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SECTION I 

GENERAL INFORMATION 

1.1 GENERAL SYSTEM DESCRIPTION 

The Car Retarder and Routing System is composed of a speed 
control system and track routing performed from console 
operation. 

WABCO 
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The Speed Control System monitors the actual speed and also 
initiates a requested speed. The Speed Control system then 
compares actual speed with requested speed and develops an 
error voltage or difference. The difference is delivered to 
the retarder relay interface which in turn affects the air 
and exhaust valves at the retarder. The Requested Speed is 
made by manual turning of the "dial-a-speed" potentiometer on 
the console. 

The Pushbutton console selections determine the routes cuts 
will take and associated switching as selected by the operator. 
When using pushbutton routing, the switches to track routes are 
selected automatically. If the s~lected track is not available, 
the automatic diversion routing system will attempt to line a 
route to the next higher track. 

Alarm Circuits on the operator's console give audible and 
visual representations of conditions on the tracks so 
appropriate action can be taken. 
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SECTION II 

OPERATIONAL DESCRIPTION 

2.1 INTRODUCTION 
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This section contains an explanation of the operation of typical 
circuits and subsystems and components of the car retarder and 
routing system. Descriptions covered include the following: 
speed control, automatic switching and alarm circuits. Components 
covered include: RF unit, frequency standard, velocity meter 
and speed control amplifier. 

2.2 SPEED CONTROL SYSTEM 

The functional operation of the retarder speed control system 
as shown in the block diagram, Figure 2-1, the basic operation 
occurs as follows: Outputs from the actual speed system and 
the requested speed system are delivered to the speed comparison 
system. Here the requested speed voltage and the actual speed 
voltage are compared and an error signal is generated. This 
signal is applied as either an intake or exhaust command to the 
retarder relay interface. From this relay interface, the 
proper retarder valves are energized. The speed of the car is 
monitored continuously and speed corrections are made by 
applying or exhausting air as long as the car is in the retarder. 

CONTINUOUS SPEED DETERMINATION BY RADAR 

: ~ 
ACTUAL t 

SPEED I . 
SYSTEM ACTUAL I 

SPEED I 

SPEED 
COMPARISON t---V-AL_V_E .._ 

RETARDER 
RELAY 

INTERFACE AIR OR 
EXHAUST 

CONTROL 

RETARDER 

REQUESTED 
SPEED 

SYSTEM REQUESTED 
SPEED 

SYSTEM CONTROL 

~---~ SIGNALS ...._ ___ __. SIGNALS 

Figure 2-1. Speed Control System Simplified Block Diagram 
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The actual speed system, which consists of a radar unit and a 
velocity meter, both described elsewhere, determines the actual 
speed of the car. The radar unit uses a doppler detection 
principle and provides an audio frequency directly proportional 
to the speed of the car to the velocity meter. The velocity 
meter converts this signal to a positive DC voltage which 
is fed to the speed comparison system. 

The speed comparison system compares the inputs from the 
requested speed system and the actual speed system and 
develops a difference or error signal voltage. It consists 
of a speed control amplifier and a derivative amplifier. 

The speed control amplifier receives three functional inputs: 
the actual speed, the requested speed, and an input from the 
derivative amplifier. The actual and requested speeds are 
compared. The resultant·,· or error output, and the output 'from 
the derivative amplifier are used to provide an output that 
operates the valve control relays. If the error signal is 
positive, the "air" relay will operate. If the error signal 
is negative, the "exhaust" relay will operate. 

The derivative amplifier anticipates increases or decreases in 
speed and develops a voltage which allows the retarder to 
begin to apply or release air pressure in advance of the actual 
need. This permits the change in speed to take place smoothly 
through the entire retarder rather than abruptly each time the 
speed error becomes zero. 

The retarder relay interface contains the relays over which 
"air" and "exhaust" valves are controlled. 

These relays determine which air pressure range is to be 
applied to the retarder, and also, whether to intake or 
exhaust air, depending on the control voltage from the speed 
comparision network. 

2.3 SPEED CONTROL CIRCUIT DESCRIPTION 

2.3.1 Retarder Manual Operation 

(Refer to the "P" series applications prints) 

Located on the retarder control console are retarder control 
levers. There are two levers associated with each retarder, 
one for each section of the retarder. Each lever has four 
positions: Off, Light Heavy and Auto. 
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Each retarder section has an HS-2 control valve which consists 
of three high speed solenoid valves, Rl, R2, X, and a bourdon 
tube type air pressure regulator. Also associated with each 
retarder section are two X-2 auxiliary exhaust valves (XA and 
XB). 

With a retarder lever in the "off" position, relay OP is 
energized. This action applies energy to both the X , XA and 
XB exhaust valves which open the retarder section. Relay OP 
also energizes a slow release unit. Within two to three 
seconds, the slow release unit deenergizes relay OTR. This 
relay removes energy from the auxiliary exhaust valves. This 
action removes a large current drain from the power system when 
the retarders are open for periods of time such as when trimming 
is being done. · 

With a retarder lever in the "light" position, energy is applied 
to the R2 valve via the 2P and 2R contact of the "light" 
bourdon tube. The R2 valve has a small inlet port and the 2R 
bourdon tube contact limits the maximum or ceiling air pressure 
from 24 to 31 psi. With energy applied to 2P, the 2R contact 
will cause air to be added to the retarder cylinders up to 
24 psi. Should the cylinder air pressure go above 31 psi, the 
2X contact will close, causing the exhaust valve (X) to be 
energized and eliminating the excess air. 

With a retarder lever in the "heavy" position, energy is applied 
directly to the Rl valve. The Rl valve has a large inlet port, 
therefore, the retarder cylinders will be charged to full line 
pressure very quickly. 

When a retarder is in manual control, both sections must be 
controlled manually. 

