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- ABSTRACT

ing of switches in a railway classification yard so as to
route successive cuts from a train, as they are uncou-
pled at the hump of the yard, to their respective desti-
nation tracks. A digital computer receives information
respecting the location of the various cuts as they are
traveling through the yard and operates the various
switches in the yard to safely route each of the cuts to
Its destination track. Protection is provided to handle
blocked and fouled tracks and also to detect stalled
cars and prevent cornering. The computer is respon-
sive to Information received from a variety of sensing
devices placed throughout the yard and means are fur-
ther provided to detect failures of these sensing de-
vices in order to enable the system to operate in spite
of such failures. The apparatus is so arranged that it
can be apphed to a wide variety of classification yards
with a minimum amount of modification. In particular,
the yard characteristics are separately stored in a stor-
age means. To modify the apparatus to control a clas-
sification yard with differing characteristics, it is only
necessary to modify the yard characteristic data stored
In the storage means and the apparatus can be oper-
ated in a virtually unchanged manner. |

16 Claims, 22 Drawing Figures
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AUTOMATIC SWITCHING CONTROL SYSTEM

FOR RAILWAY CLASSIFICATION YARDS
BACKGROUND OF THE INVENTION

Typically, railway classification yards perform a sort-
ing function. A train of cars is received and pushed up
to the hump of the yard. At the hump, the cars are un-
coupled and allowed to roll down the hump and the
switches in the yard are positioned so as to route each
of the diffferent cuts taken from the train, to its destina-
tion track. The cars in the train may have originated
from a single location but commonly have ultimate des-
tinations at widely separate locations. The railway clas-
sification yard segregates the train into a number of dif-
ferent groups, each of the groups having cars with the
same or nearby uitimate destinations. A typical railway
classification yard is shown, in plan view, in FIG. 1.
This shows a yard with eight destination tracks so that
the incoming train can be broken up into as many as
eight different groups of cars. FIG. 2 shows an eleva-
tion view of the yard showing one typical route through
the vyard.

In the earlier days of use of railway classification
yards, the switching functions were manually con-
trolled. That is, an operator, stationed in a control
tower, manually positioned the switches in the yard so
as to properly route a particular cut to its destination
track. However, the period of time during which a car
may be traveling from the crest to its destination track
can be appreciable and, in order to avoid conflicts,
these manually controlled yards were used limited to
only one or two cars actually rolling through the yard
at the same time. In an attempt to increase the capacity
of these ratlway classification yards, automatic control
apparatus, based on relays, was provided so as follow
a particular cut through the yard and properly position
the switches immediately ahead of it as necessary to
route the cut to its destination track. This enables a plu-
rality of cars to be rolling through the yard at the same
time and avoids routing conflicts. However, these con-
trol units were large, costly, and complex. A prime fac-
tor in the large cost of these control systems was the
fact that each one had to be specially designed to fit the
characteristics of the particular yard for which it was
intended. For instance, such a system for a yard with
eight destination tracks could hardly be sufficient to
control a yard with 16 destination tracks. Even two
yards with the same number of destination tracks might
not be able to use identical control apparatus due to
differences in the switching arrangement within the
yard.

With the advent of the digital computer and associ-
ated technology, it became apparent that application of
this technology to the railway classification yard con-
trol problem could reduce the cost and the complexity
of the control equipment required. Instead of tailor
making a relay control system for each yard, it would
only be necessary to devise a program for the digital
computer, fitted to the yard to cooperate with the sens-
ing and control apparatus in order to properly operate
the various switches so as to achieve the functions of
the railway classification yard. This approach has
proved fruitful and there are a number of digital com-
puter controlled railway classification yards now in op-
eration.

The advent of the computer, with its increased deci-
sion-making capabilities over the relay control systems
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also allowed the control system to respond to a number
of poptentially dangerous situations and to control the
apparatus in the yard to avoid these dangers. For in-
stance, a cut may become stalled at an intermediate po-
sition in the yard. This is a condition which must be rec-

~ognized and responded to by the control system so as

not to route additional cuts into the same track in
which another cut is stalled. Furthermore, one of the
most potentially dangerous situations in a railway clas-
sification yard is cornering. Railway cars are designed
to withstand substantial shocks when applied at the car
coupler. However, the superstructure of many cars is
not designed to withstand similar impacts, and if im-
pacted, will be severely damaged. If one cut traverses
a switch in one position and a following.cut traverses
the same switch in a different position, a potential cor-
nering situation is present. If the second cut is traveling
faster than the first cut, the front corner of the second
cut may impact the rear corner of the first cut causing
damage to both. To prevent cornering, the control sys-
tem must respond to potential cornering situations by
maintaining the switch in its original position for a suffi-
cient period of time to ensure that this cornering can-
not occur. |

Although the advent of digital computer-.t_et:hnolﬂgy
enabled the reduction in costs of fabricating a control
system substantially, the complexity of the control
problem, of course, was not reduced. A program de-
vised to control the railway classification yard was still

- costly and complex to develop. Applicants believed it

35

40

45

30

535

60

desirable to provide a system in which a digital com-
puter controlled a railway classification yard with a
program that was easily modifiable to control a wide
variety of classification yards. In particular, applicants
sought to devise such a system wherein the logical or
decision making functions was segregated from the
data which defined the yard characteristics. The system
disclosed in this application accomplished this objec-
tive and is thus adaptable to almost any classification
yard. That 1s, the logical portions of the program can
be applied to any classification yard and the tables
which define the yard characteristics need only be

‘modified in accordance with the characteristics of the

yard to which the program is to be applied.

The system disclosed herein also provides improved
cornering protection. The cornering protection system
is capable of searching through the portion of the yard
behind any particular cut to search for another cut
which is destined for the same switch. The second cut’s
present velocity 1s determined and then the velocity is
projected so as to determine the velocity of the second
cut at the switch where a potential cornering problem
exists. The system then computes the times necessary
for both cuts to reach a point beyond which cornering
1s no longer possible. The switch is then held in its origi-
nal position for a time sufficient to ensure that no cor-

- nering can take place. If the second identified cut

65

reaches the switch before the expiration of this protec-
tion time, it is routed to follow the first cut which will
of course make cornering impossible.

In addition, the system is designed to respond to and
safely handle failures in sensing device operation with-
out creating dangerous conditions. |
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~BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plan view of a typical railway classification

yard, schematically illustrating the placement of sens-

ing apparatus of the control system;
FIG. ZA 1s an elevation view of a typical route in a

railway classification yard shown in FIG. 1, identifying
major routines which are performed when a cut is
sensed at that specific location in the route;

FIG. 2B is a schematic showing of the interrela-
tionship between the digital computer and the various
sensing and control devices in the yard;

FIG. 3A and FIG. 3C, taken together, are a flow dia-
gram for the routine entitled “CARDET";

FIG. 3B is a flow diagram for the routine entitied

“FORW",
FIG. 4 1s a ﬂow diagram for the routine entitled

“POSSW’’;

FIG. 5A is a flow diagram for the routine entitled
“SWWD”,

FIG. 5B is a ﬂow diagram for the routine entitled

“SWOCC?”;
FIG. 5C is a flow diagram for the routine entitled

“DESEN";
FIG. 5D is a flow dlagram for the routine entitled

“DEST";
FIG. 5E is a flow diagram for the routine entltled

“CALARV?”;

FIG. SF, FIG. 5G, FIG. 5H, and FIG. SK, taken to-
gether, are a flow diagram for the routine entitled
“CP";

FIG. 51 is a flow diagram for the routine entitled
“COMPS”;

- FIG. §J 1s a flow diagram for the routine entitled
“LOST”;

FIG. 6A and F IG. 6B, taken together, are a flow dia-

gram for the routine entitled SUN?”;

FIG. 6C is a flow diagram for the routine entitled
“REMOV”;

FIG. 7 is a flow diagram for the routine entitled
“CTC”.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In a railway classification yard, a train of incoming
cars is pushed up to the crest or hump of the yard and
then the cars are uncoupled and allowed to roll down
the crest and through the yard to their intended desti-
nation tracks. Destination tracks for each of the cars of
the train are assigned with respect to the ultimate desti-
nation of each of the cars. When adjacent cars of a
train have the same ultimate destination or nearby ulti-
mate destinations, they may be assigned identical desti-
nation tracks. In this case, the adjacent cars remain
coupled and such cars are called a cut. For the pur-
poses of this description we shall refer only to a “cut,”
and a ‘‘cut” may comprise one or more than one car in-
tended for the same destination track.

At or before the time of arrival of the train into the
railway classification yard, a consist will be available.
The consist is merely a list of the cars in the train in the
order in which they will arrive, identifying the car by its
owner and serial number, the number of axles in the
car, and, most importantly, its intended destination
track. After a cut is uncoupled from the train and al-
lowed to roll down the hump, the apparatus disclosed
herein will properly position the switches in its path so
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4

as to route the cut to the correct one of the destination
tracks in the yard. '

FIG. 1 shows an illustrative railway classification
yard with eight destination tracks, T1-T8. It will, of

course, be understood that the number of destination
tracks in an actual railway classification yard can vary,

being either more or less than the number of destina-
tion tracks shown in FIG. 1.

[ ocated at the crest 1s wheel detector 1 (WD1),
which actually comprises a pair of wheel detectors
WD1la and WBI1b. Additional wheel detectors, WD2
through WDS8, are located prior to each switch in the
classification yard. FIG. 1 shows seven switches in the
classification yard, S1-S7. Also adjacent each of the
switches in the yard is a presence detector, P2-PS8.
Both the wheel detectors WD1-WD8 and the presence
detectors P2-P8 sense the presence of a cut. Each of
the wheel detectors produces a signal whenever a
wheel (also referred to as an axle) passes thereover. On
the other hand, each of the presence detectors pro-
duces a signal when a cut is in the space defined by the
presence detectors. Both the wheel detectors and the
presence detectors provide real time information as to
the location of the various cuts throughout the yard at
any instant of time. In addition to detectors WD1a and
WD15 at the crest, a further detector CL is also located
adjacent the crest. This comprises a light source and a
light detector which are located on opposite sides of
the track at the height of the railway car couplers. The
light detector is so located with respect to wheel detec-
tors WD1a and WD1b that when there is only one car
In a cut, the previously interrupted light path will be re-
stored after passage of the car. However, when a cut is
made up of more than one car, the light path will con-
tinue to be interrupted by the coupler of the second
car.

In order to properly control the switches of the rail-
way classification yard, the apparatus of the present in-
vention employs a digital computer which is loaded
with the program illustrated in FIGS. 3-7. The program
itself and the manner in which it operates will be dis-
cussed In detail with respect to FIGS. 3-7. However,
FIG. 2B shows the information flow paths both to and
from the computer. The first class of information that
the computer receives, after being loaded with the pro-
gram and the tables defining the yard characteristics, is
the train consist which, as explained above, is a sequen-
tial list of the cars of the train as they will appear at the
crest along with data with respect to each of the cars.
As the cars are uncoupled at the crest, detectors
WD1a, WD1b and CL provide sufficient information to
determine the number of cars in the cut and the num-
ber of axles in each cut.

The remaining information received by the computer
consists of real time information related to the status of
sensing devices throughout the yard which 52 reflect
the changing conditions of the yard. In particular, indi-
cattons are received from detectors CL and WD1g and
WD1b, located at the crest. Further information is re-
ceived from wheel detectors WD2-WDS8 and also the
presence detectors P2-P8. These sensors indicate the
passage of cuts and the identification of a cut as either
single or multi-car. Furthermore, the computer re-
cetves switch indications from each of the switches in
the yard. Each switch may be indicating either normal,
reverse, or neither of the two. This latter case is possi-

- ble if for some reason the switch cannot be fully thrown
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to one or the other of its positions by reason of some
physical blockage or fallure m the switching equlp-
ment.

In accordance with the available mformatmn and
based on the logic found in the program, the computer
determines the required position for the switches and
transmits these switch calls to the ﬁeld to control the
positioning of the switches. |

FIG. 2A is an elevational view of the yard showing
the crest at the left and the path of one typical route to
a particular destination track. Four switches have been
- shown in the route in accordance with FIG. 1. The
switches are unidentified to make the view completely

general. In addition, two car retarders, RH, the hump.

retarder, and RG, a group retarder, are shown, for illus-
trative purposes, since the system disclosed herein does
not control the retarders. A related application Ser.
No. 339,473, entitled “Car Retarder Control System,”
filed Mar. 8, 1973, discloses a system that is useful for
controlling retarders in a railway classification yard.
[lfustrated in FIG. 2A adjacent each switch and the
crest of the yard is a listing of some of the relevant rou-

tines which are called into play by the presence of a cut |

at the 1dentified location. For instance, when a cut is
detected at the crest, the routines CARDET, POSSW
and RETOT are called into play. The routine CARDET
responds to the signals produced by detectors WD1a,
WD1b, and the cut light detector CL to identify the
make-up of each of the cuts. This routine will be dis-
cussed in detail with reference to FIG. 3A. The next
routine in FIG. 2A,, POSSW, determines the position-
ing of the first switch in the yard in accordance with the
intended destination track of the cut which is at the
crest and will cause that switch to be thrown to the
proper position so long as the switch can be thrown
without violating any of the safety rules. The subrou-
tine RETOT merely involves a transfer of information
with respect to the cut to the car retarder operating sys-
tem. Since the car retarding operation system does not
form any part of the instant invention, this subroutine
- will not be further discussed.

LLocated at the first switch, the subroutine SWWD
services the switch wheel detector. Upon the detection
of a wheel detector actuation at any switch in the yard,
the routine SWWD is called. This routine searches for
an entry in a table associated with the switch at which
the wheel detector is actuated in order to determine the
identity of the cut approaching the switch. If no entry
is found, the routine LOST is called to handle the situa-
tion. LOST is discussed with reference to FIG. 5J.

Assuming there is an entry at the table associated
with the switch, upon the first wheel detector actua-
tion, an entry is made in a software file to prohibit the
throwing of this particular switch. Uppon the second
wheel detector actuation, at this switch, the routine
SWOCC i1s called to determine the positioning of the
switch in order to identify whether or not a misroute
has occurred. If a misroute has occurred, a new desti-
nation 1s determined for this cut in light of existing con-
ditions. Then, the subsequent portions of the route for
the cut are checked to determine whether the intended
destination is achievable, and if it is, an entry is made
in the table for the next switch in the route to identify
this cut. At this time, the routine POSSW will throw
this next switch, if such action is achievable.

