
56 

CONCLUSIONS 

.. -· . · • • •-----L-.!I ----- _, __ 
U.L .LUVJ..llL.Vll t'&.""'Ooi;;;;ll\..o;...... UU.A••_z fJ..0.. .... 11 

ning challenges. The need to greatly increase ca
pacity contrasted s ha r ply with the limited property 
available for expansion. This contrast heightened 
the need to investigate a wide range of plant and 
operating alternatives, select the one that best 
balanced capital and operat i ng requirements, and 
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further test and refine the chosen alternative. The 
TRIM simulation model was the only way of ensuring 
that these needs would be realistically met within a 
ro~ann~hlo ~imo ~r~mo . rN 1 A Tr~nR~nrtAt;nn ~lannina 

Department is confident that through the use of 
TRIM , an excellent yard design has been developed. 
This belief is shared by senior CN management and 
executives, who have approved the proposed flat plan 
1 design as the basis for long-term expansion at 
Thornton Yard. 

Engineering Design and Operational Study of 

Coyotepec Yard 
SANTIAGO CARDOSO-CONTRERAS AND PETER J. WONG 

Coyotepec Yard, near Mexico City, is being designed to handle 6,000 cars on 
a peak day. The basic de;ign and the results of computer evaluation studies 
are presented. Topics addressed include trim-end design; capacity of the yard; 
humping rate; size of receiving, classification, and departure yards; and number 
of inspection and yard engine crews. 

National Railways of Mexico has planned a large hump 
yard, Coyotepec Yard, with a capacity of 6,000 cars 
per day, the largest in the Western Hemisphere. 
S upplement i ng an existing, obsolete facility north 
of Mexico City, the new yard will become a key point 
for the country's rail network. The design of such 
a high-capacity facility required departures from 
conventional practice. In final form, the design 
represents a collaboration of the efforts of rail
road representatives and consultants from Mexico, 
the United States , and Canada. When the ya r d has 
been completed, s e rvice will be improved and effi
ciency increased on the Mexican rail network. 

Mex ico has a large r ailwav svstem in plac e today, 
which consists of 15,850 miles of track (l,000 miles 
under construction), 50, 000 freight cars (plus 
10,000 foreign cars on line at any given time), and 
1,400 die sel- electric locomotives. This sy stem 
handle s 70 million t ons o f f re i g h t annually. 
Freight traffic is expected to grow at 6. 8 percent 
annually through the year 2000. 

A large percentage of the country's rail freight 
traffic must pass through Mexico Cityi not only do 
the routes of many cars terminate there, which 
serves the needs of the city's 16 million inhabit
ants (projected at 25 million by the year 2000), but 
all lines between northern and southern Mexico pass 
through the city as well. The burgeoning freight 
traffic threatens to overwhelm the existing Terminal 
Valle de Mexico (TVM) facility. Additional capacity 
is required, and it was decided not to expand the 
existing facility but to design a completely new 
yard to be located astride the new Mexico-Queretaro 
Main Line currently under construction. Several 
benefits will result from the new facility: 

1. Reduction in transit time, 
2. Reduction in operating costs, 
3. !mpro".7ement in ('.'12stomer service: 
4. Reduction in freight-car cycle time, and 
5. Technology transfer. 

Technology transfer has acquired great importance. 
The economic recession and tremendous inflation that 
have wracked Mexico recently have made it almost 
impossible to contract a large project such as 
Coyotepec to a foreign enterprise. 

DESIGN PROCESS AND SPECIFICATIONS 

The overall yard design was divided into the follow
ing categories: 

1. Yard layout , 
2. Yard data syste m, 
3. Process-control system (PCS), 
4. Trim-end design, 
5. One-spot system and engine facilities, 
6. Operating philosophy, 
7. Operating management control points, 
8. Key operating buildings, 
9. Communication and signals (intrayard com

munication, interlocking design, and control of yard 
movements), and 

10. TV monitoring system. 

The purpose was not to complete a design in final 
de tail but to develop e ach of the fo r ego ing i tems i n 
sufficient detail to know how these systems should 
work so that necessary performance specifications 
could be prepared for the invitation of bids. An 
exception was made for the critical crest and 
switching portions, for which a detailed design was 
made from the outset. 

Yard Layout 

The most important part of a yard project like 
Coyotepec is probably the yard layout, which con
sumes the most time in the conceptual phase of a 
large yard. Many days and weeks were spent on yard 
layout by the planning team for the Coyotepec Yard. 

