6 3 4 . 0 6 3 .3 6 0 3/ 4 •••« TRACK S E C T I O N  BOUNDARY****
0 . 6 3 6 2 2 . 0 0 0 2 7 . 4 6 2 1 0 8 .2 9 0 8 . 1 4 6 6 . 7 5 6 4 . 6 0 6 .7 1 9 4 VC3 TO VC4
6 . 6 3 6 2 3 . 0 0 0 3 4 . 6 8 0 1 1 7 .6 4 4 6 . 4 7 9 7 . 6 8 0 5 . 2 3 6 .9 2 9 4 VC3 TO VC4
7 . 3 0 2 2 3 . 6 6 6 4 0 . 0 0 0 1 2 3 .6 1 4 6 . 6 6 9 8 . 2 9 6 5 . 6 3 7 1 .0 8 4 4/ 5 ••••TRACK S E C T I O N  BOUNDARY****
7 . 6 3 6 2 4 . 0 0 0 4 2 . 6 2 3 1 2 6 .9 0 6 8 . 7 5 6 6 . 6 2 4 3 . 8 8 0 1 .1 71 5 VC4 TO EVC
6 . 4 3 2 2 4 . 7 9 6 5 0 . 0 0 0 1 3 4 .2 7 0 6 . 9 3 9 9 . 4 0 6 6 . 4 1 3 1 . 3 9 3 5/  6 ••••t r a c k  S E C T I O N  BOUNDARY****
8 . 6 3 6 2 3 . 0 0 0 5 1 . 9 4 0 1 3 6 .1 5 6 8 .9 8 1 9 . 6 0 6 6 . 3 5 0 1 .4 3 3 6 EVC TO SCALE
9 . 4 4 2 2 3 . 8 0 6 6 0 . 0 0 0 1 4 3 .3 9 9 9 . 128 1 0 . 3 9 8 7 . 0 9 0 1 . 7 0 3 6/  7 * « acTRACK S E C T I O N  BOUNDARY****
9 . 6 3 6 2 6 . 0 0 0 6 2 . 0 3 6 145 .3 91 9 . 160 1 0 . 5 7 7 7 .2 1 1 1 . 7 6 2 7 SCALE

1 0 . 6 3 6 2 7 . 0 0 0 7 3 . 0 7 3 1 5 4 .6 2 6 9 . 3 0 0 1 1 . 4 9 7 7 . 8 3 9 2 . 0 8 2 7 SCALE
1 1 . 6 3 6 2 6 . 0 0 0 6 5 . 0 3 0 1 6 3 .7 9 0 9 . 4 0 6 1 2 . 4 1 8 6 . 4 6 7 2 . 4 2 9 7 SCALE
1 2 . 6 3 6 2 9 . 0 0 0 9 7 . 9 0 9 1 7 2 .6 6 3 9 . 4 8 6 1 3 . 3 3 9 9 . 0 9 3 2 . 8 0 2 7 SCALE
1 3 . 6 3 6 3 0 . 0 0 0 1 1 1 .7 0 8 1 7 9 .6 9 6 9 . 5 4 3 1 4 . 2 5 9 9 . 7 2 2 3 . 2 0 2 7 SCAL E
1 4 . 6 3 6 3 1 . 0 0 0 1 2 6 .4 2 7 1 8 4 .3 9 6 9 . 3 8 5 1 3 . 1 8 0 1 0 . 3 3 0 3 . 6 2 9 7 SCAL E
1 5 . 6 3 6 3 2 . 0 0 0 1 4 2 .0 6 8 1 6 7 .3 9 7 9 . 6 1 3 16. 101 1 0 . 9 7 8 4 . 0 6 3 7 SCAL E
1 6 . 6 3 6 3 3 . 0 0 0 1 5 6 .6 2 9 1 8 9 .2 7 2 9 . 6 3 2 1 7.0 21 1 1 . 6 0 5 4 . 3 6 3 7 SCAL E
1 7 . 0 0 7 3 3.37 1 1 6 5 .0 0 0 1 09 .6 61 9 . 6 3 7 1 7 . 3 6 2 1 1 . 6 3 8 4 . 7 4 8 7/ 8 ••••TRACK S E C T I O N  BOUNDARY****
1 7 . 5 7 3 3 3 . 9 3 7 1 7 5 .0 0 0 1 9 0 .6 9 3 9 . 6 4 4 1 7 . 9 7 3 1 2 . 2 5 3 3 . 0 8 6 8/  9 ••••TRACK S E C T I O N  BOUNDARY****
1 7 . 6 2 9 3 3 . 9 9 2 1 7 6 .0 0 0 1 9 0 .7 6 7 9 . 6 4 3 1 7 . 9 8 6 1 2 . 2 6 5 5 . 0 9 6 9 / 1 0 • • * «TRACK S E C T I O N  BOUNDARY****
1 7 . 6 3 6 3 4 . 0 0 0 1 7 6 .1 4 0 1 9 0 .7 7 7 9 . 6 4 5 1 7 . 9 9 7 12. 27 1 5 . 101 10 KSW 1 E SW1
1 8 . 6 3 6 3 3 . 0 0 0 1 9 4 .6 7 0 1 9 1 .8 4 4 9 . 6 3 4 1 9 . 0 6 3 1 2 . 9 9 8 3 . 7 2 4 10 KSW 1 E SW1
1 9 . 6 3 6 3 6 . 0 0 0 2 1 4 .2 6 6 1 9 2 .4 2 4 9 . 6 3 8 2 0 . 1 3 0 1 3 . 7 2 5 6 . 3 8 2 10 KSW 1 E SW1
10. 621 3 6 . 1 8 5 2 1 6 .0 0 0 1 9 2 .4 7 8 9 . 6 3 8 2 0 . 3 2 6 1 3 . 8 5 9 6 . 5 0 7 10/1 1 ••••t r a c k  s e c t i o n  b o u n d a r y ****
2 0 . 2 1 0 3 6 . 5 7 4 2 2 6 .0 0 0 1 9 2 .5 2 4 9 . 6 5 6 2 0 . 8 0 8 1 4 . 1 8 7 6 . 8 1 9 11/12 ••••TRACK S E C T I O N  BOUNDARY**•*
2 0 . 6 3 6 3 7 . 0 0 0 2 3 4 .9 6 6 1 92 .4 61 9 .6 5 1 2 1 . 3 3 6 1 4 . 5 4 7 7 . 170 12 BHC1 TO EHC1
2 1 . 6 3 6 3 6 . 0 0 0 236 .9 4 1 1 9 1 .8 3 6 9 . 6 2 6 2 2 . 3 7 4 15. 39 1 6 . 0 2 6 12 BHC1 TO EHC1
2 2 . 4 6 2 3 6 . 8 2 6 2 7 6 .0 0 0 190 .7 61 9 .5 7 1 2 3 . 3 9 7 1 6 . 0 8 9 6 . 7 6 9 12/13 ••••TRACK S E C T I O N  BOUNDARY****
2 2 . 6 3 6 3 9 . 0 0 0 2 6 0 .1 3 2 1 9 0 .4 6 8 9 . 5 4 6 2 3 . 7 8 9 1 6 . 2 2 0 8 . 9 1 3 13 HC1 TO BVC2
2 3 . 6 3 6 4 0 . 0 0 0 3 0 4 .4 7 2 1 8 8 .0 1 0 9 .3 4 1 2 4.89 1 16 .9 71 9 . 7 5 8 13 HC1 TO BVC2
2 3 . 6 5 7 4 0 .2 2 1 3 1 0 .0 0 0 1 87.2 61 9 . 2 7 5 2 5 . 1 3 5 1 7 . 1 3 7 9 . 9 5 0 13/14 ••••TRACK S E C T I O N  BOUNDARY****
2 4.23 1 4 0 . 6 1 5 3 2 0 .0 0 0 1 8 3 .6 0 4 9 . 136 2 3 . 6 2 2 1 7 . 4 7 0 1 0 . 3 4 0 14/15 ••••t r a c k  S E C T I O N  BOUNDARY****
2 4 . 6 3 6 4 1 . 0 0 0 329 .7 9 1 1 8 4 .2 9 9 8 . 9 8 2 2 3 . 2 4 4 1 7 . 2 1 2 1 0 . 0 3 6 15 MASTER 1
2 3 . 6 3 6 4 2 . 0 0 0 3 3 4 .5 4 2 1 8 0 .8 9 0 8 . 6 4 7 2 4 . 2 5 9 16 .3 41 9 . 2 6 9 13 MASTER 1
2 6 . 6 3 6 4 3 . 0 0 0 3 7 8 .3 1 0 1 7 8 .2 2 9 8 . 4 1 5 2 3 . 2 7 3 1 5 . 8 7 0 6 . 3 3 2 13 MASTER 1
2 6 . 9 6 9 4 3 . 3 3 3 3 8 6 .0 0 0 1 7 7 .3 1 0 8 . 3 5 9 2 2 . 9 4 8 1 5 . 6 4 6 6 . 2 9 4 13/1 6 ••••TRACK S E C T I O N  BOUNDARY****
2 7 . 6 3 6 4 4 . 0 0 0 4 0 1 .2 3 4 1 7 6 .1 7 7 6 . 2 6 8 2 2 . 7 1 4 1 5 . 4 8 7 8 . 1 2 6 16 MASTER 2
2 6 . 6 3 6 4 3 . 0 0 0 4 2 3 . 7 7 3 1 7 4 .2 7 8 6. 175 2 2 . 3 6 4 1 6 . 2 4 8 7 . 8 7 7 16 MASTER 2
2 9 . 6 3 6 4 6 . 0 0 0 4 4 3 .9 6 1 1 7 2 .4 9 5 6. 131 2 2 . 0 1 3 1 3 . 0 0 9 7 . 6 3 2 16 MASTER 2
3 0 . 6 3 6 4 7 . 0 0 0 4 6 7 . 7 9 9 1 7 0 .8 2 9 6 . 127 2 1 . 6 6 2 1 4 . 7 7 0 7 .3 9 1 16 MASTER 2
3 1 . 6 3 6 4 6 . 0 0 0 4 0 9 . 2 6 6 1 6 9 .2 6 2 8. 147 2 1 . 3 1 2 14 .5 31 7 . 133 16 MASTER 2
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Finally, PROFILE gives certain optional 
graphic outputs generated on the line printer. 
Examples of two of these graphs are given in Fig
ures 8 and 9. Figure 8 shows a plot of the 
speeds of the simulated cars versus distance, 
and Figure 9 shows distance headway of the simu
lated cars versus distance.

3.6 Final Proposed Design
The design referred to as Alternative 4 has 

been adopted as the final proposed design for 
the rehabilitation of Elkhart Yard. This design 
significantly outperformed the present Elkhart 
design in the PROFILE simulation runs and per
formed the best among all proposed designs.
While this design, as all the others, fails the 
extreme test of having no couple-up prior to the 
clearance point when the easy-rolling car must 
be retarded to 4 miles per hour, it performs ad
mirably in the more usual circumstances when the 
easy-rolling car must be retarded for 4 miles 
per hour at the further downstream tangent point 
This final design has two master retarders, each 
consisting of three control sections, and eight 
group retarders each consisting of two control 
sections. Except for the revision increasing 
the number of control sections in the master re
tarders from two to three, the design is sum
marized in Figure 4 and Table 1. Somewhat more 
detail is also given in the PROFILE "echo-back" 
output in Figure 5.

4.0 Trim-End Design Alternatives Evaluation
4.1 Objective

Approximately 1,100-1,200 cars are cur
rently pulled daily from the classification yard 
to the departure yard at the westbound trim end 
of the Elkhart Yard. The existing geometry of 
the yard's westbound trim end contains yard ca
pacity for moving over 1,200 cars per day through 
the westbound departure yard. This capacity, 
however, is insufficient. The capacity problem 
is caused by factors such as: (1) the long
travel distance for the trim engines between the 
classification yard and the departure yard, (2) 
the short classification tracks ranging from 24 
to 50 cars, and (3) the insufficient length of 
the single pullout lead for the longest class 
track.

Three alternative designs have been proposed 
to alleviate the problems with the existing geom
etry. The alternatives are:

(1) Extended classification tracks with 
dual pullout leads.

(2) Extended classification tracks with 
crossover in the departure yard.

(3) Extended classification tracks with 
dual pullout leads and relocation of 
the departure yard.

Computer simulations using the FRA CONFLICT 
model were performed for the trim-end geometries 
of the existing design and Alternatives 1 and 2.

Alternative 3 was not evaluated using the simu
lation model because the design was considered 
too costly, i.e., it exceeds the budget con
straints put on capital improvement. The objec
tive of the simulation was to determine which of 
the two alternatives (1 and 2) would perform 
better under higher traffic demand.

4.2 Trim-End Design Alternatives
The trim-end designs of the existing yard 

and the three alternatives are briefly described 
below:

Existing Yard
The existing westbound yard has 33 classi

fication tracks ranging from 24 to 50 cars in 
length. There are five departure tracks of 
varied lengths ranging from 107 to 112 cars long. 
Figure 10 shows that only one pullout lead exists 
for trim-end maneuvers. The existing geometry of 
the westbound trim-end will limit the yard capa
city with increased traffic demand.

Alternative 1— Extended Classification
Tracks with Dual Pullout Leads
In this alternative, shown in Figure 11, the 

classification tracks in the middle of the yard 
are extended by 1,000 to 1,500 feet. The west
bound classification yard under this design will 
hold 41 to 50 cars on each track. A pullout 
lead is added to the existing lead and the track 
layout around the trim end is modified. The yard 
engines still travel an extra distance from the 
convergence point of the classification track 
(Point A in Figure 11) to the pullout leads. 
However, the extra distance involved is much 
shorter than that under the existing configura
tion.

Improvements are made in the departure yard 
also. The departure yard has five tracks rang
ing from 107 to 112 cars long. Two additional 
tracks 112 cars long are adjacent to the existing 
yard. Dead excess ladders with parallel leads 
will provide capacity for making trains simul
taneously.

Alternative 2— Extended Classification
Tracks with Crossovers in the Departure
Yard
In this alternative, shown in Figure 12, the 

westbound class tracks in the middle of the yard 
are extended to 1,500 feet, and the class track 
leads merge into the middle of the departure 
track. The westbound class track lengths under 
this design vary from 41 to 50 cars. From where 
the merging point of the classification track 
leads to the departure track, a series of cross
overs are installed to the outermost departure 
track. The tracks on the west side of the cross
over can be used as the pullout leads as well as 

' departure tracks. This configuration shortens 
travel distances of the trim engines as long as
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each outbound train is sufficiently short to 
avoid blocking the crossover.

Seven departure tracks are proposed in this 
design with a capacity of 107 to 142 cars when 
eastside and westside are combined. When a train 
exceeds the length of the eastside section of 
track, the train sections must be stored on both 
sides of the crossover. Just prior to departing, 
the cuts will be coupled. During this time a 
completed train is blocking a crossover. The 
trim engine building s( train on the far track 
will need to use the pullout lead in order to 
reach the far track, or wait for the departure 
of the train blocking its route.

Alternative 3— Extended Classification
Tracks with Dual Pullout Leads and
Relocation of Departure Tracks

In this design, shown in Figure 13, west
bound classification tracks in the middle of the 
yard are extended by 1,000 to 1,500 feet. The 
westbound classification tracks under this de
sign hold 41 to 50 cars per track. A pullout 
lead is added to the existing lead. In addition, 
sections of track at the west end of the depar
ture yard are shortened. Corresponding lengths 
of departure track are added to the east end of 
the departure yard. The westbound departure 
yard has seven tracks ranging from 130 to 140 
cars.

This scheme combines the advantages of all 
the desirable design features: large classifica
tion track capacity, dual pullout leads, short 
trim engine travel distance, and large departure 
track capacity.

4.3 Operational Parameters and Assumptions
Used for Simulation

To achieve uniformity in the yard design 
computer simulations, most operational procedures 
are held constant for the three simulated design 
plans. In general, the yard design simulations 
are based on the following operational param
eters and assumptions:

• The input traffic level is set at an in
flow of 1,800 cars per day to the west
bound yard.

• A 24-hour period of trim-end operations 
starting at midnight is simulated.

• Two trim engines are assigned to do the 
work in the westbound yard.

• The pull speed of the trim engines is a 
constant 6 miles per hour and the shove 
speed is 4 miles per hour.

• The engine work schedule remains the same 
for each simulated plan.

• The schedule allows simultaneous train 
make-ups; a train is built by one engine 
only. •

• Track overflows on classification tracks 
are prevented by limiting the flow of

cars onto a classification track to the 
track’s capacity.

• The departure track assignment is done 
manually by assigning the shortest de
parture track that is long enough to per
form a train make-up.

• No constraints on line-haul engine avail
ability are assumed.

• In Alternative 2, the duration of cross
over blocking due to extra trimming work 
and train departure preparation is as
sumed to be 20 minutes if the train is 
built on both sides of a split departure 
track and is to occur prior to the train 
departure.

4.4 Simulation Results
To examine the performance of each simu

lated yard design, reports of the CONFLICT simu
lation output for the train activity and link 
occupancy were analyzed with the following re
sults :

Existing Yard

The simulation for the existing yard covered 
a time period from 0 hours to 2400 hours (mili
tary time). During this time period, 17 trains 
out of 19 trains scheduled were built, carrying 
a total of 1,211 cars (Table 3). The trim 
engines moved a total of 1,370 cars during this 
period. The number of trains processed in a 24- 
hour period is much less than the total number 
of trains planned for departure and much less 
than the total input flow to the yard. This 
implies that the yard is over-saturated. There
fore, the amount of delay for both trains and 
cars will increase indefinitely as the simula
tion time grows. The total train departure de
lay time was 4,487 minutes. This amounted to 264 
minutes per train. The average delay time per 
car on departed trains was 272 minutes. During 
the simulated period, conflict (adverse events) 
caused a total delay of 620 minutes, or an 
average of 36 minutes per train. Most of the 
conflicts were caused by the heavy occupancy of 
the pullout lead.

At the traffic level of 1,800 cars per day 
and any level higher, trim-end operations in the 
existing yard will be severely hampered because 
of the lack of an extra pullout lead. In addi
tion, the long travel time of the trim engines 
from the classification yard to the departure 
yard causes train delays, which compound as the 
daily operations proceed.

Alternative 1— Extended Classification 
Tracks with Dual Pullout Leads
With two trim-engines at work, the work 

schedule of the simulation was completed earlier. 
Within 24 hours, 19 trains were built. The total
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Table 3
TRAIN DEPARTURE REPORT FOR THE EXISTING YARD

Train
Number

Scheduled
Departure

Time
Actual

Departure
Time

Delay
Time
(min)

Number 
of Cars 
on Trains

Total Delay Time 
for Cars on 

Departure Trains* 
(min)

1 300 305 4 75 300
2 315 316 0 35 —
3 500 501 0 55 —
4 500 630 89 90 8,010
6 500 657 117 26 3,042
5 500 700 120 96 11,520
7 600 1112 311 74 23,014
9 800 1305 305 88 26,840
10 830 1331 301 99 29,799
12 900 1616 436 53 23,108
11 900 1700 479 90 43,110
14 1100 1712 372 116 43,152
13 1000 1758 478 28 13,384
15 1300 2005 425 76 32,300
16 1330 2021 . 410 52 21,320
19 1800 2330 329 98 32,242
20 1830 2341 311 60 18,660
Total 4,487 1,211 329,801

Average departure delay time per car is 272 minutes.

train departure delay time amounted to 3,780 min
utes (Table 4). The delay time per train was 
199 minutes. There were a total of 1,456 cars 
on the 19 trains. The average delay time per 
car caused by delayed departure was 205 minutes. 
In comparison with the existing yard, conflict 
delay time was substantially reduced. The total 
conflict delay time amounted to 380 minutes at 
an average of 20 minutes per train.

The train delay time decreased substantially 
toward the end of the 24-hour period. The last 
two trains built in the simulated time period 
were delayed by 122 minutes and 117 minutes, re
spectively. This is well below the maximum de
lay of 369 minutes for this design. With ap
propriate trim engine assignment scheduling, this 
configuration seems to be able to handle a 
throughput level of 1,800 cars per day. Two fac
tors substantiate this analysis: (1) the number
of cars moved by the two trim engines is 1,597 
cars within 24 hours; (2) one trim engine was 
left idle from 2130 hours to the end of the sim
ulation at 2400 hours. This means that more 
cars could have been moved by making additional 
pull assignments.

Alternative 2— Extended Classification 
Tracks with Crossovers in the Departure 
Yard
The simulation of the second alternative 

ended at 2400 hours. During the simulated time

frame, 18 scheduled trains were built. Total 
departure delay time was 3,751 minutes (Table 5) 
with an average departure delay time of 208 min
utes per train. The 18 trains moved 1,332 cars. 
The average delay time per car caused by delayed 
departure was 221 minutes. The total conflict 
delay time amounted to 684 minutes or a 38- 
minute delay per train. This 38-minute delay 
per train is 90 percent higher than the low of 
20 minutes per train seen with the first alter
native. It is also slightly higher than the 
36 minutes per train with the existing yard.
The bottleneck in this alternative, causing con
siderable difficulty for the trim engines, is 
the point where the classifications1 leads merge 
at the crossover to the departure tracks.

More conflict delay is certain to arise if 
both sides of the departure yard are used. The 
west side of the departure yard was not modeled 
in the simulated design. With both sides in use, 
crossover tracks will be blocked for certain 
lengths of time by trains being readied for de
parture (i.e., coupled and air-tested) and dur
ing departure.

Split train make-ups are predicted to occur. 
This observation was substantiated by a display 
in the activity log of the computer-simulated 
design that shows overflows at several one-side- 
only departure tracks and the need for additional 
track space.
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Table 4
TRAIN DEPARTURE REPORT FOR ALTERNATIVE Is 

EXTENDED CLASSIFICATION TRACKS WITH DUAL PULLOUT LEADS

Train
Number

Scheduled
Departure

Time
Actual

Departure
Time

Delay
Time
(min)

Number 
of Cars 
on Train

Total Delay Time 
for Cars on 

Departure Tracks* 
(rain)

1 300 306 5 75 375
2 315 317 1 39 39
3 500 526 25 55 ‘ 1,375
6 500 612 71 26 1,846
5 500 621 80 96 7,680
4 500 640 100 153 15,300
7 600 1112 312 85 26,520
9 800 1159 238 88 20,944
10 830 1320 290 99 28,710
11 900 1444 343 79 27,097
12 900 1509 369 51 18,819
13 1000 1535 335 23 7,705
14 1100 1538 278 141 39,198
16 1330 1837 307 52 15,964
15 1300 1902 361 102 36,822
20 1830 2144 193 67 12,931
19 1800 2154 233 93 21,669
21 2000 2203 122 30 3,660
22 2200 2358 117 102 11,934
Total 3,780 1,456 298,588

Average departure delay time per car is 205 minutes.

Table 5
TRAIN DEPARTURE REPORT FOR ALTERNATIVE 2:

EXTENDED CLASSIFICATION TRACKS WITH CROSSOVERS IN DEPARTURE YARD
Total Delay Time

Train
Number

Scheduled
Departure
Time

Actual
Departure
Time

Delay
Time
(min)

Number 
of Cars 
on Train

for Cars on 
Departure Tracks* 

(min)
1 300 320 19 75 1,425
2 315 330 15 39 585
3 500 515 15 55 825
5 500 705 125 100 12,500
4 500 734 153 111 16,983
6 500 804 184 28 5,152
7 600 939 219 80 17,520
9 800 1143 222 86 19,092
10 830 1359 329 97 31,913
11 900 1426 325 102 33,150
13 1000 1437 277 23 6,371
14 1100 1528 268 147 39,396
12 900 1611 431 53 22,843
16 1330 1758 268 50 13,400
15 1300 1900 359 102 36,618
20 1830 2146 196 67 13,132
21 2000 2150 110 30 3,300
19 1800 2157 236 87 20,532
Total 3,751 1,332 294,737

tAverage departure delay time per car is 221 minutes.
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In this design the trim engines moved 1,567 
cars from the classification tracks to the de
parture tracks. As in Alternative 1, more cars 
could have been moved if additional assignments 
had been made to the trim engine left idle from 
2115 hours to the end of the simulation.

4.5 Evaluation of Alternatives
The results of the simulation of the exist

ing design and the two alternatives (Alternatives 
1 and 2) are summarized for comparison in Ta
ble 6. Alternative 3, which is considered to 
have the largest capacity (in terms of number of 
cars handled in a time unit), is not considered 
for evaluation because of its exceeding the tar
get budget of capital improvement for this yard.

Table 6 indicates that existing design can 
handle the least number of trains in a day (17 
trains), and creates the longest delay (264 min/ 
train). Clearly, the existing design is the 
poorest among the three. Extended class tracks

with dual pullout leads (Alternative 1) show the 
best performance results among the three de
signs: Alternative 1 handles 19 trains with the
least delay (199 min/train). The two trim 
engines move the largest number of cars, 1,597 
cars versus 1,567 cars in Alternative 2. De
parting trains leave with a total of 1,456 cars. 
This exceeds the number of cars on departing 
trains by 124 cars in Alternative 2 and by 245 
cars for the existing yard.

In general, the difference of the extended 
class tracks design (Alternative 1), and the 
crossover design (Alternative 2) is not signifi
cantly large under the given traffic demand. It 
is conceivable that under higher traffic demand 
levels, the extended class tracks design (Alter
native 1) will perform significantly better than 
the crossover design (Alternative 2) because the 
crossover tracks may frequently be blocked, caus
ing delay for trimming operations.

Table 6
SUMMARY TABLE FOR CONFLICT EVALUATION

_______________ Description_____________
Number of trains built 
Total train departure delay time (min) 
Average train departure delay time (min) 
Average delay time per car (min)
Total number of cars on departed trains 
Total conflict delay time (min)
Average conflict delay time per train (min) 
Number of trim engine trips 
Number of cars moved by trim engines 
Simulation end time (military time)

Existing
Design

Extended 
Classification 
Tracks Design

Crossove
Design

17 19 18
4,487* 3,780 3,751*
264* 199 208*
272* 205 221*

1,211 1,456 1,332
620 380 684
36 20 38
85 90 90

1,370 1,597 1,567
24:00 24:00 24:00

These numbers do not reflect the delays associated with the trains that were not 
built during the 24-hour period.
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SUMMARY OF QUESTION AND ANSWER DISCUSSION 
October 31, 1979

Elkhart Yard Rehabilitation: A Case Study
Presentation by C. V. Elliott, M. Sakasita, W. A. Stock, P. J. Wong

SRI International
James Wetzel

Consolidated Rail Corporation

Presentations were made by SRI International 
and the Consolidated Rail Corporation on the 
proposed modifications to CONRAIL's Elkhart 
yard. Discussions focused on the computer 
simulation programs developed by SRI which were 
used during the engineering,planning,phases of 
the project. Specific questions about the rate 
of return on the project, and the,physical 
characteristics and operational strategies of 
the yard were also posed by workshop attendees.

Details about the compatibility of computer 
programs and the size and type of computer re
quired were discussed. Other discussion tppics 
included the simulation of departing train 
conflicts, the dependency of trim engine avail
ability for,pulling cars from the classification 
tracks after the cut-off time, and the,primary 
criteria in choosing among alternative yard 
designs.

It was emphasized that the main purpose of 
these computer programs is for design purposes. 
Operations of the yard can be studied by 
changing the schedule. They are not designed 
to be a long-term interactive operational tool.

Some miscellaneous questions about the 
physical characteristics and operations of the 
yard concerned the grade of the bowl, the time 
for pulling the classification tracks, and the 
capacity of the classification tracks.
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YARD DESIGN METHODS STATE-OF-THE-ART INDUSTRY PERSPECTIVES

Merrill J. Anderson 
Union Pacific Railroad

The yard designs of the past were mostly the 
creation of local operating officers1 feel for 
requirements, and engineering department's de
signing to his request. This often left a 
classification yard with little or no thought to 
future expansion and inadequate design features, 
such as short tracks, no inspection roads 
and even leads tnat required excessive switching 
moves or more switch engines.

With the increased traffic growth and com
puter technology, it is becoming apparent at 
many locations that there is a need to re
evaluate our classification yards. It is possible 
that by the proper expansion and design of certain 
key classification yards, we may be able to 
eliminate other yards and decrease the handling 
costs while still expediting the traffic.

A few railroads have developed teams consis
ting of individuals from each department to put 
together a classification yard that will not 
only expedite traffic but will also enable each 
department to perform their required jobs with 
the minimum amount of people, resulting in a 
greater return on the investment. The team 
method provides a better design than having the 
local operating officer specify his requirements; 
however, there is a tendency to design facili
ties so that they are similar to ones that have 
been in operation on that particular railroad.
This may result in duplicating faults that were 
in the original design. It is therefore best 
for all department team members to visit as many 
foreign roads as possible to see if the new 
classification yard is having all its support 
facilities constructed to provide the best opera
tion possible.

Obviously, this can make the design process 
a costly one and many railroads do not have the 
money or the people to function this way. The 
book on Classification Yard Design Methodology 
that is being prepared by Stanford Research 
Institute for the Federal Railroad Administration 
will be a valuable tool for all railroads and 
especially those with limited people and resources. 
This book will enable the designer to follow 
through a step-by-step format and advise the 
operating officers of the information required 
to complete the design. The computer programs 
that are described in this book will assist the 
designer in evaluating his traffic studies to

determine the amount of tracks and their lengths 
in the classification yard, receiving yard and 
departure yard. The program conflict will permit 
an evaluation of the trim movements or any area 
where conflicting movements may be anticipated 
to determine if alterations in the design may be 
necessary. The Hump Profile Program is useful 
in determining hump height and also the perfor
mance of your proposed classification yard.
This book will be an asset to any person who is 
associated with the design of classification 
yards. It would also be to each department's 
advantage to have a copy on their file to help 
them better understand the complete function of 
the yard. This is certainly an excellent area 
to develop more refined technology to help the 
railroad industry become more efficient and 
economically sound.
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YARD DESIGN METHODS & CASE STUDIES
OVERVIEW OF KEY DESIGN PROCEDURES FOR 
UNION P A C I F I C ’S YERMO YARD PROPOSAL

Merrill J. Anderson 
Union Pacific Railroad

Outline of Hump Grade Design Process
I. Items to cover in designing hump height and 
determining hump grades.

A. Configuration at hump end of bowl.
B. Location of crest in relation to point of 

tangency.
C. Determine the maximum rolling resistance 

on the car that is to reach clearance 
point at desired velocity or penetration 
into bowl.

D. Design grades from crest to clearance.
E. Determine rolling characteristics of 

cars you desige to test as hard, easy, 
hard rollers.

F. Commence use of program Profile.
1. Make run to the worst track using 

easy, hard roller with no retardation.
2. Analyze information and determine 

retardation required at each retarder 
to obtain proper speed at switches 
and desired speed at clearance or 
penetration into bowl.

3. Make new run using hard, easy, hard 
with retardation and analyze infor
mation to determine performance or 
each car in critical areas.

4. Analyze the output to determine if 
necessary to alter either grades or 
configuration.

The Use of Program Profile to the Yard Designer
The use of the Program Profile gives the 

designer a tool that lets him evaluate the 
various yard designs to determine the most eco
nomical design for each particular case. The 
following is a list of items that precede and 
include the use of the Program Profile.
I. Configuration at hump end of bowl.

The designer will determine which type of 
turnouts he will use, such as No. 7, No. 8, or 
No. 9. These are the most common turnouts used, 
and each railroad usually has its standards that 
determine which size will be utilized. The 
object in this part of the design process is to 
place the switches as close together as possible 
and obtain the shortest distance from the king

switch, which is the first switch after the 
master retarder, to the clearance point. Also, 
the curves behind the final switches should be 
designed so that maximum curvature is 12° 30*. 
However, in many yard designs, the very outside 
tracks may have as high as 14° curves. This plan 
should be drawn on a one inch equals 20 foot 
drawing to best observe clearance points without 
calculating them.
II. Location of crest in relation to point of 
Tangency.

The crest location is determined by assuming 
a master retarder length and allowing a suffi
cient distance to weigh the car and measure its 
rolling characteristics prior to entrance to the 
master retarder.

If a scale is to be installed at the hump, 
additional footage will be required depending on 
type of scale to be utilized. The scale vendor 
will provide lengths and grades that are required 
for this particular scale.
III. Determine the maximum rolling resistance on 
the car that is to reach clearance point at de
sired velocity or penetration into bowl.

For this information, the designer has only 
past history and recent statistics to help him 
decide which-case he will use for his design.
The past history of signal companies (as stated 
in the A.R.E.A. manuals) is to utilize a 28 lb/ 
ton car to reach clearance point of worst track 
in determining the hump height. For maximum 
hump throughout the best penetration into bowl 
by hard rolling cars, the 20 lb/ton car is 
probably the best data we have to date in deter
mining hump height. However, many hump yards 
are printing out data which may indicate the 20 
lb/ton car rarely exists. For example, the 
following data printed out at two different yards 
indicates the designer may wish to reduce the 
hard rolling car to an 18 lb/ton car, especially 
in warm climate areas, which will reduce the 
hump height and in turn, the amount of retarda
tion that is required. Another benefit in less 
hump height is that there would be less velocity 
head in the cars and this would require less re
tardation which would make less noise.
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IV. Design grades from crest to tangent point.
These grades should be designed from tangent 

point to crest and may vary between signal compan
ies or designers. The grades, as well as the 
reasons for these grades that were used in the 
final Yermo design, are mentioned below. 0% grade 
from group to tangent point allows the release of 
an easy roller at the group retarder at maximum 
speed, and it will not increase speed through 
switching area to tangent point- 1.2% grade 
through the group retarder assures that a car 
which has been stopped in the group retarder will 
roll out of group retarder when the retarder is 
released. .8% grade between the master and group 
retarder maintains a good average velocity on 
the cars released from the master retarder. 1.36% 
grade through the master retarder assures cars 
needing acceleration at this point will acceler
ate and also cars that may be stopped in master 
retarder will roll free when released. 4.7% 
grade from entrance to master retarder to crest 
called a "kicker" grade and should obtain a 
maximum desired velocity as soon as possible to 
create a better separation of cars in switching 
area. This "kicker" grade is figured from the 
evaluation above tangent point at the entrance 
to master retarder and the height of crest de
termined in initial hump height calculations.
V. Determine rolling characteristics of cars 
you desire to test as hard, easy, hard rollers.

The following data relates to rolling resis
tances measured at two yards. These cars were 
measured in three area: 1. From crest to master.
2. From master to group. 3. From group to 
tangent point. Generally speaking, a car will 
become easier rolling as it proceeds from crest 
to tangency. All of these statistics have been 
consolidated to only show averages, best and 
worst conditions:

LB/TON NO. OF CARS % OF TOTAL
0-1 1 0
1-2 15 .8
2-3 71 3.6
3-4 233 11.7
4-5 293 14.7
5-6 367 18.4
6-7 301 15.1
7-8 263 13.2
8-9 180 9.1
9-10 103 5.1
10-11 72 3.6
11-12 41 2.1
12-13 23 1.2
13-14 9 .5
14-15 7 .4
15-16 4 .2
16-17 5 .3
17- 18
18- 19
19- 20

Total No. Cars 1988
The above statistics were taken in warm 

climate; and as shown, out of 1988 cars, there

were no cars that measured 18 lb/ton. The other 
factor that should be taken into consideration 
is penetration into the bowl. The hard rolling 
car that requires no retardation at the group 
retarder will indicate, by observing its speed 
at tangent point and knowing the grade of the 
body tracks, the depth of penetration this type 
of car will make in the bown.
(Exhibit 1)
Graph showing penetration on worst track at Yermo:

With .12% grade in bowl tracks the formula 
for determining distance of penetration:

Lb/Ton x .1 = % grade car rolls free on.
Penetration in ft. = .9 - .12 = .78 V/head 
pr sta. (% car grade - % bowl grade = loss 
of vel. head/sta.)
By utilizing the above statisitcs, it can be 

determined the types of cars you wish to test in 
the time distance study in order to determine if 
catch-ups will occur. For the Yermo design it 
was determined to use cars with the designated 
rolling characteristics in the following areas:

Easy roller Hard roller
Crest to Master Retarder 
Master Retarder to Gr. Retd. 
Group Retarder to Cl. Point 
Clearance Point to End

3 lb/ton 
3 lb/ton 
3 lb/ton 2

12 lb/ton 
10 lb/ton 
8 lb/ton 
5

VI. Commence use of Program "Profile."
Input data into terminal.
The first run of this program is made with 

no retardation to determine the amount of velocity 
head you must take out of each car to have it 
perform with the velocity at key points such as 
switches and clearance point. This run is 
usually made on the worst track in the configura
tion. After adjustments are made to remove this 
velocity head at the selected retarders, a second 
run is made. This information is then analyzed 
to determine if: 1. There were collisions.
2. There were overspeeds at switches. 3. There 
was improper headway between cars for switching.
If any of the above existed, a new run is re
quired and adjustments are first made in varying 
the retardation in the master retarder and group 
retarder on each car to change the separation.
If this appears possible, a third run is made to 
recheck the performance. If the proper perfor
mance still does not exist, a study of the grades 
can be made to see if altering them would enhance 
the performance of the cars. This may include 
raising the hump height. A fourth run would 
then be necessary to determine if the grade changes 
gave the desired performance. If all of these 
have failed, it may be necessary to go back to 
the configuration and start this process over.
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SUMMARY OF QUESTION AND ANSWER DISCUSSION 
October 31, 1979

Overview of Key Design Procedures For Union Pacific's Yermo Yard
Presented by Merrill Anderson 

Union Pacific Railroad

The informal,presentation by the Union 
Pacific on the railroad1s,proposed Yermo yard 
construction project evoked various questions 
about the planning, engineering, and operations 
of the yard. Details of the plans for Yermo 
yard were discussed in a dialogue fashion 
between the presentor and the workshop attendees.

Physical characteristics of the yard were 
described such as the designed humping rate, 
bowl gradient, kinds of tracks, kinds of 
switches, location of the MIS, and the status 
of the yard's construction. The new tracks at 
Yermo will include 25-ft track centers in the 
receiving yard, 14-ft track centers in the bowl, 
and 25-ft track centers between groups.

The engineering,planning techniques for 
Yermo yard were also discussed. Questions arose 
about how and where velocity measurements were 
taken, car velocity targets at the clearance 
point, and average car length.

Other topics of discussion were centered 
around the rate of return and the operating pro
cedures of the yard. The,possibility of making 
up trains over the hump, and building trains in 
the receiving yard were also suggested.
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EAST DEERFIELD YARD REHABILITATION: 
A CASE STUDY

M. Sakasita, M. A. Hackworth, P. J. Wong 
SRI International

V. V. Mudholkar and D. B. Koretz 
Boston and Maine Corporation

1.0 Introduction
Located at the intersection of the B&M Rail

road's two major mainlines, East Deerfield Yard is 
the most heavily utilized freight car classifica
tion facility in New England. The east/west 
Fitchburg mainline connects Maine, Massachusetts, 
and southern New Hampshire to New York State and 
points west, while the north/south Connecticut 
River mainline links northern New Hampshire, Ver
mont, and Canada with Massachusetts, Connecticut, 
Hhode Island, New York, and points south. A 
medium-sized yard (31 tracks ranging from 2,500 to
4.000 ft), East Deerfield switches an average of
600 cars each day by means of flat switching and 
some humping over an unretarded hump. Built in 
1880 and last expanded in 1918, the yard has seen 
no major maintenance in the past 15 years. East 
Deerfield also manifests a peculiar design fea
ture: the Fitchburg mainline passes through the
middle of the yard, bisecting it into the two sec
tions now used as a westbound yard and an east- 
bound yard. As traffic patterns have shifted from 
a predominantly east-west flow, the number of cars 
that have to cross the mainline in the course of 
the classification process has grown signifi
cantly. Because frequent crossover moves would 
severely disrupt mainline traffic, crossing cars 
are moved only once a day. The problems currently 
experienced by the B&M are largely due to its an
tiquated design and imperfect condition. In par
ticular, the problems observed at the yard are:

• Long detention time.*
• Frequent derailments.
• High level of unidentified damage to cars 

and lading.
It was evident to B&M management that recon

figuration and rehabilitation were equally neces
sary at East Deerfield to improve service relia
bility and the cost of efficient operation.

