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Introduction 

JAMES A. WETZEL 

Classification yard design and freight car perfor­
mance were the featured topics at the third railroad 
classification yard workshop, October 19-21, 1983, 
in Toronto, Ontario, Canada. The proqram included 
presentations at three working sessions and a key­
note address by William J. Harris, vice president of 
research and testing at the Association of American 
Railroads. The workshop closed with an inspection 
tour of the Canadian Pacific (CP) Agincourt Yard. 

Deregulation and the impact of large railroad 
system mergers are the new challenges for the rail­
road industry, Harris told the workshop audience. 
Deregulation has also affected traffic by car type 
as well as railroad classification yards according 
to J .A. Hagen, senior vice president of marketing 
and sales, Consolidated Rail Corporation (Conrail), 
who addressed the workshop's luncheon following the 
second session. 

A session reviewing knowledge of freight car 
rollabili ty and prediction of car performance was 
led by John F. McGinley. It included a panel dis­
cussion by the authors of written presentations and 
discussion of the causes and results of the princi­
pal character is tics of rolling resistance by Alex­
ander Wilson of Union Switch and Signal Division, 
Charles N. Morse of General Railway Signal Company, 
and Earl E. Frank of Abex Corporation. 

The second session covered yard-control systems; 
Alain L. Kornhauser of Princeton University pre­
sided. The third session covered yard design tools 
and practice; Carl M. Martland of Massachusetts In­
stitute of Technology presided. 

Agincourt Yard, recently converted from its orig­
inal analog system tb digital computer control, was 
the site of the workshop's final session. Hosts for 
this tour were CP general manager G.A. Swanson and 
B.F. Dixon, assistant superintendent of Agincourt 
Yard. 

As chairman of this workshop, I emphasize, in 
sununary, that the rollability of cars remains one of 
our greatest unknowns and that equating the measured 
rolling characteristics of cars with their true per­
formance remains an open field for further re­
search. I believe that even the future need for 
yards is in doubt. With boxcar traffic moving in 
Trailvans and other traffic moving in unit trains, 
industries are changing their transportation re­
quirements, which significantly affects the need for 
and the design of classification yards. If the rail 
industry is to continue to grow, the role of the 
railroads for best serving the nation must be deter­
mined. 

Below are listed 16 yard design suggestions, pre­
viously outlined at the first classification yard 
design workshop, held in Chicago in 1979 (1). These 
yard design features may or may not suit all re-

quirements, but based on my 30 years of experience, 
I believe that they can serve as guidelines. They 
are as follows: 

l. A hump yard should never be built unless it 
is needed, and two hump yards should not be built at 
the same location. The site for a yard requires a 
sufficient number of originating and terminating 
cars to justify its cost. If there are more cars 
than can be handled through one yard, a site at an­
other terminal should be located to construct the 
second yard. The number of times cars are switched 
should be minimized. 

2. Construction of a receiving yard in line or 
parallel to the classification yard is dependent on 
the terrain and the size of inbound trains. If the 
site for a yard has sufficient width and the major­
ity of trains are short (less than 80 cars), I rec­
ommend use of the parallel receiving yard. A yard 
primarily to be used for long road trains is nor­
mally suited for an in-line design. 

3. The classification yard should be a teardrop 
design with the long track in the center and short 
tracks on either side. This provides minimum curve 
resistance for the majority of the cars. If the 
yard is a high-volume yard with two parallel depar­
ture yards, the teardrop design also provides 
greater operating flexibility in classifying cars to 
tracks. 

4. The departure yard should be parallel to the 
classification yard. A parallel departure yard will 
minimize interference in assembling trains and pro­
vide gr_eater use of the classification tracks. 

5. The receiving yard and departure yard should 
be constructed with wide track centers to provide 
access to the cars for bleeding of air brakes and 
car inspection. 

6. The distance between the receiving yard and 
the hump crest and between the hump crest and the 
clearance point in the classification yard should be 
kept to a minimum. It is desirable to minimize the 
time to shove a cut up the hump from the receiving 
yard, and it is critical to maintain a short dis­
tance between the crest and the body of the yard be­
cause this is the region of potential catchup; this 
distance governs the humping speed. 

7. The lead between the receiving yard and the 
hump should be constructed with No. 10 turnouts; 75 
ft of tangent track should be the minimum distance 
between reverse curves to prevent long lightweight 
cars from lifting off the track while they are being 
shoved up the hump. 

8. The vertical curve at the hump crest should 
be at least 80 ft (approximately 12 ft per degree of 
change). The flat vertical curve will reduce prob­
lems that result from the uncoupling of long cars. 
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9. I recommend constructing 10 track groups 
with a maximum curve of 12 degrees 30 min. The 
total central angle should be kept to a minimum, 
and, if necessary, depending on the total number of 
classification tracks, two master retarders may be 
required. Curve lubricators on both rails should be 
installed below the group retarder to reduce curve 
resistance. 

10. The initial hump grade at the end cf the 
crest vertical curve should be 5 to 6 percent. This 
will achieve maximum separation between cars. 

11. The classification yard body should be 
graded at 0.08 percent and track centers constructed 
at 14 ft. The minimum track length should be 30 
cars i the maximum (depending on the total number of 
classification tracks) should be 60 to 80 cars. 

12. Inert retarders should be located 300 ft 
from the end of the clearance point on a +0:3 per­
cent grade. 

13. The end of the classification yard should be 
built with No. 8 turnouts in a tandem ladder ar­
rangement at about an lB-degree angle. The number 
of tracks connected to separate ladders is a func­
tion of the yard size and car volume. If two crews 
are used, the yard should be subdivided into four 
leads. 

14. Two or three stub-end pullout leads (depend­
ing on the size of the classification yard) should 
be used to connect the classification yard with the 
departure yard. These pullout leads should be con­
structed on a zero grade and about 10 car lengths 
longer than the longest classification track. 
Power-operated crossovers should be installed to 
permit parallel moves. The distance between the 
pullout· leads and the classification yard and be­
tween the pullout leads and the departure yard 
should be kept as short as possible. Pull distance 
should be sacrificed for shove distance. 

15. The car repair tracks should be located be­
tween the classification yard and the departure yard 
and accessible from both the hump and the pullout. 

16. The locomotive service and repair facilities 
should be located between the receiving and the de­
parture yards. 
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On the Behavior of Long Cuts with Uneven Load and 

Axle Distribution in Classification Yards 
H. KOENIG 

The behavior of long cuts being humped in classification yards is determined 
not only by rolling, curve, and wind resistance but also by load and axle dis­
tribution. Most retarder control algorithms keep cuts at a constant velocity 
notwithstanding rollability and cut makeup. This has been shown to cause 
simple and corner impacts. One method of overcoming such difficulties is 
continuous speed control combined with operative simulation of cut behavior 
shortly before humping when cut makeup is known . 

The behavior of cuts beinq humped in a classifica­
tion yard is generally thought to be determined by 
the rolling resistance, the curve resistance, and 
the wind resistance. Distribution of load and axles 
also plays an important role. 

On September 6, 1979, in Limmattal Yard of the 
Swiss Federal Railways (SBB), which is a carefully 
designed automatic yard that has 64 tracks in the 
bowl and a capacity of 6,000 cars per day, a long 
cut suffered a corner impact and subsequent derail­
ment. Examination in situ provided no clues as to 
the cause; the computer system controllinq the re­
tarders had evidently done what it had been pro­
grammed to do. 

SBB tried to verify by means of computer simula­
tion what had happened. The results of the simula­
tion showed that the cut had accelerated ahead of 
the master retarder extraordinarily quickly, had ac­
cordingly been slowed down by the master retarder, 
and had then been caught by one of the following 
cuts. The reason for the extraordinary acceleration 
was uneven load distribution: The first cars of the 
cut were loaded, the following cars were more or 
less empty, and the loaded cars pulled the remaining 
cut over the hump. 

Speed is controlled in hump yards by means of re­
tarders of different types, for example, by clasp 
retarders or Dowty hydraulic retarder units. All 
retarders attack the rims of the wheels. If all 
other parameters of a cut, notably its length and 
weight, are held constant and for the moment the 
weight sensitivity of clasp retarders is ignored, 
the retarding action will be stronger if the cut has 
many axles than if it has few. Many European cars 
have only two axles and are nevertheless longer than 
or as long as bogie cars, and there are bogie cars 
that are nearly twice as long as standard ones. If 
the front of a cut has two-axle cars and the rear 
part has equally long bogie cars, such a cut will be 
slowed down in a retarder more gently at first and 
more strongly later. When the bogie cars are in the 
front of the cut and the two-axle cars are in the 
rear, the result will be the opposite. In both 
cases time-distance diaqrams will be different. 

Procedures intended to overcome the problems cre­
ated by uneven load or axle distribution or both 
should not resort to splittinq the cut because this 
causes a succession of cuts following each other im­
mediately into the same classification track and re­
quires a substantial reduction in humpinq speed 
given the probable error in nominal exit velocity 
from the retarders. 

The most convenient means of studying cut be­
havior is computer simulation. The time-distance 
diagrams shown in this paper are the result of such 
simulations. They refer to Limmattal Yard. The 
hump layout of this yard is shown in detail in Fig­
ure 1. 

INFLUENCE OF LOAD DISTRIBUTION 

Figure 2 shows the time-distance diagram of a cut 
consisting of 14 bogie cars each 14 m long and 
weighing 60 t. The total length of the cut is 196 
m; the total weight is 840 t. The load is evenly 
distributed. The cut is framed by two single-car 
cuts running into neighboring tracks and two other 
single-car cuts, the first two preceding and the 
other two following the cut of 14 cars. The singles 
are easily running cars (rolling resistance is O. 83 
kg/t) ; the behavior of the cut of 14 cars is average 
(rolling resistance is 1.63 kg/t). 

Because it is difficult to measure the true roll­
ability of longer cuts, speed-control algorithms 
normally provide that they be kept at a constant 
velocity by master or group retarders or both, re­
gardless of rollability. 

To show the influence of load distribution only, 
it is assumed that the optimal exit velocity of both 
master and group retarders is known ; the long (14-
car) cut then will be filed optimally between the 
preceding and the following singles as shown. Be­
cause these are easily running cars, they would be 
slowed down even with target shooting in the bowl to 
a more or less safe coupling speed (in Europe, buff­
ing speed) of 1.5 m/sec. Spacing in Figure 2 is by 
definition excellent. 

Figure 3 shows the same cut succession as that in 
Figure 2 except that the loaded cars are now in the 
front of the 14-car cut and the empties are in the 
rear. Total cut we ight is the same as that of the 
14-car cut in Figure 2. The long cut accelerates 
much better than before. For purposes of easy com­
parison the hatched 'curve gives the rear coupler of 
the cut, which has an even load distribution. It 
may be observed that spacing is no lonqer optimal. 
The cut of 14 cars is now much nearer the preceding 
single after being slowed down by the siding re­
tarder (the term "siding retarder• is used inten­
tionally; in Limmattal Yard the sidinq retarders are 
situated only 10 m behind the clearance marker of 
the last switch and not at the tangent point, which 
is 90 m farther down). Nevertheless, the cut be­
havior in this situation causes no conflicts. 

The situation becomes dramatically worse when the 
loaded cars are in the rear part of the cut (Figure 
4). This cut starts to accelerate from humping 
speed (1. 4 m/sec) fairly late and then only to 1. 44 
m/sec; by then the empty cars have passed over the 
hump with the remainder of the cut. The loaded cars 
then enter the hump access gradient. The cut decel­
erates from 1.44 to 1.35 m/sec and the rear coupler 
again touches the front coupler of the rest of the 
train. With the old European side buffers and screw 
couplers this would have no consequences but with 
automatic couplers it does; they engage anew, pro­
vided they had not been put in the locked position. 
Normally this would make no sense because automatic 
couplers should engage when the cuts arrive in the 
bowl. Finally, when enough empty cars are in the 
accelerating gradient, the cut accelerates 
strongly. It is then kept at the same speed as the 
cut that has an even load distribution and later 
slowed down to safe coupling speed. 

Because the cut is late, much later than the cut 
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Figure 1. Limmattal Yard: northern half of main hump. 
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with loaded cars in the front was early, it is 
caught in a corner impact by the immediately follow­
ing single car, the destination of which is the 
neighboring track.. In Europe corner impacts with 
cars that have side buffers usually cause derailment. 

Even the oeoond following single-car cut, the 
destination of which is assumed to be the same 
track, catches the cut of 14 cars. Under European 
conditions (screw couplers) the catching car would 
stop immediately due to the ratio of mass of both 
cars involved (88 versus 840 t) because there is no 
more gradient in the lower part of the switch area. 
Thus the catching car would be an obstacle and per­
haps cause further problems. 

INFLUENCE OF AXLE DISTRIBUTION 

It is not easy to show the influence of axle distri­
bution on the behavior of cuts isolated from any 
other influence, notably load distribution, because 
if cuts are made up simply of long and short boqie 
cars and if all cars have the same axle load, then 
load distribution would vary with car arrangement. 
Evidently it must be assumed that longer cars have a 
higher axle load, so load per unit of length would 
be the same for all cars. 

Transportation Research Record 927 

Ill • .. ... 

Problems in this case may even arise from inter­
nally weight-responsive retarders. The influence of 
low axle density would be offset by higher clasp 
pressure generated by the higher axle load. 

Externally weight-responsive retarders are often 
controlled by oetting the clasp pressure propor­
tional to the mean axle load of the whole cut; this 
pressure is kept constant for all axles of the cut. 
This procedure is applied in Limmattal Yard. There 
is no risk that the wheels will climb the rail be­
cause there is a fairly wide margin between the 
clasp pressure needed for retardation and that 
needed to prevent climbing so that even short cuts 
made up of a leading empty car and a trailing loaded 
car (the worst case, because the first axle of the 
empty car has to cut the clasp) are treated without 
the occurrence of climbing. 

Figure 5 shows the behavior of another cut 196 m 
long but made up of six short cars (each 14 m long) 
and four long cars (each 28 m long). Car distribu­
tion is such that axle density is nearly even: Each 
half of the cut consists of a short, a lonq, another 
short and another long, and finally a short car. 
Cut succession is the same as that in Figures 2 to 4 
as is the exit velocity from master and group ,re­
tarders. Spacing, indeed, is optimal. 
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Figure 6 shows the same cuts except that the four 
long cars are now in the front of the long cut and 
the six short cars are in the rear. Until the cut 
is slowed down by the siding retarder, this new con­
figuration does not behave significantly differ­
ently; the hatched curve of the cut that has even 
axle distribution closely resembles the curve of the 
cut considered here. This is because both master 
and group retarders keep the cut at a constant speed 
without really having to slow it down. It is only 
in the siding retarder that curves begin to diverge; 
lack of axles in the front part of the cut slows it 
down late. The final difference between the curves 
is appreciable; the 14-car cut nearly catches the 
second preceding single-car cut, assumed to run into 
the same track of the bowl. Should the exit speed 
from master, group, or siding retarder of this pre­
ceding car accidentally be less than the nominal 
calculated value, then an impact could occur. Such 
errors in exit velocity do occur with a certain 
frequency. 

Figure 7 shows the same cuts, but now the six 
short cars are in the front of the long cut and the 
four long cars are in the rear. Of course, the cut 
is · now slowed down early by the siding retarder as 
compared with the cut with even axle distribution. 

-148~ 

But even in this case no corner impact or simple 
catching occurs if the following single cars are 
treated correctly by master, group, and siding re­
tarders. Yet there is not much tolerance left. 

Effects of load and axle distribution may inter­
fere with proper positioning of the car. Such ef­
fects may be partly or completely cancelled or am­
plified. It should be mentioned that all cases 
given here are not the worst cases. Still longer 
cuts with still more uneven loads or axle distribu­
tions do occur. 

CONCLUSIONS 

Control schemes for clasp retarders usually take the 
acceleration measured ahead of the retarder to cal­
culate the exit velocity needed for adequate spacing 
of single cuts and shorter groups. For longer 
groups a constant suitable velocity. is chosen. This 
procedure cannot deal adequately with longer cuts in 
high-capacity yards. 

In an algorithm called F*DELTV, SBB uses a more 
integrated measure for rollability--the speed ahead 
of the retarder (_!). This procedure is capable of 
filing cuts of any length and rollability more or 
less optimally between preceding and following cuts, 
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provided that load and axle distributions are fairly 
even. The only parameter needed is length of the 
cut. 

It is temotinq to see whether a still more inte­
grated measure of rollability--the time needed by 
the cut to run from the crest of the hump to the 
retarder--would be able to space cuts of any makeup 
correctly. Simulations show that the time for run-

Figure 2. Cut of 14 bogie cars, load evenly distributed. 
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Figure 3. Cut of 14 bogie cars, load in front part. 
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ning from the crest of the hump to the retarder is a 
measure of rollability and perhaps load distribution 
also (but not axle distribution). However, exit 
velocity would have to be calculated with the length 
and mean axle load of the cut as parameters. There­
fore this procedure would be somewhat troublesome. 
Many simulations would be needed to cover the whole 
range of length and axle load and that would only 

Figure 4. Cut of 14 bogie cars,foad in rear part. 
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Figure 5. Cut of 10 bogie cars, long and short mixed. 
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Figure 6. Cut of 10 bogie cars, long cars in front part. 

determine the coefficients of the equations for cal­
culation of exit velocity. 

But at least for yards equipped with continuous 
speed control throughout from hump to bowl (by Dowty 
retarders, for example), a far more elegant method 
has been found: simulation of cut behavior shortly 
before humping when cut makeup is known. This pro­
cedure, which might be called operative simulation, 
governs not only load distribution but also axle 
distribution. Research conducted so far appears to 
show that operative simulation is feasible with re­
spect to computer hardware and software and time 

5 

Figure 7. Cut of 10 bogie cars, short cars in front part. 

PROFILE , RETARDERS 

needed for simulation. The first application is en­
visaged for the Vienna central classification yard 
in Austria (48 classification tracks, 6,000 cars per 
day) • It could probably be applied to conventional 
speed control by clasp retarders also. 
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Empirical Results from Freight Car Rollability Study 

WILLIAM A. STOCK, MARY ANN HACKWORTH, AND PETER J. WONG 

A knowledge of freight car rolling resistance is critical in the design and opera· 
tion of rail freight yards, yet published data on this subject have been scant in 
the past. In a project sponsored by the Transportation Systems Center and the 
Federal Railroad Administration, SRI International gathered data on freight 
car rollability at five rail yards. Complete data were obtained only from Hinkle 
Yard (Union Pacific) and DeWitt Yard (Consolidated Rail Corporation). In 
the empirical approach used, the distributional characteristics of rolling resis­
tance were obtained for the two yards during the winter and the summer. These 

. samples were combined and the results of a regression analysis exploring the 
underlying causal factors are presented. Generally, resistance was found to de· 
pend on those factors frequently cited in the literature, although some notable 
deviations were found. 

An understanding of car rolling resistance (roll­
ability) is critical in the design and operation of 
railroad hump yards. Because cars are accelerated 
by gravity, design engineers must have a knowledge 
of rolling resistance to determine the hump height, 
classification-track grades, and the placement and 
length of retarders to ensure proper switching be­
tween successive cars on the hump and to control 
coupling speeds on the classification tracks. 

Despite this need, however, rolling resistance 
has not been well understood, and an industrywide 
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data base has not been developed. Reports available 
in the literature have tended to present parameter 
estimates for theoretical model s rather than reviews 
of actual data. 

Summarized in this paper are the empirical re­
sults of the Freight Car Rollability Study sponsored 
by t he Amer i c an Railway Eng i nee r i ng Assoc iat i on 
(AREA) Committee on Yards and Terminals. The study 
was limited to the collection and analysis of exist­
ing data on car rollability and to data that could 
be obtained by using existing yard sensing devices 
(e.g., velocity, position, time, distance to couple) 
and yard computers. No special inst·rumentation was 
installed in yards, tracks, or freight cars. 

Five rail yards were selected to represent a 
variety of yard characteristics and climatic condi­
tions so that designers of new or rehabilitated 
yards could use them as references. These yards 
wer e Hinkle Yard (Union Pac ific ) , Nor tht own Yard 
(Burlington Northern), DeWitt Yard [Consolidated 
Rail· Corporation (Conrail) I, Linwood Yard (Southern 
Railway) , and Argentine Yard (Atchison, Topeka, and 
Santa Fe). Only Hinkle Yard and DeWitt Yard, how­
ever, provided complete data on rolling resistance 
at four locations between the crest and the bowl as 
well as a complete set of matching parameters for 
each car. 

Rolling-resistance data summarized in this paper 
are of two types: {a) distributional characteristics 
of rolling resistance by yard for winter and sununer 
and (b) the causal factors underlying rolling resis­
tance as revealed by regression analyses. 

Details of all discussion points in this paper 
may be found in the final report of the Freight Car 
Rollability Study (1), which also contains a compre­
hensive review of past literature on rollability. 

DATA COLLECTED 

Hinkle and DeWitt ace Lelatively new General Railway 
Signal Company (GRS) yards, so the data available 
from these yards are similar. Velocity measurements 
ate.red by the proces&-control (PC) computer systems 
are recorded as follows: from the hump crest to the 
master retarder [measurement section (MS) l], from 
the master retarder to the group retarder (MS 2), 
from the group retarder to the t angent point (MS 3) , 
and from the distance-to-couple bond to the point of 
coupling (MS 4). 

Rolling-resistance data and the associated param­
eters that might influence rolling resistance were 
extracted for each car for the four measurement 
sections (denoted MS 1 through MS 4). MS 1, 2, and 
4 are an integral part of the PC computer systems of 
these yards, and car rolling resistance is measured 
automatically. Thus, these data were extracted 
directly as recorded by the PC computer. Car roll­
ing resist ance in MS 3 was calculated by using PC 
computer-recorded velocities, the length and grade 
of the measurement section, and the rate of acceler­
ation. MS 3 for both yards included oilers, some 
curvature, and switchesi the average rolling resis­
tance includes these effects over distances ranging 
from 280 to 615 ft. In all four measurement sec­
tions, the rolling resistances collected were raw 
valuesi that is, they were uncorrected for headwind. 
This was necessary because an independent assessment 
of headwind effects was desired. 

Further, the owning railroad and number of each 
car were recorded. This enabled extraction of add i ­
tional information, unavailable from the yard's PC 
data, from a Universal Machine Language Equipment 
Register (UMLER) file, a computer-based file main­
tained by the Association of American Railroads 
(AAR), which lists nearly all railroad rolling stock 
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in North America. The information obtained for each 
car is listed as follows: 

1. Cut statistics 

a. Wind direction 
b. Wind speed 
c. Precipitation (wet or dry conditions) 
d. m ..... - .... ..... .............. ..... (OF) .l..lll;;O"lllt" "!;;O .&.Q .......... 'C" 

e. Headwind component 
f. Sidewind component 
g. Humped weight of car 
h, Weiqht class of car 
i. Average velocity of car 
j. Rolling resistance of car 

2. Track characteristics 

a. Total curvature traversed (sum of central 
angles) 

b. Total curved length of track 
Number of changes in car direction 
Number of consecutive track links 
Total length of track 

c. 
<L 
e. 
f. Number cf switches 

3. UMLER car characteristics 

a. Bulkhead cross-sectional area 
b. Type of car 
c. Bearings (roller or journal) 

DISTRIBUTIONAL CHARACTERISTICS OF ROLLING 
RESISTANCE 

Hi nkle Yard 

Union Pacific's Hinkle Yard is in Hermiston, Oregon. 
Hinkle Yard has one master retarder and four group 
retarders. Railcars are humped into the four groups 
of 40 classification tracks (10 tracks per group) at 
a rate of 2 mph. 

Figures 1 and 2 are histograms of rolling reRis­
tance at the four measurement sections during the 
winter and sununer, ·respectively. Tables 1 and 2 
show the mean, standard deviation, standard error, 
95 percent confidence interval , minimum, and maximum 
for the rolling resistances and average velocities 
at each of the f our measurement sections. 

For design, the selection of values of hard and 
easy rolling resistance for the worst-case analysis 
is a critical issue. Basing this selection on the 
extreme values of hard and easy rolling resistance 
observed in a sample is not economically or statis­
tically sound. A more credible ;ipproach is to base 
the selection on a percentile criterion, such as the 
2.5-percentile value (the resistance value below 
which 2.5 pe rcent of the obse rvations in the sample 
occur) as the easy roller and the 97. 5-percentile 
value as the hard roller. Collectively, these two 
percentile values contain 95 percent of the sampled 
resistance values. Tables 1 and 2 give the percen­
tile values for the average energy losses per foot 
of travel over the measurement section and include 
the effects of track switches and curvature, car 
speed and weight, temperature, wind velocity, and 
the like. Consequently, the yard designer need not 
include these rolling-resistance factors because 
they are implicitly included in the measurements. 

A rolling-resistance model commonly used for yard 
design is to assume that the hardest-rolling car 
begins with a high rolling-resistance value on the 
hump and gradually rolls more easily on its journey 
to the classification track. The data in the figures 
and tables, however, contradict this model. In 
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Figure 1. Distribution of Hinkle Yard car rolling resistances by measurement section: winter observations. 
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Figure 2. Distribution of Hinkle Yard car rolling resistances by measurement section: summer observations. 
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Table 1. Rolling resistance and velocity statist ics at Hinkle Yard measurement sections: winter observat ions. 

Rolling Resistance (lb/ton) Avg Velocity (ft /sec) 

Measureme nt 95 Percent Mini- Maxi- 95 Percent Mini- Maxi~ 

Section Mean SD SE CI mum mum Mean SD SE CI mum mum 

7 .915 2.888 0. 140 7.640- 2 27 18.16 1 0.617 0.030 18.102- 14 19 
8. 189 18.2 19 

2 ] 1.261 5.220 0.253 10.764- - 19 38 25 .050 2.049 0 .099 24.855 - 19 3 1 
11.7 57 25 .245 

3 8. 156 2.778 0 .134 7 .892- - I 22 13.273 2.202 0.107 13 .063- 8 18 
8.420 13.482 

4 4 .82 1 2.475 0.120 4.586- - II 20 9 .081 1.996 0.097 8.891- 4 15 
5.056 9.27 1 

Note : SD, standard deviatio n ; SE, standard erro r of mean ; CJ, confidence in terval for mea n 

Table 2. Rolling resistance and velocity statistics at Hinkle Yard measurement sections: summer observations. 

Rolling Resistance (lb/ton) 

Measurement 95 Percent Mini- Maxi-
Section Mean SD SE CI mum mum 

5.061 1.790 0.107 4.850- 0 12 
5.272 

2 8.317 3.748 0.224 7.875- - 15 21 
8.758 

3 5.891 1.575 0.094 5.705- 3 13 
6.077 

4 2.725 2 .883 0.173 2.385- - 13 14 
3.065 

Note: SD, standard deviation; SE, st andard error of mean; Cl , confidence jnterval fo r mean. 

Figure l it is suggested that the nominal rolling­
resistance values are initially low in MS 1, in­
crease in MS 2, and then decrease into the classifi­
cation area. This is verified by examination of the 
mean rolling-resistance values in Tables l and 2. 

Figures 1 and 2 also show that the variance in 
the rolling-resistance values is initially small in 
MS 1, increases in MS 2, and then decreases in MS 3 
and MS 4. This is verified by the standard devia­
tion and the minimum and maximum values for each 
measurement section in Tables 1 and 2. This spread 
can be explained, at least in part, by the error 
characteristics of the method used to collect roll­
ability data <.!>· 

At first, these histograms appeared to be coun­
terintuitive, but closer examination provided an 
explanation. Rolling resistance increases with car 
velocity, so the increase or decrease in the mean 
and variance of the rolling-resfstance values should 
be highly correlated with the increase or decrease 
in the mean and variance of the car speeds; for the 
four measurement sections. The data in Tables l and 
2 verify this. 

DeWitt Yard 

DeWitt is a Conrail yard in Syracuse, New York. It 
has one master retarder and six group retarders. 
Railcars are humped into the six groups of classifi­
cation tracks at a rate of 2 mph. 

Figures 3 and 4 are histograms of winter and 
summer rolling resistances at the four measurement 
sections, and descriptive statistics for the rollinq 
resistances and average veloc i ties at these measure­
ment sections for the winter and summer railcar 
populations are shown in Tables 3 and 4. These 
results are similar to those from Hinkle Yard i they 
show low rolling-resistance values in MS 1, an in­
crease in the values in MS 2, followed by decreasing 
values in MS 3 and MS 4 for both populations . A 
larger variance in the rolling resistances for the 

Avg Velo city (ft /sec) 

95 Percen t Mini- Maxi-
Mean SD SE CI mum mum 

18.665 0 .402 0 .02 4 18.618- 17 19 
18 .712 

23 .640 1.767 0 .1 06 23.432- 18 31 
23 .849 

11.650 2.199 0 .J 32 11.391- 18 
11.909 

8.823 2.303 0. 141 8.545 - 4 16 
1).101 

winter population than for the summer population is 
also suggested. This is verified by examining the 
standard deviation and the 9-5 percent confidence 
intervals for each population in Tables 3 and 4. A 
correlation between the increase or decrease of mean 
rolling-resistance values and the increase or de­
crease of mean car velocities for the four measure­
ment sections in both the winter and the summer is 
also suggested in Tables 3 and 4. 

EXPLORING CAUSAL FACTORS UNDERLYING ROLLING 
RESISTANCE 

Factors that traditionally have been believed to 
underlie rolling resistance are car weight, car 
type, bearing type, truck center length, car speed, 
wind velocity, temperature, moisture, switches and 
curves, distance from crest, and presence of oilers. 
The type of rail is also believed to influence roll­
ing resistance, but this factor could not be as­
aeas;ed in this study because all the yards had 
welded rail (common to all modern yards with PC 
systems). 