Subsequently, CALARYV calculates the arrival time
for the front of this cut at the next switch, This is re-
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6

quired in order to detect stalled cuts, that is, if the cut

does not arrive at the next switch within the computed

time, the cut is identified as stalled and appropriate
protective action is taken.

When the next to the last axle in the cut causes a
wheel detector actuation, the routine CP is called
which will prevent cornering. Subsequently, a further
entry is made in a software file to indicate that the cut

‘has arrived at the switch. Since there is only one re-

maining axle to be counted in the cut, it is assumed that
all cars of the cut have arrived at the switch. |

If two excess wheel detector actuations are detected
at a switch, it is assumed that a catch-up condition has
occurred. That is, a following cut had caught up to a .
preceding cut and it must be determined whether or
not the following cut was misrouted in fol]owmg the
first cut over the switch which was positioned in accor-
dance with the first cut’s destination, and not necessar-
ily the second cut’s destination. |

The same functions are performed as each cut is
identified at each succeeding switch in its travel
through the yard.

There are two additional routines which are per-
formed, although neither is related to the arrival of a
cut at a switch. The wheel detectors signal the arrival
of a cut at a switch, the presence detectors, P2-P§,
when their status changes from indicating the presence
of a cut to indicating the absence of a cut, indicate that
a cut has left the switch. When this occurs, it may be
possible to remove the identification of the cut from
the table associated with the switch whose presence de-
tector went unoccupied. In particular, this function can
be achieved when the software file indicates that the
cut has arrived. This is performed by SUN which also
detects wheel detector failures inasmuch as if the indi-
cated change occurs without the previous occurrence
of a number of wheel detector actuations, it can safely
be assumed that the wheel detector has failed. Further-
more, when a cut has arrived at a switch, the tables for
all the previous switches in the cut’s route are checked
to make sure they no longer contain the identification
of this cut. If they do, there may have been other pres-
ence detectors or wheel detectors which have failed
and appropriate action is taken.

Another routine which is performed without relation
to specific indication changes is CTC. This routine
checks a number of timer functions which are provided
to check for stalled cuts, blocked or fouled tracks, and
provide cornering protection. This routine will also de-
tect wheel detector failures and, when such occurrence
s indicated, will cause the removal of a cut’s identity
from tables associated with affected switches.

Before one can understand the manner in which the
entire system operates, one must understand how each
of the particular routines operates and how that opera-
tion 1s interfaced with the operation of the remaining
routines. An essential starting point for understanding
of the operation of the particular routines is an under-
standing of the information that is stored in the com-
puter and the manner in which that information is
stored. Therefore, prior to describing any of the rou-
tines in detail, we shall first describe some of the tables
which are created by the program and referred to by
the program to obtain essential information.

One table that is created by the program as the sys-
tem operates 18 called the ““cut statistics” (hereinafter
referred to as CUTST). The basis for the cut statistics



3.865.042

7

is found in the train consist which is stored in the ma-
chine prior to the arrival of the train. As each cut is un-
coupled from the train and detected as an entity by
CARDET, the information from the consist for the par-
ticular cars in the cut is stored at a particular location
which is thereinafter referred to as that cut. The stored
data comprises the identifying designation for each of
the cars in the cut, the total number of axles in the cut
and other information which is available from the con-
sist including the destination track. As the cut proceeds
through the yard, entries are made into CUTST with
respect to that cut such as velocities and expected
times of arrival at various points in the yard. At other
times, the program refers to CUTST for the particular
cut in question to obtain information which has previ-
ously been stored therein. For instance, if at some point
it is necessary to determine whether or not all of the
axles of a cut have passed a given point, it is only neces-
sary to compare the number of signals received from a
particular wheel detector with the total number of axles
that are known to be in that cut. If the number of
counts from the wheel detector is less than the total
number of the axles of the cut, one knows that the en-
tire cut has not yet passed that point. On the other
hand, if the total number of counts from the wheel de-
tector is greater than the number of axles contained In
that cut, then the system has determined a catch-up
condition in which a following cut has caught up to a
preceding cut.

Another table which is relied on by the system is enti-
tled ““destination”’ (hereinafter referred to as DESTB).

~In this table are stored entries for each destination

track in the yard. A portion of a typical DESTB is rep-
resented below in Table 1. The entry for each destina-
tion track is made up of a number of words equal to the
number of switches in the route from the crest to the
particular destination track. Thus, referring to the typi-
cal entries in Table 1, both destination tracks 3 and 6
are made up of four words and therefore there are four
switches which are traversed from the crest of the clas-
sification yard to each of destination tracks 5 and 6.
The last two columns in DESTB each represent multi-
bit entries. Thus, the last column ‘“switch number”
would require at least 6 bits. Five bits are required to
count up to 32, an additional sixth bit is required for
the negative indicator which designates the end of the
entry for the particular destination track. Another col-
umn with which requires multi-bit entries is the re-
tarder number column. This identifies the retarder
which precedes the particular switch. Of course, a 0
entry in this column indicates that no retarder precedes
this switch.

The “normal” column in DESTB indicates whether
or not that particular switch should be reversed or nor-
mal in order to route the cut to its particular destina-
tion track. Thus, assuming an entry of 1 designates a
normal switch and an entry of 0 designates a reverse
switch, the route for destination track 5 would consist
of, in sequence, switch 8 normal, switch 32 reverse,
switch 6 normal, and switch 5 normal. The “retarder”
column indicates, when a 1 is present, that the switch
follows a retarder.
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TABLE 1
Desti- Do Retarder Switch
nation Continue Normal Retarder Not
Track Throw Nn. No.
5 | | l 0 | 8
0 0 0 l 0 32
0 ! l 0 2 6
0 I 0 0 0 5
-1
6 i l ] 0 I 8
0 0 0 | 0 32
0 l ] 0 2 6
0 0 0 0 0 5
—|

An explanation of the meanings of the *‘continue™
and **do not throw” columns requires an explanation of
the use of lap switches in classification yards. Where
two switches are so close together that it would be un-
safe to throw one while the other is occupied, the
switches are considered lap switches. The one bit in the
continue column for a switch indicates that the switch
is the first switch of a lap switch. The one bit in the **do
not throw’ column indicates that the switch is the un-
used second switch of a lap switch. From DESTB we
can determine that switch 8 is the first switch of a lap
switch and, when it is in the normal position, switch 32
is the unused second half of the lap switch and it has
been set to the reverse position.

The —1 in the switch number column indicates the
end of an entry for a particular destination track.
DESTB is one of the tables which defines the charac-
teristics of the yard. |

An additional table which is related to the character-
istics of the yard is entitled “NEXTB” for next best.
For various reasons, either related to a simple malfunc-
tion, or the prohibition against throwing a switch when
such action i1s unsafe, a cut may be misrouted at any
point in the route. If this occurs, it is important for the
system to recognize that a cut has been misrouted. It is
equally important to determine a new destination track
for the particular cut so that it may be supervised in its
travel through the remaining portion of the classifica-
tion yard. In order to select a new destination track for
a misrouted cut, the table NEXTB 1s provided. For
each destination track, there is an entry for each switch
in the route and related thereto a different destination
track. Therefore, if a cut becomes misrouted, it i1s only
necessary to determine the original destination track
and the switch at which it became misrouted to deter-
mine, from the table NEXTB, the next best destination
track for that cut. Other tables related to the yard char-
acteristics define, for each switch, the distance and
grade to each next possible switch in a route. Since the
make-up of these tables is not vital, they are not further
described here.

Through the use of these tables, one of the important
objects of the present invention is achieved. The entries
in these tables uniquely define the classification yard
characteristics. Thus, to apply the system disclosed in
the present application to a classification yard different
than the one for which 1t was designed, it 1s only neces-
sary to modify these tables in accordance with the char-
acteristics of the yard to which the system is to be ap-
plied. The remaining portions of the system are appli-
cable to any classification yard.
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For each switch in the classification yard, there is an
additional table entitled ADDSW. These tables are cre-

3,865,042

10

decision point 21 determines if the wheel detector that

~ has been actuated is WD1aq. If, it is, then a reference is

ated as the system operates and, when the classification

yard is not in operation, each of these tables is empty.
Each table 1s capable of holding a number which desig-
nates the address of the location in CUTST where in-
formation respecting an approaching cut can be lo-
cated. When the first cut is detected at the crest of the
classification yard, the address of CUTST for that cut
s loaded in the ADDSW for the first switch in the yard.

When the first cut reaches the first switch, the address
which had been in ADDSW with respect to the first
switch is transmitted to the next ADDSW table for the
switch next to the route to the destination track for that
cut. As the cut proceeds through the classification
yard, the CUTST address for that cut is transmitted
from ADDSW table to ADDSW table preceding the
cut. Thus an entry is made to an ADDSW table when
the cut associated with that entry reaches the preceding
switch. Because more than one cut may be traveling be-
tween two particular switches, each ADDSW table is
capable of holding a multiplicity of entries. The se-
quence of the entries identifies the sequence of the cuts
approaching the particular switch. It is from this ad-
dress, stored in ADDSW, that the system can deter-
mine the destination track for a particular cut so that
the switch may be properly positioned and the next
switch in the route identified for receipt of the address
identifying the location in CUTST where information
respecting that cut may be found.

References to FIGS. 3A and 3B shows the subroutine
CARDET. There are three real time inputs to the sys-
tem related to this program. Two are received respec-
tively from WDIla and WD1b, located at the crest.
These wheel detectors are spaced approximately eight
feet apart. Since the inter-axle spacing on railway
trucks is approximately 5 to 5% feet, WD 1a will be ac-
tuated by the second axle before WD1b is actuated by
the first. For a two axle truck the wheel detector se-
quence will be WD1aq, WD1a, Wd1b and WDI1b. Fur-
‘thermore, since the minimum inter-truck spacing of a
railway car 1s 12 feet, the last axle of the first truck will
actuate WD1b before the first axle of the second truck
actuates WD 1a. In a like manner, in a multi-car cut, the
last axle of the first car will actuate WD 1) before the
first axle of the second car actuates WD1a. The third
real time input to the system comes from CL or cut
light. As 1s explained above, this is employed to deter-
mine the presence of a multi-car cut in combination
with the signals from the wheel detector.

Before discussing the logic of CARDET in detali, at-
tention is called to the fact that the routine sets up five
registers entitled respective AXCNT, AXLES, AX-
LESI, AXLES2, and SAVCNT. The routine also con-
trols the conditioning of two “flip-flops’’ and at differ-
ent portions of the routine responds to the conditions
of these ‘“flip-flops.” One is entitled A and can indicate
either truck 1 or truck 2 depending on its condition; the
other i1s entitled B and also can indicate either truck 1
or truck 2 depending on 1its condition. |

When CARDET is called, the first decision point 20
determines whether or not any wheel detector actua-
tions have to be serviced. Since the subroutine itself
contains a loop it is possible to reach decision point 20

when no wheel detector actuations are awaiting ser-
vice. In that case, the subroutine is turned off. Assum-

ing there is a wheel detector actuation to be serviced,
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made to the flip-flop A, by decision point 22, to deter-
mine whether or not it is the first truck which has actu-
ated the WD1a. The manner in which the flip-flops A
and B are set and reset to indicate truck 1 or truck 2
will be indicated as the discussion of FIG. 3A proceeds.
It is only necessary to know that after the passage of a
car, both A and B are set to truck 1. Assuming that it
1s truck 1 which has actuated WD1a, then function 23
resets the CCLD failure timer. After the passage of a
car has been recorded, the CL detector is used to deter-
mine whether or not the cut is a multi-car cut or not.
If CL does not detect a light signal, then the system as-
sumes the reason is that a car coupler coupling the first
and second cars of a cut has prevented the light from
reaching the detector. However, the system is also de-
signed so as to detect the failure of the light detector
and uses a timer for this function. The timer is set when
a car has passed the wheel detectors and no signal is de-
tected. If the axles of a second car are detected, the
timer is reset by function 23. If no second car of a cut
is detected, then the system determines that the CCLD
has failed. - |

Function 24 then increments the count in AXCNT,
which had previously been set to 0. Function 28 incre-
ments the count in AXLES and decision point 26 deter-
mines if the count is legal. This is a logic function test
on the operation of the system. Under proper system
operation, the value stored in AXCNT will never ex-
ceed the value in AXLES by more than 2. Assuming
the count is legal, the subroutine has recorded the first
axle of a cut and proceeds to await further actuations
to be serviced. At this time the register AXCNT has a
count of 1 and so does the register AXLES, the other
registers maintain their 0 counts, and the flip-flops are
still set at truck 1. | |

The second axle of the first truck, when detected by
WDla, traverses the identical portions of the subrou-
tine, the only difference being that at the conclusion,
AXCNT has a count of 2 as does AXLES.

The next wheel detector to be actuated will be
WD1b, caused by passage of the first axle of the first
truck. Thus, decision point 21 will determine that
WDI1b has been actuated and not WD1a. This routes
the routine through function 27 and the decision point
28 determines whether or not this is still truck 1. Since
it is, function 29 decrements the count in AXLES and
decision point 30 determines if this count is legal. Since
the difference between the AXCNT count of 2 and the
AXLES count of | is less than 2, the count is legal and
decision point 31 determines if this is the last axle. The
manner in which this is accomplished is merely a sub-
traction of the AXCNT from AXLES and since the dif-
ference is not 0, it is not the last axle and the subroutine
proceeds to service further actuations. Assuming that
no other wheel detector actuations remain to be ser-
viced, decision point 20 will cause the subroutine to
turn off. The next wheel detector actuation will be the
second axle of the first truck actuating WD1b. As be-
tore, functions 20, 21, and 27 will bring the subroutine
up to decision point 28 which will determine that this
1s still truck 1 and the count AXLES will be decre-
mented by function 29, Decision point 30 determines

whether or not this count is illegal. At this time, Axles
has a count of O and AXCNT has a count of 2. Since

the difference is not greater than 2, the count is not ille-
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gal and decision point 31 will determine if this is the
last axle. Since the count in AXLES i1s O, it is clear that
this is the last axle and function 32 sets A and B to
truck 2 and transfers the count from AXCNT to AX-
LES1. Thus, AXLES1 contains the number of axles in
truck 1. Function 33 then transfers the count in
AXCNT to the register SAVCNT and then sets
AXCNT to 0. At this point then, the register AXCNT
registers 0, AXLES registers 0, AXLES1 contains a
count of 2, AXLES2 contains a count of 0, and
SAVCNT contains a count of 2 and both flip-flops A
and B are set to truck number 2. From this point the
subroutine proceeds to a portion entitled FORW which
is shown in FIG. 3B.