2.3.2 Retarder-Automatic Operation 

To operate a retarder automatically, both control levers for 
that retarder must be in the "auto" position. This action 
will energize the retarder AP relay. The main function of 
this relay is to connect the output of the speed control 
system to the valve control circuits. Excluding any equipment 
failures, the speed control system is always producing an 
output signal. The output signal may be the result of either 
a controlling condition or a static system checking condition. 
The system is in the check condition when the retarder track 
circuit is not occupied. 
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The doppler radar produces an audio signal whose frequency 
is directly proportional to the speed of the cut. This signal 
is scaled at 31.4 Hz per MPH. The audio signal is converted 
to a DC signal by the velocity meter. The velocity meter 
analog output signal is scaled linearly from 25 mph= +10 volts 
to O mph= 0 volts. This is VA (Actual Velocity). A DC 
signal representing VR (Requested Velocity) has the same 
polarity and scaling. These two signals are compared in the 
speed control amplifier. When VA is greater than VR, the "ACR" 
relay is energized to request air application for retardation 
of the cut. When VR is greater than VA, the "BCR" relay is 
energized to request exhaust of air to open the retarder. The 
retarder valve magnets are directly controlled by repeaters 
of the "ACR" and "BCR" relays. Rate control (a derivative of 
VA) is also used to anticipate required retarder response. 

The retarder has only one set of speed control equipment and 
in automatic operation operates as a single unit. The AP relay, 
while connecting the speed control system to the valve control 
circuits, also ties the first and second section R2 valves 
together. In addition an AP contact energizes the sectionalizing 
valve. The function of this valve is to tie the first and 
second section cylinder air supply together. This causes the 
retarder to operate as a single unit, with the first section 
bourdon tubes controlling the air pressure. When the 
sectionalizing valve is deenergized, the cylinder air supply 
(piping) is separated into two independent sections. Each 
section under this manual control condition will use its own 
set of bourdon tubes for control. The control pressure is 
dictated by the manual position of each retarder control lever. 

When the retarder is placed in the automatic mode, it will 
assume a standby air pressure. 

When the cut enters the retarder track circuit, the speed 
control system is taken out of check. The check voltage is 
replaced by a preselected "dial-a-speed" voltage and the speed 
control system outputs to the ACRP and BCRP relays. The 
operation of these relays cause air to be added or exhausted 
from the retarder cylinders through the valve control circuits. 
Once the track circuit is unoccupied, the system returns to 
the check condition. Before a "dial-a-speed" selection is 
made by the operator, he should give some thought to distance 
to be coupled. 

The Speed Request is made by manual turning of a "dial-a-speed" 
potentiometer on the retarder control console to the desired 
speed. The speed should be selected prior to the cut entering 
the retarder. The speed selection should not be changed while 
a cut is in the retarder. 
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2.3.3 Automatic Checking System 

Anytime a retarder is in manual operation or when its track 
circuit is not occupied in automatic operation, the speed 
control system checks itself. In the "check" mode, a 784 Hz 
signal is connected to the audio circuit of the radar unit. 
This signal represents a simulated actual velocity of 25 miles 
per hour. The output of the velocity meter is +10 volts DC, 
which is applied to the speed control amplifier. The requested 
velocity (VR) signal is replaced by a 5 VDC signal that 
represents 12.5 miles per hour. The difference between the 
two (2) signals should be a +12.5 mph (overspeed) or a +5 VDC. 
This error signal output from the speed control amplifier is 
applied to a voltage level detector and if it is not between 
4.8 and 5.2 volts, a fail relay initiates a warning at the 
control console and the test panel. Any cars approaching the 
retarder require manual control from the control console 
should a fail condition exist. 

The radar output is constantly monitored by a voltage level 
detector and signals a failure when the output falls below 
a prescribed level. 

A transient occurs when the speed control system is taken out 
of check. It is due to settling time of the velocity meter 
output from 10 volts to the analog of the actual velocity, 
and its effect is that of a rapidly decelerating car. The 
derivative would call for the retarder to open, but its use 
is delayed until the transient is passed. 

The test panel has meters to monitor the requested velocity 
and actual velocity. There are also lights to indicate, 
retarder occupancy, air and exhaust control and a: speed 
control failure reset p~shbutton and failure indications. 

Also on the test panel is a linearity check switch which 
changes the frequency standard output to 392 Hz to check the 
mid-range accuracy of the velocity meter. 

2.4 MANUAL SWITCH CONTROL 

Each switch in t~e yard may be positioned manually by moving 
its associated lever on the control console from the center 
(automatic) position to either normal (left) or reverse (right). 
In the Ore Yard C-1, C-2 and C-3 switches have two-position 
levers. The normal position allows cars to be routed into the 
bowl tracks from the crest and reverse is for escape moves. 
In the Coal Yard C-1 through C-7 switches have two-position levers. 
Normal is for traffic movement to the left when facing the 
switch points and reverse is to the right. 
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The control console has visual indication of the position of 
each switch when lined manually or when an automatic route 
request is made for that switch. The green indication is 
lighted for normal position and amber for reverse. When a 
detector track circuit becomes shunted (occupied) a red 
indication is lighted on the control console. 

If a switch lever is turned to a manual position and neither 
normal or reverse switch position indications light, the lever 
and switch are not in agreement and the move should not be 
made until a proper indication is lighted. If the lever is 
turned to a manual position and an obstruction prevents the 
corresponding switch point from closing, both the green and 
the amber position indications will flash. This indicates 
that both switch points are open and the lever should be 
moved to the opposite position away from the obstruction. 
Then, one flashing indication will indicate the position of 
the switch. The circuit that detects switch obstruction can 
only be reset by shunting the detector track circuit or by 
inserting a maintainer's tool* in the jack of the track relay 
for that switch. 

A track may be blocked by turning the proper switch lever on 
the console away from the track to be blocked. The lever 
may then be pulled up and a small "U" clip inserted under 
the knob of the controller. When the lever is released it 
cannot be turned. 

When the detector track circuit is shunted, manual and automatic 
control for the switch is removed and a U-5 circuit controller 
contact energizes the switch magnet which maintains the position 
of the switch. This circuit remains in effect until the car 
leaves the detector track circuit and the clearance track 
circuit if it has one. 