The linear regression technique was used to ex­
plore how the mean rolling resistance varied as a 
function of these factors--the independent vari­
ables. Because of its emphasis on the mean, linear 
regression does not provide much information on the 
distributional characteristics of rolling resis­
tance, given a constant value for all these factors. 

The regression analysis results presented here, 
unless specified otherwise, include only first-order 
terms, with rolling resistance as the dependent 
variable. Details of this analysis are presented i n 
the final report of the Freight Car Rollability 
Study (1), which also presents regression results 
considering first-order interactions among the inde­
pendent variables and considering resistance force 
as the dependent variable. The interaction term and 
resistance force regressions did not add an appre­
ciable amount of information. Therefore, the results 
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Figure 3. Distribution of DeWitt Yard car rolling resistances by maasurement section: winter observations. 
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Figure 4. Distribution of DeWitt Yard car rolling resistances by measurement section: summer observations. 
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Table 3. Rolling resistance and velocity statistics at DeWitt Yard measurement sections: winter observations. 

Rolling Resistance (lb/ton) Avg Velocity (ft/sec) 

Measuremenr 95 Percent Mim- Maxi- 95 Percent Mini- Maxi-
Section Mean SD SE CI mum mum Mean SD SE CI mum mum 

7.450 3.839 0.162 7.132- -14 23 19.895 0.872 0.037 19.823- I6 22 
7.769 19.968 

2 10.262 4.038 0.171 9.927- _, 16 20.692 !.86! 0.079 20.537- 15 25 
10.597 20.847 

8.116 3.881 0.164 7.793- -17 41 15.043 2.287 0.097 14.853- 7 22 
8.438 15.233 

4 6.528 3.166 0.287 5.960- 19 10.921 2.560 0.231 10.464- 5 18 
7.095 11.378 

Note: SD, standard deviation; SE, standard error of meanj CJ, confidence interval for mean. 

Table 4. Rolling resistance and velocity statistics at DeWitt Var~ meaturement sections: summer observations. 

Rolling Resistance (lb/ton) 

Measurement 95 Percent Mini- Maxi-
Section Mean SD SE CI mum mum 

5.666 2 .523 0.117 5.436- -10 28 
5.896 

2 7.808 2.803 0.130 7.552- 2 24 
8.063 

3 6.367 2.473 0.116 6.139- -I 24 
6.595 

4 4.410 2.833 0.349 3.713- 20 
5.106 

Note: SD, standard deviation; SE, standard error of mean; CI, confidence interval for mean. 

presented here should be adequate for most design 
purposes. 

These regression analyses were performed by com­
bining the data from Hink-le and DeWitt Yards into a 
single data base. After cases where one or more of 
the independent variable values were missing had 
been deleted, 4,465 complete data points were avail­
able from the two yards for the regression. About 
72 percent of these were Hinkle Yard observations1 
the rest were from DeWitt Yard. (The reason for the 
comparatively few observations from DeWitt Yard was 
that a high percentage of cars had no matches in the 
UMLER file because of the state of flux in car num­
bers owing to the Conrail merger.) Any variation in 
the data between the two yards not explainable by 
the other independent variables was handled by spe­
cial dummy variables, 0 and 1, corresponding respec­
tively to Hinkle and DeWitt. No distinction was 
made in the analysis between the up to four separate 
observations on the same car at the four measurement 
sections. The regression is summarized in Table 5. 

Isolating the influence of any single factor on 
rolling resistance is difficult because all the 
factors vary simultaneously. Although the regres­
sion technique generally suggests the effects of the 
various factors, the multidimensional equation that 
results from the analysis can still be difficult to 
grasp. Therefore, for presentation purposes, an 
artifice called a nominal car or nominal conditions 
is used here. This artifice permits selection of 
nominal values for all factors except the one being 
studied, which is allowed to vary. Summary results 
follow. 

Difference Between Two Yards 

A small but nonetheless statistically significant 
difference existed in the rolling resistances be­
tween Hinkle and DeWitt Yards. This difference, 

Avg Velocity (ft/sec) 

95 Percent Mini- Maxi-
Mean SD SE CI mum mum 

20.313 0.621 0.029 20.256- 15 21 
20.370 

20.479 0.956 0.044 20.392- 17 24 
20.566 

11.777 2.906 0.136 11.509- 6 18 
12.045 

7.202 2.638 0.325 6.554- 2 13 
7 .851 

about 0.5 lb/ton, persisted even when the explana­
tory power of all the available factors was taken 
into account (the quantification of these factors 
should be capable of explaining most, if not all, 
regional differences between the two yards). This 
residual difference could represent a bias in the 
data from the PC systems, an error in the location 
of and distance between sensors, or the omission 
from the analysis of some unknown factor varying 
between the two yards. 

Car Weight 

An inverse relationship exists between rolling re­
sistance and car weight: As cars become lighter, 
they roll with more difficulty. Figure 5 shows this 
relationship for certain nominal conditions. For 
example, an average 30-ton boxcar has a rolling 
res i atance of about 8. 3 lb/ton, wherea11 an average 
80-ton boxcar has a rolling resistance of about 5. 4 
lb/ton. 

Car Type 

Relative to the boxcar (the nominal car), on the 
average, gondola cars incur about 1. 2 lb/ton more 
resistance, flatcars about 0.55 lb/ton, and tank 
cars about 0.66 lb/ton. The other car types con­
sidered--hoppers, refrigerator cars, and vehicular 
cars--were not significantly different from the 
reference boxcar. Cabooses were omitted from the 
analysis because data on them were incomplete in 
every instance. Maintenance-of-way and special 
types of cars were also omitted because their char­
acteristics were too variable within their catego­
ries. No distinction was made between equipped and 
unequipped hoppers or between equipped and un­
equipped gondolas. 
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Table 5. Regression results with rolling resistance as dependent variable. 

Description 

Independent variable 
!/(weight of car) (tons) 

Mean 

Speed of car (fl/sec) 16.72 
[Speed of car {ft/sec)- mean speed] 2 

Term for total central angle of curve; its coef­
ficient can be read directly as feet of velocity 
head lost per degree of central angle 

Term for average degree of curvature in measure­
ment section 

Term for switch loss 
!/[distance from oiler (ft) to middle of measure­

ment section] 
Natural logarithm of distance from crest (ft) to 

middle of measurement section 
Dummy variable: 0 " dry, I = wet 
Temperature (°F) 44.11 
(Temperature (°F) - mc~n ttmperature] 2 

Sidewind component (ft/sec) 
Headwind term 
Truck center-to-center length (ft) 
Dummy variable: 0 =roller bearings, I =friction 

bearings 
Car types: 

Dummy variable: I =gondola car, 0 =otherwise 
Dummy variable: I= flatcar, 0 =otherwise 
Dummy variable: I = hopper, 0 = otherwise 
Dummy variable: I =refrigerator car, 0 = 

otherwise 
Dummy variable: I= tank car, 0 =otherwise 
Dummy variable: I =vehicular car, 0 = 

otherwise 
Dummy variable: 0 =Hinkle Yard, l =DeWitt 

Yard 
Constant 

Coefficient 

89.19 
0.2546 
0.003775 
0 .006904 

NS 

NS 
NS 

0.3457 

NS 
-0.03788 
0.0001948 
NS 
0.001031 
NS 
NS 

1.174 
0.5543 
NS 
NS 

0.6595 
NS 

-0.5475 

-0.8629 

Notes: N = 4,465; R '2 = 0.478; 0 = 2.61 lb/ton; coefficient of variation= 35. 1 percent; 
F = 340.S. 

NS = not significant at 5 percent. 
Regression and all variables whose coefficients are given are sjgnifiqnt at S per· 

cent. 
VariabJe mean valut:s are given only where needed for prediction equation. 

Bearinq Type 

The traditional assumption has been that cars with 
roller bearings roll more easily than cars with 
journal bearings. In this study, however, no statis­
tically significant difference was found between the 
cars. Moreover, cars with journal bearings consti­
tuted about 17 percent of the regression sample--an 
amount more than adequate to detect any statisti­
cally significant difference. 

Truck Center Lenqth 

The truck center length had no statistically signif­
icant effect on rolling resistance. This applied 
even on curves, where conventional wisdom has been 
that cars with long wheelbases incur more resistance 
because of a binding effect. No significant inter­
action was found between truck center length and the 
curve variables. 

Car Speed 

Rolling resistance increases with car speed. Figure 
6 shows this speed relationship for certain nominal 
conditions. Although a V2 (velocity squared) 
dependence exists, the curvilinearity appears to be 
small under zero ambient wind conditions and even 
with a headwind of 10 ft/sec. The V2 dependence 
consists of a component owing to headwind (even in 
zero wind conditions, a car moving at 15 ft/sec has 
a 15-ft/sec relative headwind) and a V2 term with 
all headwind effects removed. A statistically sig­
nificant first-power v term also exists. For most 
yard applications, curvilinearity can be ignored 
when headwinds are slight. 

Figure 5. Rolling resistance as a function of car weight. 
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If a linear relationship is assumed, each foot­
per-second increase in velocity appears to increase 
rolling resistance by about 0.32 lb/ton for the 
zero-wind condition and by 0.40 lb/ton for the 10-
ft/sec headwind. 

These relationships were obtained only for cars 
moving at yard speedsi these results should not be 
extrapolated to trains moving at line-haul speeds. 

Wind Velocity 

A headwind can contribute significantly to the roll­
ing resistance of a nominal car (this term is pro­
portional to the square of the headwind times the 
car's cross-sectional area divided by the car's 
weight). This effect is shown in Fiqure 7 for the 
nominal conditions given, where negative values of 
wind velocity are headwind and impede the motion of 
the car. Each foot-per-second headwind contributes 
about 0.2 lb/ton to rolling resistance for the nomi­
nal conditions, although more precise values as a 
function of wind velocity can be obtained from Fig­
ure 7. 

Temperature 

Cars roll more easily with increasinq temperature. 
The available data sample did not include extremely 
low temperatures. A slight but nonetheless statis­
tically significant variation with T2 (temperature 
squared) was noted, as Figure 8 shows. There is 
also a statistically significant T first-power term. 
In the temperature ranges investigated, on the aver­
age a car incurs O. 39 lb/ton more resistance for 
every drop in temperature of 10°F. 

Moisture 

The assumption has been that a car incurs less re-
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Figure 6. Rolling resistance as a function of car velocity. 
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Figure 8. Rolling resistance as a function of temperature. 
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sistance in the rain, but that deep snow, particu­
larly when it covers the rail, impedes a car's roll­
ing. The available data indicated whether moisture 
was present but did not differentiate between rain 
and snow. In addition, only about 3.4 percent of 
the data was collected on days when moisture was 
present. A discrepancy could also exist between 
what was automatically recorded in the cut statis­
tics and the moisture conditions on the ground. No 
significant effect of moisture was found. To what 
extent these difficulties are responsible for the 
lack of a significant moisture effect cannot be 
determined. 

Switches and Curves 

The effect of switches and curves could not be reli­
ably isolated. Although their effect appears to be 
significant, a reliable quantification of their 
individual action was not possible because the mea­
surement sections that provided the switch and curve 
data were usually the samei thus, the effects of 
each variable were confounded. Further, these sec­
tions were located just after the oilers, introduc­
ing further statistical difficulties. 

Distance from Crest 

A statistically significant counterintuitive trend 
was found for the effect of distance from the crest 
on rolling resistance: Rolling resistance increased 
farther from the crest. As Figure 9 indicates, the 
effect was slight, but it was evident in all the 
analyses. The effect may be related to the statis­
t i cal difficulties encountered with switches and 
curves. Nonetheless, it does not support the com-



Transportation Research Record 927 

Figure 9. Rolling resistance as a function of distance from crest. 
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No significant effect of oilers on rolling resis­
tance was found. The oilers were among the var.i­
ables confounding the effects of switches and 
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curves, however, so their effect may have been 
hidden. 

CONCLUSIONS 

The results of this study have greatly augmented 
knowledge about rolling resistance, but much more 
research remains to be conducted. In this study, 
the experimental setup could not be controlled, and 
the researchers had to rely on existing PC sensors 
and their location and accura~y. Thus restricted in 
the types of data that could be obtained, SRI was 
restricted in the results that could be obtained. 
Consequently, the next logical step in furthering 
knowledge about rolling resistance is to conduct 
carefully controlled field experiments. 
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Classification Yard Computer Control Systems 
YINGHUA MIN AND LIANLONG YANG 

A scheme for classification yard computer control systems (CYCCS) is proposed 
based on the analysis of experimental data collected from Chinese yard environ­
ments. The speed-control system configuration proposed includes a four-level 
retarder arrangement, various sensors, a process-control computer, and a system 
redundancy scheme. Much attention is given to measurement of car-rollability 
data. It is noted that the accuracy of some rollability data collected during 
past years is unacceptable because of the measurement techniques and the de­
vices for measuring rollability. The primary error sources are analyzed, and 
some solutions to this problem are also discussed. The strong relationship be­
tween rollability and velocity of cars, however. has been widely noticed re­
cently. Based on this idea, a piecewise-linear mathematical model is suggested 
for target-shooting control systems. 

The main operations in a classification yard include 
receiving inbound trains, classifying cars, and mak­
ing up outbound trains. According to these opera-

tions, a classification hump yard is usually parti­
tioned into receiving yard, classifying yard, and 
dispatching yard. In a classifying yard, switching 
and coupling processes are the central activities. 
As cars roll down the hump grade, retarders slow 
down the cars to a proper speed so that the free­
rolling cars can safely couple with preceding cars 
on bowl tracks (.!,). After the switching process had 
been automated, attention was focused on automatic 
speed-control systems. The following subjects were 
considered: 

1. Safety: So-called iron shoes are put on bowl 
tracks in front of the wheels of free-rolling cars 
to ensure proper coupling of cars. Many workers are 
needed inside the bowl tracks throughout the classi-
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Figure 1. Target speed-control system configuration. 
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fying yard 24 hr a day to accomplish this heavy and 
dangerous job. Some injuries occur every year. In 
addition, freight cars and their contents are fre­
quently damaged. A large percentage of railway ac­
cidents occur in classification yards. 

2. Efficiency: When these control functions are 
performed by labor-intensive manual systems, to en­
sure safety a lower retarder release velocity is 
preferred to a faster one. In addition, free­
rolling cars are usually stopped quite a long way 
before preceding cars. These two factors conse­
quently result in the so-called free window--a free 
section between cars on the bowl tracks. When a 
bowl track does not hold as many cars as planned be­
cause of these free windows, the yard engine has to 
go down the hump to push the cars to couple. This 
takes about 20 min each time, which is inefficient. 
The application of classification yard computer con­
trol systems (C"iCCSi reduces the need for the yard 
engine and improves the efficiency of the classifi­
cation operation. 

3. Economy: Braking cars with iron shoes causes 
serious wear and tear to rails. As a result, many 
rails have to be changed in classification yards 
every year. 

These considerations, in part, show the necessity 
of CYCCS in China. Therefore, much attention has 
been given to classification yard automatic control 
systems, including CYCCS <1>· Automatic speed­
control systems are emphasized in this paper. 

It is more difficult to implement CYCCS in China 
than in some other countries because of the follow­
ing reasons: 

1. The speed allowed for coupling is restricted 
to less than 5 km/hr, which is usually called the 
allowed coupling speed. As is known, the higher the 
allowed coupling speed, the easier it will be to im­
plement CYCCS, but because of the loading situation 
and the construction of Chinese freight cars, it is 
hard to determine whether the allowed coupling speed 
can be increased. 

2. The bowl tracks can be as long as BOO m. 
This also presents some sophistica~ed problems in 
CYCCS. 

3. The wide variety in car rolling resistance 
(rollability) makes implementing CYCCS more diffi­
cult, even though the range of rollability variety 
is not so large as has been reported. There has 
been some misunderstanding because of the question­
able rollability measurement techniques and devices 
that have been used. This problem will be discussed 
later. 

IV R 

In the next section the proposed system configu­
ration is presented, including a four-level retarder 
arrangement, various sensors, a process-control (FC) 
computer, and a system redundancy scheme. In the 
third section, measurement of car rollability, which 
is important and extremely difficult, is discussed 
in some detail. It is noted that some rollability 
data collected during past years have been unreli­
able. The large error in rollability measurement is 
caused by the measurement techniques and the rolla­
bility measurement devices. The primary error 
sources are analyzed, and some approaches to this 
problem are discussed. The strong relationship be­
tween the rollability and the velocity of cars, how­
ever, has been widely noted recently. Based on this 
idea, a piecewise-linear mathematical model is sug­
gested for target-shooting control systems. 

SYSTEM CONFICUP~TICN 

The CYCCS considered here is essentially a speed­
control system. Although the switching-control sys­
tems, master retarder, and group retarder control 
systems are important, they will not be considered 
in this paper. The discussion will be restricted to 
speed control, especially to target-shooting control 
systems. The term "target shooting" refers to the 
coupling of a free-rolling car with the preceding 
car at an allowed coupling speed. In the target 
speed-control system, retarders are employed to ac­
complish the car speed-control function. Because of 
the difficulty of implementing CYCCS in China, a 
four-level retarder arrangement is suggested. In 
addition to master retarders and group retarders, a 
tangent retarder, denoted III R, is placed at the 
beginning of each bowl track. A track retarder, de­
noted IV R, is placed about 200 m after III R on 
each 'bowl track. The target speed-control system 
configuration is shown in Figure 1. 

The system includes the following field inputs: 

1. Wheel sensor wO senses the presence of roll­
ing car wheels and signals the computer to begin a 
car control task in the real-time operating system 
(RTOS). From this input, the computer knows how 
many cars make up a cut. If it is a ·1ong cut (more 
than five cars), the so-called tail control tech­
nique has to be used, which means that the retarder 
is activated after several cars in the cut have 
passed through it. 

2. Track circuits III and IV are closed or open 
contacts of track relays that indicate whether the 
track section is occupied by cars. 

3. Radars III and IV measure the car's velocity 
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Figure 2. System-redundancy scheme suggested. 
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from its entrance into a track section to its exit. 
For long cuts of cars, radars indirectly provide in­
formation about how many cars have passed through 
the retarder for the use of real-time control. The 
PC computer accepts the information and sends re­
tarder control commands to the specified retarder. 

4. Wheel sensors wl-w4 measure rollability. 
When a wheel passes through a wheel sensor, a pulse 
is generated to signal the computer. From the sys­
tem clock, the computer times the car's passage, ac­
curate to the millisecond, so that the yariation of 
car velocities can be computed, which indicates the 
rollability. It is possible to use three wheel sen­
sors instead of four. 

5, There are two track circuits on each bowl 
track to estimate the distance to couple; one is be­
tween retarders III and IV, and one is from the re­
tarder IV exit point to the end of the bowl track. 

Outputs to fields of the system are to control 
retarder activity through retarder control uni ts to 
ensure proper coupling speed. However, there are 
other units with which the PC computer should also 
communicate; a console is one. The console is actu­
ally an on-line terminal for yardmasters. Yard­
masters have · higher priority in controlling cars 
than the computer. They can take back the control 
power from the computer at any time, so that they 

.can adopt emergency measures. A watchdoq timer is 
employed to supervise the operation of the computer 
and to process input and output. 

If a preceding car is located after retarder IV, 
retarder IV is basically responsible for the 
rolling-car control on the bowl track. In some 
cases, it might be necessary to let retarder III 
share in the control. If the preceding car is lo­
cated between retarders III and IV, retarder III is 
responsible for the rolling-car control. 

In order to provide acceptable reliability, many 
redundant-system schemes have been suggested and 
adopted. A complete duplicate redundant system is 
used in the Musashino classification yard in Japan. 
Two central processing units (CPUs), two input and 
output processors (PI/Os), and other double critical 
components run concurrently, but only one of the 
redundant components has outputs to field devices. 
There is test equipment in the system to detect 
failures, and there is also a large relay switching 
subsystem to switch outputs from the faulty compo­
nent to the fault-free side. 

Although a number of redundant-system schemes can 
be chosen to provide acceptable reliability, the de­
cision has to be made according to a unified consid­
eration of performance and expense. Three re­
dundant-system schemes are discussed and compared in 
reports by Min and others (},_!) • The results show 
that the proper redundancy scheme for the situation 
in China is that shown in Figure 2. Normally, the 
CPU communicates with the field devices through the 
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PI/O and an interface with the user. If failures 
occur in the CPU or the PI/O or user interface, the 
warning system notifies the yardmaster to switch 
control to a semiautomatic control system, which 
basically is a hot standby system. If the semiauto­
matic control system also fails, the yardmaster is 
able to operate the retarders manually • 

ROLLABILITY MEASUREMENT 

An understanding of rollability (car rolling resis­
tance) is critical in the design and operation of 
railway hump yards. Rollability is measured in two 
ways: off line or on line. Off-line measurement 
determines rollability of specific cars in specific 
environments. The data collected are used by engi­
neers to design hump height and classification-track 
grades and to determine the placement, length, and 
capacity of retarders. On-line rollability measure­
ment is needed in CYCCS as a real-time measurement 
for the purpose of automatic control <2>. The im­
portance of information on rollability is widely 
recognized, but the difficulty of rollability mea­
surement has not been well appreciated. In this 
section, some rollability measurement techniques are 
discussed from the point of view of error analysis. 
Important aspects in gathering correct data for the 
use of yard design and CYCCS design are pointed out. 

Basic Formula for Computing Rollability 

The rollability of a cut of cars is usually deter­
mined by measuring the velocity of the cars at two 
points. The traditional formula is as follows: 

R = [G - (V~ - Vy)] /2f L * 10-3 (!) 

where 

measured rollability (kg/ton), 
grade ( %) , 
car speed at upstream point 1 (m/sec) , 
car speed at downstream point 2 (m/sec) , 
distance from point 1 to point 2 (m) , and 
conversion acceleration of gravity (m/sec 2

) • 

Each variable to be measured in Equation 1 is 
subject to an error called the absolute error, de­
noted l!.v2, IJ.V1 , IJ..9., IJ.L, and IJ.G, re­
spectively; thus, the rollability (R) to be computed 
must be subject to an error IJ.R. The relative er­
ror oR is defined as l!.R/R. Similarly, oV and 
oL are defined as /J.V/V and /J.L/L, respec­
tively. For simplicity of expression, IJ._g and /J.G 
are ignored and the approximate expression of oR 
is obtained by using the total differential for­
mula. That is, 

Suppose that IJ.V2 = IJ.V1 = /J.V and oL = O, .9. - 10. In 
the worst case, IJ.V1 might be positive and 1!.V2 might 
be negative, or vice versa. Hence, 

le, (R-G) k 2V2 8V/L* 10-2 (3) 

Determining Rollability by Usinq Radar 

One way to determine rollability is to use radar to 
measure the velocity of cars at two points as imple­
mented in the Musashino CYCCS in Japan. Radar mea­
sures the velocity by sending out a beam of radio 
waves and receiving the reflection of those waves 
from the moving car by using the principle of 
Doppler frequency shift. Every 50 msec, the number 
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Figure 3. Determining rollability by using radar. 
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( 
of Doppler pulses is sent to the CPU through an 
8-bit counter, as shown in Figure 3. The CPU resets 
the counter every 50 msec. Some typical data are as 
follows: There are 70 pulses/sec for a car speed of 
1 m/sec. Suppose that the rollability is measured 
at a car speed of about 3 m/sec, i.e., 210 pulses/ 
sec, which is equal to 10 pulses/50 msec. Unavoid­
ably the error of the counter is ±1 pulse. Hence, 
the relative error of V is ov • 1/10. The rolla­
bility is measured on a track with a grade of 1. 2 
percent between the tangent retarder III R and the 
track retarder IV R (L = 200 m), as shown in Figure 
4. From Equation 3 the following equation may be 
obtained: 

(4) 

If the preceding values are substituted into Equa­
tion 4, the result is t.R = o. 9 kg/ton, which is 
much larger than desired. 

Determining Rollability by Using Four Wheel Sensors 

Determining rollability by using four wheel sensors 
is quite common and has been done for a long time. 
Much confidence is placed in the data collected by 
this methodology. Nevertheless, it is not neces­
sarily accurate if some important factors are not 
carefully taken into account. The placement of 
wheel sensors is shown in Figure 5. If ti and 
t 2 represent the length of time that it takes cars 
to pass through [wl,w2] and [w3,w4], respectively, 
speeds V1 and V2 are obtained by V1 = d/t1 
and v 2 = d/t 2, where d is the distance between 
wl and w2 or w3 and w4. The relative error in the 
speed is ov = od - ot. Then 

loV k I od I+ lot I (5) 

Suppose that G O, d = 5 m, L = 50 m, tid = 1 cm, 
tit= 6.8 msec, and v ~ 4 m/sec. Thus, t ~ 1200 msec, 
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ot = tit/t = 0.0056, od = tid/d = 0.002, and from Equa­
tion 5 loVI ~ 0.0076. From Equation 3 

"' ~UJ 

If the preceding values are substituted into Equa­
tion 6, the result is It.RI~ 0.49 (kg/ton). 
But in practice, the situation may be even worse 
than this. 

Determining Rollability by Using Three Wheel Sensors 

A revised approach to measuring rollobility io to 
use three wheel sensors instead of four (~,]). This 
approach computes rollability by using the following 
equation: 

(7) 

where 

distance from wl to w2 or from w2 to w3 (m), 
passage time from wl to w2 (sec), and 
passage time from w2 to w3 (sec). 

The other terms are as defined for Equation 1. These 
parameters are shown in Figure 6. Compare these pa­
rameters with Equation 1 and note that Vi = L/t1, 
v2 = L/t2, and (V1 + V2)/2 = 2L/(t1 + t2). Substi­
tuting them into Equation 7 produces 

R = G - (2Lz~) [(V 2 + V 1 )/2][(V 2 - V 1)/L] (1/2L * 10-3 ) 

= [G - (V~ - Vi)J /2~ L * 10-3 

which is exactly the same as Equation 1. Therefore, 
Equation 3 also holds for this approach. In the 
Sotteville Yard, G = 0 and L = 10 m. From Equation 3 

(8) 

Suppose that V ~ 4 m/sec and t.L = 01 then from Equa­
tion 5, ov = ot, and thus t.R = 320ot. 

In order to reach an accuracy of t.R = 0.1 kg/ton, 
ot < 0.031 percent is requiredi i.e., tit< 0.78 msec. 
It is difficult to achieve such accuracy-in passage­
time measurement in classification yard environ­
ments. This problem will be discussed in the next 
section. 

Error in Passage Time 

In order to obtain an R of acceptable accuracy, it 
is critical to decrease errors in the time it takes 
cars to pass through pairs of wheel sensors. Pas­
sage time is measured as shown in Figure 7. An ex­
ternal clock sends pulses of high enough frequency 
to the counter. After wheel sensor pulses wl and w2 
have been shaped, shaped pulses pl and p2 are ob­
tained. Counting starts at pl and stops at p2. The 
number of pulses counted corresponds to the passage 
time from wl to w2. Much attention has been given 
to the clock frequency for improving the accuracy of 
the passage time (t). The clock frequency was even 
taken to be as high as 1 or 10 MHz. Unfortunately, 
this is not in the focus of the problem. 

As is known, a wheel sensor sets up a magnetic 
field in a section of rail. When a wheel passes, it 
changes the field, including a current in a nearby 
coil, which produces a wheel sensor pulse that is 
sent to a shaper. Figure 8 shows the wheel sensor 
pulses (wl and w2) and the shaped pulses. Shaped 
pulses pl or p2 correspond to large wheel sensor 
pulses, and shaped pulses pl' or p2' correspond to 
small wheel sensor pulses. Wheel sensor pulse 
heights are different because of the physical in-
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Figure 7. Measuring passage time. External Clock 
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Figure 8. Wheel sensor pulses. 
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stallation positions and features of the wheel sen­
sors. Experiments show that the difference can be 
so large that the height of a large pulse can be 
three to four times that of a small one. If wl and 
w2 are large, the passage time (pl, p2) is obtainedi 
if wl and w2 are small, the passage time (pl', p2'), 
which has almost the same length as (pl, p2), is ob­
tained. But if wl is large and w2 is small, the 
passage time (pl, p2') is obtained, resulting in an 
error 6t = p2 - p2'. If wl is small and w2 is 
large, the time error 6t = pl' - pl, which is neg­
ative. Analysis indicates that 6t = 6.8 msec is 
conunon. This is the main reason for errors in roll­
ability measurement. Therefore, the problem is how 
to make shaped pulses pl and p2 correspond to fixed 
physical positions on the track. To solve this 
problem a zero cross-switch circuit instead of a 
magnitude-discriminator circuit is applied to get 
the shaped pulses at the moment the wheel sensor 
pulses go through zero. But the zero cross-switch 
circuit should be carefully designed to suppress 
noise (8, pp. 145-150). 

For -on-line rollability measurement, the same 
problem exists. In addition, if the CPU receives 
shaped wheel sensor pulses by an interrupt mode, the 
interrupt waiting time and response time have to be 
considered. No more than 3 to 5 msec of inter­
ruption-masked time of the CPU is allowed. This is 
an additional requirement for CYCCS software and the 
RTOS. Unfortunately, this requirement is not gen­
erally satisfied and efforts to achieve it have to 
be made in the software. In a CYCCS in China, after 
hardware and software had been carefully designed 
and coordinated, the rollabilities of the same car 
measured by its four pairs of wheels were only ap­
proximate. The difference among them was about 0.1 
kg/ton, which was the error in rollability measure­
ment [see paper by Min (_~)). 

Remarks on Rollability Measurement 

The preceding analysis allows us to suspect the pre­
cision of existing data on car rollability because 
of unreliable measurement techniques. The data were 
employed to come to many conclusions that did not 
agree with practice. For instance, the range of 
rollability variety was said to be 0.5 to 5 kg/ton, 

w1 

even 10 kg/ton, which would mean a hump height of 5 
~ or so. Too high a hump causes problems and 
waste. Actually the range of rollability variety is 
not so large as the preceding estimate. Many cars 
continue to run at a speed of 3 to 5 m/sec until the 
ends of bowl tracks if no control is taken. It was 
occasionally found that some cars run freely down 
the hump and stop at a point about 100 m from the 
tangent retarders. This, however, is often due to 
improper positioning of car bleed brakes or other 
trouble with the cars. Therefore, this is a yard 
operation problem and should be solved by the ser­
vicing crew. It should not be taken into account in 
designs of hump height and CYCCS. 