Three major constraints had to be considered in 
working on the yard layout. First, there were those 
imposed by the boundaries of the land site selected 
for the yard. Second, there was the division of the 
whole terminal into two phases, each of which would 
be able to handle 6,000 cars in the year 2000. The 
first is the North-South Phase (receiving yard, 
hump, classification yard, trim end, departure yard) 

.... 
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and the second the South-North Phase. The third 
constraint was the preconceived notion of yard de
sign imposed by the previous operatinq experience of 
National Railroads of Mexico personnel. Throuqh 
many meetings and discussions some of the precon
ceived notions about yard design and operation were 
abandoned. This process consumed about 6 months. 
The main issue of discussion was the advantages and 
disadvantages of two basic yard layouts: an in-line 
yard in which cars are pulled from the classifica
tion yard to the departure yard and a shove-back 
yard in which cars are pulled from the classifica
tion yard and then shoved into the parallel depar
ture yard. 

The result of this long process was six possible 
layouts of both types of yard. The one selected was 
a compromise that had both in-line and shove-back 
departure yards operating through a single multi
track pulling throat that will be able to work five 
engines at the same time under ideal conditions. 
Subsequently, one of the advisors, Bill Williamson, 
submitted another design similar to the one selected 
but with three multitrack pulling throats that can 
work six engines under most conditions. This sub
mission of a seventh layout raised considerable con
troversy with respect to how the yard would be op
erated. 

The controversy led to a decision that simulation 
was the only way to make an evaluation of the two 
alternatives. Consequently, a contract was made 
with SRI International in August 1981 to undertake 
the simulation of these two alternatives with SRI' s 
CAPACITY and CONFLICT models, so that an evaluation 
and choice could be made. Various members of the 
technical team were observed at work in the simula
tion project, and it became obvious that much had 
been learned in the past months, because this com
plex process was handled well. Because of their ex
perience in working on the Coyotepec Yard, the tech
nical team was well qualified for another project, 
and a set of alternatives for a yard in Monterrey 
has been drawn up. 

Approval was obtained from the Ministry of Com
munication and Transport for the final layout of 
Coyotepec Yard with the following specifications: 

1. Receivinq yard; 
2. Hump with a capacity of 6 cars/mini 
3. Classification yard with 64 tracks in 8 

groups of 8 tracks (the first 8-track group will 
receive cars for TVM yard only), a master retarder, 
8 qroup retarders, and another qroup retarder for 6 
tracks to the one spot (each of the 64 tracks on the 
bowl will have tangent-point retarders and inert 
retarders at each end) i coupling speed will be con
trolled at 4 mph by a double radar measuring device; 

4, Two trim-end designs, one with a single key 
and one with three keys; 

5. One on-line departure yard; 
6. One parallel departure yard; 
7. One transit train yard (relay yard) i 
8. One minihump with 5 tracks of 35 cars each; 
9. One transfer yard; and 

10. Two support yards. 

Besides all the yards, there are support facili
ties: a one-spot repair facility and a servicing 
and repair facility for electric and diesel-electric 
locomotives. 

Dual servicing facilities are necessary because 
there will be an electric double-track main line 
beside the yard, Allowance for future electrifica
tion has been made in the receiving and departure 
yards as well. Furthermore, 43 different types of 
buildinqs have been desiqned--for example, the main 
control tower and administration buildinq, the trim-
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end tower, the receivinq-yard crew building, the 
departure-yard crew building, the shops for work on 
electric and diesel-electric equipment, car facil
ity, caboose office, hospital center, and fire 
center. 

Yard Data System 

The computerized yard data system is a relatively 
new phenomenon in the railroad industry. It was not 
invented; it evolved. Before the use of the com
puter, yard data were collected manually. Required 
information was passed from location to location in 
the form of switch lists, hump lists, consists, and 
so forth. The user then read, manipulated, and in
terpreted these data for his own use. This process 
was slow, inefficient, and incompatible with the 
needs of a modern, high-technology railroad yard. 
Consequently, data systems used by two modern U.S. 
railroads were examined--the Missouri Pacific System 
(MoPac) at St. Louis, Missouri, and the Southern 
Pacific System (SP) at San Francisco, California. 
MoPac built the switch system and SP built its 
transportation commodity classification system. 
Both railroads spent a number of years and millions 
of dollars in developing the individual systems. 

Coyotepec Yard will need systems like these in 
order to operate. The question is to decide what 
kind of data system to use. Both MoPac and SP sub
mitted proposals to supply their respective systems 
to the Coyotepec Yard project. These proposals have 
been evaluated and submitted to the Ministry of Com
munication and Transport for action. 

