GCPs can be used for various
types of grade crossings

By R. J. Marks

O ne of the more basic applica-

tions uses two Grade Crossing
Predictors looking down the main
line and protecting both approaches.
GCP No. 1 protects the main line
to the left, and GCP No. 2 pro-
tects the main line to the right. The
symbol at the very end of each cir-
cuit is the approach termination,
which is a short circuit from rail-to-
rail that completes the GCP circuit.
It is placed out at a distance that
would be similar to a conventional
start. Note 1 shows the use of a
battery choke in series with a DC
track battery. A choke is required
wherever a track battery is within
the GCP approach to provide AC
isolation. In other words, the bat-
tery choke passes DC, but effective-
ly blocks AC and prevents the
battery from short circuiting the
GCP signal (see Fig. 1).

Now in order for the GCP signal
to go out beyond the insulated joints
at the battery cut, it is necessary to
pass the GCP signal around the
insulated joints. Note 2 shows the
use of wide band shunts, which
provide a bypass for the GCP sig-
nal around the insulated joints.
These wide-band AC shunts have
no effect on the DC signal.

The GCP now has a complete
circuit down one rail through the
bypass shunt around the insulated
joint, down through the termination
shunt at the approach end, and back
through the bypass shunt around the
insulated joint to the return side of
the circuit.
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When a train enters the approach
of No. 1 GCP the front trucks of
the train shorten the GCP imped-
ance circuit. The GCP computes the
change of impedance in the circuit
as the train moves towards the cross-
ing. This computation is the analog
of the distance to the train. The rate
of change of this distance is pro-
portional to the speed of the ap-
proaching train. Knowing the train’s
distance and its velocity towards
the crossing, the GCP computes
when the train is the required warn-
ing time from the crossing. At that
time the GCP control contact re-
leases the XR relay.

The GCP control contacts shown
by note 3 are actually the minimum
distance, self-check, and prediction
contacts of each unit; but, for sim-
plicity, they are shown as one con-
tact.

As the train moves through the
crossing and the last trucks clear
the minimum distance of GCP No.
2, the crossing protection clears. If
the train stops in the No. 2 GCP
approach circuit and reverses to-
wards the crossing, the No. 2 GCP
will start the crossing protection in
exactly the same manner as de-
scribed for the No. 1 GCP. Stick
circuits are not employed as with
conventional circuits. Each GCP is
independent of the other resulting
in normal warning regardless of
which approach the train is occupy-
ing or the type of move involved.

In Figure 2, is the same basic
application plus a switching lead
into the main track controlled by
GCP No. 2.

The No. 2 circuit is a little out
of the ordinary in that the GCP
signal is routed down the siding to
accommodate switching moves. A
switch circuit controller is used in
this application. In the normal posi-
tion of the switch circuit controller

(note 4) the insulated joint in the
main line is shorted out and the in-
sulated joint in the switch point is
open-circuited, so the circuit for the
No. 2 GCP is down one rail to the
termination shunt, back through the
switch circuit controller by passing
the one insulated joint in the main
line, and back to the return side of
the GCP. When a move comes out
of the siding, a member of the train
crew will throw the switch. This
reverses the switch circuit controller
contacts. The insulated joint in the
main line is now open-circuited and
the insulated joint at the switch
point is short-circuited. The GCP
signal is routed down one rail,
through the switch circuit control-
ler to the termination shunt on the
siding, and back the other rail to the
second switch circuit controller that
bypasses the insulated joint and re-
turns to the other side of the GCP
line, When a train comes out of the
siding the GCP can follow the train
as it approaches and give a normal
warning.

The second switch circuit con-
troller provides protection down an-
other siding, if required. The GCP
energy is routed down the second
siding in the same manner as the
first siding. Generally speaking this
application is used in non-signal ter-
ritory, but can be extended to signal
territory. An installation of this type
was made in San Antonio last year
on the Missouri Pacific.

A 40 amp constant voltage recti-
fier supplies DC power to the Grade
Crossing Predictor and also furnish-
es a float charge for the battery.
When AC power goes off, the stand-
by batteries take over and operate
the GCPs,

For the two GCP track wires, an
equalizer is used from line-to-line,
and arrestors are used from line-to-
ground. In addition to this, light-
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ning and voltage surge protection is
also built into the GCP.

The wide band shunt is a large
capacitor of 80,000 microfarads. It
is potted for direct burial into the
ground at a depth below the frost
line or three feet, whichever is
greater. After burial, one wire goes
on one side of the insulated joint,
and the other wire on the other side,
forming a bypass circuit around the
insulated joint. Where this shunt is
used for the approach termination,
the wires are, of course, connected
from rail-to-rail. Two of these shunts
are required to bypass a battery or
relay cut, one for each insulated
joint. The battery choke is installed
directly in the battery box along
with the DC battery.

The shaded portion of the cross-
ing (Fig. 1) is the minimum dis-
tance circuit of the GCP and it is
a positive ringing circuit that takes
the place of a conventional “island
or street” circuit. Whenever a train
is shunting inside the minimum dis-
tance area, the minimum distance
relay is dropped out. This circuit is
necessary in the event the train stops
at the crossing. The GCP will com-
pute that the train has stopped and,
therefore, the prediction relay will
pick up. The dropped minimum dis-
tance circuit breaks the XR circuit
in this case.