By applying Equation 3, some ways can be found to 
improve the accuracy in rollabili ty measurement as 
discussed previously. On the other hand, the ob­
tainable accuracy is limited because of the random­
ness in the car speed-decreasing rate. However, it 
is not necessary to pursue excessive accuracy of 
rollability for the purpose of yard control and 
design. 

MATHEMATICAL MODEL FOR CONTROL 

As mentioned earlier, suppose that a preceding car 
is located after IV R, and a rolling car is ap­
proaching. Before the rolling car enters a IV R, 
the CYCCS has to compute a correct exit speed from 
the retarder IV R according to the measured and 
given parameters, such as rollabili ty, distance to 
couple, and so on. This is why a mathematical model 
for control is needed. 

At the beginning of the research, the motion of a 
freight car rolling down a grade was analyzed and 
described by the concepts of classical mechanics. 
The exit speed from a retarder is calculated by the 
following equation: 

where 

exit speed from the retarder (m/sec), 
allowed coupling speed (m/sec) , 

(9) 

conversion acceleration of gravity (m/sec2
), 

distance to couple (m) , 
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Figure 9. V-L curves. 
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R rollability (kg/ton), and 
G = grade ('O. 

Experiments show that Ve computed by Equation 9 
in general is too large, which means that when a 
rolling car leaves the retarder at speed Ve, it 
will couple with the preceding car at a speed higher 
than v0 • On the other hand, theoretical analysis 
indicates that Equation 9 is equivalent to the prop­
osition that R is a constant. Hence, as has been 
widely noted recently, R is not a constant. A 
strong relationship exists between rollability and 
velocity of rolling cars. In order to find the re­
lationship, a series of field experiments was per­
formed. In some 800-m-long bowl tracks, many wheel 
sensors were installed to measure velocity of roll­
ing cars at many different points. Many velocity­
distance curves wei::e then obtained. The shape of 
these curves is shown in Figure 9, where L = 0 cor­
responds to the exit point of tangent retarder III R. 

A piecewise-linear function is a good approxima­
tion of the V-L curves. It can be separated into 
the following componentsi 

1. When V > 10 km/hr (for a free-rolling car, 
V cannot be higher than about 25 km/hr), the curve 
is close to a straight line with slope a. Therefore 
we have 

oV /dL = a = constant (10) 

The acceleration of cars (A) is 

A= dV/dt = (dV/dL) • (dL/dt) = aV 

On the other hand, the following formula can be 
found in a report by Wong and others (1): 

R=G-(A/!) (II) 

Hence, we have 

R=G-(a/.[)V (12) 

which reveals the relationship between R and v. 
Note that slope a is usually negative, so R in­
creases with v. Also note that slope a has its 
physical meaning, that is, the decrease of velocity 
in distance passed of unit length. Parameter a 
plays an important role in this mathematical model 
and is called the speed-decreasing rate. 

the V-L 2. When 7 km/hr < V < 10 km/hr, 
curve is close to a straight line with slope k1 a. 
Experience shows that k1 = 1.3. 

3. When 5 km/hr < V < 7 km/hr, the V-L curve 
can be approximated by a straight line with slope 
k2a, where k2 = 2. But the lower the car speed, 
the greater the randomness in the speed-decreasing 
rate (a). 
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4. When V .'.:. 5 km/hr, the randomness in the 
speed-decreasinq rate (a) is dominant. How far a 
rolling car can go is uncertain when its speed is 
, --- L.L-- I"" 1._ .IL­
.LCiOiCll L.llClll ;.,J 1\.111/1.11. • 

Based on the V-L curves, the ideal exit speed 
from a retarder can be determined as follows: 

1
1.11 + 2aL when L..; (0.83/2a) 

v. = 1.94 + l.3a [L-(0.83/2a)] when0.83/2a < L..; 0.84/l.3a 
2.78 +a [L- (0.83/2a) - (0.84/1.3a)] when L > (0.83/2a) 

+ (0.84/1.3a) (13) 

Note that 1.11 m/sec = 4 km/hr, 1.94 m/sec = 7 
km/hr, 2.78 m/sec = 10 km/hr, and v0 4 km/hr. 

For example, suppose that the preceding car is 
located some 400 m after the exit from a retarder: 
i.e., L = 400 m. The qrade of the bowl track is 
zero. Before the retarder, the speed-decreasinq 
rate has been measured as 0.5 km/hr per 100 m: i.e., 
a = 1.39 * lo-• (m/sec)/m. Accordinq to Equation 
10 and with 0.83/2a = 0.299 * lo-• 29.9 m and 
0.84/l.3a = 0.469 * lo-• = 46.9 m, 

v. = 2.78 + 1.39 * 10-3 (400 - 29.9 -46.9) = 3.23 (m/sec) 
= 11.6 (km/hr) (c) 

The uncertainty in rolling-car rollability be­
comes evident when the car speed decreases. There­
fore, correction factors k1 and k2 should be 
modified in different situations. 

REMARKS AND CONCLUSIONS 

The railway classification yard is considered the 
bottleneck in railway operations. CYCCS has signif­
icant benefits. Now that some work has been done on 
CYCCS, the problem of controllability has been 
posed. Tf the coupling rate i!OI regarded a!! the 
ratio between coupling time at the allowed coupling 
speed and the total number of couplings, it appears 
difficult to realize the requirement of a 100 per­
cent coupling rate. Even though it is possible to 
reach such a rate, the CYCCS would be prohibitively 
expensive. Cost and performance should be bal­
anced. The cost increases exponentially with the 
coupling rate, especially when the coupling rate is 
higher than 90 percent. 

A target-shooting control-system scheme for the 
CYCCS is presented in this paper. There are two 
fundamental problems in the system--one is rollabil­
ity measurement and the other is a mathematical 
model. For rollability measurement, the accuracy of 
some existing rollability data is suspect. In this 
paper the primary error sources are analyzed and ap­
proaches to improving the accuracy are given. As a 
result, the erxor in rollability measurement has 
been found to be 0.1 kg/ton. In this paper a piece­
wise-linear mathematical model based on many V-L 
curves obtained from a series of experiments is pro­
posed. Experiments showed that a coupling rate of 
90 percent can be achieved with a CYCCS. 
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Effect of Measurement Errors on Car Rollability 

Distribution 1n a Yard 

ROBERT L. KIANG 

The importance of car rollability data is generally recognized in the railroad 
community, and such data are routinely measured in modern classification 
yards to use in speed-control algorithms for real-time control of the cars. These 
data are also compiled and presented in various statistical formats, one of which 
is a histogram showing number of cars as a function of rolling resistance, that 
serve as critical input data to a yard designer. Although large quantities of 
rollability data are being collected, insufficient attention has been paid to the 
accuracy of such data. A small error in a wheel-detector measurement could 
result in a large error in the computed rolling resistance. Because of the large 
errors, the true rolling-resistance histograms may be quite different from the 
apparent histogram compiled from the measured data, and this distortion could 
cause overdesign of the yard speed-control systems. A method to compensate 
for uncertainties in rollability data is presented. 

Control of car movement in a classification yard is 
crucial to the safety and operational efficiency of 
the yard. In a conventional yard, control points 
(the retarder sections) are few and widely spaced, 
so the motion of a free-rolling car in between and 
beyond these control points must be accurately pre­
dicted. The success of such a prediction depends on 
information about the rollability or, equivalently, 
the rolling resistance of the car. 

The importance of car-rollability data is gener­
ally recc)gnized in the railroad community, and such 
data are routinely measured in modern classification 
yards. These data are used both in algorithms that 
provide real-time control of the cars and in various 
statistical displays, one of which is a histogram 
showing number of cars as a function of rolling re­
sistance, that serve as critical input data to a 
yard designer. 

Although much effort has been devoted to acquir­
ing large quantities of rollability data, too little 
attention has been given to the quality of these 
data. Measurement inaccuracies distort the data. 
In a recent study sponsored by the Federal Railroad 

Administration (l), a statistical analysis indicated 
that good rollability data demand extremely high 
measurement accuracy. 

The effects of measurement errors in car movement 
on the rolling-resistance histogram are explored. A 
current method of measuring rolling resistance could 
result in large errors in its value. Such an error 
in rolling resistance is not a constant for all 
cars: its functional dependence on the true rolling 
resistance of a car is derived. One consequence of 
these errors is that they will distort, sometimes 
greatly, the compiled rolling-resistance histogram. 
This is demonstrated and conclusions and recommenda­
tions are given later in this paper. 

ERROR MAGNIFICATION 

One standard method of measuring a car's rolling re­
sistance in a classification yard is to place four 
wheel detectors along a section of track. The first 
two determine the entering velocity of a car within 
this measurement section, and the last two determine 
the exit velocity. The distance between the first 
two wheel detectors is usually kept the same as that 
between the last two. That distance is denoted by 
t. The total length of this measurement section, 
that is, the distance between either the first and 
the third or the second and the fourth wheel detec­
tors, is denoted by L. It i s assumed that this sec­
tion lies on a constant grade G. As a car with 
constant rolling resistance travels through this 
section, its transit times through these two pairs 
of wheel detectors are measured. They are denoted 
by ta and tb. Given the values of the aforemen­
tioned parameters, the rolling resistance of this 
car can be calculated by the following equation: 



--
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R = G - (l/2gL) [(Q/tb)2 - (2/t,)2] (!) 

Consider the following typical values: 

G 0.40 (a 4 percent grade, typical of a master 
retarder measuring section) , 

g 32.2 f t / s ec 2
, 

L 100 ft, 
.t 20 ft , 

ta = 1.04 sec, and 
tb O. 81 sec. 

By using Equation l, this car's rollinq resistance 
can be readily calculated: 

R 2.76 x lo-• or s.s lb/ton. 

Most wheel detectors rely on wheel-induced dis­
turbance of a magnetic field around the detector to 
sense the presence of a passing wheel. Because of 
several variables, ranging from wheel size to wheel 
material, a wheel detector does not locate a passing 
wheel precisely every time. Unfortunately the ac­
curacy specifications of the commercial wheel detec­
tors are unknown. A plausible value of 0.08 ft 
(i.e., 1 in.) is assumed. By using a value of 20.08 
ft in the first of the two 1-terms in Equation l, 
the calculated rolling resist ance bec ome s 

R 2,00 x lo-• or 4.0 lb/ton, 

a difference of nearly 30 percent from the original 
value. 

What happened? A 0,4 percent error in one of the 
!-measurement s has translated to a 30 percent 
error in R. The reason is error magnification as a 
result of multiplication and subtraction of two 
large quantities to obtain a small quantity. In the 
previous example, three error magnifications are in­
volved. The first one is associated with the term 
(1/tb)'. The squaring operation doubles the 
error from 0.4 to 0.8 percent. 

The second magnification is associated with the 
term [(1/tbl 2 

- (1/tal 2 J. In this ex­
pression, the difference between the two terms is 
roughly half the value of either of these two 
terms. Hence, an error of 0.8 percent in either 
t erm bec omes an error of about l. 6 pe rce nt in the 
resulting difference. 

The third magnification is associated with the 
right-hand side of Equation l. Here the difference 
between these two terms is more than a factor of 10 
smaller than either of the two terms. A 1.6 percent 
error is translated into a 30 percent error in the 
difference. 

Once the compounding effect. of error magnifica­
tion has been recognized, the following can be de­
duced by a careful examination of Equation l: 

l. On a given grade, a car with smaller R will 
attain higher velocity when compared with a car with 
larger R. Both small R and high velocity will ac­
centuate the error in R. 

2. For a car with a constant R, the larger the 
grade, the larger the error in R. 

In the next section, a functional relationship be­
tween R and its error as a result of the uncertain­
ties in the !-measurements is derived. 

AR AS FUNCTION OF TRUE R 

It is assumed that each rail car has a single-valued 
rolling resistance in the following analysis. This 
assumption is not realistic because it is commonly 
accepted that a car's rolling resistance can depend 
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on such factors as velocity, wheel-bearing tempera­
ture, and track condition. Nevertheless, for the 
purpose of demonstra ting the e ffect o f measurement 
errors on a rolling- resistance histogram, this as­
sumption is acceptable. Equation l can be rewritten 
as follows: 

R = G - (1/2gL) (V6 - v:) (2) 

where Va and Vb represent the ent ering and exit 
velocity of a car, respectively. A registration 
error in a wheel detector will reflect as errors in 
these velocities, which in turn will reflect as an 
error in the rolling resistance (R). If the error 
of a quantity is denoted by A, a statistical 
theory (2) dictates that AR as a result of l!.Va 
and ti.Vb -can be calculated according to the fol­
lowing : 

(3) 

By using Equation 2 as well as Va ~ 1/ta, Vb = 1/tb, 
and ti.Va= 1ava/at1t.1 =Al/ta and ti.vb= At/tb, the 
following equation is obtained: 

(4) 

Equat i on 4 i ndicates t hat AR is p ropor t ional t o 
At: AR is also a function of R. This dependence 
on R is implicitly contained in ta and tb. In 
the rollability mea'surement section just ahead of a 
master retarder, a car with small R will have a 
higher average velocity through that section than a 
car with larger R. The measured transit times (ta 
and tb) will have smaller values. From Equation 4 
it can be determined that this car will have a rela­
tively large AR as a result of its inherently 
small R. This corroborates one of the deductions 
made at the end of the previous section. 

The derivations of ta and tb as functions of 
R are straightforward: the results are 

t. ~ (J2 - JI )/g(G - R) 

tb ~ (J4 -J3)/g(G- R) 

where 

J; = (V~ + 2gGXi)y, i = 1,2,3, and 4 

(5) 

(6) 

In Equation 6, Vo denotes the hump speed and Xi 
denotes the distances of the four wheel detectors 
from the crest. Equations 5 are approximate because 
certain small terms have been neglect ed. If Equa­
tions 5 are substituted into Equation 4 and a qua­
dratic term of R is dropped, the desired eq1.1at inn is 
as follows : 

With a hump speed of 2.3 mph, a G of 0.04, an t of 
20 ft, and an L of 100 ft, Equation 7 becomes 
AR= 0.01261(1 - SOR). For a specific At, l!.R assumes 
the form 

11 R = m - nR (8) 

For two examples, 61 is set to be 0.04 ft (0.5 
in.) and 0.06 ft (0.75 in.). 

1

0.95 - 0.024R 
11 R (lb/ton) = 

1.4- 0.036R 

for t. l! = 0.04 ft 

for " = 0.06 ft 

(9) 

(10) 

To illustrate again how a small error in 1 can 
translate to rather large errors in R, a few values 
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Figure 1. Error distortion in rolling·resistance histogram. 
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Table 1. Probability distributions of measured R. 

5 

Probability(%) by Measured R-Yalue (lb/ton) 

True R (lb/ton) 

2 (10 cars) 
3 (60 cars) 
4 (30 cars) 

of llR are 

0 

10 20 

calculated by 

2 

40 
20 

using 

3 

20 
60 
10 

4 

IO 
20 
80 

Equations 
The results are tabulated as follows: 

tiP, = 0.04 ft ti1 = 0.06 ft 
R llR R llR 
!lbLton) !lbLton) (lbLton) !lbLton) 
2 0.90 2 1.3 
6 0.81 6 1.2 

10 o. 71 10 1.0 
18 0.52 18 0.75 

DISTORTION OF ROLLABILITY DISTRIBUTION 

IO 

9 and 10. 

An example of a discrete rollability histogram is 
given in the following. To illustrate the error­
induced distortion in an exaggerated fashion and yet 
to confine the amount of computation within a man­
ageable limit, all numerical values in this example 
are hypothetical. A sample of 100 cars is assumed. 
Each car has a true rolling resistance of one of 
three values: 2, 3, or 4 lb/ton. It is further 
assumed that there are 10 cars with R of 2 lb/ton, 
60 cars with R of 3 lb/ton, and 30 cars with R of 4 
lb/ton. The true rollability histogram of this sam­
ple of cars is plotted in Figure la. 

When the rolling resistances of these cars are 
measured in a yard, the measured R for eacb car may 
or may not be equal to its true R. The probability 
distributions of the values of measured R are as­
sumed to be those shown in Table 1. For example, 
when a 2-lb/ton car rolls through the measurement 
section, there is a 40 percent chance that the mea­
sured R will be 2 lb/ton, that is, equal to its true 
~; there is a 20 percent chance that the measured R 
will indicate either 1 or 3 lb/ton; and there is a 
10 percent chance that the measured R will indicate 
either O or 4 lb/ton. 

From Table 1, the measurement errors have widened 
the range of R from its original values of 2 to 4 
lb/ton to 0 to 5 lb/ton. The expected number of 
cars for each measured R can readily be obtained by 
multiplying the number of cars in each true-R cate­
gory with the probability value and then sununing 
over all the categories. The results are as fol­
lows: O lb/ton, 1 car; 1 lb/ton, 2 cars; 2 lb/ton, 
16 cars; 3 lb/ton, 41 cars; 4 lb/ton, 37 cars; and 5 
lb/ton, 3 cars. These values represent the mea-
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sured, or the apparent, rolling-resistance histo­
gram, which is plotted in Figure lb for easy compar­
ison with the true-R histogram. The word "apparent" 
is used because that is the histogram compiled from 
the yard data. The true-R histogram is masked by 
the measurement errors and is usually not known. 

This hypothetical example not only illustrates 
the distortion to the rolling-resistance histogram 
caused by measurement errors but also indicates the 
multiplication and summation procedure one has to 
use to find the apparent histogram. When this pro­
cedure is extended from a discrete to a continuous 
distribution, it becomes a proven statistical opera­
tion called convolution (]., p. 317): 

(11) 

In this convolution integral, f denotes a probabil­
ity distribution and subscripts a, t, and e stand 
for apparent, true, and error, respectively. 
fe(IR' - RI) denotes the error distribution of the 
measured rolling resistance R' around a true rolling 
resistance value of R. For lack of experimental 
data, it is assumed that fe( IR' - RI) is a 
Gaussian distribution with its standard deviation 
a equal to the llR values calculated from Equa­
tions 9 and 10. 

Equation 11 allows the calculation of fa (R') if 
both ft!R) and fe! IR' - RI) are given. Be­
cause ft. ('<) is usually unknown, an inverse trans­
formation is required to allow the calculation of 
ft!R) f.:>r a given fa(R'). Such an inverse 
transformation is quite complicated. With the help 
of a compu ter , a shape for ft (R) can be assumed 
and i t erat i ons around that shape can be performed 
until the resulting fa (R') agrees with the rolla­
bility distribution measured in a yard. By using 
this method, an example of a realistic fa(R') and 
its corresponding true distributions ft (R) for 
various assumed measurement errors are now shown. 

Rolling-resistance data were collected in De­
cember 1957 at the Robert E. Young Yard in Elkhart, 
Indiana. The measured rolling resistances for 1,225 
cuts are plotted in a histogram shown in Figure 2. 
This distribution is typical of many other rollabil­
ity distributions, which is the reason for using it 
in this example. The Elkhart data can be closely 
approximated by a continuous distribJ.Jtion function, 
the shape of which is also shown in Figure 2. This 
continuous distribution is used as the fa (R') 
here, and it is replotted in Figure 3 with the ordi­
nate changed from number. of cuts to a probability 

Figure 2. Apparent rollability distribution measured in Robert Young Yard 
in December 1957. 
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Figure 3. Measured rolling-resistance distribution. 
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Figure 4. True (solid curve) versus apparent (dashed curve) distribution: 
M= 0.4ft. 
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function. The smooth curve in Figure 3 is repre­
sented by 

for c .- R' (12) 

for R' < c (13) 

where a = 11.9, b = 3.29, and c = 1.565. 
All mentioned before, the error aistrihnt.ion is 

assumed to be a Gaussian distribution: 

f0 (I R' - RI)= [1/a(2rr)l"J exp {-~[(R' - R)/aJ2} (14) 

with 

a=m-nR 

The values of m and n depend on the registration 
error of the wheel detectors (lit). The two sets 
of m and n used are given in Equations 9 and 10. 
One set corresponds to a tit of 0. 04 ft ( 0. 5 in.) , 
the other to a tit of 0.06 ft (0.75 in.)1 both rep­
resent relatively small errors. The convolution 
integral in Equation 11 is then evaluated numeri­
cally for diff erent ft (R) unti l the resul ting 
fa (R') matches that shown in Figure 3. These re­
sults are.shown in Figures 4 and 5. The solid curve 
in each figure is fa(R), the true rollability dis­
tribution. The dashed curve is fa!R'), the ap-
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Figure 5. True (solid curve) versus apparent (dashed curve) distribution: 
M = 0.6ft. 
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parent rollability distribution, which closely 
matches the measured rollability distribution of 
Figure 3. Figure 4 is for the case of tit = 0.04 
ft, and Figure 5 for H = O. 06 ft. Although these 
assumed errors are small, the distortions they in­
flict on an ft!R) are not negligible. This is 
especially so for the case shown in Figure 5. Al­
though hardly any car incurs less rolling resistance 
than 4 lb/ton in the true distribution, the apparent 
distribution shows a significant fraction of cars 
with rolling resistances below that value. An over­
design of the speed-control system will result if a 
yard is designed according to the apparent rollabil­
ity distribution. 

CONCLUSIONS AND RECOMMENDATIONS 

Several conclusions are evident from this ~tudy: 

l. Small errors in wheel position or car veloc­
ity measurement can result in large errors in the 
calculated rolling resistance. 

2. The error in rolling resistance is a function 
of the true rolling resistance of a cari the errors 
become larger for cars with smaller rolling resis­
tance. 

3. These errors in rolling resistance can 
greatly distort the shape of a rollability distribu­
tioni they tend to broaden the distribution so that 
it appears that there are more cars at the upper and 
lower extremes of resistance than there really are. 

Because a rollability distribution is an impor­
tant input in yard design, knowing the true distri­
bution will reduce the cost of yard speed-control 
hardware. As shown by the example given in the pre­
ceding section, the convolution integral provides a 
way to derive the true rollability distribution once 
the error distribution is known. The error distri­
bution of a specific instrument, be it a wheel de­
tector or a Doppler radar, should be obtained in a 
yard where realistic operating conditions prevail. 
For example, the registration errors of a wheel de­
tector can be obtained by comparing its output with 
a highly accurate optical measurement. 
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Semiautomatic Operation for Upgrading 
Intermediate-Sized Hump Yards 

ROBERTE. HEGGESTAD 

A simplified control-system concept is described that may be applied to older 
manual hump yards to improve operating efficiencies, car handling, and vol­
ume and allow semiautomatic operation with one operator where two or three 
may have been needed for manual operation. The system provides automatic 
routing of cars based on manual handling of the entry of cars onto tracks dur­
ing humping or on use of a switch list received in advance directly from a host 
computer. It offers speed control with a closed-loop radar system and manual 
inputs that allow the operator to specify a group-retarder exit speed for each 
individual classification track. These exit speeds are modified automatically 
according to car weight as determined by a conventional weight rail. No 
rolling-resistance calculations are made. The effect of track fullness is com­
pensated for manually by the operator, but another option offers automatic 
fullness compensation based on cars counted into each classification track. 
Corrections for the effects of misroutes or stalls need manual intervention. 
Although this approach is not fully automatic, it is much more cost effective 
for lower-volume yards than a fully automatic system. This has been proven 
in two yards handling volumes of 1,000 to 1,500 cars per 24·hr day. 

There are many older hump yards in the United States 
that still use manual retarder operation and manual 
switching of cars from a lever-type operator con­
sole. Depending on size, many of these yards employ 
several retarder operators .in addition to the person 
who routes the cars to their destination tracks. 
These yards typically process between 500 and 1, 500 
cars per 24-hr day and have from 24 to 48 classifi­
cation tracks--truly the middle-sized classification 
yard. 

The control system described in this paper is a 
method of greatly improving the efficiency of such a 
yard without going to the expense of a completely 
automatic yard. It consolidates control in one op­
erator, who monitors both retardation and routing 1 
it improves the reliability of switchingi it im­
proves the speed control with resulting reduction in 
damagei and it raises the overall operating effi­
ciency of the yard. This system has been installed 
in two yards of the Consolidated Rail Corporation 
(Conrail) and has provided outstanding results. 

In general design concept, the system is two sys­
tems in one package: a switching or route-control 
system using microprocessor logic and manual push­
button entry and a semiautomatic speed-control sys­
tem with individually selectable exit speeds for 
each track. The speed control uses radar speed mon­
itoring with a closed-loop control that drives the 
retarder to reduce the speed of each car to the 
value called for by the microprocessor. Speeds 
called for are values entered by the operator, modi­
fied slightly according to car weight and ambient 
temperature. An optional enhancement also provides 
automatic compensation for track fullness, which 

will be discussed later. Another optional enhance­
ment, to be discussed later, is direct entry of the 
switch list from a host computer, eliminating the 
operator pushbutton entry other than corrections as 
needed. The system also provides a full operator's 
console permitting manual override of any automatic 
function and a test and simulation panel employed in 
maintenance and system testing. 

AUTOMATIC SWITCH OPERATION 

In the automatic switching portion of the system, 
new data are entered in one of two modes, selected 
by the pushbuttons marked TRACK SELECT and DEFAULT 
SELECT. Following system clearout, the system will 
automatically revert to DEFAULT SELECT. In this 
mode, the DEFAULT SELECT button lights and a two­
digit number entered on the keyboard will appear in 
the DEFAULT display window. That number track will 
subsequently be used as a destination track for any 
car humped without an entry for destination. The 
default track selection will remain in effect and 
the number will remain in the window until it is 
changed by the entry of a new number. The system 
will not accept an invalid number as a default track 
and will respond to such a request by issuing an 
INVALID TRACK alarm. 

To enter the track-select mode the TRACK SELECT 
button must be pushed. It will then light and re­
main lighted, and the DEFAULT SELECT light will go 
out. In the track-select mode, track entries are 
made as two-digit numbers from the number keyboard. 
Track numbers 1 through 9 are entered with a leading 
zero. The first two digits entered will appear in 
the CUT 1 display window, each digit appearing as it 
is entered. This is the destination track for the 
first cut. The next two digits entered will appear 
in the CUT 2 display window, representing the desti­
nation track for the second cut. Subsequent entries 
may be made for the third and fourth cuts; the num­
bers appear in the CUT 3 and CUT 4 windows. If an 
invalid track number is entered, it will not appear 
in the CUT window, and an invalid-track alarm will 
be issued. If a valid track number already entered 
must be deleted or changed, this is done with the 
CUT CANCEL button. Pushing this button cancels the 
last full track number entered and removes it from 
the cut display window. A second push of this but­
ton cancels the next prior track number entered, and 
so forth. For example, if four track numbers are 
entered and the operator wishes to change the number 
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displayed for cut 2, he must push the CUT CANCEL 
button three times, cancelling in turn cuts 4, 3, 
and 2. He then reenters the numbers, beginning with 
cut 2. As each cut enters the master retarder, its 
number is dropped from the CUT l display and all 
following cuts advance one position, allowing a new 
number to be entered for cut 4. Any numbers entered 
while all cut displays are filled will be disre­
garded . 

As a cut enters the master retarder, its destina­
tion track in the CUT l display can no longer be 
changed, and all switches leading from the crest to 
the destination track are positioned, unless any of 
the required switches are awaiting an earlier cut. 
Progress of the cut is tracked by the computer by 
using both retarder-wheel detectors and switch­
presence detectors (PDs) . The computer always at­
tempts to position as many switches as possible 
ahead of each cut without affecting earlier cuts. 
If a switch fails to achieve the requested position 
within approximately 0.9 sec after the request, it 
will be restored to its previous position (unless 
its PD has been occupied), and a switch-failure 
alarm will be issued. 

MANUAL SWITCH OPERATION 

On the console there is a control level for each 
switch with three rotary positions: left, right, 
and automatic. In the automatic position, the 
switch is controlled by the computer as described 
previously. In the left or right position, the com­
puter will not attempt to control the switch but 
still monitors its position. In the left or right 
position, the switch will remain in the requested 
position and the position will be displayed continu­
ously by the appropriate white light on the console 
and the test panel. Cuts can be routed automati­
cally through a switch in manual mode as long as a 
change of position is not required. If a destina­
tion-track number is entere~ tor a track and it can­
not be reached because of a switch manually posi­
tioned for other than the required route, the track 
n umber will not be accepted , and a ROUTE BT .OCKF.n 
alarm will be issued. If a track is to be protected 
or "blue flagged," the switch-control lever is 
placed in the protecting manual position and pulled 
up; a blocking collar is slipped under the knob to 
hold it in the up position. This provides the addi­
tional protection of opening the circuit to the con­
trol relays and lighting the blue light alongside 
the switch on the control panel to indicate that the 
switch is blocked. Automatic operation makes no 
distinction between a blocked switch and one that is 
simply in manual operation; it cannot control it in 
either case. As in automatic operation, if a switch 
fails to achieve the requested position within ap­
proximately O. 9 sec after the request, it will re­
turn to its previous position. 

Pushing of the TRIM button deactivates data input 
from the keyboard and weigh-rail PD to prevent de­
fault track selection by the automatic routing when 
manual switching is used. The TRIM pushbutton is 
lighted to indicate that the system is in the trim 
mode. Routes stored in the computer before the trim 
mode is selected are unaffected and continue to be 
processed by the computer. Manual route selection 
can be performed by manual operation of the switches 
in each selected route. The trim mode is cancelled 
by pushing the lighted TRIM button. 