2.5 PUSHBUTTON ROUTING 

Yard switches may be lined for a particular route by pressing 
the pushbutton associated with desired bowl track. When a 
selection pushbutton is pressed its light will flash if the 
route to that track is not available or if it is detected to 
be full. If the route selected becomes properly lined the 
pushbutton will light steady. When a track is selected, 
energy is supplied to the proper switch magnet of each switch 
in the route. When the switches properly line, the switch 
position indicators-light and display the route (green for 
normal, amber for reverse). Should an obstruction.block a 
switch point in the route from closing to within 1/4 inch, the 
opposite call will be made on the switch and it will return 
to the unobstructed position. A single stroke bell will operate 

*Front Testing Plug - Part No. J077931 
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one time and the switch position indication for the closed 
switch point will light and flash. The circuit can only be 
reset by shunting the track circuit for that switch or by 
inserting a maintainer's tool* in the jack of the track relay 
for that switch. 

2.6 AUTOMATIC DIVERSION ROUTING 

When using pushbutton routing the switches in the route to 
the track selected are lined automatically. If the selected 
track is not available or is found to be full, the automatic 
diversion routing system will attempt to line a route to the 
next higher track. If the next higher track is full or cannot 
be routed the system will try the next higher track until a 
successful route is established. If none can be found it 
will attempt to line the original route, sound the buzzer in 
the console, and cause all of the route pushbuttons to light 
flashing. 

The buzzer can be silenced by pressing the reset pushbutton 
on the console. The selection pushbutton lights will continue 
to flash until a valid route is selected and aligned. 

2.7 TRACK FULLNESS SYSTEM 

This system was designed to indicate when each individual 
bowl track becomes full by lighting the round indicators for 
that track on the control console and by striking the single 
stroke bell. When this occurs the automatic diversion routing 
system will route the next car into the next higher available 
track. 

In normal operation a car is cut loose at the crest, passes 
through the retarder, and through the switching area over the 
route determined by the pushbutton selection. When the car 
clears the clearance track circuit then enters the track full 
track circuit a timer (TFT) is started. If the car is not 
able to clear the track full track in the set time the car is 
considered to have coupled with the string of cars on that 
track. The layout of the track full track circuit will allow 
one more car in the string without fouling the adjacent track. 
So, the next car to enter then exit the clearance track causes 
the full indication to light, the bell to sound, and the auto 
diversion routing to initiate a new route to the next available 
track. If this second car does not exit the clearance track 
circuit within a set time (MFTBP Timer), then it is assumed 
that it stalled on the clearance track. In this case the MFTBP 
Timer initiates the diversion, full light and bell. 

*Front Testing Plug - Part No. J077931 
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When the track full track circuit becomes unoccupied the full 
indication and timers are reset. 

2.8 ALARM CIRCUITS 

Audible alarms provided on the control console are a buzzer 
and a single stroke bell accompanied by visual indications to 
show equipment or functional failures. 

The Buzzer is activated by the following conditions: 

1. Speed Control Failure 
2. Power Off 
3. Low Air 
4. No Route Availability 

The Buzzer is silenced by the alarm reset pushbutton. In the 
case of a speed control failure, the operator is required to 
go to manual control of the retarder to silence the buzzer. 
The visual indications will remain illuminated until the 
malfunction is cleared. 

The single stroke bell is activated: 

1. When the track becomes full with corresponding 
round signal indications. 

2. Or when a switch cannot complete its stroke because 
of a switch obstruction and corresponding lights 
will flash. 

2.9 SPECIAL CASE OF C-3 IN THE ORE YARD 

The C-3 escape switch is forced to the normal position when 
the 1-2 switch lever is in the center (automatic) position, 
i.e., the control circuit for the C-3 reverse magnet is opened 
and the C-3 normal magnet is energized. This is to prevent 
the C-3 switch from being line reversed while the 1-2 switch 
is under automatic control. When the operator wants to line 
the C-3 switch reverse for an escape move he must first select 
the reverse position of the 1-2 switch lever. 

Also, the 1-2 switch is forced to the reverse position when 
the C-3 switch is not lined normal, i.e., the control circuit 
for the 1-2 normal magnet is opened and the 1-2 reverse magnet 
is energized. This is to prevent the automatic diversion 
routing system and the operator from lining the 1-2 switch 
·normal into the reverse lying C-3 switch. When the operator 
wants to manually line the 1-2 switch for Track #1 he must 
first line the C-3 switch to the normal position. 
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Track #1 does not have a clearance track circuit but uses relay 
logic and the C-3 detector track circuit to generate similar 
clearance track circuit conditions. 

2.10 SUBSYSTEMS AND COMPONENTS OPERATION 

2.10.l Velocity Meter (Figure 2-3) Ref. C451054-Sh. 37A 

The velocity meter receives a varying audio frequency signal 
(0-784.7 Hz) from the RF unit and changes it to a positive 
DC output voltage (0 to +10 V) which is proportional to the 
velocity of the moving car. 

The input from the RF unit will be constant with a strong 
radar return. The velocity meter converts this signal into 
a series of uniform pulses by means of a high gain amplifier 
stage and clipper. Integration of these pulses produces a 
DC output voltage which is proportional to the incoming frequency. 

The velocity meter consists of four circuits: (a) high gain 
amplifier, (b) clipper, (c) analog frequency to voltage 
converter, and (d) active low pass filter. See velocity meter 
diagram. 

CLIPPER 
FREQUENCY

TO-VOLTAGE 
CONVERT OR 

LOW-PASS 
FILTER OUTPUT (0- IOVDC) 

Figure 2-3. Velocity Meter, Block Diagram 

The input signal is fed into a high gain IC amplifier where 
the signal is shaped into a rectangular waveform with a fast 
rise time. This waveform is fed to a clipper which produces 
a train of positive pulses at the same frequency of the input 
signal. The high gain amplifier and clipper function together 
to generate a precision, constant amplitude, square wave. 