When a specific system has been selected, it will 
be necessary for representatives from the operating 
computer systems, signals, and communications to go 
over the system in detail with the vendor to ensure 
that the capabilities for the job are available. 
Knowledqe of yard operations should be reviewed from 
the flow of yard data and the information require
ments of Coyotepec. This process will be a tremen
dous learning experience for those involved and the 
required knowledge cannot be gained in any other 
way. The technical group will then become the core 
of expeftise that will be necessary to further ex
pand, develop, and use efficiently the data system 
selected. During this third step of detailed ac
tivity it will also be necessary to work with the 
PCS suppliers to design an operating interface be
tween the two systems. 

PCS 

One of the most important elements in a modern rail
road hump yard is the PCS and the humping function 
it serves. If the Coyotepec Yard is examined, it is 
easy to see that the hump is a center of great ac
tivity and also that many functions support the hump 
work. Furthermore, the sorting process done by the 
hump has a strong and direct bearing on the capacity 
and efficiency of the whoie yard and, in this case, 
the whole railroad. Because of this, the efficiency 
of hump support functions must be proportional to 
humping capacity or the inherent capacity of the 
hump is restricted. This is the reason for careful 
study of the specific data interface between the 
management inventory system (MIS) and the PCS, the 
weigh-in-motion scale (ahead of the hump), and the 
specialized design of the pull-out end of the clas
sification yard, which will be discussed later. 

The stated goal for the first yard at Coyotepec 
was 6,000 cars per day at the peak. Observation of 
the SP West Colton Yard near San Bernardino, Cali
fornia, in which cars are humped by using the PCS, 
gave evidence that this humping rate was economical 
and safe on a regular, ongoing basis. Therefore, a 
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recommendation to the Ministry of Communication and 
Transport was made without hesitation that the West 
Colton system be used at Coyotepec if anticipated 
hn"'!'in~ l .. v .. lA wf>r" to b" achi .. ved. However. it was 
necessary to review in detail how the system works 
and its many features and components such as retard
ers and electrical supply systems. The ability of 
various suppliers to produce this kind of FCS was 
also discussed. Project team members and Mexican 
railroad personnel must now review and evaluate each 
proposal. If possible, the vendors should make an 
exhaustive presentation of their products. Impor
tant items i n"l nt'IP t'li!t.i'I flow from inbound trains and 
return of individual car data from the PCS to the 
MIS for inventory updating. Data needed by the PCS 
to hump cars include such problems encountered dur
ing humping as the wrong list, catch-ups, stalls in 
the switching section, and breakaway of uncontrolled 
cuts. 

Trim- End Design 

If the PCS is one of the most important elements in 
a modern railroad hump yard, what about the trim-end 
design for this project? Once a hump had been de
veloped to handle 6, 000 cars per day, a trim-end 
design with at least the same capacity became neces
sary. The first step was to translate into Spanish 
the section on hump yard trim-end design of SRI' s 
Railroad Classification Yard Technology Manual <ll, 
in which a manual procedure to evaluate engine con
flicts and interferences at the trim end is de
scribed. This was used to simulate the pullout 
end. A matrix with the number of classification ana 
departure tracks ,(on-line and parallel departure 
yards) was constructed. In one layout (1:2000 
scale) all the switches were shown that the trim end 
needed to permit any car in any classification-yard 
track to pass through the throat to the departure 
tracks (both on-line and parallel yards). The 
switches were all numbered and values were given to 
the parameters describing various engine movements. 

The manual simulation was used to screen many 
different alternatives, one of which was the alter
native presented to SRI. With the help of Peter J. 
Wong and Masami Sakasita, some changes were made and 
further simulations were conducted. The thre .. -key 
design by Bill Williamson was simulated as well. 
Both plans proved to be good designs. Williamson's 
is more expensive in its construction and mainte
nance, but it has more capacity (7,200 cars in a 
peak day) • However, it also needs personnel with 
advanced knowledge of yard operation, which is a 
type of expertise not available on this project. 

Although this is a satisfactory design with a new 
layout and a new trim-end design, there are many un
known factors. Theoretically, this project will be 
able to handle 6,000 cars in a peak day, but it may 
not. The quality of work by contractors and con
struction supervisors will have an impact on the 
eventual performance as well, Only when such a yard 
is actually in operation, such as the new Queensgate 
Yard in Cincinnati, Ohio, will it be known whether 
the projections for Coyotepec Yard are correct. 