The East Deerfield redesign study was con
ducted jointly by project teams from SRI and B&M. 
From the early stages of the project, the study 
primarily consisted of four tasks:

• Mainline relocation
• Hump profile design
• Yard capacity requirement evaluation
• Yard trim-end geometry evaluation.
The relationship of these tasks is shown in 

Figure 1. As can be seen in the diagrams, two 
types of inputs were required: (1) engineering-
related input defining geometric and cost con
straints and (2) transportation-related input de
fining the train arrival patterns, departure 
patterns, and yard activity parameters.

Because the yard space is confined by the 
Connecticut and Deerfield Rivers, the available 
area was predetermined. The work was initiated by 
determining an optimal relocation configuration 
for the mainline. Next, a rough track geometry 
was laid in the given space. Then, hump profile 
design and capacity evaluation were conducted in 
parallel. The profile design work concentrated on 
identifying and designing economical hump retarda
tion systems. In this task three different hump 
profiles were designed. The capacity evaluation 
study focused on determining the traffic levels to 
be handled at the yard. Four traffic patterns 
were tested to determine this traffic level. The 
trim-end evaluation was performed using engineer
ing judgment, because no problems were foreseen in 
utilizing only one trim-end engine.

In the yard design process two computer mod
els developed by SRI were used extensively. These 
programs proved invaluable throughout the course 
of the study.

2.0 Mainline Relocation
One of the most significant problems at East 

Deerfield is the aforementioned bisection of the 
yard by the Fitchburg mainline. To alleviate this 
situation, two alternatives were proposed by the 
B&M planning staff. Alternative I is to relocate 
the mainline to the northern side of the classifi
cation tracks (between those tracks and the loco
motive house/car repair area). Alternative II is 
to relocate the mainline to the southern perimeter

*Freight Car Utilization and Railroad Reliability Case Studies— Final Report, October 1977 (AAR No.-R-283)
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of the yard, to avoid any mainline crossing move
ments. In both alternatives, the proposed main
line is a single track. Schematic layouts of the 
alternatives are shown in Figure 2.

Alternative I eliminated crossing movements 
between different class/receiving/departure tracks 
in the yard. However, this alternative does not 
remove conflict between mainline traffic and such 
intrayard movements as those from the classifica
tion tracks to the car repair area or from the en
gine house to the departure tracks.

Alternative II eliminates all mainline cross
ing movements. However, this scheme may create 
some problems regarding fuel supply to locomotives 
on the mainline track. (Some through trains are 
currently fueled at East Deerfield.) If the fuel 
were to be supplied to locomotives on the mainline 
after the modification of the yard, then an exten
sion of a pipeline from the fuel tank to the main
line would have to be constructed. Otherwise, all 
through trains would have to be fueled at other 
locations on the B&M system.

After considering these and other strengths 
and weaknesses of the two alternatives, the study 
team determined that Alternative II is preferable 
to Alternative I.

3.0 Hump Profile Design
3.1 Introduction

An analysis of the traffic volume and the ex
isting geometry at the East Deerfield yard indi
cated that an economical version of the hump yard 
is the most suitable yard type for the new East 
Deerfield yard. It is generally believed that a 
flat yard is most suitable for a traffic level 
less than 500 cars/day, and a fully equipped hump 
yard for a traffic level over 1,500 cars/day. For 
a traffic level between 500 and 1,500 cars/day, an 
economical version of the hump yard is preferred. 
This is because a flat yard at this level would be 
too labor-intensive, and a fully equipped hump 
yard too expensive. Therefore, the hump profile 
design is a crucial element of hump yard design. 
This section describes the hump profile design 
process, which consists of selecting retarder con
figurations and designing a hump profile for each 
retarder configuration. Retardation-mechanism 
specifications are given in Appendix A.

3.2 Selection of Retarder Configurations
This subsection describes the retarder con

figuration selection process for B&M's East Deer
field yard.

The overall objective of this study was to 
choose a retarder configuration that would meet 
the following requirements:

• Minimal initial costs, especially capital 
cost.

• Sufficiently high hump speed to handle 
traffic to be classified at the East 
Deerfield yard.

• Permissible impact speed of cars on class 
tracks.

Because resources for yard rehabilitation are 
limited, the study team investigated the most eco
nomical retarder system possible. Thus, the team 
focused its attention on weight-responsive hy
draulic retarders, which have been successfully 
installed at various Southern Pacific (SP) yards 
as tangent point retarders.

System retardation capability and amount of 
impact speed are closely related. A small system 
retardation capability and a "low" hump crest 
could result in a car stalling near the tangent 
point. A small system retardation capability with 
a "high” hump crest could result in a car travel
ing at a higher than permissible speed, thus caus
ing damage to a car or cargo when it collides with 
a car on the same track.

To alleviate these shortcomings associated 
with low-powered retarders, the distance between 
the hump crest and the tangent point should be 
shortened. If this is done, the excessive veloc
ity head to be taken out of an easy roller will be 
reduced. The weight-responsive hydraulic retarder 
system achieves a short distance between the hump 
crest and the tangent point by placing a retarder 
on the tangent point of each track. However, this 
system requires a significant amount of capital 
for the installation of retarders on the tangent 
point of each track.

The alternative configurations the study team 
considered are briefly described below. Each of 
these alternatives uses weight-responsive hy
draulic retarders. However, the retarder control 
mechanism within each alternative is not neces
sarily identical to that used in SP's tangent 
point retarder system.

3.2.1 Alternative 1: All Tangent Point
Retarders

In this retarder configuration, a weight- 
responsive hydraulic retarder is placed on the 
tangent point of each classification track (see 
Figure 3-a). The let-out speed from the retarders 
is set to a constant speed (approximately 4.5 
mph) . The distance between the hump crest and the 
tangent point is very short because there are no 
retarders in between, and the hump height is less 
than one-half of a "normal" hump height. This 
configuration has been applied to several SP yards 
and is said to hump approximately three cars per 
minute.

3.2.2 Alternative 2: Master and Tangent
Point Retarders

The master and tangent point retarder config
uration is a modification of Alternative 1. Total 
retarder length is shortened by using a master re
tarder on the tangent segment between the hump 
crest and the first switch (see Figure 3-b). 
Weight-responsive hydraulic retarders are used in 
this configuration. The distance between the hump 
crest and tangent point is longer than the
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distance described above under Alternative 1. A 
system using master tangent point retarders will 
lead to a wider impact speed range if the total 
length of the master retarder plus a tangent point 
retarder is kept to the same length as the tangent 
point retarder length in Alternative 1.

3.2.3 Alternative 3: Two-Layer
Group Retarders

In the two-layer group retarder configura
tion, weight-responsive hydraulic retarders are 
installed between the hump crest and the last 
switch to the classification tracks (see Figure 
3-c). In this scheme— a further compromised con
figuration of Alternative 2— the last control 
point is placed before the last switch to the 
classification track. The distance between the 
hump crest and the tangent point will be consid
erably longer than the distance described under 
Alternative 1. Consequently, the hump crest will 
be higher than that of Alternative 1, and the im
pact speed of cars will vary widely.

3.2.4 Alternative 4: One Retarder
per Two-Track Group

In this economical version of Alternative 1, 
there is one weight-responsive hydraulic retarder 
for every two tracks (see Figure 3-d). The per
formance of this system is somewhat inferior to 
Alternative 1. However, when there is one weight- 
responsive hydraulic retarder per two-track group, 
only about one-half of the retarder length re
quired for Alternative 1 will be needed.

3.2.5 Alternative 5: Master
and Six Group Retarders

This configuration has one master retarder 
and six group retarders (see Figure 3-e). All the 
retarders are weight-responsive hydraulic retard
ers. The hump height is approximately 10 ft, mea
sured from the tangent point level, and the dis
tance between the hump crest and the tangent point 
of the outermost track is approximately 800 ft. 
This configuration is an economical alternative. 
However, the impact speed of cars may vary widely.

3.2.6 Alternative 6: Master
and Two Group Retarders

This configuration consists of a master re
tarder and two group retarders (see Figure 3-f). 
Both master and group retarders are weight- 
responsive hydraulic retarders. Because this con
figuration has only three retarders, the total re
tarder length will be much shorter than that of 
the other configurations. However, the retarder 
control logic in this configuration will have to 
be more sophisticated than those used in the other 
alternatives. The range of impact speed will be 
wide.

3.2.7 Alternative 7: Two Group Retarders
This configuration consists of two group re

tarders as shown in Figure 3-g. The retarders are 
weight-responsive hydraulic retarders. Though 
this configuration may require longer total re
tarder length than Alternative 6, the retarder 
control logic is considered to be much simpler 
than Alternative 6. The range of impact speed 
will be wide.

3.2.8 Other Alternatives
Other speed control configurations considered 

include: (1) Dowty retarders— the performance
characteristics and maintenance requirements of 
Dowty systems are not fully known, except through 
information supplied by the manufacturer, because 
the systems have not been installed in the north
ern United States; (2) Dowty retarder/weight- 
responsive hydraulic retarder hybrid configura
tion— the study team determined that it would not 
be desirable to maintain two different retarders 
built by two different firms because of the prob
lems that could occur in cases of system malfunc
tion; and (3) Fully equipped master and group re
tarder configuration— the possibility of using 
this retarder configuration was abandoned in the 
early stages of the study because of its high 
cost.

On the basis of the cost and performance fac
tors described above, the study team designed a 
hump profile for the master and six group retarder 
(Alternative 5), master and two group retarder 
(Alternative 6), and two group retarder (Alterna
tive 7) configurations using weight-responsive hy
draulic retarders.

3.3 Hump Profile Design
This section describes the three final hump 

design alternatives for the proposed East Deer
field yard. The retarder configurations selected 
as the final alternatives are the master and six 
group retarder configuration (Alternative 5), the 
master and two group retarder configuration (Al
ternative 6), and the two-group retarder configu
ration (Alternative 7). All the configurations 
use weight responsive hydraulic retarders.

The hump design objective was to satisfy the 
following conditions:

• The speed of the hard roller at the tan
gent point is approximately 4 mph or 
higher.

• The easy rollerfs speed at the tangent 
point is approximately 6 mph or lower.

• There should be no catch-ups before the 
clearance point of each track.

The major assumptions used in the design pro
cess are:

• The hard roller has a rolling resistance 
of 18 lb/ton between the hump crest and 
the entrance to the group retarders, and 
12 lb/ton thereafter.
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• The easy roller has a rolling resistance 
of 2 lb/ton at all points along the track.

• The velocity head loss due to each switch 
is .06 ft when the car travels along the 
curved track. The velocity head loss is 
assumed to be zero if a car travels on the 
straight track. The value .06 is constant 
for all turnout numbers. The velocity 
head loss is .03 ft for equilateral turn
outs.

• The velocity head loss due to a curved 
section of track is .045 per degree of de
flection angle.

• The minimum vertical curve length is 30 
times the absolute difference of the two 
grades expressed in percent. No switch 
points or retarder segments should be lo
cated in a vertical curve section.

• The average car length is 55 ft and the 
average car weight is 64 tons.

• The extra weight of the car due to wheel 
rotation is 3.061 tons, which translates 
to a 5% lower value for gravitational ac
celeration.

• The wind resistance is zero.

The three alternative designs are briefly de
scribed below.

3.3.1 Master and Six Group Retarders 
(Alternative 5)

A rough sketch of the master and six-group 
retarder configuration is given in Figure 4. This 
scheme has a master retarder 34 ft in length and 
six group retarders that vary from 42 to 70 ft in 
length. The short master retarder is located 
close to the hump crest; the beginning point of 
the master retarder is 70 ft downstream from the 
hump crest. The beginning points of the group re
tarders are located 390 to 530 ft downstream from 
the hump crest. The tangent point/clearance loca
tion also varies from track to track. The longest 
distance from the hump crest to the tangent point 
is 904 ft on the outermost track. The shortest 
distance is 573 ft on the innermost track.

The hump system performance characteristics 
of the master and six group retarder configuration 
is presented in Table 1. The table shows that the 
configuration meets the design criteria. However, 
this scheme has some drawbacks. The first problem 
is that the master retarder is located very close 
to the hump crest. Therefore, the speed variation 
of cars is not large. Consequently, it requires 
an accurate speed detection system. The next 
problem is that the elevations of tracks at simi
lar distances from the hump crest are not the 
same. This means that the switch crew will have 
to climb up and down the tracks near the hump end 
in crossing the classification yard. The computer 
plots of speed and headway along Track No. 1 are 
presented in Figures 5 and 6.

3.3.2 Master and Two Group Retarders 
(Alternative 6)

This scheme has a master retarder 39 ft long 
and two group retarders that are both 60 ft long 
(see Figure 7). The configuration of the geometry 
is similar to the conventional master and two 
group retarder scheme. This configuration differs 
from the conventional system by using less expen
sive, weight-responsive hydraulic retarders. The 
hump crest is 9.8 ft above the tangent point. The 
distance between the hump crest and the tangent 
point of the outermost track (or tracks 1 and 18) 
is 877 ft.

The analysis results of this scheme using the 
PROFILE model are presented in Table 2.. In this 
alternative only Track No. 1 was analyzed because 
this track clearly presents the worst case situa
tion. The table shows that the system performance 
satisfies the objectives for Track No. 1 which is 
the worst case among the tracks.

This scheme has a longer distance between the 
group retarder and the tangent point than the mas
ter and six group retarder configuration does. 
Therefore this configuration requires more accu
rate speed retardation logic to obtain the same 
level of speed controllability as the master and 
six group retarder configuration.

The computer plots of speed and headway along 
Track No. 1 are presented in Figures 8 and 9.

3.3.3 Two Group Retarders (Alternative 7)
The track geometry of this alternative is 

very similar to that of the master and two group 
design, except that the group retarder does not 
have a master retarder (see Figure 10). To com
pensate for this weakness, the configuration has 
longer group retarders than the master and two 
group retarder design. This scheme also uses 
weight-responsive hydraulic retarders.

The results of using the PROFILE model to 
analyze this scheme are presented in Table 3.
Only Track No. 1— the worst case among the 
tracks— was analyzed.

Because this scheme has only one control 
point along the track between the hump crest and 
the tangent point, it may require a sophisticated 
logic to maintain accurate speed control. How
ever, the simplicity in the design configuration 
should be counted as a strong point. The computer 
plots of speed and headway along Track No. 1 are 
presented in Figures 11 and 12.

3.4 Conclusions
In summary, the hump profiles for the three 

retarder configurations were designed. It appears 
that all three configurations satisfy the minimum 
requirements set by the study team. Consequently, 
the choice between the three configurations can be 
made on the basis of cost (i.e., the configuration 
with the least initial installation cost plus pro
jected maintenance costs).-52-
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Table 1
PERFORMANCE CHARACTERISTICS OF THE MASTER AND SIX GROUP RETARDER CONFIGURATION

r̂ack
No.

Distance 
from 
Hump 
Crest 

to T.P.* 
(ft)

Hard 
Roller 
Speed 
at T.P. 
(mph)

Hard 
Roller 
Stalls 
at T.P. 
(ft)

Easy 
Roller 
Speed 
at T.P. 
(mph)

Catch-up
Location

(ft)

Master
Retarder
Length
(ft)

Retarder
Retardation

Amount
(ft)

Group Retarder
Retardation 

Length Amount 
(ft) (ft)

1 904 5.0 1,081 6.0 1,010 34.0 1.92 70 3.81
2 904 4.9 1,069 5.9 1,010 34.0 1.92 70 3.81
3 806 5.1 985 4.7 920 34.0 1.92 70 3.81
4 739 5.0 913 6.1 819 34.0 1.92 48 2.79
5 739 5.0 917 6.1 822 34.0 1.92 48 2.79
6 709 5.0 882 5.7 795 34.0 1.92 48 2.79
7 600 6.1 864 5.5 807 34.0 1.92 42 2.39
8 593 6.1 852 5.3 793 34.0 1.92 42 2.39
9 573 6.2 845 5.2 789 34.0 1.92 42 2.39

*T.P. = tangent point.

Table 2
PERFORMANCE CHARACTERISTICS OF THE MASTER AND TWO GROUP 

RETARDER CONFIGURATION 
(Track 1)

Hump speed
Hard roller stalling point 
Tangent point distance 
Catch-up point 
Hard roller speed at T.P. 
Easy roller speed at T.P. 
Retardation amount (master) 
Retardation amount (group) 
Retarder length (master) 
Retarder length (group)

3 cars/min
1,037 ft from the hump crest
877 ft from the hump crest
947 ft from the hump crest
4.8 mph
5.6 mph
2.20 ft
3.13 ft
39 ft
60 ft

Table 3
PERFORMANCE CHARACTERISTICS OF THE TWO GROUP RETARDER CONFIGURATION

(Track 1)

Hump Speed
Hard roller stalling point 
Tangent point distance 
Catch-up point 
Hard roller speed at T.P. 
Easy roller speed at T.P. 
Retardation amount 
Retarder length

3 cars/min
955 ft from hump crest
770 ft from hump crest
891 ft from hump crest
5.1 mph
5.2 mph 
4.61 ft 
80 ft
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4.0 Capacity Evaluation of Proposed
East Deerfield Yard

4.1 Introduction
This section describes the capacity evalua

tion work conducted for the East Deerfield yard.
The purpose of the analysis was to roughly esti
mate the level of traffic volume that can be han
dled at the East Deerfield yard under the proposed 
design and operating conditions.

The computer simulation model CAPACITY, de
veloped for FRA, was extensively used in the analy
sis. The CAPACITY model is a deterministic ac
counting model that represents the block 
movements in the yard following a given set of 
rules. The model is used as a tool in the yard 
design process. The yard design process is a 
trial-and-error process in which the yard designer 
evaluates his trial designs using this model. In 
the East Deerfield yard design, only one trial de
sign was evaluated. However, four different traf
fic levels were tested to determine the level of 
traffic to be handled by the yard.

The following four scenarios were simulated:
• Scenario I— An average day in East Deer

field Yard, with the addition of traffic 
resulting from a suspension of switching 
operations at Springfield Yard: 628 cars/
day.

• Scenario II— A heavy day in East Deerfield
Yard, with the addition of traffic result
ing from a suspension of switching opera
tions at Springfield Yard: 779 cars/day.

• Scenario III— Same input as Scenario II,
with traffic increased 6.5%: 828 cars/
day.

• Scenario IV— Effects of abnormally heavy
traffic. Additional capital investments, 
as well as a more intensive switching op
eration, were assumed. Basic traffic was 
roughly equivalent to that of Scenario II, 
with abnormally heavy traffic added, but a 
revamped schedule was developed to utilize 
East Deerfield as the hub of the four- 
spoke system: 1,111 cars/day.

This section consists of four major parts.
The first part (Subsection 4.2) roughly describes 
the geometric configuration and operational plan 
of the proposed yard. The second part (Subsection 
4.3) describes the traffic scenarios tested using 
the simulation model CAPACITY. The third part 
(Subsection 4.4) describes the assumptions used 
for CAPACITY model simulation. The fourth part 
(Subsection 4.5) describes the analysis of outputs 
from the CAPACITY program. The output summaries 
are given in Appendices B and C. Appendix B shows 
the details of hump and trim engine activities, 
and Appendix C shows the summary statistics of 
simulation outputs.

4.2 Description of the Proposed
East Deerfield Yard

4.2.1 Proposed Yard Configuration
Figure 13 shows a schematic layout of the 

proposed yard configuration. There is one receiv- 
ing/departure yard consisting of 8 tracks with a 
total physical capacity of almost 600 cars (2 
tracks hold 94 cars, and the others average 65 
cars). There are 18 classification tracks (aver
aging 68 cars in length) served by a single hump. 
In addition, there are car-cleaning tracks, a car 
repair area, and locomotive fueling and repair 
areas.

4.2.2 Proposed Operating Plan
Several sets of operational parameters to 

handle the various classifications looked promis
ing. One operating plan for the proposed East 
Deerfield yard was chosen to be simulated by the 
CAPACITY model.

4.2.2.1 Hump Engine Utilization
The hump engine is generally used to perform 

all humping and reswitching functions, if avail
able, including pulling cars from the classifica
tion yard back over the hump and rehumping. One 
hump engine was used for Scenarios I, II and III. 
Scenario IV required 2 engines on the hump.

4.2.2.2 Trim Engine Utilization
One trim engine was used at the East Deer

field yard for Scenarios I, II, and III. A second 
trim engine was used in Scenario IV, which also 
assumed additional capital investment at the trim 
end. The trim engine can double over class tracks 
when feasible in performing the task of pulling 
cars from the classification tracks to the receiv- 
ing/departure yard. The trim engine does the fol
lowing work:

Couples (trims) and pulls cars from the 
classification tracks to the departure 
tracks.
Couples (trims) and pulls blocks from the 
classification tracks to the receiving 
tracks for reswitching by the hump engine 
(when the hump engine is unavailable or 
when the cut is too heavy for the hump 
switcher to pull back up the hump grade).
Pulls blocks from the classification to 
departure tracks for holding.
Couples (trims) local trains that are to 
depart directly from the classification 
yard.
Sets out tracks of cars for local (Green
field to East Deerfield) customers.

6 2
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4.2.2.3 Classification Track 
Assignment

Cars are initially classified and humped into 
the following classification tracks:

Track ____________Classifications____________
1 Boston, Yard 21, W. Cambridge, Gardner, 

Gardner PW, Fitchburg, Ayer, Worcester, 
Worcester PW (Fitchburg mainline classifi
cations) .

2 CP.
3 Nashua, Manchester, Concord (New Hampshire 

North).
4 Lowell, Lawrence, Dover (West Routes).
5 CV.
6 Chelsea, Lynn Salem (East Routes).
7 Rigby.
8 Springfield CR.
9 CR-Rotterdam Junction.
10 D&H.
11 CN.
12 Holyoke, Springfield B&M, E6, E2, E3, So.

Deerfield, Northampton, Mt. Tom, Easthamp- 
ton, Athol, Orange, Erving, Chicopee, Mil
lers Falls, Bernardston, VTR, Mechanicville 
town. (AM locals.)

13 Brattleboro CV, Brattleboro B&M, E7
(Dennis-Jamison, Suburban Propane, Agway, 
Book Press, Case Brothers, Westminster, 
Bellows Falls, Hinsdale, Ashuelot, Winches
ter, Keene), Claremont (C&C), White River 
Junction, Littleton, Whitefield, Groveton, 
Berlin. (Midnight Locals.)

14-17 Reswitch tracks.
18 B&M cleaners, cripplers, weighers, miscel

laneous local blocks.

When further classification is not required, 
cars are trimmed and pulled from their respective 
classification tracks by the trim engine at the 
appropriate scheduled cut-off time and set out and 
inspected in the receiving/departure yard. Early 
pulls of full tracks are made by the trim and 
stored in the departure yard.

When further classification is necessary, 
groups of blocks can be either pulled from the 
classification tracks back over the hump by the 
hump engine or pulled to a receiving track by the 
trim engine for reswitching. Several times each 
day, up to 16 blocks were reswitched using Tracks 
14-17 to make up several trains at one time. Two 
of these trains depart directly from the classifi
cation yard, thus requiring only coupling by the 
trim engine. The following block groupings re
quired reswitching:

• Fitchburg mainlines (Track 1).
• New Hampshire North (Track 3).

• West Routes (Track 4).
• East Routes (Track 6).
• AM locals (Track 12).
• . Midnight locals (Track 13).
• Cleaners, cripples, weighers, and miscel

laneous local blocks (Track 18).

4.3 Traffic Scenarios Tested
Four scenarios were tested by the CAPACITY 

model to stress the yard. To increase traffic to 
East Deerfield, trains normally handled at other 
B&M yards were input to CAPACITY with East Deer
field trains. The first scenario consists of an 
average volume day (628 cars/day) of East Deer
field traffic to which Springfield yardfs traffic 
is diverted to East Deerfield. The second and 
third scenarios are heavy volume days (779 and 828 
cars/day) in which the Springfield traffic is di
verted to East Deerfield. The fourth scenario is 
a projected day of traffic by B&M (1,111 cars/day) 
for which new inbound and outbound train schedules 
were developed to simulate East Deerfield yard as 
the hub of the B&M system.

Detailed listings of arrival and departure 
train schedules used in the four scenarios are 
given in Tables 4 and 5, respectively.

4.4 Assumptions Used for CAPACITY
Model Simulation * •
Two types of assumptions are involved in CA

PACITY model application. One is the type of as
sumptions inherent in the CAPACITY model, and the 
other is the type of assumptions specifically 
adopted in each application. The following are 
inherent in the CAPACITY model.

• A standard cut-off time is applied to all 
departing trains.

• There are an unlimited number of inspec
tion crews.

• The durations of hump closure vary accord
ing to the amount of work required for 
each reswitching by the hump engine and 
the duration of crew breaks.

• No humping is performed while a hump en
gine is performing work in the bowl.

• Humping and trimming can be performed si
multaneously .

• The hump engine has enough power to pull 
cars back over the hump for reswitching.

• Pieces of work are not interrupted for 
scheduled crew breaks. For example, the 
crew working the hump will finish humping 
a train and then take the required crew 
break in its entirety.

• All engine movement is uninterrupted by 
external activities, i.e., movements to 
the engine house, yardings of trains, 
buggy movements, engine turnaround, and so 
on.
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Table 4

ARRIVAL TRAIN 

Arrival
Train Time

SCHEDULES FOR SCENARIOS I-IV 

Number of Cars
Scenario I Scenario II Scenario III

LM1 0020 47 52 55
CP 9 04 0130 34 36 38
YE7 0235 65 80 85
SE5 0430 75 91 97
RB30 0525 55 60 64
AP3 0615 33 33 35
WE2 0700 55 60 64
CV447 1900 35* 38* 40*
CV390 2 112 43 45 48
NY10 2130 70 83 88

SP2 1400 58+ 35 37
SE1 1759 57 61
CP917 2300 58+ 35 37
Second CV390 0615 22 24
FEX 1500 22 23
Second AP3 1635 30 32
Total 628 779 828
Inbound
Cars

Train
Arrival
Time

Number 
of Cars

in Scenario IV
BOED 0030 60
MEEDB 0100 71
CP904 0130 36
RIED 0200 41
SAED 0430 91
RJRIB 0600 92
WHED 0700 60
RJRJA 0900 32
MEEDA 1100 67
SPED 1230 58
SP2 1400 35
FEX 1500 22
RJRIA 1600 90
MAED 1730 82
CV447 1900 38
RIRJB 1900 32
RJED 2000 56
CV390 2200 73
CP917 2300 75
Total 1,111
Inbound 
Cars

Trains E4 and CV447 are simulated together because they would be 
doubled over on a receiving track.

+Includes cars from train SE1.
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Table 5
DEPARTURE TRAIN SCHEDULES FOR SCENARIOS I-IV

Scenario I Scenario II Scenario III Scenario IV
Schedule Schedule Schedule Schedule
Depart Depart Depart Depart

Train Time Train Time Train Time Train Time
CP917 0130 CP917 0200 CP917 0115 CP917 0115
AP3 0300 AP3 0300 AP3 0300 EDWH 0400EW1 0400 EW1 0400 EW1 0400 EDMEA 0500
RB30 0558 RB30 0730 RB30 0730 RJRIB 0700
ES2 0912 ES2 1000 ES2 1000 RIRJA 0930
E6* 1000 E6* 1000 E6* 1000 CV447 1000
E2* 1000 E2* 1000 E2* 1000 EPSP 1000
BM7 1300 BM7 1300 BM7 1300 E6* 1000
LM1 1900 LM1 1900 LM1 1900 E2* 1000
CV447 2000 CV447 2000 CVA47 2000 EDMEB 1400
EY8 2100 EY8 2100 EY8 2100 DBOST 1515
ES6 2130 ES6 2130 ES6 2130 RJRIA 1700

RIRJB 2000
EDBO 2000
EDMA 2130
EDSA 2200
EDRJ 2330
EDRI 2345

Train departs from classification yard.

The CAPACITY model is still in its develop
ment stage. Some of the assumptions listed above 
will change by the time this model becomes avail
able to the general users.

Other assumptions used by the B&M as inputs 
to CAPACITY are as follows:

• The receiving/departure yard consists of 
eight tracks.

• The classification yard consists of 18 
tracks of which Tracks 13-17 are used for 
reswitching.

• Front-end inspections are 5 min per train 
plus 1 min per car.

• One hump engine works per shift for Sce
narios I, II, and III.

• Two hump engines work per shift for Sce
nario IV.

• The humping rate is 2.7 cars per min.
• Reswitch movements are made by hump and 

trim engines.
• One trim engine works per shift in Sce

narios I, II, and III.
• Two trim engines work per shift in Sce

nario IV.
• Early pulls are made by the trim engine.
• Trains made up from multiple tracks leave 

from the receiving/departure yard.
• Trimming is simulated at 0.5 min per car.

• Outbound inspections are 5 min per train 
plus 0.5 min per car.

• A cut-off time period of 30 min is applied 
to departing trains. That is, trains can 
begin being made up 30 min prior to their 
scheduled departure time. Making this 
constant small enabled better simulation 
of reswitches and the like.

• Eight crew-break time periods were se
lected to approximate actual breaks. In 
the first three scenarios, the breaks for 
each shift consisted of 30 min for crew 
change, 30 min for lunch, and a 15-min 
coffee break. In Scenarios II and III, 
late-night work kept second-shift person
nel busy until the end of their shift. 
Thus, only 5 min was lost as third-shift 
crews came out with fresh engines to re
lieve the homeward-bound men. In Scenario 
IV, the breaks were much shorter, to sim
ulate the effect of overlapping shifts.

• The following travel times were determined 
through analysis of the proposed yard lay
out
- Twenty minutes for the hump engine to go 
down into the receiving yard, pick up a 
cut of cars, and return to the hump.

- Twenty-two minutes for the trim-end en
gine to travel from the departure yard 
to the classification yard, pick up a 
cut of cars (not counting trimming time) 
and bring it to the departure yard.
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- Nine minutes for the trim-end engine to 
travel from one classification track to 
another (assuming worst case).

- In Scenario IV, the second hump engine 
was assumed to be only 5 min behind the 
end of the first engine’s cut.

- In Scenario IV, the interference of the 
two trim-end engines was assumed to 
cause a 50% delay in any trim-end 
travel time.

4.5 Analysis of CAPACITY Outputs
CAPACITY was used in an iterative process. 

Each scenario was run, modified, and rerun until a 
steady state was achieved in which no bottlenecks 
were observed on the hump, in the classification 
yard, or in the back end of the yard, and cars 
were making the desired connections.

Output from CAPACITY runs provided:

• Receiving-yard occupancy diagram and track 
requirements.

• Arriving-train histories and hump utiliza
tion table.

• Classification yard buildup histories.
• Departure train makeup scenarios including 

all pulls from the classification yard.
• Departure yard occupancy diagram and track 

requirements.

Estimation of the East Deerfield yard capac
ity under the four scenarios was conducted by ex
amining :

• Receiving/departure track requirements.
• Hump and trim engine utilization and num

ber of cars handled by the trim engine.
• Class track requirements.
• Departure train delays.
• Average car detention time in the yard.

4.5.1 Receiving/Departure Track 
Requirements

The number and length of tracks required in 
the receiving/departure yard for each scenario 
were determined by combining the receiving and de
parture yard occupancy diagrams and track length 
requirements. The durations of inbound and out
bound train occupancies on a receiving and depar
ture track were plotted over a 24-hr period. The 
number of tracks required to accommodate the traf
fic for a given scenario is at least the greatest 
number of trains that occupy receiving/departure 
tracks simultaneously, and additional tracks re
quired (1) for trains that are longer than the 
normal track length, and (2) when block swapping 
occurs. Figures 14 to 17 show, for each scenario, 
the simulated receiving/departure yard occupancy 
over 24 hr. Trains requiring track lengths 
greater than 80 cars were assumed to occupy two 
tracks.

There appears to be adequate receiving/depar
ture track capacity in the first three scenarios, 
especially on the average day simulated in Sce
nario I. Even as the yard reaches capacity on the 
trim-end constraint, in Scenarios II and III, 
there is no unresolvable congestion in the receiv
ing/departure yard, as shown in Table 6.

The effect on track requirements of arrival/ 
departure time variation was analyzed. This was 
accomplished by extending the track occupancy of 
each train by one hour either way and counting the 
maximum number of tracks occupied during any 
amount of time over the 24-hr period.

The results of this analysis are given in 
Table 7.

In Table 7 it should be noted that on the av
erage day (Scenario I), the receiving/departure 
yard could begin to congest. This condition is 
only indicated for a short period of time (15 min) 
and could be easily avoided by minor rescheduling 
of trim-end activities. Similar occurrences on 
the heavy days of Scenarios II and III are 
slightly more frequent but can also be avoided by 
the yardmaster. It is apparent that additional 
tracks are required to accommodate the more fre
quent and longer trains of Scenario IV.

4.5.2 Hump and Trim Engine Utilization 
and Number of Cars Handled •
by the Trim Engine

CAPACITY reports the movement of engines at 
front and back ends of the yard, i.e., between the 
receiving yard and the hump and between the depar
ture yard and the classification yard. Various 
types of facility (or crew) utilization rates (or 
time) were computed using the CAPACITY output.
The measures used for the analysis are:

• Hump Utilization— Actual time that cars 
are moving over the hump, divided by 24 
hr.

• Hump Engine Utilization— Time that hump 
engine is moving or doing work, divided 
by 24 hr.

• Hump Crew Utilization— Time that hump en
gine is moving or doing work, divided by 
time crew is working (24 hr minus shift 
changes, lunch hours, etc.).

• Trim Engine Utilization— Time that trim 
engine is moving or doing work, divided 
by 24 hr.

• Trim Crew Utilization— Time that trim en
gine is moving or doing work, divided by 
time crew is working (24 hr minus shift 
changes, lunch hours, etc.).

A significant amount of time is spent by the 
hump and trim engines performing reswitching work. 
The hump and trim engines performed the following 
reswitches during each scenario. (See Table 8.)

The hump downtime per reswitch was manually 
included in the hump crew and hump engine utiliza
tion calculations. The engine and crew utilization
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Table 6

RECEIVING/DEPARTURE TRACK REQUIREMENTS

Maximum 
No. of Cars 

in the

Scenario
Maximum No. 
of Trains

Maximum No. 
of Tracks 
Required

Receiving/
Departure

Yard
I 5 7 325
II 6 8 400
III 5 7 345
IV 6 10 455

Table 7
SENSITIVITY ANALYSIS ON RECEIVING/DEPARTURE TRACK REQUIREMENTS

Maximum 
No. of Cars 

in the

Maximum No.
Scenario of Trains

Maximum No 
of Tracks 
Required

Receiving/
Departure

Yard

I 8 10
II 9 11
III 8 11
IV 8 13

488
549
589
606

Table 8
RESWITCHING ACTIVITIES DURING SCENARIOS I-IV

Classification
Track Classifications

Total Daily Reswitching Time 
Scenario I Scenario II

12* AM locals 2 hr, 40 min 3 hr, 12 min
18 Cleaners,local, cripples (total for 3 times daily) 2 hr, 22 min 2 hr, 28 min
1,3,6* ES6/EY8 4 hr, 04 min 4 hr, 45 min
13* Midnight locals 2 hr, 35 min 3 hr, 04 min
4 West routes 37 min 46 min

Classification Total Daily Reswitching Time
Track Classifications Scenario III Scenario IV
12* AM locals 3 hr, 15 min 3 hr, 20 min
18 Cleaners,local, cripples (total for 3 times daily) 2 hr, 32 min 2 hr, 28 min
It Fitchburg mainline classifications 2 hr, 23 min
1,3,6* ES6/EY8 (EDSA/EDMA) 4 hr, 49 min 5 hr, 55 min
13* Midnight locals 3 hr, 05 min 3 hr, 27 min
4* West routes 46 min 1 hr, 38 min

*Indicates two- 
* In Scenario IV

stage reswitching.
, the combined cars of Track 1 (and its two early pulls) were reswitched, with EDBO

cars (Boston and Yd21) going to Tracks 3 and 6 (now empty) and EDSA/EDMA cars going onto the appro
priate reswitch tracks, to be combined with the rest of the upcoming first reswitch at EDSA/EDMA, 
in Tracks 14-17.
* Total for twice daily in Scenario IV.
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details can be found in Appendices B and C. Sta
tistics for Scenario IV are for two switch engines 
at each end of the yard. Overtime was required in 
each scenario. Resultant crew and engine utiliza
tion statistics for Scenarios I-IV are given in 
Table 9 and Figure 18.

The hump utilization statistics are low and 
reveal no problems on the hump. It was important, 
however, that Scenarios I-IV allowed enough time 
for the hump engine to perform the required re
switching work.

It was assumed that the maximum utilization 
that can be expected of a switch engine during a 
24-hr period is about 80%. Statistics for Sce
narios I and II, an average day and a heavy day, 
fall below 80% utilization of the trim and hump 
engines. Scenario III, however, approaches maxi
mum utilization of the hump engine and the trim 
engine.

Another measure of trim engine efficiency is 
the number of cars handled per engine. It was as
sumed that the maximum number of cars that one 
trim engine can handle is about 500 cars per shift. 
The results of the four scenarios are summarized 
in Table 10.

The number of cars handled per trim engine 
per shift does not exceed 500 in any of the four 
scenarios. The maximum handling of cars by the 
trim engines occur during the second shift, except 
in Scenario III where it occurs in the first 
shift. Scenario III heavily works the trim en
gine, moving 71 to 92% of the number of cars a 
trim engine is capable of handling during a shift.

Scenario III Scenario IV
Trk Time Cars Trk Time Cars
1 0358 47 1 0056 45
9 1115 77* 1 0409 56
10 1351 75* 2 1609 32
11
2

1451
2314

60
71*

11 2221 52

Only Scenario I has excess Rigbys on Track 7. In 
later runs the Rigbys on arriving Train NY10 were 
simulated as a bypass block, as currently prac
ticed. Early pulls for CRs and D&Hs (Tracks 9 and 
10) became unnecessary with the more frequent 
movements of Scenario IV. In Scenario IV, CRs, 
D&Hs, and Rigbys departed three times -per day, 
thus keeping the classification yard fluid. The 
classification yard remained fluid in all the sce
narios as long as there was adequate space in the 
receiving/departure yard to pull full tracks. If 
there is a problem with trim engine availability 
or tracks out of service, the track space in the 
classification yard can become a critical bottle
neck at East Deerfield, especially in Scenario
III. Scenario IV depends on additional receiving/ 
departure tracks and switch engines to keep the 
classification yard fluid as discussed earlier in 
this section.

4.5.4 Departure Train Delays
Train delays are reported in the CAPACITY 

train makeup scenarios. Train delays were evalu
ated for reasonableness and effect on the overall 
operation of the yard. Various factors can con
tribute to train delays, such as:

4.5.3 Classification Track Requirements
The proposed 18 classification tracks con

straint was tested. The proposed capacities of 
the classification tracks vary, averaging 68 cars 
in length. When specified classification track 
lengths are exceeded, the model reports the number 
of extra tracks of the same length required to 
store the block of cars. During the iterative 
process, optional early pulls were simulated until 
most of the specified track limits were main
tained.