In FIG. 3B function 34 obtains the cut address in
CUTST for this particular cut. Decision point 35 deter-
mines if the first ADDSW table is clear. This is the table
for the first switch in which will be stored the addresses
in CUTST related to cuts approaching the switch. As-
suming this is the first car over the crest, it will be clear
and function 36 clears the multi-car cut flag. This is a
software flag indicating whether or not the particular
cut is a multiple-car cut. Since this flag is not reset after
a multi-car cut has been detected, it is cleared at this
point, after the first axle of the next cut has been de-
tected. Function 37 enters the address of the portion of
CUTST pertaining to this cut into the ADDSW table
for the first switch in the yard. Functions 38, 39 and 40
store various car parameters, particularly the axle
count for this car and the total axles for the cut in the
CUTST table, as well as other parameters. In addition
to the car sensing devices already mentioned there is
normally a weighing device and bulk-measuring device
at or near the crest which records the various other pa-
rameters with respect to the car. Function 40 stores
these parameters in the portion of CUTST related to
this cut. The program then returns and awaits further
wheel detector actuations.

The next wheel detector actuation will be WDlga re-
sponding to the first axle on the second truck and as be-
fore decision points 20, 21 and 22 will be traversed.
However, decision point 22 will determine that this is
not truck 1 and therefore function 41 will increment
the count in AXLES 2. Decision point 42 will deter-
mine if this count is illegal, and assuming it is not, func-
tion 43 will decrement the count in AXLESI1. At this
point AXCNT will contain a count of 0, AXLES will
contain a count of 0, AXLES1 will contain a count of
1 since its previous count of 2 has been decremented
by function 43. AXLES2 will contain a count of 1, hav-
ing been incremented by function 41. SAVCNT will re-
tain its count of 2. Decision point 44 determines if this
is the end of truck 2. This is simply a comparison of the
count in AXLES1 with AXLES2, since the routine as-
sumes that the trucks in a car will be symmetrical.
Since the counts are not equivalent, this is not the end
of truck 2 and the program returns to await further ac-
tuations to be serviced.

The next wheel detector actuation will again be
WD1a actuated by the second axle in the second truck.
The same routine as that encountered for the first axle
of truck 2 will be traversed, and after completing func-
tion 43, the count in AXCNT will still be 0, as will the
count in AXLES. The count in AXLES1 will be O, its
previous count of 1 having been decremented by func-
tion 43. The count in AXLES2 will be 2 since its previ-
ous count of |1 was incremented by function 41. Deci-
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sion point 44 then determines whether or not this is the
end of truck 2. This merely requires reference to AX-
LLES1 which will contain a count of O if it is the end of
truck 2. Assuming it is, the function 45 sets WD 1a back
to track 1 ready to respond to the next car’s actuation
of WDI1a. - |

The next wheel detector actuation will be WD1b in
response to the first axle of the second truck. As be-
fore, decision points 20 and 21 will be traversed as will
function 27, and at decision point 28, reference to *‘B”
will determine that this is not truck 1, and therefore
function 46 will be performed to decrement the count
in AXLES2, Decision point 47 determines if this count
is illegal, and assuming it is not, decision point 48 deter-
mines if this is the last axle. This merely requires refer-
ence to AXLES2 which contains a non-zero count indi-
cating that this is not the last axle. The program then
returns to await further wheel detector signals. The
next wheel detector signal will be WD15 actuated this
time by the second axle of the second truck. Decision
points 20 and 21 will direct the program to function 27
and thence to decision point 28 which will again deter-
mine that this is not truck 1 by reference to B. Function
46 will then again decrement AXLES2 which will then
arrive at a count of 0. Decision point 47 will determine
that this count 1s not illegal and decision point 48 will
determine that this 1s indeed the last axle. This will di-
rect the program to function 49 to set B back to truck
1 to being counting axles of the next car. Decision point
50 then determines whether the detector CCLD is oc-
cupied. If this 1s a single car cut, then the detector will
not be occupied directing the program to function 51
to clear the multi-car cut flag. Subsequently, point §2
will determine if all the counters are registering 0, as
they should be at the end of a cut. If they are, then pro-
gram returns. -

Assuming, however, that the detector CCLD is occu-
pied the function 53 will set the multi-car cut flag and
start the CCLD failure timer in operation. This is the
timer that was referred to with respect to function 23.
Subsequently, decision point 54 determines whether or
not all counters but AXLES and AXCNT are equal to
0. Assuming this is a multi-car cut, AXLES] and AX-

LLES2 should be set to 0, assuming no failures. The pro-
gram will then return. If this is a single car cut and all

counters are not O, or if it is a multi-car cut and one or
more of the counters other than AXLES and AXCNT
are not equal to O, function 55 will force this to look
like a 4-axle cut by removing the previously stored
number of axles from CUTST and substituting four in
its place. This indicates a wheel detector failure and so
the routine is directed to a failure routine.

The only remaining portion of CARDET to be ex-
plained is the failure mode. The most common cause of
a failure in this portion of the routine would be a wheel
detector which failed to signal a count. The decision
points 26, 42, 47, and 30 directly monitor the wheel de-
tector counts by monitoring the value in the registers
and testing for an illegal combination. Decision points
52 and 54 also check the same registers under specified
conditions to also detect a failure. If a failure is de-
tected, the program is directed to the failure subroutine
shown in FIG. 3C. Decision point 56 determines
whether or not an entry has been made. If the failure
occurred prior to the last axle of the first cut actuating

WD1b, then the program never would have performed
FORW (FIG. 3B). In this case an entry would not have
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been made and decision point 56 would direct the pro-
gram to this subroutine to make the entry so as not to
lose the particular cut. On the other hand, if the failure
1s detected subsequent to the time an entry has been

made tn ADDSW by the FORW routine, decision point

56 will immediately thereafter perform function 57.
This will flag the occurrence of a crest wheel detector
failure and then via function 58 will stop the humping

operation, and after a predetermined delay caused by

function 59 will reset the system parameters in function
60 and then proceed to service further actuations. The
routine POSSW is shown in FIG. 4. The purpose of this
subroutine is to throw a switch for an approaching
truck when it is safe to do so. This is called when an
entry is made to the ADDSW table for the switch.
When entered, decision point 61 determines whether
or not the switch is occupied. As shown in FIG. 1 each
switch has a wheel detector preceding it and a presence
detector protecting the area jUSt subsequent to the
switch. When a wheel detector is actuated, the switch
is considered occupied until the presence detector indi-
cates that the area defined by the presence detector is
free of any cars. In this pass through POSSW, since it
has been called by CARDET, the switch to which deci-
sion point 61 has reference is the first switch in the
yard. Assuming the switch is not occupied, function 62

now obtains the destination track. The previous routine
FORW (FIG 3B) entered the cut address into the

ADDSW table for the first switch. By referring to the
portion of CUTST to which that address refers the des-
tination track for the cut is available. Function 63 then
finds the entry in DESTB corresponding to that switch.
As shown in Table 1, assuming a destination track was
5, the second bit in the first word would be the entry
to which function 63 is directed. Function 64 outputs
the selected bit to throw the switch to correct position.
Subsequently, decision point 65 determines if continue
1s set. Reference to Table 1 for destination track 5
shows that the continue bit, the first bit in the first
word, is set. As was explained with reference to Table
[, this continue bit, when set, indicates the switch is the
first switch of a lap switch. If continue is set, function
66 looks at the next switch, and this has reference to
merely looking at the next word in the destination table
for that particular destination track. Decision point 67
determines if do not throw is set. As shown in Table 1,
for destination track § do not throw is set in the second
word and therefore the program would proceed to re-
turn. If do not throw is not set, then decision point 67
refers the program back to function 64 to throw that
switch as well. Since this i1s a lap switch, the two
- switches are thrown at the same time. For the same rea-
son, there 1s no need to determine if the switch is occu-
pied since we have determined at decision point 61 that
the first switch was not occupied and therefore the sec-
ond would not be. Outputting that instruction would
refer the program then to decision point 65 to deter-
mine if continue was set. Reference to Table | for des-
tination track 8 showed that continue was not set and
therefore the program would return.

Assuming that the switch was occupied, deciston
point 68 would determine if ADDSW is clear. Since the
ADDSW would only be clear if a switch is unoccupied
and no cuts are approaching, if decision point 68 deter-
mines the ADDSW is clear, function 69 flags this as a
presence detector fail. This will occur if a presence de-
tector fails to indicate, after a wheel detector actuation,
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that the cut has cleared the switch. If the ADDSW table
Is not clear as determined by decision point 68, then
the program returns and will attempt to perform

POSSW at some further time in order to correctly posi-
tion the switch.

As shown in FIG. 2A after POSSW has performed
the next routine to be performed is RETOT: This
merely transfers data with respect to the cut to the au-
tomatic retarder control portion of the program to
properly control the hump retarder RH. Since that pro-
gram forms no portion of the instant invention, no fur--
ther mention will be made of RETOT. |

If a second cut reaches the crest before the preceding
cut reaches the WD2, then the same routine will be
performed for this second cut which will result in a sec-
ond entry in the ADDSW table for the first switch.

Upon the arrival of the first cut at WD2, the subrou-
tine SWWD will be called, as shown in FIG. 2A.
SWWD is shown in FIG. 8§,

The purpose of this subroutine is to check for lost
cars, to set the axle count of the cut arriving at a partic-
ular switch and to protect the switch from being
thrown.

By the time WD2 or any other wheel detector pre-
ceding a particular switch is actuated by a cut, that
switch should be in position to route the cut success-
fully to its destination track. If it is not, then the cut is
misrouted because the switch will not be thrown after
a wheel detector actuation until the presence detector,
subsequent to the switch, indicates that the cut has
cleared that switch location. The first decision point 70
in SWWD determines if there are any wheel detector |
actuations, and if there are not, the decision point 260
determines if LOST is on. If it is, or if decision point
261 determines that LOST entries have been made,
then LOST (FIG. 5J) is performed. After LOST is per-
formed decision point 262 determines if LOST is done,
if not SWWD is reentered. If LOST is done, or if LOST
1s not on and there are no entries in LOST, the routine
1s completed. The purpose of LOST will become clear
as the description proceeds. If there are the wheel de-
tector actuation flag is reset by function 71 so it will not
be serviced twice and function 72 determines if the
ADDSW table for that particular switch is clear. If it is,
then the program LOST is entered. The appearance of
a cut at a switch when the ADDSW table for the switch
1s clear means that the cut is no longer identified with
a particular portion of the CUTST table and is in effect
lost. The subroutine LOST, shown in FIG. 8J, handles -
this occurrence.

Assuming that the ADDSW table is not clear, then
function 73 adds a count to a temporary axle count for
that cut arriving at that switch. Since the CUTST table
contains information with respect to the number of
axles in a cut, this temporary axle count table can de-
termine when the entire cut has arrived.

Function 74 then determines, from the temporary
axle count table, whether or not this is the first wheel
detector actuation for this cut. Assuming it is, function
75 resets the position lights to indicate on a control
panel the position of the cut, and sets a software switch
protection to disable this switch from being thrown,
and then returns the program to decision point 70 to
await further wheel detector actuations.

On the second wheel detector actuation, the same
routine would be followed except that decision point
74 would determine that this is not the first axle and de-
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cision point 77 would determine that this ts the second
axle. Thereafter, function 78 would set the loop failure

detector, which is a timer. A predetermined time after

the second axle passes the wheel detector, if the loop
presence detector fails to detect the cut, then it 1s sig-
naled as a loop failure. Subsequent to function 78, sub-
routine SWOCC is performed. This subroutine is
shown in FIG. 5B and will be discussed later. Generaily,
this subroutine determines if the track destination is
achievable and safe, and, if it is, puts in a call for throw-

ing the next switch in the route. The program then re-
turns to decision point 70 and awaits further wheel de-

tector actuations.

Subsequent wheel detector actuations will repeat the
foregoing routine up to decision point 77. This will de-
termine that it is not the second wheel detector actua-
tion and decision point 79 will determine whether or
not this is the next-to-last wheel detector actuation to
be expected. If it is not, decision point 80 will deter-
mine if the count is negative, that is, if more axles had
been counted than had been expected. If the count is
not negative, then the program returns and waits for
further wheel detector actuations.

On the next-to-last wheel detector actuation, deci-
sion point 79 will call the subroutine CP for corner pre-
vention. This subroutine is shown in FIG. SF, 5G and
S5H. After the completion of that routine, function 81
sets the cut arrived indicator and returns to await fur-
ther wheel detector actuations. When the next-to-last
axle has arrived, the system considers the entire cut has
arrived and reacts accordingly. The next wheel detec-
tor actuation will run through a similar routine except
that at decision point 79 the actuation will no longer be
 the next-to-last and therefore decision point 80 will de-
termine whether or not the count is negative, which it
will not be and therefore the routine will loop back and
wait for further wheel detector actuations. The remain-
ing portions of SWWD react to wheel detector actua-
tions over and above the number of axles expected, and
will be discussed later.

Before discussing the remaining portions of SWWD,
it will be helpful to first discuss the routine SWOCC
which is entered on the second wheel detector actua-
tion from function 78 and also the routine CP which is
entered on the next-to-last axle from decision point 79.