SPEED CONTROL 

The speed-control portion of the system begins with 
a weight measurement on each cut. The weight of 
each cut being humped is classified on a weigh rail 
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installed just below the crest of the hump. The 
weigh rail uses microswitches to transfer contacts 
based on rail-head deflection. Weight categories 
represented by the contacts are light, medium, 
heavy, and extra heavy. Actual weights applying to 
each category are adjustable within limits at the 
time of installation. Because rail-head deflection 
occurs only when a wheel is centered over the de­
flection point, a separate reading is made for each 
wheel. These momentary outputs from the micro­
switches are stored during the time that the PD at 
the weigh rail is occupied. The measurement is pro­
gressive in that the greatest weight recorded for 
any one wheel during passage of a cut is stored and 
used as the weight for that cut. Cut weight and 
track circuit occupancy are indicated in lights on 
the console and on the test panel while the weighing 
takes place. The finally determined weight is de­
livered to the computer for transfer to the re­
tarders when the PD becomes vacant. If for any rea­
son no weight is obtained, the system will default 
to the category of heavy. 

Actual speed of each cut as it moves through each 
retarder is measured by the Doppler radar unit. The 
radar antenna is enclosed in a heavy sheet-metal 
housing with a nonmetallic front panel. The antenna 
assembly is mounted on a foundation consisting of 
two rectangles made up of galvanized steel angle 
stock. Light-duty bolts are used to mount the an­
tenna to provide break-away protection in the event 
that an antenna is struck by dragging equipment. 
The antenna unit is mounted approximately 15 ft up­
stream from the top of the retarder and just outside 
the ends of the ties. A light cable from each an­
tenna unit will terminate in a bootleg junction box 
adjacent to the antenna, which is also mounted with 
the break-away principle. 

A card cage in the control bungalow contains a 
logic card for each antenna unit. A rack-mounted 
power supply provides the power for the radar. In­
puts to the logic:: card are the audio signal from the 
antenna, with frequency proportional to measured 
speed; track occupancy taken from the wheel detec­
tors in each retarder; and reqnested speed from the 
computer. Outputs from the logic card are analog 
voltages to drive meters on the test panel that in­
dicate actual speed, target speed, and deviation 
from target speed a s well as contact closures that 
represent radio-frequency (RF) failure (to operate 
warning lights on both the console and the test 
panel), close retarder (when speed is above target), 
and open retarder (when speed is at or below tar­
get) • Each of these outputs will be displayed in 
lights on both the console and the test panel. 
These contact closures drive relays in a network 
that also uses weight data from the computer and 
provides for manual override from the console. In 
automatic operation, the selection of which pressure 
to apply to the retarder is based on weight, and the 
decision to close or open is based on radar output. 
The resting position of all retarders in this mode 
is the weight category of heavy. For the master and 
intermediate retarders, target speed input to the 
logic card is an analog voltage from a speed-selec­
tion potentiometer. For all group retarders, a 
6-bit digital signal is supplied from the comp~ter. 

To assure that the retarder units are only oper­
ating when a car is in the retarder, a wheel­
detector count-in, count-out scheme is used in each 
retarder. Some types of retarders could be used 
with track circuits, but the wheel-detector approach 
is adaptable to any retarder. Wheel detectors are 
bolted to the base of the rail, one at the upper end 
and one at the lower end of each retarder. A sep­
arate count is maintained for each retarder; all 
counting is done in a microprocessor control unit. 

.. --
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Each time the upper detector is actuated, the count 
is increased by 1. Each time the lower detector is 
actuated, the count is decreased by 1. Any count 
greater than zero is interpreted as an occupied re­
tarder. A count of less than zero, for whatever 
reason, is ignored. When occupancy is detected in 
i:his way, the counter control unit drives a relay 
the contacts of which key on the radar antenna, op­
erate lights on the console and the test panel, and 
notify the computer when the retarder is occupied by 
a car so that the proper weight and speed informa­
tion may be obtained. The computer relays the ap­
propriate weight information continuously as long as 
the occupancy is indicated. A time-out feature is 
used to recover from the possibility of a miscount 
on one of the wheel detectors. 

Exit speed from the master and intermediate re­
tarders is selected by rotary potentiometers for 
each retarder on the operator's console and is the 
same for all cuts regardless of their destination. 
Markings on the panel, along with a pointer on the 
speed-select knob, indicate the approximate speed 
chosen within the range of 5 to 12 mph. Exit speeds 
from the group retarders will vary with destination 
track, and the operator will assign a specific re­
tarder exit speed to each of the classification yard 
tracks. Once assigned, the exit speed will apply to 
all cuts destined for that track until changed by 
the operator. A small cathode-ray tube (CRT) is 
provided to continuously display a list of all des­
tination tracks in the yard and the exit speeds as­
signed to each track. This is a ready reference for 
the operator that allows him to easily check the 
current speed assignments at any time. 

To change a speed assignment or enter a new one, 
the operator pushes the SPEED-SELECT button. This 
takes the system out of the track-select or default­
select mode, whichever it was in previously. While 
the system is in the speed-select mode, the SPEED 
SELECT pushbutton is lighted. In the speed-select 
mode, the operator uses his number keyboard on the 
console to select track numbers and make the speed 
assignments. For each speed entry, he must first 
enter the two-digit track number in the same manner 
as for track selectioni leading zeros are required 
for tracks O through 9. If an invalid track number 
is entered, an invalid-track alarm will be issued. 
If the two digits entered represent a valid track 
number, the system will then accept the next two 
digits entered as the new exit speed for that track, 
in integral miles per hour. Speeds under 10 mph 
must be entered with leading zeros in the same way 
as the single-digit track numbers. As the new speed 
is entered, it will replace the previously stored 
speed, if any, both in the computer storage and on 
the CRT display. Speeds selected must be within a 
permissible range that is set from the terminal de­
vice adjacent to the computer, inaccessible to the 
operator. The range of permissible speeds would 
typically be 3 to 12 mph. If speeds are being en­
tered for more than one track, the operator will 
continue to use the number keyboard i after a speed 
has been entered, the next two digits represent the 
next track number, followed by two digits for its 
speed assignment, and so on until all speed assign­
ments have been made. When speed assignments are 
complete, the operator returns to either the de­
fault-select or the track-select mode by using the 
appropriate pushbutton. Any track for which no exit 
speed has been assigned will use a default speed of 
6 mph. Default speed may also be changed from the 
computer maintenance terminal. In place of making 
rolling-resistance measurements, a speed offset of 
0.6 mph for medium-weight cars and 1.2 mph for 
lightweight cars is automatically added to the 
selected track speeds to compensate for the inherent 
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poorer rollability of the lighter-weight cars. 
Changing of speed offset for lighter-weight cars is 
done from the computer maintenance terminal. An 
additional offset is provided via the summer/winter 
switch, which adds a fixed speed differential in the 
winter position only. 

The console is equipped with a linear-motion 
lever for each independent retarder section. Most 
retarders have independent upper and lower sec­
tions. Because there is only one radar per re­
tarder, both sections operate together in automatic, 
but either section can be taken out of automatic and 
operated manually, independent of the other sec­
tion. The retarder levers have five positions: 
open, light, medium, heavy, and automatic. A push­
button is provided adjacent to each pair of levers, 
which may be used when either lever of the pair is 
in the heavy position to increase the pressure to 
extra heavy (XH). The XH pressure will be applied 
only as long as the XH button is held down. When it 
is released, the pressure will revert to heavy. 

Because of the relatively short distance from the 
weigh rail to the master retarder and because weight 
information on each cut must be determined before 
the lead wheel reaches the master retarder, weight 
is generally based on measurement of the first two 
trucks of a cut. On longer cuts, the weight of the 
first car is generally used as the weight of the 
cut, and retardation pressure will be applied ac­
cordingly. For this reason, multiple-car cuts of 
mixed weights may require manual retardation control. 

Additional functions provided on the operator's 
console are various operational alarms, a hump siq­
nal stop control, indications of actual hump signal 
aspect, control of the warning siren, a dimmer con­
trol for the console indication lamp, a switch­
status control that causes the positions of all 
switches to be displayed on the console, and an in­
dicator showing when the test panel is operating in 
either the monitor or the control mode. 

The test panel, located in the remote bungalow or 
equipment room, presents a track diagram of the hump 
area containing various controls and indicators. 
These include switches for simulating occupancy of 
all track circuits, PDs, and wheel detectorsi indi­
cations of switch positions, retarder positions, 
track circuit and PD occupancy, and hump signal as­
pects i and speed meters indicating actual speed, 
target speed, and variance from target speed with a 
selector switch allowing the meter set to be used on 
any selected radar unit. Also on the test panel are 
a set of data entry pushbuttons allowing the entry 
of destination tracks for test purposes and a set of 
lighted pushbuttons duplicating the alarm indica­
tions presented on the operator's console. A key­
lock switch on the test panel selects one of three 
modes for the test panel. These are the off mode i 
the monitor mdde, in which all indications are pre­
sented on the test panel but control and simulation 
inputs are disabledi and the control mode, in which 
control is taken away from the operator console and 
transferred to the test panel. Indications and 
alarms are presented on the operator's console at 
all times, regardless of the status of the test 
panel. 

ALARMS 

An assortment of different alarms is provided. In 
each case the alarm is indicated by flashing a 
lighted pushbutton bearing a legend to identify the 
alarm and requiring the operator to push the button 
to acknowledge the alarm. Where a function needs 
further identification, such as a switch number or 
track number, this number will appear in a digital 
display in the alarm window. 
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The alarm for invalid track entry is produced 
when the operator inputs a two-digit number for 
either a destination-track or default-track assign-
ment that is net an e~isting track number accessible 

, to the automatic switching. When an invalid number 
is detected, the INVALID TRACK light goes on, the 
invalid number is posted in the alarm display win­
dow, and a single-stroke bell is sounded. The 
INVALID TRACK light and track-number display will 
remain on until acknowledged. 

The switch-fail alarm is generated when a switch 
in automatic mode fails to achieve the requested 
position within approximately 0.9 sec. With this 
alarm the SWITCH FAIL light goes on, the number of 
the failed switch is displayed in the alarm window, 
and the single-stroke bell is sounded. The light , 
and number display will remain on until acknowledged. 

The route-blocked alarm is generated when the 
operator enters a destination track that cannot be 
reached because one or more switches in the route to 
that track are in the manual mode, positioned for 
other than the required route. The alarm consists 
of the ROUTE BLOCKED light, display cf the requested 
track number in the alarm window, and the single­
stroke bell. The light and number display will re­
main on until acknowledged. 

The power-off alarm responds to contacts on a 
power-off relay provided by the railroad and con­
tacts of two power-off relays in the control bun­
galow. The power-off indication will be a steady 
light that uses battery energy. . 

The radar-fail alarm is generated when the an­
tenna of one of the radar units is not transmitting 
properly. The alarm consists of a flashing RADAR 
FAIL light, the single-stroke bell, and the red 
warning light adjacent to the appropriate retarder 
on the console and test panel track diagrams. The 
operator is required to acknowledge by pressing the 
RADAR FAIL light. The light on the track diagram 
will remain on as long as the condition exists. 

The overspeed alarm is generated when a cut 
passes through a retarder without having been 
brought down to the desired exit speed. If at any 
time during retardation the cut reaches the desired 
speed and the retarder is opened, the alarm is pre­
empted for that cut. The alarm consists of a flash­
ing OVERSPEED light, a flashing red warning light 
adjacent to the retarder involved on the operator's 
console and test panel track diaqrams, and the 
single-stroke bell. The lights will go out when the 
operator acknowledges the alarm with the OVERSPEED 
button. The alarm is operative only when the re­
tarder control lever is in the automatic position. 
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Any alarm described in t'he preceding list may be 
logged in coded form on the maintenance terminal 
adjacent to the computer for reference by mainte­
nance people~ 

OPTIONS 

Several enhancements are available as options to 
this system that are not part of the existing in­
stallations. One of these is an automatic speed 
compensation for track fullness. The operator as­
si~ns a clear-track speed for each track, which ap­
plies to the first cuts entering when the track is 
empty. The system then counts the number of cuts it 
switches into each track and reduces the entrance 
speed automatically as the number of cars in­
creases. A typical value of compensation miqht be 1 
mph for each eight cars, but this would be select­
able individually for each track. The operator has 
the ability to override the calculated speed with a 
manually entered speed at any time, and future re­
ductions for fullness will then start from the manu­
ally entered value. When a track has been pulled 
clear, the operator reports this information and the 
speed automatically reverts to clear-track speed. 

Another available option is direct entry of 
switch lists from a host computer rather than manual 
entry as defined earlier. In this configuration the 
system can store up to 30 trains of 200 cars each, 
with a car initial and number and a classification 
code for each car. Lists may be called up for edit­
ing on a CRT before humping. During humping the 
system permits operator corrections to add a car, 
delete a car, or reverse the order of a block of 
cars. It also provides for track swings as needed. 
When a given list is complete, the operator is asked 
to make any corrections for cars that did not go as 
intended, and the as-switched information is then 
added to a classification yard inventory. This in­
ventory is subject to manual adjustments as neces­
sary to account for errors or trimming. When clas­
sification tracks are pulled to make up outbound 
trains, the appropriate inventories are then com­
bined into an outbound file for transmission back to 
the host computer. , 

New technology and the elimination of many high­
level refinements makes it possible to install a 
system such as this in a moderate-sized yard for a 
fraction of the cost of a fully automatic system. 
It is unsuitable for a major terminal handling 3,000 
cars a day, but there are many yards that could ben­
efit from this straightforward, no-frills concept. 
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A Computer for Your Old Hump Yard? 

JOSEPH A. RICE 

In 1977 Southern Railway decided to replace an old and hard-to-maintain hump 
control computer with a new control computer system. The new system was 
developed entirely by Southern Railway employees. Functions of the new sys­
tem exceeded those of the old, allowing Southern to eliminate two 24-hr posi­
tions. System installation was done in phases at Brosnan Yard, Macon, Georgia; 
the final phase was completed in September 1980. 

In late 1976 Southern Railway "'as faced with the 
necessity of replacing an old computer system used 
for master-retarder control at Brosnan Yard, Macon, 
Georgia. This computer system had been installed in 
1966 as a complete retarder-control system but had 
been only marginally successful because of multiple_ 
tuning difficulties. 

The system design required a hump conductor at 
the hump crest; a scale clerk to produce weigh tick­
ets on the 5 percent of traffic that needed weigh­
ing; and a car retarder operator for overriding 
computer control, making trim moves with the hump 
engines, and blocking tracks. 

Brosnan Yard was handling as many as 3, 000 cars 
per day over its single hump. Management had infor­
mation that damage claims were high on traffic pass­
ing through this yard. The decision to replace the 
old computer system with newer equipment programmed 
by Southern Railway employees was reached in the 
late spring of 1977. 

PREPROJECT HISTORY 

In 1965-1966 Southern Railway built a new hump yard 
at Macon, Georgia, on the site of an old flat yard 
and a swamp. Into this yard went one of the first 
modern minicomputers, a Digital Equipment PDP-8. 
The PDP-8 and its input-output hardware were used 
for controlling both master and group retarders; 
both system design and implementation were provided 
by General Railway Signal Company (GRS). 

Although the system controlled all required 
equipment, coupling speeds remained erratic through­
out the life of the PDP-8 system except during con­
centrated tuning efforts. Furthermore, group re­
tarder control in full manual by the car retarder 
operators was the rule, not the exception, from 1973 
on. 

Meanwhile, in 1973 Southern had built another 
hump yard at Sheffield, Alabama, also using a GRS 
control system, Data General computers, and an in­
formation link to the first prototype of Southern' s 
Terminal Information Processing system (TIPS). No 
scale clerk or car retarder operator was required at 
Sheffield. The yard was considered the most modern 
in North America at the time and was .an unqualified 
success. 

Therefore, when Digital Equipment informed South­
ern in 1976 that they could no longer maintain the 
Brosnan PDP-8 after mid-1978, Southern management 
was inclined toward replacing the PDP-8 with Data 
General computers and linking these computers to the 
TIPS already installed at Brosnan Yard. In addition 
management decided that in-house development would 
be desirable; that work was assigned to the Manage­
ment Information Services (MIS) Department. 

COMMITTEE APPROACH 

The control of the computer replacement 
proceeded through a number of committees. 

project 
At the 

top of this structure was the Committee on Computer 
Usage (CCU). The CCU was a permanent part of South­
ern Railway structure that determined all major 
applications of computer technology for the rail­
road. The CCU was made up of all company vice presi­
dents and those above them. Below the CCU was a 
group from middle management called Management In­
formation Services--Rail Operations (MIS-OP). The 
job of MIS-OP was to coordinate efforts of MIS and 
operations on joint activities. Because MIS would be 
developing the system for Brosnan Yard, the project 
was subject to MIS-OP review. 

Initially a programming group was assigned to 
evaluate the project's needs in terms of hardware, 
software, and development time. The results of this 
evaluation were a hardware-software plan, a perfor­
mance specification, and a phased implementation 
schedule. 

Because the system would have to be plac;:ed in 
service in the yard while the yard handled normal 
traffic, a temporary committee of middle and lower­
level management was established to oversee the 
system installation. This technical monitoring 
committee was composed of members from Transporta­
tion; Communications and Signals (C&S); MIS; Mainte­
nance of Way; and Freight Claims Services. This 
group was responsible for resolving interdepart­
mental conflicts and for deciding on solutions to 
various problems that appeared in the original plan. 
It was from this committee that the implementing 
team took its direction. 

IMPLEMENTING TEAM 

Working under the technical monitoring committee was 
the actual implementing team. The only full-time 
employees assigned to this work were from MIS: three 
programmers and one programming manager. Part-time 
members were one C&S operations specialist, two C&S 
supervisors, one superintendent of terminals, and 
one track supervisor. 

Because the programming manager was the senior 
full-time person on the project, he became the de 
facto project leader. But because the technical 
committee was in place, only relatively minor tacti­
cal decisions were made without committee direction. 

The amount of time spent on the project by the 
programming team was December 1977 through September 
1980. A major interruption occurred between March 
1979 and October 1979 as the team was shifted to 
Linwood, North Carolina, to assist GRS in installing 
another new hump yard at that location. Of the 
original group of four, only two remained on the 
project for the full duration. Of the other two 
jobs, one turned over twice during the project. 

A total of nine programmer years was spent 
through the final phase of installation in September 
1980. The total becomes 12 years if the programming 
manager's time is included. 

An interesting aside on the programming team: No 
more than two who had technical educations were ever 
assigned at one time. No one assigned had an engi­
neering degree. 

PHASES OF THE PROJECT 

The project as a single task was clearly beyond the 
ability of a relatively inexperienced proqramming 
team. This was particularly so because of a July 1, 
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1978, cutoff of maintenance on the PDP-8. Consider­
ing this situation, the only reasonable alternative 
was to phase in the replacement computer. 

Four major project phases were defined. In the 
first, the control of the PDP-8 was paralleled on 
the master retarder only. In the second, the master 
retarder was controlled and the car retarder opera­
tors were provided with a cathode-ray tube (CRT) 
display of information needed to manually retard 
cars in the groups. At the end of this second phase, 
independence of the PDP-B had been accomplished. 
Third, actual control of the group retarders was 
taken over. Fourth and most important, lists from 
TIPS including tracking of cars to destination and 
automatic weighing of weigh cars were processed. 
With completion of the fourth phase the positions of 
scale clerk and car retarder operator were elimi­
nated. 

The first three phases constituted the job that 
had been originally defined for the PDP-8. An impor­
tant requirement in the third phase was to minimize 
the amount of tuning done by local yard personnel. 
This was accomplished by using a high-level program­
ming language· (FORTRAN) and by introducing the con­
cept of multiple yard factors sensitive to weather 
changes rather than a completely different set of 
values by temperature class. 

The fourth phase presented major opportunities 
because the original equipment design did not antic­
ipate any list capability. Furthermore, only a 
limited budget was available to upgrade field hard­
ware for this purpose. Cost-effectiveness dictated 
the budq,et limitations. 

Phase 1 was completed in April 1978. Phase 2 was 
completed in July 1978, 18 days after the mainte­
nance contract on PDP-8 had expired. Phase 3 was 
completed in January 1979 just before the need to 
devote full time to the new Linwood, North Carolina, 
yard project. Finally, on the day after Labor Day 
1980 the fourth phase was completed. 

A major project-extending factor between phases 3 
and 4 was the decision to replace the first Data 
General computers (Nova 840s that had been recycled 
from an early TIPS development) for development of 
phase 4. The Nova computers were replaced by the 
then-latest Data General computers (Eclip~e S/130s), 
which incidentally provided additional mutual on­
site parts backup with TIPS. 

Through all phases of the project much time was 
spent in the hurry-up-and-wait mode. Especially in 
phases 3 and 4, test set-up time and test type 
(tests that used revenue traffic) caused potential 
conflicts with yard operation. Careful coordination 
with the local Transportation Department was re­
quired to do adequate testing without affecting yard 
service. Essentially this meant that test time was 
minimal, project development was slowed, and ex­
penses of the implementing team were high. 

MAJOR ACCOMPLISHMENTS OF THE SYSTEM 

The three major accomplishments of the system were 
as follows: 

1. Introducing a new computer to an old yard, 
including an old computer's inputs and outputs, 
retarders, grades, and basic yard layout. By not 
having to lay in cable and new field hardware de­
vices (like wheel detectors) major costs were 
avoided. Adapting some of the old interfacing gear 
minimized the new engineerinq effort required, thus 
saving money and simplifying parts of the system. 

2. Providing a new system that was easier to 
maintain and one that more consistently achieved the 
coupling-speed goals established by management. 

3. Developing system features that allow one 
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employee to do the work of the three previously 
required. Even thouqh the hump conduc;tor now sits 
in the seat formerly occupied by the car retarder 
operator, where his field of vision must exceed 180 
degrees, closed-circuit TV and well-conceived inputs 
and displays give him good system monitoring capa­
bilities for a minimum dollar expenditure. This 
human engineering performance was particularly im­
portant to system success . 

HOW SUCCESS IS MEASURED IN HUMP YARDS 

A basic criterion used to measure success or failure 
in a hump yard is coupling speed. Norrolk southern 
has a simple method of measuring whether a yard is 
doing an adequate job on couplings. Coupling speeds 
are measured by hand-held radar according to a sam­
pling scheme developed by Freight Claims Services. 
Of observed couplings to cars that have stopped, 94 
percent or more must be at or below a nominal 6-mph 
coupling rate. 

Stalls are not counted as an explicit part of the 
coupling speeds, although notes on stalls are kept. 
A track kickoff rate of six tracks per shift is 
acceptable, regardless of cause. 

Coupling speed tests are performed on at least a 
quarterly basis. They serve both as a scorecard on 
performance and as a tuning tool. Results are widely 
published so that everyone is getting the same in­
formation without undue interpretation. Other crite­
ria of importance are hump throughput, classifica­
tion accuracy, and correct handling of TIPS inter­
face. 

RESPONSIBILITY 

During the development of the system phases all the 
departments were expected to cooperate to see that 
they supported each other's activities. This mecha­
nism was enforced via the technical committee when 
conflicts or other problems arose. The departments' 
activities were in addition to any of the normal 
responsibilities they variously had toward normal 
yard operation. during system testing and implemen­
tation. 

Now that phase 4 has been completed, day-to-day 
· responsibility for system operation falls princi­
pally on two departments. Transportation is respon­
sible for enforcing discipline on the hump conduc­
tors as in any other non-system-related activity 
that the hump conductors perform. 

C&S is responsible for maintaining computer in­
puts and outputs as well as all field hardware as­
sociated with the system. Any tuninq changes in the 
yard description data are also the responsibility of 
C&S. 

On other than a day-to-day basis, MIS provides 
for computer hardware maintenance by Data General 
and software upgrades as necessary. MIS also as­
sists C&S with tuning on request and system trouble­
shooting on an on-call basis. No MIS personnel are 
permanently assigned to Brosnan or any other yard. 

PROS, CONS, AND COSTS OF DEVELOPMENT STRATEGY 

There was an overall plan and phase sequence from 
the project's outset, although many specific details 
were not settled until well into the project cycle. 
This approach caused the goals to remain clear even 
as the problems were muddled through. 

Recycled computers were used to extend the useful 
life of these svstems until prices for the newer 
equipment fell and software on the newer computers 

--
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was improved. The phased approach to system func­
tion upgrades combined easily with the computer 
hardware recycling. 

The phased approach minimized the negative impact 
of change on yard operation. Each phase evolved 
from the previous one, which almost led the user 
ahead. Major retraining of personnel was not re­
quired. 

Most of the code was developed on site and was 
tested as developed. Some of the code, particularly 
that for handling exceptions, was better tested in 
the field than in any laboratory that could have 
been economically created. 

The implementing team gained by direct exposure 
to the experts, the car retarder operators. Much of 
their experience was eventually translated into 
program refinements. 

The large amount of out-of-town work contributed 
directly to the high personnel turnover experienced 
during the project. Developing the experience of 
the implementing team took more time than hiring a 
new team of experts. Out...:of-pocket expenses were 
relatively high simply because of the implementing 
team's expense accounts. 

An individual railroad cannot afford the overhead 
of a large development staff such as the signal 
companies possess. This tends to concentrate too 
much specialized information in too few hands. 

Old field hardware and cables caused the use of 
inputs that were less than ideally located and more 
error prone. Eventually several had to be replaced 
and relocated. Some had to be enhanced by backup 
devices. 

The lack of a central development and test facil­
ity forced some work into the field that could have 
been done without incurring travel. 

A definite trade-off exists between the expense of 
keeping a team in the field and the capital costs of 
a central laboratory. 

Control systems involve a specialized type of 
programming. Railroad control systems are even more 
specialized. Hiring or training personnel with such 
specialized skills is costly. 
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For an automatic system to work well a high de­
gree of maintenance of facilities and equipment is 
required. This includes such mundane items as work­
ing rail greasers and well-maintained track grades, 
all of which is costly. 

PRACTICAL SYSTEM LIMITS 

The master and group retarder configuration is be­
coming ever more inconsistent now that longer cars 
and constant-contact side bearings make up a large 
percentage of the car fleet. At older yards that 
have tight curves in the bowl tracks this problem is 
becoming severe. Some measure of curve resistance 
is needed to reduce the inconsistency. The obvious 
alternative to this is tangent-point retarders. 

Human factors must be carefully considered. An 
ill-defined approach to how the hump conductor is to 
relate to the system can make the job appear impos­
sible. 

Simple-looking but hard-to-achieve changes to 
yard layout can improve performance. For instance, 
having some accelerating grade through the group 
retarders can add to the system's recovery capabil­
ity for cars that are controlled to below their 
target speed. 

SUMMARY 

Puting a computer in an old yard is not a panacea. 
A successful project to do this requires a strong 
commitment from management to that goal, particu­
larly if jobs are to be cut off as a result of com­
puter installation. 

A computer by itself will probably help in 
freight claims by lessening damage, but this may 
slow the humping rate. A slower hump rate may not 
affect the number of cars per day over the hump, but 
less hump-engine time is available for duties other 
than hump activities. 

Maintenance costs are higher than in a manual 
yard because of a larger array of equipment to be 
maintained. If the yard is adequately configured, a 
computerized master and group retarder scheme will 
reduce damage, labor costs, and misroutes. Without 
a good yard layout, installing a computer will prob­
ably be no help in reducing damage claims. 

The VR-IV Retarder Control System 

DAVID C. CONWAY 

A system for controlling the speed of freight cars coming out of car retarders 
in classification yards is described. The key element of the VR-IV system is 
the use of an acceleration servo to cause cars to decelerate at a constant rate 
and achieve the proper exit speed just as they leave the retarder. This is in 
contrast to the velocity servo used in earlier systems. With a microprocessor, 
the VR-IV system continuously repeats the computation of deceleration that 
will produce the desired exit speed; then it operates the compressed-air appli­
cation or exhaust valves to produce the proper air pressure in the retarder 
cylinders. 

In this paper a car retarder speed-control system is 
described that was designed to cause cars to decel­
erate uniformly throughout the entire length of the 
retarder. This is a desirable feature for several 

reasons. First it distributes the wear evenly 
throughout the retarder instead of causing the work 
and the wear to occur at the front end. Second it 
allows cars to maintain a higher average speed 
through the retarder, which increases the production 
rate or throughput. And third, in the case of elec­
tropneumatic retarders, it produces a substantial 
savings in compressed air by maintaining a rela­
tively constant air pressure for any given weight of 
car. 

OVERALL YARD CONCEPT 

Before the Union Switch and Signal Company (US&S) 
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VR-IV retarder speed-control system is discussed, 
brief mention will be made of the overall yard con­
cept from the point of view of a classification yard 
systems engineer. 

Fundamentally, in a modern railroad terminal 
incoming trains must be disassembled and then reas­
sembled into outgoing trains. The classification 
yard is the key element in this process. 

Because virtually all of the traffic handled by a 
terminal must pass through the classification yard, 
it is vital that this operation be performed as 
smoothly and as quickly as possible, lest the yard 
become the bottleneck of the terminal. 

The classification yard allows free-rolling cars 
to accelerate to a reason.able speed, pass throuqh 
the switching area, and then proceed along a bowl 
track to a safe coupling with a previously humped 
car on that particular track. 

Normally the crest of the hump is made hiqh 
enough to provide most cars with sufficient speed to 
roll to coupling. Nevertheless, easily rolling cars 
would attain higher speeds than poor rollers. With 
no intervention, good rollers would overtake poor 
rollers and be routed to the wrong track. To pre­
vent this, car retarders are placed along the route 
between the crest and the entrance to the bowl track 
to control the speed of the cars. The more re­
tarders along the route, the better the separation 
between cars can be maintained and the faster the 
train can be classified or humped. Retarders, how­
ever, cost money and placement is an important fac­
tor in the design of hump yards. The most popular 
yard configuration has master and group retarders. 
However, when high hump rates are desired, retarders 
are required at the tangent point of each track. 
Tangent-point retarders allow speeds through the 
last switch area to be higher, thus reducing the 
likelihood that cars will catch up to each other. 