One-Spot system a nd Engine Facil itie s 

An efficient car repair facility is essential to the 
operation of a large yard because of the anticipated 
2 percent bad-order rate during normal operations. 
If the bad-order (defective) cars are not handled 
consistently, their backup and consequent storage 
and switching requirements can soon have a detri
mental effect on the entire vard operation. Moving 
bad-order cars by means of "mechanical rabbits• into 
the repair shed has been considered. The repair 
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building is equipped with stationary hydraulic 
jacks, small retarders, all necessary tools, car 
parts, wheel sets, blue flag systems, and so on. 

Th<> "!'"'"ifi,,,.t-innR nf th .. facilitv are standard: 
the location of the one spot is important. It must 
be placed so as to minimize handling of cars to and 
from the shop. That is why it will be located in 
the middle of the yard between the North-South Phase 
(first phase) and the South-North Phase (second 
phase). The car repair facility will have the ca
pacity for 61 light repairs and 120 on the one spot 
(four tracks). It will also be able to wash and 
A11pply 100 ci'lhooses, to repair 5 cabooses, to wash 
20 tanks, and to transfer freight loads between two 
tracks. 

The facilities for electric engines will have the 
capacity to handle washing, travel inspection, and 
sanding of 121 engines. For diesel-electric engines 
the facility will have the capacity to handle wash
ing, fueling, and light repair of 181 engines (ca
pacity, 12 per day). 

Blue-flag systems are the means by which mechani
cal and locomotive department employees are pro
tected from injury while they are working on or 
under engines, cars, or other rolling equipment. 
Performance specifications for the various blue-flag 
systems to be used in the yard have been supplied. 
This includes those to be used in the one-spot fa
cility along with other protective devices required 
and operating restrictions to be observed in moving 
cars through the one spot. 

Operati ng Philosophy 

Because of the many new concepts that were being ex
plored, it was felt that a document was needed that 
would help explain how the new yard should operate. 
Consequently, early in 1982 an extensive document 
was prepared that discusses in considerable detail 
the main functions, processes, and systems involved 
with moving cars into, through, and out of Coyotepec 
Yard. This document also contains discussions and 
recommendations concerning the importance of the 
main lines at each end and how Coyotepec Yard should 
accommodate the flow of trains to and from these 
lines. This document provides a good overview of 
the kind of yard Coyotepec will ultimately become 
and of the kind of operating problems that will be 
faced. 

Operati ng Manage me nt Control Po i nts 

Because of the high throughput expected of this 
yard, it was not feasible to design it without ex
ploring as many of the common weaknesses found in 
existing yard operations as possible. A great deal 
of time was spend discussing with operating per
sonnel the need for coordination and control in a 
yard expected · to handle 6, 000 cars per day. This 
problem was addressed not only in the document on 
operating philosophy but also either directly or 
indirectly during the entire project. Every track 
layout and system recommended inherently contained 
the elements needed to control and coordinate the 
operation at Coyotepec. Detailed recommendations 
were made for two operating control points--the 
crest tower and the trim tower. These are the two 
points from which all activities in the yard are 
directed, from the arrival of trains to their depar
ture, as well as all related processes. The actual 
design of these towers reflects the many discussions 
on this important subject. 

Key Operatinq Buildinqs 

Considerable time (about 6 to 7 weeks) was spent 

--
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working on the key operating buildings to be in
cluded in Coyotepec. The largest of these is the 
main administration building, to be located near the 
crest of the hump. This building will include ad
ministrative offices, the main yard office for cler
ical functions, the main operator tower, and the 
process-control computer room. If the management 
computer system is to be located at Coyotepec, its 
computer center could be in this building as well. 

The second most important building is the trim 
tower, to be located at the pull end of the class i
f ication yard. All train makeup activities will be 
directed and monitored from this point. The remain
ing buildings to be designed were the mechanical and 
locomotive force buildings. In this process draw.
ings made by the coordinator of each building were 
reviewed in terms of the functions it was to sup
port. After two or three iterations of this pro
cess, concept drawings of these key operating build
ings were made. The drawings were then sent to the 
ar_chitects for preparation of toe final plans. 

Communication and Signals 

Signals and communication are involved in almost 
every element of yard operation. A few of the more 
important topics discussed are mentioned here. 

Intrayard Communication 

The major portion of oral communication within the 
yard would be via telephone and intercom systems; 
there would be minimum use of two-way speakers. 
This follows recent trends in other yards. 