The routine SWOCC determines if the destination
track assigned to the cut is achievable and safe and
then enters a call to the next switch. This routine 1s
shown in FIG. 5B. When entered, the first order of
business is a further routine DESEN. This routine 1s
shown in FIG. 5C and its function is merely to deter-
mine what the next switch is. In FIG. 5C the first func-
tion 83 is to determine the destination track for that
cut. The ADDSW table will refer to the address In
CUTST in which is located the information required by
function 83. Function 84 obtains the switch number at
which the cut has actuated the wheel detector for the
second time. It will be recalled, as shown in FIG. 5A,
that the second wheel detector actuation at a particular
switch, determined at decision point 77 called
SWOCC, shown in FIG. 5B, which in turn called
DESEN. Decision point 85 determines if this switch ap-
pears in DESTB for the particular destination track to
which the cut should be routed. If it is not, then func-

tion 86 obtains the next best destination track for this
cut at the particular switch. Whether or not a reference

to NEXTB is necessary, decision point 85 will register
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that the switch number 1s in DESTB for either the origi-
nal destination track or the one obtained from NEXTB.
Decision point 87 then determines whether or not the
particular switch is a lap switch. Of course, this can be
determined from DESTB by checking the *‘continue”
bit in the table. If it is not a lap switch, then function
88 obtains the next switch number in DESTB for this
particular route. If 1t 1s a lap switch, then function 89
obtains switch NEXT plus 1, also from DESTB. At that
point the routine terminates and returns to SWOCC

(shown In FIG. 5B).
Decision point 90 determines whether or not the

switch at which the wheel detector actuation was rec-
ognized is out of correspondence. There are three pos-
sible switch indications, normal, reverse, or neither of
the two. If the switch 1s in the latter category, it is rec-
ognized as out of correspondence and function 91 flags
this and returns to SWWD (FIG. §A).

Assuming, however, that the switch is in correspon-
dence, then decision point 92 determines if we have a
misroute. Whether or not a misroute has occurred can
be determined by comparing the DESTB entry for this
switch with the switch indication.

Assuming there is no misroute, decision point 93 de-
termines if continue 1s set, and, assuming it is not set,
that is, the particular switch is not the first switch of a
lap switch, decision point 94 determines if this is the
last switch in the route. This can be determined from
reference to DESTB which would have a —1 entry, indi-
cating the end of an entry, subsequent to the last switch
in the route. Assuming it is the last switch in the route,
functions 25 and 96 compute the time required for the
cut to clear the switch and sets up protective devices to
prevent fouling if the cut does not clear the switch. In
the case for the last switch in a route, this concludes
SWOCC.

However, if this is not the last switch in the route,
then desision point 95 calls the subroutine DEST,
shown in FIG. 8D.

The function of DEST 1s to see if the destination for
the cut ts fouled or blocked, and if 1t 1s, then DEST de-
termines an alternate route for the car.

Referring to FIG. 5D, the first function 97 in DEST
is to obtain the destination track of the cut. As before,
a reference to ADDSW will disclose the address in
CUTST for this cut. Reference to CUTST will deter-
mine the destination track. The next function, 98, de-
termines the adjacent track from reference to a yard
characteristic table. DEST will check both the destina-
tion track and the adjacent track to determine whether
either are fouled or blocked. It is necessary to check
the adjacent track to determine whether either are
fouled or blocked. It is necessary to check the adjacent
track because If it is fouled, it may prevent the cut from
reaching the destination track. Decision point 99 deter-
mines whether or not the next switch is the last switch,
by reference to DESTB. If it is, decision point 100 de-
termines if the track is fouled and if it is, function 101
flags this situation as a misroute due to fouling and ad-
vances to decision point 102 to determine if the adja-
cent track, selected at function 98, is blocked.

If the next switch ts not the last, there is no necessity
to check for a fouled track and decision point 103 is
subsequently checked to determine if the track 1s
blocked. If it is not, then DEST has determined that the
destination track is neither blocked nor fouled and it
has completed its function.
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Assuming, however, that the track is blocked, then
function 164 is performed subsequent to this determi-
nation to flag this track as blocked. Then, decision
point 102 determines whether the adjacent track is
blocked. If it is not, then decision point 105 determines
if the adjacent track is fouled and if it is not, function
106 determines a new destination track for the cut as
the adjacent track which had been determined at func-
tion 98.

If the adjacent track is blocked then function 107
would flag it as blocked. If the adjacent track is fouled,
then function 108 would flag it as fouled. In either case,
the next function, 109, determines the tracks which are
avallable for the cut from that point, eliminating the
original destination track and its adjacent track, since
the program will only reach this point if both these
tracks are unavailable. These tracks are sequentially
checked by decision points 110 and 111 until one is de-
termined which is available and then function 106 se-
lects the track as available. If all tracks are blocked,
then one of them is selected by function 106 since to
properly route a cut, a destination must be available. In
any event, the conclusion of DEST is a selection of a
destination track, the original one if possible, and adja-
cent one 1f the original one is blocked or fouled, or
some other available track, or if none are available, one
of the blocked tracks is selected.

This destination track is then stored, by function 112,
in CUTST for the particular cut. Subsequently, func-
tion 113 enters the cut address in the ADDSW table for
the next switch, which had been determined above
from DESEN. |
~ At that point subroutine POSSW is entered (shown
in FIG. 4) to set up to throw the switch.

After completing POSSW the next routine entered is
CALARYV. The function of this subroutine is to calcu-
late a time of arrival of the cut at the next switch. If the
cut does not arrive within the computed time, it is as-
sumed to be stalled and appropriate protective action
is taken. |

This routine i1s shown in FIG. SE and begins with
function 208 which stores the time between wheel de-
tector actuations for a velocity calculation. Function
206 obtains from CUTST the previously calculated V
next forward for this cut and employs this as the veloc-
ity figure in the calculation. The manner in which V
next forward is computed and stored will become clear
later. Function 207 obtains the subsequent grade and
distance between the switch at which the cut was de-
tected and the next switch in the route for that cut.
Knowing these factors, COMPS is entered to actually
perform the computations. COMPS is discussed with
reference to FIG. 5I and will not be discussed further
here. It 1s only necessary to recognize that the routine
produces a velocity figure which is the projected veloc-
ity of the cut at the next switch in the route and also
produces a time figure which is the time required by the
cut to reach the next switch in the route.

Function 208 stores the just computed projected ve-
locity Vyas Viers forwara In CUTST with respect to this
cut. Function 209 stores the computed time for the cut
to reach the next switch in a stall timer. We will discuss
subsequently the CTC routine which detects expired
timers and flags these as stalled cuts. This is the com-
pletion of the CALARY routine.

At the conclusion of CALARYV, decision point 114
determines if a retarder is next, so that if it is, a transfer

10

15

20

25

30

35

4()

45

50

35

60

65

18

can be made to the retarder operatmg system of the
current cut parameters. If no retarder is next, or after

‘the transter is made, the routine is completed and re-

turns to SWWD. The portions of SWOCC which have
not yet been discussed are pertinent to the repeat of
SWOCC subsequent to function 381 in SWWD. There-
fore, we will postpone discussion of the remaining func-
tions unti} that time. | |

Thus far, the presence of an axle detection at a switch
calls SWWD. Each axle actuation causes a different
function in SWWD to be performed. The first sets
switch software protection to disable the switch from
being thrown, the second causes SWOCC to be tra-
versed to check switch occupancy and to determine if
the original destination track is achievable and safe and
puts in a call to the next switch and calculates an arrival
time at that switch. When the next-to-the-last axle of
the cut is detected, at decision point 79, then the sub-
routine CP is entered. CP is the cornering prevention
routine and is shown in FIG. §F, 5G and 5H.

Before discussing the cornering prevention routine in
detail, it will be worthwhile to discuss what cornering
prevention is and the manner in whlch the routine pro-
vides cornering prevention.

If the separatlon between two cuts which traverse the
same switch in two different positions is not great
enough, the front of the first car in the second cut may
come Into contact with the rear of the last car in the
first cut. Although railroad cars are designed to with-
stand impacts, the design philosophy is based on the as-
sumption that the impact will occur at the coupler and
coupling mechanism and at no other location. For this
reason the coupler and coupling mechanism of railroad
cars are designed to withstand relatively severe im-
pacts. The remaining portions of a railroad car are not
so designed and can be severely damaged by impacts or
contacts with stationary objects or other cars. If the
separation between the two cuts discussed above is not
great enough to avoid impact, it should be readily ap-
parent that the impact will arise due to the corner of
one car impacting the corner of another car; just the
location where railroad cars are not designed to with-
stand mmpacts, Thus, this situation is called cornering
and 1s a situation which is to be avoided. For each
switch a clearance distance is determined as the dis-
tance the rear of a cut must be beyond the switch points
to clear another cut on an adjacent track. For railroad
cars which are 10 feet in width, a reasonable clearance
distance may be on the order of 100 feet.

In discussing the CP routine we will refer to a primary
switch and also to cut A and cut B. Reference to FIG.
SA shows that when the next to the last axle of a cut ac-
tuates any switch wheel detector, the routine CP is
called. The cut which has actuated this wheel detector
1s cut A. The switch at which the wheel detector is lo-
cated 1s the primary switch. In order to prevent corner-
ing, the subroutine CP in effect looks back at the yard
to cuts approaching the primary switch. When it finds
such a cut, which is called cut B, it will compute the
time it will take for cut A to reach the clearance point
and it will also compute the time it will take for cut B
to travel from the primary switch to the clearance
pomnt. The routine then locks the switch into the posi-
tion that it is in as cut A traverses the switch for a pre-
determined period of time. This period of time ensures
that if cut B reaches the switch before the expiration of
this period, it will be routed to follow cut A and thus
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prevent cornering since 1t will then be on the same
track. At the expiration of this period of time, the sepa-
ration between cuts A and B are sufficient so that cut
A will reach the clearance point before cut B can reach
the clearance point thus ensuring cornering prevention.

The first function 115 computes the measured veloc-
ity for what is cut A at the primary switch. This compu-
tation is based upon the time elapsed between a pair of
wheel detector actuations along with knowledge of the
wheel base of the car. All this information is available
s CUTST. Decision point 116 determines whether or
not the velocity computed at function 115 1s within al-
lowable limits. Since it is always possible for a wheel
detector to fail to count an axle, this ensures that the
velocity computed at function 115 is a realistic veloc-
ity. A wheel detector failure will result in an unrealistic
velocity computation. If the velocity computed is not
within the proper limits, then function 117 obtains the
quantity V ez reqr from the table CUTST. The manner
in which this quantity is inserted in CUTST will become
clear as this description proceeds. If the computed ve-
locity is within the proper limits, or after V oz rear 1S Ob-
tained from CUTST, function 118 gets the destination
of cut A, again from the CUTST table. Then the rou-
tine DESEN is performed. This 1s shown in FIG. 5C and
has been explained above. Its function is merely to ob-
tain from DESTB the number of the next switch in the

route for the cut. Subsequently, function 119 stores the

DESTB address and the entry for cut A. This has refer-
ence to the number of the next switch in the route for
this cut as determined by DESEN. At that point deci-
sion point 120 determines whether or not this is the last
switch in the route for cut A. Assuming it is not, func-
tton:121 determines the distance to the next switch.
From the classification yard characteristics, which are
stored in a table, this distance between switches is
readily available. Function 122 flags this particular
computation as not a clearance pass. The reason for
this will become clear as the description proceeds.
Function 123 then obtains the proper velocity for cut
A. This is either the velocity computed at function 115,
if it is within the limits as determined by deciston point
116, or else it is the velocity determined by function
117. At this point, the routine COMPS is performed.
This routine computes the velocity of cut A at the next
switch in the route and also computes the time 1t will
take cut A to reach the next switch in the route.
COMPS is shown in FIG. 51. As shown there the first
function 124 is to obtain the acceleration for cut A,
This is obtained by the information avaiiable to the au-
tomatic retarder control program. The cut acceleration
is essentially its rolling resistance. The computation of
this parameter is referred to in the copending applica-
tion referred to earlier. Function 125 then determines
the grade at the primary switch. As was the case with
the distance between switches, the grade of the track
at each switch is located in a table characteristic of the
classification yard. Reference to the table, at function
125, determines the grade at the switch and adds this
to the cut acceleration. Function 126 then computes
the velocity of cut A at the next switch in the route.

This is computed by utilizing the formula V,= V V* +

2 AS where V2 is the velocity of cut A at the primary
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take cut A to reach the next switch in the route from
the formula T=V,;— V/A, where V,is the velocity previ-
ously computed at function 126, V' is the present veloc-
ity which is either the velocity computed at function
115 or that selected by function 117 and A 1s the com-
posite of the present cut acceleration and whatever ad-
ditional acceleration may be added by the grade of the
track. Decision point 128 then determines whether or
not this is a clearance pass. Since function 122 set this
as not a clearance pass, then the program will proceed
to function 129 to determine whether or not a retarder
is next, that is, whether a retarder appears between the
primary switch and the next switch in the route. If one
does not, the program continues with the CP routine
shown in FIG. SF. Assuming, however, that there i1s a
retarder in the path, the previously computed values
will have to be adjusted. The computations carried out
at functions 126 and 127 were based on the assumption
that no retarder was present. The presence of a re-
tarder will obviously affect the velocity of the cut at the
next switch, since the velocity of the cut will be materi-
ally reduced through the retarder, and 1t will also affect
the time it will take the cut to reach the next switch as
the timeé it takes a cut to traverse a retarder is materi-
ally longer than the time 1t would take the cut to tra-
verse the same distance if not occupied by a retarder.

-Therefore, assuming a retarder 1s next, function 130

determines if that retarder 1s the master retarder in
which case function 131 would determine the esti-
mated exit velocity from the master retarder, add to it
a predetermined quantity delta and use this as V; in-
stead of the value computed at function 126. If decision
point 130 determined this was not the master retarder
which was next, then function 132 would use the esti-
mated exit velocity from the group retarder plus the
predetermined quantity delta as V. The quantity delta
is an empirical value based upon the change in velocity
of a cut from the exit of the retarder to the next switch
in the route. At this point function 133 would add to
the previously computed time another empirical quan-
tity which 1s the average time 1t takes a cut to traverse
a retarder. This will conclude COMPS and bring us
back to CP (FIG. 5F).

Function 134 then stores the final velocity of cut A,
as determined in COMPS, and function 135 stores In
CUTST, for the particular cut, the same velocity as
Viert rear- Subsequent to function 135, function 141
clears the retarder number and pass counter. In the
routine subsequent to function 141, the program will
keep track of the number of passes it makes and also
will keep track of the retarders it examines. The neces-
sity for this will become clear as the description pro-
ceeds. However, at decision point 120 we had assumed
that this was not the last switch in the route and thus
discussed functions 121 through 135. However, if this
is the last switch in the route, then functions 136
through 140 will be performed instead.