RETARDER SYSTEMS 

There are a wide variety of retarder configurations 
and control devices. US&S uses pneumatic retarders 
with solenoid-controlled pilot operator valves. 
These components were chosen because they are clean, 
respond quickly to control commands, and provide 
unlimited selection of control pressures up to the 
system line pressure. Also, US&S classification 
yard switch machines are pneumatically operated, so 
one compressor system can operate the whole yard. 

Retarder control schemes ranqe from simple manual 
control by a lever on a retarder operator's console 
to highly sophisticated automatic control like the 
VR-IV system. 

With manual control a retarder operator uses _his 
own judgment to select a suitable pressure that will 
not squeeze the wheels out of the retarder. He has 
only a four-position lever to select retarder pres­
sures. He must be aware of the bowl track to which 
the car is assigned, and he must presume a proper 
exit speed for the car. Then he must open the re­
tarder at just the proper time to allow the car to 
maintain that speed. Obviously, the whole operation 
requires the undivided attention of an experienced 
operator. 

With automatic control, a weiqh rail, radar, and 
electronic hardware assume many_ of the retarder 
operator's decisions. A weigh rail ahead of the 
master retarder measures the weight of each car and 
classifies it in one of four categories: light, 
medium, heavy, or extra heavy. Maximum retarder 
pressure limits are set according to these catego­
ries. Doppler radar monitors the car's speed while 
the car passes through the retarder. The retarder 
operator must still be aware of the destination of 
the car so that he can select a suitable retarder 
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exit speed. The selection is made by turning a dial 
on the retarder control console to the desired exit 
speed. 

In more modern yards where process-control (PC) 
computers are used, the retarder operator is re­
lieved of the task of deciding what the proper speed 
should be. An algorithm based on the formula for 
conservation of energy computes the optimum exit 
speed by using electronically determined space 
available on the destination track and a rollinq­
resistance measurement for the car that is deter­
mined by the PC computer. 

The rolling-resistance measurement is used to 
predict how much energy a car will lose after it 
leaves the last retarder and while it is traveling 
through the curves of the switching area and alonq 
the tangent bowl track to the coupling point. The 
purpose of the algorithm is to determine the amount 
of energy that is required to overcome these losses 
and to cause the car to couple at an acceptable 
speed. The total energy is then converted to group 
retarder desired exit speed. 

Before use of the VR-IV the proper exit speed was 
achieved by electronic hardware in the configuration 
of a velocity servo. The role of the velocity servo 
was simply to reduce the speed error to zero some­
where along the retarder and then to maintain that 
condition until the car left the retarder , In the 
velocity servo the actual speed is compared with the 
selected speed and the difference, or speed error, 
then controls th·e air application and exhaust valves 
accordingly. In this type of control system the 
entering end of the retarder does most of the work 
and sustains most of the wear. 

VR-IV SYSTEM 

Rather than attack the speed error as the velocity 
servo does, the VR-IV focuses on deceleration, or 
the rate of change of velocity, as the car passes 
through the retarder . The objeotive of the VR-IV is 
to determine the proper deceleration and then to 
control the car's actual deceleration to produce the 
desired exit speed just as the car's last axle 
leaves the retarder. The entire available length of 
the retarder is used in this computation. The ac­
tual deceleration of the car is derived from the 
radar Doppler signal. The acceleration servo ad­
justs retarder pressure to make the actual decelera­
tion equal to the desired deceleration. When the 
difference is zero, the car leaves the retarder: 
when it is not zero, the system increases or de­
creases pressure to make it zero. The VR-IV does 
not stop there. The desired deceleration is com­
puted continually as the car passes through the 
retarder. For each 1 1/8 in. of progress through 
the retarder, or every other Uoppler pulse, a new 
computation is made. This allows the pressure, 
which is initially set to a nominal value, to be 
adjusted continually. Ideally, once the proper 
deceleration is achieved, no further changes in 
pressure should be needed. 

The system responds automatically to car wheels 
with varying coefficients of friction. When a car 
has wheels contaminated with grease or other lubri­
cating substance, the retarder pressure is allowed 
to build up to a higher level than normal. Then 
when the contaminant wears or burns off and deceler­
ation increases, the pressure is adjusted accord­
ingly. Thus with the VR-IV some cars are controlled 
properly that with other control systems may have 
left the retarder at too high a speed. This flexi­
bility of control pressures and the continually 
updated computations of desired deceleration provide 
accurate control of exit speed, 

The VR-IV achieves a new level in the status of 

.. 
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retarder speed control, and new electronic hardware 
was required to accomplish it. An additional radar 
unit at each master and group retarder was required 
in order to be certain that a good Doppler signal 
was available regardless of the car's position in 
the retarder. 

A new radar Doppler signal processor was devel­
oped. The circuit is called a hole filler, and it 
does just that by supplying pulses that are missing 
in the Doppler signal. Because of reflected radar 
energy from various parts of the car, some Doppler 
pulses are cancelled out and some extra pulses oc­
cur. These phenomena are called dropout and multi­
pathing, respectively, and the hole filler overcomes 
their effect, providing a much smoother and more 
accurate signal that represents the actual velocity 
of the car. 

A microprocessor unit was designed into the VR-IV 
system for executive control of the many modes of 
operation and decision tasks required. The micro­
processor selects the proper control valves and 
air-pressure limits for the system. It also enables 
system control of the valves through acceleration­
mode logic or velocity-mode logic. If a situation 
occurs in which two cuts catch up to each other, the 
microprocessor takes appropriate action to provide 
the best control of both cuts in the retarder. It 
selects the entering-end radar or leaving-end radar 
based on the position of the car in the retarder, 
and when no car is present, it initiates a system 
reset and self-test. 

The microprocessor monitors the failure status of 
the VR-IV subsystems. It also receives information 
on each cut from the PC computer. By using all of 
this information, it determines and enables the 
appropriate mode of operation. A watchdog timer 
monitors the microprocessor to detect its ability to 
complete its scani if it cannot, the timer takes 
appropriate action to place the system in a back-up 
mode. 

A. complete new retarder air-pressure measurement 
and control system was also developed by which a 
pressure transducer converts retarder air manifold 
pressure to an analog signal proportional to that 
pressure. This signal is compared with the analog 
value of the desired pressure, and the retarder 
pressure is adjusted to match. Pressures can be 
selected in this manner, or they can be raised and 
lowered on demand from the acceleration servo. 

A system for tracking a car through the retarder 
was also developed. By using a wheel detector at 
the entrance end of the retarder to count axles in 
and a wheel detector at the exit end to count axles 
out, a running count of the number of axles in the 
retarder can be maintained. This is necessary to 
determine the amount of deceleration available at 
any moment. 

Many parameters must come together in the compu­
tation of desired deceleration. The PC computer 
passes the number of axles in each cut of cars to 
the VR-IV system. Then the number of axles multi-
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plied by the length of the retarder is a measure of 
the total amount of the retardation available. 
Because the reception of each Doppler pulse indi­
cates progress of about 9/16 in. through the re­
tarder, the total length of retarder available is 
diminished by 9/16 in. multiplied by the number of 
axles in the retarder at that particular time. Also, 
to determine the desired deceleration, the differ­
ence between the actual velocity squared and the 
desired exit velocity squared must be calculated and 
then divided by the rema1n1ng available retarder 
length. The result is the desired deceleration and 
it is computed over and over again every 1 1/8 in. 
through the retarder. 

Another circuit compares this desired decelera­
tion with the actual deceleration to produce the 
deceleration error. The sign of the error signal 
indicates whether the pressure should be increased 
or decreased. The deceleration error signal pulse 
width modulates the control commands to the air 
application and exhaust values to reduce the possi­
bility of overcontrol. This allows more precise 
control of deceleration and thereby produces a high 
degree of accuracy in speed control. 

In conclusion, even though the VR-IV retarder 
control system is somewhat more complex than earlier 
systems, the benefits are also greater. 

Compared with the earlier velocity servo systems, 
lower preset pressures are used for each weight 
category, and the pressure increases only to the 
extent required. This means that the air volume 
used is reduced and the air compressor plant size 
can be reduced significantly. 

Because the retarder air pressure is made only as 
high as it needs to be to cause the desired deceler­
ation, pressures will generally be lower and more 
uniform than in earlier systems. This reduces 
stresses at the entering end of the retarder and 
distributes work and wear more evenly along its 
length. It also reduces the frequency of brakeshoe 
replacement. 

Increased retarder pressure limits increase the 
retarder effectiveness for light, medium, and heavy 
cars with low coefficients of friction. 

When the whole retarder is used to achieve the 
desired exit speed, the average speed through the 
retarder is higheq therefore less time is spent in 
the retarder. This allows cars to follow more 
closely and allows throughput to be higher. 

Finally better accuracy in the control of exit 
speeds means a better chance to get qood coupling 
speeds in the bowl tracks. In other words, the 
VR-IV can improve the effectiveness of the classifi­
cation yard, which will improve the efficiency of 
the terminal. 

Notice: The Transportation Research Board does not endorse products or 
manufacturers. Trade and manufacturers' names appear in this paper because 
they are considered essential to its object. 
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Developments in the Application of the Dowty 

ARTHUR W. MELHUISH 

The Dowty system for the continupus control of freight car speeds in classi· 
fication yards is based on hydraulic retarders and pneumatic booster-retarder 
units. Dowty retarders adopt the retard mode only for cars traveling faster 
than th• 11rns•t contrul v•lucity; th• boost•r-rntanl•r units am adjustud lo 
monitor speed and accelerate or retard as appropriate. Five examples of re­
cent application developments are given: (a) Sentrarand Yard in South Africa, 
in which both retarders and booster-retarder units provide continuous speed 
control; (b) Trondheim Yard in Norway, in which the continuous speed­
control system has been modified to facilitate clearing snow; (c) Nurnberg 
Yard in West Germany, in which the retarder system is a combination of 
existing clasp retarders and a modernized control system; (d) an electrohy­
draulic latch to hold the retarder capsule in the down position to permit high­
speed train withdrawals toward the hump; and (e) use of hydraulic retarders 
to provide end-of-track arrester zones; 

The principles of operation of the Dowty hydraulic 
retarder and the booster-retarder unit are widely 
appreciated by engineers involved with classif ica­
tion yat:ds in North America. Therefore detailed 
desc r iptions of these two units are not incorporated 
within this paper; it is sufficient to explain that 
both units are speed sensitive. 

The retarder (Figure 1) adopts the retard mode 
only for cars traveling faster than the preset con­
trol velocity; booster-retarder units (Figure 2) are 
adjusted to monitor car speed and to accelerate or 
retard cars as appropriate. 

In application a continuous speed-control system 
may be made up of retarders only (i.e., where the 
running gLadienta aLe adequate tv maintain the mo-
tion of cars with high rollability values) or of a 
combination of retarders and booster-retarder units 
to accelerate the cars with low rollability and re­
tard the cars with high rollability to maintain con­
stant car speed. 

To study recent application developments five ex­
amples have been chosen to present a variety of 
facets: 

1. Sentrarand Yard, South Africa: The overall 
design aspects for this South African yard are pre ­
sented. This is an excellent example of a large, 
high-throughput yard equipped with both retarders 
and booster-retarder uni ts to form the continuous 
speed-control system. 

2. Trondheim Yard, Norway: Although small and 
with only a low throughput, this yard has been eco­
nomically automated" with a continuous speed-control 
system. The parameters and design features for this 
project are reviewed with a look at the method 
adopted for clearing snow, an important feature in 
this northern region. 

3. Upgrading existing yards with classification­
track control: The Dowty retarder installation in 
NUrnberg Yard, West Germany, is reviewed as a prac­
tical example of the adaptability of the Dowty 
system. 

4. Equipment development: An electrohydraulic 
hold-down latch has been designed and developed for 
attachment to the Dowty retarder. The design, prin­
ciples of operation, and application of the latch 
for retarder on-off operation are explained. 

5. End-of-track control: A design study for 
economic end-of-track arrester zones based on prac­
tical North American parameters is reviewed. 

SENTRARAND YARD 

General Aspects 

It has been planned to develop three complete yards 
in the Sentrarand complex; land is available for a 
provisional fourth module if it is required in the 
future. The first of these yards was completed and 
commissioned in autumn 1982 (Figure 3). 

The module layout includes an arrival yard, two 
departure yards, and a main switching yard with two 
secondary hump yards appended (Figure 4). There is 
a dual-lead track over the p rimary hump to p romote 
5,000 cars per day switched into the 64 classifica­
tion tracks. The designed humping velocity is 2.25 
mph. Both secondary hump yards are arranged to in­
clude a herringbone track formation for the purpose 
of building block trains. 

Figure 1. Dowty hydraulic retarders. 

Figure 2. Dowty pneumatic booster-retarder units. 
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Figure 3. Sentrarand Yard. 

Figure 4. Layout of Sentrarand Yard. 

ARRIVAL YARD ~):::=~~:::::::'.~~SECONDARY SORTING YARD 
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Continuous Speed-Control System 

The Dowty system for the continuous control of car 
speed is used throughout the main and secondary 
yards. 

The speed-control system design was based on the 
following parameters: 

Parameter 
Axle loading 

Basic rollability bandwidth 
Humping velocity (main yard) 
Car length 
Separation (main yard) 
Crest-to-clearance distance 

(main yard) 

Amount 
10.2 tons maximum, 

3.6 tons minimum 
0.001-0.018 
2.25 mph 
40 ft avg 
50 ft 
904 ft maximum 

In the early design stages of the yard it was 
recognized by the engineers that particular problems 
were imposed by the need to cater to light cars com­
bined with the wide rollability bandwidth speci­
fied. They also recognized that the ideal control 
system is one in which all cars, regardless of 
weight or rollabili ty, are sustained at appropriate 
continuous velocities in the switching area to main­
tain separation and in the classification tracks to 
control the coupling speed. 

To employ a control system based on retarder 
units alone would have imposed the need for unac­
ceptable hump and gradient requirements. It was 
therefore determined, by using computer-aided design 
methods, that the optimum solution lay in the use of 
both retarders and booster-retarder units to supple­
ment the gradients. In the final design of the main 
yard the hump height and vertical radius are equiva­
lent to an accelerating gradient of 6. 25 percent: 
boosters are added at a density of o.88 unit/ft to 
accelerate all cars to the switching-area velocity 
of 11.2 mph. 
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In the switching area a gradient of 2.5 percent 
is used to keep the cars with high rollability in 
motion, and retarders are installed to hold the 
heavy cars with low rollability at 11. 2 mph. The 
retarder densities vary between a maximum of 1. 71 
units/ft on tangent tracks to 0.4 unit/ft on curves 
and turnouts. 

Deceleration zones are installed at the heads of 
the classification tracks to reduce the speed of the 
cars from the switching-area velocity of 11.2 mph to 
the classification-track control speed of 2. 25 mph. 
These zones are equipped with a mixture of retarders 
and booster-retarder units: the retarders control 
the heaviest cars and the boosters and ensure that 
light cars with low rollability rapidly penetrate 
and clear the zone. 

To achieve the optimum performance in the zone, 
in which the heavy cars are fully decelerated and 
yet light cars and cuts clear the zone as quickly as 
possible, the deceleration in the zone is in stages, 
i.e., 11.2 to 10.0 mph, 10 to 7.8 mph, 7.8 to 4.5 
mph, and 4.5 to 2.25 mph. A variety of unit densi­
ties is needed to provide this type of control for 
the full range of cars. 

The classification tracks, which have a gradient 
of 0.4 percent, are equipped with retarders in­
stalled at 0.003 unit/ft and booster retarders at 
0.2 unit/ft: both are set to a control speed of 2.25 
mph. With this arrangement all cars fully couple in 
the classification tracks at a controlled maximum 
velocity of 2.25 mph. 

Secondary Yards 

Both secondary yards employ humped switching over an 
accelerating grade equivalent to 4.0 percent. Each 
of the yards includes five tracks built to a O. 75 
percent gradient and equipped with retarders and 
booster-retarder equipment to continuously monitor 
and control the car speed. The center track is the 
hump lead and feeder line into the two flanking her­
ringbone tracks and to the outer pair of parallel 
reserve storage lines; all these tracks are on a 
0.75 percent gradient throughout. 

The cars are continuously controlled to 9. 0 mph 
while they are traveling down the center feeder 
line. When traversing the turnouts and switches, 
they are decelerated in stages (i.e., 9 to 7.8 to 
6. 7 to 5.6 to 2.25 mph) before they arrive in the 
herringbone tracks. Cars running in the outer 
tracks are controlled to a velocity of 2.25 mph. 
Operable skate retarders are installed at 330-ft in­
tervals along the herringbone tracks to form five 
blocks in each track: these retarders are also in­
stalled in the outer tracks, dividing each of them 
into two long blocks. The operations of the yard 
are enhanced by this design of the secondary yards: 
formation of block trains and the preparation of 
short local trains are rendered simple and expedient. 

The specification for this type of operation is 
to sustain car separation down to the last switch, a 
distance of 1,880 ft in this case, and accommodate a 
wide rollability bandwidth. The cars must also run 
down to the end-of-block retarders and completely 
finish coupling in order to fill the blocks. 

These parameters can only be met by using a 
speed-control system such as the Dowty sys:tem, in 
which retarders and booster-retarder units operate 
to continuously monitor speed and to adjust the mo­
tion of the cars by absorbing or dispensing energy 
as required. 

Developments and Installations 

It was the advent of this modern automated yard that 
promoted the design and development of the Dowty 
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Figure 5. Trondheim Yard. 

booster-retarder unit. As mentioned previously, it 
was recognized early in the design stages that to 
achieve the maximum perform'ance in car speed control 
and to avoid impractical gradients it would be nee-
-----·· .... ____ , ______ ,_ __ ,: __ , &--.::1 ____ ,: ____ .._ ..__ ,: ____ .... 
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energy to the cars with high rollability. 
In the early 1970s trial systems of Dowty retard­

ers were installed in the New Kaserne Yard for test­
ing and evaluation. It was during this period that 
the head of the retarder capsule evolved into a 
mushroom shape to improve operation on tight hori­
zontal curves. 

These trials were extended in the mid-1970s to 
include the booster-retarder unit for equipment and 
system assessment. Cooperation among South African 
Transport Services, Telkor, and Dowty in the final 
development of the unit during this stage culminated 
in the production of approximately 18, 000 uni ts, to 
be installed with approximately 42, 000 retarders to 
form the most extensive and complete continuous 
speed-control system ever derived. 

Final costs quoted for the completed development 
cf the yu.rd arc u.pproximu.tely $202,500,000 Cl), cf 
which $35, 250, 000 (_~) was the approximate escalated 
co~t for the speea-control system; including associ­
ated compressor plant and compressed-air reticu­
lation. 

TRONDHEIM YARD 

General Aspects 

Trondheim Yard is located in Norway 180 km south of 
the Artie Circle. Snow in this locality is a prob­
lem to be contended with each winter, and it was 
necessary during the planning stages to ensure that 
the retarder equipment selected and the snow-clear­
ing methods adopted would be compatible. This yard, 
which was remodeled and commissioned in the autumn 
of 1982, is an example of how a low-throughput mini­
yard can be economically equipped with a complete 
speed-control system to provide all the operating 
advantages of an automated yard. 

There are 16 dead-end classification tracks to 
accommodate 1, 200 cars per day over the hump. The 
specified humping velocity is 2. 0 mph. All trains 
have to be withdrawn from the classification tracks 

th~ ..... .: .... -..... .:- ... .... " ................... "=' 

(Figure 5) • 
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Continuous Speed-Control System 

The Dowty system for the continuous control of car 
speed is used throughout the yard. The speed­
control system design was based on tne ro11ow1ng pa­
rameters: 

~ Parameter 
Axle loading 18.2 tons maximum, 3.7 tons 

minimum 
Rollability bandwidth 0.001-0.007 
Humping velocity 2.0 mph 
Car length 42.6 ft 
Separation " 49.2 ft 
Crest-to-clearance 675 ft avg 

distance 

All cars are accelerated off the hump to a speed of 
6. 7 mph and this velocity is maintained throughout 
the switchinq area, which is graded to 1.2 percent. 

The deceleration zones, situated at the head uf 
each classification track, slow the cars from 6. 7 
mph to a coupling velocity of 3.4 mph. These zones 
commence 16 ft past the clearance markers and are 
installed across two gradients, 0. 8 and 1. 2 percent 
nominal. The location and gradients have been 
chosen to ensure that cars and cuts with low rolla­
bility move away from the clearance markers as 
quickly as possible. In the classification-track 

0.3 percent gradient. 
The continuous speed-control system has been ap­

plied to this remodeled yard for less than $1 mil­
lion, including spares, maintenance tooling, and 
commissioning. A gang of skatesmen has been re­
leased from their arduous and dangerous duty, and 
the car throughput has been greatly improved. 

Snow-Clearing Operations 

Before the final selection of the retarder system 
for use at Trondheim, snow-clearing trials were con­
ducted at the· existing Alnabru Yard near Oslo. The 
purpose of the trials was to evaluate the compati­
bility of the retarders and a suitable snow-clearing 
method. 

During the trials snow-clearing machines with 
rui:a.cy bru~he~ (F i.gure uJ wer e u!:J~r: al:t~U. OVt:L cut 
Dowty retarders. The rotating brushes were fitted 
with flails. This method M:::IC! 

found effective in removing the snow and in no way 
affected the retarders mounted on the track. 

The Dowty retarders and the brush method of snow 
clearing were adopted for use in Trondheim Yard: 
Figure 7 shows clearing operations in progress in 
the yard in February 1983. 

NURNBERG YARD: UPGRADING EXISTING YARDS 

In many older yards the existing track gradients and 
speed-control system are not fully compatible with 
modern traffic and operations. A common problem in 
these yards is poor performance in the classifica­
tion tracks because of excessive car speed. These 
conditions give rise to expensive freight and car 
damage, diminished safety due to high car speeds, 
and runouts at the trim end. 

Niirnberg Yard in West Germany was built at the 
beginning of this century. In recent years plans 
were instigated for the remodeling of this important 
large yard. Work is already proceeding to produce a 
main yard with 72 classification tracks. After ren­
ovation the existing clasp retarders are to be re­
tained in the switching area and operated via a 
,c __ ,, __ __ ..,:1 ___ ,: __ ..::i ___ _._ __ , ____ _._ __ ... -----...:!---- L_. __ _ 
..LU..L....L...}' JllVUo;;::J..11.J..ol'.o;;::U '-Vll\...J..V..L O:fCt'-o;;::lll• l"1 oo;;::'-UllUQJ.._¥ 11'. .. UUf:" 

yard is being designed for inclusion in the main 
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Figure 6. Snow-clearing machines, Alnabru Yard. 

Figure 7. Snow-clearing machine at work, Trondheim Yard. 

body of the yard. There are two further secondary 
switching yards located separately and to the north 
of the main yard. 

Because of existing services, bridges, and so 
forth that have developed around the yard during 70 
years of useJ it has not been practical in the re­
modeling to greatly improve the gradients in many of 
the classification tracks. These classification­
track . gradients were constructed in the days when 
car rollability values were, on the average, much 
higher than those today, and therefore they present 
unacceptable accelerating grades to the majority of 
contemporary traffic. 

In 1976, 300 Dowty retarders were installed in 
one of the classification tracks for test and evalu­
ation of their control capabilities. Following this 
satisfactory trial, 4, 800 retarders were installed 
in six classification tracks during May 1979 to form 
continuous classification-track control systems de­
veloped from the original trial applications. At 
the head of track 22, one of six so equipped, an 
81-ft-long deceleration zone made up of 148 retard­
ers at a density of 1.83 units/ft was installed on a 
gradient of 0.66 percent. Three different speed 
settings (6.7, 4.5, and 2.25 mph) were used for 
staged deceleration in the zone to ensure that light 
cars and cuts with low rollability pass through as 
quickly as possible. 
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After leaving the deceleration zone, the cars are 
continuously controlled down the track at a maximum 
speed of 2. 25 mph to finally stop on preset rail 
skates (Figure 8). 

On track 22 the gradients and distances equate to 
a velocity head value of 9-10 ft for a car with high 
rollability; without continuous speed control it 
would not be feasible to switch into such a track 
and utilize its full length. 

As the reshaping of this yard progresses during 
the next few years, more classification tracks will 
be equipped with continuous-control systems to meet 
development and operational needs. 

ELECTROHYDRAULIC LATCH 

To permit high-speed train withdrawals toward the 
hump, an electrohydraulic hold-down latch has been 
designed to hold the retarder capsule in the down 
(i.e., off) position during the passing of a train. 

The latch assembly is a self-contained unit 
bolted onto the side of the retarder pot. It is 
retained against a positive location face on the pot 
by 2xl0-mm H.T. steel bolts (Figure 9). The mecha­
nism is actuated by a 12-W electrosolenoid, which 
can be remotely signaled to control the operating 
position. 

With the solenoid energized, the first passing 
wheel flange depresses the capsule and the latch 
engages with the mushroom head to lock the retarder 
in the off mode for the duration of the train' s 
withdrawal. The solenoid is deenergized to release 
the capsule, which then returns to the normal re­
tarder on mode. 

Operation 

Solenoid Energized and Retarder Off 

With the solenoid (2 in Figure 9) energized, the 
armature extends, pushing the ball valve (3) onto 
its seat, and closes the vent line from the piston 
chamber. On the downward stroke of the capsule, the 
latch tongue rotates against the torsion spring (8), 
allowing the capsule head to pass by. On the return 
or upward movement of the capsule, the head contacts 
the latch tongue but is prevented from pushing it 
away because the subsequent downward movement of the 
piston ( 5) creates a hydraulic lock when the ball 
valve (6) is forced onto its seat. 

The capsule is therefore prevented from extending 
and will remain down, so that all subsequent wheels 
pass without significant engagement with the capsule 
as long as the solenoid valve remains energized. 

Solenoid Normal and Retarder On 

In the deenergized condition (Figure 10), the 
plunger of the solenoid (2) is retracted, allowing 
free flow of oil from the main piston chamber to the 
reservoir (1) via the ball valve (3). 

Downward travel of the attendant capsule brings 
the mushroom head in contact with the latch (7), ro­
tating its tongue against the torsion spring (8). 
This allows the capsule to complete its downward 
stroke. 

Once the capsule head has passed the latch, the 
torsion spring (8) rotates and extends the latch 
tongue back into position above the capsule head. 
The return stroke of the capsule then brings it into 
contact with the latch tongue, causing the latch (7) 
to rotate about its fulcrum. This depresses the 
pistcin (5) into its chamber against the spring (4). 
At the same time, the ball valve (6) closes and oil 
from the chamber is vented to the reservoir (1). 
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Figure 8. Rail skates, Niirnberg Yard. 

Figure 9. Electrohydraulic hold-down latch: solenoid energized. 

~ , 

As the capsule's upward travel continues, its 
head disengages from the latch, allowing the spring 
(4) to extend and drawing oil into the chamber from 
the reservoir via the ball valv~ (6). 

The cycle is repeated for each following capsule 
strokP ns long ns the solenoid valve remains deener­
g ized. 

De velopme n t 

The general design for the hold-down latch was con­
ceived in 1982, and during that year prototype units 
were produced and tested to prove the principles of 
operation. 

Six prototype latch units were installed on a 
track in Seinajoki Yard in Finland in January 1983 
to commence a 4-month winter test period (Figure 
11). The objectives of the trial were to evaluate 
the operational integrity of the unit in a field en­
vironment when it was subjected to low temperatures 
and snow conditions. 

Dl\r ing the trial period the ambient temperatures 
.Lauy~U f.Lum lO"C Lo 25"C auU. Lheie were 111a1iy snow­
falls when the units were subjected to snow-clearing 
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Figure 10. Electrohydraulic hold-down latch: solenoid normal. 
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Figure 11. Prototype hold-down latches, Seinajoki Yard. 

operations in which a high-speed rotary brush was 
used. 

To test the effectiveness of the latch, test 
trains were driven at various approach and maximum 
velocities over the units; these speeds ranged from 
9 to 21 mph. Low-voltage tests revealed that the 
solenoid could be effectively energized and held at 
30 percent full DC potential. 

At the end of Apr i1 1983, the latches were re­
moved from the track, having successfully completed 
all trials. During the test period 15,400 axles had 
operated the retarders and the solenoids had elec­
trically cycled on or off for l,841 hr with a period 
of 12 min/cycle. 

--
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All six of these prototype units operated without 
failure under conditions of both snow and ice 
throughout the test period. They have since been 
completely dismantled and all components have been 
examined. From this investigation the only details 
calling for attention during the stage of making 
production drawings are to change the ball-valve 
seating material, improve the piston gaiter against 
a small leakage of moisture, and improve the method 
of excluding air from the piston seal during the 
assembly of the unit. 

In parallel with the track trials a prototype 
latch was subjected to 1.0 million cycles of opera­
tion on a cycling test rig. A complete retarder was 
loaded into the rig so that the capsule could be 
stroked vertically in the normal operating method. 
During the 1.0 million cycles the solenoid was ener­
gized for one-sixth of the time and deenergized for 
five-sixths of the time to approximately simulate 
operating conditions. 

Following these most satisfactory test results, pro­
duction drawings and specifications are being pre­
pared for the manufacture of latches. The six pro­
totype units are being rebuilt and are destined for 
a further trial period in the Alnabru Yard in Nor­
way, where on-site trials will be conducted with a 
view to future applications. Trials with the latch 
in Finland will of course continue until the time 

Figure 12. Arrester zone, De Butts Yard. 

Figure 13. Arrester-zone diagram. 
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that the application of hold-down latches in new 
yards will be required. 

With the advent of the hold-down latch, an oper­
able Dowty retarder can now be offered for special 
applications where there is an operational need for 
unrestricted train withdrawal speeds. 