The frequency to voltage converter consists of a capacitive 
input operational amplifier, augmented by several emitter 
follower amplifiers for added current gain. A diode switching 
network provides feedback to control the disposition of the 
charge and discharge current pulses of the input capacitor in 
accordance with their polarity. Positive output pulses are 
then provided to the active low pass filter which has a high 
input impedance and a low output impedance. This filter 
removes the doppler frequency ripple and provides an output 
that can vary from Oto 10 VDC ( 0 V = 0 mph, +10 V = 25 mph). 
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2.10.2 Frequency Standard (Figure 2-4) Ref. F451054-Sh. 46 
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The frequency standard is used to calibrate and check the 
retarder speed control system. This circuit produces an 
output of 784.7 Hz at 3.3 V rms and 392.35 Hz at 4.3 V rms. 
These outputs are supplied to the RF unit through an amplifier. 
A linearity check switch on the test panel is used to change 
from a normal output ( 784. 7 Hz) to the 392 .• 35 Hz output for 
calibration. This provides approximately 5 volts at the 
velocity meter output, thus, enabling a calibration at 
mid-range for greater accuracy. 

The frequency standard consists of four circuits: (a) crystal 
oscillator, (b) frequency divider network, (c) filter, and 
(d) driver stage. See frequency standard diagram. 

CRYSTAL 
OSCILLATOR 

FREQUENCY 
DIVIDER 
CIRCUIT 

FILTER DRIVER OUTPUT 

Figure 2-4. Frequency Standard, Block Diagram 

The crystal oscillator puts out a frequency of approximately 
200.883 KHz. This frequency can be adjusted by a variable 
capacitor. The output of the oscillator is fed to the 
frequency divider network. This network consists of integrated 
circuit flip-flops which divide the frequency by 256 or 512, 
according to the switch position, and consequently gives an 
output at 784.7 Hz or 392.35 Hz. This output is fed to a 
filter which eliminates the higher order harmonics. Then 
the signal is delivered to the driver stage which is an 
amplifier which can drive up to 10 RF units in parallel. 

2.10.3 Speed Control Amplifier and Valve Control (Figure 2-5) 
Ref. C451054-Sh. 45A 

The purpose of the speed control amplifier is to compare a 
requested retarder car leaving velocity with an actual car 
velocity (as received from the Velocity Meter while the car 
is in the retarder) and produce commands that control the air 
valves at the retarder. The retarder, in response to the air 
control valves, will apply or release pressure so that the 
car's velocity approaches the requested velocity when it 
leaves the retarder tFigure 2-6). 

The speed control amplifier consists of five circuits: differential, 
comparator, derivative amplifier, two relay drivers and two 
relays. There are six inputs; actual velocity, requested 

6083, p. 2-11 



WRBCC-
~ 

velocity and four car weight classifications. The outputs are: 
a relay control for retarder air application, a relay control 
for retarder air exhaust, and a velocity error. 

The differential circuit compares the actual velocity input 
with the requested velocity input (0.4V = lmph) and produces 
an error velocity voltage when they are equal. The error 
voltage is applied to external circuits for checking purposes 
(overspeed = +0.4V/mph and underspeed = 0.4V/mph), and to 
comparator and derivative amplifier circuits. 

The derivative amplifier differentiates or senses when there 
is a change in its input and applies an output at this time 
to the comparator that is proportional to the rate of change. 
(Figures 2-7 and 2-8). 

Refer to Figure 2-6, Curve B indicates what would happen if 
the derivative amplifier's output was not utilized. For 
example, cars of the same weight class can vary in weight and 
rolling resistance and this causes a change in acceleration 
and deceleration rates. An average deceleration rate is 
determined for each class of cars and R6, R7, R8, R9 on the 
speed control amplifier printed circuit board are adjusted for 
these rates. (The output of th~ derivative amplifier is 
applied through one of the four potentiometers to the 
comparator when a ground is applied to one of the control 
circuits). 

ACTUAL 
SPEED 

REQUESTED 
SPEED . 
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When a car's deceleration rate is higher than the average 
(Figure 2-7) for its weight class, the derivative amplifier 
will apply a more positive voltage to the comparator where 

WAacc 
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it is summed with the inverter error voltage. {In this case, 
when the summed voltage becomes positive, the output of the 
comparator is positive and will energize the exhaust "BCR" 
relay that causes air to be exhausted from the retarder). If 
the car's deceleration rate decreases to where it is lower 
than the average for its weight class, the derivative amplifier 
will apply a less positive voltage to the comparator where 
it is again summed with the inverter error voltage and the 
"BCR" relay will deenergize. 

MPH 

r--~~~~~~~~~~~~~~~~~~--=:::::===::,A 
TIME 

CAR'S ENTERING 
VELOCITY TO THE 
RETARDER 

CURVE A= DECELERATION RATE 
WI TH DER I VAT I VE FUNCTION 

CURVE B = DECELERATION RATE 
WITHOUT DERIVATIVE FUNCTION 

I 

t 
CAR'S EXIT 
VELOCITY FROM 
THE RETARDER 

Figure 2-6. Actual Velocity vs Requested Velocity 
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When a car's acceleration rate is higher than the average 
(Figure 2-8) for its weight class, the derivative amplifier 
will apply a more negative voltage to the comparator where.it 
is summed with the inverter error voltage. (In this case, 
when the summed voltage becomes negative, the output of the 
comparator becomes negative. It will energize the air "ACR" 
relay that causes air to be applied to the retarder). If 
the car's acceleration rate decreases to where it is lower 
than the average for its weight class, the derivative amplifier 
will apply a less negative voltage to the comparator where it 
is again summed with the inverter error voltage and the "ACR" 
relay will deenergize. 

+ ERROR VOLTAGE 

DECELERATION 
RATE OF CHANGE AT 

INPUT TO DERIVATIVE 
AMPLIFIER AND COMPARATOR 

DERIVATIVE 
AMPLIFIER'S OUTPUT 

- ERROR VOLTAGE 

Figure 2-7. 
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A 
DERIVATIVE 
AMPLIFIERtS OUTPUT 

ACCELERATION 
RATE OF CHANGE AT 
INPUT TO DERIVATIVE 
AMPL IF I ER ANO 
COMPARATOR . 