Early pulls from the classification yard to 
the receiving/departure yard were made as follows.

Scenario I Scenario II
Trk Time Cars Trk Time Cars
7 0454 60 9 0929 50
9 1005 60 10 1338 70*
11 1406 57 11 1435 60
2 1656 53 2 1730 47

• Time between start couple time and sched
uled departure time insufficient to make 
up long trains or trains requiring several 
p u l l s .

• Trim engine unavailability for train 
m a k e u p .

• Delay in reswitching operations.
• Inefficient scheduling of train makeup or 

humping.
• Unavailable road power for train to depart 

(not simulated).
Table 11 summarizes the departure of all the 

trains during the 24-hr period for each scenario. 
In Scenario I, the average day, trains departed at 
times that seem feasonably accurate and practical. 
The simulation of Scenarios II and III resulted in 
the majority of trains being delayed 30 to 60 min. 
This train lateness is not out of line with what 
would be expected to occur during an unusually 
heavy day.

4.5.5 Average Detention Time
Average detention time is an excellent indi

cator of a yard's efficiency, but is heavily

Excess cars were allowed to overflow onto neighboring tracks.
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Table 9

UTILIZATION OF SWITCHING CREWS AND ENGINES

Scenarios
I II III IV

Percent hump utilization 27.9 34.2 36.6 45.9
Percent hump engine utilization 62.6 72.7 76.8 46.6
Percent hump crew utilization 74.2 86.2 91.0 55.2
Percent trim engine utilization 69.9 77.4 81.0 64.9
Percent trim crew utilization 82.9 91.8 96.0 77.0
Overtime required (hours) 0.5 1.6 1.8 0.5

Table 10
NUMBER OF CARS HANDLED* BY TRIM ENGINE

Scenario Scenario Scenario Scenario IV
Shift I II III Engine 1 Engine 2

0700-1500 251 367 459 119 217
1500-2300 394 498 364 288 327
2300-0700 266 239 353 244 285
Total 911 1,104 1,176 651 829

The number of cars handled includes each time cars are pulled 
to the hump for reswitching, the cars that are coupled to leave 
from the classification yard, and all the pulls to the depar
ture yard.
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Table 11

Train
CP917
AP3
EW1
RB30
ES2
E6
E2
BM7
LM1
CV447
EY8
ES6

Train
EDRJ
EDRI
CP917
EDWH
EDMEA
RJRIB
RIRJA
CV447
EDSP
E6
E2
EDMEB
RJRIA
RIRJB
EDBO
EDMA
EDSA

DEPARTING TRAINS IN SCENARIOS I-IV

Scenario I Scenario II Scenario III
Time Cars Time Cars Time Cars
0251 89 0342 107 0332 112
0358 16 0359 18 0403 25
0449 37 0510 44 0552 47
0658 82 0909 101 0917 111
1053 66 1233 79 1156 86
1147 8 1231 10 1323 11
1201 6 1246 7 1338 8
1355 75 1421 89 1438 98
2102 60 2131 80 2116 80
2149 83 2231 107 2220 112
2209 40 2253 53 2242 56
2257 45 2346 58 2338 62
Scenario IV 
Time Cars
0116 50
0304 77
0433 115
0522 44
0557 24
0803 72
1057 93
1148 121
1233 73
1133 8
1152 5
1447 40
1842 84
2045 54
2153 61
2255 78
2335 87

Table 12
AVERAGE DETENTION TIME 

(Hours)

All Humped Cars
Cars Only

Scenario I 17.03 17.03
Scenario II 17.25 17.53
Scenario III 17.29 17.57
Scenario IV 13.31 14.71
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dependent on the operational strategy utilized.
For example, as will be shown below, moving clas
sifications out of the yard more than once a day 
does much to reduce average detention time. An 
accurate calculation of the average time cars 
spend in the East Deerfield yard during a 24-hr 
period was derived from CAPACITY reports. In 
Table 12 the yard-wide car detention times are 
summarized for all four scenarios, as well as de
tention figures for the last three runs, which ex
clude cars that bypassed the hump.

In the first three scenarios, most classifi
cations move once each day. Therefore, the ex
pected value of detention time in the classifica
tion yard alone is 12 hr per car, although planned 
connections decrease that somewhat in actuality.
In Scenario IV, when many blocks move twice or 
even three times, we see a marked drop in deten
tion time. Therefore, there is a benefit to be 
gained for almost all cars through yard consolida
tion, provided the work can be handled in just one 
place.

The current average detention time per car at 
East Deerfield yard is approximately 31 hr. The 
average detention figures from the East Deerfield 
CAPACITY runs indicate that the new plan would 
significantly improve the yard operations . Figure 
19 shows a constant level of efficiency even as 
the yard approaches capacity. However, the addi
tion of any more traffic would cause the average 
detention time to rise sharply.

4.6 Conclusions
The general operating feasibility of each 

scenario was determined, taking into account 
track, engine, and crew requirements.

Because track space is the most critically 
restrained resource at East Deerfield, adequate 
physical capacity at all times is a necessity.
Cars in classification tracks can be pulled to the 
receiving/departure yard, but from the receiving/ 
departure yard there is no place to go. As re
ceiving/departure tracks become full, power avail
ability, unexpected traffic levels, and tracks out 
of service become an increasing concern.

After physical space, engines and crews are a 
yard’s most constrained resources. In the East 
Deerfield study, they proved to be the most lim
iting factor of the proposed yardfs capacity.
While most utilization figures are important, 
crew utilization is most crucial.

On a day-to-day basis, the yard should handle 
its traffic with ample fluidity.

Scenario I depicts what should be the day-to- 
day operation of East Deerfield Yard, with the 
closing of Springfield Yard. At some 628 cars/ 
day, the CAPACITY results show the yard to be 
fluid and efficient. There is ample time to do 
all the work required each day; meeting schedules

and deadlines seems to pose few problems. Track 
capacities are seldom reached, and crew and switch 
engine utilization statistics are well within rea
son.

Scenario II indicates that with careful yard
mastering, constant work, and no unforeseen prob
lems, the addition of 150 cars/day will not choke 
the yard. the receiving/departure yard can become 
congested for brief periods. Trains are delayed 
around 30 to 60 min. The hump-and-trim crew and 
engine utilizations are high but no greater than 
what could be expected during an unusually heavy 
volume day. Some overtime is required to perform 
the work.

Although the yard remains fluid in Scenario 
III, the yard capacity is approached. Beyond the 
level of 800 to 830 cars, the yard becomes con
gested and begins to fall behind.

Scenario IV demonstrates that East Deerfield 
could handle an abnormally heavy amount of traffic 
with the addition of two or three more receiving/ 
departure tracks and one or two more classifica
tion tracks. In addition, a second trim-end pull
out lead is required, and four engines per shift 
are necessary. Without all of these additional 
investments, the scenario could not operate.

The yard’s capacity has been determined on 
the basis of certain block mixes of incoming cars. 
With different block mixes or a different arrival 
schedule, yard capacity could be slightly higher 
or lower. Humping rate can probably go higher, 
because the hump profile is designed for a higher 
humping rate (3 cars/min) than the value (2.75 
cars/min) used in the CAPACITY simulation. Deten
tion time may actually be slightly higher depend
ing on availability of inspectors, locomotives, 
etc. External activities, like movements to 
the engine house, yardings of trains, track oc
cupancy by trains for fueling, caboose switches, 
and engine turnaround interfere with the work of 
the switch engines, and can cause delays. These 
delays are not present in CAPACITY. Primarily at 
the trim end, they reduce the practical capacity 
of the new yard by a small amount.
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DEERFIELD CASE STUDY

Appendix A

SPECIFICATIONS FOR CAR RETARDERS, CONTROLS, AND SWITCH MACHINES 
FOR BOSTON AND MAINE CORPORATION, E. DEERFIELD, MASSACHUSETTS

Office of Vice President— Engineering 
Boston and Maine Corporation 
Iron Horse Park 
N. Billerica, MA 01862
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SPECIFICATIONS

The equipment to be furnished shall consist of that required for an 18-track gravity classification 
yard with a hump retardation system, 18 inert skate retarders (one on each class track) , and 17 switch ma
chines together with control panel, power source, and control apparatus.

Performance Requirements
The retardation system shall meet the performance levels stated below:
A. The humping speed shall be 3 cars/min or higher; cars are assumed to be 55 ft long.
B. The rate of misswitching shall not exceed 1/1,000 for total cars humped.
C. Cars shall not stall before the tangent point of each class track.
D. At least 90% of the cars shall couple on the class tracks with the speed less than 6 mph.
E. The maximum speed on the switch and curve segments shall be less than 16 mph.

Alternative Retarder Configurations
The retarder configuration shall be any one of the four alternative configurations described below. 

However, any proposed configuration must meet the performance requirements listed above.
Alternative 1 consists of retardation mechanism that can meet the performance requirements listed 

above. The bidder proposing this alternative is free to choose the retarder, the configuration, and the 
hump profile design.

Alternative 2 consists of one hydraulic weight responsive primary retarder (ahead of first switch), 
and six secondary retarders (each ahead of three class tracks group). A rough geometric design of this 
system is supplied to bidders.

Alternative 3 consists of one hydraulic weight responsive primary retarder (ahead of first switch), 
and two secondary retarders (each ahead of nine class tracks group). A rough geometric design of this 
system is supplied to bidders.

Alternative 4 consists of two retarders (each ahead of nine class tracks group). A rough geometric 
design of this system is supplied to bidders.

Retarders
Clasp-Type Retarders
In the event that conventional clasp-type retarders are used, the retarders shall be hydraulically 

operated weight responsive, and shall meet the following requirements:
A. Can take velocity heads out of 160-ton, 4-axle, 36" wheel car.
B. Maximum working hydraulic pressure shall not exceed 2,500 psi.
C. The dimensions and clearances of retarders shall be such that when installed, all normal stan

dard gauge railroad cars and diesel locomotives may be operated through the retarders without 
contact when retarders are in "open" position.

D. Retarders shall be shipped fully assembled insofar as possible, ready for installation. Buyer 
will install retarders and will furnish and install all necessary timber supports, guard rails, 
and compromise joints.
If the supplier cannot furnish the running rail and abrasion rail and also cannot ship units 
assembled, he should state so.

E. Bidder may bid the retarders on any of the following plans and will state which plan is the 
basis of his bid:
a) Abrasion surfaces to be replaceable steel shoes, furnished by supplier indicating unit 

price.
b) Abrasion surfaces to be new 115-lb RE rail, furnished by supplier.



c) Abrasion surfaces to be new 115-lb RE rail, furnished by railroad with freight allowed to 
supplier’s fabrication plant.

d) Same as Plan C except that buyer, at buyer’s expense, will flash butt-weld the abrasion 
rail into any desired length up to 70 ft each so as to form one continuous abrasion sur
face through each retarder without the necessity of end flares between the individual re
tarder units of each track.

If bidder proposes to furnish running rails with the retarder, he should so state. If fur-
nished, rails should be new 115-lb RE section.

F. Retarders of Alternative 2 shall be 
rating):

capable of taking the following velocity heads (level track

Retarder Velocity Contemplated
Number Head Total Length

Primary 1.92 ft 34 ft
Secondary-1 3.81 ft 70 ft

-2 2.79 ft 48 ft
-3 2.39 ft 42 ft
-4 2.39 ft 42 ft
-5 2.79 ft 48 ft
-6 3.81 ft 70 ft

G. Retarders of Alternative 3 shall be 
rating):

capable of taking the following velocity heads (level track

Retarder Velocity Contemplated
Number Head Total Length

Primary 2.20 ft 39 ft
Secondary-1 3.13 ft 60 ft

-2 3.13 ft 60 ft
H. Retarders of Alternative 4 shall be 

rating):
capable of taking the following velocity heads (level track

Retarder Velocity Contemplated
Number Head Total Length

Primary-1 4.61 ft 80 ft
-2 4.61 ft 80 ft

Nonclasp-Type Retarders
In the event that nonclasp-type retarders are used, the retarders should meet the following specifi-

cations.
A. The dimensions of retarders shall be such that when installed, all normal standard gauge rail-

road cars and diesel locomotives may be operated through the retarders without any damages .
B. Retarders shall be shipped fully assembled insofar as possible, ready for installation. Buyer 

will install retarders and will furnish and install all necessary timber supports, guard rails, 
and compromise joints.

Pumps, Valves, and Lines
This section applies to hydraulically operated weight-responsive retarders.
A. Bidder will furnish all required motors, pumps, accumulators, valves, and connections. Valves 

shall be provided at each retarder so individual retarders may be made inoperative with the re
maining retarders in service.

B. Two electric motors and two hydraulic pumps shall be furnished with one pump leading and the 
second pump to cut in automatically when pressure requires. Pumps to be arranged so that the 
loading-trailing arrangement can be alternated. If supplier proposes an air-assisted hydraulic 
system, supplier shall furnish the necessary air compressors.

C. Electric motors for pumps shall be 3-phase, 220/440-volt, 60-cycle with 120-volt control.
D. Pump control wiring must comply with Commonwealth of Massachusetts Electrical Safety Orders and 

any local codes that may apply.
E. Buyer will furnish and install necessary electric cable, conduit, and hydraulic piping from 

pump house to retarders and return. Bidder shall furnish connections at each end of hydraulic 
lines together with all required valves.
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F. Buyer will furnish and install pump house, including foundation. Bidder shall furnish cases 
for any required hydraulic control stations. Foundation will be supplied by buyer.

G. Buyer will furnish all required hydraulic oil to supplier's specifications.
Quantity and specifications of hydraulic oil required shall be stipulated in quotation.

Controls
Controls will be provided to function automatically to satisfy the specified performance require

ments. Paragraphs A through E of this section apply to systems using hydraulic weight-responsive 
retarder .systems. Paragraphs F through H apply to all the alternatives.

A. Controls will be factory-wired and furnished fully assembled, enclosed in weather-tight instru
ment cases. Buyer will furnish foundations for the instrument cases.

B. Controls will be arranged so that when control panel at the crest is placed in "hump" position, 
pumps will start. Impulse will be provided so that indication light will show at crest when 
working pressure has been reached. When control lever at crest is placed in "trim" position, 
retarders will open and stay open so cars may be pulled out of bowl. Pumps will shut off when 
control is placed in "off" position.

C. Release speed controls will be arranged so that they may be altered by a signal maintainer by 
changing printed circuit cards or by other convenient means.

D. Bidder shall furnish all necessary control apparatus, including control panel at crest. Buyer 
will install wire and cables between control panel and pump house and between pump house and 
retarders. Buyer will install retarders.

E. Control panel will include a F-N-S lever. With the lever set in "F," the retarders will auto
matically release cars at 1 mph faster than "N." With the lever set in "S," the retarders will 
automatically release cars at 1 mph slower than "N." Control panel shall also include toggle 
switches to permit placing each retarder independently into Manual Open, Manual Closed and 
Automatic.

F. Bidder to provide automatic switching. Automatic switching to include four car memory and to 
be such that it will be necessary to push only one button for each car or cut of cars to be 
switched.

G. Bidder to provide lock-up circuit on the 17 power switches so that switch cannot be thrown be
tween trucks or when following car is closely approaching. Buyer will furnish necessary track 
circuit or presence detectors for lock-up circuits. If the bidder cannot provide lock-up cir
cuits he should so state.

H. Bidder to furnish, without extra charge, the service of a qualified factory engineer for advice 
in installing and testing the equipment.

Switch Machine Specifications
Bidder shall furnish 17 noninterlocked power switch machines to be adjustable so as to provide 4-3/4 

inch throw at the No. 1 rod. Machines are to be equipped with connecting rod. Weight of rail will be 
115-lb RE.

Machines may be powered by either air, electric, or hydraulic power.
Machines must be such that they can be remotely operated from the crest, hand-operated at the loca

tion of the turnout (or as an alternate, be equipped with a button on the switch machine so they can be 
power-operated at the location of the turnout) and be trailable by engines or cars without damage.

Switch machines are to be so equipped that if points do not complete the throw because of an ob
struction in the points, they will return to the original position.

Bidder shall specify whether machines are to be equipped with a target that properly indicates the 
position of the switch or, as an alternate, equipped with indicator lights at the turnout.

Maximum throwing time shall be 1 second.
Buyer is to install switch machines.
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Inert Skate Retarders
Eighteen inert skate retarders shall be furnished for Tracks Nos. 1-18. Each skate retarder shall 

be capable of removing 1.75 ft of velocity head (level-track rating) from a 160-ton 4-axle car with 36M 
wheels. Buyer will furnish necessary timber supports, 115 RE running rail, and guard rail.

Hump Signals
Bidder shall furnish four hump signals, including mast. Buyer will provide foundations. Signal 

masts, heads, and cases shall be made of aluminum.

General
Bidder shall furnish full description and diagram with bid, showing thereon general arrangement and 

layout of equipment to be furnished by supplier, together with an approximate bill of material (hydraulic 
piping, and the like) to be furnished by buyer. Bidder shall furnish, with bid, make and catalog number 
of all major electrical components, such as motors, starters, and the like. Bidder shall separately 
quote the price of inert skate retarders.

Equipment shall be guaranteed to meet the specifications and to operate satisfactorily for a period 
of 12 months after initial testing and adjustments.

If bidder desires to submit quotation on equipment alternative to the above that would accomplish 
the desired results, he may so bid, provided he clearly outlines any and all deviations from these Speci
fications.

Upon delivery of any equipment or system or performance of engineering, invoices will be accepted 
and payment made in an amount not to exceed 80% of the amount of the invoice. When the system is placed 
in revenue service, 50% of the money withheld will be released. The balance of the money withheld will 
be paid upon satisfactory performance in accordance with all pertinent criteria and specifications to
gether with completion of contract, provided no claims exist.

Buyer reserves the right to accept a bid or portions of bids or to reject any or all bids.
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DEERFIELD CASE STUDY 
Appendix B

DETAILS OF HUMP AND TRIM ENGINES ACTIVITIES
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Table B-l

1st Shift

Total 
2nd Shift

Total 
3rd Shift

Total
Grand

HUMP ENGINE ACTIVITIES
(Scenario I)

Min Time Task
24 0710-0734 AM locals, 1st reswitch
40 0734-0814 RB30
44 0814-0858 Switching out local cars, cleaners,
34 0858-0932 AM locals, 2nd reswitch
32 0932-1004 AP3
40 1019-1059 WE2
32 1240-1312 Cleaned and repaired cars
33 1312-1345 Switching out local cars, cleaners,
279
41 1520-1601 Springfield pickup SP2
46 1640-1726 ES6/EY8, 1st reswitch
46 1925-2011 ES6/EY8, 2nd reswitch
38 2011-2049 CV447 and E4
51 2135-2226 Midnight locals, 1st reswitch
36 2226-2302 CV390
258
46 2332-0018 NY10
46 0018-0104 Midnight locals, 2nd reswitch
41 0104-0145 CP917
33 0145-0218 Switching out local cars, cleaners,
37 0218-0255 LM1
33 0255-0328 CP904
44 0413-0457 YE 7
37 0457-0534 Reswitch of West Routes
48 0550-0638 SE5
365

Total 902 62.6% hump engine utilization 
74.2% hump crew utilization
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Table B-2
TRIM ENGINE ACTIVITIES

(Scenario I)

Min Time Task

1st Shift 64 0730-0834 AM locals, 2nd pullout
77 0842-0959 ES2
52 0959-1051 Early pull, ConRails
26 1106-1132 Couple E6 and E2 for Class Yd
30 1243-1313 BM7
51 1400-1451 Early pull, CNs

Total 300
2nd Shift 65 1530-1635 ES6/EY8, 1st pullout

49 1650-1739 Early pull, CPs
87 1739-1906 ES6/EY8, 2nd pullout
52 1936-2028 LM1
35 2028-2103 CV447
42 2103-2145 EY8
45 2145-2230 ES6

Total 375
3rd Shift 72 2320-0032 Midnight locals, 2nd pullout

62 0100-0202 CP917
30 0230-0300 AP3
41 0345-0426 EW1
52 0448-0540 Early pull, Rigbys
33 0540-0613 RB30
42 0613-0655 AM locals, 1st pullout

Total 332

Grand Total 1,007 69.9% trim engine utilization
82.9% trim crew utilization
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Table B-3

HUMP ENGINE ACTIVITIES
(Scenario II)

Min Time

1st Shift 38 0730-0808
42 0808-0850
38 0850-0928
38 0928-1006
40 1021-1101
42 1101-1143
34 1240-1314
40 1314-1354

Total 312
2nd Shift 33 1514-1547

28 1547-1615
51 1635-1726
31 1726-1757
41 1901-1942
56 1952-2048
39 2048-2127
56 2135-2231
37 2231-2308

Total 372 •
3rd Shift 37 2313-2350

33 2350-0023
45 0023-0108
36 0108-0144
39 0144-0223
33 0223-0256
50 0400-0450
46 0450-0536
54 0606-0700

Total 373

Task
AM locals, 1st reswitch 
RB30
Switching out local cars, etc. 
AM locals, 2nd reswitch 
CV390 and AP3 
WE 2
Cleaned and repaired cars 
Switching out local cars, etc.

Springfield "pickup" SP2 
FEX
ES6/EY8, 1st reswitch
AP3
SE1
ES6/EY8, 2nd reswitch 
CV447 and E4
Midnight locals, 1st reswitch 
CV390

NY10
CP917
Midnight locals, 2nd reswitch
Switching out local cars, etc.
LM1
CP904
YE7
Reswitch of West Routes 
SE5

GrancLTotal 1,057 72.7% hump engine utilization
86.2% hump crew utilization
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Table B-4
TRIM ENGINE ACTIVITIES

(Scenario II)

Min Time Task

1st Shift 54 0720-0814 RB30
69 0814-0923 AM locals, 2nd pullout
47 0923-1010 Early pull, CRs
84 1025-1149 ES2
31 1149-1250 Couple E6 and E2 for Class
42 1250-1332 BM7
57 1332-1429 Early pull, D&Hs
52 1429-1521 Early pull, CNs

Total 436
2nd Shift 78 1551-1709 ES6/EY8, 1st pullout

44 1724-1810 Early pull, CPs
100 1810-2020 ES6/EY8, 2nd pullout
27 2020-2047 LM1
46 2047-2133 CV447
49 2133-2222 EY8
51 2222-2313 ES6

Total 395
3rd Shift 88 2318-0036 locals, 2nd pullout

74 0130-0244 CP 917
31 0244-0315 AP3
44 0400-0444 EW1
47 0600-0647 AM locals, 1st pullout

Total 284

Grand Total 1,115 77.4% trim engine utilization
91.8% trim crew utilization

Yd. departure
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Table B-5

1st Shift

Total 
2nd Shift

Total 
3rd Shift

Total
Grand

HUMP ENGINE ACTIVITIES
(Scenario III)

Min Time Task
39 0738-0817 AM locals, 1st reswitch
44 0817-0901 RB30
39 0901-0940 AM locals, 2nd reswitch
38 0955-1033 Switching out local cars, etc
42 1033-1115 CV390 and AP3
44 1115-1159 WE2
36 1240-1316 Cleaned and repaired cars
41 1316-1357 Switching out local cars, etc
323
34 1510-1544 Springfield "pickup" SP2
29 1548-1617 FEX
64 1655-1759 ES6/EY8, 1st reswitch
32 1759-1831 AP3
43 1905-1948 SE1
64 1948-2052 ES6/EY8, 2nd reswitch
40 2052-2132 CV447
57 2135-2232 Midnight locals, 1st reswitch
38 2232-2310 CV390

401
37 2315-2352 NY10
34 2352-0026 CP917
37 0026-0103 Switching out local cars, etc
47 0103-0150 Midnight locals, 2nd reswitch
40 0150-0230 LM1
34 0230-0304 CP904
51 0405-0456 YE7
46 0456-0542 Reswitch of West Routes
56 0612-0708 SE5
382

Total 1,106 76.8% hump engine utilization
91.0% hump crew utilization
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Table B-6
TRIM ENGINE ACTIVITIES

(Scenario III)

Min Time Task

1st Shift 57 0720-0817 RB30
70 0817-0927 AM locals, 2nd pull out
87 0942-1109 ES2
61 1109-1210 Early pull, CRs
32 1240-1312 Couple E6 and E2 for Class Yd
33 1312-1345 BM7
60 1345-1445 Early pull, D&Hs
52 1445-1537 Early pull, CNs

Total 452
2nd Shift 58 1607-1705 ES6/EY8, 1st pull out

103 1754-2007 ES6/EY8, 2nd pull out
25 2007-2032 LM1
48 2032-2120 CV447
50 2120-2210 EY8
53 2210-2303 ES6

Total 337
3rd Shift 58 2308-0006 Early pull, CPs

81 0006-0127 Midnight locals, 2nd pull out
65 0127-0232 CP917
35 0232-0307 AP3
46 0352-0438 Early Pull, track 1
46 0438-0524 EW1
45 0600-0647 AM locals, 1st pull out

Total 376

Grand Total 1,165 81.0% trim engine utilization
96.0% trim crew utilization

departure
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Table B-7
HUMP ENGINE ACTIVITIES

(Scenario IV)

Min Time Task
Hump Engine #1

1st Shift 29 0700-0729 AM locals, 1st reswitch
38 0741-0819 Switching out local cars, etc
34 0920-0954 AM locals, 2nd reswitch
34 1245-1319 Cleaned and repaired cars
40 1344-1424 Switching out local cars, etc

Total 175
2nd Shift 28 1512-1540 FEX

50 1643-1733 EDSA/EDMA, 1st reswitch
50 1845-1935 MAED
81 1940-2101 ESDA/EDMA, 2nd reswitch
41 2110-2151 RJED

Total 250
3rd Shift 51 2240-2331 PM reswitch of West Routes

48 0005-0053 CP917
36 0108-0144 Switching out local cars, etc,
46 0201-0247 MEEDB
35 0320-0355 RIED
47 0440-0527 AM reswitch of West Routes
54 0551-0645 SAED

Total 317
Grand Total 742 51.5% utilization— hump engine #1 

61.5% utilization— hump crew #1
Hump Engine n

1st Shift 42 0714-0756 RJRIB
42 0804-0846 WHED
45 1215-1300 MEEDA
41 1318-1359 SPED
33 1425-1458 Springfield "pickup” SP2

Total 203
2nd Shift 88 1525-1653 Reswitch Track 1

44 1718-1802 RJRIA
39 2046-2125 CV447
58 2136-2234 Midnight locals, 1st reswitch

Total 229
3rd Shift 47 2316-0003 CV390

45 0038-0123 Midnight locals, 2nd reswitch
42 0129-0211 BOED
33 0232-0305 CP904

Total 167
Grand Total 599 41.6% utilization— hump engine #2

49.3% utilization— hump crew #2
46.6% hump-engine utilization— hump engines#1 & #2
55.2% hump-crew utilization— hump crews

n  & #2
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Table B-8
TRIM ENGINE ACTIVITIES

(Scenario IV)

Min Time
Trim Engine //I
1st Shift 85 0810-0935

68 0935-1043
40 1043-1123

Total 193
2nd Shift 75 1534-1648

63 1653-1756
44 1930-2014
64 2014-2118
77 2130-2247

Total 323
3rd Shift 104 2252-0036

105 0036-0221
61 0400-0501
52 0600-0652

Total 322

Task

AM locals, 2nd pullout 
CV447
Couple E6 and E2 for Class Yd. departure

EDSA/EDMA, 1st pullout
RJRIA
RIRJB
EDBO
EDSA

Midnight locals, 2nd pullout 
EDRI
2nd early pull of Track 1 
AM locals, 1st pullout

Grand Total 838 59.6% utilization— trim engine //I
70.6% utilization— trim crew #1

Trim Engine #2
1st Shift 64 0900-1004 RIRJA

103 1009-1152 EDSP
53 1330-1423 EDMEB
55 1445-1540 Reswitch of Track 1, including i

Total 275
2nd Shift 49 1600-1649 Early pull, CPs

149 1735-2034 EDSA/EDMA, 2nd pullout
72 2100-2212 EDMA
59 2212-2311 Early pull, CNs

Total 329
3rd Shift 91 2316-0047 EDRJ

56 0047-0143 1st early pull of Track 1
108 0143-0331 CP917
55 0401-0456 EDWH
45 0456-0541 EDMEA
53 0630-0723 RJRIB

Total 408
Grand Total 1,012 70.3% utilization— trim engine #2 

83.3% utilization— trim crew #2
64.9% trim engine utilization— trim engines //I and #2 
77.0% trim crew utilization— trim crews #1 and #2
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DEERFIELD CASE STUDY 

Appendix C

STATISTICAL SUMMARIES OF SCENARIOS I-IV
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Summary of Capacity Model Run, Scenario I; Average Day, East Deerfield Plus Springfield
This simulation was for an average day in East Deerfield Yard, with the addition of traffic result

ing from a suspension of switching operations at Springfield Yard.
The operational scheme approximated the Freight Timetable (#22) of Spring 1979. Reswitches were 

done for West Routes, the group of morning locals, the group of postmidnight '’locals," and the combined 
traffic of ES6 and EY8. The assignment of work to the proper engines was done as accurately as possible, 
with the exception of local traffic delivery. Assumptions and results are listed below.

Physical Assumptions
18 classification tracks
2.7 cars/minute humping rate 
1 hump engine 
1 trim-end engine.

Results
Average detention time in yard 17.03 hr 
Cars into yard (per day) 628
Cars over hump (per day) 1,095
Hump utilization 27.9%
Hump engine utilization 62.6%
Hump crew utilization 74.2%
Trim engine utilization 69.9%
Trim crew utilization 82.9%
Projected incidental overtime 0.5 crew hr/day
Eight Receiving/Departure tracks were sufficient.
No critical buildup in the Receiving/Departure Yard.
These figures do not allow time for delivery of local traffic, but there appears to be open time for 

this work, except for the Turners Falls run three times a week, which would require overtime work.

Summary of Capacity Model Run, Scenario II; Heavy Day, East Deerfield Plus Springfield
This simulation was for an unusually heavy day in East Deerfield Yard, with the addition of traffic 

resulting from a suspension of switching operations at Springfield Yard.
The operational scheme approximated the Freight Timetable (#22) of Spring 1979. In addition, late 

trains AP3 and CV390 of the preceding day were introduced, as well as a freight extra from Fitchburg. 
Arriving trains were given 10-20% more traffic than on an average day. In this and following runs, 
Rigbys on NY10 bypassed the hump. All other operational considerations were the same as in Scenario I. 
Assumptions and results are listed below.

Physical Assumptions
18 classification tracks
2.7 cars/minute humping rate 
1 hump engine 
1 trim-end engine.

Results
Average detention time in yard 17.25 hr 
Cars into yard (per day) 779
Cars over hump (per day) 1,369
Hump utilization 34.2%
Hump engine utilization 72.7%
Hump crew utilization 86.2%
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Trim engine utilization 77.4%
Trim crew utilization 91.8%
Projected incidental overtime 1.6 crew hr/day
Eight Receiving/Departure tracks were sufficient.
Possible buildup in Receiving/Departure yard during second shift.
These figures do not allow time for delivery of local traffic, but there appears to be open time 

for this work, except for the Turners Falls run three times a week, which would require overtime work.

Summary of Capacity Model Run, Scenario III; Heavy Day + 6.5%, East Deerfield 
Plus Springfield

This simulation was similar to that in Scenario II, but 49 additional cars each day were included to 
push the simulated yard to maximum capacity. As seen below, practical capacity was reached on the trim 
end. All operational considerations were the same as in Scenario II. Assumptions and results are listed 
below.

Physical Assumptions
18 classification tracks
2.7 cars/minute humping rate 
1 hump engine 
1 trim-end engine.

Results
Average detention time in yard 17.29 hr 
Cars into yard (per day) 828
Cars over hump (per day) 1,414
Hump utilization 36.6%
Hump engine utilization 76.8%
Hump crew utilization 91.0%
Trim engine utilization 81.0%
Trim crew utilization 96.0%
Projected incidental overtime 1.8 crew hr/day
Eight Receiving/Departure tracks were sufficient.
Possible buildup in Receiving/Departure Yard during second shift.
These figures do not allow time for delivery of local traffic, but there appears to be some open 

time for this work, except for the Turners Falls run three times a week, which would require overtime 
work.

Summary of Capacity Model Run, Scenario IV; Abnormally Heavy Traffic 
Added to East Deerfield Traffic

This simulation was run to demonstrate the effects of abnormally heavy traffic. Additional switch 
engines and crews were assumed, as well as a more expansive switching operation. Traffic was roughly 
equivalent to the level of Scenario II, with abnormally heavy work added. The schedule was revamped to 
move D&Hs, CRs, and Rigbys three times a day, and other east-west trains were scheduled with an East 
Deerfield-based round trip. North-south traffic remained the same. Major assumptions were made as to 
the ability of each end of the yard to support two engines.

Physical Assumptions
18 classification tracks
2.7 cars/minute humping rate 
2 hump engines 
2 trim-end engines.
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Results
Average detention time in yard 
Cars into yard (per day)
Cars over hump (per day)

13.31 hr
1,111
1,791

Hump utilization
Hump engine utilization
Hump crew utilization

45.9%
46.6%
55.2%

Trim engine utilization 
Trim crew utilization

64.9%
77.0%

Projected incidental overtime 0.5 crew hr/day
Eight Receiving Departure tracks were insufficient. Critical buildup occurred several times 
during the day— at least 10 tracks are needed in the Receiving/Departure Yard, probably more.
These figures do not allow time for delivery of local traffic, but there appears to be ample time 

for this work.
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SUMMARY OF QUESTION AND ANSWER DISCUSSION 
October 31, 1979

East Deerfield Yard Rehabilitation: A Case Study
Presentation by M. Sakasita, M. A. Hackworth, P. J. Wong 

SRI International
V. V. Mudholkar and D. B. Koretz Boston and Maine Corporation

The informal,presentation by Boston and 
Maine and by SRI International focused on 
technical details of how the CAPACITY model 
simulation was performed and the results 
analyzed.

Questions were raised regarding how the 
hump engine entering the receiving or classifi
cation yards was simulated. When analyzing 
times to perform various moves, as the hump 
engine enters the classification yard to obtain 
rehump cars, the cars must be coupled; coupling 
is not necessary in the receiving yard. If 
there is only one hump engine, the hump is 
effectively closed when the engine goes into 
the receiving yard. Of course, no matter how 
many hump engines are in use, when a hump engine 
goes into the classification yard, the hump must 
be closed.

Also covered in the discussions were the 
results of the CAPACITY analyses. The average 
throughput times were reduced from 30 to 17 hr. 
not because of rescheduling departing trains, 
but because fewer connections were missed. The 
engine crew utilizations were significantly 
higher than the engine utilizations, because 
the crew utilization calculation did not in
clude the crew break times.

Finally, in response to a question on the 
design of the East Deerfield yard itself, the 
point was raised that there would be air all 
across the classification yard, enabling a 
train to depart from there.

-94-



NEW CONCEPTS IN 
CAR SPEED CONTROL SYSTEMS



I



II

NEW CONCEPTS IN CAR SPEED CONTROL SYSTEMS

-97-



NEW CONCEPTS IN CAR SPEED CONTROL SYSTEMS

TABLE OF CONTENTS

PAGE
II. NEW CONCEPTS IN CAR SPEED CONTROL SYSTEMS--------------------------  97

PRELIMINARY ASSESSMENT OF NEW CONCEPTS IN CAR SPEED CONTROL SYSTEMS--- 99
Robert L. Kiang, Dale W. Ploeger, SRI International
1.0 BACKGROUND-------------------------------------------------  99
2.0 OBJECTIVE AND SCOPE-------------------------- .----------------  99
3.0 DESCRIPTION OF VARIOUS SPEED CONTROL DEVICES------------------------ 99
4.0 IDENTIFIED SPEED CONTROL SYSTEMS AND PRELIMINARY ASSESSMENT------------  100
5.0 PROJECT STATUS AND CONCLUDING REMARKS-----------------■-----------  101

LIST OF TABLES
TABLE

1 PRELIMINARY ASSESSMENT OF THE FOUR IDENTIFIED SPEED CONTROL SYSTEMS-----  102

APPENDICES

APPENDIX
1 SPEED CONTROL DEVICES----------------------- ----------------- 104

ASSESSMENT #1 FULL CONTROL CLASP RETARDER----------------------- 105
ASSESSMENT #2 WEIGHT RESPONSIVE RETARDER-----------------------  105
ASSESSMENT #3 INERT RETARDER--------------------------------- 106
ASSESSMENT #4 SIEMENS ELECTRODYNAMIC RETARDER-------------------- 106
ASSESSMENT #5 RUBBER RETARDER-------------------------------- 107
ASSESSMENT #6 DOWTY RETARDER--------------------------------  107
ASSESSMENT #7 ASEA HYDRAULIC RETARDER-------------------------- 108
ASSESSMENT #8 FAIVELEY RETARDER------------------------------  108
ASSESSMENT #9 HYDRABRAKE RETARDER----------------------------- 109
ASSESSMENT #10 ASEA CABLE DEVICE------------------------------  109
ASSESSMENT #11 HAUHINCO CABLE DEVICE---------------------------  110
ASSESSMENT #12 HAUHINCO PUSHER TROLLEY-------------------------- 110
ASSESSMENT #13 JNR LINEAR-MOTOR BOOSTER RETARDER------------------  111
ASSESSMENT #14 SNCF SELF-PROPELLED CAR MOTOR---------------------  111

THE DOWTY HYDRAULIC RETARDER------------------------------------ 112
Dale Harrison, Santa Fe Railway Company

SUMMARY OF QUESTION AND ANSWER DISCUSSION------------------------ 113

CAR SPEED CONTROL QUESTIONNAIRE SECTION-------------------------- 114

)

-98-



PRELIMINARY ASSESSMENT OF NEW CONCEPTS
IN CAR SPEED CONTROL SYSTEMS*

Robert L. Kiang and Dale W. Ploeger 
SRI International

1.0 Background
The operation of freight trains typically 

necessitates reblocking of cars from time to 
time. A particular freight car may undergo 
several of these reblocking maneuvers, otherwise 
known as classifications, between its origin and 
its destination. Because a railroad car is 
powerless once it is detached from the locomo
tive, external power and a speed control system 
are needed to perform the classification opera
tion. In a flat classification yard, the loco
motive supplies the power by an acceleration/ 
deceleration maneuver, thus "kicking” each car 
into its destination track. The speed control 
is provided by the kicking speed of the locomor 
tive. In a hump yard, the power comes from both 
the hump locomotive and the earth's gravitational 
field. The use of the free gravitational energy 
greatly improves the efficiency of the classifi
cation operation. In the United States, car 
speed control in a hump yard has traditionally 
been provided by clasp-type retarders. Although 
the fundamental hardware of the clasp retarders 
has remained the same for decades, the control 
of these retarders has grown from manual opera
tion to very sophisticated computer operation.
The computerized operation has no doubt im
proved the efficiency and safety of this con
ventional speed control scheme; it has also in
creased the cost of the system considerably.
In the meantime, radically new speed control 
devices and systems have been developed in many 
foreign countries. An obvious question to be 
asked is whether any of these new systems are 
better and more cost-effective than the conven
tional U.S. system. It is evident that an un
biased comparative study of these' various car 
speed control systems is warranted.

2.0 Objective and Scope
The objective of this FRA-sponsored project 

is to select, among demonstrated speed control 
devices and systems, the most promising classi
fication yard speed control concepts and tech
nology and recommend them as candidates for yard 
integration and test/demonstration. Because the

requirements for the speed control system of a 
hump yard are by far more complex and more de
manding than those of a flat yard, we have con
centrated our study on hump yard speed control 
systems. Nevertheless, most of the speed con
trol devices discussed in this paper can be used 
in a flat yard. The inherent low-cost and low- 
performance operations of a flat yard will, 
undoubtedly, limit the use of these advanced but 
costly devices.