The hold-down latch could advantageously be ap­
plied to Dowty arresters to form an operable unit. 
It would then be possible to turn the arresters off 
when trains are being pulled or in trimming move­
ments to permit unrestricted speed coupled with an 
extensive working-life expectancy for the arresters. 

END-OF-CLASSIFICATION-TRACK CONTROL 

E£ficient Design of Arrester Zones 

Dowty arresters, i.e., hydraulic retarders in which 
the speed-sensitive valves are set to zero during 
manufacture, are installed in yards to provide end-
of-track arrester zones. · 

In the past the arresters have been installed to 
form a dense bank of units situated on the change of 
grade, i.e., at the start of the end-of-track re­
verse gradient. Figure 12 shows an arrester zone in 
the De Butts Yard. ' 

Because these zones, with their ease and rapidity 
of installation, lack of retarder squeal, immunity 
to wheel contamination, economic maintenance needs, 
and ability to operate without controls, offer ·an 
attractive alternative to skate retarders, a design 
study has been made of this type of application. 

It was determined that an efficient and economic 
arrester zone can be achieved by distributing the 
arresters along the reverse gradient track so as to 
take advantage of the energy absorbed from the cars 
moving through a distance and the track elevation. 
In this manner, the kinetic energy of the car will 
be absorbed by 

1. The rolling-resistance value times distance 
traveled, 

2. The elevation gained by the car, and 
3. The activation of the arresters by each axle 

of the car. 

In adopting this method it is necessary to determine 
first the density of the arresters needed to prevent 
the cars from accelerating down the gradient in the 
reverse running direction (Figure 13). 

The arrester density can be calculated from 

d = (G- R)/EA (1) 

where 

d •arrester density (units/ft), 

25ft L 25ft 
1-- __.. .. 1 ... .__----------- 1--- • - AV. CAR LENGTH 

2 
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Figure 14. Velocity head versus arrester quantity for 135-ton car. 
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G gradient c oeffici ent, 
R rollability coefficient, and 

EA arrester energy head value (ft) • 

Once the unit density has been determined, it is 
then possible tc calculate the distance (L) by using 
Equation 2, and from this the length of the arrester 
zone and the minimum quantity of units can be found: 

VHJ = VH2 +(EA x d x L) + G(L+ 25) + R(L+ 50) 

where 

VHl initial velocity head (ft) , 
VH2 final velocity head = O, and 

L distance traveled (ft)& 

(2) 

The value of EA used in de t e rmining the arre ste r 
clensity is" not the same as the EA value used in 
the final equation. In the first case the energy 
value is appropriate to a low-speed car, and in the 
second case it is appropriate to the mean velocity­
he ad value , which is depe nde nt on the initial car 
vel oc i ty; the unit energy val ue increases with car 
speed. 

Arrester-Zone Example 

In the graph shown in Figure 14 
velocity head versus arrester 
plotted for a gradient of 0.5 
example the following parameters 

Parameter Amount 
135 tons 

a typical curve of 
quantity has been 
percent. For this 

were used: 

Car weight 
Rollability 
Arrester density 
Car length 

2 lb/ton 
0.31 unit/ft 
50 ft 

For comparison purposes the curve of velocity head 
versus arrester quantity for horizontal track has 
been included to illustrate the effectiveness of the 
up grade. When this type of arrester zone is de­
signed, it is necessary in some ca~es to temper the 
mathematical solution slightly by considering the 
desired ultimate stopping point for the car, i.e. , 
at the top of the grade or a specified distance 
before. 

This consideration is most pertinent where gradi­
ents are shallow or initial car velocities are high; 
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e.g. , an 8.0-mph car requires an arrester zone of 
258 ft on a 0.30 percent gradient; in some cases 
this could bring the car close to the top of the 
gradient with little margin of safety. It is possi­
Ulc 1 Uy ctl:'}:o'iy .in':f t:5um~ :::uuall acij ut:5unenl:. ~u C.iie uni i:;. 
density value, to restrict the fin al length of the 
arrester zone and achieve a compromise quantity of 
units. 

CONCLUSION 

The developments mentioned in this paper have in the 
main taken plac e outside the North American conti­
nent. They are , however , applicable to possible· 
projects in the United States and Canada. 

Sentrarand Yard is equal in magnitude to the 
scale of yard developments still planned on the 
American continent. Its design and equipment pre­
sent an excellent model of engineering for a high­
throughput yard needing accurate separa tion in the 
::witching area with precisely controlled and 
coupling in the classification tracks. 

The method of clearing snow adopted with the 
Dowty retarder installation in Trondheim must, be­
c ause o f t he nat ure o f Nor t h Amer i can wi nters, be o f 
interest. The design for Trondheim Yard illustrates 
how it is possible to bring the benefits of automa­
tion to miniyards, and there are those within the 
American railroad industry who think that there may 
be mere of these in the futuLe. To expand on this 
view, one might ask what the operating possibilities 
are in a miniyard that includes some herringbone 
track arrangements. Surely a formula should be con­
sidered for reducing the switching operations and 
the time spent by cars in yards. 

Wi th abou t 120 automated hump yards in North 
America, of which about 45 percent are more than 20 
year old, there could exist opportunities for updat­
ing them with the Dowty classification-track control 
system. 

The electrohydraulic hold-down latch , although 
des igned t o mee t a spec ific ya rd-ope r a t i ng r equire­
ment, will find a wider range of uses in the fu­
ture. For some installations there could be advan­
tages in using operable arresters in order to comply 
with the required ope rating ne eds; r e tarde rs that 
c an be signaled on or o ff cou l d enhance the control 
capabili ties of the Dowty systems employed i n indus ­
trial terminals, where low car speeds and accurate 
spott i ng a r e o f t e n needed. 

Arrester zones have already been installed in 
American yards, and engineering design proposals for 
planned installations are currently being considered 
by a number of railroad companies. These zones can 
also be profitably merged with classification- track 
control zones when yard improvements are made. 
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Canadian National Railways' Terminal 

Interactive Model (TRIM) 

GEORGE P. ENGELBERG 

Historically, Canadian National Railways (CN) had analyzed operating and 
design changes to classification yards by using manual simulation. This ap­
proach was costly and time consuming, permitting the examination of only 
one or two alternatives. Recognizing the need for a better approach, CN 
embarked on the development of a computerized terminal interactive model 
(TRIM) to replace the tedious and costly manual simulation. The objective of 
TRIM is to retain the benefits provided by a manual simulation (applicability 
to both hump yards and flat yards of any configuration, maintenance of a 
high degree of accuracy and level of detail, use of skills of experienced yard­
masters) and add the benefits of computer simulation (faster execution, 
lower labor intensity, greater detail, rapid analysis of simulation results,. 
flexibility of specification). TRIM is an event-based simulation in that it 
moves forward through time from one activity to the next. More than one 
yard analyst at a time can participate in the simulation. A typical scheme 
would parallel the sphere of control by a yardmaster in a tower. TRIM has 
been used to study two important yards in western Canada-Kamloops and 
Thornton (Vancouver), British Columbia. 

In the 1980s Canadian National Railways (CN) must 
expand or redesign most of its yards in western 
Canada in response to anticipated major growth and 
changes in demand for service. Because of the mag­
nitude of the investment required, it is necessary 
for CN to rigorously evaluate its approach to im­
proving and expanding yards. The objective is not 
only to expand yards to cope with· projected traffic 
volumes but to make terminals more efficient in the 
process. 

Historically, CN had analyzed operating and de­
sign changes by using manual simulation. This ap­
proach was costly and time consuming; only one or 
two alternatives could be examined. Recognizing the 
need for a better approach to analyzing yard 
changes, CN, working with Peat, Marwick, Mitchell 
and Company, embarked on the development of a com­
puterized terminal interactive model (TRIM) to re­
place the tedious and costly manual simulation ap­
proach. 

The objective of TRIM was to retain the benefits 
provided by manual simulation (applicability to both 
hump yards and flat yards of any configuration, 
maintenance of a high degree of accuracy and level 
of detail, and use of skills of experie.nced yard­
masters) and incorporate the benefits of computer 
simulation (faster execution, lower labor intensity, 
greater detail, rapid analysis of simulation re­
sults, and flexibility of specification). The re­
sult was a tool that combined the best of both ap­
proaches through an on-line interactive computer 
model. 

TRIM enables CN to evaluate capital investment 
alternatives in greater detail than was previously 
possible with manual techniques. Because the time 
required to evaluate a proposed design modification 
is drastically reduced, CN is able to examine a 
broader range of alternatives than was possible 
before the development of TRIM. That capability 
translates into designs more precisely tailored to 
the demands expected to be placed on the yards. In 
turn, CN will achieve more effective application of 
its capital investments, because the minimum invest­
ment necessary to meet demand can be more easily 
identified through extensive analysis of alter­
natives. 

Before embarking on the development of TRIM, CN 
first surveyed the industry to determine whether an 

existing modeling technique met the company's needs. 
Several attempts have been made over the past 15 
years to create fully automated models of yard oper­
ations to supplement the manual techniques most 
commonly used in the industry. But none of these 
replicated actual yard operations as successfully as 
manual simulations, and therefore none was in exten­
sive use. The shortcomings of most previous at­
tempts at computer simulation of yard operations 
were fourfold: 

1. Attempts at mathematical model formulations 
were either too simplistic (assuming away most of 
the problem being tested) or overly complex (because 
of an inability to select an appropriate number of 
parameters for inclusion in the model) ; 

2. Attempts at logic-based simulations were 
limited in their flexibility by the requirements of 
the computer representation used, frequently ignor­
ing important elements of the yard's resources; 

3. Data requirements for many simulations were 
prohibitively large and required some computer 
knowledge on the part of the analyst; and 

4. Many simulations were highly location spe­
cific; they worked well for the yard under study but 
would require almost a total redesign or rewrite for 
use in a different yard. 

In addition, most models are oriented toward hump 
yards and permit little or no flexibility in the 
simulation of various kinds of yards. The dynamic 
interaction of the various components of a yard is 
lost in these models because of the difficulties in 
simulating this kind of interaction. Thus, CN de­
termined that existing models would not meet its 
criteria for accurate replication of both flat- and 
hump-yard operations, including all of the flexibil­
ity and critical yard and terminal dynamics that a 
detailed simulation requires. 

One of the main features of TRIM is that it is 
designed to be used by railroad personnel. A knowl­
edge of computers and scientific modeling is not 
required. The system converses with the analyst 
entirely in railroad terms. A familiarization period 
of a few weeks is required for the analyst to become 
comfortable in the use of the model and aware of its 
numerous features. In performing the simulation, 
the analyst or analysts simultaneously play more 
than one role. Part of their function is to be a 
yardmaster, determining the overall strategy of 
operating their portion of the yard. In addition, 
they are also switching foremen and inspection crew 
foremen as they carry out the more detailed work of 
the yard. 

HOW TRIM WORKS 

General Objectives 

Because the objective was to design a model that 
could be used to study a yard in great detail, TRIM 
has the ability to handle all major operations that 
occur in a yard. The study team is free to choose 
the amount of detail that is appropriate to the 
objectives of the yard under study. For example, in 
evaluating a particular yard design, it may be sus-
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pected that insufficient departure tracks result in 
frequent congestion in the classification yard as 
trains are made up. In this case, the specific 
track geometry of these parts of the yard would be 
represented in the model. In other cases, the track 
geometry could simply be approximated, combining or 
ignoring certain tracks that were not expected to 
have any significant impact on yard performance. A 
second example of optional detail would be crew 
management and utilization. TRIM can specifically 
model the detailed work carried out by inspection 
crews. If there are too few crews, the result will 
be trains waiting for inspectioni too many crews 
would later result in low crew utilization. Should 
these human resources not be a constraint (or of 
interest) in a particular evaluation, they could be 
ignored completely. TRIM also allows the time win­
dow for yard activities to be adjusted. For many 
types of simulation, specifyinq the duration time of 
any activity to be a minimum of 1 min (or more) 
results in no significant loss of accuracy. 

In the discussion that follows, the detailed 
operations that TRIM can handle will be presented. 
It is important to remember that much of the detail 
is optional if the study objective is not compro­
mised by its omission. 

Resources 

TRIM requires the analysts to manage four major 
kinds of yard resources. 

Structural Resources 

Tracks and their connection pattern define the yard 
under study. Track length is the only other required 
parameter. If desired, TRIM can also model the 
foul-point locations from either end and the loca­
tion of inert retarders. Unless the analysts want 
to specifically model throwing switches by hand, 
these can be ignored and the model will infer the 
switch characteristics from the permissible track 
transitions specified. 

Passive Resources 

The cars on inbound trains and those cars initially 
in the yard are the only passive resources. No 
other information need be provided about cars other 
than an average car length and the number of cars 
and their sequence on each inbound train. Neverthe­
less, the user will typically want to include addi­
tional information about each car because it is this 
information that implicitly defines the work to be 
done. The most important optional items are 

1. Car initial and number, 
2. Car length, 
3. Car weight, 
4. System destination, 
5. Local destination, 
6. Special handling instructions, 
7. Contents (commodity), and 
8. Bad-order information. 

Because TRIM allows the user to examine these items 
(typically by examining all cars on a specified 
track), the decision on how to handle a car will be 
based on the system destination, whether a car is 
bad ordered (in need of repair), and so forth • 

Active Resources 

Work in a yard is done by locomotives and crews. 
Typically, road engines bring trains into and out of 
the yard and switching engines perform the work in 
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the yard. Crews are used to operate the locomotives 
and to perform switching and inspections. There­
fore, it is these two resources--crews and locomo­
t i ves--wi th which the analyst is most actively con­
cerned. For example, TRIM does not allow car move­
ment unless an engine is associated with it. Nor 
will it allow a train to be inspected if an inspec­
tion crew is not available at the appropriate track. 

Information Resources 

TRIM simulates the major information documents on 
the basis of which a yardmaster would run the yard. 
Detailed knowledge about inbound trains is from an 
advance consist. Switch-hump lists must be prepared' 
by making use of predefined (and modifiable) switch­
ing tables. Also, as described later, a major yard 
inquiry subsystem is available to the yardmaster. 

Simulation Concept 

The major consideration in using the TRIM model is 
that it does only what it is specifically instructed 
to do. More than one yard analyst at a time can 
participate in the simulation. The active re­
sources--locomotives and crews--are assigned to the 
specific analysts, and they then issue commands to 
accomplish specific functions. An analyst can issue 
commands controlling only his own assigned re­
sources. Those resources can be reassi gned, if 
desired. A typica l s c heme would parallel the sphere 
of control by a yardmaster in a tower. For example, 
one analyst may be in control of the receiving yard, 
another the departure yard, and a third the hump 
operation. It is by proceeding in this determin­
istic manner that the plant and operating rationale 
is evaluated. 

The TRIM commands that control the yard opera­
tions fall into four main categories. 

Movement Commands 

Movement commands advance locomotives (with or with­
out coupled cars) along a route specified by the 
analyst. As part of the command, the analyst spec­
ifies the destination and duration of the move. 
Optionally, the analyst can kick or set off cars. 
Other commands permit the analyst to switch cars or 
hump a train. To support these latter activities, 
TRIM maintains switching tables, which are automati­
cally referenced when an analyst prepares a switch 
list. Of major interest is the detection and han­
dling of conflicts in the yard. Should a track 
already be -occupied along a route, for example, the 
system warns the analyst. If so instructed, the 
simulation will advance the locomotive to the block­
age, wait until it has been cleared, and then resume 
the balance of the move. 

Crew-Movement Commands 

Crew-movement commands affect control of the crew 
resources. Included is the ability to call or re­
lieve crews, assign them throughout the yard to 
tracks or to locomotives, and issue commands for 
them to inspect trains. As with car and locomotive 
movement, the analyst specifies the duration of the 
foregoing activities. 

Coordination Commands 

Commands that allow the analyst to control yard 
environment but that are not specifically associated 
with movement are coordination commands. Such com­
mands as requesting notification when specified yard 
conditions arise, waiting for specified periods of 

--
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time, performing switching-table maintenance and 
preparing switch lists, and setting and removing 
blue flags on tracks would be included. 

Inquiries 

Because it is not possible to control yard resources 
without a detailed knowledge of where they are, a 
comprehensive inquiry system has been incorporated 
into TRIM. It is based on CN' s computer-based Yard 
Inventory System (YIS) now in use at CN hump and 
flat yards. Car lists for specified tracks can be 
obtained, for example, that show not only the de­
tailed car data but also the specific car locations 
on the track. Other inquiries allow information to 
be summarized by system destinations, advance con­
sists of trains due in the yard, and so forth. 

Numerous additional capabilities will be added to 
TRIM over the years. The most important ones will 
be those that automatically handle certain basic 
decisions, removing these burdens from the analyst. 
One example is the incorporation of standards into 
the model. Based on locomotive dynamics, number of 
cars, and total length, the time for a move could be 
determined automatically. Similarly, the time to 
switch a set of cars could be determined from the 
sequence of system destinations in a switch list . 
Eventually, certain sequences of commands could be 
generated automatically. For example, a train could 
be automatically made up for departure, trains auto­
matically switched in sequence, and so forth. 

Evaluati ng t he Results 

Although the study team will have developed a cer­
tain feel for the performance of a tested yard al­
ternative at the conclusion of a simulation run, 
this must be backed up by more-detailed statistics. 

It is in this area that TRIM exhibits a distinct 
advantage over manual techniques. TRIM records in a 
log file all activities as they occur in the yard. 
With the data recorded in this form, it is possible 
to create any type of analysis report. When done 
manually, preparation of analysis reports could take 
months. Thus, not only does TRIM speed up the simu­
lation of a yard, it also permits a more timely 
analysis of the simulation results. The following 
report types are produced: 

1. Graphical representations of track population 
over time for specified track groups; percent utili­
zation and cars handled are also maintained; 

2. Statistics about crew utilization--time work­
ing, time in transit, time idle; 

3. Statistics about locomotive utilization--to­
tal miles loaded, total miles light, time working, 
and time idle; and 

4. Statistics about conflicts and delays in the 
yard. 

DETAILS OF TRIM'S OPERATION 

TRIM is applied in three distinct phases: prepro­
cessing, or preparing and validating the input data; 
simulation, or performing the simulation; and post­
processing, or producing and analyzing the results. 
Figure 1 shows the relationships among the phases . 

Preprocessing 

Input data for the model are collected in the first 
phase and subsequently validated by TRIM for cor­
rectness and consistency. Considerable effort must 
go into creating the input files if realistic yard 
activities are to be produced by the analysts. Up 
to five input files may be prepared. 
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Tracks 

The track file is mandatory and would most likely 
take an analyst from 1 to 4 weeks to prepare depend­
ing on yard size. A large yard may have approxi­
mately 1, 000 track sections. All tracks are as­
signed unique names and the legal movements between 
tracks must be specified. TRIM validates this file 
when constructing the network and informs the user 
of errors and inconsistencies . 

Switches 

Although the user can specifically name the switches 
that connect tracks, this file would usually be 
omitted. During a simulation, the analyst would 
probably never have to be concerned with switch 
names. 

Initial Population 

The initial-population file is optional. If it is 
omitted, however, an extra day or two of simulation 
may have to be performed to reach a stable car popu­
lation in the yard. The data contained in the file 
are the yard's locomotives, cars, and crews and the 
specific track locations. 

Crew Schedule 

The crew-schedule file is optional. If it is in­
cluded, the model will call crews automatically at 
the specified time. 

Inbound Trains 

Although it is optional, the inbound-train file is 
usually a key file as is the track configuration. 

Figure 1. Relationships among phases. 
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For each train, the file contains the time of ar­
rival and the arrival track, the number and type of 
locomotives, and the sequence and detailed informa-

Fnr 

example, incorrectly specifying the number or type 
of locomotives would make it difficult to dispatch 
trains later because of a lack of power in the yard. 
Unrealistic marshalling of cars on inbound trains 
would significantly change the work to be done in 
the yard. CN uses its computer-assisted network 
analysis tool (CANAT) forecasting system to generate 
inbound trains. A realistic workload can be obtained 
for up to 10 years in advance. This forecast is 
then scrutinized and, if necessary, edited manually 
so that any changes can be made before it is used 
for TRIM. The value of a computerized forecasting 
system is apparent when it is considered that up to 
15,000 cars can enter a large hump yard during the 
course of a 3- day simulation. Nevertheless, numer­
ous shortcuts are possible if the study does not 
require that all the detail be included. 

Although not strictly part of the input files or 
preprocessing, the determination of a realistic 
train service design for outbound trains is an im-

Figure 2. Simulation sequence. 
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portant activity before simulation. 
goal for the work to be carried out. 

~imnl~tinn · 

This sets the 

TRIM is an event-based simulation in that it moves 
forward through time from one activity to the next. 
The model examines the jobs it has to . do (based on 
the commands that have been entered} , seiects the 
one that will be completed first, and moves the 
simulation clock ahead by that amount of time. It 
then adjusts all yard resources to their new posi­
tion. As a result, certain resources will have 
reached their destination, others will have advanced 
only partially, and still others will remain where 
they were initially because no specific command was 
given to move them. Figure 2 shows the patterns 
when only one analyst is working. 

As an example, suppose that two commands are 
qiven before the analvst instructs the simulation to 
continue: 

1. Assign a crew to a track (traveling time is 5 
min) and 

2. Move a locomotive along a specified three­
track route (traveling time is 7 min). 

WhPn the analy~t · give~ the command to continue simu­
lation, the simulation time would move forward 5 
mln. The crew would oe located at tne new tracK, 
and the locomotive would be on an intermediate track 
between its origin and destination. 

In a large simulation, numerous commands could be 
only partially complete after the clock has advanced 
and control has returned to the analyst. When con­
trol returns, the analyst would be presented with a 
home screen (Figure 3). The home screen would in­
form him what the new simulation time was, describe 
what activity had just been completed, and provide a 
list of all other pending activities and their ex­
pected completion times. It would also indicate the 
current location and status of crews and locomo­
tives, the resources that were capable of performinq 
further work. Based on the home screen, the analyst 
could 

1. Request a more-detailed yard status report to 
assist in determining what commands to enter, 

2. Request a formatted screen so a new command 
could be entered, and 

3. Instruct the simulation to continue without 
more commands. 

Figure 4 shows a screen that an analyst has 
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Figure 4. Move command. 
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filled out to specify a sample move command. Be­
cause most commands follow a fill-in-the-blank ap­
proach, they relieve the analyst from memorizing 
complex computer commands. The move command also 
offers the analyst a choice of how to specify the 
move. For example, he can specify the locomotive 
consist or the track that the cars are on. In this 
case, the consist was specified. Items on the screen 
directly underneath each other represent a choice. 
Furthermore, certain items are optional; these are 

. indicated by parentheses. If time were not spec-
ified, the simulation would calculate it based on 
total distance to travel plus certain default track 
speeds. It can be specified that cars be spotted 
(aimed at a certain point) or the system can choose 
to default. In the latter case, cars are spotted 
clear of the switch foul point. In the next-<:ommand 
item, the analyst can name another command screen he 
wants next, continue the simulation, or take any of 
a number of other actions. TRIM performs numerous 
validation checks before a command is actual~y ac­
cepted into the queue for processing. Resource 
names must be correct and the resources available, 
routes must not be blocked, and so on. Appropriate 
errors and warnings are issued. 

When more .than one analyst is working .on the 
yard, the simulation must, by it's nature, stop when 
an activity has been completed by any one of them. 
Only one analyst, therefore, may be in a position to 
enter new commands. It would not be appropriate for 
other analysts whose commands are only partially 
complete to enter new ones. Nevertheless, they 
could perform inquiries into yard status as an aid 
to planning future commands. TRIM is currently 
designed to handle up to 10 analysts working at one 
time. It is estimated that two analysts would be 
required for a medium-sized flat yard; four or five 
analysts would be needed for a major hump yard. 

An important feature built into TRIM is the abil­
ity to check the yard status at a particular time. 
If this is done on a regular basis, work already 
accomplished will not be lost in the event of com­
puter malfunction or power failures. Such a check 
also allows different yard-operating strategies to 
be evaluated from a common base condition. For 
example, if the yard status at 1, 400 hr is deemed 
unsatisfactory, it is possible to continue simula­
tion from an earlier checkpoint and operate the yard 
under a different strategy. 

Postprocessing· 

As the simulation proceeds, TRIM performs extensive 
data logging. The purpose is to record what hap-

pened durinq the simulation. Therefore, each car 
movement on and off each track is logged, along with 
the corresponding detailed locomotive and crew move­
ments. The log tapes are then processed through a 
comprehensive reporting system, separate from TRIM 
itself. It is not necessary to wait until a simula­
tion has concluded; analysis reports can be produced 
at any time. If different strategies have been 
followed from a common based checkpoint condition, 
the data from either path can be selected for the 
postprocessing. The log file captures virtually all 
the yard activity that transpired and is independent 
of any specific report. By further splitting the 
log · file into subfiles, however, almost any type of 
report can be developed. At this time, the follow­
ing reports are available: 

1. Track population (graphical), 
2. Receiving and departure (R&D) occupancy 

(graphical), 
3. Lead occupancy (graphical), 
4. System destination population (graphical), 
5. Track throughput, 
6. Throughput by car type, 
7. Crew utilization (switching or inspection), 
8. Locomotive utilization (switching or road), 

and 
9. Conflict and delay. 

Each report allows the analyst a great deqree of 
flexibility. The analyst can choose to extract and 
consolidate only those operations in which he is 
interested. For example, the analyst may specify a 
time window to use for reporting results so that the 
activities performed in generating an initial popu­
lation do not distort the overall statistics. Track 
population can be examined on an individual track 
basis or specified tracks may be grouped together to 
form an aggregate population. Individual reports 
are tailored to an analyst's requirements by prepa­
ration 6f a control table that governs the selection 
and consolidation of the associated reporting pro­
gram. 

Two report types are illustrated. Figure 5 shows 
a graphical report of track population. It may be 
noted that the population is further broken down 
into its constituent system destination groups. 
Figure 6 shows a report on locomotive utilization 
that indicates how much time was spent in various 
working and idle categories plus total miles 
traveled in the yard. 

COMPUTER CONSIDERATIONS 

The nature of the TRIM simulation made it desirable 
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Figure 5. Track population graph. 

Vancouver Flat Alt 1 

Track Day 1 Day 2 
Cars Group 23 24 2 3 4 

EC11 40 

2800 Feet JO 
20 

50 Cars 10 

EC12 40 

2680 Feel JO 

45 Cars 20 
10 

~cu 4U 

2500 Feel 30 
20 

43 Cars 10 

EC14 40 

2320 Feel JO 
20 

40 Cars 10 

EC15 40 

2160 reel 30 
20 

37 Cars 10 

EC16 40 

1990 Feet 
30 
20 

34 Cars 10 

EC 17 40 

2120 Feet 
30 
20 

36 Cars 10 

Track Population 23 24 2 3 4 

Report 

for CN to acquire a separate computer to run the 
model. The primary reason was the intended heavy 
use of TRIM. In anticipation of extensive traffic 
growth in western Canada, virtually every yard in 
that part of the country will be analyzed by usinq 
the model. Because the model is t o be used on a 
con.tinuing basis, it was more cost effective to 
dedicate a computer to it than to pay recurring 
charges on CN' s central computers. Another advan­
t age of a dedicat ed computer is that for interactive 
simulations minicomputers offer many features that 
are more f lexible and easie r t o use t han do main­
frame computers. 

There were certain technical requirements that 
the computer system had to meet: 

1. The programming language desired was PLl. 
Although it would have been possible to write the 
simulation with FORTRAN, PLl offers much more flexi­
bility in defining data structures, an important 
consideration in light of the complex relationship 
of y;irn rPRnnrc~P.R. 

2. The system had to have virtual memory--the 
ability to run a program larger than the capacity of 
main memory. This was important because yard data 
(tracks, cars, and so on) can, in a large simula­
tion, require substantial storage. 

3. The c omputer had to suppor t mult i programming. 
4. The computer had to be upgradable in place to 

significantly higher capacity to be able to support 
more than one concurrent TRIM study as well as other 
transportation planning simulation models. 

All the preceding requirements served to narrow 
down considerably the list of candidate computers. 
CN determined that a PRIME 550 system was the most 
cost-effective computei::. The current configuration 
is as follows: 

1. PRIME 550 central-processing unit, 
2. A 2.25-MB main memory, 
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Tag Percent Put Thru Cars 
Group Ulil. Time Handled 

Olheu 
NUL 70.3 NUl 2.5 113 
NUL 

011ir11 
540 

58.5 3.1 70 '" J40 

Others 
eoo 

20.7 14.2 5 520 
510 

Olher9 
NUL 15.9 .3 146 NUL 
J40 

Olhers 
NUL 65.8 1.6 119 
"' 
Others 
NUL 83.9 6.8 34 
'" "' 
Others 
NUL 87.5 0 "' '" 

• 
Tag Group 5 
Tag Group 4 
Tag Group 3 
Tag Group 2 
Tag Group 1 

3. One 300-MB disk drive, 
4. One tape drive, 
5. One 300-line/min printer, 
6. Six terminals, and 
7. Communication capability with CN's main-frame 

comput e r s. 

A color-graphics terminal has been acquired and will 
be used to provide a bird's-eye view of yard status. 

I n t he desig n of TRIM applic ations software, 
certain important features were considered: 

1. All commands are entered via CRT terminals in 
a fill-in-the-blanks mode: 

2. The model handles a varying number of ana­
lysts, who can attach to and leave the simulation as 
desired; and 

3. TRIM is designed so that it is not perma­
nently tied to any one computer system. For example, 
TRIM could in a relatively straightforward manner be 
changed to run on an IBM main-frame computer. 

EXPERIENCES WITH THE MODEL 

Three yards we r e studied with TRIM in 1982. Kam­
loops and Prince George are medium-sized flat yards, 
and Thornton is a major f l at yard; all are in Brit­
ish Columbia. 