Interlocking Design 

There was considerable discussion about whether the 
yard should have direct contact with the dispatcher 
when trains move into and out of the yard or whether 
it should be surrounded by an independent interlock
ing system. In other words, should trains move from 
central traffic control (CTC) directly into yard 
territory or from CTC territory interlocking into 
yard territory? This was studied carefully. After 
two or three meetings with the operations personnel 
it was decided to install a manned interlocking sys
tem because it is less restrictive. Moving the 
trains, cuts, and engines into and out. of a yard 
through a local interlocking system is much more 
flexible and efficient than operating directly into 
a CTC system. 

Control of Yard Movements 

In a large yard such as Coyotepec there is always 
substantial movement. Trains are arriving and de
parting, road locomotives are moving from trains to 
the servicing facilities and from the servicing fa
cilities to trains, and light yard engines and yard 
engines with cars are moving about in and between 

. various sections of the yard. In many yards this 
profusion of movement generally results in signifi
cant confusion and delay, particularly when there is 
a large work load and decreased efficiency. To 
avoid this problem, it is necessary to establish a 
central control over routes and signals in order to 
coordinate them. This will be done by the wide use 
of power switches and various signals controlled 
from two points, the hump operations tower and the 
trim tower. This system was thoroughly discussed 
with operating, signal, and communications personnel 
and advisors, and visits to existing yards made it 
possible to see the system and its components in 
operation~ Signals and communications personnel 
worked with the advisors to lay out a centralized 
control system for yard movements at Coyotepec. 
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TV Monitoring System 

One item discussed in detail was the possible use of 
a TV system for monitoring inbound and outbound 
trains. Because of the success of this type of sys
tem in yards in which it has been installed, it was 
recommended that such a system be used at Coyotepec. 

It is not possible to mention all the activities 
and details covered in such a complex project as 
this, Nevertheless, some of the more interesting 
aspects of design concern the physical layout of the 
tracks. A more detailed discussion of this part of 
the design process follows. 

COMPUTER SIMULATION OF YARD DESIGN 

Background 

Because of the shape of the available land, the 
basic design of Coyotepec Yard will have an in-line 
receiving yard, a classification yard with 64 
tracks, an in-line departure yard for trains depart
ing to the south, and a parallel (pullback) depar
ture yard for trains departing to the north. This 
basic design is called the one-key design (Figure 
1). A proposed modification of the basic one-key 
design was to subdivide the in-line departure yard 
into three in-line departure yards; this design is 
called the three-key design. One of the important 
issues in this project was to decide which of the 
two designs could better meet the projected needs of 
Coyotepec Yard. 

The other design and operational questions to be 
resolved for Coyotepec Yard were the following: 

1. How many cars can Coyotepec Yard classify? 
2. How many trains can Coyotepec Yard process? 
3, What should the humping rate be? 
4. How many · tracks should there be in the re

ceiving, classification, and departure yards? 
5. How many inspection, hump-engine, and trim

engine crews are required to operate the yard? 

Evaluation Methodology 

SRI International developed the computer simulation 
models CAPACITY and CONFLICT to aid in the design 
and operational evaluation of railroad classifica
tion yards. These two models were used to simulate 
various aspects of Coyotepec Yard. 

The CAPACITY model represents the entire yard, 
whereas the CONFLICT model focuses on the trim end 
of the classification yard. The CAPACITY model es
timates the requirements for and use of the receiv
ing, classification, and departure tracks; the hump; 
and inspection, hump-engine, and trim-engine crews. 
However, in many situations, especially in large 
hump yards, the trim end of the classification yard 
can be a bottleneck. Consequently, examining the 
trim end in more detail than is provided in the 
CAPACITY model is often useful; this is accomplished 
in the CONFLICT model. The CAPACITY model uses the 
average rates of work in the performance of tasks, 
but ip the CONFLICT model the work of each trim en
g.ine is monitored and evaluated in detail. 

These yard models enable the user to operate the 
yard in the computer in much the same manner as in 
the real world. Performing operational experiments 
in the computer, however, is much more practical and 
efficient than performing the experiments in the 
real world. To run the models, the user must de
velop a detailed train schedule and operational sce
nario for each case to be studied. Specifically, 
the data include inbound and outbound train sched
ules and consists, instructions for the order of 
humping inbound trains, classification-track assign
ments, instructions for the order of making up out-
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Figure 1. Approximate schematic of one-key design. 
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Figure 2. Approximate schematic of three-key design. 
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bound trains, assignment of inbound and outbound 
inspection crews, and the allocation of work to 
hump- and trim-engine crews. 