Function 136 sets DR and CTC as ineligible. DR 1s
an automatic retarder control function which is related
to distance to coupling measurements. This routine 1s
iitiated when the cut is at the last switch and this is ad-

jacent to the measurement point. At the time the cut is

rolling over the measurement point, accurate measure-

switch, A4 is equal to the sum of the cut accelerationand ., ments cannot be made and therefore measurement at

the additional acceleration which may be added due to
the grade of the track, and § is the distance between
switches. Function.127 then computes the time it will

this time is prohibited. For the same reason, as the cut
enters the clearance circuit, the presence detector as-
sociated therewith may exhibit intermittent operation




3,865,042

21

and setting CTC ineligible ensures that this operation
will not be interpreted as a presence detector failure.
Basically this is an internal record keeping function.
Function 137 obtains the distance to the end of the
clearance track circuit for the last switch. The routine
COMPS, which we discussed with reference to FIG. 5]
requires a number of items of information such as the
distance from one switch to the next and the grade be-
tween two switches. However, when the primary switch
is the last switch in the route, such information will not
be available. Therefore, function 138 creates dummy
information to simulate these items of data. The infor-
mation 1s provided on the basis of the length of the
clearance track circuit and the grade of the track in the
clearance track circuit. Function 139 then duplicates
function 123 in selecting a previously calculated veloc-
ity for cut A and then routes the routine through
COMPS. Since we have already discussed COMPS with
reference to FIG. 51 no necessity is seen for a repetition
of that discussion. Basically, the important quantity
computed by COMPS during this pass will be the time
computed by function 127. This time will be stored, by
function 140, as the time in the CTC timer. The func-
tion of the CTC timer will become clear with a descrip-
tion of the subroutine CTC. In any event, function 141
1s then performed. |

Function 142 stores the primary switch number in a
specified location and decision point 143 determines if
this 1s the only cut at this switch. This will require refer-
ence to the ADDSW table for the particular primary
switch. It will be recalled that the second wheel detec-
~ tor actuation at any switch calls the subroutine
SWOCC and that this routine will cause the CUTST ad-
dress to be entered into the next switch in the route for
that cut. Therefore, if a cut approaching the primary
switch has had at least two wheel detector actuations
at the previous switch, then the primary switch
ADDSW table will contain the CUTST address for that
cut. Therefore, function 143 will determine that this is
not the only cut at the switch and direct the routine di-
rectly to spot 1, SP1 (FIG. §G). If cut A is the only cut
at the switch, that 1s, if the ADDSW table contains no
other entry for that switch, then the program is directed
to decision point 144, The portions of the routine be-
tween decision point 143 and SP1 search for the next
subsequent cut approaching this switch in order to en-
sure cornering prevention. The reason that decision

point 143 can direct the routine to SP1 if another cut

1s at the switch is that it is no longer necessary to search
for the directly subsequent cut as its identity is already
known, |

Beginning at SP1 (in FIG. 5G), function 144 obtains
the velocity Ve srone fOr the calculations to be carried
on with respect to cut B, It should be recalled that func-
tion 144 directly follows decision point 143 which de-
termined that there was another cut at the switch. It is
the second cut in the ADDSW table, which is hereinaf-
ter referred to as cut B. Since the cut address is located
in the ADDSW table for the primary switch, this veloc-
ity value is known to be stored in the CUTST table for
this particular cut. Since the cut address i1s in the
ADDSW table for this primary switch, routine SWOCC
(shown in FIG. 5B) has been completed when cut B
was detected at the preceding switch. The cut address
Is only entered into the ADDSW table for the next
switch by function 113 at that time and directly follow-
ing that function is the subroutine CALARYV which
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computes this specific velocity value V,ers frone and
places it in the CUTST table for cut B. Therefore func-

tion 144 can obtain this velocity value.

Decision point 145 then determines if the. prlmary
switch is a lap switch, and this is determined from the
DESTB table. Assuming it is not, then function 146

uses a distance value which is associated with the pri-

mary switch. This distance value is the length of the
clearance track circuit associated with the primary
switch. Subsequently, function 147 obtains from the
yard characteristics table the grade value associated
with the primary switch. Decision point 148 then deter-
mines if this is the last switch in the route. If it is, func-
tton 149 obtains a dummy word to simulate a subse-
quent switch. The reason for this is that COMPS oper-
ates upon distance between switches. Since we have
identified the last switch in the route, there is no further
switch from which to obtain a distance measurement.
However, the distance used is the length of the clear-
ance track circuit and therefore function 149 uses this
distance to simulate a subsequent switch. Function 150
then obtains the velocity of cut A, which has previously
been computed. Function 151 then flags the particular
computation as a clearance computation. Reference to
F1G. 51, which shows the routine COMPS, will show the
reason for this. This routine then computes a time
value, at function 127, and then decision point 128 ter-
minates the routine COMPS since this is a clearance
pass.

Function 152, subsequent to the completion of
COMPS, stores the time value computed by COMPS,
as time 1 with reference to cut A. This is the time it will
take cut A to travel from its present position, at the
switch, to the clearance point associated with the
switch. Function 153 then obtains the velocity of cut B,
which in this example had been determined by function
144. Again, COMPS is performed to compute a time 2,

~associated with cut B. This is the time it would take cut '

B to travel from the switch to the clearance point.
Function 154 stores this time 2. Function 155 then
adds an empirical safety allowance to time 1. This, in
effect, makes cut A appear to be a slower traveling cut
than it actually is and provides a safety factor for the
remaining portions of the computation. Decision point
156 determines if time 1 is greater than time 2, That is,
will it take cut A a longer time to reach the clearance
point than 1t will take cut B? If it is not, that is, if cut
A 1s a faster traveling cut than cut B, then function 157
is performed. Function 157 merely obtains an empiri-
cal time value which is a minimum time during which
the switch is protected from being thrown to ensure
that the entire cut can get through the switch. In effect,
decision point 156 has determined that there is no cor-
nering potential, with respect to cut A and cut B at this
particular switch and therefore no special precautions
need be taken. However, if time 1 is greater than time
2, then decision point 158 compares the difference be-
tween time 1 and time 2 with the minimum empirical
time. If the difference is greater than the minimum,
then the difference time is used and stored, by function
159, as a beginning value in the cornering prevention
timer.

An example will suffice to illustrate the manner in
which the CP timer prevents cornering from occurring.
Assume that the time determined for cut A to reach the
clearance point is 20 seconds and the time determined
for cut B to reach the clearance point is 10 seconds.
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Therefore, if cut B were directly behind cut A, it would
reach the clearance point some 10 seconds before cut
A and surely prior to the expiration of the next 10 sec-
onds, the two cuts would collide. However, the pro-
gram would store the value of 10 seconds, the differ-
ence between time 1 and time 2 in the CP timer. There-
fore, for 10 seconds after cut A had crossed the switch,
the switch could not be thrown. If cut B appeared at the
switch in that 10-second period of time, it would be
misrouted and follow cut A. This would prevent cor-
nering since the two cuts would be on the same track.
At the expiration of that 10-second period of time, cut
A has in effect a 10-second lead on cut B and both cuts
would reach the clearance point at the same time, that
is the rear of cut A would reach the clearance point at
the same time as the front of cut B. The safety value
added to time 1 would ensure no cornering.

Thus far, the CP routine has been discussed with re-
spect to the case where cut B’s identity is found by ref-
erence to the ADDSW table at the primary switch.
However, this is not necessarily always possible and the
program provides the capability to search the cuts be-
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hind cut A for a potential cut B, that is, the next cut to

arrive at the primary switch.

The functions 160 through 177 form the logic which
searches back through the classification yard for the
next succeeding cut directed to the primary switch. If
such a cut is found, or if the search proceeds clear up
to the first switch and no such cut is found, this loop
terminates. There is, however, an additional manner in
‘which this loop can terminate which may be used, as
follows. For each path through the loop, one preceding
- switch may be examined for the presence of a cut. If
there are a number of preceding switches, between the
primary switch and the first switch in the yard, this con-
tinual looping process may consume an amount of time
which 1s not warranted. For instance, if a cut is finally
found which 1s directed to the primary switch but which
ts some six switches back in the yard, there is very little
likelihood that this cut can present a cornering prob-
lem. Therefore, the routine makes provision for a pass
counter which is incremented each pass through this
particular loop. When the pass counter reaches a pre-
determined number of passes, then this loop will also
be terminated. With the function of this portion of the
routine now explained, we will see how this i1s accom-
plished.

Functions 160 through 162 determine if there is a re-
tarder immediately preceding the primary switch and if
so, this information is retained because 1t will be useful
in a later loop in the routine. Decision point 163 deter-
mines if this is the final pass. This requires a compari-
son between the pass counter and the arbitrary number
of passes which is selected as the maximum for this
loop. If it is, then the routine skips to point C (shown
in F1G. SG). If not, decision point 164 determines if the
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switch presently being looked at 1s the first switch. Of -

course, since function 142 set the current switch num-
ber to be equal to the primary switch, this will usually
not be a first switch in a yard and therefore generally
the routine will continue to N (FIG. SH). If a number
of switches are looked at, each one on a different pass
through this loop, and we eventually reach the first
switch in the yard without finding a potential cut B,
then this decision point will direct the routine to point
C (FIG. 8G) terminating this loop.
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Assuming, however, that this is not a final pass, and
the switch number in the current switch storage loca-
tion 1s not the first switch in the yard, then function 165
will decrement DESTB. It should be recalled that the
DESTB table includes in sequential order each of the
switches for the route to a particular destination track.
Since there i1s only one route to reach any particular
switch or destination track in the yard, it is only neces-
sary to search back through the switches located in
DESTB to determine whether or not a cut is present at
any one of these switches in order to locate the cut suc-
ceeding cut A which is routed to the primary switch.
Therefore, function 165 decrements DESTB and lo-
cates the switch preceding the primary switch in the
route. Function 166 obtains this switch number and
saves it and decision point 167 determines if this is the
first switch. If it is, the routine jumps to decision point
172, Functions 168, 169, 170, and 171 test the switch
number to determine if it is a lap switch. If it is, the
switch determined at function 166 would be the second
switch in the lap switch and since all lap switches are
referenced by their first switch number, we must decre-
ment DESTB once more to obtain the first switch of the
lap switch. Therefore, if decision point 167 determines
the current switch is not the first switch, function 168
decrements the DESTB once again and decision point
169 determines if this is the first switch in the lap switch
and if it 1s, function 171 uses this switch number. How-
ever, If it is not, then function 170 increments DESTB
again to restore the switch number determined at 166,
and this switch number is used. Decision point 172 de-

termines if this switch follows a retarder. If it does, then

this information will be necessary at a later point in the
program. If this switch does follow a retarder decision
point 173 determines if the retarder has already been
identified. If it has not, functions 174 and 175 obtain
the retarder number and store the retarder and smtch
number for later use.

If the switch does not follow a retarder or if the re-
tarder has already been found, or once the retarder
number and switch information have been stored, then
decision point 176 determines if the ADDSW table for
that switch is clear. If it is, that means no cut is ap-
proaching that switch and function 177 increments the
pass counter, for we now have completed one pass in
the loop and reenters the loop at point O (FIG. 5F).
This looping is continued each time the loop is tra-
versed the particular switch that is looked at is the one
preceding the switch looked at on the prior loop. This
looping process will terminate if the number of passes
reaches the arbitrary limit, determined at this decision
point 163 or if we reach the first switch in the yard
without finding an ADDSW table entry, determined at
decision point 164. The only other exit from this loop
is if decision point 176 determines that an ADDSW
table is not clear at which point we Jump to spot 2, SP2,
in the routine (FIG. SH).

The only time SP2 will be reached is when a preced-
ing cut B has been identified at some preceding switch
in the yard. Since an ADDSW table entry has been
found for cut B, the CUTST table will contain, for cut
B, its projected velocity at the switch at which it is
found. However, there is no assurance that the switch
for which the velocity computation has been made is
the primary switch under consideration. Therefore, the
functions 178 through 197 project the velocity of cut
B forward from switch-to-switch until we obtain the
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projected velocity for cut B at the primary switch,
which is the velocity we will need in order to make the
computation shown in FIG. 5G, which has been dis-
cussed above,

Function 178 stores the cut address for the now lo-
cated cut B and decision point 179 determines whether
or not the axle count for the switch at which we have
located cut B is greater then 2. If it is not, we cannot
tell if cut B will be routed to the primary switch or not
and for safety purposes assume it will. If the axle count
s greater than 2, then decision point 180 checks if the
switch is out of correspondence, that is, if the switch
indication is not the same as the switch call. If the axle
count is greater than 2, and the switch is in correspon-
dence, then we skip to point C in the program and use
the minimum time, in response to function 157 for the
CP timer. This logic determines that the identified cut
B will not arrive at the primary switch. Since the axle
count is greater than 2, had the cut been directed to the
primary switch, its address would have been found in
an ADDSW table associated with a switch in DESTB at
which the axle count was less than 2. Since this was not
the case, and the switch is in correspondence, that it is
lying in the position to which it is called, we can be as-
sured that the cut B will not be routed to the primary
switch. However, if the axle count is less than 2 or the
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switch is out of correspondence, then it is possible for

cut B to be routed to the primary switch and therefore
the computations that follow are necessary for corner-
Ing protection. |

The first decision point, 181, determines if a retarder
was found between the primary switch and the switch
at which cut B was located. If no retarder was found,

then the computations can proceed by computing the

theoretical velocity of the cut from switch to switch
taking into account the grade of the yard. However, if
a retarder was found between the primary switch .and
the switch at which cut B was located, then reference
must be made to the retarder exit velocity in order to
obtain an accurate calculated velocity for cut B at the
primary switch. | |

Assuming, however, that a retarder was not located,
then function 188 obtains the Vier srome from the
CUTST. Function 189 assigns to cut B this velocity and
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decision point 190 determines if this switch is a first of

a lap switch. If it is, then function 192 increments the
DESTB twice so as to skip over the second switch of
the lap switch. On the other hand, if the previous switch
1s not the first of the lap switch, then function 191 in-
crements DESTB once. Decision point 193 determines

if this is the end of the DESTB table. An affirmative an-

swer indicates an error since the primary switch was ap-
parently overlooked and therefore point C is called to
set the CP timer with a minimum time. However, if this
18 not the end of the table, then function 194 flags, for
the COMPS computation which is to come, the fact
that this is not a clearance pass. Function 195 directs
the succeeding COMPS routine to use the velocity of
cut B. The COMPS routine then computes a time and
velocity for the cut to traverse the distance between the
switch at which it was found and the next switch in the
route. Decision point 196 determines if this next switch
is the primary switch. If it is, then the computation is
completed and we have a value of velocity for cut B at
the primary switch and the routine jumps to Cprimes
CPRIM (shown in FIG. 5G). Assuming, however, that

the next switch after the switch at which cut B was lo-
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cated was not the primary switch, function 197 uses the

calculated velocity as an initial velocity for another

computation and jumps to function 189 to repeat the

‘loop. In this fashion, the velocity of cut B is determined
at each switch in the route between the switch at which

it was located and the primary switch until a point is
reached at which decision point 196 determines that

‘we have computed the velocity of cut B at the primary

switch and jumps to CPRIM. |

The functions 182 through 187 modify the above
computations in the situation where a retarder was
found between the primary switch and the switch at
which cut B was located. Function 182 restores the pre-
viously saved information, that is, the retarder number
and switch information which was saved when the re-
tarder was located, either at functions 174 and 1758 or
functions 161 and 162. Decision point 183 determines
if this is the master retarder and depending upon the
outcome, either the master retarder exit speed is used,
function 184, or the group retarder exit speed is used,
function 18S5. In any event, function 186 adds a pOSSi-
ble control error to allow for a change in speed be-
tween the retarder exit and the switch. Decision point
187 determines if the retarder is directly prior to the

primary switch and if it is the routine jumps to CPRIM.