In the case of Thornton, two flat and one hump 
configuration were simulated. The hump alternative 
had 11 departure and 12 receiving tracks, 48 tracks 
in the classification yard, and a surge yard with 12 
tracks. The total number of tracks, including con­
necting tracks and crossovers, was more than 600. 
The overall goal of the simulation exercise was to 
evaluate several yards expanded to handle projected 
1991 traffic volumes and requiring the handling of 
approximately 3, 600 cars daily. The strategy em­
ployed was to use yardmasters experienced in Thorn­
t on operat ions, plus up to three y a r d analys t s who 

--
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Figure 6. Locomotive utilization report. LOCOMOTIVE REPORT 

VANCOUVER - FLAT ALTERNATIVE 

HOURS 
CONSIST SHIFT CREW WORK BLOCK IDLE 

.\\ILE 
LOADED LITE 

CARS 
HANDLINGS AVG/~\OVE 

East l 01/2200 - 02/0600 East IA J .68 0.1 6 
02/0600- 02 / l 400 East lB ) .96 0.05 
02/ 1400-02/2200 East IC 4. 26 0 . 13 
02/2200-03/0000 East IA I. 29 0 .07 

Sub Total 13. l 9 0.41 

East 2 Ol /2200-02/0000 East 2C 0.1 0 0 .08 
02/0000-02/0800 East 2A J.87 0 . 27 
02/0800-02/ 1600 East 2B J . 81 0 . 05 
02/ 1600-03/0000 East 2C 4 . 20 0.0l 

Sub Total l l. 98 0. 41 

West 1. Ol /2200- 0 l / 2300 West IC 
01 / 2300- 02/0700 West IA J . 52 0. 56 . 
02/0700-02 / l 500 West lB 4.10 0.21 
02/ 1500-02 / 2300 West IC 3.63 o. Jl 
02/2300- 03/0000 West IA 0.56 0.03 

Sub Total 11.81 l. l l 

West 2 Ol /2200-02/0600 West 2A ) .52 0. 15 
02/0600-02/ l 400 West 28 4.19 0.19 
02/ l 400-02/2200 West 2C 4 . 16 0. 24 
02/2200-03/0000 West 2A 0 .92 0. l 9 

Sub Total 12. 79 0. 77 

Un it l Ol /2200-01 /2300 Unit JC 
Ol /2300-02/0700 Unit IA 4.10 0.36 
02/0700-02/1500 Unit IB 4.02 0. 26 
02/ 1500-02/2300 Unit IC J . lO 0.12 
02/2300-03/0000 Unit IA 0.53 0.01 

Sub Total 12. 15 o. 75 

Total 61. 92 3.45 

actually used the CRT screens to translate the yard­
masters' general directives into more specific yard 
conunands. Two analysts tended to handle most of the 
locomotive and car movement conunands, whereas the 
other handled crew assignments and inspections. 

Several lessons have been learned from the simu­
lations carried out so far: 

1. Each analyst should have about 2 or 3 weeks 
of training with TRIM before participating in a 
full-scale simulation. Although each individual 
TRIM conunand is straightforward, the training period 
is necessary because of the number of conunands 
available and their options and the requirement to 
be able to develop a good overall familiarity with 
the cucrent yard status . 

2. The simulation team will require about a week 
of working together before a teamwork relationship 
develops fully. The team members will develop their 
own sharing of responsibilities, methods, and short­
cuts to perform an efficient and well-coordinated 
simulation. 

3. The amount of detail included in the simula­
tion must be traded off with the. time to complete 
the study. In the case of Thornton, certain track 
sections were consolidated (tracks going up a 
switching ladder, for example) in order to simplify 

4.16 48. J 
J . 99 35.8 
3. 61 23 .8 
0. 64 5. 7 

12.40 113. 6 

l. 82 o . 1 
J. 86 32 . 0 
4 . 14 25. ~ 
J . 79 32 . 7 

13.61 90 . 2 

1.0 
3.92 25 . J 
3 . 69 23 . 9 
4.06 31.0 
0.41 J. 7 

l J .08 83. 9 

4 , JJ 40. 9 
J . 62 29. 2 
J . 60 34.5 
0 .89 5 . 2 

12 . 4~ 109 . 8 

1. 0 
3. 54 37. 3 
3. 72 45. 9 
4. 38 JO. l 
0. 46 4.60 

13.10 117 . 9 

64. 63 515. 4 

14 . 6 
16. 8 
13 . 3 
4. 4 

49. l 

1.0 
15 . J 
15 . 5 
7 . 1 

38. 9 

13 . 1 
15.8 
10 . 2 
3. 1 

42.2 

l 5. 7 
24.4 
16.6 
3.3 

60.0 

22. 8 
14. 7 
16.7 
2.5 

56.7 

246. 9 

607 
473 
243 

87 

14!0 

l 
400 
348 
569 

1318 

492 
409 
335 

45 

1281 

44j 
45J 
264 

58 

1220 

283 
281 
231 

61 

856 

6085 

17. l 
10.0 

3. 4 
6.4 

6 . 7 
6 . J 

19 . 0 

11. 6 
12 . 7 
8.7 

.}. 9 

11.7 
7. l 
6 . 6 
7 . l 

10 . 3 
13. 5 
11. 7 
l l.O 

route specification. Some crew-related activities 
were simplified as well. 

4. The time window for activities should be 
specified as being at least 2 or 3 min. Setting the 
value too small can cause the simulation time jumps 
to frequently be only several seconds long. It is 
more efficient to force the simulation to handle all 
activities up to the longer time-window mark. In 
this case, some resources would remain unnecessarily 
idle until the end of the window, when new conunands 
could be entered. Nevertheless, little accuracy is 
lost with this scheme, and the increased opportunity 
for analyst coordination is a major benefit. This 
is especially important in the simulation of larger 
yards with more than two analysts at computer 
terminals. 

5. The simulation rate achieved for Thornton was 
approximately 2 hr of yard simulation during each 
working day of the simulation or about one full yard 
day each 2.5 weeks of simulating. Intermediate and 
final graphical and tabular reports were available 
on request. A large flat yard such as Thornton 
takes longer to simulate because of the requirement 
for a large number of yard analysts. The hump alter­
native simulation proceeded significantly faster, as 
did that of the smaller flat yards. Inclusion of 
graphics and automatic time standards is expected to 
further increase the simulation rate substantially. 
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TRIM Simulation of Canadian National 

J.L. ZADEL 

The Canadian National Railways terminal interactive model (TRIM) was used 
to simulate five selected design alternatives to choose the best design for 
Thornton Yard. Cost estimates were developed for each design, ecological 
and property Impacts were 11SS1!Sred, and interference with e><isting operations 
during construction was determined. The first set of simulations reduced the 
five alternatives to three-two flat-yard designs and one hump-yard design. 
Further simulation resulted in the selection of one of the flat-yard designs. 
Additional simulations were run to fine tune the design selected. 

Vancouver, British Columbia, is Canada's larqest 
West Coast port. Major export commodities include 
coal, qrain, potash, and sulfur with l•>!rner volumes 
of forest products, chemicals, mineral concentrates, 
and qeneral cargo. Imports include phosphate rock, 
automobiles, and various other containerized and 
general commodities for both Canadian and u.s. mar­
kets. In addition to the international movements, 
greater Vancouver (approximate population 1. 5 mil­
lion) qenerates a considerable volume of inbound and 
outbound local traffic. 

Canadian National Railways (CN), which is the 
larger of Canada's two transcontinental carriers, 
captures a significant share of rail traffic to and 
from Vancouver. In addition to export and local 
volumes, CN interchanges traffic with Burlinqton 
Northern Railroad, British Columbia Railway, Cana­
dian Pacific Railway, and British Columbia Hydro 
Railway. 

Thornton Yard, located in suburban Surrey, is the 
hub of CN' s operation in greater Vancouver. It is 
the classification, distribution, surging, and in­
spection point for all Vancouver traffic as well as 

Figure 1. Existing Thornton Yard. 

the servicing and repair point for most rolling 
stock moving through the region. 

Thornton, a flat yard with a standing capacity of 
4,700 cars, now dispatches some 650,000 cars per 
year. This is forecast to increase by more than 50 
percent durinq the next 10 years. Current operating 
conditions clearly indicate that Thornton, like many 
other CN yards in western Canada, will be unable to 
cope with this level of growth. It was therefore 
decided to design an expandeil plant that would be 
capable of handling traffic qrowth projected for the 
next 10 to 15 years. 

DESIGN CONSTRAINTS 

As shown in Figure 1, Thornton Yard is located on a 
narrow strip of relatively unstable land, bounded by 
the Fraser River on the north and rapidly risinq 
topography to the south. Other constraints include 
a large electric utility station and the Port Mann 
Br idqe, a major f ou r -lane s t r uc ture . In addition, 
railway facilities such as the carload center (yard 
office), car and diesel shop, and the yardmasters' 
tower are located throughout the west end of the 
property. 

Despite these constraints to plant expansion, a 
preliminary analysis ruled out relocation of 
Thornton Yard facilities to another site on economic 
and operational grounds. Therefore, it was decided 
to expand the exi s t i ng Thor nton Yard. The high cost 
of grading and structure relocation and the ecologi­
cal impact of expand i ng into the river dictated a 
judicious use of all available property. 

-PoR.T MANN ofH 
Hl<liHwAY BRIP~lf. 
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STUDY METHODOLOGY 

The optimum design for a system as complex as a ma­
jor freight yard is difficult, if not impossible, to 
define. Nevertheless, the best design can be se­
lected from a range of alternatives by using simula­
tion techniques. Selected alternatives can be 
further refined through analysis of simulation data 
and additional simulations. 

CN' s terminal interactive model (TRIM) is prob­
ably the most powerful yard simulator available to­
day. It was clear that a series of TRIM simulations 
would produce a design that would make the most ef­
fective use of available property and satisfy most 
other design criteria while providing a balance be­
tween capital and operating costs. 

The general study methodology using TRIM involved 
six basic steps: 

1. Development of design-day workload, 
2. Identification of alternatives, 
3. Input of simulation data, 
4. Simulation process, 
5. Analysis and evaluation of simulation results 

and selection of best alternative, and 
6. Fine tuning of selected alternative. 

Note that data and methodology are similar to those 
of a yard study using manual simulation techniques. 
The major difference is level of detail. 

workload Development 

Before the design-day workload could be developed, a 
thorough understanding of current Thornton traffic 
patterns was necessary. Export coal, potash, and 
sulfur move in 98~ar unit trains that require no 
switching as they pass through Thornton on the way 
to the tidewater bulk terminals. On the return 
(eastbound) move, bad-order cars are switched out of 
the empty unit trains and replaced with serviceable 
equipment. Unit trains make up about 55 percent of 
Thornton traffic. Most grain arrives in 100-car 
solid trains that require substantial switching at 
Thornton, because some grain must be delivered to 
specific elevators. Solid grain trains make up 15 
percent of total traffic. 

An additional 10 percent of the traffic moves in 
15- to 30-car blocks because of specific origin-des­
tination patterns. This includes cars carrying wood 
chips, chemicals, copper concentrates, alfalfa pel­
lets, and some grain and potash. These blocks stay 
intact when switched at Thornton Yard. The remaining 
20 percent is general carload traffic that requires 
car-for~ar switching. 

Future yard workloads for various traffic seg­
ments are determined on the basis of 10-year fore­
casts provided by CN's Marketing Department. CN's 
computer-assisted network analysis tool (CANAT) is 
used to translate these forecasts (which are ex­
pressed in tonnages) into a design-week train ser­
vice pattern. Data generated by CANAT for non-unit­
train traffic are further refined by CN' s CANATerm 
model, which marshals and blocks cars on arriving 
trains in line with historic performance, future 
service design specifications, and projected cus­
tomer demands. Minor manual modifications to the 
CANAT and CANATerm data were required to account for 
some Thornton Yard idiosyncrasies and to develop the 
internal yard workload for such operations as weigh­
ing cars, repairing bad-order cars, releasing cars 
being held, and handling dangerous commodities. 

In line with current CN practice, the day of the 
design week with the second highest workload was 
selected as the design day. The design-day workload 
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thus exhibits a peak about 30 percent higher than 
the annual daily average. 

With the inbound and internal yard workloads de­
fined, the final step in workload development was 
defininq the initial yard population. This was one 
of the most difficult aspects: Historic samples 
were not adequate because the traffic levels and the 
plant were unlike those experienced in the past. The 
procedure used was to first develop a preliminary 
estimate of an initial yard population by using 
manual approximation methods, This population level 
was used as the basis for a preliminary simulation 
of a 24-hr period. The yard inventory at the end of 
this preliminary simulation was then used as the 
initial population for the simulations of the de­
sign-day operation. 

The outbound workload is, of course, primarily a 
function of the simulated performance of the yard. 
OutbOund train patterns and marshalling for nonunit 
trains were based on projected service design speci­
fications. Outbound unit-train service depended on 
the arrival time of the corresponding inbound 
trains, which in turn was based on a random historic 
pattern. 

Identification of Alternatives 

Plant 

At the outset, 11 alternative plant desiqn concepts 
were defined throuqh discussions between system and 
local planning and operating personnel. By a proc­
ess of elimination and further discussion, this 
number was reduced to five desiqns that broadly 
satisfied all design parameters. Each of the five 
alternatives was sized for future workload by using 
projected throughput and occupancy calculations. 
Leads were designed on the basis of current desiqn 
standards and crossovers were placed in locations 
dictated by discussions of various operating moves. 
This facilitated drawing of each alternative to 
scale. It was now possible to develop detailed cost 
estimates for each design, assess ecoloqical and 
property impact, and determine interference with 
existinq operations durinq construction. 

The result of this process was the elimination of 
two more alternatives i this left two flat desiqns 
and one hump desiqn for further analysis. These 
desiqns, which are shown in schematic form in Fiq­
ures 2, 3, and 4, were further assessed for cost, 
interference with operations durinq construction, 
and ecoloqical ramifications. These assessments re­
sulted in additional desiqn refinements. Once the 

-necessary chanqes had been made, the three alterna­
tive plant designs were ready to code for TRIM input. 

Operation 

A variety of operatinq options was developed as an 
integral part of discussinq each design alterna­
tive. Leads, crossovers, and various yard segments 
of each alternative were actually desiqned on the 
basis of specific operating parameters. 

These operating parameters were reassessed and 
organized to satisfy the layout of each yard. Fea­
tures such as arrival and departure routes, receiv­
ing and departure yard segments, and classification 
and train make-up patterns were defined. Internal 
flow of bad-order cars and cars to be weiqhed, dis­
tribution of empty cars, and storage of cars being 
,held and danqerous cars were also ascertained and 
incorporated into the total operatinq packaqe for 
each alternative. These operatinq strateqies then 
served as the basic rules of operation durinq each 
simulation. To put the basic operating differences 
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Figure 2. Thornton Yard: flat plan 1. 

f igure 3. Thornton Yard: fiat pian :2. 

West R&D 

Surge Yard 

Figure 4. Thornton Yard: hump design. f 
"' 

into perspective, a brief description of the operat­
inq rationale for each alternative follows. 

Operating Alterna.tives 

Flat Plan 1 

In flat plan 1 traffic flow throuqh the yard is 
separated into three segments. All unit-train traf­
fic in both directions is handled in the unit re­
ceiving and departure (R&D) yard and surge yard 
located east of Port Mann Bridqe. Loaded westbound 
unit trains bypass the surge yard and main Thornton 
Yard (located west of Port Mann Bridge) on their way 
to the unloading terminals. If a unit train cannot 
proceed directly to the unloadinq point, it is held 
in the surqe yard until required by the bulk termi­
nals for unloading. In the eastward direction empty 

I 

/_ 

I 
Port Mann 
Bridge 
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unit trains again bypass main Thornton Yard along 
the south side and are held in the unit R&D tracks. 
Inspection, servicinq, and bad-order replacement 
take place in this yard; switchinq activity is con­
fined to dedicated leads. 

Non- uni t - train tr aff i c flows t hrough the main 
body of Thornton Yard bidirectionally, Westbound 
trains bypass the unit-train yard and arrive at the 
west R&D yard. Classification of this traffic takes 
place at the west end of the west R&D and west clas­
sification yards. Westbound transfers are then made 
up from the west classification yard to west R&D 
tracks by pulling in a westerly direcj::ion on dedi­
cated switching leads. 

Westbound grain trains are held in the grain R&D 
tracks and are switched from the grain R&D yard to 
grain classification and storage tracks at the east 
end. Once again this takes place on separate 
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leads. In this entire process eastbound movements 
and unit-train movements are not affected by the 
westbound flow. 

Eastbound transfers are held in the east R&D 
yard. All classifying takes place at the east end 
of this yard on separate leads. Train makeup from 
the east classification yard to east R&D tracks can 
be performed on either end, independent of westbound 
and unit-train movements. 

Flat Plan 2 

Flat plan 2 separates the traffic flow by direc­
tion. All westbound traffic, unit and nonunit 
alike, is held in the west R&D yard, grain R&D yard, 
or the surge yard. West classification and grain 
classification processes are identical to those for 
flat plan 1. All switching and train makeup takes 
place on separate leads. The surging function is 
performed in the surge yard when required. 

All eastbound movements bypass the west yard 
(i.e., trackage west of Port Mann Bridge) along the 
south side and arrive into R&D tracks in the east 
yard. Unit-train bad-order switching takes place on 
dedicated leads at either end of the unit R&D yard. 
Classification of non-unit-train traffic is done on 
separate leads at the west end of east R&D and east 
classification yards. As in flat plan 1, train 
makeup can be done from either end. 

Hump Operation 

In this design the surge yard, unit-train R&D yard 
for eastbound trains, and receiving yard for non­
unit-train traffic were located east of Port Mann 
Bridge. Classification took place in a westerly 
direction by shoving from the receiving tracks and 
humping into the classification tracks west of the 
bridge. Train makeup was performed by pulling from 
the classification tracks in a westerly direction 
and making up east and west departure trains in 
their respective departure yards. LOaded unit 
trains moving in the westerly direction had the op­
tion of bypassing the entire plant along the north 
side or being held in the surge yard. One of the 
majqr problems with the hump design was the conflict 
between eastbound trains arriving into the receiving 
yard and the westward humping process. 

Simulation Data Input 

Workload 

Design-day traffic flow generated 

Figure 5. Flat plan 1 coded for TRIM input. 

by CANATerm is 
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produced in TRIM format. Consequently, the train 
file (i.e., arriving traffic during the simulation) 
was constructed by simple electronic transfer of 
data from CANATerm to TRIM. 

Plant 

A scale drawinq of each alternative was translated 
into a schematic showing all necessary track data, 
such as track identification code (track name), 
track length, switch clearance points, crossover 
connections, and leads. Figure 5 shows a portion of 
flat plan 1 schematically coded for TRIM input. Data 
from these schematics were organized on a code sheet 
and entered into TRIM via a keyboard to create the 
track file. 

Yard Resources 

Discussions dealing with yard design and operating 
options produced an approximation of yard-engine re­
quirements for each alternative. These requirements 
were refined by examining future workload and design 
of each plant in detail, which culminated in a rigid 
definition of number of assignments, their respec­
tive starting times, and work areas for each yard 
assignment. 

With respect to train inspection crews, standard 
times were developed for inspection and servicing. 
These standards were applied to the projected work­
load to produce an estimated number of inspection 
crews required. This number was used as the avail­
able number of inspection crews throughout the simu~ 

lations. 

Initial Inventory 

As discussed earlier, the initial yard population 
for the projected workload and new plant was pro­
duced by a 24-hr simulation of each alternative. The 
volume and location of traffic produced by this 
preliminary simulation constituted the yard status 
at time zero of the design day. These data were de­
fined as the initial population file in TRIM. 

Simulation Process 

TRIM Simulation Room 

The TRIM simulation room, located 
quarters, is equipped with two 
number of CRTs, and a printer as 
For Thornton Yard simulations the 

GL.2·840 

GL.3 GLMd40 

RL.4 

DL.3 DL.2 

EL1.3 X16 EL 1.2-570 XII 

X10 

at CN System Head­
rows of desks, a 
shown in Figure 6. 
three CRTs located 
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Figure 6. Simulation room layout. 
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Figure 7. Sample track list. 

LIST FOR TRACK ERD4 FROM EAST TO WEST TIME 01/22•30:00 PAGE 

SEQ POSE POSW L/E TAG SPINS SPEC COMMOC DEST ------
001 5345 1635 L 346 30 91370 
002 5405 1575 E 346 31 91370 
003 5465 1515 E 346 31 91370 
004 5525 1455 E 346 31 91370 
005 5585 1395 £ 346 31 91370 
006 5~.45 1335 E 346 31 91370 
007 5705 1275 E 346 31 91370 
008 5765 1215 E 346 31 91370 
009 5825 1155 E 346 31 91370 
010 5885 1095 E 346 31 91370 
011 5945 1035 E 346 31 91370 
012 6005 975 E 346 31 91370 
013 6065 930 L 346 30 91370 
014 6110 870 E 346 31 91370 
015 6170 810 E 346 31 91370 
016 ~.230 75(1 E 346 31 91370 
017 6290 690 E 346 31 91370 
018 ~.350 ~.30 E 346 31 91370 
019 6410 570 E 346 31 91370 
020 6470 510 E 346 31 91370 
021 6530 450 E 346 31 91370 
022 6590 390 E 346 31 91370 
023 6650 330 !O 346 3 t 91370 
024 671(1 270 E 346 31 91370 
025 6771) 210 E 346 31 91371) 
026· 6830 150 E 346 31 91370 

TOTALS• CAR = 26 LENGTH = 1545 FEET WEIGHT 

at the front of the room were manned by three ana­
lysts. 

The east-end analyst was responsible for switch­
ing work at the east end of the yard. The west-end 
analyst handled the work at the west end of the yard 
and movements of bad orders to or from the car shop 
plus other internal moves. The general yardmaster 
(GYM) analyst at the middle CRT· was responsible for 
deploying inspection crews and yard crews and sched­
uling all arriving and departinq trains. 

The two yardmasters located behind the analysts 
were local operating officers experienced in Van­
couver operations. Their role was that of decision 
makers throughout the simulation, as yardmasters are 
in a yard tower. The east yardmaster was respon­
sible for work at the east end of the yard, whereas 
the west yardmaster controlled all the work at the 
west en'1 and most of the inteLnal moves. T ---a.-.::1 -­J.J'"""'Q'"''CU VII 

the yardmaster's desk was a monitor CRT disqlaying a 
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constantly updated condition of yard resources. At 
the rear of the room was a printer that produced 
hard copies 'of switch lists, train lists, and ad­
vance consists. 

Simulation 

Because the yardmasters (operating officers) were 
the decision makers, the simulation could not begin 
until the first element of yard work was defined. 

At the outset the yardmasters were provided with 
information specifying the initial status of the 
yard in detail and a list 'of trains scheduled to 
arrive into the system in the ensuing 8 hr. The 
initial condition is defined on hard copies of track 
lists. A sample track list is shown in Figure 7. In 
these lists the track is identified, cars are listed 
in sequence, and the diatanca from the ~ast and west 
ends of the track to the cars is given. In addi-
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tion, classification code (tag number and spin num­
ber), commodity code, destination station number, 
and length in feet are specified. In the column 
headed BO, bad-order cars are identified and in the 
column headed SPEC special instructions such as dan­
gerous cars, cars to be held, cars not to be humped, 
and so forth are given. 

In the inbound-train list (Figure B) trains pro­
jected to arrive into the system are specified. In­
formation such as train number, expected time of ar­
rival, and number of loads and empties is given. 
Also provided is total weight of the train, total 
length, and number of locomotives powering the train. 

If desired, a car-by-car listing of each train' s 
consist is also available. Figure 9 is a train con­
sist for train K044C. These advance train consists 
provide such information as car sequence from the 
engine, loaded or empty status, and weight of each 
car. 

Destination station number, commodity code, 
length in feet, and tag number (last column) are 
also specified for each car. In columns B, 9, and 
10 ·special instructions, bad orders, and cars to be 
cleaned are given. As an example W in the special 
instructions column indicates that the car is to be 
weighed, whereas HLD identifies a car destined to 
the hold track. 

Figure 8. Inbound-train list. 
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This information coupled with predefined service 
design specifications and operating plan are used by 
the yardmasters as the basis for planning and as­
signing yard work during the simulation. The proc­
ess is similar to that experienced in yard towers 
during a typical shift. Havinq analyzed the preced­
ing information, the yardmasters set the simulation 
process in motion by assigning work to yard assign­
ments. Decisions about classifying, train makeup, 
available departure, and internal yard moves are 
also made. These decisions are passed on to the 
analysts for execution. Information regarding 
switching, train makeup, and internal yar<l moves is 
generally passed to the analysts by means of an an­
notated switch list, an example of which is shown in 
Figure 10. In addition to the switch lists, yard­
masters verbally instruct the analysts what routes 
are to be used for specific moves and estimate the 
time for completion of each move. 

Having received the instructions, analysts in­
struct the computer to make the required move. These 
instructions (commands) are issued by filling in the 
blanks on a formatted screen. An example of a move 
command is shown in Figure 11. In this particular 
case the analyst instructed the model to move four 
cars with engine WEST 1 to track CS via tracks Ll, 
XlO, and L2 and to couple the four cars to those al-

TRAIN L.IST -· INBOUND SIMULATION TIME 01 /22• 30• 00 

TRAIN ETA LOAD MPTY TOTAL WGHT LENG LOCO'~ TOT LEN ENTRY TRK 
K046A 01/23:10: 00 14 2 11.:. 1285 915 2 1035 ARRW 
8841 01123•45•00 86 3 89 10736 5223 2 5343 WARR 

238 (J2/(l(I: 25: (H) 20 4 24 1209 199"'l 2 2119 ARRE 
K042B 02 /02•00•00 1 11 12 402 788 2 908 ARRW 
K044C 02102:30:00 23 1 24 1777 1473 1 1533 ARRE 

791 02/03•30•00 99 100 1309:3 5:=:86 2 601)1,;. WARR 
77) 02/03:50:00 94 9S 13754 601.:-1 2 6181 WARR 
218 02/05•30•00 48 12 60 3066 4995 3 5175 ARRE 

Figure 9. Advance consist for train K044C. 

ADVANCE CONSIST FOR TRAIN K044C ETA 02102:30:00 PABE 

SEQ LIE WEIGHT DEST BLK COM MOD LEN SPEC INS 80 CLNR TAG ___ '_'_ ---------
001 L 63 41975 000 21 94 w 302 
002 L 63 33273 00(1 21 94 301 
003 L 63 33273 000 ·21 94 301 
004 L 73 33273 000 30 55 301 
00:5 L 69 93330 000 30 58 820 
006 L 55 81690 000 30 53 341 
007 L 92 92894 000 30 58 800 
008 L 6/.:. 811.:.90 000 30 52 HLD 341 
009 L 76 93330 1)1)1) 31) 90 820 
010 L 76 87511 000 30 59 341 
011 L 70 33273 000 30 49 301 
012 L 85 76920 000 30 62 347 
013 L 67 64345 000 30 58 HLD 303 
014 L 73 41975 000 30 44 302 
015 L 109 61580 000 30 54 303 
OH. L 68 93112 000 30 53 810 
017 L 82 64345 000 30 59 303 
018 L 109 l.:0 1580 00(1 30 54 HLD 303 
019 L 104 33273 000 30 55 HLD 301 
020 L 77 61580 (J(J(I 3(1 57 303 
021 L 62 92310 000 30 54 HLD 344 
022 L n 52230 000 3(1 56 HLD 301 
023 E 32 93333 000 31 59 8 030 
024 L 67 87930 000 30 52 w 341 

TOTALS LOADS 23 EMPTIES = 1 : TOTAL 24 1473 FEET 1777 TONS 

LOCO CONSIST FOR TRAIN K044C 

NAME LEN MODEL 
----- ------

011209 060 GR17 
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Figure 10. Annotated switch list. 

LIST FOR TRACK EC11 FROM EAST TO WEST TIME 01/22•30:00 PAGE 

ct~r.i Pn~J:' Pn~L&I I /F TAR SPTNS SPFr: COMMOO DEST BO LEN WT ----
001 150 2752 E 346 E<'.-tt 3 1 91370 58 0 
002 208 2687 E 34i:. • 22 91370 65 0 
003 273 2626 E 345 EL.111 70 88694 61 0 
004 334 2567 E 346 E.<:-t I 22 91178 59 0 
005 393 2506 E 345 E.o.•Q 70 88694 61 0 
006 454 2445 E 3 4 5 7 0 88694 c·l 0 
007 515 2384 E 345 70 88694 61 0 
008 5n 2323 E 345 70 88i:.94 61 0 
009 (,37 2262 E 345 70 88694 61 0 
010 698 2217 E 345 70 88694 45 0 
011 743 2157 E 81 0 Sv<l'I 31 93112 60 0 
012 803 210(1 E 810 31 93112 57 (I 

013 860 2049 E 810 31 93112 51 0 
014 911 1988 L 814 'WC..¢>:Z. 30 93251 61 0 
015 972 1932 E 814 " 22 ,.A ,., ,pt5 93252 56 0 
Oil:. 1028 1870 E 06 0 W<-L8 "0?135 3 1 62 (l 

017 1091) 1812 E 813 W l. /t (p 3 1 93139 58 0 
018 1148 17:0•0 E Ol:.o \ 1J£..I ~ 93531 62 0 
019 1210 1693 E 060 ,,./'" 22 93531 57 I) 

020 1267 1643 L 8 3(1 wt.Ill~ 30 93390 50 (I 

021 1317 1586 E 060 wc..•g 22 93531 57 0 
022 1374 1524 L 814 Wl.{l:Z 4(1 93251 l:.2 (I 

023 1436 1465 E BIO s v9't 31 93112 5'~ 0 
024 1495 1407 E 81(1 ,, 31 93112 58 0 
025 1553 1345 E 060 w.::..•B 22 93531 62 0 
02l:. 1615 1290 E 346 E<:-11 31 91370 55 0 
027 1670 1231 L 850 G,i;:Z. 43 93547 59 I) 

TOTALSt CAR = 27 LENGTH = 1579 FEET WEIGHT (I TON~: 

Figure 11. Simulation format for move command. 