3.0 Description of Various Speed Control Devices
In this paper, we shall distinguish between 

a speed control device and a speed control sys
tem. A speed control device is a piece of hard
ware capable of altering the speed of a free- 
rolling car. The outward appearance of this 
device can be very simple, such as a Dowty re
tarder, or it can be quite complex, such as a 
linear-motor booster retarder. On the other 
hand, a speed control system encompasses every
thing that helps to control the speed of cars 
from crest to the end of classification tracks 
in a hump yard. Thus, retarders, wheel detec
tors, track circuits, computer and its software 
package are all parts of a speed control system. 
Even the grades, which supply the motive power 
for all uncoupled cars, should be considered as 
part of the system.

We have identified 14 types of speed control
devices:

(1) Full control clasp retarder
(2) Weight responsive retarder

• (3) Inert retarder
(4) Siemens electrodynamic retarder
(5) Rubber retarder
(6) Dowty retarder
(7) ASEA hydraulic retarder
(8) Faiveley retarder
(9) Hydrabrake retarder
(10) ASEA cable device

This research is being sponsored by the Office of Research and Development of the Federal Railroad 
Administration. QQ



(11) Hauhinko cable device
(12) Hauhinko pusher trolley
(13) JNR linear-motor booster retarder
(14) SNCF car mover.
A brief assessment of each of these de

vices is presented in the Appendix. Whenever 
possible, each assessment sheet is accompanied 
by a schematic of the device under discussion.
It is assumed that the reader has some familiar
ity with these devices.

One of the 14 devices, the hydrabrake re
tarder, has never been used in a hump yard to 
our knowledge. The apparent inadequate per
formance of this device prompted its U.S. 
distributor to discontinue its import. For the 
rest of the devices, a great number of them 
have been installed only in one or two yards. 
Installation in their respective yards is pri
marily to demonstrate their engineering feasi
bilities. Cost information is virtually non
existent. The cost for development, even if 
it were available, is neither appropriate nor 
relevant when compared with the cost of a mar
keted product. We were therefore compelled to 
use our engineering judgment to estimate the 
eventual production unit cost in a qualitative 
way. From these cost estimates, as well as 
some serious detrimental features associated 
with a number of devices, it was concluded that 
only a few devices have the potential to im
prove the performance of a yard in a cost- 
effective manner. They are:

System 1: Clasp retarders employing target
shooting logic*

System 2: Quasi-continuous control systems.
System 3: Clasp type retarders plus posi

tive car moving devices on the 
classification tracks.

System 4: Clasp type retarders plus quasi-
continuous control systems on 
the classification tracks.

System 1 is the conventional U.S. system, 
but it refers to the most modern yards in which 
tangent point retarders are used in addition to 
the master and group retarders. Representative 
yards in this category are West Colton of South
ern Pacific and Barstow of Santa Fe. System 2 
refers to either a pure Dowty yard or a pure 
ASEA retarder yard. In such a yard, hundreds or 
thousands of these hydraulic retarders are dis
tributed along the tracks so that they exert a 
quasi-continuous control over a free-rolling car. 
Representative yards are Scunthorpe yard of 
Great Britain and Helsingborg yard of Sweden. 
System 3 employs master and group retarders to 
control headway in the switch area, and some 
kind of positive car moving devices on the 
classification tracks to ensure proper coupling. 
Representative yards are JNR’s Shiohama yard and 
DBfs Maschen yard. System 4 is similar to Sys
tem 3 but with distributed hydraulic retarders 
replacing the car moving devices on the classi
fication tracks. Representative of the System 4 
yards is the Malmo yard in Sweden. Both System 
3 and System 4 can be considered hybrid systems.

• Dowty retarder
• ASEA hydraulic retarder
• Siemens electrodynamic retarder
• All three types of clasp retarders.

The ASEA hydraulic retarder, while expected to 
be a strong competitor to the Dowty retarder in 
the European market, has a distinct disadvantage 
in the U.S. market. This is because the spiral 
cylinder protrudes 5 in. above the railhead in 
its operating mode, or 2-1/2 in* beyond the 
clearance specification for cars laid down by 
AREA (American Railway Engineering Association).

4.0 Identified Speed Control Systems
and Preliminary Assessment
To accomplish its speed control function, 

a hump yard usually employs one or more types 
of speed control devices. Our study revealed 
that, in general, the speed control system in 
a modem hump yard belongs to one of the four 
system types:

System 1, the conventional system, employs 
a target shooting scheme. This is inevitable 
because the control points along a track are few 
and far apart. In its most sophisticated form, 
a car’s rolling resistance is measured prior to 
its entry into each of the three retarders. This 
reliability value is then used to determine the 
amount of energy to be taken out by the re
tarder so that this car will reach a point along 
the track at either a target time or a target 
speed. If the car’s reliability changes after 
the retarder, then no correction can be made un
til the car reaches the next retarder, if there 
is one. Changes in a car’s reliability are 
known to occur. The cause of the changes can be 
anything from uneven track conditions, to shift
ing winds, a skewed truck, or internal varia
tions in the axle bearings. Another factor that 
could degrade the performance of a conventional 
system is contaminated wheels which render the 
clasp retarders ineffective. When this occurs, 
the car rolls uncontrolled through the yard and 
can cause serious accidents. Less serious but 
nonetheless a problem with the clasp retarders 
is the wheel squeal. On the plus side, the 
conventional system generally requires the

The term target shooting refers to the objective of getting a free-rolling car to a specific point 
on the track at either a target time or a target velocity.
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lowest capital investment. The U.S. railroad 
companies also have plenty of operating experi
ence with this sytem.

System 2, the quasi-continuous system, is a 
radically different system from the conventional 
system. Because of the quasi-continuous system’s 
closely spaced control points, it is not affected 
by changes in a car's rolling resistance. Be
cause the quasi-continuous system does not rely 
on friction, it is not vulnerable to contami
nated wheels. It has two other advantages. An 
obvious one is that the more uniform coupling 
speed that results from an extended control re
gion* along a classification track should reduce 
car and lading damage. A more subtle advantage, 
which applies more to the Dowty retarders than 
to either the ASEA or the Faiveley retarders, is 
that the system's performance is not noticeably 
degraded when a few retarders among the hundreds 
along a track are out of service. When coupled 
with the ease of replacement of the Dowty cap
sules in the field, this means we can anticipate 
nearly zero downtime for the system. This, of 
course, means a saving in yard operation. The 
disadvantages of the quasi-continuous system are 
high capital cost, little operating experience 
in the United States, and the retarders' only 
partial immunity to the noise problem.

Before we discuss System 3, let us comment 
on the ASEA and the Faiveley systems. As men
tioned in Section 3.0, the ASEA retarder, in its 
present form, has a clearance problem with re
gard to AREA car specifications. In addition, 
an out-of-service ASEA retarder is not as easily 
replaced as a Dowty retarder. Furthermore, un
like a Dowty retarder in. which a broken-down unit 
can be spotted by a simple visual check, the 
present method to detect an out-of-service ASEA 
retarder is to measure its energy absorption by 
a specially instrumented car. This checking 
procedure requires shutting down the yard one 
shift per month in a 24-class track yard. The 
Faiveley retarder, due to its much larger energy 
absorbing capability (approximately 16 times that 
of a Dowty retarder), approaches that of a dis
crete control system. It, therefore, loses many 
of the advantages of a quasi-continuous control 
system.

System 3 is a hybrid system employing clasp 
retarders in the switch area and some kind of a 
positive car moving device on each of the classi
fication tracks. The car moving device may be 
an SNCF (French national railroad) car mover, a 
JNR (Japanese National Railway) linear-motor 
booster retarder, or any of the cable devices.
The SNCF car mover is a forerunner of the JNR 
linear-motor device. Although its complexity 
hardly matches that of the linear-motor device, 
the French railroad has already decided to halt 
further development of its car mover presumably 
because of its complexity and consequently high 
cost. We believe that the linear-motor device

will not be a cost-effective speed control de
vice. Hence, our System 3 basically consists 
of clasp retarders and cable devices. Despite 
the lower cost of the cable devices compared 
with the linear-motor device, System 3 still has 
a very high capital cost. Two of the ultra
modern yards in Europe— the Limmattal yard near 
Zurich and the Maschen yard near Hamburg— have 
comparable cable devices on their classification 
tracks. The cost of these two yards, in terms 
of 1973 dollars, is approximately $3 million and 
$2 million per classification track, respective
ly. These figures can be compared with approxi
mately $800,000 per track for either the West 
Colton yard or the Barstow yard— two of the 
state-of-the-art yards using conventional speed 
control systems. (The cable hauling.system in 
the foreign yards contributes greatly to the 
cost difference.) The cable device is also 
known to require high maintenance. The clasp 
retarders in the switch area still inherit most 
of the disadvantages associated with the con
ventional system. In particular, System 3 is 
still vulnerable to contaminated wheels because 
it is most unlikely that the cable device can 
arrest a high-speed runaway car.‘ Finally, most , 
cable systems can only receive cars within a 
narrow speed range. As a result, a tangent point 
retarder, or its equivalent, is still needed on 
each classification track. What one buys with 
his high investment is a superior coupling per
formance. Apparently, a few European railroads 
feel that an improved coupling performance is 
worth such an investment.

System 4 is the other hybrid system with 
clasp retarders in the switch area and a quasi- 
continuous system on the classification tracks. 
This system has the dual advantage of an im
proved coupling performance and a reduced risk 
of runaway cars. It does require relatively 
high capital investment, and it has compounded 
the noise problem. This system̂  is more adapt
able to a renovated conventional yard than a 
new yard. Often, it is installed as an adjunct 
to an old hump yard where the grade in the bowl 
is steep because of the higher rolling resistance 
of the old generation cars.

The preliminary assessment of the four speed 
control systems discussed in this section are 
summarized in Table 1.

5.0 Project Status and Concluding Remarks
Table 1 and the previous discussion con

stitute a preliminary qualitative assessment of 
various speed control systems. This FRA-spon- 
sored speed control proj ect is in the process of 
systematically quantifying the economic benefits 
of the various systems.

The first step in the process is to specify 
a baseline prototype yard in the context of

A quasi-continuous system usually has the retarders installed up to 1/3 of the classification tracks.
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Table 1
PRELIMINARY ASSESSMENT OF THE FOUR 
IDENTIFIED SPEED CONTROL SYSTEMS

Speed Control System____________________Advantages___________________ Disadvantages
System 1 
(conventional)

• Low capital cost
• Plenty of operating

experience
• Susceptible to change in

rollability
• Vulnerable to contaminated

wheels
• Squeal noise

System 2
(quas i-con t inuous)

• Less affected by change
in rollability

• Immune to contaminated
wheels

• Potential savings in
reduced lading damage

• Potential savings due
to zero system down
time

• High capital cost
• Little operating experience

in the U.S.
• Not entirely immune to

noise problem

System 3 
(clasp plus car- 
mover)

• Superior coupling 
performance

• Very high capital cost
• High maintenance
• Vulnerable to contaminated

wheels
• Requires tangent point re

tarders or equivalent

System 4
(clasp plus quasi- 
continuous)

• Improved coupling
performance

• Reduced risk of run
away cars

• High capital cost
• Compounded noise problem
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which the performance and costs of the various 
systems will be evaluated. A synopsis of the 
baseline yard is as follows:

Baseline Yard

technical monitor of this work is Mr. William 
F. Cracker. The authors would like to acknowl
edge the contributions of their colleagues,
Dr. Peter J. Wong, Dr. William A. Stock, and 
Mr. Joseph Eckerle.

• 32 classification tracks.
• 200 ft per min humping rate
• Fully specified rolling resistance dis

tribution (e.g., 0.7% of cars below 2
lb/ton and 1.1% of car above 18 lb/ton).

• More than 95% of cars couple at less 
than 6 mph.

• More than 95% of cars roll to 1,200 ft 
past tangent point on classification 
track.

• Less than 1 car in 1,000 misswitched.
The second step is to perform an approxi

mate paper design of the baseline yard using 
the various speed control systems. The design 
is in sufficient detail to evaluate performance 
and costs.

The third step is to evaluate the perform
ance of the various systems for the baseline 
yards. The following performance measures are 
important:

• Number of cars stopping short on the 
classification track.

• Various levels of overspeed impacts on 
the classification tracks.

The fourth step is to perform an approxi
mate rate-of-return economic analysis of the 
various systems within the context of the base
line yard. This requires identifying capital 
costs, installation costs, and various opera
tions and maintenance costs. This procedure 
also necessitates quantifying the dollar bene
fits of incremental improvements of the various 
performance measures identified in the third 
step.

The project is in the final stages of per
forming a quantitative evaluation and assess
ment of the various speed control systems. 
Results will be beneficial to those railroads 
who are contemplating either building a new 
yard or rehabilitating an existing yard. It is 
expected that the results of the project will 
assist in the economic assessment of speed con
trol systems which provide higher performance, 
i.e., fewer misswitches or lower overspeed im
pacts on the classification tracks.
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PRELIMINARY ASSESSMENT OF NEW CONCEPTS 
IN CAR SPEED CONTROL SYSTEMS

Appendix

SPEED CONTROL DEVICES
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Assessment sheet ifl

Operating principle: clasp of wheel rims by beam brake shoes

Special features: power supplied by compressed air or electric motor;
retardation force variable from 0 to maximum in 
several steps

Application: on switch area tracks

Detrimental features: none

FULL CONTROL CLASP RETARDER

Order of magnitude cost estimate: approximately $0.15/ft-lbf plus cost
of computer system and software

Remarks: successfully used in the U,S. and foreign countries for years;
improved performance via the adoption of automatic control; 
cost of control system can be substantial, retardation by 
friction creates wheel squeal noise

CUSP RETARDER -  FUU CONTROL



A s s e s s m e n t  s h e e t  # 2

W E IG H T  R E S P O N S I V E  R E T A R D E R

Operating principle: employment of fulcrums allows clasp force to
vary in proportion with car weight

Special features: incorporation of hydraulic piston allows a one-time
release of retarder per car

Application: on switch area or classification tracks

Detrimental features: none

Order of magnitude cost estimate: approximately $0.1/ft-lbf plus
cost of computer system and software

Remarks: because of their low cost, these retarders are commonly used
in smaller hump yards and on tangent tracks of big hump yards

cusp r u n  - mttn kswsive
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A s s e s s m e n t  s h e e t  // 3

Special features: noncontrollable

Application: at the end of a classification track to prevent runouts

Detrimental features: none

Order of magnitude cost estimate: approximately $0.03/ft-lbf

Remarks: more of a safety device than a speed control device

I N E R T  R E T A R D E R

O p e r a t i n g  p r i n c i p l e :  s p r i n g  l o a d e d  r e t a r d e r  b e a m s

CLASP RETARDER -  INERT

2 1. RIGID FRAME
2. RUNNING RAIL
3. SPRING
A. BRAKE SHOE 
5. WHEEL



Assessment sheet #4

SIEMENS ELECTRODYNAMIC RETARDER

Operating principle: retardation is effected by both friction andeddy current

Special features: retardation is proportional to the current and thewheel speed; less moving parts than a conventional retarder; requires a high current power source

Applications: identical to a conventional retarder

Detrimental features: may create severe electromagnetic interferenceproblem

Order of magnitude cost estimate: system cost is expected to becomparable to that of a weight responsive conventional retarder system

Remarks: from a user’s point of view, the close similarity betweenan electrodynamic retarder and a conventional retarder hardly makes the former a novel device

1. U-SHAPED SECTION

ELECTRODYNAMIC RETARDER
2. RUNNING RAIL

3. ENERGIZING CONDUCTOR

5
6

- 6 z m m m
4 ------ )

\ \
3------ m

_ • • • •  s ••• \  ••••  
V • • • •

12 — " "

4. INSULATION

5. MOVABLE BRAKE SHOE

6. WHEEL
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Assessment sheet #5

RUBBER RETARDER

Operating principle: energy is absorbed by deformation of a rubber rail

Special features: the rubber rail can be raised and lowered depending onwhether retardation is needed; when the rubber rail is lowered, the car rolls on its wheel flanges

Application: unspecified; presumably on both switch area and classification tracks

Detrimental features: inconsistent performance from season to season dueto sensitivity of rubber properties to temperature; flange loading may cause wheel damage

Order of magnitude cost estimate: capital investment cost is expected tobe comparable to that of a weight responsive conventional retarder system; maintenance cost may be high because the durability of the rubber has not been established

Remarks: in use in Maschen, Germany, yard; the higher axle loads of theU.S. cars will put more strain on the rubber section

RUBBER RAIL

A. No Retardation

B. Rubber Ra il  Compressed

'j.
1. FRAME ACTIVATING CYLINDER

2. RUNNING RAIL 5. COMPRESSED RAIL

3. RUBBER RAIL E. WHEEL



Assessment sheet #6

DOWTY RETARDER-

Operating principle: forcing hydraulic fluid through metered orifices

Special features: entirely self contained; negligible energy absorption
below a threshold speed; threshold speed preset in the 
factory

Applications: can be used on both switch area and classification tracks

Detrimental features: none

Order of magnitude cost estimate: approximately $350/unit, or $0.35/ft-lbf

Remarks: definitely beyond development stage; deployed in more than
10 yards around the world; offers a distinct alternative to 
the conventional target shooting system; booster unit available 
from Dowty, but its high cost and need for a hydraulic network 
greatly diminish its popularity
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Assessment sheet #7

ASEA HYDRAULIC RETARDER

Operating principles forcing hydraulic fluid through metered orifices

Special features: entirely self contained; negligible energy absorption
below a threshold speed; threshold speed preset in the 
factory; can be retracted to deactivate

Applications: can be used on both switch area and classification tracks

Detrimental features: the spiral cylinder protrudes 5 inches above rail
head in the operating mode, thus presenting a 
clearance problem

Order of magnitude cost estimate: cost per ft-lbf should be somewhat
higher than the Dowty retarder,because of the 
necessary compressed air system

Remarks: beyond development stage; primary deployment is in Europe;
clearance problem, unless corrected, is considered intolerable 
by U.S. rail companies



Assessment sheet #8

FAIVELEY RETARDER

Operating principle: forcing hydraulic fluid through metered orifices

Special features: one hydraulic regulator controls five retarding heads;
self contained; negligible energy absorption below a 
threshold speed; threshold speed preset; axle load is 
measured and is used to vary the retardation force

Application: on classification tracks

Detrimental features: has to be deactivated for high-speed (>9 mph) or
' reverse movement; external power needed to deacti

vate device; special section of rail needed to 
install

Order of magnitude cost estimate: expected to be higher than Dowty and
ASEA retarders because of added complexity

Remarks: except for the weight responsive feature, this device is very
similar to the Dowty and the ASEA retarders; it has only been 
Installed on one track of a French yard to date

»MJV
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Assessment sheet //9

HYDRABRAKE RETARDER

Operating principle: forcing hydraulic fluid through metered orifices

Special features: entirely self contained; no threshold speed, hence
every passing wheel is retarded

Application: on both switch area and classification tracks

Detrimental features: the device has no internal logic and no provision
for external control

Order of magnitude cost estimate: expected to be less expensive than
the Dowty and the ASEA retarders

Remarks: the lack of control of this device puts it in the same
class as an inert retarder; device was developed in England, 
and was distributed by Whiting Corp. in Harvey, 111.; Whiting 
has since discontinued its distribution.because of the inferior 
performance of this device



Assessment sheet //10

ASEA CABLE DEVICE

Operating principle: externally powered cable system propelling a
low-profile carriage

Special features: none

Application: on classification tracks and sidings

Detrimental features: unknown.

Order of magnitude cost estimate: no dollar value is available; the
complexity of the device indicates that a production 
system would still be many times the cost of a tangent 
point retarder system

Remarks: a modified version of this device is being used in Limmattal
yard near Zurich; the very high cost of Limmattal yard is 
undoubtedly partially contributed to by the high cost of this 
device

SINGLE TROLLEY CABLE SYSTEM

Fig. t. SdwMtic tSoflrotn of wrtematic wigon howBng ly rta * far narAofing
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Assessment sheet //11

HAUHINCO CABLE DEVICE

Operating principle: externally powered cable system propelling a low
profile carriage that pushes on both wheels of 
an axle

Special features: none

Application: on classification tracks and sidings

Detrimental features: unknown

Order of magnitude cost estimate: no dollar value is available; the
complexity of the device indicates that a production 
system would still be many times the cost of a 
tangent point retarder system

Remarks: nearly identical in concept and design to the ASEA cable
device; inherent one-loop/one-car operation limits the rate 
at which cars can enter a class track; in use in new Maschen, 
Germany, yard

illustration not available



Assessment sheet #12

HAUHINCO PUSHER TROLLEY

O p e ra t in g  p r i n c i p l e :  an e x t e r n a l l y  pow ered c a b le  system

S p e c ia l  f e a t u r e s :  an o s c i l l a t i n g  c a b le  sys tem  w it h  r a c h e t - a c t io n  arm s;
no c o n t r o l  s ys tem  i s  r e q u ir e d

A p p l i c a t io n :  on c l a s s i f i c a t i o n  t r a c k s

D e t r im e n ta l  f e a t u r e s :  none

O rd e r  o f  m a g n itu d e  c o s t  e s t im a t e :  l i k e  th e  ASEA c a b le  d e v ic e ,  c o s t  is
e x p e c te d  t o  be many t im e s  t h a t  o f  th e  ta n g e n t  
p o in t  r e t a r d e r  sys tem

R em arks: th e  o s c i l l a t i n g  f e a t u r e  o f  t h is  d e v ic e  a l lo w s  c o n tin u o u s  fe e d 
in g  o f  c a rs  i n t o  th e  c a b le  e q u ip p e d  s e c t io n  o f  t r a c k ;  p u s h in g  
one w h e e l c o u ld  a g g ra v a te  t r u c k  s k e w in g ; i n  o u r o p in io n ,  i t  i s  
i s  one o f  th e  m ore p r a c t i c a l  d e v ic e s  among a l l  c a b l e - l i k e  d e v ic e s
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Assessment sheet #13

JNR LINEAR-MOTOR BOOSTER RETARDER

O p e ra t in g  p r i n c ip le :  s i m i l a r  to  c a b le  d e v ic e s  b u t  w i t h  l i n e a r  in d u c t io n
m o to r s u p p ly in g  th e  m o t iv e  f o r c e

S p e c ia l  f e a t u r e s :  th e  lo w  p r o f i l e  c a r r ia g e  c o n s is t s  o f  f i v e  u n i t s —
p u s h e rc a r ,  b r a k e c a r ,  c o n t r o l c a r ,  m o to r c a r ,  d is t a n c e -  
c a r ,  s e l f  c o n ta in e d  as f a r  as c o n t r o l  s ys tem  i s  con
c e rn e d .

A p p l ic a t io n :  on c l a s s i f i c a t i o n  t ra c k s

D e t r im e n ta l  f e a t u r e s :  unknown

O rd e r o f  m a g n itu d e  c o s t  e s t im a te :  sys tem  c o s t  i s  e x p e c te d  to  be an
o r d e r  o f  m a g n itu d e  h ig h e r  th a n  t h a t  o f  a ta n g e n t  
p o in t  r e t a r d e r  sys tem

Rem arks: th e  sys tem  can be th o u g h t o f  as an  i n d u s t r i a l  r o b o t  d e v ic e ;
i n  o u r o p in io n ,  i t  i s  s t i l l  i n  i t s  e x p e r im e n t a l  s ta g e ;  th e  
e x tre m e  c o m p le x ity  o f  th e  d e v ic e ,  h e n c e  th e  acc o m p an yin g  h ig h  
c o s t ,  makes i t  v e r y  u n l i k e l y  to  com pete w i t h  o t h e r  d e v ic e s

1

LINEAR INDUCTION fOTOR SYSTEN

 ̂ RUNNING RAIL ̂

PUSHER CAR BRAKE CAR CONTROL CAR MOTOR CAR DISTANCE CAR

63.8*



Assessment sheet #14

SNCF SELF-PROPELLED CAR.MOVER

O p e ra t in g  p r i n c i p l e :  l o w - p r o f i l e  c a r r ia g e  pow ered by an i n t e r n a l  e l e c t r i c
m o to r

S p e c ia l  f e a t u r e s :  c a r r ia g e  ru n s  on ru b b e r  t i r e 6  betw een  r a i l s ;  power fro m
a t h i r d - r a i l ,  s e l f - c o n t a in e d  c o n t r o l  sys tem ; can b o o st 
o r  r e t a r d  a c a r

A p p l ic a t io n :  on c l a s s i f i c a t i o n  t r a c k s

D e t r im e n ta l  f e a t u r e s :  unknown

O rd e r o f  m a g n itu d e  c o s t  e s t im a te :  sys tem  c o s t  i s  e s t im a te d  to  be h ig h e r
th a n  f o r  c a b le  o p e ra te d  p u s h e r system s due to  c o m p le x ity  
o f  each  c a r  and i t s  c o n t r o l  system

Rem arks: sys tem  i s  s i m i l a r  i n  c o n c e p t to  th e  JNR l i n e a r  m o to r c a r ;
d e v e lo p e d  f o r  SNCF and s in c e  d is c o n t in u e d  due to  poo r c o s t  
e f f e c t i v e n e s s ;  i n  use  i n  o n ly  one y a rd  i n  F ra n c e

illustration not available



THE DOWTY HYDRAULIC RETARDER

Dale A. Harrison Santa Fe Railway Company

The D O W TY  hydraulic retarder has been in ex
istence since 1965 when the first system was in
stalled in England by British Rail. Since that 
time, additional installations have been made in 
Australia, South Africa, Switzerland, West Germany 
and Japan. Only in recent years has the system 
been installed in the United States.

In 1978, a test installation of 178 DOWTY re
tarders was made at our Pueblo, Colorado, hump 
yard. As a result of this test and in conjunction 
with the construction of Santa Fe's new Flynn Yard 
in Oklahoma City, Oklahoma, a complete DOWTY yard 
is scheduled to be installed at the Flynn Yard in 
1980.

There are two main reasons for installing 
this type of system. One use (which is the cir
cumstance at Pueblo) is to supplement an existing 
hump yard or to correct an overspeed impact prob
lem on an existing track having excessive gradient 
where cars are permitted to roll free to a cou
pling. The second use is for a new hump yard, 
such as Santa Fefs Flynn Yard, where a complete 
DOWTY system can be installed in lieu of the com
mon usage of master and group clasp type retard
ers .

The Pueblo Yard is typical of many hump yards 
which were constructed in the 1950s. It consists 
of 18 classification tracks with manually con
trolled switches and master and group retarders. 
The gradient in the class tracks is approximately
0.21% which was ideal for freight cars in service 
in 1950. With the advent of roller bearings and 
increased weight of cars, this gradient now often 
causes cars to accelerate and couple at excessive 
speeds. One possible correction for this problem 
would be to flatten the grade in the class tracks. 
However, this alternative results in slower cars 
"dying” in the class tracks which is not a desira
ble situation. In the case of the Pueblo Yard, 
this alternative would have been very expensive 
because it would have required the adjustment and 
possible relocation of other adjacent facilities.

The Pueblo Yard installation was designed to 
maintain speeds at 4 mph in the class track, 
with cars being released from the group retarder 
at 4-6 mph. Several speed tests have been made on 
this track and we have found that the system does 
control the speed of cars at 4 mph as designed.
In addition, we have found that this installation

is also capable of reducing speeds on cars which 
occasionally are released from the group retarders 
at a somewhat faster speed.

Since the retarders were installed in 1978, 
we have not really had sufficient time to conclu
sively evaluate their long-range reliability and 
maintenance requirements. Thus far, however, we 
have not had any major problems with any of the 
retarders which could be attributed to the ade
quacy of the units, nor have the units required 
any significant maintenance. Because the units 
are designed for ease of maintenance, the retarder 
capsules are easily removable for inspection.

The complete system as proposed for Oklahoma 
City has other advantages when compared to the use 
of standard clasp retarders. One of these is the 
significant amount of noise reduction, which could 
be even more beneficial due to the recently intro
duced EPA noise restrictions. This is not to sug
gest however, that standard clasp retarder yards 
can be easily converted to DOWTY yards in order to 
reduce noise levels. Considerable modifications, 
especially in the hump gradient, must be made to 
utilize the DOWTY system.

The DOWTY system eliminates the need for 
weigh rails, radar, special retarder foundations, 
sophisticated computer systems, large capacity air 
compressors and plumbing systems associated with 
clasp retarders, manual or automatic retarder con
trols, buildings to house this apparatus and other 
electronic monitoring and control circuits com
monly used in today's modern hump yard. The DOWTY 
retarder is a completely self-contained unit which 
needs no exterior power supply, monitoring or con
trol signals. Each unit is present to function in 
the system independently of the other units.

Because the units are applied to the rails at 
intervals over the entire distance from the crest 
of the hump through the switching area and into 
the class tracks to provide continuous speed con
trol, the system is commonly referred to as a 
"continuous control system." This compares to the 
typical design employed in the United States today 
where the speed is controlled at two or three lo
cations and allowed to roll free the remainder of 
the distance.
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SUMMARY OF QUESTION AND ANSWER DISCUSSION 
October 31, 1979

Preliminary Assessment of New Concepts.in Car Speed Control Systems
■ Presentation by Robert L. Kiang and Dale W. Ploeger 

SRI International ,

The main interest of the audience was on 
the Dowty system. Most of the questions were 
about Dowty retarders :in general, and Santa 
Fe's Flynn Yard at Oklahoma City in,particular. 
The questions can be classified into three 
categories:

• Design aspect of a Dowty yard
• Progress on Flynn Yard
• Operation and maintenance of Dowty 

retarders.
Answers to the various questions are 

summarized below.
On the design aspect of a Dowty yard, it 

was learned that the yard has five main grades. 
The steep grade off the hump is comparable to 
that of a conventional yard. The switch area 
has one uniform grade (1.4% in the case of 
Flynn Yard). There are three grades on the 
class tracks and the upper 1/3 is called the 
classification track control zone. In the case 
of the Flynn Yard, it has a grade of 0.32%. In 
this zone, widely spaced Dowty retarders are 
,placed to maintain the speed of all easy rollers 
to'4.5 mph. The lower 2/3 of the class tracks 
has a grade of 0.1%, similar to a conventional 
yard. The last few hundred feet of each class 
track has a negative grade of 0.4% to,prevent 
rollout. In addition, arrester units (Dowty 
retarders with threshold speed set at 0 mph) 
are installed on this section.

The short section of track between the 
clearance,point and just before the tangent 
.point has by far the highest density of Dowty 
retarders. This section is called the de
celeration zone. In the case of the Flynn 
Yard, there are 1.2 retarders on every foot 
of the track.

The Flynn Yard will be a,pure Dowty yard 
and eventually will have 32 class tracks. The 
first,phase, scheduled to be completed in 
August 1980, will allow eight tracks in 
operation. TOFC facility in the yard has been 
completed, and the grading (for all 32 tracks) 
is under way.

Operation during which these hydraulic retarders 
would be subjected to repeated and,prolonged 
actuations. We were told the arrester units, 
and for that matter any Dowty retarders, were 
not designed to be deactivated in the field.
There is a built-in safety feature, however, to 
guard against overheating. When the internal 
temperature of any unit approaches 170°F, a 
large orifice will automatically open allowing 
the oil to flow freely resulting in negligible 
retardation. The capsule, we were told, was 
designed to withstand a temperature of 248°F. 
Within the design range of -40°F to 248°F, change 
in viscosity of the oil is negligible.... Mainten
ance of these retarders is extremely simple.‘
Leak in the capsule can be detected by a simple 
visual inspection. The only routine maintenance 
is to grease each unit once or twice a year, 
depending on the amount of service.

On the operation and maintenance aspect, 
concerns were obviously focused on the.pullout -113-



CAR SPEED CONTROL QUESTIONNAIRE SECTION

1. Are you familiar with the so called target
shooting scheme, that is using a computer to 
control clasp retarders, used in most modern
U.S. classification yards? yes ___  no ___

2. Are you aware of any alternative to the target
shooting scheme? yes___  no___

3. Check the following devices that you have 
some knowledge of:
_Dowty retarder
_ASEA spiral retarder
_Faireley hydraulic retarder
_Hydrabrake retarder
_Rubber retarder
__ Electrodynamic retarder
_ASEA cable booster/retarder
_Hauhinko pusher trolley
_Hauhinko cable booster/retarder
_SNCF automatic car mover
_JNL linear-motor car mover

4. If you think any of the above devices could 
be a serious contender to the target shooting 
scheme, please indicate.

5. In the realm of yard speed control, what other 
project would you like to see FRA sponsor?

Twenty-four of the 27 respondents were 
familiar with the target shooting scheme— using 
a computer to control clasp retarders— that is 
used in most U.S. Classification yards. Nine
teen respondents were aware of alternatives to 
this scheme. Knowledge of different speed 
control devices was as follows:

Seventeen persons felt that the Dowty re
tarder could be a serious contender to the target
shooting scheme. It was noted that the work 
involved in integrating the Dowty system into a 
yard management system and its ability to control 
heavy cars in large volume yards without ex
cessive installation (capital) costs might limit 
the Dowty system’s applications. The use of the 
Dowty retarder in conjunction with various other 
speed control devices— master-retarder control, 
a clasp retarder, car movers, target shooting—  
was mentioned by several respondents. Other 
contenders to the target shooting system that 
were noted include the ASEA spiral, ASEA in com
bination with some master-retarder control, 
cable systems which,provide,positive control of 
coupling, and a booster/retarder device.

Yard speed control projects which re
spondents would like the FRA to sponsor include:

• Improvement of retarder systems.
• Further study of ASEA and Dowty 

retarders.
• Development of retarder-release speed 

algorithm.
• Research on standby systems in case 

of computer failure (e.g., semi
automatic mode at Sheffield and Lynwood 
yards).

• Development of car reliability 
statistics.

• Yard design studies to eliminate hump 
or make grades much flatter to lessen 
chance of overspeed impacts.

• Study on maintenance of equipment.

Number of
Respondents Having 

Device_____  Knowledge of Device
Dowty retarder 20
ASEA spiral retarder 13
Faireley hydraulic retarder 3
Hydrabrake retarder 5
Rubber retarder 7*
Electrodynamic retarder 
ASEA cable booster/

7
retarder 7*
Hauhinko pusher trolley 
Hauhinko cable booster 5
retarder 5*
SNCF automatic car mover 3*
JNL linear-motor car mover 6*
*One respondent noted that his knowledge of these retarders was limited to what he had learned 
at the conference. ,
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ASSESSMENT OF APPROACHES TO CAR PRESENCE DETECTION

D. S. Wilson 
Shaker Research Company

1.0 Introduction
The current trend of American railroad 

classification yard technology is toward automa
tion of car traffic and inventory control. Yard 
automation necessitates accurate knowledge of 
railroad car presence throughout the classifica
tion yard. This requirement places increasing 
demands on the reliability and accuracy of devi
ces used to detect the presence of railroad cars.

Shaker Research Corporation, under contract 
from the Federal Railroad Administration, is 
conducting a study directed toward verification 
of the suitability of currently used devices to 
meet the current and future demands for car pres
ence detection. The objective of the program is 
to develop a comprehensive specification that 
defines the requirements for reliable car pres
ence detectors.

The approach being followed to meet the pro
gram goals and objectives is defined in the 
following tasks:

• Identify Requirements for Car Presence 
Detectors

• Survey, Evaluation and Comparison of 
Devices and Concepts

• Engineering Analysis
• Development of Engineering Solutions
• Testing and Demonstration of Modified 

Detectors
• Preparation of Specification
This presentation summarizes the results of 

the above first four tasks of the program.
2.0 Discussion

With the advent of the track circuit, invent
ed by Dr. William Robinson in 1872, the first 
presence detection technique became available to 
the railroad industry. The track circuit uti
lized the rails to form a part of an electrical 
circuit. The car wheel and axles formed a shunt 
across an insulated section of track, thus pro
viding indication of train presence. The track 
circuit which includes DC circuits, AC circuits, 
coded track circuits and more recently (1955), 
overlay track circuits formed the basis of auto
matic train detection for track occupancy and 
block signaling. The application of track cir
cuits extended into classification yards perform

ing such functions as activating weigh scales and 
protecting power switch activation during car 
occupancy. Since track circuits are activated 
as long as the tracks are shunted by the presence 
of the axle, they will continue to indicate car 
presence until the car or entire train passes 
the instrumented section of track. This prevents 
the use of track circuits to count the number of 
cars in a train or activate devices that require 
precise timing as each car passes. The need for 
car detection within a more precise region for 
many applications led to the introduction of the 
rail-mounted wheel detector. A requirement for 
many applications led to the introduction of the 
rail-mounted wheel detector. A requirement for 
many applications also existed for detecting the 
presence of a car or cars without disturbing 
existing track circuits. This resulted in 
development of the inductive loop "Presence De
tectors." These devices consist of a pick-up 
loop installed between the rails which detects 
the presence of the car passing over the loop area.

As the installed population of presence de
tectors for railroad classification yard applica
tions increase, the need for verification of the 
reliability and suitability of presently used 
devices for yard applications becomes more appar
ent. In order to meet these needs, during the 
current study ten railroads were either visited 
or surveyed to establish both application require
ments and reliability information on current 
presence detectors. To supplement this survey, 
a patent search and literature search covering 
presence detection techniques were completed and 
thirty-six equipment manufacturers were contacted 
by telephone, correspondence or both. The follow
ing sections summarize the results of these sur
veys and the resulting engineering evaluations 
and conclusions reached.
2.1 Applications of Presence Detectors

Typically, flat yards use detectors for 
turning on/off closed circuit television, turning 
on/off the weighing scales, and occasional power 
switch protection. Although no automated flat 
yards were identified from the railroad survey, 
at lease two railroads have attempted automation 
and it is anticipated that in the future there 
will be a growing need for car presence detectors 
in flat yards.

The requirements for car presence detection
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in hump yards are more stringent than for flat 
yards. This is especially true in the case of 
automated hump yards where car presence detection 
is an important input parameter for controlling 
car flow through the yard. Figure 1 illustrates 
a typical hump indicating some of the various 
applications and the type of detectors employed. 
Although track circuits are common on main line 
for blocking and crossing protection, they also 
perform a number of functions in the hump yard 
as illustrated on Figure 1. Table 1 lists the 
most significant applications of car presence 
detectors in flat and hump yards, covering over 
ninety percent of the applications.
2.2 Presence Detectors in Common Usage

As a result of the survey of railroad yards 
and manufacturers, the following car detectors 
are most commonly used by today’s railroads:

• Track Circuits
• Permanent Magnet (Induced Voltage) Wheel 

Detector
• Permanent Magnet (Relay) Wheel Detector
• Inductive Coil Wheel Detector
• Inductive Loop Presence Detector
• Transmitter/Receiver Wheel Detector
• Optical Photo Cell
• Mechanical Detectors

Other types were found but they represent a very 
small portion of the population.
2.2.1 Permanent Magnet (Induced Voltage) Wheel 
Detector

This type of detector contains a permanent 
magnet which provides a flux field and an induc
tive pickup coil. It is attached to the rail by 
direct bolting or by a bracket. Passage of the 
wheel rim cuts the magnet field lines and induces 
a voltage in the coil. The coil output voltage 
is directly proportional to speed and goes to 
zero speed. Minimum detectable speed of the de
tector is suggested Lo be 5 mph by the manufac
turers. Laboratory tests indicate that speeds 
to 2 mph can be measured with proper installa
tion. The predominant application of this sensor 
is in hot box detection, although they are find
ing more applications in hump yard where average 
car speeds are in the 3 to 5 mph range recommend
ed by the manufacturer. Figure 2 a is a picture 
of this type of sensor installed in a hot box 
detector application.