If it 1s not, then the computation or loop, including
functions 189 through 197, is entered to project the ve-
locity of cut B from this retarder to the primary switch.

Decision point 145 is entered with the knowledge of
the velocity of cuts A and B at the primary switch. De-
cision point 145 determines whether or not the primary
switch is a lap switch. If it is, then the logic of functions
198 through 203 is necessary to determine what dis-
tance will be used as the distance to the clearance point
where the computation is performed by COMPS.
Therefore, function 198 increments the original desti-
nation table, only if the primary switch is a lap switch
and decision point 199 determines if cut A goes
through the second switch in the lap switch. _

Function 200 obtains the destination track for cut B
and a routine DESEN (FIG. 5C) is performed. Func-
tion 201 then increments DESTB so that decision point
202 can determine if cut B goes through the second
switch of the lap switch. If either cut A or cut B goes
through the second switch, then the distance from the
primary switch to the clearance point is utilized
whereas if neither cut A nor cut B does through the sec-
ond switch, then function 203 selects the distance from
the second switch to the clearance point as the distance
to be utilized in the subsequent computations.

The functions then performed, 146-159, have al-
ready been discussed and there is no reason to repeat
the discussion. |

When a switch wheel detector actuation is recog-
nized, SWWD (FIG. 5A) is called and in that routine,
function 72 determines if the ADDSW table for that
switch is clear. Of course, with the cut arriving at the
switch, the ADDSW table should not be clear. In the
event that it is, however, the routine LOST (FIG. 5J)
s called in order to attempt to identify the cut.

The first decision point, 210, determines if LOST is
on. Assuming this is the first unrecognized wheel detec-
tor actuation by SWWD, LOST would not be on and
function 211 would reference the first switch number
at which the LOST routine is called. It is entirely possi-
ble that a number of calls are made to LOST at or
about the same time by a number of different switches.
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Therefore, these are sequentially listed and function
211 obtains the one at the head of the list. Decision
point 212 determines if the entry is zero, minus 1,
meaning the end of the list. If it is, function 213 clears
LOST and then returns to the routine which called it.

However, assuming that the entry is not zero, and

minus 1, at decision point 212, then decision point 214

determines whether ARC, the automatic retarder con-
trol program called LOST. This merely provides for the
interface between the automatic switching control pro-

gram which is disclosed herein and another program to
control the retarders in the classification yard. If it was

the automatic retarder control program which called
LOST, then function 215 obtains the adjacent switch
number. Assuming, however, that this routine was not
called by ARC, then function 216 gets the previous
switch number from DESTB. Decision point 217 deter-
mines if there is an entry at the ADDSW table for the
previous switch. This condition, a cut approaching one
switch when its address-is still stored in. the ADDSW
table for the previous switch, is possible if a whee! de-
tector has failed at the previous switch. Assuming there
1s such an entry, then decision point 218 determines if
the previous switch is out of correspondence. If it is
not, function 219 determines if the cut is overdue. That
is, has the stall timer at the previous switch timed out
without recognizing the presence of the cut at the pre-
vious switch. If it is overdue, then decision point 220
determines if the switch is lined in accordance with the
DESTB. That is, is it laying so as to properly route the
cut. If it 1s, then the routine assumes that the cut which
has been detected is the one whose entry was found at
the previous switch. From this point on, the LOST rou-
- tine simulates the necessary functions that would have
been performed by SWOCC at the previous switch to
cause an entry to be made at the ADDSW table for the
switch at which it has just been detected as LOST.
Therefore, function 221 clears the axle counter associ-
ated with this switch and obtains the number of axles
In this cut from CUTST. Function 222 flags this condi-
tion as a total wheel detector failure and directs the
routine to A. At this point, decision point 223 deter-
mines if the number of axles is equal to 0. In going
through this example we have assumed that the register
AXCNT has just been loaded with a number of axles in
the identified cut and therefore the number of axles
would not be equal to zero. Function 224 sets the previ-
ous switch change bit so as to simulate a wheel detector
actuation. Function 2235 decrements the count in
AXCNT. Function 226 then sets LOST on and the rou-
tine returns.

At this point function 224 has set the change bit for
the previous switch simulating wheel detector actua-
tion and by reason of the decrementing performed by
function 225, the count in the axle counter is one less
than the number of axles in the cut. The simulated
switch change bit causes routine SWWD (FIG. 5§A) to
be performed for the previous switch. To quickly run
through the operations that will be performed, function
72 determines if the ADDSW table is not clear and
function 73 adds one to the temporary axle count,
which previously had been 0 and now will contain 1
count. Decision point 74 will determine that this is the
first axle and cause the switch protection bit to be set
by function 76 and then returned. At that point, the
routine will determine that LOST is on, having been set
by function 226 and decision point 210, after determin-
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ing that LOST is on will cause decision point 227 to de-
termine that LOST is not completed. Decision point
223 will check the number of axles and it will not be 0,
therefore, function 224 will again set the previous
switch change bit and function 225 will again decre-
ment the count in axles. At this point when the number
of axles remaining in axle count will be two less than
the number of axles in the cut and the previous portion
of SWWD will again be entered due to this simulated
wheel detector actuation. At this point, decision point
77 will determine that this is the second axle and cause
routine SWOCC (FIG. 5B) to be performed for the
previous switch. Briefly, this will ensure that DEST and
function 113 will be performed to enter the cut address
in the cut into the ADDSW table for the switch at
which the LOST cut was identified.

The completion of SWOCC will cause the routine to
return to SWWD which will again determine that
LOST is on and run through decision points 210, 227,
and 223-226. This will again simulate a further wheel
detector actuation at the previous switch and also dec-
rement the count in axle counts. This looping process
will continue until decision point 223 determines that
the number of axles is equal to 0. Decision point 228
will determine that this is not ARC and function 229
will set the switch change bit for the present switch and
then function 230 will set LOST completed. This will
again cause SWWD to be performed. However, in this
performance, decision point 72 will determine that the
ADDSW table is not clear since an entry had been

-made by function 113 in SWOCC referred to above.

The functions described, between the recognition of
a LOST cut at a switch, in response to a wheel detector
actuation, to the end of the above preceding discussion,
will take place prior to the time the second axle of the
cut causes a second wheel detector actuation at the
switch. Upon this second wheel detector actuation, the
routine SWWD will again be performed as we have ex-
plained above, for normal operation.

Essentially LOST has simulated the functions that
should have taken place at the previous switch in order
to make the ADDSW table entry at the primary switch
so that the operation could proceed in a normal fash-
ion. Once this simultion is completed, the normal oper-
ation takes over and LOST is no longer referred to.

However, this operation presupposed that the previ-
ous switch was not out of correspondence, the cut was
overdue and the switch was lined right, see the discus-
sion with respect to decision points 218-220.

If, in the example discussed above, decision point
217 indicated that there was no entry for a cut at a pre-
vious switch, then function 231 clears the LOST re-
quest and function 232 directs the routine to point C
to take the next LOST call in sequence. Since there is
no entry at a preceding switch, there is nothing the pro-
gram can do to obtain the identify of the particular cut
and therefore it is allowed to proceed through the yard.

Similarly, if decision point 219 indicates that the cut
which has been identified at decision point 217 is not
overdue, then the LOST cut is not the identified cut
and functions 231 and 232 are also executed. In the
same fashion, if decision point 220 indicates that the
previous switch is not lined properly, the tentative cut
identification made at decision point 217 is not the
LOST cut, since with this switch improperly lined, the
identified cut would not reach the switch at which the
LOST cut was identified. As a result, functions 231 and
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232 are executed and the next sequential LOST call T
lnterrogated |

There is one further case that the routine must han-
dle, that is, the case where the LOST cut is identified,
by its entry at the preceding switch, but that switch was
out of correspondence. As a result, the switch at which
the cut was identified may not be in the cut’s route to
its intended destination track. Therefore, function 233
stores the cut’s destination, obtained from DESTB. De-
cision point 234 determines if that destination is still
achievable and if it is, then the routine skips to B. If the
destination is not achievable, then function 235 obtains
another destination track for the cut from table
NEXTB. Subsequently the program will also skip to
point B. |

At this point in the routine, the routine DEST (FIG.
8D) is performed and subsequently, function 236 en-
ters the cut address in the ADDSW table for the next
switch in the route. The routing POSSW positions this
switch if such action is safe and CALARYV calculates
the expected arrival time of this cut at that switch. De-
cision point 237 determines if the prior switch was be-
fore a retarder. If it is, function 237 causes data to be
transferred to the automatic retarder control program.
In either event, function 239 is then performed to reset
the SWOC bit indicator for the previous switch and to
set the switch okay bit for that switch. Since the out of
correspondence condition has been handled by LOST,
there 1s no need to further retain this indication. And
then the program loops around to decision point 228
~ and then sets the switch change bit (229) for the switch
at which the cut was identified and then sets LOST
completed, by function 230.
- Although we have not completed the discussion re-
lating to the routines SWWD and SWOCC, we have
discussed the normal operation of these routines,
where there is no malfunction to be reported and ac-
counted for. Before returning to, and completing, the
~ discussion of, SWWD and SWOCC, we will now dis-
cuss a routine which handles switch unoccupancy indi-
- cations and 1s entitled “SUN.” Unlike many of the

other routines that have been discussed before, SUN is

not called in response to particular changes in field
conditions. Instead, SUN is executed at periodic inter-

vals to handle all switch unoccupancy indications that °

have been received from the field subsequent to the last
execution of SUN. Although SUN does not operate in
response to field changes, its delay period is ordinarily
less than one second and indeed may be on the order
to tenths of seconds. In comparison to the speed of
movement of a cut through a classification yard, we can

assume that SUN responds almost instantaneously to

switch unoccupancy indications.

When a presence detector, which had been signaling
the presence of a cut, changes to a no presence indica-
tion, the routine SUN responds to that as a cut having
left the switch, In addition, SUN also checks the cor-
nering prevention timers which are set by function 159
(FIG. 5G) to determine whether any of them have ex-
pired. Of course, when a cornering prevention timer
has expired, then it is safe to throw the switch associ-
ated with that timer as cornering has been avoided.

FIG. 6A and FIG. 6B, taken together, show the SUN
routine. The first function, 240, sets a pass counter to
be equal to NOTKS (number of track switches in the
yard). Decision point 241 determines for the last switch
whether or not the cornering prevention timer is run-
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ning and if it is, function 242 decrements the timer, and
decision point 243 determines whether or not the timer
has expired. If the timer has expired, then function 244
resets the switch protective bit thus allowing this switch
to be thrown, cornering prevention having been as-
sured. If the timer did not expire, then function 244
would not be performed and the routine would skip to
function 245 to decrement the pass number. In a like
fashion, if the CP timer was not running, then functions
242, 243 and 244 would be unnecessary and functlon

245 would decrement the pass number.

Decision point 246 determines whether or not each
of the CP timers has been checked and if it has, func-
tion 245 clears the pass number to set up to perform a
different function. However, if decision point 246 de-
termines that we are not done, there are other CP tim-
ers which have not been checked and therefore the
program loops back to decision point 241. This loop,
between decision points 241 and 246, is completed,
once for each timer and function 244 makes the appro-
priate entry when a timer is detected as havmg been €X-
pired.

The functions 248--255 ldentlfy any status changes
which may have occurred since the last performance of
SUN. Functions 265 and 266 control the number of
passes through the loop including functions 248-255§ so
as to ensure that the entire yard is checked for status
changes. The remammg functions of SUN, functions
267-310, service the status changes as required.