Thus the preparation of input data for the models 
requires considerable thought to properly plan the 
yard operations. This is especially true for ex
amining projected scenarios for which no data or 
experience exists. Consequently, on the basis of 
projected traffic data provided by INPLAN, the joint 
INPLAN-SRI team created realistic train schedules 
and operational scenarios for the years 1985, 1990, 
1995, and 2000. 

One of the fundamental tasks of this study was to 
evaluate the one-key and three-key designs and se
lect the better alternative. Because the designs 
are essentially the same except for the trim end, 
the CONFLICT model was used to quantitatively eval
uate the trim-end capacity of the two designs. 

Then the CAPACITY model was used to estimate the 
overall capacity of the design alternative selected 
and the track and crew requirements for the years 
1985, 1990, 1995, and 2000. A base-case scenario 
was developed for each year, and then a sensitivity 
analysis was performed to test the ability of the 
yard to respond to changes in the base-case sce
nario. For example, the hump rate was varied, ar
riving trains were concentrated into a 2-hr period, 
and outbound trains were delayed on the departure 
tracks. In this manner, the sensitivity of the yard 
to normal operational disruptions could be analyzed. 

Selection of One-Key Design 

SRI analyzed the basic one-key Coyotepec Yard de
sign, shown in Figure 1. It consists of an in-line 
receiving yard, a main classification yard adjacent 
to the TVM classification yard, an in-line departure 
yard, a parallel (pullback) departure yard, and a 
minihump yard. 

SRI also examined a modification in the trim end 
of the basic desiqn, which is called the three-key 
design. As indicated in Fiaure 2, the three-key de
sign is essentially the same as the one-key desiqn. 
The difference is that the main classification yard 
is subdivided into three classification yards that 
are connected to three in-line departure yards via 
three segregated sets of trim-engine routes called 

Key i 

~-----~------Key '2 ....-----....!f!:..L_!!O..,!?epa1ture ---
~ -------

Key 3 

keys. The three-key design concept is a variation 
of SP's West Colton Yard trim-end design. The pur
pose of the three-key design is to provide as many 
segregated routes as possible from classification 
yard to departure yard so that as many trim engines 
as possible can be used without conflict and inter
ference. 

However, the segregation of routes between the 
classification yard and the in-line departure yard 
makes it difficult to pull a cut of cars from the 
classification yard to tracks in a departure yard 
not in the same key. This geometric restriction 
constrains operations in the yard because cars as
signed to classification tracks associated with a 
given key must be made up on trains in the departure 
tracks associated with the same keyi that is, cross
overs from one key to another are virtually impassi
ble. This operating restriction profoundly limits 
the yard's -flexibility iri respondi no to daily 
changes in outbound train schedules and makeup in
structions and in the inbound traffic level and mix 
of cars. For example, changinq the classification
track assignment for a group of cars to either a 
lonqer or a shorter track to fit the expected volume 
is more difficult because the yardmacter must ensure 
that the train carrying that group of cars departs 
from the departure track correspanding to the 
changed classification-track assignment. Similarly, 
if a classification track overflows, the overflow 
cars must be put on an empty track on the same key. 
Also, if on a particular day it is necessary for a 
departing train to have a different consist mix, the 
only cars that can be assigned to the departing 
train are those from classification tracks in the 
same key. 

The detailed CONFLICT model analysis indicated 
that for a given classification-track assignment and 
a specified departing-train schedule and consist, 
the capacity of the one-key design is slightly 
greater than that of the three-key desiqn. The lay
out and operations of the three-key design dictate 
that all southbound trains and a significant portion 
of the northbound trains depart to the south from 
the in-line departure yard. (Note that the north 
trains departing to the south reverse direction he
fore entering the main line via a balloon track.) 
The analysis also revealed considerable conqestion 



Transportation Research Record 927 

Table 1. Recommended minimum requirements: one-key design. 

Design Feature 1985 1990 1995 2000 

No. of tracks 
Receiving yard 14 15 18 22 
Departure yard 

North 7 9 10 12 
South 7 9 10 12 

Minimum hump speed 4.0 4.0 5.0 6.0 
(cars/min) 

Crew8 

Inbound inspection 4, 4, 4 4,4,4 5, 5, 5 7,7,7 
Hump-engine 2, 3, 2 2, 3, 3 3, 3, 3 3, 3, 3 
Trim-engine 

North departure yard 2, 2, I 2,2,2 2, 2, 2 3, 3, 3 
South departure yard 2, 2,2 3,3, 3 3, 3, 3 3, 3, 3 
TVM yard l, l, l l, l, I l, 2, l 2, 2,2 

Outbound inspection 
North departure yard 1, 1, I l , l , l 2, 2, 1 2, 2, 2 
South departure yard 2, 2,2 2, 2, 2 2,2, 2 3, 3, 3 

aThe group of three numbers indicates the size of crew for the first, second, and 
third shifts. 

and a crossinq conflict between northbound and 
southbound trains leavinq the in-line departure yard 
for the main line. 