Railroads generally report a high reliabil
ity for this device with most failures caused by 
dragging equipment. They are available with 
single as well as double pickup coils to provide 
directionality.
2.2.2 Permanent Magnet (Relay) Wheel Detector

This rail mounted detector utilizes two 
permanent magnets and a switch. The switch is 
held in position (normally open) by the stronger 
magnet. As a wheel passes through the field of 
this magnet, the field strength is reduced and 
the switch is attracted to the second magnet

closing the circuit. Although no power is re
quired to operate the switch, signal power is 
required across the switch to provide a signal 
during closure.

Field experience with this type of sensor 
appears to vary depending on location. Diffi
culty has been reported by three railroads in 
the northern regions of the United States due to 
sticking and/or hangup of the switch. In the 
warmer southern regions this has not been reported 
as a problem. Although the switch is sealed, 
occasionally connectors get wet. These types of 
sensors are also available in a double configura
tion for directionality.
2.2.3 Inductive Coil Wheel Detector

The term inductive coil and loop have been 
used to describe the principle of using an induc
tive coil in a resonant circuit. When metal 
objects are brought in proximity to the inductive 
coil, the inductance changes— changing the reso
nant frequency. This change may be detected by 
frequency shift or phase shift. The wheel detec
tor uses a point coil attached to the track whose 
inductance is influenced by the presence of the 
wheel. Two different types of detectors were 
evaluated that utilize this principle. The first 
contained three inductive coils connected elec
trically. Electrical unbalance voltages between 
the coils when in the presence of a wheel provide 
signal output. The second device reviewed used 
an inductive coil and permanent magnet. The mag
net creates a field in close proximity to the coil. 
The influence of a wheel in the field changes the 
resonant frequency of the coil. This frequency 
is compared to a reference frequency for providing 
indication of wheel presence.
2.2.4 Inductive Loop Presence Detector

The inductive loop presence detector differs 
from the inductive coil in that a loop, generally 
in the form of a figure eight, is installed in an 
area between the tracks. Presence of metal over 
the loop in the form of a railroad car changes 
the resonant frequency of the loop circuit and 
usually the phase shift is detected. The sensor 
thus provides a signal when the car or portion 
of the car is in the presence of the detector.
This type of device detects the presence of a car 
in the area of the loop rather than at a single 
point such as a wheel. A typical look configura
tion is shown on Figure 3.

Comments received regarding these sensors 
have been directed at the retuning or resetting 
requirements. Manufacturers have reported that 
retuning problems are being remedied in the newer 
versions. An application was pointed out in a 
crossing section of track where the detector 
would not operate because of the large amount of 
metal present. The loops are occasionally 
damaged by dragging equipment, but the railroad 
yard personnel do not consider them as a major 
problem area. These sensors are used predomi
nantly to protect switches.
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TABLE 1

APPLICATIONS OF PRESENCE DETECTOR DEVICES

TURN ON/OFF: CLOSED CIRCUIT TV
SPEED RADAR 
WEIGH SCALES* 
COMPUTER ACTIVATION 
HOT BOX DETECTORS* 
ACI UNITS*

WHEEL DETECTOR 
TRACK CIRCUITS 
PHOTOCELL

MEASUREMENT: SPEED WHEEL DETECTOR
NUMBER OF AXLES PHOTOCELL
CAR LENGTH 
CAR HEIGHT 
NUMBER OF CARS

LOCATION: PROTECT AGAINST SWITCH 
OPERATION DURING 
TRAVERSING*

TRACK OCCUPANCY 
ENTERING, EXITING YARD 
INVENTORY CONTROL*

WHEEL DETECTOR 
PRESENCE DETECTOR 
TRACK CIRCUIT 
PHOTOCELL

*APPLICATION IN FLAT YARDS AS WELL AS HUMP YARDS.
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Figure 2 Presence Detectors
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Loop
a) Inductive Loop Presence Detector b) Mech. Wheel Detector

Figure 3 Presence Detectors
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2.2.5 Transmitter/Receiver Wheel Detector
This device which has also been termed an 

axle counter (as have several of the other wheel 
detectors), consists of a small transmitter 
mounted to one side of the rail web and a re
ceiver mounted on the opposing side. The re
ceived signal is activated when a wheel passes 
on the rail between the two. Like other track 
mounted devices, these units are vulnerable to 
dragging equipment failures. These sensors have 
been applied to activate scales, turn on radar, 
speed measurement, and switch protection.
2.2.6 Photocell

The photocell consists of an optical trans
mitter and receiver. The passage of a car be
tween the two breaks the light beam, indicating 
car presence. Since they are not located on the 
track but alongside, they are not vulnerable to 
damage by dragging equipment. The railroads 
report these devices to be quite reliable. They 
are used for measuring car length, car height, 
and in one yard surveyed, for switch protection. 
Light sources for photocells include modulated 
incandescent and modulated or pulsed beams. 
Periodic lens cleaning is required but no other 
maintenance has been reported by the railroads.
2.3 Presence Detector Reliability

Failure data were collected from seven rail
road yards for analysis to determine failure 
rates and causes. Five yards were flat yards 
and two were hump yards. Of the five flat yards, 
wheel detectors (inductive coil type) were used 
in four yards in automated car inventory systems. 
The remaining flat yards used inductive coil and 
magnetic switch type wheel sensors to activate 
AC I units.

The failure data obtained in hump yards do 
not reflect failure by specific application but 
only by sensor type. The data were collected 
through reviewing the yard signal department's 
daily maintenance log book. Occasional small 
repairs may not have been logged, but for the 
most part the log books of the hump yards were 
found to be very complete.

In four of the flat yards, an outside vendor 
maintained all wheel detectors and billed the 
railroad with a daily description of the work 
activity. Therefore, these records were quite 
complete. In the fifth flat yard failure data 
were collected by the Department of Transporta
tion over a time period during which the Depart
ment of Transportation was evaluating an ACI 
system. The data had been pre-categorized and 
were not as detailed as the remaining data.

Data for each sensor failure by failure code 
for each yard was compiled to establish the 
primary causes for sensor failure. The major 
categories for detector malfunction were con
solidated to:

• Adjustment
• Cables damaged

• Yard induced damage (derailments, drag
ging equipment, etc.)

• Weather and environment
• Circuit failures

Table 2 presents the percentage of sensors failed 
by both sensor type and failure cause.

All of the failures of inductive coil wheel 
detectors that were analyzed, occurred in five 
different flat yard installations. The remaining 
detectors were installed in hump yards. A marked 
increase in failures due to derailments, dragging 
equipment and broken cables is evident in the 
flat yard installations. A large number of 
adjustments of wheel detectors were also encoun
tered in flat yards. The high failure and adjust
ment rates in the flat yards are attributed to 
the fact that unlike hump yards, flat yards have 
continual two-way flow of traffic over the sensor 
locations. This situation, coupled with the 
fact that track conditions are often poorer than 
in hump yards, leads to more derailments and 
yard induced damage.

It is also seen from Table 2 that the number 
of railmounted wheel detector failures from 
dragging equipment in hump yards range from 4 
percent of the permanent magnet detectors to 13 
percent of the magnetic switch type detectors.
If the relative size of detectors are reviewed, 
as depicted on Figure 4, it is noted that the 
largest physical size detectors suffer the great
est damage from dragging equipment while the 
smallest is least susceptible. The physical 
size of the detector, therefore, appears to be 
an important consideration.

In order to establish failure rates, an 
analysis by sensor type was conducted using a 
Weibull distribution. Adjustments of detectors 
were separated from all other failure causes to 
develop a mean time between failure (MTBF) and 
mean time between adjustment (MTBA). Failure 
and adjustment costs were also estimated based on 
maintenance and adjustment costs (at $30 per 
hour) and component replacement costs. These 
results are summarized on Table 3. Utilizing 
the data from Tables 2 and 3, an attempt was 
made to rate presently used presence detectors 
in regards to their relative capability and is 
presented on Table 4. The boxed items in this 
table, represent the requirements for a presence 
detector that were obtained during the survey of 
railroads, that were considered necessary for an 
ideal detector that would be suitable for all 
applications in classification yards. The under
lined items are those characteristics that could 
be modified to make the detector capable of meet
ing the requirements.

Although the permanent magnet (inductor) and 
photocell rank highest, both devices have limita
tions for use in classification yards. The 
permanent magnet is not recommended for speeds 
below 3 to 5 mph which limits its use in some 
hump yard and flat yard applications. The photo
cell is mounted track side and introduces a 
hazard for personnel passage between closely 
spaced track such as class track.
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TABLE 2
FAILURE CAUSES 

BY
DETECTOR TYPE

DETECTOR

F a ilu re  Cause F a ilu r e  P e rce n t per Year

D e ra il 23 .5 - - _ _ _

D ragging E q u ip . 19.7 7 13 4 2 ,5 - 9
Broken Cables 65 .2 5 - 2 4 .6 - 9
Weather & E n v io r . 5 .3 2 8 - 1 .6 3 3
C i r c u i t  F a ilu re 28 20 3 2 50 4 16
A d ju s tm e n t 109 6 10.3 - 69 - -

*  (W .D .) -  Wheel d e te c to r
* *  (P .D .)  -  Presence d e te c to r
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TABLE 3
P R E S E N C E  D E T E C T O R  

F A I L U R E  R A T E S

D E V I C E

1
M TBF + 
DAYS

1
MTBA
DAYS

I N D U C T IV E
W H EEL
D E T E C T O R

405 1 7 6

P E R M . M A G .
W H EEL
D E T E C T O R

6400 -

P E R M . M AG . 
SW ITCH 
W H EEL D E T .

1 7 5 0 10000

T R A N S / R E C .
W H EEL
D E T E C T O R

1050 1 0 6

RAD AR S P E E D 385 2 10

PH O TO C E L L  
D E T E C T O R

270 0 -

I N D U C T IV E  C O I L  
P R E S E N C E  D E T .

500 504

A . D .  T R A C K  
C I R C U I T

900 -

1
T O T A L
DAYS

AVG
$ / F

AVG
$ / A D J

T O T A L
$ / F

12 2 319 27 346

6400 65 - 65

1489 203 ' 15 2 1 8

1049 509 23 532

136 1 1 5 16 13 1

2 70 0 68 - 68

251 80 14 94

900 40 40

-127-



83
1-

TABLE 4
PRESENT USAGE DETECTOR CAPABILITY

TRANSDUCER TYPE PERMANENT MAGNET (INDUCTOR) MAGNETIC SWITCH INDUCTIVE WHEEL DETECTOR INDUCTIVE PRESENCE DETECTOR TRANS./RECEIVER PHOTOCELL
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Suitability 11 6 7 5 7 9Capability w/Mod. 11 9 9 6 9 11
Boxed items meet general requirements established for universal detector.**Requirement based on less than 10 percent replacement per year.Flat yards only.Based on cost per failure not to exceed $150.
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It should be noted in reviewing Table 4 that 
most of the detectors were developed for speci
fic applications and would rate much higher for 
that application. In the case of inductive loop 
presence detectors, their primary function is in 
power switch protection and they are well suited 
for that application. They, however, could not 
be used to measure car speed or count individual 
axles and would obviously be unsuitable for 
broad range applications.
2.4 Car Presence Detector Specification

The data of Tables 2, 3 and 4 combined with 
information obtained during field surveys and 
literature surveys, provide the basic require
ments for a presence detector that are a neces
sary part of a specification. The specification 
requirements can be tabulated as follows:

• Minimize the physical size of wheel 
detectors.

• Minimize the electronic circuitry within 
detectors mounted between or on rails.

• Hermetically seal detectors.
• Minimize or eliminate need for adjustment.
• Provide protection of cables of detectors 

located on or between rails.
• Eliminate moving parts in detector.
• Design objective or detector life is a 

mean time to failure of six years.
• Design objective of detector repair is 

a mean time to repair of 20 minutes.
• Provide for capability of single direc

tion or bi-directional traffic flow 
discrimination.

• Provide capability of discriminating 
individual cars or wheels.

• Operate over a railroad car speed range 
from perceptible motion to 20 mph.

• Detectors should be capable of providing 
an output signal indicative of detector 
failure.

• Detector design should be capable of per
forming its intended function without 
readjustment during normal weather and 
environmental variations (rain, snow, 
ice, sleet, humidity, sand and dust 
environments, solar radiation, vibration 
and shock).

A specification is presently being prepared to 
reflect these requirements.
2.5 Field Evaluations of Presence Detectors

In order to verify the suitability of smal
ler physical size rail-mounted detectors and 
infrared photocell detectors to withstand the 
harsh flat yard service, a field test program 
is presently in progress. Ten infrared photo
cells, as well as nine track-mounted dummy 
detectors having a physical size not exceeding
3.5 inches of projection beyond the rail head, 
have been installed in flat yards. The reliabil
ity of the infrared photocells will be evaluated 
over approximately a one year period for failure 
life and adjustment requirements. The rail- 
mounted detectors will be evaluated during the 
same period of time for vulnerability to dragging

equipment and yard induced damage. This effort 
is presently under evaluation.
3.0 Summary of Results

The study of "Assessment of Approaches to 
Car Presence Detection" is directed toward 
verification of the suitability of currently 
used devices to meet present and future demands 
for car presence detection. The object of the 
project is to evaluate the potential improvements 
in sufficient detail to insure that a comprehen
sive specification for presence detectors can be 
prepared for use by the railroad industry. The 
work is being carried out in six tasks covering 
a 22-month period (including extended field 
testing).

The approach being followed for conducting 
the study encompasses: establishment of the
application requirements for detectors; identi
fication of the types of presently used detectors 
and their capabilities; development of reliabil
ity information on presently used detectors; 
identification of the most promising presence 
detection techniques; field evaluation of improved 
or new techniques and development of a compre
hensive specification for car presence detectors.

The project, now in the twelfth month, has 
revealed that rail-mounted type detectors are 
the most common used detectors in classification 
yards. Their failure rates due to derailments, 
dragging equipment and broken cables range from
8.7 percent per year in hump yards to 108.4 
percent per year in flat yards. Improvements in 
these failure rates may be realized through re
ducing the physical size of the detectors and 
providing deflectors to protect the detector 
and cable. Circuit element failures of these 
devices ranges from 13 to 20 percent per year. 
Reductions in this type of failure require more 
ruggedized circuit design and higher quality 
circuit components.

Wayside-mounted detectors such as photocells 
show the most promise for high reliability 
although their application is limited by special 
restrictions. They do not suffer from dragging 
equipment failures. However, failure rates are 
encountered in the seven percent per year range 
due to environmental (rain and ice) and circuit 
element failures. Improved packaging techniques 
should improve the reliability of photocell de
vices .

Flat yard application of detectors result in 
higher failure rates than hump yard applications. 
This is due to continual car direction reversals 
over the detector in the flat yard compared to a 
more controlled one-direction flow of cars in a 
hump yard. In order to verify recommended de
tector improvements, evaluations are being con
ducted on photocells and wheel-mounted detectors 
in the flat yard environment which is the harshest 
environment.
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USE OF PRESENCE DETECTORS IN THE RAIL INDUSTRY
FROM A RAILROAD PERSPECTIVE

Dennis J. Gilstad
Grand Trunk Western Railroad Company

Early in 1973, the Grand Trunk Western Rail
road Company committed to install a system-wide 
car data system utilizing automatic car identi
fication scanners. Current technology utilizes 
the optical scanner and wheel sensors placed as 
approach monitors on either side of the ACI 
scanner, as well as the wheel counter, at the 
point of the scanner itself. Also, in certain 
flat yards, Grand Trunk Western Railroad Company 
endeavored to utilize wheel sensors for the 
purpose of keeping a perpetual inventory. What 
I am addressing in this paper are some of the 
problems that we incurred in the use of the 
wheel sensors (presence detectors) with ACI 
(Automatic Car Identification) scanner systems 
and also flat yard switching.

Theoretically, there seems to be little 
difficulty in utilization of this type of device. 
However, what lesson has been learned in the 
preceding years from our first installation in 
1974 was that rail environment proves to be very 
difficult. Every possible extreme in temperature, 
load pressures and climate are prevalent. Because 
we are located in the Great Lakes of the United 
States, we experience severe winter conditions.
On the other side of the spectrum, our summers 
are somewhat warm and humid, with high annual 
rain fall. Normal operation of the railroad, 
including regular maintenance, offers challenges 
that need to be addressed. Track crews doing 
any work replacing rail or ties, ballast renewal 
usually do not appreciate the requirements in 
properly handling the wheel sensor and the 
supporting electronics. Snow removal tends to 
be a severe problem in yards where varieties 
of snow removal equipment are used to allow flat 
yard switching. The difficulties of knowing 
where wheel sensors are located under snow tends 
to be quite destructive in this endeavor. Water 
is a different problem in any electronic environ
ment and we have seen a number of vendors try 
all types of remedies, including the use of 
common grease in terminal boxes for the dispo
sition of water. It is probably best to summer- 
ize that electronics have to be self-contained 
because any type of method employed to eliminate 
water, humidity, etc. does not seem to work over 
a long period of time.

The movement of the rail as trains pass 
causes significant pressures to be exerted on 
the electrical components of the wheel sensors 
by creating a fairly high g-force buildup caused

by the up and down movement of the rail on the 
ties and roadbed. Dragging equipment from the 
rail cars has a very disastrous effect on any 
equipment attached to the rail.

While this paper is addressing the use and 
experience of wheel sensors associated with ACI 
and automatic inventory devices, some of the 
problems that have been experienced certainly are 
those experienced in any use of the apparatus 
that is attached to the rail. Until an off-rail 
device can be developed that is reliable and in
expensive for these purposes of detection, the 
rail industry will continue to suffer expenses 
and high failure rates of the equipment associated. 
I am hopeful that the next generation of presence 
detectors, if they are still attached to the 
rail, will be very small in size and can be 
tucked under the lip of the rail thereby reducing 
problems caused by dragging equipment and ex
posure to the elements. In addressing a new 
generation area, the use of other types of tech
nologies that remove the presence detection 
device to along side the rail, in my opinion, has 
a significantly higher rate of success. It 
should be pointed out though, that this type of 
device has to be far enough away from the rail 
so that it does not pose a safety problem for 
switchmen and trainmen. As they perform their 
normal functions.

In summary, the need of presence detection 
equipment is extremely important to the rail 
industry. Ongoing efforts need to continue im
proving presence detection devices so they can 
be serviceable, save, and functional, thereby 
giving the reliability that is needed and also 
providing the flexibility for use in various 
environments, be it to turn on hot box detectors, 
dragging equipment, etc.
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SUMMARY OF QUESTION AND ANSWER DISCUSSION

October 30, 1979

Two relevant questions were raised during 
the Question and Answer Discussion on Car Pres
ence Detection. The first question raised the 
issue of the relationship between different 
car presence detection and weighting factors 
as follows:

Since application requirements for car 
presence detectors differ, were weighting fac
tors applied as a function of application when 
rating different sensors?

The answer to the question was negative 
with the following explanation: Capabilities
of currently used presence detectors were based 
on two factors, their ability to perform their 
required function for any application as 
directed by their principle of operation, and 
their reliability in terms of failure rates and 
failure modes as determined from field data 
collection in classification yards.

An example of the principle of operation 
was given to clarify. A permanent magnet, 
inductive type detector requires car motion 
to induce a signal. It, therefore has a low 
speed limitation which would affect its rating 
relative to other techniques that can detect 
car presence to zero speed.

In the case of reliability failure trends, 
such as increased vulnerability to change with 
increased physical size of rail mounted detec
tors, were used to establish the relative 
rating of the detector.

The second question was concerned with 
consideration given to utilizing an Automated 
Car Identification System scanner as a car 
presence detector. The answer given is as 
follows: An ACI scanner is based on a reflec
tive light beam. The return signal magnitude 
becomes a function of the reflectivity of the 
surface scanned and therefore, this principle 
is sensitive to car type and surface scanned.
To overcome these limitations, a light beam 
using a transmitter and receiver through which 
a car passes and breaks the beam was found 
superior and recommended as an acceptable car 
detection technique.
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CAR PRESENCE DETECTION QUESTIONNAIRE SECTION

1. In your experience with classification yard
operation, how would you rank the reliability 
of devices presently used to detect the 
presence of railroad cars:
Flat Yards: High Hump Yards: High

Medium Medium
Low Low

Comments:
2. Will a specification outlining the physical, 

electrical and environment characteristics 
required of presence detectors to improve 
their reliability be useful in your work?

3. As new and improved devices for detecting the 
presence of railroad cars become available, 
how would you evaluate them before accepting 
them for wide application?
a) __Install one or two on a trial basis
b) __Trust the manufacturer and his repu

tation
c)  Depend on experience of other users
d)  Prefer evaluation by an independent

organization sponsored by the industry.
4. What, in your opinion, is the most critical 

application in classification yards require- 
ing the use of car presence detectors other 
than power switch protection?

5. There appears to be a trend to use track 
circuits in lieu of wheel detectors or 
other presence detector techniques wherever 
possible in yard applications. Do you feel 
this trend will change as the reliability 
of presence detection devices (other than 
track circuits) improve?

6. Is the research and development effort 
expended in the area of railroad car presence 
detection of value to you in your present 
activity?

7. In what way(s) will you utilize the informa
tion developed?

Twenty-five responses were reviewed from the 
questionnaire distributed during the Workshop 
regarding "Car Presence Detectors". The re
spondents generally agreed that a specification

outlining the physical, environmental and electri 
cal requirements for a reliable railroad car 
presence detector would be helpful for selecting 
sensors and as general background information 
for training railroad personnel. Despite the 
existance of a specification however, most 
railroads would still prefer to evaluate several 
samples of a new device in the field before 
installing a number of them in a yard.

A general opinion expressed was that the 
reliability of currently used car presence 
detectors should be improved. The current re
search effort on car presence detectors was 
considered an important step toward insuring more 
reliable detectors. Since track circuits have 
their own reliability shortcomings, the opinion 
expressed was that car presence detector relia
bility will eventually surpass track circuit 
reliability and replace many track circuit appli
cations .
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MEASUREMENT OF ROLLING RESISTANCE FACTORS: 
PROJECT GOALS, STATUS, AND ASSESSMENT

Stephen J. Petracek and Neal P. Savage 
SRI International

1.0 Introduction
SRI International has begun an exploratory 

study of freight car rolling resistance in rail
road classification yards. This study is spon
sored by the Federal Railroad Administration's 
(FRA) Office of Research and Development and the 
Transportation Systems Center (TSC).

1.1 Background
An estimated 300 million freight cars are 

classified (i.e., sorted into different tracks) in 
railroad classification yards every year (1).* * 
About 80 percent of these cars are classified in 
what the railroad industry calls flat yards and 
the remainder in hump yards.+ In hump yards 
freight car classification is performed by pushing 
a large group of cars up a slight hill, or hump, 
uncoupling the cars at the crest of the hump, and 
then switching the cars into the appropriate clas
sification tracks as they roll freely down the 
other side of the hump. The free-rolling cars are 
controlled in one to four short track sections, 
where mechanical retarders can slow down the cars. 
To perform switching properly, sufficient headway 
between successive cars must be created and main
tained. This headway is created as follows: At
the crest, the cars have an initial time separa
tion between their centers of gravity. The time 
separation is determined by their humping speed.
As the cars gain speed in rolling down the hump 
grade, the initial time separation is translated 
into a coupler-to-coupler distance separation and 
time headway. The retarders maintain sufficient 
headway (1 to 2 seconds minimum) between freight 
cars to allow the switches to be thrown safely.
The retarders are also used to control the cou
pling or impact speeds between cars on the classi
fication tracks within specified speed limits (1 
to 6 mph).

Obviously, the problems associated with de
signing the hump profile and controlling headway 
and coupling speeds would not be difficult if all 
cars had identical characteristics and rolling re
sistances (i.e., rollability) because the initial 
time separation established at the crest would re
sult in a uniform and predictable headway between 
cars. Also, if the cars' rolling resistance could 
be predicted in a consistent manner, the release 
velocity from the final retarder could be accu
rately calculated to give the desired coupling 
speed on the class track. However, because cars 
have different characteristics and rolling resis
tances, the problem of creating and maintaining 
sufficient headway for switching is more diffi
cult. One obvious problem is that faster rolling 
cars tend to overtake slower rolling cars. In ad
dition, the imprecision associated with predicting 
the rollability of individual cars on the classi
fication tracks make it more difficult to achieve 
desirable coupling speeds.

The design of a hump grade is usually based 
on an assumed hardest (slowest) and easiest (fast
est) rolling car. Hump grades are usually de
signed to deliver the hardest rolling car to the 
clear point at a specified speed (say, 4 mph) or 
to a specified distance into the class track 
(e.g., 500 ft). The size and placement of re
tarder sections is usually accomplished by examin
ing a worst-case sequence of a hardest rolling car 
followed by an easiest rolling car traveling to 
the last switch on the farthest outside track.*
The retarders are placed where the separation be
tween the two worst-case cars becomes less than a 
specified value. In that case the retarder slows 
down the trailing car to reestablish proper head
way. The length (power) of the retarder is based 
on the amount of energy that must be removed from 
the trailing car in a worst-case situation.

Knowledge of rolling resistances of cars in 
the yard is critical to the hump profile design 
and speed control strategy. Unfortunately, such

Refer to the list of references at the end of the report for complete reference citations.
^For a brief description of both hump yard and flat yard operations, the reader may refer to references 
(1), (2), and (3).

*A complete study would examine a hardest rolling car, followed by an easiest rolling car, followed by a 
hardest rolling car.
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information on rolling resistances is scarce. In 
designing a new yard, yard designers work with in
complete information on rolling resistances and 
therefore must use engineering judgment based on 
their experience in previous yard design efforts. 
However, key design variables may differ from yard 
to yard, and the actual operation of a new yard 
may not function as intended. In particular, poor 
estimates of car rollability can result in:

• Cars stopping in the switching area, caus
ing the hump to be temporarily shut down.

• Cars being misswitched, causing more yard 
engine work.

• Cars stopping short of coupling in the 
bowl track, causing work in train makeup.

• Cars coupling on the bowl tracks with too 
high a velocity, causing damage to cars 
and lading.

• Excessive hump height and grades and more 
retarders than needed, adding to the capi
tal costs of the yard.

Because of the need for and importance of in
formation on rolling resistance, the American 
Railway Engineering Association (AREA) Committee 
on Yards and Terminals and other groups and indi
viduals within the railroad industry have recom
mended that a study of rolling resistance be con
ducted.

1.2 Objectives and Scope
The objectives of this study is to improve 

the characteristics and understanding of freight 
car rolling resistances at the low speeds that 
typically occur in railroad freight car classifi
cation yards. This characterization of freight 
car rollability is intended to be of real and 
practical value in both the design and operation 
of classification yards.

The study, exploratory in nature, is specifi
cally limited to the collection and analysis of 
existing data on car rollability and to data that 
can be obtained using existing yard sensing de
vices (e.g., velocity, position, time, distance- 
to-couple) and yard computers. No substantial 
special instrumentation of yards, tracks, or 
freight cars will be performed.

The study focuses on identifying the follow
ing elements:

• The characterization of freight car roll
ing resistance distributions in sufficient 
detail for use in the design of yard 
grades, the placement of switches, and the 
placement and size of retarders.

• The development of car rollability predic
tion models.

• The influence of a variety of physical and 
environmental factors on freight car rol
lability.

In Task I of this project we reviewed exist
ing information regarding the factors that

influence car rolling resistance. This report 
summarizes some of the results of SRI’s Task I ef
forts .

2.0 Basic Concepts Related to Car
Rollability
This section presents a brief review of some 

of the fundamental concepts used to define and 
measure freight car rollability in railroad clas
sification yards.

2.1 Discussion and Definition
of Car Rollability
The motion of a freight car rolling down a 

grade is well within the range of speeds and 
masses that allows this movement to be analyzed 
and described by the concepts of classical mechan
ics. Of particular importance, are Newton’s first 
two laws of motion. These are:

(1) Every body persists in its state of 
rest or of uniform motion in a straight 
line unless it is compelled to change 
that state by forces impressed upon it.

(2) The change of motion is proportional to 
the resultant force impressed and is 
made in the direction of the straight 
line in which that force is impressed. 
(This law is the basis of the familiar 
equation, Force = mass x acceleration, 
or F = ma).

As shown in Figure 1, a freight car rolling 
down a grade is subject to two opposing forces 
acting along its path of travel. One of these 
forces is the along-track component of the gravi
tational force (Fg), or gradient force, resulting 
from the mass of the vehicle (m) and the acceler
ation of gravity (g). This force is related to 
the weight of the vehicle (mg) and the angle 0 be
tween the track and the horizontal plane by the 
following equation:

Fg = mg sin 0 ,

where
Fg = gradient force 
m = mass of freight car
g = gravitational acceleration (32.2 ft/secz) 
0 = angle between track and horizontal.

The other force acting on the freight car along 
its path of travel is a resistive force. For con
venience, Figure 1 shows this force as a single 
force acting at the vehicle’s center of gravity. 
However, this resistive force is made up of many 
components such as wind resistance, wheel-rail 
friction resistance, and others, which in fact can 
act at many points of the car. It is this cumula
tive force, resisting car movement down the grade, 
which is the subject of this study.
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Subtracting the resistive force from the gra
dient force, we get a resultant force FT (F̂  =Fg - Fr), where a resultant force acting to the 
right is positive. From Newton's first two laws of motion, it is evident that a freight car will accelerate (decelerate) down a grade only if Fg is 
greater than (less than) Fr. If the gradient and resistive forces were equal, the car would not accelerate and would either remain at rest o r, would move down the track at a constant speed. In this 
case of constant velocity, the resultant force 
(F̂ ) is zero. However, if the car is accelerating 
(decelerating) down the grade, FT would be posi
tive (negative). The resultant force, FT, can be 
determined through the relationship F-p = mac, 
where ac is■the acceleration of the freight car 
along the track. Thus, we can easily derive.an 
expression for determining the resistive force,
Fr, acting on a freight car.*

• F = F - Fm = mg sin 9 - ma r g T & c

However, for small angles 0, sin 0 is approxi
mately equal to tan 0, which in turn is equivalent 
to the definition of grade, G. Therefore, we find 
that

F = mgG - ma ■r ° c

This expression for resistive force give's an 
answer in dimensions typical of a force measure
ment, that is, in terms of pounds, newtons, dynes, 
or poundals, depending on the system of units be
ing used. Descriptions of freight car and train 
rolling resistance in the dimensions of force have 
been used in the past. However, most recent stud
ies of car reliability in railroad yards commonly normalize the resistive force, relative to the 
weight of the car, by dividing Fr by the car's 
weight, mg. This results in a dimensionless mea
sure of car rolling resistance or reliability, R.̂  
The measure can be thought of as pounds of resis
tance per pound of car, or as an equivalent grade 
resistance in terms of foot of rise per foot of 
horizontal travel, both of which are nondimen- 
sional.

2.2 Measurement of Car Rollability
in Yards
As previously described, freight car rolla- .bility can be defined in terms of the acceleration 

of a car down a specific grade. This definition provides the basis for the measurement of car rollability in hump yards. That is, the rollability 
of a car rolling down a grade is calculated from measured or previously calculated values of car acceleration and track grade. Therefore, the 
precise determination of a rail car's rollability 
to four significant digits requires the measure
ments of car acceleration and track grade to the same level of precision..

By using modern surveying techniques and equipment, track grades can be measured with a 
very high degree of accuracy. However, as recog
nized by Alexander (4) even the best maintained 
track can experience significant changes in grade 
over time because of factors such as soil compac
tion or subsidence and frost heave. These changes 
point out the need for regular surveying checks of 
the grade at every one of a yard's rollability 
measurement sections.

The measurement of a car's acceleration in 
the rollability measurement section can pose some 
problems. Basically, the car's acceleration is 
measured in one of two ways: (1) by measuring a
car's velocity at two or more points within the 
rollability measurement section, and (2) by mea
suring the time required by the car to traverse a 
track section with at least three position and time measurement points.

The first approach is based on recognizing 
that acceleration is the first derivative of ve
locity relative to time (i.e., a = dv/dt or ap
proximately a = Av/At). From this relation, the 
following equation for the average car accelera
tion over a fixed-distance measurement section can 
be derived:

2L. .ij
where

In common practice, rollability is usually de
scribed in terms of pounds of resistance per ton of car weight, which requires multiplying by the 
conversion factor of 2,000 lbs/ton.

a = average acceleration over the test sec
tion
= velocity measured at position i 

L̂ j = length between points i and j .

Analogous relationships using more than two veloc
ity measurements can easily be developed. Freight 
car velocity in yards can be measured in a nearly 
instantaneous fashion using radar speedometers. A

For simplicity and clarity, this derivation assumes a constant acceleration. This assumption is also used in most yard control systems. The discussion is generalized in Section 3 to include an accelera
tion that changes with velocity.
R̂olling resistance and rollability are reciprocal definitions of the same concept, and are described by 
the same measure as defined above. A freight car that exhibits low rolling resistance is said to have a 
good (or high) rollability, and vice versa.
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major supplier of speed control equipment uses a 
large number of radar measurements of car velocity 
in the test section for determining the values of 
car reliability used in the yardfs car speed con
trol system. In addition, many people have used 
portable radar devices for field measurements of 
freight car velocities and accelerations.

A negative factor that must be considered 
when using this approach to measure car accelera
tion and reliability is the error propagation 
caused when using formulas based on derivatives.A general rule-of-thumb is that the original mea
surement error will double after taking the first 
derivative. Thus, it is imperative that the orig
inal measurements of car velocity be as precise as 
possible. We are not familiar with the level of 
precision and accuracy associated with the perma
nently installed radar speed measurement devices 
in railroad yards. However, our experience with 
portable radar speed measurement devices leads us 
to treat with extreme caution any car reliability 
data collected with these instruments.

The second method of measuring acceleration 
is based on the fact that acceleration is the sec
ond derivative of distance, or car position, with 
respect to time. For a measurement section where 
the time of car travel among three or more points 
can be accurately measured, car acceleration can 
be determined. For a test section with three 
points, it can be shown that (5):

a 2(d13t12 d12t13)/(t13t12)(t13 t12)
where

a = car acceleration (assumed constant over 
entire test section)

d̂ j = distance between points i and j
t̂ j = time required for car to travel between 

points i and j.
One of the major vendors of speed control equip
ment uses an acceleration measuring system based 
on this concept of multiple measurements of car 
travel time and position. Similar approaches have 
been used by many persons performing manual mea
surements of car reliability.

This approach for measuring car reliability 
also has the potential for significant propagation 
of the original measurement error. A simple test 
of the sensitivity of the acceleration formula de
scribed above shows that even small errors in the 
measurement of car travel time between points (as
suming a 100-foot test section) can result in un
acceptably large errors in the car acceleration 
calculated by this technique. Based upon very limited experience with this method of measuring 
car acceleration, the accuracy of permanently in
stalled test sections in yards appears to give acceptably precise measurements of car acceleration and rollability. On the other hand, our experi
ence in using manually actuated stop watches (with 
digital display precision of 1/100 of a second) indicates that manual measurements of car rolla-

bility result in very little accurate or useful 
data on car rollability.
3.0 Review of Related Work

As previously discussed in this report, there 
are a number of reasons why a better characteriza
tion of freight car rolling resistance would be 
beneficial for the design and operation of freight car classification yards. Yet, the amount of pub
lished research on this subject is very limited.

It is undoubtedly true that the major signal 
companies have the most complete and up-to-date 
data on freight car rollability in yards. How
ever, the data and the resulting analyses by the 
signal companies certainly have competitive value, 
and the companies are understandably reluctant to 
publish or otherwise divulge this information. In 
addition, many railroads have individually col
lected and analyzed car rollability data, though 
for the most part these results have not been 
widely disseminated. Some equipment suppliers 
have published the results of their work on car 
resistance. For example, Davis1 classic paper on 
tractive resistance of locomotives and cars was 
based on tests performed by the General Electric 
Company (6). A number of foreign railroads have 
published research about freight car rollability 
in yards. While it is true that the values of the 
coefficients determined in tests of nondomestic 
rail cars are probably not valid for U.S. freight 
cars, the underlying relationships between various 
factors influencing car rollability still should 
be informative.

Although the amount of published research on 
freight car rollability in yards is scarce, a num
ber of technical papers and reports have been pub
lished since 1900 on freight train rolling resis
tance. Many of the relationships developed for 
freight train resistances may provide insight into 
the underlying physical mechanisms that also gov
ern car rollability in class yards.

This section provides a review of published 
research related to freight car rollability. The 
review includes a historical perspective on major 
research related to freight car rollability and a 
discussion of the physical factors that have been 
hypothesized to influence car rollability. For 
the sake of brevity, the review is general, and 
the reader is urged to consult the referenced doc
uments for additional detail.

3.1 Historical Background
Experimental work on train and rail car re

sistance has been performed throughout most of the 
past century. As previously mentioned, most of 
this research was oriented toward the characterization of train resistances rather than the rolla
bility of individual freight cars, although many of the relationships developed for train resistance have been used to describe car rolling resistance. Unless otherwise stated, the variables 
for formulas in this section are stated in terms 
of: rollability in pounds per short ton (R),weight in short tons (W), and velocity in miles 
per hour (V).
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3.1.1 International Research 
on Rolling Resistance

Research on the rolling resistance of rail
road stock began in the middle of the 19th cen
tury. Although the coefficients of relationships 
developed outside the United States may differ 
significantly from those developed here, due to 
differences in car design, track weight, and track 
gauge, the underlying theories are important, and 
the structure of the relationships themselves are 
quite similar. As early as 1855, Daniel Clark (7) 
developed a formula that related train resistance 
to the square of the velocity of the train:

This formula was used throughout Europe for nearly 
a half century. In 1885, research by the Eastern 
Railway of France also suggested that train resis
tance increased as train velocity increased. The 
truth of this hypothesis has been demonstrated in 
numerous experiments since then and is one of the 
most accepted concepts relating to both train and 
car resistance.

In 1913, Strahl, of Germany, developed the 
following formula, which Muhlenberg (7) cites:
R = 4.0 + 0.001657V2. In 1932, this was recali
brated to R = 4.0 + 0.001294V2. Early in this 
century, Strahl, Aspinall, and other Europeans be
gan suggesting the use of three term formulas of 
the form, R = A + BV + CV2, where A, B, and C are 
constants depending upon the configuration and 
consist of the trains.

In 1927, Mucklachen, of the USSR, used a for- 
mula: R = 2.4W + .319nV + .1709(1.0 + .04n)V2,
where n is the number of vehicles. A 1968-version 
of the formula for a 75-ton car is: R = 1.752 +
.0189V + .00076V2. Muhlenberg (7) gives both for
mulas. Of recent note have been the test results 
from the USSR on rolling resistance in two hump 
yards (8). In this test, the weather effects on 
car reliability were found to be small enough to 
be eliminated in the development of car reliabil
ity distribution curves.

Information on Japanese research before World 
War II is not documented in English, and until re
cently several formulas were used. The general 
formula now in use was developed in 1967 by M. 
Harada (9) for freight cars. Harada expresses 
rolling resistance as:

R = A + BV + CV2

where for standard four axle freight cars,
A = (.7K + .275) e"t/3°
B = .133
c = .oo ioesj/u .o  + s2s3).

This formula is unique because the constants 
K, S±y S2, and S3 take into account car-type, wheel 
and track conditions, and t is the temperature in 
°C. The units in this formula are metric.

Recent work by Bernard in France (1975), Hara 
in Japan (1969), and Gluck (7) in Germany (1973), 
divides the V2 term into two parts, one for drag, 
and the other for skin friction.

Muhlenberg (7), with considerable effort, 
models the individual air resistances of cars. He 
also breaks air resistance into skin friction and 
air drag in order to weight the shielding effects 
of surrounding cars on air drag.