Before discussing functions 248-255 in detail, a word
about the organization of the data referred to therein
would be helpful in understanding the operation. For
each switch in the yard, there are three bits which have
to be checked to determine status changes. These are
the stall protect bits, the presence detector status, and
the cornering prevention protection bits. The cornering
prevention protection bits generation has been dis-
cussed with respect to CP and the clearing of these bits.
has been discussed with reference to functions
241-244, above. The generation of the stall protect bits
and their meaning will become clear when FIG. 7, re-
lating to CTC, is discussed. Briefly, the routine CA-
LARV (FIG. 5E) computes an expected time of arrival
for a cut at the next switch in its route when it passes

a preceding switch. The corner prevention logic is
based upon the assumption that a cut will proceed at or
near its theoretical velocity. However, if a cut does not
arrive at the next switch in its route within the alloted
time, this fact may indicate that the cut is stalled some-
where on the track between the two switches. Thus,
this condition may require additional cornering preven-
tion action to be taken. The stall protect bits are related
to the condition of the various stall timers, that is,
whether or not any of them have timed out. The pres-
ence detectors placement in the classification yard has
been discussed with reference to FIG. 1. Each presence
detector may provide a signal indicating the presence
of a cut or alternatively, may provide a signal indicating
the absence of a cut. The change from indications of

~ the presence of a cut to an indication of the absence of

63

a cut is the significant presence detector occurrence
which must be detected by SUN and responded to. This
1s an indication that the cut has left the area of the
switch and for one thing, the ADDSW table entry for
that cut at the switch can be removed by the routine
REMOV (FIG. 6C).
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Since there are only three significant bits associated
with each switch in the yard, the routine, instead of
making one pass through its logic for each switch, com-

bines the information with respect to a number of
switches in one word and examines that word during a
pass. For instance, if there are 16 switches in the yard

and an 8-bit word may be examined by the logic, than
only two passes would be necessary to check all of the
switches in the yard. Knowledge of the pass number
and the location of the particular bit in the word that
was set will then enable the logic to determine the par-
ticular switch to which that bit referred which must be
serviced. With that in mind, we will now examine the
operation of functions 248-23585.

Function 248 obtains the stall protect bits for a num-
ber of switches. Function 249 OR'’s this information
with the presence detector bits for the same switches.
As a result of this logical operation, any switch which
had its stall protect bit set or which had its presence de-
tector bit set would result in the corresponding bit
being set in the result. The resulting data is then OR’ed
with the CP protect bits for the corresponding switches
by function 250. The overall result is that for any
switch which had its stall protect bit set, its presence
detector bit set, or its CP protect bit set, the resulting
~data would have the corresponding bit set. The result
is then stored, by function 251, at a temporary location
SWOCC temp word. Function 252 stores the pass num-
ber to aid in identification of the significance of any bit
in the word. Function 253 then complements the word
which had previously been stored by function 251.
Function 254 AND’s this complemented version with
the previous word which had been stored in SWOCC
prior to initiating SUN. Decision point 255 then deter-
mines whether or not any of the resulting bits are set.
Any set bit would indicate a status change which re-
quired servicing.

The first function in the servicing routine, CMZ,
counts the significant O’s to determine the first set bit.
The first item of business, function 267, is to reset this
bit. Since it now will be serviced, it is reset so that it will
only be serviced once. Function 268 determines, from
the position of the bit which is set and the pass number,
the switch number to which it refers. Decision point
269 determines whether the ADDSW table is clear and
if it is not, function 270 determines if the cut has ar-
rived. It will be recalled that in SWWD (FIG. S§A) on
the next to the last axle count, function 81 sets cut ar-
rived. If either the ADDSW table is clear or the cut has
not yet arrived, then function 278 reports this as a posi-
tion detector bobble, a flase indication, and returns to
SUN 7 to service further set bits. However, if the
ADDSW table is not clear and the cut has arrived, then
function 271 obtains the value in the temporary
AXCNT (indicating the number of axles which have
been counted). Decision point 273 determines whether
or not a wheel detector has failed by comparing the
value is TEMPAXCNT with the total number of axles
in the cut found in CUTST. If a wheel detector has
failed, function 274 flags this and reports the failure. In
any event, decision point 276 determines whether or
not the switch is out of correspondence. If it 1s, this ter-
minates the servicing for the bit and the routine loops
back to SUN 7 to service further indication changes.
Since the switch was out of correspondence, the system
has no way of knowing where the cut was directed and
therefore the ADDSW table entry is not removed so
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that when the cut i1s located at the next switch it
reaches, LOST, by reference to the ADDSW table for
this switch, will be able to determine the identity of the

cut.

However, if the switch is in correspondence, then
REMOYV is performed to remove the ADDSW table

entry for this switch. This routine is shown in FIG. 6C.
The first function, 311, determines if this i1s the last
switch in the route and if it is function 312 indicates
that information must be transferred as in effect the cut
is leaving the system. If this 1s not the last switch in the
route, then decision point 313 determines if a retarder
is next and if it is, RETOT is performed to transfer in-
formation to the retarder operating system. Whether or
not a retarder is next function 314 is performed to re-
move the ADDSW entry and function 315 repacks the
ADDSW table to insert the next sequential entry in the
effective location. Decision point 316 then determines
if the repacked ADDSW table is clear. If 1t 1s, function
317 can release that block since it i1s no longer neces-
sary. However, if the table is not clear, then POSSW is
performed to position this switch in accordance with
the destination of the cut which is i1dentified by the
ADDSW entry. Subsequently, function 318 sets up a
new register for AXLSW to count the number of axles
traversing the switch. That completes REMOYV and the
routine then returns to SUN to perform function 277
to reset the position detector failure bit. Since the posi-
tion detector has operated properly, the failure bit is
reset. Function 288 clears the temporary axle count in-
asmuch as this is no longer needed,

Function 289 then finds the first entry in DESTB cor-
responding to the first switch in the route for this cut.
Functions 290-293 will remove the ADDSW table
entries for this cut from all preceding switches in the
route if that has not already been accomplished by
some prior operation of SUN.

Function 290 obtains the switch number correspond-
ing to the first entry in DESTB. Decision point 291 de-
termines if the ADDSW table is clear and if it is, deci-
sion point 293 is operated. However, assuming it s not,
then decision point 292 determines if this is the same
cut whose address had just been removed by REMOV.
If it is not, then decision point 293 is also performed.
However, if it is, then decision point 295 determines if
cut arrived has been set for this switch. If it is not, func-
tion 296 flags this as a wheel detector failure. Since the
cut has proceeded beyond this switch, the failure to set
cut arrived is due to the failure of the wheel detectors
and this is flagged.

Alternatively, if cut arrived is set, then decision point
297 determines if the presence of the entry is due to a
stall.

If the entry is not due to a stall, then decision point
298 determines if the presence of the entry is due to
cornering protection and If it is not, then the presence
of this entry is flagged as due to a presence detector
failure by function 299. In any event, the ADDSW
table entry is removed and then function 300 clears the
temporary axle count for that switch and function 301
resets the position detector failure bit and then decision |
point 293 is performed. This checks whether or not the
switch which is being examined is the primary switch.
If it 1s not, function 294 increments DESTB to look at
the next switch in the route and similar functions are
performed for each switch from the first switch in the
route up to the primary switch. The primary switch is
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the switch whose identity is determined by function

268. When the primary switch is reached then one
switch has been serviced and the routine loops back to
SUN 7 to determine if any further bits had been set. For
each bit which is set, the same functions, that is, func-
tions 267-301, are performed in turn. '

When decision point 255 determines that there are

no longer any bits set, then function 265 increments the
pass number and decision point 266 determines
whether or not the functions have been completed. As-
suming, in a typical example, that two passes would be
required through functions 248-255 to completely
check an entire classification yard, on the second pass,
decision point 266 would determine that we are not
done and loop back and repeat the functions for the re-
maining switches in the yard. When decision point 266
determines that each switch has been checked, then the
program skips to point A (FIG. 6B).
- The function performed by this routine is to service
the presence detector failure indications for reporting
purposes. Function 302 obtains the presence detector
failure bits which had been set in various routines dis-
cussed above. For instance, function 299 (FIG. 6A)
after identifying a presence detector failure, flags it as
such. This is the data to which function 302 has refer-
ence. However, not all presence detector failure bits
that are set actually indicate presence detector failures.
Therefore, logical operations of functions 303 and 304
are performed. Function 303 performs an exclusive QR
operation between the presence detector failure bits
and the presence detector status. The result of that op-
eration is then logically AND’ed with the presence de-
tector status. The resulting bits, if set, indicate presence
detector failure which must be serviced. Decision point
J0S determines the existence of any such failures. If
there are none, then decistion point 309 1s performed to
determine if the routine is completed. If it is, it is turned
off. If it is not, then function 310 is performed to look
at the next group of presence detector failure bits, if
any exist.

If there were presence detector failure bits that will
set as determined at decision point 303, the next func-
tion to be performed would be to count the most signit-
icant 0’s to determine which presence detector failure
caused the bit to set. Function 306 would reset the bit
and function 307 would report the presence detector
failure. Decision point 308 then would check to see if
any more are set and if there were, the same functions
would again be performed, that is, the counting of most
significant 0’s, and functions 306 and 307. That con-
cludes the operation of SUN.

The only remaining routine to be discussed is CTC
which performs a number of functions. In essence CTC
handles the timers and determines the expiration of the
various timers and sets the necessary software flags to
indicate the expiration.

The first function in CTC, 311, is to check the desti-
nation track timers. It will be recalled that in SWOCC
- (FIG. 5B) if decision point 94 indicated that the switch
was the last switch in the route, functions 95 and 96
computed a time to clearance and set up to prevent
fouling. In essence this initiates the running of a timer
for that destination track. It is those timers to which
function 311 has reference.

Decision point 312 determines if the first timer 1s
running and if it is, function 313 decrements the timer,
Decision point 314 determines if the timer has expired
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and if it has function 315 flags this occurrence as TWD
failure. The significance of the expiration of the track
timer is that the wheel detectors have not failed. Since
the track timer is started upon the actuation of a wheel
detector, its expiration is evidence that the wheel de-

tectors are operating properly. Subsequently, function
316 resets CTC, the clearance track circuit, as ineligi-
ble for a foul, meaning that CTC is eligible for a foul
since the timer has expired.

If the timer has not expired or at the completion of
function 316, decision point 317 determines whether
or not each of the track timers has been checked. If it
has not, then the routine loops back to decision point
312 to check other timers. One passage is made
through this loop for each timer until they have all been
checked. -

At this point function 318 obtains the CTC occu-
pancy indications, that is, the presence detector cur-
rent status. Function 319 AND’s these indications with
TWDEF. The result is stored, by function 320, in TWDF.
The remaining functions related to the track timers are
performed subsequently and decisions are made as to .
whether or not a wheel detector failure or a fouled
track is present. However, functions 321-328 related
to the switch stall timers and these will now be dis-
cussed. | | |

CALARYV (FIG. 5E) computed a time quantity for
the expected arrival of a cut at the next switch in the
route. This time value was stored, by function 209, in
a stall timer. There is one stall timer for each switch in
the yard. | -

Function 321 directs the routine to the first stall
timer and decision point 322 determines if it is running.
If it is not, function 327 looks at the next stall timer and
decision ‘point 328 determines if we are completed.
That 1s, if there is another stall timer being referred to.
If there is, the program loops back and decision point
322 determines if that timer is running. For each timer
which is running, function 323 decrements it and deci-
sion point 324 determines if it has expired. If it has not
expired, then the routine jumps to function 327 to look
at the next timer. However, if the timer has expired,
this means that absent a wheel detector failure, the cut
1s overdue and function 325 flags the cut as overdue.
Function 326 prevents a cornering condition by pre-
venting the preceding switch, that is, the switch from
which the cut was traveling, from being thrown. The
cornering prevention logic is not based upon the act ac-
tually passing the clearance point, but is based upon a
computed time for the cut to reach the clearance point.
If the cut becomes stalled, this may indicate that it was
not traveling at its expected theoretical velocity and
therefore the cornering prevention logic, although ac-
curate, based on the assumption that the cut was travel-
ing at its theoretical velocity, may not be related to re-
ality. As a result, function 326 assures cornering pre-
vention by disabling the preceding switch from being
thrown.

Once each of the stall timers has been checked and
appropriate action taken, the routine proceeds to deci-
sion point 329 to determine if there are any foul tracks
or wheel detector failures that must be reported. Deci-
sion point 332 determines if the clearance track circuit
is unoccupied. Of course, this is merely a check of the
presence detector current status. If it is unoccupied,
then function 333 resets any foul indication for this
track. Since it 1s unoccupied, it can hardly be fouled
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and then the routine loops back to decision point 329
to service the remaining destination tracks. It the CTC
is occupied, then decision point 334 determines if the
CTC is ineligible for foul. For instance, if a track timer
is running, CTC would be ineligible for a foul inasmuch
as the expected time for the cut to clear the clearance
track circuit is not yet expired. If CTC is ineligible for
a foul, then that concludes the servicing for this desti-
nation track and the routine loops back and selects the
next. For any destination track where the CTC 1s occu-
pied and CTC is not ineligible, then decision point 335
determines if the track is fouled, that is, whether or not
a foul has been reported for that track. If no foul has
been reported for the track then function 336 reports
this as a foul track. Whether or not function 336 is per-
formed, the next operation is decision point 337 which
determines if TWDF is set. If it 1s, that indicates that
the wheel detectors have operated and therefore no
further servicing is required. At this point the program
loops back and picks another destination track to ser-
vice.

However, if TWDF is not set then decision point 338
determines if there is an ADDSW entry. If there is not,
then no further operation is required to service this des-
tination track. However, if there 1s an ADDSW entry,
decision point 339 determines if the switch is lined cor-
rectly. If it is not, again, no further servicing is required.
However, if the switch is lined right, decision point 340
determines if the cut is overdue. Of course, this has ref-
erence to the stall timer having timed out. If the cut is
not overdue, then this also concludes the servicing for
this track. However, if the cut is overdue, then function
341 turns off the position calls for the preceding switch
and function 342 flags this as a TWDF, a total wheel
detector failure. Subsequently, REMOV removes the
ADDSW entry.

After the functions 329-342 are performed for each
of the destination tracks in the yard, then the next pass
at decision point 329 will indicate that we are done and
function 330 will delay for a predetermined period of
time. Subsequently, function 331 initiates the CTC rou-
tine once again.

Now that all the other routines have been discussed
we can return to the undiscussed portions of SWWD

(FIG. 5A) and SWOCC (FIG. §B).

We had terminated our discussion of SWWD at the
point where decision points 80 and 81 indicated that
the count in AXCNT was negative. That is, the wheel
detectors have recorded more axles than there are in
the cut. On the first overcount, decision point 81 would
return the routine to the initiation of SWWD. On the
second or subsequent overcounts, decision point 82
would determine if there was another entry In
ADDSW. If there is not, the result would be the same,
no further processing in SWWD.