An analysis of the layouts in the three-key and 
one-key designs indicated that the three-key design 
has 30 percent more tracks and switches. Therefore, 
the three-key design will be substantially more ex
pensive to build and maintain. 

Compared with the three-key design, the one-key 
design has slightly lower capacity, is less expen
sive to build and maintain, and is more flexible in 
responding to changes in traffic and operatinq con
ditions. Consequently, SRI recommended the adoption 
of the one-key design. 

Capacity of Coyotepec Yard 

Coyotepec is expected to have a peak capacity of 
approximately 6,000 cars and 70 trains per day. To 
achieve this peak capacity in the CAPACITY model 
analysis, it was assumed that the hump engines 
worked at rates slightly faster than normal. The 
normal rates of work were conservative estimates1 
the INPLAN coordinators believe that the higher 
rates of work can be sustained for short periods. 
Therefore, it was estimated that the peak capacity 
can be sustained over a period of several days but 
that the long-term steady-state capacity will be 
approximately 5,500 to 5,600 cars per day. 

Major Design Recommendations 

SRI recommended that Coyotepec Yard ultimately have 
22 receiving tracks, 12 northbound departure tracks, 
and 12 southbound departure tracks. In Table 1 the 
increased track requirements for the years 1985 to 
2000 are given. 

It is also indicated in Table 1 that Coyotepec 
Yard must: be designed to hump 6 cars per minute by 
the year 2000. Although the minimum hump speeds for 
the years 1985 to 1995 are lower, the rate of 6 cars 
per minute must be designed into the yard at the be
g inning because the humping rates are fixed by the 
hump grades and retarder placements. 

To facilitate the humping activity, SRI recom
mended that a hump-engine escape route be designed 
so that once an engine has finished humping, it can 
quickly clear the hump by going onto an escape 
track. The escape track should be so constructed 
that the hump engine can re.turn to either side of 
the receiving yard via a tunnel under the hump. 

Overpasses may be desirable at both ends of the 
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yard so that trains entering and leaving the yard 
from one main-line track can cross above the traffic 
on the other main-line track. This will prevent 
congestion from trains entering and leaving the yard 
from the main line. 

To allow flexibility for the TVM classification 
tracks to handle transfer traffic when needed, SRI 
recommended that a reasonably short and conflict
free route exist from the TVM classification tracks 
to the minihump yard. 

If a peak humping rate of greater than 6,000 cars 
per day is desired, INPLAN should consider the pos
sibility of constructing a dual-lead hump with scis
sors crossovers down the hump grade to sup~rt 

simultaneous humping operations. However, for dual
humping operation trains arriving in the yard must 
be blocked by the outlying yards so that they carry 
cars for only one side of the classification yard1 
this ensures that no cars cross over during simul
taneous humping operations. 

Yard-Crew Requirements 

The minimum yard-inspection and engine-crew require
ments for the years 1985 to 2000 are given in Table 
1. The sets of three numbers (for example, 2, 3, 2) 
indicate that there are two crews on the first 
shift, three crews on the second shift, and two 
crews on the third shift. The translation of crews 
into actual personnel is as follows: 

1. One inbound inspection crew, six personsi 
2. One hump-engine crew, five personsi 
3. One trim-engine crew, five persons: and 
4. One outbound inspection crew, three persons. 

The minimum crew levels recommended can produce a 
considerable operational cost saving at Coyotepec 
Yard. Also, staffing the yard initially at the min
imum crew levels is wise because extra crews can be 
added when the need arises. If too many crews are 
planned initially, eliminating crews later may be 
difficult because of established labor agreements. 
If Coyotepec Yard is operated at minimum crew 
levels, the crews will become used to working at 
high efficiency, even with low traffic levels: 
otherwise, when the traffic levels rise to those 
anticipated for the year 2000, the workforce will 
not be efficient enough to handle 6, 000 cars on the 
peak days. 

Coyotepec Yard has been designed to allow a spec
ified maximum number of hump and trim engines to 
work productively without conflict. Consequently, 
in the year 2000 the Coyotepec crews must be capable 
of working efficiently because inefficiency cannot 
be compensated for by the addition of extra yard 
engines, which will begin to interfere with each 
other and decrease operational efficiency. 