AT POINTS C AND C' THE COMPARATOR'S OUTPUT 
\\ II 

WILL BE NEGATIVE ANO WILL ENERGIZE THE ACR 
RELAY. THIS WILL CAUSE AIR TO BE APPLIED TO THE 
RETARDER. 

Figure 2-8. Derivative Amplifier Intake Cycle 
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2.10. 4 Speed Control Failure Check (Figure 2-9) 

General--The speed control failure check is used to monitor the 
speed control system of a retarder, when a car is not present, 
and provide an output for a visual or aduible alarm when a 
failure or a change from normal occurs in the system. 

A check signal is initiated by the track circuit when a car 
is not present in the retarder. The check signal tells the 
system to produce a requested velocity of 5.0 volts and 
switches a solid state switch to provide 5.0 volts. The 5 volts 
is applied through a line driver to the speed control amplifier. 
The check control signal applies a 784 Hz signal to the radar 
audio amplifier from the frequency standard through a line 
driver. The radar audio circuit shunts any signal being 
received from the antenna and passes the 784 Hz check frequency. 
The radar audio output is fed into the velocity meter and 
converted to a 10.0 VDC signal which is connected to the speed 
control amplifier as the actual velocity input. The speed 
control amplifier compares the requested velocity input of 5.0 
volts and the actual velocity input of 10.0 volts and produces 
a positive 5.0 volts error output which is passed through a 
line driver, through a check relay contact which has been 
switched from a 5.0 volt input voltage to the error voltage 
input. The 5.0 volt error voltage is received by the failure 
detection circuit and is compared with 5.2 V and 4.8 V standards. 
As long as the error voltage is greater than 4.8 V and less 
than 5.2 V, the detector output will be a positive voltage. 
As long as the failure detection circuit output is a positive 
voltage, and none of the other three check signals is a negative 
voltage, the failure relay will remain energized indicating 
a non-fail condition. If the error voltage becomes greater 
than 5.2 V or less than 4.8 V, which could be due to deterioration 
of any part of the circuitry being checked, the detector output: 
will be negat;:ive and the failure relay will deenergize after a·! 
period of 1.4 sec. A light emitting diode (LED) located on the 
handle of the fail detection printed circuit board, will light 
when a fail indication is present. (Note that the LED will 
light momentarily each time the speed control goes into a 
check mode providing a normal circuit indication). 

The failure indication circuit has a level detector that 
monitors the radar transmitter output which normally provides 
a negative voltage greater than one volt. If the voltage 
becomes less than negative one volt, the level detector 
provides a negative output that deenergizes the failure relay. 
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2.10.5 DR-40 Doppler Radar Unit 

Theory of Operation 

Velocity measurements, which are made using the Doppler 
principle, rely on a shift in frequency that occurs when a 
radio signal bounces off a moving target. The frequency 
difference between the incident and reflected signal is 
proportional to the speed of the moving object. If the 
frequency of the reflected wave is higher than that of the 
incident wave the object is approaching. If the frequency 
of the reflect wave is lower the object is receding. However, 
either condition produces the same difference frequency at 
any given speed. 

The DR-40 Doppler Radar Unit employs a continuous wave 
transmitter. The return energy is detected by a Schottky 
detector diode. 

cw 
TRANSMITTER 

F 

F 

RECEIVER 

~ F DOPPLER =(F"-F)) 

c!:--V 

Figure 2-10. Doppler Effect - Incident & Reflected Signal 

Reflected signals from a stationary target provides no 
difference frequency in the mixer diode, whereas a moving 
target produces the Doppler frequency difference between 
transmitted and reflected signals. The following is the 
mathematical formula for this phenomenon: 

WHERE: Fd 
Ft 
v 
c 
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Transmitted frequency in Hz 
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In the case of WABCO DR-40 Radar Units, operating at 10.525 GHz, 
the following calculation can be made: 

FREQUENCY OF DOPPLER PER MILE PER HOUR= 

Fd = 
5 ( 1. 86 x 10 ) 

2 

Functional Description of Circuits 

(10.525 x 109 ) = 

1 
31. 4 Hz/MPH 

The WABCO DR-40 Unit is a complete self-contained solid state 
doppler radar transceiver. It operates on a frequency of 
10.525 GIGA Hertz (10,525,000,000 Hz) with a nominal power 
output of 75 milliwatts. Power requirements for all active 
circuitry in the unit are provided by regulated power supplies 
which operate from 117 VAC 60 Hz power lines. Figure 2-11 
illustrates a block diagram of the DR-40 unit. 

117 VAC 

POWER 
SUPPLY 

SCHOTTKY 
GUNN DIODE DIODE 

(TRANSMITTER) (RECEIVER) ANTENNA 
TRANSMITTED TO TARGET 

REFLECTED SIGNAL 

RFK 
DOPPLER SIGNAL ,........._____..___, 

CHECK ----- TO VELOCITY METER 
SIGNAL 

>---------------J'"l,----t..._~ RFK INDICATION 
AUDIO AMPLIFIER 

Figure 2-11. DR-40 Basic Block Diagram 

The DR-40 radar consists of four sections: transmitter, 
receiver, audio amplifier and regulated power supply. 
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Transmitter Section 

The transmitter section contains a Gunn Diode Microwave 
oscillator which oscillates with sufficient RF power output 
to provide a one step conversion from DC to microwave energy, 
thereby eliminating complex circuitry. The diode operates 
through a negative resistance caused by transfer of electrons 
from a high mobility band to a low mobility conduction band. 
The signal is fed to the antenna through a waveguide. A 
ferrite circulator, located in the waveguide, deflects a 
small amount of transmitted energy which is used to bias the 
mixer diode of the receiver. The deflected signal serves as 
a reference frequency in the receiver. 

Receiver Section 

The receiver section is located in the portion of waveguide 
that joins the Gunn Diode Microwave source to the antenna. 
The detector is a Schottky Barrier Mixer semiconductor junction, 
which is sealed airtight in a ceramic case. 