J. L. Koffman, in an article entitled "Trac
tive Resistance of Rolling Stock" (10), presents a 
detailed analysis of many of the factors that af
fect the coefficients of rolling resistance equa
tions. Included are analyses and formulas based 
on the physics of bearing friction, wheel and rail 
deformation, rail joint resistance, parasitic mo
tion, sinusoidal motion, one- and two-point con
tact running, parallel axles, and suspension os
cillation resistance. This article identifies 
important physical properties that have led to a 
better understanding of rolling resistance, but 
the values are too small for each of these factors 
to be recorded in an experimental situation.

3.1.2 U.S. Research on Rolling Resistance
In the United States, the first work related 

to car or train rolling resistance appears to have 
been wind tunnel tests on scale models of trains 
and freight cars at Purdue University in the late 
1890’s (7). In 1906, an attempt was made in a 
full-scale experiment to measure the air resis
tance of a street railway car.

In 1910, Professor Schmidt of the University 
of Illinois published rolling resistance formulas 
based on his tests of full-size freight cars 
weighing 10 to 75 tons and traveling at various 
speeds up to 40 miles per hour (7). In 1912, 
Schmidt reported on the relationship of rolling 
resistance to car weight and temperature. In 
1937, J. K. Tuthill, also of the University of Il
linois, extended the upper velocity range of 
Schmidt’s formulas to 75 miles per hour (7). 
Tuthill’s experiments showed that air resistance 
caused car rolling resistance to increase dispro
portionately faster at these higher speeds.

In 1926, W. J. Davis (6) published the first 
comprehensive analysis and report on train rolling 
resistances. His report, entitled "Tractive Re
sistance of Electric Locomotives and Cars," gives 
a resistance formula for a single "average" rail 
car. The original Davis formula showed a rela
tionship between air resistance and the factors of 
car weight, number of axles, cross sectional area, 
and velocity.

Since its introduction, the Davis formula has 
been the most often used formula in the railroad 
industry in the United States. Innovations in 
train operations such as higher speed trains, a 
greater percentage of roller bearing cars, and 
newer freight car designs have prompted others to 
determine new values for the coefficients used in 
the Davis formula. However, the basic formula and 
the theory behind it have remained essentially the 
same.
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The most widely accepted recalibrations of 
the Davis formula were based on dynamometer tests 
run by the Canadian National Railway using modern 
railroad rolling stock. These experiments led to 
the development of new coefficients for the Davis 
formula, referred to as the modified Davis for
mula, or the CNR formula. The use of this formula 
results in lower values of car rolling resistance 
for all velocities, reflecting the relative effi
ciencies of roller bearing cars and modern car de
signs .

In 1965, the Erie-Lackawanna Railroad tested 
the resistance of piggyback and auto-rack cars us
ing the results of dynamometer tests to solve the 
modified Davis formula for a new coefficient 
(7). The new coefficient was three times the pre
vious value, reflecting the increased air resis
tance of auto-rack and piggyback cars.

Five formulas, as quoted by Muhlenberg (7), for 
calculating car reliabilities for 75-ton boxcars 
are listed below. (The Erie-Lackawanna formula is 
not listed because it has been specifically cali
brated for auto-rack and piggyback cars.) R rep
resents rolling resistance in pounds per short ton.

R = 2.87 + 0.019 + 0.00113V2 (Schmidt)
R = 0.53 + 0.002V + 0.00290V2 (Tuthill)
R = 2.85 + 0.045V + 0.00060V2 (Davis)
R = 1.67 + 0.010V + 0.00093V2 (Modified

Davis, CNR)
R = 2.89 + 0.020V + 0.00089V2 (Hoerner)
By examining the differences in the coeffi

cients of these formulas, as well as the graph in 
Figure 2, it is apparent that while the Tuthill 
formula yields results that diverge significantly 
from the other formulas, the results of the 
Schmidt, Davis, and Hoerner equations are nearly 
the same, and the results of the modified Davis 
formula are consistently lower as we would expect.

Other research on various aspects of car 
rolling resistance has been performed by railroad 
equipment suppliers, individual railroads, univer
sities, and other research organizations. In most 
cases, this research was not directed toward char
acterizing the reliability of individual cars or 
small cuts of cars in classification yard opera
tions, but rather toward the analysis of rolling 
resistance encountered in line haul operations.
The few documented efforts to collect data on car 
reliability in yards have been oriented toward de
scribing car reliability in a particular yard and 
have neglected to collect related ancillary data 
that could be used to characterize freight car 
reliability in a more general fashion. In addi
tion, most of the data collected have described 
car reliability strictly as a static term although 
it is widely recognized that car reliability 
changes as the car rolls from the crest to its 
coupling point on the appropriate bowl track.

3.2 Components of Car Rolling Resistance
The earlier discussion of car rollability re

ferred to a number of equations that have been

developed to analytically determine the rolling 
resistance of rail cars and trains. Almost invar- 
iably these equations were of the form, R = A+BV + 
CV̂ . It has been suggested that this formulation 
has been frequently used because it is mathemati
cally convenient and tractible. However, an engi
neering examination of the physical mechanisms 
that influence car rollability shows an almost 
natural breakdown of factors into those that are 
independent of car or train velocity, those that 
are linearly related to car or train velocity, and 
those that are nearly related to the square of car 
or train velocity.

If we examine the modified Davis formula, we 
see that the non-velocity related factors are dom
inant in determining car rollability at the car 
speeds typically observed in yards (i.e., un
der 20 mph). However, an analysis of the Tuthill 
formula does not show this dominance as clearly.

The following section provides a brief de
scription of the physical factors that influence 
car rollability. These factors are generally cat
egorized as (1) independent of car velocity, (2) 
linearly related to car velocity, and (3) linearly 
related to the square of car velocity. In many 
cases, however, the actual physical mechanisms 
that underlie the influence of various factors are 
not completely understood, and there is some dis
agreement on the category to which various factors 
belong.

3.2.1 Factors Independent of Car 
Velocity

The first term in all major rolling resis
tance formulas is a term describing the various 
mechanical resistances that are considered to be 
independent of velocity. Velocity-independent me
chanical resistance is considered the dominant 
component of total car rolling resistance at the 
speeds typically used in yard switching operations 
(i.e., a maximum car velocity of 15 to 20 mph).
At yard switching speeds, mechanical resistance 
can account for more than 60 percent of the total 
rolling resistance (based on calculations using 
the modified Davis or CNR formula). Above 30 mph, 
however, velocity-related terms quickly become the 
dominant factors.

Mechanical resistance is primarily caused by 
four mechanisms: bearing friction resistance, 
track resistance, rolling friction resistance, and 
wheel inertial resistance. There is some dis
agreement in the literature as to whether a por
tion of track-related resistance and rolling fric
tion resistance may be, in fact, related to car 
velocity. For example, Tope considers bearing re
sistance to be the only factor independent of ve
locity and track resistance caused by track defor
mation to be strictly velocity-dependent (11).

3.2.1.1 Bearing Friction Resistance
This term refers to the resistance caused by 

friction within the freight car’s wheel bearings. 
As shown in Figure 3, the bearing resistance can 
be extremely high when starting and at low speeds

-143-



V E L O C I T Y  (MILES PER HOUR)

SOURCE: Tope (11).

F I G U R E  3 R O L L I N G  R E S I S T A N C E  O F  F R I C T I O N  V E R S U S  R O L L E R  B E A R I N G S  
( G E R M A N  F E D E R A L  R A I L W A Y S )

-144-r



Tests have shown this resistance to be as high as 
54 pounds per ton for a plain or journal bearing. 
However, bearing resistance appears to decrease 
rapidly until it is almost constant at speeds 
above 10 mph. (One wonders whether this dramatic 
decrease is due solely to increased speed or per
haps to other unmeasured factors such as increased 
bearing temperature and reduced lubricant viscos
ity.) For most purposes, bearing resistance is 
commonly assumed to be constant for all speeds 
apart from the initial starting resistance. It is 
accepted, however, that bearing resistance depends 
upon the type and condition of the car?s bearings, 
ambient and journal temperature, the temperature 
properties of the bearing lubricant, and the 
weight of the car. It is generally assumed that 
bearing resistance follows the form used in the 
Davis equation. That is, = A + Bn/W, where W 
is the weight of the car (tons), n is the number 
of axles, and A and B are constants that depend 
on the bearing design and condition.

Koffman (10) has developed a theoretical for
mula for bearing resistance that includes the ef
fects of the coefficient of bearing friction, u, 
the diameter of the bearing, d, and the wheel, D, 
as well as the unsprung axle load, Wu, and the 
total axle load, Wt. A modified form of this for
mula is:

\  = 2000 u(l - ^)(§) .

To our knowledge, this formula has not been widely 
used by U.S. railroads.

There are two major types of bearings used on 
U.S. freight cars, friction or plain bearings, and 
roller bearings. A friction bearing consists of 
the end of the axle (journal) turning on a brass 
fitting. An oil film on the brass fitting reduces 
friction between the bearing surfaces. The lubri
cation comes from an unsealed well below. Roller 
bearings are a sealed set of lubricated cylinders, 
which rotate around the axle, similar to ball 
bearings. There are many variations of both of 
these bearing types.

Tests have consistently shown that roller
bearing cars, on the average, exhibit less resis
tance than friction-bearing cars. Tests by the 
Pennsylvania Railroad at Altoona in 1931 showed 
that empty friction-bearing cars had ten times 
more starting resistance than roller-bearing cars 
(11). Comparative tests of car resistance at var
ious speeds show that roller-bearing equipped cars 
have consistently lower rolling resistance than 
cars with friction bearings. This difference does 
not appear to be proportionately as great at run
ning speeds as at the lower speeds normally found 
in yards. Koffman (10) uses constant coefficients 
of bearing friction: 0.008 for friction bearings
and 0.003 for roller bearings. This implies 
nearly a three to one advantage for roller-bearing 
cars in terms of bearing resistance alone. How
ever, to our knowledge these coefficients have 
never been precisely determined for the bearings 
found on U.S. rail cars.

Theoretically, the oil film of the friction 
bearing should be able to produce less bearing re
sistance than a roller bearing, and, in fact, has 
done so in laboratory tests and rigidly controlled 
field tests (12). However, this capability ap
pears to be significantly related to the condition 
of the bearing and only occurs under ideal condi
tions. Perhaps due to the wide variations in the 
maintenance and lubrication of friction bearings, 
cars with friction bearings exhibit a much wider 
variation around the mean rolling resistance of 
the population than do roller bearing cars.

Bearing friction can vary widely as tempera
tures change. Although these changes are most di
rectly linked to changes in the temperature of the 
bearing and the lubricant, it is easier to relate 
them to ambient temperature, which does have some 
influence on bearing and lubricant temperature but 
disregards frictional heating. However, at low 
speeds, there is very little difference between 
ambient and lubricant temperatures when the ambi
ent temperature is above -30°F (13).

It has been hypothesized that friction bear
ings are more significantly affected by tempera
ture changes than are roller bearings. We have 
not seen any relevant test data on friction bear
ings, yet, tests by The Timken Company show that 
even roller bearing resistance can increase dra
matically (depending on the bearing lubricant) 
when the ambient temperature drops to between 20°F 
and -40°F (13). Published results of experiments 
in the USSR and Japan also show a significant in
crease in car resistance as the temperature de
creases (8,9).

From the little data available, it appears 
that roller-bearing resistance remains nearly con
stant over a wide range of temperatures. However, 
below 20°F to -40°F, apparently depending upon the 
low-temperature properties of the bearing lubri
cant, bearing resistance increases very rapidly as 
the temperature decreases. Though data on high- 
temperature performance was not found, it was as
sumed that at some temperature, perhaps a very 
high one, the lubricant will break down, and 
higher bearing friction and resistance will re
sult. A hot box is an example of such an occur
rence. However, such high temperature extremes 
are not likely to occur during the typically slow 
movement of freight cars in classification yards.

3.2.1.2 Track Resistance
Track resistance is another mechanical resis

tance that is considered to be independent of ve
locity. It is caused by the deformation and de
flection of the rail from the car's weight at the 
wheel-rail junction. Such resistance is obviously 
related to the weight of the car and the rigidity 
of the track (based on the type of steel and the 
tracks1 section modulus). This resistance is 
caused by two physical mechanisms: (1) the loss
of the energy required to depress and deform the 
wheel or rail, and (2) the extra energy required 
for the wheel to run "uphill" out of the depres
sion in the track.
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wThe resistance due to wheel and rail deforma
tion may be expressed in terms of the wheel ra
dius , rD = b/8r (pounds per ton), where is the 
resistance due to wheel and track deformation, b 
is the length of the deformation contact area, and 
r is the wheel radius.

k = W
W + E W + 4wr

Some prefer expressing the rotational energy stor
age as an effective g, g£ where

3.2.1.3 Rolling Friction Resistance
Friction between the wheel and the rail con

stitutes a third factor of velocity-independent 
mechanical resistance. This rolling resistance is 
a function of the coefficient of friction and the 
car’s weight. The coefficient of friction varies 
with the type of metal, maintenance conditions, 
and weather. Oil, water, or frost may decrease 
the rolling resistance, but a track in poor condi
tion may increase the friction-related resistance.

3.2.1.4 Wheel Inertial Resistance
Another factor of car rolling resistance, 

which can be considered in the area of mechanical 
resistance, is that caused by the rotational ac
celeration of the car’s wheels. It is apparent 
that as a freight car accelerates down a grade, 
the wheels of the car must experience a corre
sponding angular acceleration. This angular or 
rotational acceleration of the mass of the car’s 
wheels requires the application of some force 
that, in effect, reduces the magnitude of the 
force causing the translational acceleration of 
the car down the grade. The converse is true, of 
course, when the car decelerates, and the inertial 
energy stored in the wheels is dissipated. (At a 
constant speed, this factor should not affect 
rollability.)

ge = kg

This influence on car acceleration will nat
urally affect measurements of freight car rolla
bility. Typically, this effect is accounted for 
by using a correction factor of about 10 percent, 
yet this simplistic approach may actually exagger
ate any errors because the effect of the wheel in
ertial factors will change depending on the magni
tude and the sign of the car’s acceleration. In 
addition, the weight and size of the wheels, rela
tive to the car’s total weight, is an important 
factor. For lightweight empty cars, the wheel in
ertial correction factor may be over 10 percent 
while for heavily loaded cars it may be under 5 
percent.

3.2.2 Factors Linearly Related 
to Car Velocity

As previously mentioned, universal agreement 
has not existed on which factors influencing car 
rolling resistance are related to car velocity and 
which are not. For example, the effects of track 
deformation are believed by many people to be in
dependent of car velocity, yet others firmly state 
that it is predominantly a velocity-related fac
tor.

The Area Manual for Railway Engineering (14) 
recommends that this energy storage be taken into 
account by reducing the energy head (he = v2/2g) 
by employing the reducing factor:

or

h = 1 + 4wr
h = e kh

h • = e
h
k

where

3.2.2.1 Flange Resistance
Flange resistance caused by the friction be

tween rail and flange provides a major portion of 
velocity-related resistance. The flange resis
tance is affected by many different conditions 
other than velocity. A bad flange angle (attitude 
of flange to rail) may increase friction, and a 
large flange-to-wheel clearance will increase nos
ing action and lateral oscillations. The flange- 
to-wheel clearance is a function of gauge, wheel 
base, and equipment upkeep. Occurrences of nosing 
action and lateral oscillation will increase 
flange resistance.

h = Velocity head (translational head), in 
feet

w = Weight of car’s wheels and axles, in 
pounds

r = Radius of gyration of the car’s wheels 
and axles with respect to their axis of 
rotation, in inches

D = Car wheel diameter at tread, in inches
W = Gross weight of car, in pounds.

The variable k is also expressed with E as the 
equivalent additional weight for the energy stored 
as:

The condition of the car and track can in
crease friction by causing an uneven ride or in
creased swaying. Unfortunately, it will be diffi
cult to put a quantitative measure on these 
factors.

3.2.2.2 Truck Skewing
Many cars that are measured as easy- or 

medium-rollers at the master retarder rollability- 
measurement section become relatively hard-rollers 
at the bowl tracks. One hypothesis is that the 
trucks of these cars may be skewed as they travel 
around a curve just before the tangent point,
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thereby increasing the c a r ’s flange resistance. 
This phenomenon is also referred to as curve me m 
ory and is thought by some experienced railroaders 
to be the cause of a large percentage of the cars 
labelled as very hard rollers.

Suggested remedies for this situation include 
the use of guard rails or retarders at the tangent 
point to straighten car trucks. Tests by SRI in
dicate that the use of tangent point retarders can 
reduce the mean and variance of freight car roll
ing resistance on the class tracks, primarily by 
reducing the number of hard-rollers. These re
sults, however, were based on a small sample taken 
at one yard and may not be universally true.

3.2.2.3 Energy Loss from Vibration

The energy dissipated by vibration, swaying, 
and concussions has also been identified as pro
portionate to the velocity. The amount of such 
disturbances will be heavily influenced by the de
sign and subsequent upkeep of individual cars.
The poor maintenance of cars and road beds and ir
regularities in wheels and tracks will increase 
oscillations and vibration.

Heavier, more rigid track and good road bed 
conditions may act to decrease the loss of this 
energy. Muhlenberg (7) restates resistance reduc
tion results from K e l l e r ’s work. In a test com
paring 110-pound and 130-pound rails, the heavier 
rail showed reduction of resistance of one pound 
per ton. This reduction may also be attributed to 
the reduction in sinusoidal motion and rail de
flection.

3.2.2.4 Sinusoidal Motion

The sinusoidal motion of conical wheels re
sults in the two wheels running on different 
radii, thus leading to slippage and possibly cre
ating additional oscillations and flange friction 
(2).

3.2.2.5 Internal Truck Resistance

The fifth group of velocity-related resis
tance factors is internal truck resistance. There 
has been no reference to a relationship between 
velocity or velocity squared and truck resistance, 
but internal truck resistance is similar to veloc
ity related resistances. Internal truck resis
tance is dependent on the center place condition, 
bolster and side-frame wear surfaces, side bearing 
clearance and condition, the condition of the 
brakes, and the energy absorption of the springs 
(11).

3.2.3 Factors Linearly Related
to the Square of Car Velocity

3.2.3.1 Curve Resistance

Flanged-wheel vehicles such as rail cars en
counter additional resistance when traveling 
around curves because of the action of the

railroad flange on the curve. It is generally 
suspected that the extra resistance from a curve 
is a function of curve radius, gauge, wheel base, 
flange-to-rail clearance, and flange angle. The 
centrifugal acceleration caused by traveling 
around a curve causes an additional frictional 
force to act between the wheel flange and the rail 
head. Theoretically, this force should increase 
in proportion to a decrease in the radius of the 
curve and be directly related to the square of the 
freight c a r ’s velocity around the curve. That is, 
a two-fold increase in the c a r ’s velocity will in
crease curve resistance by a factor of four.

It should be noted, however, that the mecha
nism of curve resistance is not completely under
stood because of the many factors that can influ
ence it. Measured values of curve resistance have 
shown variations from 0.4 to 0.8 pound of resis
tance per ton of car weight per degree of curva
ture. The American Railway Engineering Associa
tion (14) has recommended the use of 0.8 pound for 
most railroad engineering applications. Using 
this figure results in:

R = 0.8 DW c

where

Rc = additional resistance due to curve 
(pounds per ton)

D = degree of curvature
W  = weight of rail car in tons.

Data in a recent paper related to freight car 
rolling behavior in classification yards suggest 
that the rolling resistance on a curved track is 
approximately 0.3 percent higher than for a tan
gent track (15).

Curve resistance can be a critical element in 
the design of yard track layouts. In large hump 
yards, the class tracks in the outside groups can 
be particularly affected by the curve resistance 
encountered by cars in the switching area. To re
duce the effects of curve resistance in this part 
of the yard, for many years yard designers have 
used various types of track oilers to reduce fric
tion between the rail and the wheel flange. A l 
though we could find no evaluation of the effect 
of such devices in U.S. yards, Koenig (15) of the 
Swiss Federal Railways found that rail lubrication 
achieved about a 33 percent reduction of curve re
sistance.

3.2.^.2 Rail Joint Resistance

The resistance caused by rail joints is due 
to the kinetic energy lost by the car in jumping 
the rail joint. The following formula is a modi
fication of one developed by J. L. Koffman (10) of 
British Railways to describe rail joint resis
tance. Rj represents rail joint resistance in 
terms of pounds per short ton.
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where

2 2= 2000 j v
2.2

j = rail joint gap (feet) 
r = wheel radius (feet) 
v = car velocity (feet/sec) 
g = acceleration of gravity (32.2 ft/sec^).

If the joint gap is excessively large and the 
car velocity is high, this factor can signifi
cantly influence total car rollability. However, 
at the speeds typical of most yard operations, 
this element has little influence. The increasing 
use of continuous welded rail (CWR) in the con
struction of new hump yards should alleviate this 
factor’s influence.

3.2.3.3 Switch and Frog Resistance

As a freight car rolls through a turnout, it 
is usually raised slightly above the overall track 
grade when it rolls over the frog. It is reason
able to expect that an increase in elevation 
causes a loss in the c a r ’s kinetic energy similar 
to the mechanism causing rail joint resistance. 
There can also be significant lateral forces 
placed on the wheel flange by the abrupt change in 
the c a r ’s direction within the switch mechanism 
(forces similar to those experienced by cars trav
eling around curves). It is therefore reasonable 
that switch and frog resistance would be related 
to the square of the c a r ’s velocity. However, we 
did not find any technical discussions on this 
postulated relationship. In actual practice, 
railroad design engineers considering switch and 
frog resistance will use a constant value of en
ergy loss, irregardless of car velocity.

3.2.3.4 Aerodynamic Drag

The aerodynamic drag of railroad freight cars 
can be divided into five principal components or 
categories: (1) front pressure resistance, (2)
skin friction, (3) air flow separation drag at the 
rear of the vehicle (rear pressure d r a g ) , (4) car 
underbody drag, and (5) truck aerodynamic drag. 
These five components of rail car aerodynamic 
drag, as well as their total, are usually consid
ered to increase rail car or train rolling resis
tance in direct proportion to the square of the 
headwind velocity relative to the vehicle. Thus, 
resistance increases in direct proportion with the 
square of car velocity only in calm wind situa
tions. However, even in the case of a headwind, 
the aerodynamic drag may still be expressed in 
terms of A +  BV +  CV^. Aerodynamic drag is ex
pressed as C(Vc +  Vw )2 where V c is the velocity of 
the car and Vw  is the headwind velocity. Thus,

R = A  +  BV +  C(V +  V )2 c c w
= A +  BV +  C(V 2 +  2V V +  V 2) c c c w  w

= (A +  cv2) +  (B +  2CV )V +  cv2w' W C C

This concept of velocity relative to the air 
mass (or wind) is important for classification 
yard operations. Although free-rolling freight 
cars in yards rarely exceed or even approach ve
locities (relative to the ground or track) where 
air resistance is an important factor, their ve
locity relative to the air can be high enough so 
that aerodynamic drag is a major component of the 
c a r ’s total rolling resistance. In many yards 
with severe winds, free-rolling freight cars have 
actually rolled up grades that they would normally 
accelerate down in calm wind conditions.

The front and rear pressure resistance will 
be related to the size of the front and rear sur
faces as well as their shapes. In cuts of two 
cars or more, the shape and the distance to sur
rounding cars will also affect these two resis
tances (7).

Skin friction is theoretically related to 
yl.85, b ut for simplicity’s sake, most authors 
discuss skin friction as if relative to (6). 
This resistance is related to air flow of both 
sides and the roof as well as the streamlining and 
surface roughness. Skin friction will increase 
with air flow disturbances such as an open door 
(10).

Formulas similar to that of Davis have iden
tified skin friction as the dominant factor in 
producing air drag. terms represent an average
car in a large train consist of cars with nearly 
identical drag characteristics.

In Davis* formula, the air drag resistance of 
the lead and end cars are averaged among all cars. 
This is not to say that Davis did not recognize 
the effects of front and rear drag. Davis reports 
the average drag of the trailing cars as 13.8% to 
16.8% of the lead car. This implies that front 
and rear drag are the dominant air resistance fac
tors in consists or cuts less than six to eight 
cars. Figure 4 gives the relation between true 
drag and skin friction for various sizes of train. 
A subsequent generation of drag resistance formu
las contains separate terms for front and rear 
drag.

This first type of model does not take into 
account any of the added front and rear pressure 
resistances or turbulence caused by consists of 
aerodynamically inconsistent cars. Muhlenberg (7) 
attempts to remedy this problem by treating each 
car separately according to the type of car and 
the cars surrounding it. The individual resis
tance of each car is then summed for a train to
tal. This may set an example for the structure of 
a model of a single running car.

If the skin friction coefficient used is 
taken as an average between the Davis and the m od
ified Davis formula, the value given for a skin 
friction estimate for a single car is:
1/2 (.0085)S . S is the area for the two sides
and the top of the car.
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To approximate front and rear drag for cars 
located in the middle of a consist or cut, Muhlen
berg describes a method that weights the air drag 
formula according to a comparison of the end cross 
sections and the gap between cars. The formula 
is: Rd = F(l/2 y2v2cdA). F is between 0 and 1and is a weight of the equation for the air de
flection of surrounding cars. Ĉ A is the area of 
the front and rear drag areas.

Approximations of the total air resistance 
for a single rail car with no shielding effects 
would be weighted as 1. This gives a total for- 
mula as: Ra = 1/2 y2V2 CdA + 1/2 y1V2(.0085)S.
In this case, front and rear drag will likely dom
inate. Terms for underside drag and truck drag 
have been eliminated. Muhlenberg uses the rough 
approximation, 1/2 the skin coefficient and .272 
(based on a Davis approximation) for underside 
drag and truck drag respectively.

Sidewind is an unknown factor in air resis
tance. It may disturb air flow around and between 
cars thereby increasing air resistance. Single 
cars in classification yards are more likely to be 
affected by sidewinds because of increased flange 
resistance. Using this assumption gives us a 
sidewind resistance relative to the velocity of 
the sidewind squared and the coefficient of flange 
resistance. Rgw = K ̂ FVgw. Muhlenberg cites an 
AREA report that gives the increase in magnitude 
of air resistance for a locomotive in a sidewind 
as 2.8 pounds per ton (7).

Air resistance is only a dominant factor in 
rolling resistance for large trains at high 
speeds. At lower speeds (less than 35 miles per 
hour) and with small trains (one to five cars), as 
in hump yards, air resistance becomes a less im
portant factor. Using a modified Davis formula 
for a 75-ton car, the air resistance at 15 miles 
per hour will be 10% of the total rolling resis
tance. With a 10 mile per hour headwind, it will 
increase to 23% of the total, and at 20 miles per 
hour, to 36% of the total rolling resistance.
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MEASUREMENT OF ROLLING RESISTANCE FACTORS: GOALS, OBJECTIVES
INDUSTRY PERSPECTIVE

B.H. Price
Bessemer & Lake Erie Railroad

Good car reliability data is one of the more 
important inputs to the proper design of a grav
ity classification yard. Reliability directly 
effects design hump height, hump speed, trim requirements, and the number of stalls, no couples, 
hard couples, as well as other factors. Thus, 
it has direct bearing on the design economics 
and operating efficiency of a classification 
yard.

The overall physics of reliability has been 
known for generations. The basic procedures and 
data that can be used for yard design are in
cluded in Chapter 14 of the AREA Manual but these 
are, for the most part, theoretical. To my 
knowledge, there is not a recent, comprehensive 
field study of all the parameters affecting 
car rollability. The field studies that have 
been made generally looked at specific portions 
of the problem. Often they were conducted after 
the fact of yard construction.

Over the past several decades there has been 
an evolution of car characteristics, a prolifer
ation of car types, and changes in engineering 
practices. All have added to the problem. Car 
rollability data should be expanded and updated 
so that those factors associated with normally 
maintained cars rolling on normally maintained 
track are available to the designer. The data 
should probably be presented in statistical, 
rather than absolute form. In statistical form 
it could easily be used to compare levels of yard 
performance to the costs and expenses associated 
with each performance level.

Car rollability is a general term that re
lates to the various resistances to weights and 
types of individual cars or groups of cars.
These resistances are usually expressed in 
gradients, fractional feet of velocity head, or 
in pounds per ton of gross cut weight. Included 
in the resistances are such variables as journal 
or bearing losses, track and rail flexure, 
relative wind resistances, flange losses, car oscillations, wheel inertia (especially in empty 
cars), and energy dissapated in transversing sections of curved trackage. Other factors which affect performance include retarder operations 
and abnormal car or track defects; these factors are important but should not be identified with 
car rollability.

In general, the design procedures referred 
to in Chapter 14 of the Manual accommodate the 
previously described resistance variables. The 
method for accommodating these variables, while 
relatively easy to apply, is quite subjective. 
There are not well defined rules for applying 
the car rolling resistances for curved track and 
tangent track conditions; there are only ranges 
and maximum and minimum resistance values. As 
a result, it is rather difficult to quantify 
performance in comparison to cost variations that 
might result from adjusting the geometry and 
hardware required for the different hump yard 
layouts.

It is suggested that the raw data on the 
various parameters of car rollability be taken 
in at least two hump yards. At least one of 
these yards should be subject to temperatures 
well below zero.

There are a number of items which will have 
an effect on the raw data collected during 
rollability studies. These items would include 
humping speed, car identification data, track 
plans and profiles, temperature, wind velocity 
and direction, track conditions, and level of 
humidity. The resulting information should be 
in a format that is appropriate for use by those 
who would design hump yards or evaluate their 
performance.

While most hump yards are used to classify a 
wide range of car types and under various con
ditions of loading, there are many single purpose 
yards. For these reasons, car rollability data 
should be refined so that it can be segregated according to such factors as car type, car 
weight, coupled length, truck information, wheel 
inertia factor, and delay (or standing time) 
from arrival to cresting time at the hump.

Both tangent and curved track rollability should be determined and both should be adjusted 
for a no-wind equivalent. In determining these 
values the relative horizontal and vertical positions of the car’s center gravity is important. Tangent and curved track rollability values should also consider the incremental distances from the crest, a variable temperature range, a 
range of velocities, curvature and super-elavatio: 
data, and condition of the tracks upon which the studies are being made.
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Switch and frog resistance should be studied 
independently and applied as an independent value 
unrelated to car characteristics or track resis
tance. Again, wind and center-of-gravity effects 
should be eliminated from the developed data.

In terms of throughput alone, a reliable 
measure of performance should be available to 
determine the effectiveness of the amounts of 
money invested in a hump yard. With reliable 
and flexible car reliability data, better de
cisions can be made in regard to variations in 
number and length of bowl tracks, control con
figurations, and humping rates. Better car 
reliability data should also enable improvements 
in control of coupling speeds on bowl tracks, 
thus reducing trimming requirements as well as 
damage to cars and lading.
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SUMMARY OF QUESTION AND ANSWER DISCUSSION 
October 30, 1979

Measurement of Rolling Resistance Factors: 
Project Goals, Status, and Assessment
Presentation by Steve J. Petracek

Considerable interest was shown in the SRI 
reliability study. Questions were asked 
regarding which parameters affecting reliability 
would be considered, such as: curve resistance, 
truck skewing, switch losses, car type, truck 
type, etc. SRI replied that all parameters 
whose values could be obtained from engineering 
plans and specifications, the process control 
system or the UMLER (Universal Machine Language 
Equipment Register) file, would be considered; 
parameters requiring special instrumentation 
would be excluded. The issue was raised 
concerning how railroads which are interested 
in the study could participate. Response 
to this question generally indicated that 
railroads which either had data to share or 
could make their yards available for data 
collection should contact Mr. Petracek.

Finally, questions were raised concerning 
specific quantitative study results. With the 
exception of a statistical distribution which 
had been fitted to some old (1957) data, the 
response indicated that no such results were 
available yet because the study had just begun.
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MEASUREMENT OF ROLLING RESISTANCE QUESTIONNAIRE SECTION

1. How useful do you think the results of this 
of this project will be to you, your company, and/or the railroad industry.

2. Are there any additional factors that you feel 
have a strong influence on car rollability
in yards and yet were not addressed in this 
presentation?

3. Do you or your company have car rollability
data which could be used to analyze the 
influence on car rollability of one or more 
of the factors mentioned in this presenta
tion? yes___  no___ (If so, please contact
Mr. Petracek.)

4. Would you and your company be willing to 
allow the collection of car rollability data 
and other data, as described in the presen
tation, at one of your companyfs newer hump
yards? yes___  no___  (If so, please contact
Mr. Petracek.)

5. Can you suggest any changes to the proposed 
data collection and analysis activities 
described in this presentation that would 
improve the project results without sig
nificantly increasing the research efforts?

6. What future research do you think should be 
performed in measuring and characterizing 
freight car rollability in classification 
yards?

The rollability project results will be very 
useful to railroad companies and/or the railroad 
industry, according to 17 of the 22 respondents. 
The results will be valuable in providing more 
economic yards, in designing rational hump pro
files, and in analyzing yard designs to accom
modate today*s cars. One respondent felt that 
the results would be of great value if they 
could be used in his company*s process control 
computers. Another noted that it is critical 
to gather as much data as possible on specific 
cars to be handled, speeds to be used, tempera
tures, and location and situation of cars before and after being retarded. Two persons expressed 
doubts as to the usefulness of the results. One 
was skeptical about the meaningfulness of information collected by colicitation from other 
railroads; another was concerned about verifying 
that all the data was accurate and that all cal

culations of rollability were made on the same 
basis.

Additional factors considered to have a 
strong influence on car rollability and not 
addressed in the presentation include:

• Snow and rainfall.
• Extreme weather conditions or changes.
• Center plate friction.
• Bearing temperature, which will have to 

be evaluated more fully (one respondent 
felt that measuring bearing temperature 
was not worth the cost).

• Shapes of cars.
• Cabooses with generators. Rollability 

improves as the generator gets up to 
speed and kicks out.

• Rail lubrication.
• Car and track maintenance standards.
• Age of rolling stock.
Suggested changes of the proposed data 

collection and analysis activities which would 
improve the project results include:

• Taking data on rollability directly from 
the process control computer by type of 
car and loaded and empty car status.
This would allow inspection of the very 
slow and very high rolling resistance 
cars to learn what causes these extreme 
values and perhaps eliminating the 
causes of hard rolling cars.

• Obtaining rolling resistances at each of 
the areas with different grades from crest through bowl.

• Obtaining hard copy (disk, mag tape) of 
cut statistics from railroads.

• Building a little hump at Pueblo and 
experimenting with it in order to achieve the best possible control.
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Future research to be performed in measuring 
and characterizing freight car rollability in classification yards includes:

• Rollability for types of cars, i.e., 
autoracks, boxcars, flatcars, gondolas, hoppers, etc.

• Rolling resistance on cuts of cars,
such as 50-100 for determining acceptable 
grades in receiving and departure yards.

• Research on factors such as wind, curve 
loss, track width, standing time, and 
temperature.

• Expanding data base.
• Updating information as newer cars 

bearings, and lubricants become avail
able.

• Research on factors which this study 
points to as being most significant.

Six respondents felt that their company had 
car rollability data which could be used to 
analyze the influence on car rollability of one 
or more of the factors mentioned in the presen
tation, and they would be willing to allow the 
collection of such data at one of their newer 
hump yards.
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EMI/EMC CONSIDERATIONS IN RAILROAD CLASSIFICATION YARDS

Stanley Safferman
Electromagnetic Compatibility Analysis Center

1.0 Introduction
Electromagnetic Compatibility (EMC) may be 

defined as the capability of electronic equip
ments or systems to be operated in their intended 
operational electromagnetic environment at 
designed levels of efficiency.If some elec
tronic equipments or systems emit energy that 
degrades the designed levels of efficiency of 
other equipments or systems, the former equip
ments are considered to be sources of electro
magnetic interference (EMI) to which the latter 
equipments or systems are susceptible. Since 
the key to successful reailroad operations is 
safe and efficient transportation of goods and/ 
or passengers, it is apparent, from both safety 
and economic points of view, that a major goal 
when designing new yards or upgrading present 
yards is to assure electromagnetic compatibility 
between devices within a yard.

2.0 Source Considerations
The electromagnetic environment surrounding 

a railroad classification yard is very complex 
and includes many different types of signals.
While many of the signals are intentionally 
generated for command, control or communications 
purposes, other signals are extraneously emitted 
and constitute noise. While specific sources of 
noise are many, a few general categories may be 
identified. The first category includes noise 
from devices within the yard. Generally, this 
is the greatest contributor to the overall yard 
noise environment. Fortunately, it is control
lable by proper yard EMC design. The second 
category includes sources of noise that are lo
cated within the yard itself but are situated 
within proximity of the yard. Unfortunately, 
this category of sources is not quite as easily 
controllable as the sources within the yard. A 
third category of noise sources is called natural 
sources of noise. Included in this category are 
atmospheric and extraterrestrial sources. Gener
ally, this category is of concern during light
ning and thunderstorms where significant surge 
currents are produced in the ground due to 
lightning strokes touching the earth.

The types of noise generally found in a 
classification yard may be separated into two 
distinct groups. These groups are harmonic inter
ference and broadband noise. Harmonic inter
ference deals with signals that are broadcast at 
some frequencies other than the intended fre
quency (called the fundamental frequency) but 
which are related to the intended broadcast fre

quency. A portion of the fundamental frequency 
energy will broadcast at frequencies that are 
integral multiples of the fundamental frequency. 
For example, if it is desired to generate a 60 
Hz (60 cycles per second) signal, some of the 
energy will oscillate at 120 Hz and some energy 
will oscillate at 180 Hz, etc. These additional 
frequencies are called harmonics of the fundamen
tal frequency. If these harmonic frequencies 
are of a large enough energy level and efforts 
are not made to suppress these harmonic levels, a 
potential problem could exist whereby the harmonic 
levels would interfere with devices attached to 
the rails such as the cab signalling system which 
operates presently at 100 Hz. Other examples of 
devices producing harmonics are high voltabe AC 
(HVAC) catenaries, track circuits, rail heaters 
and presence detectors.

Broadband noise is defined as electrical 
interference, the effect of which can be noticed 
over a wide frequency range. Broadband noise 
may be either transient or continuous.

Transients occur whenever electrical energy 
is applied to or removed from a device. Although 
transients are short lived, the duration and 
amplitude may be sufficient to interrupt the 
transfer of desired information thus presenting 
an interference situation. Transient noise is 
generally referred to as impulsive noise whereby 
the noise may be resolved into discrete impulses. 
Continuous noise is regarded as wideband noise 
whose effect cannot be resolved into a succession 
of discrete impulses. The noise associated with 
a pantograph making or breaking contact with a 
catenary is an example of impulsive noise; where
as, the corona emissions from a high voltage 
transmission line is an example of broadband 
continuous noise.

3.0 Coupling Mechanisms
In order for undesired emitted energy to 

produce interference, the undesired energy must 
couple with the susceptible device. There are 
four types of coupling mechanisms of concern.
These are capacitive, magnetic inductive, con
ductive and electromagnetic radiation coupling. 
Capacitive coupling occurs when charges on one 
surface are influenced by the charges on another 
surface through a capacitive coupling action 
(Reference 1). The important concern with regards 
to capacitive coupling deal primarily with safety. 
More specifically, undergrounded wire fences, 
pipelines and metal roofs that parallel a HVAC 
catenary may have voltages of several hundred

^IEEE Standard Dictionary of Electrical and Electronic Terms; Frank Jay, ed; The Institute of Electrical 
and Electronic Engineers, Inc., New York, New York, 1977.
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volts induced on them by the catenary. The magni
tude of this voltage is dependent upon the para
lleling and spacing distances between the HVAC 
line and the ungrounded conductor and also the 
frequency of the transmitted energy.