However, if there is another entry in ADDSW then
REMOV (FIG. 6C) is called. This causes the initial
ADDSW entry to be removed. Subsequently, decision
point 350 determines if the corner protection timer is
on. If it is, function 531 flags this as a misroute due to
cornering prevention and then calls SWOCC. If the
cornering protection timer is not on, function 352 flags
this as a misroute to the catch-up. That is, a following
cut has caught up to a preceding cut and has followed
it through the switch. Subsequently SWOCC is also

called.
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In our prior discussion of SWOCC, we had omitted
any discussion with respect to functions 355-366. At
this point, after discussing the operation of SWWD in
connection with misroutes due to cornering protection
and catch-up, we can now discuss these functions in
SWOCC.

If decision point 92 indicates that this is a misroute,
that is, the cut is traversing the switch in the wrong di-
rection, function 355 obtains from NEXTB the next

best destination track. DESEN (FIG. 5C) is called.

Subsequent to the running of DESEN, decision point
356 determines if a misroute had already been identi-
fied by SWOCC. Decision point 357 determines if a
misroute due to catch-up, decision point 358 deter-
mines a misroute due to cornering protection and deci-
sion point 359 determines a misroute due to presence
detector or loop failure. If none of these are the causes
of the fatlure, then decision point 360 determines if the
switch is in manual operation. If it is, then function 362
flags this as a switch in manual operation. However, if
the switch is not in manual operation, then function
361 flags this as a switch failure. In any event, the suc-
ceeding decision point, 93, determines if continue is set
in DESTB. If it i1s, function 363 looks at the next
DESTB entry and decision point 364 determines if do
not throw is set. If it is, decision point 364 determines
if this 1s a misroute.

If do not throw is not set, then decision point 366 de-
termines if this is a misroute. Based upon the outcome
of decision points 365 or 366, depending upon which
is performed, the routine can return to the initial por-
tion of SWOCC to perform the initial functions for this’
new switch or the routine can proceed to decision point
94 to determine if this is the last switch in the route.

OPERATION

From the detailed description of the various routines
making up the program, the manner in which the differ-
ent routines interface with one another, and the man-
ner in which the entire program interfaces with and re-
sponds to and controls the classification yard, the oper-
ation of the system should be apparent. However, in
order to recapitulate we will briefly examine the man-
ner in which the system operates.

Prior to the actual start of humping operations, it is
necessary for the computer to be loaded with the pro-
gram, as disclosed in FIGS. 3 through 7 as well as the
various tables characteristic of the yard which are re-
ferred to in the specification. In particular, DESTB,
NEXTB, as well as the tables defining the distance be-
tween switches and the grade between switches. At this
point, the consist, listing the cars in the train in se-
quence, can be received to form the basis for CUTST.

As a cut is uncoupled, CARDET counts the axles for
each car and transfers pertinent cut parameters to
CUTST. The address of the cut information located in
CUTST is entered into the ADDSW table for the first
switch for FORW and POSSW positions this switch if
such action is safe. As the second car is detected, the
preceding is repeated with the following exceptions. If
the cut is detected as a multi-car cut, then no entry is
made in ADDSW but instead the total of the various
parameters are added into the appropriate location in
CUTST. If this 1s not a multi-car cut, then an additional
entry is made into the ADDSW table for the first
switch. The second entry of a cut address into the
ADDSW table for the first switch will have no effect on
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the positioning of the switch so long as the first entry
remains. of course, when the first cut clears the first
switch, as noted by SUN, REMOV will see that the
cut’s address is removed from the ADDSW table, then
allowing the first switch to be positioned in accordance
with the destination track for the second cut.

This same operation is repeated for each identified
cut as it is uncoupled from the train and its presence is
noted by wheel detectors WD1a and WD 15 and the cut
light detector CL.

The following operation will be generalized for the

case of any particular cut approaching any particular

switch in the yard. The first wheel detector actuation
will cause the ADDSW entry to be found. If no entry
Is found, then LOST is entered to handle the situation
in accordance with the available information.

On the first wheel detector actuation, the software
switch protection will be set prohibiting the throwing of
this switch until the cut clears the switch.

Upon the second wheel detector actuation, the loop
failure detector flag will be set as an aid to identifying
presence detector failures. The correspondence of the
switch is determined, by SWOCC, and if a misroute is
found, it is flagged. Furthermore, a misroute will result
in a reference to NEXTB to determine a new destina-
tion for the cut. Once the destination of the cut has
been determined, either from NEXTB or from CUTST,
if no misroute is flagged, then the destination is
checked for blocked or fouled tracks by DEST. If a
blocked or fouled track is found, then the cut is re-
routed in accordance with the conditions.

At the same time, an entry is made into the ADDSW
table for the next switch in the route for this cut and
this switch is positioned if possible, that is, if it is not oc-
cupied. Furthermore, CALARYV is called in order to
calculate the front arrival time of the cut at the next
switch in the route and a stall timer is set and started
to detect stalled cuts if the cut does not arrive at the
switch within the alloted time.

Upon the next to the last wheel detector actuation,
the cornering prevention routine i1s called and a corner-
ing prevention timer is set and started in order to pro-
vide cornering protection for this cut. At this time, the
indicator cut arrived is set indicating that the cut has
arrived at the switch. | -

Upon detecting two overcounts, the routine SWWD
also handles misroutes due to catch-ups or cornering
protection.

As the presence detectors become unoccupied due to
the cuts clearing the switch, the cut address is removed
from the ADDSW table assuming that the cut arrived
indicator has been set. This operation will also indicate
wheel detector failures, if any. Furthermore, all previ-
ous ADDSW tables for all previous switches in the
route are checked and the entries removed if any are
still there. Furthermore, the presence of entries at these
switches indicates position detector or wheel detector
failures, and such failures are flagged as appropriate.

The CTC routine runs upon its own time basis servic-
ing their various times which had been started by other
routines. In particular, this serves to detect fouled
tracks and will also provide detection of wheel detector
failures. If such wheel detector failures are discovered
in the course of the CTC routine, the routine REMOV
will be entered to remove these superfluous cut address
enters from the appropriate ADDSW tables.
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As the various cuts clear the clearance track circuit
subsequent to the last switch in the route, the necessary
arrangements are made to have the information re-
specting the cut transferred out of the switching control -
system since it is no longer necessary or appropriate to
retain this information.

From the foregomg it should be apparent that the
logic contained in the routines disclosed in FIGS. 3-7
is entirely divorced from the characteristics of the yard
to which the system is to be applied. Thus, the logic is
entirely general and with the appropriate DESTB,
NEXTB, and associated tables defining the yard, the
system can be applied to any classification yard.

We claim: -

1. Apparatus for controlling the swatches In a railway
classification yard to route each cut of cars rolling
down the crest to its proper destination including car
sensing devices at the crest and at each switch, said ap-
paratus comprising;
computer means responsive to said sensing devices

and which has stored therein: N
a. a sequential list of cars as they appear at the crest

and an intended destination track for each of said

cars, | |

b. the characteristics of the yard including a table
which identifies, for each destination track, the
switches included in the route from the crest to said
destination track and the proper position for each
of said switches to route a cut from said crest to
said destination track,

¢. said computer means further providing,

|. means for determining the number of cars in
each cut,

2. means responsive, to each cut at said crest, to
said table and said list to determine the position
of the first switch in said classification yard,

3. means responsive to said last named means to
correctly position said first switch to route said
cut to its destination track unless the proper posi-
tioning of said switch would result in an unsafe
condition, |

4. means responsive, to the presence of a cut at any
subsequent switch, to said table and said list to
determine the position of the next succeeding
switch in the yard for the cut to reach its required
destination track,

5. means responsive to said last named means to
correctly position said next succeeding switch
unless the correct positioning of said next suc-
ceeding switch would result in an unsafe condi-
tion, | -

6. means to compare the position of each switch as
each cut is adjacent thereto with the required po-
sition for said cut to reach its intended destina-
tion track, :

7. means respounsive to said last named means when
indicating a lack of comparison and to said table
to select a different destination track for said cut,
and

8. means responsive to said last named means to
modify said list for said cut by substituting said
different destination track for said intended des-
tination track.

2. In the apparatus of claim 1 including apparatus to
prevent a switch movement until a cut has cleared a
switch, said apparatus comprising:
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bistable means to prohibit the movement of said
switch, when in one condition, and allowing move-
ment of said switch, when in said other condition,

first means responsive to the actuation, by said cut,

of said sensing device at a switch to set said bistable
means to its one condition,

timing means,

second means rsponsive to said sensing device for
setting said timing means to a predetermined value
sufficient to allow said cut to clear said switch,

and third means, responsive to said timing means
having timed out said predetermined value of time
to set said bistable means to its other condition.

3. The apparatus of claim 2 including apparatus to
prevent cornering, said apparatus comprising:

means responsive to the multiple actuation of said

sensing device at a switch by the multiple axles of
-said cut to compute the velocity of said cut,
time computing means responsive to said last named
means to compute and store the expected time for
said cut to reach the clearance point of said switch,
identifying means responsive to the velocity compu-
tation for said cut to tdentify and locate the next
immediately following cut destined for said switch,
means responsive to said last named means to com-
pute the estimated velocity for said cut at said
switch,
said time computing means being further responsive
to said last named means to compute and store the
expected time for said last named cut to reach the
clearance point of said switch,

comparison means, responsive to said time comput-

ing means last recited operation, to compute the
time difference between said first and second time
computed values,

and means to disable said second means and set said

timing means to said difference time if said differ-
ence time exceeds the predetermined value of
time.

4. The apparatus of claim 3 including further appara-
tus to provide cornering prevention, said apparatus
comprising,

means responsive to the multiple actuation of said

sensing device at a switch by the multiple axles of
a cut to compute the velocity of said cut at said
switch,

time and velocity estimating means, responsive to

said last named means and further responstve to
the grade and distance between said switch and the
next switch in the route for said cut to compute the
estimated velocity of said cut at said next switch
and the expected time of travel for said cut from
said switch to said next switch,

storage means, responsive to said last named means

to store said estimated velocity of said cut at said
next switch, | |
timing means,

means responsive to said time and velocity estimating

means to set said timer to said estimated time,
monitoring means to indicate when said timing
means times out said estimated time,

means responsive to said monitoring means to set

said bistable means to its one position when said
monitoring means indicates said timing means has
timed out.

5. Apparatus for controlling the switches in a railway
classification yard in order to provide cornering protec-

40

tion for each cut of cars rolling from the crest to its
proper destination track at each of the several switches
in the route of the car wherein said classification yard

includes car sensing devices at the crest and at each

5 switch, said apparatus comprising;
first means responsive to said sensing devices and

which has stored therein data which identifies, for
each destination track, the switches included in the
route from the crest to said destination track and
the proper position for each of said switches to
route a cut from said crest to said destination track,

satd first means further including second means for
computing when a cut is sensed at a switch, the es-
timated time required for said cut to travel from
said switch to the clearance point associated with
said switch,

means for identifying and locating a second cut im-
mediately following said cut and destined for said
switch,

means for computing the estimated velocity of said
second cut at said switch,

computing means to compute the estimated time re-
quired for said second cut to travel from said
switch to the clearance point associated with said
switch,

and means, If said last named time is less than said
first named time, to disable said switch from being
thrown for a time at least equal to the difference
between said times. |

6. In the apparatus of claim § wherein said first
means further includes,

a plurality of registers, each of said registers associ-
ated with one of the switches in the yard and each
said register contains the designation of the next
approaching cut,

storage means containing data with respect to each
cut, said data including for each cut, i1ts intended
destination track, said data being correlated with
the designation stored in each register,

said identifying and locating means, including means
to interrogate In sequence, the register associated
with the immediately preceding switch in the route
of said cut to identify and locate said immediately
succeeding cut.

7. The apparatus of claim 6 including additional ap-
paratus to limit the operation of said identifying and lo-
cating means, said additional apparatus comprising,

counting means responsive to the number of registers
interrogated by said means to interrogate,
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)0 register means settable to a predetermined number,
and comparing means to limit the operation of said
identifying and locating means to the predeter-
mined number of interrogation stored in said regis-

55 ter means.

8. Apparatus for controlling the switches in a railway
classification yard to route each cut of cars rolling
down the crest to its proper destination including car
sensing devices at the crest and at each switch, said ap-
o Paratus comprising;
computer means responsive to said sensing devices

and which has stored therein:

a. a sequential list of cars as they appear at the crest
and an intended destination track for each of said
~cars,

b. the characteristics of the yard including a table
which identifies, for each destination track, the
switches included in the route from the crest to said

05
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destination track and the proper position for each

of said switches to route a cut from said crest to

sald destination track,

c. sald computer means further providing

l. means, responsive to operationn of one of said
car sensing devices at one of said switches, to
compare said switch position with said table to
determine if said switch is correctly positioned,

2. means, responsive to said last named means
when a lack of comparison has been determined,
to select a different destination track, and,

3. means, responsive to said last named means, to
modify said list by substituting said different des-
tination track for said intended destination track.

9. The apparatus of claim 8 in which said means to
select a different destination track includes a second
table 1dentifying, for each switch and destination track
satd different destination track.

10. Apparatus for controlling the switches in a rail-
way classification yard to route each cut of cars rolling
down the crest to its proper destination including car
sensing devices at the crest and at each switch, said ap-
paratus comprising, | -

computer means including a digital computer, a plu-

rality of tables stored therein, said tables uniquely
defining characteristics of said yard, a sequential
list of cars as they appear at the crest and an in-
tended destination track for each of said cars
stored in sald computer and a program distinct
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from said tables also stored in said computer,

said computer means responsive to said car sensing
devices said list, said tables and said program to
control each of said switches to route each of said
“cars to its destination track. '

11. The apparatus of claim 10 in which said program
and said digital computer include means to determine
a misroute of a cut, means responsive thereto to refer
to one of said tables to determine another destination
track for said cut and further means responsive to said
means to determine for routing said cut to said another
destination track.

12. The apparatus of claim 10 in which said program
and said digital computer include means to prevent
cornering.

13. The apparatus of claim 10 in which said program
and said digital computer include means to detect fail-
ure of said sensing devices.

14. The apparatus of claim 10 in which said program
and said digital computer include means to detect
blocked tracks.

15. The apparatus of claim 10 in which said program
and said digital computer include means to detect
fouled tracks.

16. The apparatus of claim 10 in which said program
and said digital computer include means to detect

stalled cars. |
¥ ok ok % K
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