In operation, microwave energy transmitted from the antenna 
is reflected from the target and enters the receiver waveguide 
by way of a common antenna. This return signal is mixed with 
the reference signal, providing a Doppler ·frequency equal to 
31.4 Hz per MPH. The resulting Doppler/audio frequency is 
applied to the audio amplifier section. 

Audio Amplifier 

The audio amplifier receives either the Doppler signal or a 
precise 784.7 Hz check frequency from a frequency standard. 
Either of these signals is amplified, limited and are delivered 
to the velocity meter. 

The amplifier passes the Doppler signal when a check signal 
is not present. When a check signal is present, the Doppler 
signal is shunted and the check signal passes. The check 
signal is used to assure that the audio amplifier is operating 
properly. 

In addition to the audio amplifier, the printed circuit board 
also contains a RFK check amplifier. This circuit provides 
a negative DC output when the Gunn Diode is providing microwave 
energy to sufficiently bias the Schottky detector. This 
signal assures that the Gunn diode and detector diode are 
operating properly. 
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Regulated Power Supply 

The regulated power supply provides all the necessary operating 
voltages to the various electronic components, and is normally 
operated from the commerical 117 volt AC, 60 Hz power lines. 

It should be noted that all input and output signals to the 
DR-40 radar unit, are isolated via transformers providing 
complete electrical isolation. 

Full information about the DR-40 Radar Unit can be found in 
Service Manual 6015. 

2.10.6 Time Delay Unit 

Introduction 

Figure 2-12 shows the circuit schematic and the characteristics 
of the time delay unit. The transistorized time delay unit is 
used to delay release of the relay with which it is used. The 
unit is used in the VR-III Speed Control System to remove the 
battery from the auxiliary exhaust valves after time has 
expired when the system has been manually placed in off. 

Description 

The circuit works as follows: 

We assume the relay control circuit to B24 is made through a 
relay contact. With B24 and N24 present, SCl will be conducting 
heavily. Drive current for SCl flows through R7 and R6. R7 
is also the collector load resistor for SC2. Drive current 
and relay current flow through Rl the common emitter resistor. 
R8 serves with R6 as part of a voltage divider to reverse bias 
SCl when SC2 is conducting and also as a path for I b. R2 
and Cl are a feedback network which helps keep SC2 c 0 cut off 
during the time that relay current is increasing through SCl. 
In a normal Schmitt trigger circuit, change of load current 
across Rl helps raise the voltage at the emitter of SC2 in a 
negative direction. Since current through a relay coil does 
not change instantly this feedback path serves to keep SC2 
cut off until the voltage across Rl is high enough and the 
drive current at the base of SC2 has dropped allowing SC2 to 
stop conducting. R3 serves as part of a voltage divider from 
B24 to N24 but primarily as a path for Icbo for SC2. RS helps 
isolate the feedback network R2, Cl from C2, and serves as a 
voltage divider in the input circuit of SC2. R9 and RlO are 
the R portion of an RC network which, by charging C to a negative 
voltage, permits SC2 to finally conduct. R9 also limits the 
maximum current that can flow if RlO should be turned to its 
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minimum value. C2 is the capacitor in the RC network. R4 
limits discharge current of C2 through the relay control 
contacts. Dl keeps the transient voltage (when a relay is 
dropped) to a minimum and protects SCl from this transient. 
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The following is a step-by-step sequence in obtaining a delay 
of release action of the relay. 

With SCl conducting heavily only a few tenths (-.05 - .25) of 
a volt appear across the collector emitter circuit of SCl. 
About one-sixth of battery voltage appears across Rl. This 
raises the emitter circuit in negative direction with respect 
to the base which is tied to B24 through R4, RS and also R3. 
Drive current 1keeping SCl on, flows through R6 and R7. When 
it is desired to obtain the delay of release action, it is 
necessary to open the control circuit. The voltage across C2 
starts rising in a negative direction. Some time later SC2 
starts to conduct. Drive current to SCl is reduced and a 
negative pulse is coupled to the base of SC2 which helps to 
keep it conducting. The voltage across Rl is dropping (in a 
positive direction) in effect forcing SC2 into heavier 
conduction. As long as the control contacts stay open, SC2 
will conduct and the relay will remain deenergized. 

When the control contacts close, C2 discharges quickly through 
R4 and drive current to SC2 is reduced. Collector voltage 
goes negative driving transistor SCl into conduction. A 
positive pulse is applied to the base of SC2 through R2 and 
Cl and a negative voltage is applied to the emitter of SC2 
because of increasing current through Rl. As long as the 
control circuit is closed, SC2 will remain non-conducting. 
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SECTION III 

TEST AND ALIGNMENT 

3.1 INTRODUCTION 

The following checks alignment, calibration, and adjustments 
are provided to keep equipment operating at peak efficiency. 
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It is recommended that these measures be performed periodically 
and that records be kept of these in the operation log. 

3.2 VR-3 SPEED CONTROL SYSTEM CHECK AND CALIBRATION 

Equipment Required 

Volt-Ohm Meter, Simpson Analyzer Model 260 
Digital Multimeter Fluke Model 8000A-05 
Standard Gain Horn, Narda Model 640 
Adjustable Detector Mount, Hewlett Packard Model X-485B 

Crystal 1N23B or 1N23C 
Frequency Meter Direct Reading--Hewlett Packard 

Model X532B for Waveguide Extender Board 

3.2.1 VR-3 Speed Control System Check and Calibration Measurements 

1. Check ±15 volt and power supply voltage 
(See Manual SM5876) 

2. Set reference.voltages on test panel for -1.0V, 
+4.8V, +s.ov.and +5.2V using Digital Multimeter 
(See Circuit Sheet P 4). 

3. At the Radar Unit check that 120V, 60Hz is 
measured at terminals 6 and 7,with unit operating 
measure negative 3.7VDC from TP21 to terminal post 3 
(Comm), also measure this voltage in RFK Jack on 
test panel. 