Magnetic inductive coupling occurs when a 
magnetic field, produced by an interfering source, 
induces a voltage on a victim device. An example 
of such a coupling would be the case of a track 
circuit next to a presence detector. If the track 
is not properly isolated from the presence de
tector, leakage currents from the track circuit 
will produce a magnetic field in the rail which 
in turn could induce a measurable voltage on the 
presence detector loop.

Conducted interfering currents are produced 
whenever a direct metallic connection and return 
path exist between two electrical devices. The 
magnitude of the resulting current is dependent 
upon the potential difference between the point 
of exit from the interfering device and the point 
of entry into the susceptible device and the 
impedance between these points. The example 
mentioned previously of the harmonics produced by 
a thyristor locomotive serves as a good example 
of conducted coupling through the rails.

Electromagnetic radiation coupling deals 
with the electromagnetic field that radiates 
outward into space as electromagnetic waves.
These electromagnetic waves constitute the far- 
feild radiation of a transmitting device. An 
example of this would be the energy received from 
a VHF transmitter.

4.0 Susceptibility Considerations
EMI susceptibility consists of many consid

erations of which the following are of immediate 
concern. How does the interference enter the 
device, what type of signal produces interference 
in the device and what is the impact of this 
interference on the operation of the device?

Interference will generally enter a device 
in one of three ways. First, the interference 
may enter the device via the normal input ter
minals of the device. If the device is a recei
ver with an antenna, the interference may be 
received through the antenna. Other possibilities 
include the interference being conducted into 
the device through the input cables whereby the 
input cables act as antennas that pick up the 
interfering signal. Second, interference may be 
conducted through the cord supplying power to 
the device. In this case, the interference may 
be produced by and/or conducted through the 
power source. A third way for interference to 
enter a device is by case penetration. In this 
situation, the case or chassis of the device 
acts as an antenna and picks up the interference. 
The interference is then conducted into the 
device.

In order to determine the types of signals 
that produce interference, the device must be 
tested to determine its susceptibility. The 
reason for this is best explained in an example.

During susceptibility measurements of a wheel de
tector, it was noticed that a sensor coil pro
duced unexpected currents when a wheel passed 
over the sensor head. The measurements identi
fied .the fact that the wheel detector was most 
susceptible to a 29-Hz signal. Preliminary 
evaluations would not have indicated that the 
wheel detector would be susceptible to such a 
signal.

The third topic of concern entails the de
gree of operational impairment that the device 
may withstand. In some cases the interference 
may cause total operational failure in the device. 
In other instances, the interference may not 
seriously degrade the performance of the device. 
Once again, in order to fully determine this, 
measured susceptibility data must be available 
to be used along with other factors in order 
to determine the allowable degree of operational 
impairment.

5.0 General Mitigation Techniques
When an interference situation has been 

identified, a number of methods may be used to 
suprress the interference in either the source 
or susceptible device. The mitigation techniques 
essentially rely on some form of signal reduction. 
The signal reduction may be obtained by either 
filtering, distance separation, or time sharing 
by the devices.

6.0 Measurement Techniques
In order to analyze any potential source/ 

victim interactions, emission and susceptibility 
data must be available to be used in the analysis. 
Generally, the necessary data for analysis, will 
be available in the Railroad EMC Data Base. How
ever, in some instances, data may not be available 
on a certain device. Therefore, in order to ob
tain this data, measurements must be performed.

The measurements employed may be separated 
into two braod categories: source measurements
and susceptibility measurements. Source measure
ments are performed in order to ascertain a 
representative measure of the conducted and radi
ated electromagnetic emission levels, with 
respect to both time and frequency domains, that 
art produced by a device. Susceptibility 
measurements are performed in order to obtain a 
representative measure of the levels of various 
types of interference required to degrade the 
perfromance of a potentially susceptible device 
by some previously defined margin. The displayed 
levels are generally given in terms of dBV 
(decibels above one milliwatt). In many cases, 
there units must be converted to units more 
appropriate to the particular measurement being 
performed.
7.0 Test Equipment Required for Measurements
7.1 Source Measurements

The generic equipments required to perform 
source measurements and their respective functions
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are given in TABLE 1. The first two equipments 
listed, the spectrum analyzers, constitute the 
backbone of the measurements. The spectrum ana
lyzer is a scanning receiver that displays 
signal amplitude as a function of frequency 
typically on a cathode ray tube (CRT) or chart 
recorder. The swept type analyzer is primarily 
used because of its higher frequency capability. 
The swept type analyzer(s) should be capable of 
operating from 25 Hz to 500 MHz. The real time 
analyzer is used primarily to capture sudden 
variations of a signal and to display their 
spectrum.

TABLE 1
SOURCE MEASUREMENT EQUIPMENTS

Equipment Function
Spectrum Analyzer(s) (sweep type) Display amplitudes in (dBV) vs. frequency from 25 Hz to 500 MHz
Real Time Analyzer Display frequency spectra of sudden variations of a signal
Oscilloscope Display amplitude (in volts) vs. time
Oscilloscope Camera Photograph spectrum analyzer and oscilloscope displays
Audio and strip chart recorders Recording instantaneous values as a function of time
Loop Probe Measure current and magnetic field strength from 25 Hz to 1 MHz
Voltage Probes Measure voltage up to 500 MHz
Electric Field Probes Measure electric field strengths from 25 Hz to 500 MHz

The third equipment listed, the oscilloscope, 
is used to obtain time domain waveforms of the 
electromagnetic emissions. In order to accurately 
obtain this information, the oscilloscope should 
have a bandwidth wide enough to pass the rise 
times of transients (approximately 50 MHz). The 
oscilloscope should be equipped with an adaptor 
for an oscilloscope camera. The camera is the 
primary source of data collection. In addition, 
at times, it may be beneficial of use audio, 
strip chart, or video recorders to collect data.

The Loop probe, listed in TABLE 1, is used 
to measure time varying magnetic fields and con
ducted AC currents. The loop was constructed at 
ECAC because it was not commercially available.
As shown in Figure 1, the loop is a coil consis
ting of approximately 17 pounds of number 14 AWG 
wire would into 1000 turns around a non-magnetic 
material with dimensions as shown. The DC resis
tance of the loop is 3.77 ohms. The frequency 
response of the probe is from 25 Hz to 1 MHz.

Iigure 1. Loop probe and respective dimensions.

A current in a wire produces a magnetic flux. 
Referring to Figure 2, when the loop probe is 
placed next to a current carrying rail, the probe 
and rail become magnetically coupled. As the 
current in the rail varies, the magnetic flux 
will also vary. The variation of magnetic flux 
with respect to time produces an electromotive 
force (EMF) in the loop. The magnitude of the 
EMF is dependent upon both the rate of change of 
the magnetic flux and the number of turns of wire.

rigure 2. Inductively coupled loop placed against 
the rail.

When a termination load is placed at the 
terminals of the loop, the EMF will appear as a 
voltage drop across the load. The load, in this 
case, is the input impedance of the spectrum 
analyzer which is connected to the loop via 
coaxian cable. Therefore, even though the probe 
is used for current and magnetic field measure
ments, the raw data is obtained in the form of 
DBV (decibels above one volt) as calibrated on 
the analyzer screen.

Providing the loop and analyzer remain linear 
the voltage levels displayed by the spectrum 
analyzer are directly proportional to the current 
in the wire. Therefore, with the addition of a-163-



frequency-dependent probe factor the displayed 
voltage units may be converted to current units. 
In order to obtain the probe factor, the loop 
should be calibrated by injecting a known 
current into a wire, long enough so that edge 
effects are neglible (approximately 8 feet), and 
placing the loop against the wire and reading the 
voltage at the loop terminals. In the case of 
the ECAC probe, the procedure was then repeated 
with the wire and loop 2 feet above ground and 
also using a four-foot section of rail.

In TABLE 1, the last two items listed are 
the voltage and. electric field strength probes. 
The voltage probes should include XI, X10, X100, 
and X1000 dividers. The probe should have a 
bandwidth equal to or greater than the bandwidth 
of the oscilloscope. In addition, the bandwidth 
should be great enough to pass all the frequency 
components contained in the signal within the 
operating range of the spectrum analyzer. The 
assortment of antennas used for electric field 
strength measurements should cover the frequency 
range from 25 Hz to 500 MHz.

7.2 Susceptibility Measurements
The equipments used to perform susceptibility 

measurements are shown in TABLE 2. In addition 
to the equipments used in performing source 
measurements, signal generators, and various 
attenuators, power supplies, and amplifiers will 
be needed.

TABLE 2
SUSCEPTIBILITY MEASUREMENT EQUIPMENT

Equipment Function
Spectrum Analyzer(s) (sweep type) Display amplitudes (dBV) vs. frequency from 25 Hz to 500 MHz
Signal Generators Produce AM, CW and pulse signals
Oscilloscope Display amplitude (volts) vs. time
Loop Probe Measure currents from 25 Hz to 1 MHz
Screen Room Isolate the device under test from ambient noise
Electric Field Strength Probe Measure electric field strengths from 25 Hz to 500 MHz
Voltage Probes Measure voltage up to 500 VHz
Attenuators, high power amplifier, power supplies
Oscilloscope Camera Record scope displays

The signal generators must be able to pro
duce' CW, AM and pulsed signals. The CW and AM 
generators should be able to produce signals 
with the range of 25 Hz and 500 MHz. The pulse 
generator must be able to produce signals with -164-

pulse repetition frequencies (prf's) as low as 
one pulse per second. The upper bound of the 
pulse generator prf is much more difficult to 
ascertain since it is dependent upon the 6-dB 
bandwidth of the device.

A screen room may be necessary for the sus
ceptibility measurements in order to isolate the 
device under test from the ambient environment.
In addition, various auxiliary equipments such as 
a high power amplifier (approximately 10 watts), 
variable attenuators, and power supplies will be 
required during testing.

8.0 Source Measurements
The source measurements may be subdivided 

into two groups: radiated interference and
conducted interference measurements. The radiated 
interference measurements may be even further 
subdivided into electric field strength and 
magnetic field strength measurements. The field 
strength measurements are performed with both 
horizontally and vertically polarized antennas 
at various radial distances and aximuthal angles 
from the device so as to obtain a representation 
of the near field radiation characteristics of 
the electromagnetic emissions.

The conducted emission measurements may also 
be subdivided into two groups: conducted current
and terminal voltage measurements. The conducted 
current measurements are performed using the in
ductively coupled loop described previously 
thereby eliminating the necessity to hardware 
current measuring equipment to the device under 
test. The terminal voltage measurements are 
performed using voltage divider probes that 
easily connect to the terminals of the equipment 
under test.

8.1 Radiated Interference Measurements
The test configuration suggested for use in 

performing both magnetic and electric field 
strength measurements is shown in Figure 3. For 
electric field strength measurements, the verti
cally polarized antenna is first placed close to 
the device (approximately 1 meter) and a time 
waveform measurement is performed to determine if 
the radiated emissions are strong enough to be 
detected. Next, frequency domain measurements 
using the spectrum analyzer and appropriate 
antennas should be taken within the frequency 
range of 25 Hz to 500 MHz. Photographs of the 
emissions should be taken for each spectrum 
analyzer bandwidth and frequency dispersion used. 
The lower bound of the frequency range (25 Hz) has 
been selected because it is the fundamental 
frequency of the railroad*s power grid. The 
upper bound frequency was selected because it is 
slightly above the highest UHF frequency allocated 
for railroad radio communication use (non-micro- 
wave links).



Figure 3. Radiated electric field strength source 
measurement test configuration.

Upon completion of the frequency domain 
measurements at the initial test location, time 
domain measurements should be performed at vari
ous points around the device. During this measure
ment procedure the point(s) where the emission 
levels appear to be highest should be recorded. 
After this is completed, the test equipment 
should be placed at the location where the emission levels were the highest and frequency domain 
measurements should be performed. Measurements 
should then be performed radially outward at 
octave distances from the device. The greatest 
distances where measurements are performed should 
be determined by the practical aspects of the 
surroundings and the equipment sensitivity. In 
addition to the spectrum measurements, a time 
domain should be performed at each measurement 
location.

The measurements should next be repeated at 
the other locations where high levels of radia
tion were noted previously. The above test 
should then be performed with the antennas 
polarized vertically and horizontally.

The procedure used for electric field strength 
measurements is also used in measuring magnetic 
field strength levels (Figure 4). The exception is that the inductive loop is used instead of the 
assorted electric field strength antennas. Be
cause of this procedure, the upper frequency limit 
of the measurements is limited to approximately 
5 MHz.

Figure 5. Conducted current test configuration.

8.2 Conducted Interference Measurements
The test configuration for conducted measurements is shown in Figure 5. First, time waveform 

measurements should be taken. Next, frequency 
domain measurements should be taken within the 
frequency range of 25 Hz to 5 MHz with photographs 
being taken for each analyzer frequency dis
persion and bandwidth of the spectrum analyzer.

If it is suspected that the device under 
test may conductively couple current into the 
rail, measurements of rail current should be 
taken at octave distances along the rail in order 
to ascertain the amount of attenuation.

8.3 Terminal Voltage Measurements
The test configuration for terminal voltage 

measurements is shown in Figure 6. The measure
ments should be performed within the frequency 
range of DC to frequencies where the signals 
approach the noise level of the analyzer with the 
appropriate spectrum analyzer bandwidth and fre
quency dispersions. The measurements should be performed while the device is operating in its 
normal steady state and during any transition 
states.

Figure 4. Radiated magnetic field measurement 
test configuration.
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Figure 6. Terminal voltage test configuration. 

9.0 Susceptibility Measurements

9.1 Degradation Criterion
Prior to performing susceptibility measure

ments, a degradation criterion must be established. 
The criterion formulated, must be able to be used 
as a measure, relating uniformly, the effects of 
a specific type of interference to a specific 
type of system and must provide a method of 
relating the device*s degree of degradation to a useful electrical q u a n t i t y . ^ )

To formulate the criterion, the normal opera
ting conditions, input levels and responses must 
first be fully ascertained. The level of desired 
input signal should then be lowered from its 
initial level in order to evaluate the input 
level allowable for the device to perform margin
ally and the level upon which the device becomes 
inoperable. These two levels become the thresh
old levels defining operation of the device.

9.2 Radiated Interference Measurements * 25
In the radiated phase of testing, a poten

tially susceptible device is investigated to de
termine what levels of radiated interference are 
required to degrade the performance of the device. 
Three types of radiated interference are used in 
this testing: continuous wave, amplitude modu
lated and impulsive interference.

A block diagram of the test configuration for 
radiated CW and AM susceptibility is given in 
Figure 7. For WC testing, the signal generating 
device should be set to produce a maximum ampli
tude signal. The frequency of the interfering signal should be varied throughout the range from
25 Hz to 500 MHz. When it is observed that the performance of the device under test grades be
low the predefined threshold level, the corresponding interference frequency should be recorded 
and the interfering amplitude should be reduced 
until the device under test resumes normal opera
tion. This corresponding threshold amplitude 
should also be recorded.

SCREENED ENCLOSURE

Figure 7. Radiated susceptibility measurement configuration.

Upon completion of the radiated CW testing, 
the most sensitive interfering frequency found 
during the radiated CW testing should be noted.
The signal source should then be set to produce 
an AM signal that is modulated 100% with this frequency. The modulating frequency of the inter
fering signal should then be varied within the 
frequency range of 10 Hz and 20 kHz. Noting the 
most susceptible modulating frequency, the 
interfering signal should then be set at this 
modulating frequency and the carrier frequency 
should be varied within the 25 Hz to 500 MHz 
range. Any device degradation beyond the degra
dation threshold level should be recorded along 
with the corresponding carrier frequency and 
interfering signal level where the device resumes 
normal operation.

Next, the device should be tested to deter
mine its susceptibility to an impulsive noise 
field. The test configuration suggested for this 
measurement is shown in Figure 7. The procedure 
used in performing impulsive noise measurements 
is as follows. First, the power supply should be 
set to approximately 500 volts and switched on 
and off. If the interference produced by this 
action is not sufficient to degrade the perfor
mance of the device, the voltage should be 
incrementally increased and the procedure re
peated until the device’s performance is degraded 
to the predefined threshold level. If the per
formance is degraded to the threshold level at 
500 voltes, the voltage should be incrementally 
lowered and the test repeated until the device 
operates normally with an impulsive field present. 
During these measurements, the voltage and electric field strength required to degrade the performance should be recorded.

9.3 Conducted Interference Measurements
In conducted interference measurements, a 

potentially susceptible device is tested to deter-

2Interference Notebook, RADC-TR-66-1, RADC, Griffiss Air Force Base, N.Y., April, 1976.
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mine the levels of conducted interference neces
sary to degrade the performance of the device 
to a predetermined threshold. The types of inter
ference to be investigated include continuous 
wave, amplitude modulated and pulsed interference.

The first step in performing conducted 
susceptibility measurements is to identify the 
areas where conducted interference may gain 
access to the device. Areas of concern include 
the normal input/output lines of the device and 
the power supply leads. After these points have 
been identified, susceptibility measurements 
should be performed at each point.

The configuration for CW and AM conducted 
interference testing is shown in Figure 8. The 
signal source should first be set up to produce 
a maximum amplitude CW signal. The CW signal 
should then be varied within the frequency range 
of 25 Hz and 500 MHz. At any point(s) where the 
performance of the device under test degrades 
below the threshold level, the corresponding 
frequency and amplitude should be recorded.
Next, the amplitude of the CW signal should be 
decreased until the device resumes normal opera
tion. The amplitude should also be recorded.

_____________  SCREENED ENCLOSURE

within the frequency range of 25 Hz and 500 MHz.
At any frequency(s) where the d e v i c e ’s performance 
is degraded below the threshold level, the 
corresponding amplitude should be lowered until 
the device resumes normal operation. Both the 
carrier frequency and amplitude should be recorded

Next, the device should be tested in order 
to determine its susceptibility to pulsed inter
ference. The test configuration for pulsed inter
ference is shown in Figure 8. In order to per
form pulsed interference susceptibility tests 
on a device, the CW selectivity must first be 
ascertained. This is accomplished by coupling 
a CW signal into the device and measuring the 
output of the device. The CW signal is then 
varied within the frequency range of 25 Hz and 
500 MHz while the output of the device is recorded 
This data is converted to decibels using the 
relationship:

s = 20 log Vin/Vout

s = CW selectivity, in dB

Vin = input voltage, in volts
^out = output voltage, in volts

A plot of amplitude versus frequency should then 
be made to obtain a CW selectivity curve.

Figure 8. Conducted susceptibility measurement 
configuration.

Upon completion of the CW testing, the data 
should be reviewed and the frequency(s) where the 
device appeared most susceptible should be 
noted. Using the most susceptible frequency as 
the carrier frequency, a 100% modulated AM 
signal should be produced. The modulation fre
quency should be varied within the frequency 
range of 10 Hz and 20 kHz and any device degra
dation should be noted along with the correspon
ding modulating frequency. This procedure 
should then be repeated for any other CW fre
quencies noted above. Next the modulation 
frequency for which the device is most suscepti
ble should be recorded. The interfering source 
should then be set to produce this modulated 
signal and the carrier frequency should be varied

After the CW selectivity has been measured, 
the pulse width to be used in the susceptibility 
tests should be set equal to one over the 6-dB 
bandwidth of the device, or:

^  <Z>
where

PW = the interfering signal’s pulse 
 ̂ width, in us

BW6dB 6 dB selectivity bandwidth of 
the device under test, in Hz.

The pulse generator should then be set to produce 
a maximum amplitude pulse. It is advised that 
the equipment manual of the device under test bo 
consulted in order to determine if a maximum 
amplitude test pulse will damage the device. If 
this is the case, the amplitude should be set 
below the damage level specified. The initial
prf rate should be set to:

nrf _ I i_ O)p fl 2 PW
where

prf^ = initial pulse repetition fre
quency, in pps.

The prf should be varied from this initial prf 
down to 1 pulse per second in order to plot an 
amplitude versus prf curve.

Next, the prf that produced the most inter-
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ference should be identified. Keeping the ampli- dBA/m = dBV + AFh + BWF (7)tude of the pulse at the same level as in the pre
vious test and using the prf 
the pulse width should now be

identified above, 
varied between: dBV/m = dBV + AF£ + BWF (8)

0.01 (PWX) where

and BWF = bandwidth factor, in dB

1 1__2 prf 2

where

PF-j. = current probe factor, equals 
59 dB for a 3-ohm load and 35 
dB for a 50-ohm load3 for the 
frequency range of 20 Hz to 1 
MHz

prf^ = the prf identified as causing 
the most interference in the 
initial test, in pps.

From this information, amplitude versus pulse 
width plots may be obtained.

PFy = voltage probe factor, equals 
0, 20, 40 and 59 dB for the 
times 1, 10, 100, 1000 voltage 
probes respectively3 for the 
frequency range of DC to 100 
MHz

Next, the pulse wideth that appeared to 
produce the most interference in the device should 
be identified. The pulse generator should be 
set to produce a prf equal to that in Equation 
4:

prf1 1100 1
PWmax

(4)

where
prf1 pulse repetition frequency 

used in this test, in pps
PWmax = Pulse width from previous test 

noted as causing the most 
interference, in seconds.

The pulse width of this pulse should once again 
be varied between 0.05 times the 6-dB selectivity 
bandwidth and one half ot the prf noted as causing 
the most interference in the previous test. The 
purpose of this measurement is to obtain a reprê - 
sentation of the device’s response as a function 
of pulse width and its response.

10.0 Units
The data displayed on the spectrum analyzer 

are generally given in terms of dBm or dBV. For 
power or voltage measurements, these units are 
appropriate. However, when a conducted current 
measurement, for example, is performed, a more 
useful unit is dBA. Therefore, the units of 
dBm or dBV may have to be converted to more 
appropriate units for the various measurements 
performed. The units generally used are dBA for 
conducted currents, dBV for terminal voltage 
measurements, dBV/m (decibels above one volt per 
meter) for electric field strength measurements, 
and dBA/m (decibels above one ampere per meter) 
for magnetic field strength measurements. The 
equations for conversion from dBV are as follows:

AFjj = magnetic field strength antenna 
factor, equals 64 dBa for fre
quency range of 20 Hz to 1 MHz

AFg = electric field strength antenna 
factor, in dB.

When the energy of the received signal is dis
tributed throughout the frequency band, instead 
of being concentrated at one or more specific 
frequencies, the energy should be expressed on 
a per unit bandwidth basis. When the waveform 
of this received signal is impulsive, the 
analyzer will respond in direct proportion to 
the analyzer bandwidth. When the waveform of the 
signal is continuous but noise-like (White 
Gaussian noise), the analyzer will respond in 
proportion to the square root of the bandwidth. 
These statements are based on the analyzer re
sponding to the peak value of the processed 
waveform.3 When normalizing the data to specific 
bandwidth, for example 10 kHz, Equation 9 should 
be used for impulsive noise and Equation 10 for 
continuous noise:

BWF

BWF

-20 log 
-10 log

BWM10
BWM10

(9)

(10)
For specific frequencies (e.g., harmonics, 
spectral lines)

BWF = 0
where

BWF = analyzer bandwidth, in kHz.

dBA = dBV + PFi +  BWF (5)
dBV = dBV + PFi +  BWF (6)

aThese values are valid only for the probe shown in Figure 5.
^Martin, H., A Model of the Parameters of Man-Made Electrical Noise as a Function of Bandwidth, ECAC- 
TN-78-006, ECAC, Annapolis, Md., April, 1978. -168-
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The probe factor is frequency-dependent 

conversation factor used when converting the 
inductively coupled loop measurements from voltage 
to current units. The loop and termination 
antenna factor relates the electric field strength 
to the voltage the antenna delivers to a 50-ohm 
resistor. The factor, expressed as a function 
of frequency, is given in Figure 9.

1 ------------------------- ,------------------------- |-------------------------
j |
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LOOP ON RAIL 63 -̂2dB

1---- ---------------- — — LOOP ON WIRE - i L - ........  . . . .
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Figure 9. Inductively coupled loop calibration.
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ELECTROMAGNETIC INTERFERENCE INDUSTRY PERSPECTIVE

N.C. Pace (Retired) 
Southern Railroad

Gentlemen:
I am pleased and honored to have been in

vited to briefly discuss, from an industry per
spective, some electromagnetic interference 
problems that may be encountered in the design 
and operation of automated railroad switching 
yards.

My own perspective might be somewhat dated, 
since I retired from Southern Railway, Communi
cations and Signal Department, early in 1975. 
However, I have maintained a more than casual 
interest in the subject under discussion, and 
in railroads in general.

A relatively short and perhaps unsophis
ticated paper on this subject, authored by me, 
appeared in the April 1975 issue of The Rail
way Systems Control magazine (formerly a Simmons- 
Boardman publication). At that time, William 
Cracker, of the Federal Railroad Administration, 
reviewed the paper and having prior knowledge of 
some existing automated yard operational problems, 
determined that the subject merited further 
consideration.

In light of this, Bill and his associates, 
primarily composed of very capable people 
The Electromagnetic Compatibility Analysis 
Center (Department of Defense) in Annapolis, 
Maryland have completed a thorough investigation 
into Electromagnetic Compatibility in a classi
fication yard and have published a paper^ out
lining their test methodology and findings. The 
measurements were performed along with the 
assistance of technical personnel from three 
participating yards; Santa Fe Railroad's Barstow 
Yard, Southern Railway’s Sheffield Yard and 
Richmond, Frederic and Potomac Railroad's Potomac 
Yard.

The study disclosed that interference does 
exist in a number of areas and can potentially 
cause operational malfunctions. Some correc
tional measures were suggested for these mal
functions. However, time and, perhaps, alloca- 
tional constraints prevented the compilation of 
statistical data which could have better accen
tuated real problems. Never the less, the 
results of the study offers valuable assistance 
to the designer of automated yard control systems. 
A careful look at this publication by design 
engineers should be mandatory, preceding actual

^FRA Report FRA/ORD 77/77.11 "Railroad Electromagnetic 
Classification Yards and Electrification," September,
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Yard control systems planning. Such systems 
should be de-bugged on the drawing board.

Out time limitation presents lenghty dis
cussion of some of the problems encountered in 
the operation of automated yards. Actually auto
mated switching yards are operating without many 
malfunctions; but, when malfunction does occur, 
the results can be serious. I am talking about 
such problems as presence detectors that see 
ghosts or go into a trauma and see nothing at all, 
split switches, cars that fail to roll far 
enough to couple or impact too heavily upon 
coupling, catch-ups, cornering, and lost cars 
or phantom cars in the MIS computer print-outs.

When a new yard is completed and the de-bug- 
ging starts my sympathy goes out to the equip
ment supplier or manufacturer. Too many times 
the supplier's engineers have had to little to 
say about the system lay-outs, wiring configura
tions, or the type of supporting apparatus, 
battery chargers, types of cables, etc., all 
of which, if not properly engineered, can cause 
'borrowing', a word from computerase-glitches, 
that can degrade an automated system's capability 
to perform properly.

We have many competent signal engineers 
and technicians employed on our various railroads 
who are cognizant of the fact that we live in a 
highly complex age. These people recognize the 
need for and appreciate any and all technical 
advice and assistance from where-ever and whom- 
so-ever. We also have, thankfully, only a 
small minority of people employed in responsible 
positions who resent help from, as they would 
say, outsiders who have had no railroad background 
or experience. Railroad experience has taught 
these people only that presence detectors that 
see ghost, split switches, etc., are unpleasant 
realities of life rather than helping them to 
find any real solutions to the problems.

Since the techniques employed in, designing, 
constructing, launching and controlling the 
flight of an Apollo Rocket, for example, are 
not vastly different from those employed in 
railroad yard control systems, it should be 
obvious to us that the expertise that faced and 
solved rocketry and allied problems, regardless 
of the fact that it is not railroad experience, 
can be helpful to us on our railroads. Such 
help is available and we should make use of it.

Compatibility Volume II: Assessment for
1978.



SUMMARY OF QUESTION AND ANSWER DISCUSSION
October 30, 1979

The discussions during the EMC Workshop 
ranged widely over many railroad electromagnetic 
compatibility concerns. In addition to the 
topics of classification yards and measurement 
techniques, aspects of mainline operation, EMC 
training, long term future concerns and other 
miscellaneous subjects were discussed. The 
attendance at the EMC Workshop was restricted 
enough to allow a round-table type format.

The demonstrations and informal presentation 
on measurement instrumentation and techniques 
evoked some general questions and comments. A 
discussion of the directivity of radiated 
measurements flowed naturally into the problem 
of induced voltages near power lines and 
catenaries. The difficulty of accurately pre
dicting voltage induced into the rails was raised 
as a particular problem that seems to have been 
neglected. The efforts of the AAR/AREA/IEEE Work
ing Group on EMC toward solving this and other 
problems were discussed in some detail.

Some details of the ECAC classification 
yard EMC measurements were discussed. Further 
tests on switch heaters were encouraged. Although 
ECACTs single switch heater test had shown that 
one particular heater to be relatively "clean” 
as a source of potential interference, it was 
felt by most of those present that interference 
caused by switch heaters is a prevalent concern. 
Some other possible sources of interference to 
class yard operation were suggested including 
klaxons, sirens and refrigerator cars. The 
conflicts between safety regulations and good 
EMC engineering on grounding practices was 
raised also as an area needing research, both in 
yards and on the mainlines.

Many class yard concerns are the same as, or 
blend with mainline concerns. Diesel-electric 
locomotive emissions certainly must be considered 
in both settings. Most of the discussion on 
locomotives centered on mainline operations 
however, particularly regarding crossing pro
tection and effects on sensors such as hot box 
detectors. ATC systems are usually considered 
only as being susceptible to interference, but 
at least one ATC system was cited as being as 
emissions problem.

Other areas discussed included in-house EMC 
training by the railroads, the uses of radio by

the railroads, and EMC concerns for the future - 
10 years or more ahead. A final area of dis
cussion was the possibility of any disadvantages 
to the railroads in cooperating with-outside or 
participative efforts for EMC/EMI testing; 
specifically, might such testing lead to more 
government regulation? The answer to this seemed 
to be that present FCC regulations, and most 
specifications, start at 10 kHz and to higher 
in frequency. Most railroad equipment emissions 
are primarily below 10 kHz. Should the FCC or 
EPA ever decide to extend regulations to cover 
electromagnetic emissions at frequencies below 
10 kHz, it would appear to be to everyonefs 
advantage to have accurate knowledge available 
of both EMI sources and susceptibilities in the 
railroad environment.

Questions From the Floor
Question: Since application requirements for car

presence detectors differ, were weigh
ing factors applied as a function of 
application, when rating different 
sensors?

Answer: No. Capabilities of currently used
presence detectors were basically based 
on two factors, i.e.: Their ability
to perform their required function for 
any application as dictated by their 
principle or operation, and their 
reliability in terms of failure rates 
and failure modes as determined from 
field data collected in classification 
yards.
As an example of the principle of oper
ation, a permanent magnet, inductive 
type detector requires car motion to 
induce a signal. It, therefore, has 
a low speed limitation which would 
affect its rating relative to other 
techniques that can detect car presence 
to zero speed.
In the case of reliability, failure 
trends such as increased vulnerability 
to damage with increased physical size 
of rail mounted detectors, were used 
to establish the relative rating of 
the detector.
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ELECTROMAGNETIC COMPATIBILITY QUESTIONNAIRE SECTION

1. Have you or your organization had any pre
vious experience in the area of electromag
netic compatibility? yes___  no___  (If
so, please explain.)

2. Do you know of any yard equipment malfunctions
(including computers) that may have been 
caused by electromagnetic interference either 
conducted or radiated? yes___  no___  (If
so please explain.)

3. To any problems associated with electromag
netic interference, how have you been able 
to overcome the problem?

4. Have either you or your organization per
formed any electromagnetic interference
studies or EMC measurements? yes___  no___
(If so, please provide details.)
Would you be willing to provide this infor
mation to the FRA sponsored railroad EMC
data base? yes___  no___  (If so, please
contact Mr. Safferman.)

3. Has your organization received complaints
that railroad equipment either intentionally 
or unintentionally is interfering with any 
non-railroad system that resides near rail
road property or share right of ways?
yes___  no___  (If so, please provide de-
ails.)

6. Are you aware of any EMC problems associated
with the use of 160-162 MHz VHF FM communica
tion yard frequencies or UHF L0C0NTR0L fre
quencies? yes___  no___  (If so, please
provide details.)

7. Are you aware of any electromagnetic inter
ference or degradation to track signalling 
within the yard or along the right of way? 
yes___  no___  (If so, please explain.)

The questionnaire answers on electromagnetic 
compatibility indicated only a small number of 
known interference situations. Most of these 
situations involved commercial radio stations or 
utility power lines. A few responses were 
definite "no’s", but a large majority of the 
question responses were either blank or "not 
sure".
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CLASSIFICATION YARD COMPUTER SYSTEMS

Paul L. Tuan 
SRI International

1.0 Background
With the advent of high computer technology 

there will be an increasing availability of com
puter yard applications. The railroads of the 
1980s will be faced with a greater than ever chal
lenge of evaluating, selecting, and installing 
yard computer equipment. In a 1976 survey by the 
American Railway Engineering Association (15), it 
was noted that computers for yard process control 
(PC) and management information systems (MIS) had 
been installed steadily since 1964 (first instal
lation: Gateway Yard in East St. Louis). During
the period from 1964 to 1976, digital computers 
have been installed in U.S. hump yards at the rate 
of approximately two per year (see Figure 1). 
Twenty-five yards, ranging from 12 tracks to 70 
tracks, have installed digital computers of vari
ous sizes and configurations. In more recent 
years, partially due to the rapid decrease in com
puter hardware cost and the increase of computer 
capability, the rate of installation is consider
ably higher.

Each railroad company will be in a constant 
process of examining options in hardware and soft
ware configurations over an ever increasing vari
ety of yard operational applications. It is an
ticipated that more responsibility will be placed 
on the decisionmakers within the railroad compa
nies to conduct computer feasibility studies, de
velop alternative approaches, evaluate trade-off 
parameters, compare and select alternative con
figurations, and procure and implement computer 
operations.

As a part of the FRA/TSC sponsored Railroad 
Classification Yard Design Methodology Study (DOT- 
TSC-1337), this effort is to develop tools for the 
railroad industry with which to assist the deci
sion makers and analysts in the evaluation and ac
quisition of yard computing resources.

1.1 Objectives
The objective of this study is to develop a 

handbook for the railroad industry on the utili
zation and application of computer systems in 
classification yards, particularly the hump yards.
The purpose of the handbook is to provide basic 
information on computer hardware and software and 
their applicability to yard operations; procedures
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and methodologies of computer system design, se
lection, acquisition, and installation. The in
tended readership includes yard designers, yard 
management, yard operational staff, engineering 
managers, data processing specialists, and com
pany executives.

1.2 Scope of the Effort
The scope of the study is twofold: (1) the

development of information pertaining to the "tu
torial" portion of the handbook, and (2) the de
velopment of information pertaining to the "cook
book" portion of the handbook. The tutorial 
portion includes the following major topics:

• A computer primer.
• Classification yard functions and their 

computer applications.
• Computer system characteristics for opera

tional management information processing.
• Computer system characteristics for pro

cess control applications.
The "cookbook" portion includes:
• Techniques for determining computer system 

requirements.
• Development of candidate system configura

tions .
• Methodology for alternative systems evalu

ation and selection.
• Computer system acquisition and installa

tion.
• Computer system operations and management.
Besides utilizing existing material on rail

road yard design, computerized information sys
tems, process control, on-line communications, 
data processing organizations and policies, and so 
forth, the study includes an assessment of the 
current and future trend of computer technology as 
it applies to yard operations and requirements. 
Visits to different railroad yards and data pro
cessing centers', and interviews with data process
ing personnel and yard designers and operational 
managers are also being conducted to assure rele
vancy of the material developed.



SOURCE: Railroad Freight Car Classification Yards: Installation 1963-1976, Union Switch and Signal Division, Westinghouse Air Brake Company, Swissvale, Pennsylvania
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1.3 Summary of Progress
The effort on the tutorial portion of the 

handbook is now at a "maturing" stage. A number 
of railroads and equipment suppliers have been 
contacted and visited. Altogether, over 100 sets 
of relevant information have been collected and 
catalogued. While this effort will be continued 
for some time to come, the first four chapters of 
the handbook are now under preparation. In this 
paper, some of the highlights of our findings will 
be presented in capsule form. The work plan for 
the "cookbook" portion of the handbook has been 
developed, and calls for working closely with the 
railroads in a cooperative effort to conduct "case 
studies" and experiment on the techniques and 
methodologies for computer application justifica
tions and evaluations.

2.0 General Description of the Classification
Yard Computer Systems Handbook
An outline of the handbook is given below.

In order to reach a large cross section of reader- 
ship, each chapter will be written as a stand
alone document so that a reader can easily locate 
material of special interest. However, each chap
ter will assume the knowledge of preceding chap
ters .

SECTIONS IN CLASSIFICATION YARD 
COMPUTER SYSTEMS HANDBOOK

PREFACE
GLOSSARY OF TERMS
2.1 A COMPUTER PRIMER
2.1.1 An Overview of Digital Computers

• History
• Hardware
• Software

2.1.2 Major Types of Digital Computers
2.1.2.1 By Application

• General purpose
• Special purpose

2.1.2.2 By Size
• Large
• Medium
• Midi
• Mini
• Micro

2.1.2.3 By Discipline
• Scientific
• Data processing

2.1.3 Hardware
• CPU (including word size, add time, in

struction set, etc.)

• Memory
• Mass storage
• Input/output devices
• Interactive peripherals
• Communication links
• Interfaces
• Computer architecture
• Reliability and maintenance

2.1.4 Software
• Application programs
• Operating systems
• Language processors
• Library and utility programs
• File structure and data base management
• Reliability and maintenance
• Software documentation

2.1.5 Mode of Operation
• On-line vs. off-line
• Batch vs. interactive
• Open-shop vs. closed-shop
• Real-time vs. delayed-time

2.1.6 Network Organization
• Centralized
• Decentralized
• Distributed
• Single system
• Multiple systems

2.1.7 Management and Control
• Organization
• Staffing
• Relationship between yard and central con

trol
• Authority and accountability

2.1.8 Computer Technology Forecast
2.2 CLASSIFICATION YARD FUNCTIONS AND THEIR 

COMPUTER APPLICATIONS
2.2.1 A General Description of Classification 

Yard Operations (for both hump yard and 
flat yard)

2.2.2 Operational Management Information Process
ing

• Track inventory
• Car location
• Switch list determination
• Dynamic track assignment
• Yard performance statistics and evaluation
• Crew dispatch
• Locomotive management
• Personnel record and payroll accounting



• Management reports
• Cost accounting and revenue accounting re

lated to yard operations
• Interfaces with other yards and railroad 

central data processing
2.2.3 Process Control Applications

• Hump sequencing and control
• Automatic routing and switching
• Speed control
• Track inventory and car location
• Engine dispatch
• Bad order car detection
• Routing error detection
• Operational reports
• Interface with MIS computer and central 

data processing
2.2.4 Institutional Considerations

• Corporate policy and plans
• Centralized vs. decentralized
• Centralized vs. distributed
• Software standardization vs. local au

tonomy
• Hardware standardization among yards vs. 

individual designs
• In-house capability vs. contract services

2.2.3 Current Installations Survey
• Installation survey
• Representative case studies

2.2.6 Trend of the Future
2.3 COMPUTER SYSTEM CHARACTERISTICS FOR OPERA

TIONAL MANAGEMENT INFORMATION PROCESSING
2.3.1 Applications Description (a more detailed 

explanation than 2.2.2)
2.3.2 Hardware Characteristics

• CPU for character manipulation and file 
transfers

• Large mass-storage capacity
• High-speed card and printer oriented I/O
• Data base inquiry terminals
• Long distance and high-volume data links
• High I/O channel capacity

2.3.3 Software Characteristics
• Languages for file manipulation and report 

generation
• Foreground and background modes
• Time-sharing services
• Data base management software
• Emphasis on formatting and editing
• Emphasis on rapid file access for on-line 

inquiries and report generation

• Software groups
- Operating systems (including facility 
for VSM or overlay)

- Language processors
- Application programs
- Library and utility programs

2.3.4 System Variations
• Minimal
• Intermediate
• Full
• Centralized
• Decentralized
• Distributed

2.3.5 Trend of the Future
2.3.6 Factors for Justifying Computer Utilization
2.4 COMPUTER SYSTEM CHARACTERISTICS FOR PROCESS

CONTROL APPLICATIONS
2.4-1 Applications Description (an elaboration of 

the description given in 2.2.3)
2.4.2 Hardware Characteristics

• Interface with external sensing devices
• Word-mode processing with fast input and 

output registers and process-control ori
ented instruction set

• Large number of I/O channels for real-time 
transfers

• Fail-safe or fail-soft architecture
• Terminals for system monitoring
• Data links to other PCS or MIS computers

2.4.3 Software Characteristics
• Operating systems
• Languages
• Input sampling routines

- Priority interrupt
- Fixed time increment

• Data reduction routines
• Command-and-control routines
• Failure detection and failure-mode opera

tion routines
• File structure and management
• Data-link communication routines
• System monitoring routines

2.4.4 System Variations 
Minimal 
Intermediate 
Full
Hot Standby 
Cold Standby 
Centralized 
Distributed~1S1t'



2.4.5 Trend of the Future
2.4.6 Factors for Justifying Computer Usage
2.5 TECHNIQUES FOR DETERMINING COMPUTER SYSTEM 

REQUIREMENTS (existing and projected)
(This chapter is oriented towards quantita
tion analysis. It contains charts, tables, 
monographs, worksheets, and number-oriented 
functions.)