CONCLUSIONS 

Coyotepec Yard is approximately twice the size of 
large yards in the United States. It has been de
signed with the best technology and methods avail
able. The ability of the yard to meet its peak ca
pacity potential, however, will be determined not 
only by its physical design but also by the effi
cient coordination of train schedules with other 
outlying yards and the efficient management of en
gines and crews within the yard. To achieve long
term goals, the planning of operations for the 
successful opening of Coyotepec Yard in 1985 is 
critical because a number of labor practices will be 
established that will be difficult to change later. 

The most visible results of this project are as 
follows: 
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1. The array of yard designs was narrowed to a 
choice between two specific, new yard designs. 

2. The yard was designed to handle 6,000 cars on 
.::11 nAalr fi.::11v. 

3. The classification yard was designed to work 
together with the TVM yard and was dedicated to 
serve only a group of eight TVM tracks. 

4. A trim end was designed with a capacity equal 
to that of the hump and with great flexibility, few 
conflicts, and low cost. 

5. The minihump was designed with the trim end 
east of the on-line departure yard and later changed 
to be beside the classification yard west of the TVM 
group. With this change there will be fewer con
flicts at the trim end. 

Employee acceptance of the new yard and its new 
systems may pose problems when the yard is opened. 
It is · not too early to start a program of familiar 
ization for the employees. First, sessions could be 
held with union leaders and their local representa
tives to tell them what is being planned and why and 
invite their cooperation and suggestions. Second, 
when possible, some of the new devices and systems 
could be set up in a demonstration mode so they 
could be tried. Third, comprehensive traininq pro
grams could be offered before the yard is opened. 
The training sessions should feature hands-on train
ing by using actual devices and procedures. A pro-
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gram along these lines will help to overcome possi
ble problems of nonacceptance. 
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A Modular Approach to Classification Yard Control 

ROBERT KUBALA AND DON RANEY 

A design is described that focuses on existing yards. It provides basic control 
functions and is cost-effective, expandable, and maintainable. The distributed 
system provides natural partitioning, expansion, system flexibility, and modu· 
larity through the use of microprocessors. Hierarchical relationships of each 
function within the yard are explained and illustrated. Suggested hardware 
fc:- the ey:tem inc!!.!dee reeks, !:ha!!!!, and ~mwer suppli~s, e~tim~te$ of 
facility requirements such as power, floor space, and heating or cooling are 
also provided. 

In late 1979 the need became apparent for a yard
control system with characteristics somewhat differ
ent from those of existing computer-based control 
systems. Most new control system development had 
been targeted for new yards designed for increased 
levels of automation and functional capability. 
These systems provided a level of control that could 
not be obtained by using previous technologies. 
However, these systems did not .lend themselves to 
applications in existing yards where a high deqree 
of automation was impractical either because of 
existing field conditions or the configuration of 
the yard. Therefore a project was launched to ana
lyze existing control systems and determine whether 
a system could be developed that would provide basic 
control features in a configuration more applicable 
to an existing yard facility. 

DEFINITION OF FUNCTIONS OF A YARD-CONTROL SYSTEM 

The first step in the project was to identify and 
define those functional features that might be re
quired in the target system. The track and equip-

ment layout of a yard is shown in Figure 1. A list 
and brief description of each function required of 
the control system follow: 

1. Cut detection: The control system must de-
tect a cut after it has been separated fLcm thS' 
train. The presence of the cut must be detected 
soon enough to allow characterization of the cut 
(see item 2). 

2. r.llt. charactPrization: Each cut must be char
acterized with respect to length, axle count, number 
of cars, weight, and rolling resistance. Charac
terization must be complete before · the cut enters 
the master retarder. 

3. Cut tracking: The system must track the 
movement of cuts throuqh the control area . If a cut 
proceeds on a path other than the intended path, an 
alarm should be generated. The track on which the 
cut leaves the control area should be recorded for 
reporting purposes. 

4. Switch control: The system must provide for 
automatic switch movement to ensure that each cut is 
routed to the requested classification track. 

5. Distance to couple (DTC) : The system must 
maintain a record of distance from tanqent point to 
standing cuts on each classification track. This 
information is derived from a car-count algorithm or 
from electronic hardware measuring distances. 

6. Exit-speed calculation: Given the cut char
acteristics, cut destination, curves, grades, eleva
tion drop, distance to go on the class1r1ca~1on 

track, and target coupling speed, the system must 