4. The operating frequency should be checked at three 
month intervals as described in the next two steps. 
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DETECTOR MOUNT 

~ SIMPSON 2&9 

NOTE:-

FREQUENCY METER 

BARREL OF FREQUENCY METER MtiST 
BE IN THE HORIZONTAL POSITION 
SHOWN WHEN MAKING MEASUREMENTS 

STANDARD GAIN HORN 

Figure 3-1. Frequency Measuring Test Setup 

5. Set up equipment as in Figure 3-1. Insert 1N23B 
Crystal Detector mount and attach standard gain 
horn antenna. Connect Simpson voltmeter through 
coaxial connection. 

6. Place horn several feet in front of RF Unit. :·set 
frequency for 10,500 MHz, :turn adjustable detector 
mount until a maximum indication is seen on the DC 
scale. Adjust frequency meter for a dip on the 
voltmeter and read frequency directly. The frequency 
must be 10,525 MHz ±12 MHz. (This doesn't check 
the doppler amplifier velocity meter.) 

7. Disconnect Sig. A and Sig B wires at terminals 0 40 and D41 
on Rack 6. Place a jumper across pins 4 and 8 · 
of the velocity meter card (Space 4B). _This will 
cause a failure indication. Adjust Rll on velocity 
meter card for O.OV ±2mV on TP2 to PSC. 

6083, p. 3-2 



8. Adjust R22 on velocity meter card for ±2mV on TP3 
to PSCA. 
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9. Remove jumper and reconnect Sig. A and Sig. B wires. 
Verify that retarder levers are in a manual position. 

10. Place linearity check switch in the ON (up) position. 
The output of the frequency standard should be 392 Hz 
which represents 12.5 mph. Using R14 on the velocity 
meter card adjust output TP3 to PSCA, to be 5.0V ±2mV. 

NOTE 

The linearity_eheck switch is 
in the up (on) position which 
will cause a failure indication. 

11. When the linearity check switch is returned to the 
(down) position, the frequency standard output should 
be 784 Hz which represents 25 mph. This frequency 
should cause the velocity meter output TP3 to PSCA 
to be 10.0V ±50mV. 

NOTE 

All causes of failure have now been 
removed and the fail relays can be 
reset. Failures are indicated on the 
control machine and the test-panel. 
The audible alarm is silenced when 
manual control is selected. 

12. The Speed Control Amplifier Card takes the actual 
velocity (VA) from the velocity meter and compares 
it with the requested exit velocity (VR) from the 
speed selection panel and produces the difference 
or error velocity (VE). When the VE is positive, 
retardation is called for when VE is negative, the 
retarder is exhausted. 

3.3 BOURDON TUBE CONTACT ADJUSTMENT 

The following equipment is needed to adjust the bourdon tube 
contacts: 

-Air Pressure Gauge 
-Analyzer, Simpson Model 260 
-Jumper Wires 
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3.3.1 Measurements 

1. Place retarder levers on the control console in the 
off position. Switch B24RM breaker to "off" and 
B24RA breaker to on. 

NOTE 

The following steps apply to each 
section of a retarder. Normally, 
all bourdon tubes associated with 
a retarder are adjusted or checked 
as a group. 

2. Check that the retarder is exhausted by applying 
B24 to X air valve on terminal 6 in HS-2 valve case. 

3. Loosen locking screws on bourdon tube contacts and 
run out screw contacts. 

NOTE 

Contacts not used should be left 
out and locked. 

4. Connect air gauge and open petcock. 

5. Apply B24 to 2P terminal of bourdon tube. 

6. Adjust 2R 
24 psig. 
retarder. 
air gauge 

contact screw until air gauge reads 
Remove jumper from 2P terminal, exhaust 

Reapply B24 jumper to 2P, check that 
reads 24 psig. 

7. Increase retarder air pressure beyond 31 psig. 
Place B24 jumper to 2P. Adjust 2X contact screw 
until pressure decreased to 31 psig. Secure 
locking screws. 

8. Tighten locking screws and recheck pressure settings. 

9. Close petcock. Remove air gauge. 

10. Return B24RM breakers to on. 
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3.4 RETARDER MANUAL CONTROL CHECK 

3.4.1 Measurements 

a) On the control console, place the master retarder 
control lever for the first and second section to 
"H" position. 

WABCO 
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b) Check that the air pressure for both sections of the 
retarder reaches full line pressure. 

c) Move the first section control levers to the "L" 
position leaving the second section in the "H" position. 

d) Check that the first section air pressure has dropped 
to 31 psi and the second section remained at full line 
pressure. 

e) Move the first section control lever to the "OFF" 
position leaving the second section in the "H" 
position. 

f) Check that the first section goes to zero psi and 
the second section remains at full line pressure. 
Also check that the first section HS-2 exhaust valve 
remains energized and the auxiliary exhaust valve 
(XA and XB) energize for only 1.5 seconds after the 
lever is pl~ced in "OFF". 

g) Move the first section control valve to the "H" 
position and move the second section control valve 
to the "L" position. 

h) Check that the air pressure for the second section 
has dropped to 31 psi and the first section remained 
at full line pressure. 

i) Move the second section control lever to the "OFF" 
position leaving the first section at the "H" 
position. 

j) Check that the second section goes to zero psi and 
the first section remains at full line pressure. 
Also check that the second section HS-2 exhaust 
valve remains energized and the auxiliary exhaust 
valves (XA and XB) energize for only 1.5 seconds 
after the lever is placed in "OFF". 

k) Place retarder levers for both sections in "OFF" 
then in "AUTO". Connect air gauge to first section 
control box and open petcock. 
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1) Check that LP wire is energized, that the pressure 
in the first and the second section of the retarder 
is 24 psig. 

3.5 RETARDER AUTOMATIC CONTROL CHECK 

The following checks should be made with the retarder control 
levers in automatic and no cars rolling. To initiate air or 
exhaust air, Signal A and Signal B inputs at the terminal board 
must be disconnected and a signal generator connected to these 
leads. (The amplitude of the signal generator is set at 3.5 
volts.) The request for air is simulated by adjusting the 
signal generator for an output frequency greater than the 
frequency of the requested speed as selected on the control 
console and thereby energizing the ACRP relay. The request for 
exhaust is simulated by adjusting the signal generator for a 
frequency less than the selected speed and thereby energizing 
the BCRP relay. 