2.5.1 Yard Operational Criteria
• Corporate policy, goals, and objectives
• Inbound and outbound traffic, existing and 

forecasted
• Throughput criteria
• Track capacity and utilization goals
• Humping rate
• Sorting and blocking complexity
• Track inventory and car location informa

tion requirement
• Management decision tools required

- Switch list development
- Track assignment
- Crew dispatch
- Engine management

• MIS report requirement
• Level of repair and maintenance activities
• Level of crew and engine movements
• On-line command-and-control requirement
• Process reliability criteria
• Communication channel capacity and trans

mission media requirement
• Current level of automation
• Budgetary and operational constraints
• Yard management organization, labor union 

rules, and other human-factor and insti
tutional constraints

• Quantitative measures of yard productivity
2.5.2 Computer System Requirement Assessment (ex

isting and projected)
2.5.2.1 Application Groupings and Consolidation 

of Requirements
2.5.2.2 Methodology of Translating Yard Criteria 

into Computer Performance Characteristics
2.5.2.2.1 Hardware

• Input/output volume, processing cycles, 
and priority level for each application

• Word size, instruction set, and arithmetic 
speed

• I/O channel capacity and no. of channels
• I/O devices and their speeds (including 

switching capability)
• Throughput rate
• Memory capacity and access time

• Mass storage capacity and access time
• Communication channel capacity and media
• Field equipment interface requirement 
•. Subsystem interface requirement
• Peripheral equipment
• System reliability
• Physical layout, energy, and environmental 

control constraints
• Field sensor device requirement
• Direct memory access (DMA)
• Modularity and expandability criteria

2.5.2.2.2 Software
• Language and language processors required
• Operating system features
• Library and utility programs needed
• Data base management software features
• Application programs requirement
• System modularity and transferability
• Documentation required

2.5.3 Methodology for Measuring Economical Bene
fit of Productivity Improvement

2.6 DEVELOPMENT OF CANDIDATE SYSTEM CONFIGURA
TIONS

2.6.1 Network Organization
• Multiple vs. single
• Centralized vs. decentralized
• Centralized vs. distributed
• Software implications

2.6.2 Computer Component Capability Trade-Offs
• CPU speed vs. memory size
• Large word size vs. low access time
• High volume mass storage vs. more portable 

units
• High I/O channel capacity vs. DMA
• CPU memory size vs. mass storage
• On-line storage vs. off-line storage
• File sharing by two or more systems by de

vice switching or direct coupling
• Hot standby vs. cold standby
• CRT vs. TTY terminals
• Gharacter vs. graphics CRT
• Black-and-white CRT vs. color CRT
• High speed I/O devices vs. direct system- 

to-system communication
• Equipment purchase vs. lease
• In-house maintenance vs. contract services

2.6.3 Hardware and Software Trade-offs
• Information enhancement by software vs. 

more sensors in field
- 1 8 2 -



• Man-in-the-loop approach vs. full automa
tion

• Heavy communication load vs. data enhance
ment by local intelligence

• Fixed MIS reporting cycle vs. report-by
exception

• Reliability through hardware redundancy 
vs. through software redundancy

• Sophisticated programming vs. more hard
ware capability

• In-house programming vs. vendor contract
2.6.4 Development of Alternative Configurations
2.7 METHODOLOGY FOR ALTERNATIVE SYSTEMS EVALUA

TION AND SELECTION
2.7.1 Methodology for Assessing Benefits
2.7.2 Methodology for Assessing Costs
2.7.2.1 Initial Investment Costs
2.7.2.2 Life-Cycle Costs

• Operating and maintenance
• Personnel
• Space
• Energy
• Communications
• Replacement

2.7.3 Techniques for Alternative Systems Compari
son and Development of Rankings

2.8 COMPUTER SYSTEM ACQUISITION AND INSTALLATION
2.8.1 Development of Implementation Schedule 

Checklist and PERT Diagram
2.8.2 Development of Hardware and Software Speci

fications
2.8.3 Development of Benchmark Problem for System 

Comparison
2.8.4 Development of Acceptance Test Specifica

tion and Test Data and Scenario
2.8.5 Organization Planning and Staffing
2.8.6 Procurement Process
2.8.7 Software Development and Test
2.8.8 Training
2.8.9 Site Preparation
2.8.10 System Conversion
2.8.11 Acceptance Test and System Installation
2.8.12 Parallel Operations
2.9 COMPUTER SYSTEM OPERATIONS AND MANAGEMENT
2.9.1 Computer Personnel Organization, Functions, 

Authorities, Accountabilities, and Chain- 
of-Command

2.9.2 Relationship Between Yard EDP Personnel and 
Central EDP Personnel

2.9.3 Recruitment and Training of Professionals
2.9.4 Method of Day-to-Day Monitoring and Control-183-

2.9.5 Operating Procedures
2.9.6 System Maintenance and Failure-Mode Opera

tion
2.9.7 System Documentation
2.9.8 User Training and Orientation
2.9.9 System Experiments and Enhancement
REFERENCES
APPENDICES

3.0 Computer Systems for Process Control Applica
tions

3.1 The Role of the Process Control Computer 
(PCC) in a Classification Yard
The process control function may apply to the 

entire yard or only certain areas of the yard (27). 
The most common application of PC systems is to 
perform automatic control at the hump end only.
The hump process control computer system usually 
takes the hump switch list as input (often from 
the MIS computer) and automatically sets switches, 
controls retarders, and furnishes the MIS computer 
with the outcome of the control process (i.e., 
what it did with the cars). In addition to a set 
of commonly practiced control functions, certain 
PCCs can detect broken wheels, measure the veloc
ity of movement, determine weight class, direct 
unauthorized movement, etc. The information that 
normally resides in a hump PCC includes train 
lists, switch lists, class tables, hump speed con
trol parameters, and retarder control parameters.

The functions of a PCC in a hump yard may be 
considered from two standpoints (26) : (1) the
geographical area of the yard, or (2) the nature 
of the function. Geographically, the PCC function 
covers the following areas:

• Precrest (from receiving yard to the crest)
• Crest
• Crest to master retarder
• Master retarder to group retarder
• Group retarder to tangent retarder
• Tangent retarder to coupling point
• Pullout end and departure yard.
From a functional standpoint, the PCC may be 

considered as follows:
• Surveillance and measurement.
• Automatic routing and switch control.
• Speed control.
• Engine dispatch and control.
• Car and track inventory.
• Safety, including area and track protec

tion .
• Collecting MIS data for the MIS function.



3.2 The Relationship between PC and MIS Applica
tions
There are various practices and preferences 

regarding the PC and MIS computer network archi
tecture (in both hardware and software). The var
ious approaches (9, 10, 18, 21, 25, 29, 30) are 
listed below:

• MIS and PC functions are performed by the 
same computer.

• MIS computer and PCC are separate and are 
linked through off-line data communica
tions only.

• MIS computer and PCC are parallel-linked 
with a larger central computer at system 
central. There is also an on-line linkage 
between the two at the local yard.

• PCC is subordinate to MIS computer.
• MIS computer is subordinate to PCC.
• PC function is centralized in one single 

computer complex.
• PC function is distributed among several 

data-linked but not control-linked com
puter systems. For example, the use of a 
microcomputer at the pullout end, and a 
larger PCC at the hump end.

3.3 System Variations
A maximum PCC system has a wide range of ca

pabilities in sampling input data from the field 
(3, 4, 5, 7, 16, 20, 21, 24, 25, 29, 30), for ex
amp le:

Measuring
• Scale
• Radar
• Wheel detectors
• Photosensors
• Hump approach track circuit
• Exit retarder track circuit.
PC Data
• Weight class
• Speed
• Reliability and velocity
• Length, height, and car location
• Hump signal status
• Last car pullout information.
Together with train consist data, hump switch 

list, and on-line instructions from yard person
nel, the sampling and control software in the PCC 
transforms field inputs into control signals in 
order to perform hump engine speed control, re
tarder control, switch activation (for automatic

routing), system monitoring (display of system 
status), and so forth. In a maximum system the 
PCC may also conduct a limited MIS function, e.g., 
maintaining track inventories.

In a minimum system (10, 11), it is possible 
that most of the above listed devices (e.g., wheel 
detector, radar, photosensor, scale) are not used. 
The functions of wheel detectors are replaced by 
presence detectors. The car movement and location 
information is derived by relying on more internal 
computation (33, 34, 35) and fewer field inputs.

For the purpose of enhancing system reliabil
ity, two CPUs (16) are often used in parallel in a 
PCC system. The failure backup system is usually 
provided with one of the following two alterna
tives :

(1) Semiautomatic Switchover (Cold Standby)—  
In a semiautomatic dual-processor system, 
the secondary computer may be engaged in 
a totally different application (e.g.,
an MIS-type job), while the primary com
puter is controlling the humping opera
tion. In the event of a failure in the 
primary computer during the humping pro
cess, the process must stop and the con
trol function may have to be transferred 
to a manual backup. The standby com
puter cannot instantly take over the 
current humping process because it does 
not have the switch list or the state 
variables of the current control process 
in its working storage. It must first 
unload its non-PC applications and then 
initiate the CPU with PC software and 
data tables. In this manner, the second 
computer can only start with a new 
switch list.

(2) Automatic Switchover (Hot Standby)—
Under this architecture, the dual
processor system provides an instant 
switchover in the event of a failure in 
the primary processor. The second pro
cessor is always on "hot” standby, which 
implies that the occurrence of a failure 
in the primary processor will not cause 
the humping process to stop. During a 
control process, the field inputs enter 
both processors simultaneously and the 
calculations are done in a redundant 
fashion. However, only the output from 
the primary processor is normally al
lowed to exit. The output from the sec
ondary processor is compared with that 
of the primary processor. In the event 
of a difference greater than predeter
mined tolerance limits, a determination 
would be made as to which computer is at 
"fault.” Figure 2 depicts a simplified 
hot standby, dual-processor PC system.

A computer failure-mode operation does not 
always involve a secondary computer. Very often, 
after a yard is upgraded to an automatic computer 
process-control status it will still keep the old 
system, either as a part of the computer-controlled 
system, or as a standby system. The old system may 
be relay-driven, analog, or manual.
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3.4 Samples of PC Software Description
3.4.1 General

The PCC software can be grouped accordingly:
• Sampling routines
• Data reduction routines
• Control function routines
• System monitoring and MIS routines.
Depending on the field devices under the 

PCC’s surveillance and control, the sampling tech
nique can either be on a fixed-time increment ba
sis (cycling) or on an event occurrence basis (in
terrupt) . The determination of which technique to 
use is a matter of trade-off between data resolu
tion and computer resource cost.

The data reduction software is essentially a 
continuation of the sampling routines in which raw 
input data is translated into useful decision in
formation. For example, the absence or presence 
of a wheel detector occupancy will be translated, 
along with other input information (e.g., system 
clock time) into car speed.

The control function routines generate con
trol signals from both input data (reduced) and 
prestored control parameters and decision rules.

The MIS and system monitoring routines mas
sage and organize the existing input and output 
information into statistical and management re
ports.

From the interviews and documents supplied by 
several railroads and equipment manufacturers (3, 
4, 5, 7, 16, 20, 21, 24, 25, 29, 30) some of the 
software packages currently in use are briefly de
scribed below.

3.4.2 Precrest Control
This function covers the processing of ad

vanced consists (the portion that is relevant to 
the PC function) to the automatic lining up of the 
switches from receiving tracks to the hump ap
proach. In this function the arrival train infor
mation and certain operational management deci
sions (e.g., the classification table, the hump 
list) are handed off from the MIS computer to the 
PCC. Also, during this process the advanced con
sist information is successively purified and en
hanced with the progression of time as more fac
tual train data are transmitted to the yard prior 
to train arrivals. Finally, the train and car 
data should be 100% accurate before the develop
ment of the hump and pin-puller’s lists, because 
ACI reading and receiving inspection tasks will 
correct any last minute discrepancies that have 
existed between the train consist and the physical 
inventory.

While the inventory data of the receiving 
area are being verified and corrected, the opera
tional management decision function of the MIS 
system is generating track assignment decisions

based on preestablished criteria, classification 
tables, decision rules, and the current and pre
dicted track utilization of the yard. The track 
assignment determination is a necessary step for 
generating the hump switch list, pin-puller’s cut 
list, and the routing sequence from the receiving 
tracks to the hump. At this time the PC function 
takes over from the MIS function. The PCC will 
perform automatic routing from receiving to hump 
and maintains precrest car inventory.

This function is usually supported by two 
major routines:

(1) Routine for automatic routing from re
ceiving to crest (see Table 1).

(2) Receiving yard inventory routine (see 
Table 2).

3.4.3 Crest Control
The crest control function extends from the 

receiving leads through the crest. Its main func
tion is to ascertain humping sequence, effect ac
curate pin pulling, measure and control hump speed, 
control and verify proper routing, initiate correc
tive actions when necessary, and so forth. Under 
this function, there are six software routines:

• Route and engine control— Table 3.
• Determining optimal hump speed— Table 4.
• Generation of pin-puller list— Table 5.
• Hump wheel detector input processing—

Table 6.
• Hump speed calculation— Table 7.
• Hump operating display— Table 8.
• Switch alignment for front-end trim opera

tion— Table 9.
• Area trim protection— Table 10.

3.4.4 Crest to Master Retarder
The main purpose of this postcrest PC func

tion is to check and verify pin-puller’s action, 
collect car velocity and other physical data for 
speed control, and update car inventory. This 
function is aided by wheel detectors, photocells, 
radars, weight scales, and so forth.

The typical routines are listed as follows:
• Postcrest wheel detector processing— Table

11.
• Photocell detection routine— Table 12.
• Radar detection of cut length— Table 13.
• Determination of car axle count— Table 14.
• Posthump car identification and verifica

tion— Table 15.
• Weight scale routine— Table 16.
• Weight classification— Table 17.
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Table 1
ROUTINE FOR AUTOMATIC ROUTING FROM RECEIVING TO CREST

Input Process Output
This routine is to line up the switches in order to move the next batch of cars from the receiving 
tracks to the hump in accordance with humping se
quence.

• Current switch set
tings.

• Receiving track inven
tory.

• Hump list.
• Track assignments list.

Command to align receiving yard switches 
for the next batch of 
cars heading for the 
hump.

Table 2
RECEIVING YARD INVENTORY ROUTINE

Input Process Output
• Train consists.
• ACI data.
• Receiving inspection 

report.

This function can either be performed by the MIS 
computer, or the PCC, or both. If automatic rout
ing from receiving to the crest is to be done by 
the PCC then it is a requisite that the PCC has on-line access to the inventory file by car, by 
track, and by position.

Car I.D. by track and 
by position to be 
maintained in the PCC 
on-line file.

Table 3
ROUTE AND ENGINE CONTROL

Input Process Output
Switch alignment set
tings from receiving 
to crest.
Hump speed instruction 
from dynamic speed 
control calculation or 
from a predetermined 
average speed.
Current hump signal 
status from the hump 
approach track circuit.
Automatic routing plan 
as generated by pre
crest control.

This software routine is to ascertain that the 
route switches from receiving to hump approach are 
aligned properly in accordance with the automatic 
routing plan generated by precrest control route 
selection software. The control signal is sent 
out in one or more of the following ways:

Go or no-go signal to the hump shove light.
This is the simplest form of control command.
Simple speed control instruction to the shove 
lights, e.g., stop (red), fast (green), or 
slow (amber).
In a more automated system, the speed control 
instruction goes directly into the cab engine 
control.

Go or no-go signal to 
hump shove lights.
Speed category number 
to shove lights.
Speed control command 
to cab.
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Table 4
DETERMINING OPTIMAL HUMP SPEED

Input Process Output
• Desired yard through

put parameters.
• Penalty factors (as a 

function of the rout
ing and attributes of 
the cut) in case of 
misrouting due to 
catch-ups.

This routine helps to maximize the throughput of 
the yard by assigning the highest hump speed fea
sible; yet, at the same time it must minimize the 
probability of misroutes due to car catch-ups.The cost of correcting misroutes often negates the 
intended throughput gain. The determination of hump speed is dependent on the route pattern se
lected (distance between switches, track layout, 
etc.), the tag number of the cut (e.g., if the 
current cut goes to the same class track as the 
previous cut then it is not too critical if the 
two cuts are relatively close to each other), and 
many other speed control and reliability consider
ations to be determined with inputs from other 
parts of the yard.

Speed control instruc
tions to hump engine.

Table 5
GENERATION OF PIN-PULLER LIST

Input Process Output
• Track assignment list
• Hump switch list
• Post-humping surveil

lance feedback.

From the hump switch list and track assignment in- • Pin-puller*s list 
structions (an operational management decision (statistic) or CRT
under the MIS function) a cut list is developed. display (dynamic).
A cut is determined by the common destination of 
contiguous cars and the upper limit on the number 
of cars allowed in a cut. The pin-puller’s list 
is traditionally in hard copy form with annota
tions and modifications written in. In a more dynamic system the pin-puller*s list is a CRT dis
play and the system can accept last minute changes 
or error corrections as long as the cars in ques
tion have not passed the pin puller. The cars 
that are not to be humped (but will be rerouted) 
are also displayed.

Table 6
HUMP WHEEL DETECTOR INPUT PROCESSING

Input Process Output
• Signals representing passage of axle over 

each sensor.
• Time of each passage.

The sensing of axle passage over the wheel detec- • 
tors will generate a priority interrupt to the PCC. 
The computation of axle count involves the time of # 
passage of each axle and the elapsed times between 
axle passage times, as well as the correlation of 
passage data between wheel detectors. Usually two • sets of detectors are placed at the crest to en
hance computation (particularly in a bi
directional movement situation) and provide redun
dancy checks.

Net count for each wheel detector.
Net car count by di
rection.
Passage time of each 
set of the axles.
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Table 7
HUMP SPEED CALCULATION

• Data from hump wheel This routine is to compute hump speed based on the • Current hump speed,detector processing passage times of the first and second axles and
routine. the assumed length between axles. Conceptually,

the hump speed (in feet per second) is the differ
ence between the two axle passage times (in sec
onds) divided into the wheel base (in feet).

_________ Input_________ ___________________ Process ________________ ________ Output______

Table 8
HUMP OPERATION DISPLAY

Input Process Output
• Data from hump speed 

wheel detector pro
cessing routine.

• Hump list.

The hump wheel detector process routine gives con
firmation that a car has passed the crest. This 
information is used in conjunction with the hump 
list to establish the identification of the car 
which has just been humped. As each car passes 
the wheel detectors, its car I.D. is removed from 
the top of the CRT display, and the whole CRT page 
will move up one line. The purpose of the display 
is to give visual verification of the accuracy of 
the on-line record. A mistake may occur if the 
wheel detection routine miscounted the axles, or 
if the hump list is out of sequence in relation 
with the physical order of the cars. The cars 
that passed the visual verification will go into 
the "as humped" file.

• Updated "as humped" 
list.

• CRT display.

Table 9
SWITCH ALIGNMENT FOR FRONT-END TRIM OPERATION

Input Process Output
• Instruction from hump 

supervisor’s console,
• Computer flags indi

cating blocked or 
locked areas.

There are occasions when the hump engine is asked 
to perform trim operation at the front end of the 
yard (from the crest to class tracks), e.g., for 
the purpose of rehumping. The instruction for 
front-end trim comes from the hump supervisor, and 
the switch alignment is done automatically for an 
area provided the trim operation will not be in 
conflict with another protected or blocked area at 
the time. When the trim operation is completed, 
the hump supervisor releases the area lock and the 
switches will then again be given back to auto
matic routing control.

Control signals to 
align switches for an 
area between the crest 
and a track.
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Table 10
AREA TRIM PROTECTION

Input P r o c e s s Output
• Instructions from yard 

master or area super
visor via on-line con
sole.

Requests may come from the yard master or area su- • pervisor via on-line computer terminals for per
forming trim operation in an area (defined by 
tracks, leads, frogs, etc.). This routine identi
fies all the switches leading into the defined 
area and locks them out from external control 
until a release command is issued. During the 
time of the area lock, the area is not accessible 
to automatic routing or humping. The control is 
given to the area supervisor or foreman for local 
manual or semiautomatic control. The signifi
cance of the area lock to the humping operation is 
that the locked tracks may cause some cars to be 
rerouted to slough tracks.

Switch alignment instruc
tions for locking all 
switches leading into the trim area for pro
tection. The switches 
within the trim areas are 
released from automatic 
control and turned over 
to area supervisors for 
local control;

Table 11
POSTCREST WHEEL DETECTOR PROCESSING

Input Process Output
Signals from wheel detec
tors (placed between the 
crest and the master re
tarder) indicating the 
passage of an axle. The 
input comes into the com
puter on a priority in
terrupt mode.

This is a front-end processing routine to reduce • 
wheel passages and passage times to axle counts 
and length between axles [based on a measured (or 
assumed) speed]. In order to enhance detection 
reliability, usually two sets of wheel detectors 
are installed (between the crest and the master 
retarder). This information will be compared with 
photocell and radar data for validity check.

Cumulative axle counts 
for each detector.
Passage time of each 
axle.

Table 12
PHOTOCELL DETECTION ROUTINE

Input Process Output
• Photocell beam contact 

change creates an in
terrupt to the PCC.

• Hump list.

The photocell detects the beginning and the end of • 
a cut (the coupling joints constitute a continued 
state). The passage times of the front and end of 
a cut will help to verify wheel detector data and 
enhance identification of car inventory between 
the crest and the master retarder. The photocell 
signal also is used to turn on and off radar dopp- 
ler pulse accumulator for car length measurement. 
Another function of the photocell sensor is to de
tect the height of cars for reliability measure
ment .

The determination of 
the beginning and the 
end of a cut and the 
sending of a signal to 
the radar unit to turn 
on and off radar dopp- 
ler pulse accumulator 
for car length measure
ment .
Cut passage times 
(both front and end).

• Car height category.
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Table 13
R A D A R  D E T E C T I O N  O F  C U T  L E N G T H

• Radar pulse return. The radar doppler pulse accumulator is turned on • Cut length measurement.
and off by photocell’s detection routine. Cut 
length data are calculated and used for speed con
trol and car identification.

_________Input_________  ___________________ Process___________________  ________ Output_________

Table 14
DETERMINATION OF CAR AXLE COUNT

Input P r o c e s s Output
• Wheel detector routine 

information.
• Photocell routine in

formation.
• Radar routine infor

mation.

On a priority interrupt basis, wheel detector data • 
(axle passage and passage time), photocell data 
(beginning and end of a cut, coupled cars), and 
radar data (cut length) are checked and correlated 
to determine the number of axles for each car. #
Assumption is made as to the standard distances 
between axles, distance from coupling point to the 
first set of axles, and the maximum number of 
axles on a car, etc.

Determination of the 
number of axles for 
each car and length 
between axles.
Car speed.

Table 15
POSTHUMP CAR IDENTIFICATION AND VERIFICATION

Input P r o c e s s Output
• Output from the deter

mination of car axle 
count routine.

• Hump list.
• Pin-puller list.

This routine reconciles car and cut information in 
the hump list and pin-pullerfs list with the 
sensor-obtained information by confirming the num
ber of cars in each cut, car lengths, cut lengths, 
and so forth. In the event of a discrepancy (may 
be caused by sensor inaccuracy or mistakes in pin
pulling, etc.), corrective entries will be made to 
reflect the true tag number of cars. A crest-to- 
master retarder car inventory file ("as humped 
list") is maintained in order of car position and 
cut configurations. Each car record also contains 
data related to speed control and reliability 
functions.

Updated car and cut 
identification in 
crest-to-master re
tarder inventory file.
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Table 16
WEIGHT SCALE ROUTINE

Input Process
• Car axle count and 

identification infor
mation.

• Weight of car.
• Car record.

The scale (placed after the car identification and 
speed sensors) obtains gross weight of each car, 
and based on other attributes from the car record 
(car type, capacity, tare weight, length, height, 
etc.), the routine will determine whether the car 
is overweight. If so, the car will be rerouted. 
The gross weight of the car will be recorded in 
the car record for two purposes:

For waybill information under the MIS function 
For speed control.

Table 17
WEIGHT CLASSIFICATION

________ Input________  _________________ Process_________________
• Weigh rail reading. The weigh railfs function is to classify each car

into a weight class (e.g., light, medium, heavy) 
in order to activate master retarder control.
This function is a locally distributed PC function 
which may be handled by either an analog device or 
a microprocessor. Its output will go directly to 
a master retarder control. It can be viewed as an 
inner ioop of a speed control function (the outer 
loop being the scale weight routine processed by 
the PCC for a more global application).

Enter scale weight to 
car record in the "as 
humped" list for rev
enue and speed control 
purposes.
Initiate rerouting in 
the event the car is 
overweight.

______Output________

_____ Output_______
Weight category clas
sification to master 
retarder control.
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4.0 Computer Systems for Yard Operational Management Information Systems
4.1 General

The main purpose of the yard MIS function is 
to provide better and more timely information in 
order to enhance operational efficiency. The MIS 
function can be further subdivided into two 
groups: (1) those functions that primarily bene
fit system central data processing, and (2) those 
functions that primarily benefit the local yard. 
However, policies and procedures regarding the di
vision of responsibility between "central" and "local" differ from one railroad to another; a 
clear-cut grouping scheme is therefore not possi
ble. The most common information that is made 
available through a terminal MIS computer system 
pertains to the following:

• Car locations and descriptions.
• Yard inventory (by track, by position, or 

by area).
• Train lists.
• Advance consists.
• Classification table.
• Hump switch list.
• Yard crew and engine dispatching.
• Operational planning and management deci

sion systems (models).
• Statistical and management reports.

4.2 System Variations
In order to describe the various computer 

network architectures among railroad yards (1, 2, 
9, 10, 11, 12, 13, 14, 17, 19, 22, 23, 28, 31, 32, 
37, 38, 39), we divide the locations of the system 
installation into three levels: (1) the system
central, (2) the yard central, and (3) the user 
station.

In many small yards, the computer apparatus 
(remote I/O terminals) at the user locations are 
directly linked with the main-frame processor at 
the system central, and the local yard does not 
have its own on-site computers. More railroads 
are now looking into the possibility of using in
telligent terminals or microprocessors to enhance 
I/O functions at the user station in order to re
duce data link costs and formatting requirements 
at the host computer.

Currently, the yard MIS network architecture 
seems to converge into three different organiza
tions: (1) centralized, (2) decentralized, and
(3) regionalized.

At the system central, the company system- 
wide MIS computer may be represented by S.P.'s 
TOPS, or MOPACT s TCS (2). For yard MIS applica
tions, the yard MIS system may be represented byS.P.1s TCC (19) system, MOPAC's YATS (17) system, 
or U.P.Ts TIS (22) and CIS (11). Under a central
ized system, the yard MIS computer (or computers) 
is colocated with the system-wide MIS computer

complex. Each individual yard will not have its 
own on-site computer but communicates with the 
yard computer via communication lines and I/O ter
minals. These I/O terminals are typically CRT or 
teletype stations, but occasionally they also in
clude card readers, card punches, and line print
ers. A typical centralized system is illustrated 
in Figure 3. A centralized system may also use distributed process; for example, intelligent ter
minals or I/O computers with limited computing and 
memory capacity may be used in the yards to per
form local calculation, editing, and format en
hancement (28). It is also the policy of a number 
of railroads that all yard MIS software packages 
and computer terminal operating procedures must be 
standardized throughout the system. The major 
factors in favor of a centralized system seem to 
include the rail network characteristics (a linear 
system rather than a grid-type system) , the low 
cost of communication lines, and labor union rules 
governing the local yards.

Under a decentralized approach (see Figure 
4), the yard MIS computers are installed at indi
vidual yard locations and are under the control of 
the yard management. Software and operating pro
cedures are by and large standardized but allow 
for local variations. The variations include:

• Computer hardware configurations
• Scope of application
• Software
• I/O restrictions.
One of the major railroads uses three levels 

of yard MIS systems— minicomputers, microprocess
ors, and intelligent terminals. However, in al
most all cases, the decentralized approach still 
maintains central control on software development 
and maintenance.

The regional approach (18) may be viewed as a 
compromise between the centralized approach and 
the decentralized approach. Under this system, 
the yards are grouped into regions, with each re
gion having its own MIS computer complex. The re
gional yard computer systems may reside at the 
computer headquarters or at some large classifica
tion yards. Most of the yards will then have only 
I/O terminals connected on-line with the regional 
computer. A typical system configuration is il
lustrated in Figure 5.

4.3 The Trend of Future Applications
4.3.1 General

The yard MIS functions may be divided into 
two categories which serve the purpose of either 
(1) on-line inquiry and report generation, or (2) dynamic decision making. The former includes functions such as track inventory, car location 
and car record, operational statistics, and ac
counting. The latter includes functions such as 
dynamic track assignment, crew dispatching, and 
engine dispatching. The trend of computer application is steadily moving toward dynamic decision- 
-making functions. More and more railroads are now
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developing or installing on-line decision aids to 
assist the yard master or his staff to make real
time decisions regarding yard resource allocation, 
scheduling, and dispatching. Several examples of 
these applications are described below.

4.3.2 Dynamic Track Assignment
Sponsored by the Freight Car Utilization Re

search Demonstration Program of the Association of 
American Railroads, the Phase 1 work on a 
computer-assisted dynamic track assignment system 
has just been completed (36). The program is de
signed to improve the ability of a yardmaster to 
respond consistently to daily variations in traf
fic and operating conditions by dynamically as
signing tracks so as to maximize track utilization 
and minimize trim-engine effort. The program op
erates under the complete control of local yard 
management. By appropriately specifying program 
inputs, the program can be made to produce more 
static or more dynamic track assignments. This 
allows the program to be tailored to the operating 
environment of any yard.

Because each railroad’s terminal computer 
system is different, the program has been designed 
as a stand-alone system coded in standard FORTRAN 
on a commercial time-sharing service to facilitate 
industry-wide transfer. Because the program has 
been designed to stand alone, a simple yard inven
tory system is capable of providing track lists on 
request and allows the user to move cars within 
inventory.

The coding and structure of the program have 
been designed to facilitate conversion to a 
railroad-specific terminal computer system. Some 
railroads may wish to use the entire software 
package, which includes the dynamic track assign
ment logic plus the simple yard inventory system. 
Other railroads may wish to retain only the dy
namic track assignment logic and interface this 
logic with their own more sophisticated yard in
ventory system. The program has been designed to 
facilitate this latter alternative; however, the 
details and work involved depend on the input and 
output structure of the specific yard inventory 
system.

4.3.3 Yard Crew Management System
An example of this application is Bessemer & 

Lake Erie Railroad Company’s Computer Crew Manage
ment System (6). The Crew Management System main
tains all records needed to control 1,200 employ
ees and to staff from 100 to 200 railroad crews a 
day, plus the clerks, janitors, and yard masters 
needed to support the operating crews. The system 
transmits to each yard office the following re
ports each turn: Tomorrow’s Boards, Working
Boards, and Extra Boards for five divisions of the 
two operating crafts plus those for the nonoperat
ing crafts. There are also numerous reports 
available to the crew dispatcher to aid him in 
controlling the operation. The system also cre
ates a standard 8-hour payroll record which is 
transmitted to the central computer center for 
processing.

The computer configuration consists of two 
minicomputers with 64 KB of memory (one main sys
tem, one for backup), four 2.5 megabyte disk 
drives (two for each computer), two CRTs, four 
custom keyboards, two line printers, and two 
transmission lines to TTY Network.

There are 60 various application programs 
and subroutines contained within this system, all 
of which were written in FORTRAN V. These pro
grams handle the following major routines:

Backup/restore; creation of files.
Payroll/work records.
Processing of activated crew boards and
extra boards.
Retrievals and updating master records.
Processing of advertisements and awards.

The system also handles automatically:
Processing bumps.
Returning to active status those new on
vacation, permitted off, etc.
Swiping of crew on relief days.
Handling of hold down (non-ops) jobs.
Payroll/work records.

4.3.4 The Emergence of Microcomputers
The emergence of microcomputers and their 

growth in data processing capabilities introduced 
a new dimension in yard computer applications. A 
microcomputer can function as a stand-alone de
vice with its own on-line CRTs and printers. In 
addition, it can serve as a satellite for a main
frame computer connected via voice-grade lines.
A number of railroads are expanding their utiliza
tion of or investigative effort into low-cost 
microcomputers (2, 28, 30, 31) for yard MIS func
tions. Small flat yards may even use the system 
as potential replacement for the conventional PICL 
(Perpetual Inventory Car Location) system.

The primary reason for cost reduction in mi
crocomputers has been the research, development, 
and engineering effort spent on increasingly com
plex circuits which tend to lower the cost per 
function for the circuit production (40). Assum
ing that each transistor represents one circuit 
function, or one ’’bit" of memory, the ability of 
putting multiple functions into an integrated cir
cuit has doubled 11 times in the last 17 years 
(40). It is predicted that the new technology in 
electronic chip manufacturing will assure a dou
blefold capacity growth every year for at least 
the next 5 years. The cost per bit of computer 
memory will continue to decline from approximately
0.12 cents in 1978 to under 0.02 cents in 1983 
(based on 65 K bits of memory).

The progress in microelectronics is particu
larly attractive to small yards and small rail
roads because a desk-top installation requires 
relatively low capital investment and operating 
cost.-195-
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SUMMARY OF QUESTION AND ANSWER DISCUSSION 
October 30, 1979

Classification Yard Computer Systems
Presentation by Paul L. Tuan 

SRI International

There was some discussion following the SRI 
International,presentation on yard computer 
systems, and concern was expressed that Dr. 
Tuan’s presentation should appear in the,pro
ceedings.

The technical discussion naturally fell 
into two areas. The first of these addressed 
the computer technology to be covered in the 
manual. In addition to covering hot and cold 
standby computers, a relay standby system will 
be addressed. This is an old system, but a very 
reliable approach for serving as a standby to a 
computerized process control system. Enhance
ment of existing systems, including both hard
ware and software, is to be covered.

The other area of technical discussion 
revolved around how the manual would assess 
benefits. The methodology will be very detailed 
and will include tables, graphs, and worksheets. 
Yard capital investments must compete with other 
portions of the railroad for resources, so it is 
important that the methodology be very complete.
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COMPUTER SYSTEMS QUESTIONNAIRE SECTION

1. What yard computer system will you be con- 
sidering in the near future?

2. What are the justifications for installing 
the new computer system?

3. What are the steps you have to go through in 
order to acquire a new computer system?

4. In regard to Management Information Systems 
(MIS) for the yard, please describe the 
division of responsibility between company 
central data processing and the local yard.

5. What are the major applications for a yard 
MIS computer?

6. What would you like to see in a yard computer 
handbook?

7. How would you like the software to be de
veloped - by in-house people or by contract 
service?
In the near future railroad companies are 

expected to consider installing the following 
computer systems:

• Mini-system.
• Process control (PC).
• PDP 11/60 PC computers in hot standby 

configuration.
• GRS process control at Linwood, Dewitt, 

and St. Luke yards.
• Dual PC computers (hot standby) and dual 

MIS computers (hot standby).
• In-house management information system 

(MIS).
• Tandem yard MIS computers.
• Advanced consist interface with 

carriers* data exchange— computerized 
classification.

Justifications for installing these new 
computer systems are:

• Cost reduction.
• Improved throughput with better decision

making information to support process 
control.

• Data integrity for downstream systems.
• Improved information.
• Clerical savings.
• Reduction in classification errors.
• Advanced work planning.
The major step in acquiring a new system 

is cost justification or evaluation of return 
on investment. Other considerations include 
thorough research, showing that alternatives 
had been properly evaluated, and obtaining 
management and board approval.

Five railroad employees would like the 
software for their computer systems developed 
in-house. One noted, however, that this was not 
possible because of manpower problems. Another, 
while preferring in-house design, would use 
outside consultants to assist in the development. 
A third respondent noted that MIS software would 
be developed in-house, while PC software would 
be bought from a turnkey vendor. Two persons 
said they would prefer a contract service to 
develop the software, and five would like a 
combination of in-house and contract service.

Division of responsibility between central 
data processing and the local yard varies greatly 
from company to company. In one firm, all compu
ters are controlled centrally and are installed 
as turnkeys in the field. In another company,
MIS will receive inbound consists from the 
central computer and transmit outbound consists 
to the control computer. All other functions 
are done locally. An interterminal management 
system, with local yards on the IBM 1050 system, 
is used by one company. In another, the yard MIS 
stands alone after central or regional input.
One respondent described the division as the 
local yard assuming responsibility to input the 
information and central data processing taking 
responsibility for the operation of the programs.
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Another said that the local yard is responsible 
for quality control. Several people simply said 
the local yard had most of the responsibility.

Major applications for a yard MIS computer 
include the following:

• Inventory.
• Statistical data.
• Terminal performance planning, measure

ment, and operations support.
• Elapsed time.
• Demurrage accounting.
• Interchange processing.
• Crew management.
• Waybilling.
• Car allocation.
• Hump lists.
• Prehump simulations.
• Yard and industry work orders.
• Switch list preparation and consist 

transmission.
9 Job orders.
• Communication with process control 

computers.
• Management reports.
Items suggested for inclusion in a yard 

computer handbook are listed below.
• Planning and design of computer systems 

and description of user involvement.
• Comparisions showing cost-effectiveness 

of yard computer configurations.
9 Methods for assessing usefulness of 

different computer systems as traffic 
increases.

9 Yard MIS applications, particularly yard 
performance statistics and applications.

9 Examples of how railroads approach yard 
MIS.

9 Basic information only, not computer 
selection information (i.e., brand 
names).

9 Descriptive inventory of all options in 
hardware and software that are available.

9 Suggested functional specifications for 
CRT devices, printers, etc.
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9 Description of how computers can assist 
in developing geometric switching for 
yardmaster use.

9 Storage techniques for car inventory.
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