MO\IE SIMULATION TIME 

MOVE 4 .• CARS 
TRACK 

(V I A TRACKS LI •••••• 

WITH CONS I ST 
ON TRACK 

TO TRACK CS •••.•. 

x 10 .•••. L2 .•.•. , 

RESERVE ROUTE 

WEST!. .. 

. ) 

CSETCIFF 
< KICK 

CARS ( RETLIRN 
CARS C RETIJRN 

CSPCIT .... FEET FROM EAST 
C .•.. FEET FROM WEST 

CAT TRACK •..•.... C COUPLE X 
C CLEAR EAST 
( CLEAR WEST 

HR MI N SEC 
C TIME: 04 00 

HR MIN SEC 
'' IDELAY' BY ....... ......... 

ready on track CS. The estimated time for this move 
was 4 min. An X in the blank after the word 
"couple" is the instruction to couple. The instruc­
tion coul<l as easily have been to spot (place) the 
four cars a certain distance from either end or to 
spot them in the clear. When t he move has been com­
pleted, yard engine WEST 1 will be hiqhliqhted as 
ready for another task. This information is re­
flected on the analysts' CRTs and yardmaster's 
monitor screen. 

As switching moves are carried out, trains are 
scheduled for arrival and departure, and other moves 
are completed, new track lists can be qenerated. 
These in turn end on the desks of yardmasters , who 
analyze and issue further instructions for continu­
inq work. Throughout the simulations all pertinent 
data are loqqed for postsimulation production and 
analysis. 

One of the most significant benefits of TRIM is 
its ability to highliqht plant and operatinq defi­
ciencies during the course of the simulation wel.1. 
before the results are plotted or tabulated and ana-

NEXT COMMAND 

lyzed. For example, if a move was made to skirt a 
potential conflict but the plant was incapable of 
accommodatinq such a move, the problem would be 
hlghllght"<l immediately. It is po!!!!ibl@ to stop the 
simulation at that point, make the necessary track 
changes, and continue. 

Classification-track capacity is another example 
in which TRIM immediately points out plant deficien­
cies. When a classification track is filled during 
a switching process, the program requests a swing 
track (an alternative track) for remaining cars of 
the same tag. A frequent swing request immediately 
indicates classification-track capacity shortfalls. 
From the operating viewpoint , a repeated conflict 
between yard assignments may indicate improper de­
ployment of yard engines, whereas a yard assiqnment 
conflicting with a train movement may be indicative 
of poor operation or plant. 

Evaluation 

Plant and engine utilization data and crew produc-
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Figure 12. Track population report: flat plan 1. 
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tivity data are generated by the postprocessing pro­
gram. All plots and tables are computer generated, 
which requires . limited manual organization before 
comparison and analysis. Examples of some of the 
plots and tables most frequently used in analysis 
are given in the following paragraphs. 

Track utilization data generated in plot and 
tabular form are the most beneficial statistics in 
sizing the plant. Figure 12 shows 8 hr of occupancy 
for classification tracks ECll to EC15. Usable 
track length in feet and car capacity for each track 
are indicated in the left-hand column. Occupancy 
plots reflect that the population of each track 
varies with time. Shading represents various tag 
groups. In addition the track utilization percent­
age is calculated. Classification-track occupancy 
is calculated on the basis of car hours, whereas R&D 
and lead calculations are made on a simple time-oc­
cupancy basis. 

Figure 13 shows an example of lead occupancy 
plots. Engine activities are identified by the 
shaded coding defined at the bottom of the figure. 
In this case three segments of DL lead (DL.l, DL.2, 
and DL.3) are plotted individually, whereas total DL 
lead occupancy is shown by the fourth plot. 

Figure i4 gives an example of R&D track occu­
pancy. As in classification-track plots, track 
capacities are identified and percentage occupancies 
calculated. In addition trains that have recently 
arrived or are ready to depart are identified by 
number. (Note train K013G on track GRl and train 
B841 on track GR2.) 

In addition to plots, detailed tabular reports 
are produced for yard engine performance and crew 
utilization. Table 1 gives a summarized example of 
the inspection-crew report for flat plan 1 in shift 
format. For example, inspection crew INS 11 was on 
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TllG GAllUr 5 II TAG GflllUI' • 
TflGliflllUr S 
TflD GRllUI' 2 
TflGGlllftl!P t 

2 3 l! 5 6 7 8 

2 3 5 6 7 B 

duty from 0800 to 1600 hr on day 2 and consisted of 
two workers. They worked 4.1 hr, were in transit 
for 1.2 hr, had 0.8 hr of ,personal time, and were 
idle waiting for instructions for a period of 1. 7 
hr. I~spection-crew productivity was examined by 
comparing various activity segments for the three 
alternative designs. 

Table 2 shows a similar table for the switch-crew 
performance for flat plan 1. For example, the shift 
for yard crew West 2A started at 2200 hr on day 1 
and terminated at 0600 hr on day 2. During these 8 
hr the three-person crew worked for 3,23 hr, was in 
transit for 0. 70 hr, used up O. 67 hr of personal 
time, was idle awaiting work for 1. 72 hr, and was 
given 1.68 hr early quit. Individual and total 
times were compared for the three alternatives in 
determining productivity levels. 

Analysis and Comparison 

Track occupancy plots and cost played the most sig­
nificant roles in alternative selec_tion. Receiving, 
departure, and surge-track occupancies favored the 
flat-1 alternative as indicated in Table 3. These 
tracks were collectively occupied for 51. 4 percent 
of available track time in flat 1 compared with 59.4 
percent in flat 2. Flat 1 did, however, have one 
additional track (i.e., 4. 2 percent more track ca­
pacity). The hump alternative exhibited a 54.3 per­
cent occupancy of 30 available tracks. Occupancy of 
classification tracks and leads also favored flat 1 
as did the crew productivity and engine utilization. 

Total project cost favored flat 1 by a small mar­
gin when compared with flat 2, whereas the cost of 
the hump alternative turned out to be prohibitive. 
Flat 1 cost was estimated at $93 mil~ion; flat 2 was 
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$3 million higher. The cost of the hump alternative 
was estimated at $143 million. 

Flat plan 1 performed best in each comparative 
".'."~~~~':'!~ . Nnn'!'1Ant-i .=; Ah1 ~ n!lPr11t. in~ features as 
perceived by the local operating officers favored 
this alternative as well. Consequently, simulation 
results, costs, and operating experience led to 
selection of flat plan 1 as the design for the ex­
panded Thornton Yard. 

Figure 13. Lead occupancy report: flat plan 1. 
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Fine Tuning of Flat Plan 1 

Once flat plan 1 had been selected as the best al­
~~!'~~~!·-·~. ~!.~'...!!~4::!~!"'!: r'?czn1~cz An~ c::dmnlA+-inn P.Ypl!r­

ience were used to refine the design. Track occupan­
cies were used to size various yard segments more 
accurately. Lead occupancies, crossover occupan­
cies, and movement conflicts were examined to refine 
the throat designs. Lead lengths and ladder designs 

2 3 I! 5 6 7 6 
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loc 

I ~ I I I I I I 

I I I I I 

I I I I I 

I II I I 

l I I I I 

I I I I I 

I 

E HI m ~Ill I rn111: 
I 

IU 
I 

DL. 

II 
I 

8 
I I 

mo FEET 
ll CAf<S 

I/ 23 

Figure 14. R&D occupancy report: flat plan 1. 
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were also modified on the basis of initial simula­
tions. The refined flat plan 1 was then r .edrawn to 
scale. 

Resimulation of Flat Plan 1 

As in the initial case, the new flat plan 1 was 
translated into a schematic form and coded for TRIM 
input. Because of plant revisions, yard resources 

Table 1. Inspection crew report: flat plan 1. 

Time Allotment (hr) 

Idle 
Crew 
Identifi- No. of 
cation Shift Workers Work Transit Personal 

INS 7 0 l /2300-02/0700 2 2.4 1.0 0.8 
INS l 02/0000-02/0800 2 2.3 l.O 0.8 
INS 2 02/0000-02/0800 2 2.5 J .2 0.8 
INS 3 02/0000-02/0800 2 2.4 1.4 0.8 
INS 4 02/0000-02/0800 2 2.5 J .4 0.8 
INS 5 02/0000-02/0800 2 2.2 0.9 0.8 
INS 6 02/0000-02/0800 2 2.3 0.8 0.8 
INS 14 02/0700-Q2/l 500 2 l.6 1.2 0.8 
INS JO 02/0800-02/ 1600 2 2.0 0.8 0.8 
INS 11 02/0800-02/ 1600 2 4.1 1.2 0.8 
INS 12 02/0800-02/ 1600 2 3.1 J .4 0.8 
INS 13 02/0800-02/ 1600 2 2.4 0 .9 0.8 
INS 8 02/0800-02/1600 2 1.4 0.8 0.8 
INS 9 02/0800-02/ 1600 2 2.7 J.3 0.8 
INS 21 02/ 1500-02/2300 -1.... _u_ __Qj_ __QJL 

Total 30 35.6 16.2 12.0 

Table 2. Switch crew report: flat plan 1. 

Time Allotment (hr) 

Idle 
Crew 
ldentifi- No .of 
cation Shift Workers Work Transit Pers~nal 

East IA 0 l /2200-02/0600 3 2.80 0.87 0.75 
West 2A 01/2200-02/0600 3 3.23 0.70 0.67 
Unit IA 0 l /2300-02/0700 3 2.75 J .42 0.75 
West IA O I /2300-02/0700 3 2.60 0 .93 0.67 
East 2A 02/0000-02/0800 3 3.15 0 .8 1 0 .75 
East IB 02/0600-02/1400 3 3.02 0 .94 0.75 
West 2B 02/0600-02/ 1400 3 2.98 1.36 0 .75 
Unit !B 02/0700-02/1500 3 3.19 0 .9 1 0.75 
West IB 02/0700-02/1500 3 3.24 0.93 0.75 
East 2B 02/0800-02/ 1600 3 2.98 0.97 0.83 
East IC 02/1400-02/2200 3 2.91 I.I 0 0.75 
West 2C 02/ 1400-02/2200 3 3.03 LIS 0.97 
Unit IC 02/ 15 00-02/2 300 3 2.48 1.17 0.75 
West IC 02/ 15.00-02/2300 3 2.55 0 .96 0.75 
East 2C 02/1600-03/0000 _l -1.&i ~ 0.83 

Total 45 44.76 14.82 11.47 

Table 3. Comp;irison of throughput for three alternatives. 

Flat Plan I Flat Plan 2 

Percent- Through- Cars No.of Percent-
Yard age Used put Handled Tracks age Used 

East R&D 65.5 4.6 1,895 8 73.5 
West R&D 45.3 6.3 1,232 9 45.5 
Receiving 
Unit R&D 49.6 6.1 1,588 6 74.4 
Surge 27.4 JO.I 141 --1. 43.7 

Avg or total 51.4 25 59.4 
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were adjusted in line with analysis of first simula­
tion results. The operation was also marginally 
modified as necessitated by the plant revision. 

On the basis of the new data flat plan 1 was re­
simulated. The results of this simulation were used 
to better gauge the true potential of the proposed 
yard and to make necessary final design changes. 
Thornton Yard master plan was produced on the basis 
of these final simulation results. 

Awaiting Early 
Instructions Quit Total 

3.5 0.4 16 
3.5 0.4 16 
3.2 0.4 16 
3.1 0.4 16 
3.0 0.4 16 
3.8 0.4 16 
3.7 0.4 16 
4.0 0.4 16 
4.0 0.4 16 
1.7 0.3 16 
2.3 0.5 16 
3.6 0.3 16 
4 .8 0.3 16 
3.0 0.3 16 

...M.. Q.J_ ...lL 
5 1.6 5.6 240 

Awaiting Early Total No. 
Instructions Quit Total of Moves 

2.15 1.43 24 62 
1.72 J.68 24 64 
1.36 1.72 24 48 
2.48 J.33 24 69 
3.21 1.53 24 36 
1.42 J.87 24 42 
1.22 1.70 24 42 
1.35 1.80 24 59 
1.02 J.80 24 31 
1.29 1.83 24 30 
J.34 J.90 24 25 
1.16 J.70 24 44 
J.29 2.30 24 38 
J.77 1.97 24 46 

J1il. __l.lQ ..M. ~ 
23.27 26.76 360 685 

Hump Operation 

Through- Cars No. of Percent- Through- Cars No. of 
put Handled Tracks age Used put Handled Tracks 

5.8 1,959 8 75.5 6.2 713 4 
4 .6 1,791 9 30.0 2.7 1,469 7 

57.0 8.6 1,511 12 
8.0 834 4 70.4 6.2 1,073 4 
8.0 389 -1 50.6 8.2 487 _l 

24 54.3 30 



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 
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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 
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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 
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System Fl exibility 

Dispersion of a system into a distributed set of 
substantial subsystems is an answer to general prob­
lems universally found in large industrial and mili­
tary systems. An example of this type of distribu­
tion is the public telephone system as it was recoq­
nized a number of years aqo. 

At one time, the Bell System sought to grow and 
maintain its large network by maintaininq control 
over all aspects of design, manufacture of compo­
nents, installation, and operation. As technoloqy 
advanced, Bell engineers recognized that the ap­
proach was unworkable; it amounted to a replication 
of a highly evolving technology-based economy within 
one 9rganization. 

There was another way, namely, not to try to pre­
dict and control everything but to construct the 
whole system out of important subsystems whose f unc­
t ions and interfaces to the system could remain con­
stant over the lifetime of the system. This 
approach has been successfully applied by the tele­
phone companies. As technology advanced, the newer, 
more advanced systems, which were cheaper and more 
reliable, could be incorporated into new subsystems 
with the expected economy and performance. Because 
the interface (electrical levels, signals, connector 
dimensions, and so on) remains constant, the system 
continues to work without disruption. The system 
still has ultimate limits. It will not handle TV 
signals into homes or businesses nor lend itself to 
optical fibers on every subscriber loop, but the 
limits are the consciously specified system limits, 
not the everyday, unpredictable happenings of equip­
ment obsolescence or parts availability. 

Modularity 

The perceptions listed thus far led to a system ar­
chitecture of distributed subparts--each subpart 
stands substantially independent of the other sub­
parts. Two important aspects in the specification 
of these subparts or subsystems are 

1. The idea of modular independence and 
2. The notion of logical interface. 

By independence it is not meant that there is ab­
solutely no relation to or connection with the other 
parts of the system. That would deny that there is 
a meaningful system. Rather it is meant that small, 
arbitrary, local changes in a subsystem have no con­
sequence and no impact on other subsystems. For ex­
ample, if the number of possible positions of a 
retarder mechanism or the wiring list for a specific 
terminal block is chanqed, those differences should 
cause changes only within the retarder controller 
itself, not in any other part of the control sys­
tem. Knowledge of implementation-dependent details 
should be confined to the controller or zone or sub­
system involved. Therefore the system and the sub­
systems are independent in that superficial, imple­
mentation-dependent details and changes do not 
propagate throughout the system. 

This relates to the idea of a logical interface. 
Because communication to and from a subsystem, such 
as a retarder, is in terms of the work it does 
(e.g., desired exit speed, actual exit speed, weight 
of cut, and length of cut) rather than how it does 
the work (i.e., set 24 volts to terminal block pin 
B2-7), modular independence is supported. 

These ideas are essential. If modular indepen­
dence in the sense described previously is not ac­
complished, any hope of segregating a complex system 
into tractable portions is lost. The resulting sys­
tem will not be easily expandable and modifiable be-
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cause any chanqe will tend to subtly propaqate into 
hidden parts of the system, making change impracti­
cable. 

Mi croprocessors 

One may ask why such a distributed approach to yard 
design was not considered previously. The answer is 
that the ideas of modular independence and logical 
information transfer are impractical unless it is 
possible to place substantial information-processing 
power into the individual subsystems and control­
lers. The local control of retarders, switching, 
and so on, requires sophisticated logic such as that 
associated with computers and substantial computer 
programs. Furthermore, the translation of informa­
tion such as desired speeds and other parameters in 
logical form into specific electrical commands and 
sequences also requires processing of a complexity 
and degree that implies computers in some form. 

Until recently providing this type of processing 
power in a form other than a mainframe computer was 
next to impossible. Today, however, distributed ar­
chitecture is made feasible by microprocessor tech­
nology--the placing of computers into a dozen or so 
integrated circuits on a ·single printed circuit 
board. 

SYSTEM OVERVIEW 

With the assistance of this microprocessor technol­
ogy, General Railway Signal (GRS) has developed a 
distributed classification yard control system. 
This control system parallels the level of automa­
tion desired in a yard and allows computerization of 
functions of the yard in phases. Self-diagnostics 
and user-initiated diagnostics of the system allow 
rapid detection and isolation of system and field 
failures. 

This yard-control system beqins with a series of 
modules loosely coupled together. Most modules con­
tain an interface to f i eld equipment as well as suf­
ficient computinq power to perform individual func­
tions. Communication is handled through a simple 
interface in which information is passed from one 
module to another. 

In its simplest conceptual form, a yard process­
control system consists of inputs and outputs both 
to field devices and to the operations personnel. In 
the distributed classification yard-control system 
developed by GRS, the various control system func­
tions are handled by separate processors. Inter­
faces between personnel and machines are performed 
by the operator communications (OPCOM) module. Field 
input and output (I/0) as well as the logic neces­
sary to effect logical control are distributed into 
individual controllers, each capable of fully con­
trolling one specific function in one specific 
place. For example, one controller is responsible 
for the master retarder logic, whereas another may 
control the group-3 switching. This confiquration 
combines the best of both a functional organization 
(retarder, switching, reports, and so on) with a 
geographic arranqement (throat reqion, qroup region, 
and so on). Both complexity and cost are reduced by 
including only those modules needed to effect the 
desired control. The final logical subsystem in 
this concept is hump control (HCON). This module 
alonq with communications multiplexers make up the 
nerve center that links the various modules toqether. 

Figure 2 shows a functional block diaqram of the 
proposed classification yard control system. A de­
scription of the functional parts follows. 

Operator Communications 

OPCOM handles all commands from the operators of the 
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Figure 1. Track and equipment layout of a yard. 
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com~ute a target exit speea :r:or release of the cut 
from the master and group retarders. 

7. Retarder control: The system must provide 
control of retarders to release cuts at a prese­
lected or computed exit speed. The control should 
be safe with minimum retarder movements. 

8. Operator interface: Appropriate input and 
output must be provided for dialogue with the sys­
tem's users. 

9. Maintenance interface: Means must be pro­
vided for diaqnosing system failures, chanqinq 
various internal parameters, and monitoring system 
performance. 

10. Report generation: The system must provide 
for hard copies of various reports of system activ­
ity. 

SYSTEM REQUIREMENTS 

The second step in the project was to describe char­
acteristics needed in the new system. Basic items 
included expandability, maintainability, physical 
plant, and long system life. 

Expandabil ity 

An acceptable system must be expandable in two re­
spects. It must be easy to add more of what has al­
ready been installed, e.g., more group retarders and 
switching groups. 
installed portions 
preferably only to 
system. 

That is, revision to previously 
of the system should be minimal, 
identify the new equipment to the 

The system must be expandable, or modifiable, 
with respect to alternative or new types of equip­
ment and to functions nonexistent in the initially 
installed system. It should be possible to include 
new types of retarders, distance to couple, and en­
hanced operator interfaces without extensive impact 
on the previously installed control system. 

Mai ntainability 

Systems are of ten impossible to maintain to the 
point where a fault can typically leave competent 
maintenance personnel staring at the equipment in 
hopeless frustration. The only recourse may be to 
call the original designers. 

For a system to be maintainable, it must be pos­
sible for a maintainer (knowledqeable about the 
overall functioning of the system and its basic 
structure) to pinpoint (in a methodical way) what is 
working properly and what is not. This pinpointing 
allows the maintainer to isolate a fault to the 
level cf a broken wire faulty circuit bc~rd, 

power supply, or relay. 

Physical Plant 

A minimum amount of floor space for the equipment, 
an uninterruptable power source (UPS), and adequate 
cooling and heating are required to keep the off ice­
based portion of the control system reliably oper­
able. 

As a target, two relay racks 85 ft high by 19 ft 
wide should be sufficient to contain the signal-pro­
cessing and information-processing portion of the 
control system. (This would not contain the UPS, 
incoming termination panel, any test panel, or 
power-handling relays.) 

Long System Life 

Obsolescence is a major risk in most systems. To 
protect the investment, it should be possible to 

1. Replace subsystems at those times in the fu­
ture when spare parts become unavailable without 
altering or replacinq the remainder of the system and 

2. Incorporate desirable or necessary enhance­
ments into the system without major modification to 
the system [e.g., new types of retarders or OTC or 
management information systems (MIS) interface). 

Furthermore, upgrades should be possible without the 
replacement of expensive and properly functioning 
parts, e.g., r etarders and their controllers. 

THE DISTRIBUTED SYSTEM 

A number of perceptions led to the specification of 
a dislribuled conlrol system. These perceptions in­
cluded natural partitioning, expansion, system flex­
ibility, modularity, and use of microprocessors. 

Natural Partitioning 

Cl assification yards are naturally partitioned into 
clusters of equipment and geoqraphical regions that 
correspond quite well to subfunctions of the yard. 
The characterization function (and equipment clus­
ter) in the crest region, the retarder region, the 
throat switching zone, and so on, each constitutes a 
parcel of localized sensing or control or both suf­
ficiently complex to warrant a dedicated controller. 

Expansion 

The naturally partitioned zones and subfunctions are 
the usual units of expansion. Adding groups or ex­
tending a limited control system to include group 
switching (for example) are typically required for 
updating er fer s~eking u higher degree of automa­
tion. 
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Figure 3. Packaging diagram. 
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5. As the cut .leaves the control region of the 
yard, HCON delivers the contents of the overall cut 
history to OPCOM. OPCOM prepares a report for the 
printer. 

HARDWARE DESCRIPTION 

Figure 3 shows the typical rack layout of the con­
trol system parts shown in the functional diaqram. 
Not shown are the UPS, test panel, the incoming ter­
mination panel, surge protectors, or the relays and 
logic that provide manual retarder override. 

This portion of the control system requires less 
than 10 ft' and less than 3 kW of 115-V AC power 
(and consequent equipment cooling). 

SYSTEM MAINTENANCE 

Run-Time Diagnos t i c s 

During normal operation of the system consistency 
checks are performed and messages reported for ab­
normalities. For example, should a message arrive 
between subsystems that in some respect is inconsis­
tent or unintelligible, this is reported. Should an 
input-output signal value be improper (e.g., a pres­
sure grossly different from that commanded), this is 
reported. Should the microprocessor of a controller 
reset via its watchdog, a message is reported to an 
operator and to a report printer. 

It is believed that a maintainer will be armed 
with information provided by these normally running 
diagnostics before ever approaching the system in 
response to a complaint. 

In the area of the controllers, backup can take the 
form of duplication of controllers with inputs pro­
vided simultaneously to prime and backup printed 
circuit boards. Outputs must be switched, which 
might be done manually by a maintainer or automati­
cally by the control system. Impact on system com-
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plexity and complexity of the controller programs is 
minimali the transition is primarily a matter of 
switching messages to the alternate unit. 

In the region of OPCOM and HCON, the higher-order 
region of the control system, it appears desirable 
to manually control any transition from a prime 
OPCOM/HCON pair to a backup. A fully automatic 
transition would be complex and not foolproof. If 
an operator cannot communicate with OPCOM or feel'S 
the sequencing of action on cuts from HCON is incor­
rect, he or she can simply ask the maintainer in the 
equipment office to switch to the backup equipment. 

Logical Progression 

The purpose of maintenance activity is to isolate a 
faulty printed circuit board, broken interconnect 
wires, or faulty power supply. Maintenance activity 
can also circumscribe a control program error (which 
should be rare) in which yard operation may be re­
sumed through a manual reset of a processor. But 
for the class of problems requiring immediate re­
pair, a fault is sought in the hardware. 

If a problem is known at the onset to be specific 
to a controller (for example, a retarder controller, 
MARC module), then the problem is already isolated 
to the two printed circuit boards, cabling, or field 
equipment associated wi th that retarder. Either 
through local attachment of a terminal with CRT and 
keyboard or through the maintainer's terminal, the 
maintainer may communicate with the controller 
microprocessor to obtain information on the control­
ler and the value of field input signals and estab­
lish output values that may be checked by direct ob­
servation or electrical measurement. 

If the problem has not yet been isolated, the 
maintainer progresses in the following fashion. 
First, the communication with OPCOM is checked from 
the maintainer's terminal. If there is no response 
to various requests, then the OPCOM microprocessor 
is faulty, the terminal is faulty, or there is a bad 
cable connection. 

If communication with OPCOM is possible, the 
maintainer can interrogate HCON, again from the 
maintainer's terminal. Interrogation of HCON should 
reveal whether HCON is operable or whether a down­
stream subsystem is the problem. If HCON is faulty, 
examination of power supply voltage values and 
cables and swapping of circuit board's is in order. 
If a downstream unit cannot be accessed, the problem 
has been isolated to that unit. 

In this system, communication with the various 
distributed entities is possible, both through the 
normal system communications means and locally 
through a specific plug-in point. Local process i ng 
power permits substantial, structured access. 

Association of· I/O Wires t o Correspondi ng 
Controller 

When trouble has been isolated to a specific func­
tional region (for example, a switching zone, a MASC 
module) , examination of signals at the module that 
lead to and from the field is especially easy. The 
maintainer does not have to work from a bulky set of 
diagrams to find the pertinent terminal blocks. The 
module is located in a clearly defined slot position 
in the switching controller chassis. The I/O board 
is immediately below the MASC processor board. The 
I/O connector on that 1/0 board is cabled directly 
to the corresponding plug coupler on the hinged rear 
panel. All signals are available at the edge con­
nector and at the plug coupler. The same signals 
are brought to the same pins on all of the MASC mod­
ules and are furthermore segregated in a consistent 
pattern. This expedites maintenance considerably. 
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Figure 2. Microyard functional block diagram. OPCOM HCON 
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syetem--yardmaeter, hump conductor, retarder opera­
tor, and maintainer. Depending on the degree of 
automation, OPCOM can be a simple control machine 
with speed-select dials or destination-track push­
buttons or both or, at the other extreme, a set of 
terminals with CRT or keyboard with full status dis­
plays and MIS connections. 

Hump Control 

Hump control (HCON) is a high-level master sequencer 
of real-time yard-control activity. As cuts enter 
the control region, HCON determines what subsystem 
handles what cut at what time. It arms the various 
equipment controllers with functional information 
concerning the approachinq cut, conditions affectinq 
control, and behavior desired. As traffic leaves a 
subsystem, HCON is notified, keeps track of traffic 
changes. and delagaitea control tc subsequent sub­
systems. 

HCON ensures that the cut characterization is 
reasonable, calculates the requested exit velocity 
from each retarder, and maintains a set of cut sta­
tistics regarding each cut in the system. 

Crest Monitor 

Crest monitor (CHON) detects new cuts coming into 
the control region and measures the relevant char­
acteristics of the cut such as number of cars and 
axles, weight, heiqht, and rollability. 

Microprocessor-Assisted Retarder Controller 

Each microprocessor-assisted retarder controller 
(MARC) controls a retarder mechanism to establish 
the desired exit speed, given the cut weight, 
length, and number of axles. 

Microproceeeor-Assisted Switch controller 

Each 
(MASC) 

microprocessor-assisted switch controller 
tracks the movement of cuts in its zone of 

th& yard and iX>S.l.t.ions switches to effect correct 
movement of cute. 

Distance to Couple 

Distance to couple (DTC) is measured on each of the 
classification tracks through either direct electri­
cal measurement based on shunting or car-count pro­
cessing. 

SYSTEM DESCRIPTION 

A typical car transit in the distributed system fol­
lows a general progression, described as follows: 

1. A car is identified by desired destination 
track before it encounters detection equipment in 
the crest region. In more complex yards a hump 
list, generated from a remote MIS data-processing 
facility, is transmitted to OPCOM before the train 
arrives at the hump. In other vards a button on a 
control panel is pushed by the hump conductor to 
distinguish destination tracks. 

2. As the cut crosses the CHON bidirectional 
wheel detectors, HCON is notified of traffic. A se­
quence number is assigned to the cut and a memory 
block is assigned in HCON to specify its desired 
routing and to record its history through the con­
trol region. As· the rear knuckle of the cut passes 
the cut light detector, CMON determines the number 
of cars in the cut and passes the information to 
HCON. 

3. As the car's weight, wheelbase, and rollii\g 
resistance are measured by CHON, HCON is informed. 
HCON issues information to the master MARC and 
throat MASC to permit initial speed control and 
routing control. 

4. Each subsystem or controller queues (saves 
up) information it receives from HCON pertaining to 
arriving traffic before its arrival. Hardware 
events sensed by each controller are interpreted as 
the movement of traffic unless , faults are dis­
cerned. Cuts are handled and final reports on the 
cut beohavior, handling by the controller, and state 
of controller equipment are sent to HCON ae the cut 
leaves the control zone. Each controller purges its 
information about the cut after the cut has com­
pletely passed through. 
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SUMMARY 

The design described does not purport to be the an­
swer to all classification yard control problems. It 
will not fulfill the functional requirements of all 
classification yard installations; nevertheless, it 
is believed that a system could be developed from 
this design to economically meet the needs and re­
quirements of many existing yard facilities. The 
designers of this system maintained a practical ap­
proach in hopes that modern computer technology 
could produce a system (while not providing the ul-
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timate in functional capability) that could be ap­
plied in yards where existinq systems have been cost 
prohibitive. 
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