Figure 3 shows the use of Grade
Crossing Predictors to protect over-
lapping or adjacent crossings. On
the first crossing to the left, GCP
No. 1 looks out a full approach dis-
tance to its termination. GCP No.
2 is looking to the right, but its sig-
nal cannot bypass the insulated
joints at the adjacent crossing. The
circle with the number 2 enclosed
is a termination shunt for GCP No.
2. Next, taking the crossing to the
right, GCP No. 4 looks out a full
approach distance into its termina-
tion. GCP No. 3 looks out to the
left to its termination (designated
by the number 3 enclosed by a cir-
cle) located at the first crossing.

Adjacent crossing computations
are made in the GCP No. 1 for east-
bound approaches and by GCP No.
4 for westbound approaches. An ad-
jacent crossing prediction will re-
lease the DAX control contact 30
seconds before the train reaches the
adjacent crossing, but only on higher
speed trains. On slower speed
moves, adjacent crossing predictions
are not issued. Predictions for these
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In a special application, one GCP may

protect for either-direction moves.
]

moves are furnished locally by GCP’s
No. 2 and No. 3.

UAX designates upstream adja-
cent crossing. DAX designates down-
stream adjacent crossing. The
interconnections between the cross-
ings are the pole lines that run from
No. 1 GCP DAX control to the
No. 3 GCP UAX relay and from
No. 4 GCP DAX control to No. 2
GCP UAX relay. Also, a common
negative battery is required run-
ning from instrument case to instru-
ment case.

The shunts designated by No. 2
and No. 3 in between the two
crossings are narrow-band AC
shunts; in other words, they are se-
ries-resonant circuits that are reso-
nant to the frequency of GCP No.
2 and GCP No. 3, respectively.
GCP No. 2 and GCP No. 3 will
be operating at overlapping fre-
quencies.

Figure 4 is a special application
that has been put into service in
various locations and working out
very well. It is a technique using
one GCP to protect for moves from
either direction, depending on se-
lection of track relays. The ETR
relay and WTR relay designate each
approach relay. When the track is
unoccupied, the transit wires of the
GCP are applied to the east track
through the picked contacts on the
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east track relay and the west track
relay.

In the control contact portion
showing the self-check (SC), pre-
diction (PRED), and minimum dis-
tance (MD) contacts, battery is not
applied through these contacts until
a train moves onto the west track
circuit or east track circuit. This is
a wrap-around circuit enabling the
XR to remain picked up as long as
both track relays are energized.
This means, for example, that if
self-check dropped out with no train
on either approach, the crossing pro-
tection would not operate until a
train moved into either ETR or
WTR.

A train enters on the west track
circuit. The WTR drops; this ap-
plies the GCP transmit circuit
through the picked-up contacts on
the east track relay across the
dropped contacts of the west track
relay and out to the west track.
The GCP is now looking in the
direction from which the train is
approaching. When the train gets
inside the GCP circuit, the GCP
computes a prediction and the pre-
diction relay releases the XR circuit.
The GCP has control of the XR
when the WTR drops. The XR re-
lay has a diode across it for two
reasons: one . . . . to provide arc
suppression and . . . . two . ... to

make it a slow release relay. This
is necessary to keep the XR from
dropping out momentarily during
the switching from ETR to WTR.

When the train reaches the cross-
ing and occupies the east track cir-
cuit, the ETR drops. When the
caboose clears the west track, the
WTR picks up and releases the
GCP to look out the east track
circuit and the GCP watches the
train as it recedes. The crossing will
clear when the train leaves mini-
mum distance and the prediction
relay will pick up on the receding
train move. Should the train stop
on the east track and reapproach
the crossing, the GCP will furnish
a normal prediction. When the train
leaves the circuit, the ETR picks
up and restores the GCP to a stand-
by condition looking onto the east
track circuit. This application may
also be made with the GCP con-
nected to a dummy track load when
east and west tracks are occupied.

This application is not recom-
mended where an engine will fre-
quently spot a car on one side of
the crossing and then go to work on
the other side unless special time-
out circuitry is employed. In the
application shown here, if both
tracks are occupied, both track re-
lays would be dropped and the
GCP control contacts would lose
battery power and would have no
control over the XR. This would
result in continuous ringing.

Note 3 states that the DC circuit
must extend an additional 5 sec-
onds beyond the GCP termination
shunt for the maximum speed train.
This is necessary in order to pro-
vide adequate time for switching
transients to be cared for.

The inductance that is inserted
in series with the transmit wires go-
ing to the west track circuit, shown
by note 1, is to nullify the minimum
distance (MD) when the GCP is
applied to the west track circuit.
Normally, if this inductance was not
in use, the shaded portion depict-
ing minimum distance would ex-
tend an equal distance on the west
track as on the east track resulting
in considerable over-ring. The value
of the inductance used would be
equivalent to the amount of track
that is equal to the width of the
crossing. The letter designations
P1C, P1D, and Pl1A are the con-
nections on the Grade Crossing Pre-
dictor terminal board. Rs&C
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