NOTE 

The signal generator must be 
disconnected and the Signal A 
and Signal B leads connected 
to the terminal board after 
performing the tests. 

3.6 HIGH FREQUENCY TRACK CIRCUITS--For Detail Information 
See Manual SM5865 

Tuning and Sensitivity Adjustments: 

Proper tuning of the track is most easily accomplished by 
using an oscilloscope and decade capacitor boxes. After tuning, 
fixed capacitors equal to the final setting of the decade box 
are then installed. These adjustments are critical to proper 
track switching. 

The range of capacitance required to tune a track circuit will 
vary from approximately .33 mfd, for the highest frequency to 
approximately 2.0 mfd for the lowest frequency, depending on 
the installation arrangement. 

In most cases, the track circuit will be short enough that it 
will be best to tune the transmitter and receiver simultaneously, 
or at least back and forth until the maximum signal is obtained. 

To tune the transmitter, it is best to connect an oscilloscope 
at the rail connections, and the decade box at the track 
connections inside the transmitter enclosure. 
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To tune the receiver, it is best to connect both the oscilloscope 
and decade box at the track connections inside the receiver 
enclosure. 

Adjust the decade capacitor boxes in equal steps at both the 
transmitter and receiver until resonance is obtained in both 
circuits. This is indicated by obtaining a maximum signal on 
the scope. 

NOTE 

The capacitance at the receiver and transmitter 
may differ 10 to 20 percent at resonance in a 
strait track circuit, and nearly 100 percent 
when one is a strait track and the other at a· 
diagonal shunt. 

The amplitude of the signal at the transmitter may be between 
50 and 80 volts peak-to-peak, while at the receiver it may be 
between 50 and 150 volts peak-to-peak. 

When the capacitance value has been determined, remove the 
decade box, and solder fixed capacitors to the terminal board 
provided in each enclosure, equal to the decade setting. In 
every case, choose capacitors that are equal to or slightly 
less than the decade setting, never larger. 

The following standard values should provide enough combinations 
to satisfactorily tune all circuits: 

0.015 
0.047 
0.10 
0.15 
0.33 
0.47 
0.56 
0.68 
1. 0 

mfd ±10% 200 Volt UJ709144-0076 
II If II If -0075 
If II If II -0083 
II If II If -0082 
" II " If -0081 
II " If II -0080 
II " " II -0079 
II " " II -0078 
" II " II -0077 

NOTE 

On track circuits longer than 100', tuning 
should be done by first shorting the receiver 
track terminals and then adjusting the trans
mitter decade box for maximum signal. Finally 
remove the short from the receiver and tune 
the receiver end. 

On track circuits where a diagonal shunt is applied, first 
tune the lower frequency track with the higher frequency track 
circuit open. Tune the higher frequency units with lower 
frequency intact and tuned. 
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After the tuning capacitors have been installed proceed with 
the sensitivity adjustment as follows: 

-Connect an oscilloscope across the receiver input 
terminal. 

-Connect a DC voltmeter (set on the 10 volt range) 
across the relay terminals. (A 400 ohm relay or 
resistor should be connected to the terminals for 
proper loading.) 

-Connect a rail-to-rail shunt on the rail between 
the transmitter track connections and the transmitter 
rail-to-rail short, at a point which shunts the 
voltage at the receiver terminals to 30 volts peak-to
peak. The rail-to-rail shunt wire should be at least 
#6 AWG. 

-Set the sensitivity control on the receiver for a 
reading of 1.9 ±0.1 volts DC on the multimeter. 

-Remove the shunt. The voltage should rise to 5.8 
±0.3 volts DC. 

The circuit is now ready for operation. 
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SECTION IV 

APPENDIX 

4.1 RELAY NOMENCLATURE 

The following pages contain a table on relay nomenclature 
and associated function. 

WABCO ~"""" 
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Relay Nomenclature c.s.N. Coal Yard and Ore Yard 

Note: ( ) indicat'.es specific track, switch or retarder 
identifications. 

Relay Function 

( ) ACRP 

ADCC and 

Automatic retarder air application valve control 
relay. 

ADCCA Multiple Automatic diversion cycle complete for switch 
control detects condition of NO Track Availability 

ADC CAP 

( )AP 

)ATP 

)ATR 

)BCRP 

lBR 

6083, p. 4:...2 

ADCCA repeater. 

) Retarder lever automatic position repeater. 

)ATR repeater. 

() Retarder track circuit relay. 

Automatic retarder exhaust valve control relay. 

Ore Yard only, detects traffic from crest 
toward Track il for pseudo clearance track 
operation. 



Relay 

BUZZ 

( )CLI 

2CLIP 

CLR 

CLS 

CLSP & CLSPA 
Multiple 

l-2CP 

!CR 

( ) CTP 

( )CTR 

F 

FU 

LAPR 

( )MFTBP 

( )MFTBPP. 

( )NU 

( )NWP 

( ) OP 

( )OTR 

Function 

Buzzer control relay. 

WABCO 
~ 

Repeats the () pushbutton track selection if 
the automatic diversion cycle complete circuit 
has previously been cleared; 

Ore Yard Only, 2CLI repeater. 

Automatic diversion cycle latch reset timer, 
allows time for a ( )TNR relay to inhibit 
reset function. 

Automatic diversion cycle latch, timed to 
eliminate false operation, (about 0.90 seconds). 

CLS repeaters. 

Ore Yard Only, 1-2 switch lever center position 
repeater. 

Ore Yard Only, detects traffic from Track #1 
towards the crest for similar clearance track 
circuit operation. 

( )CTR repeater. 

) ·clearance track circuit relay. 

Flasher relay. 

Flasher unit which operates flasher relay. 

Low air pressure relay. 

Modified full track ( ) back repeater-timer 
initiates full track functions by energizing 
( )MFTBPP if final car into ( )track fails 
to clear the clearance track circuit, (about 
50 seconds). 

( )MFTBP repeater detects () Track Full condition. 

( )Normal switch control relay in automatic 
control mode. 

( )Normal switch position repeater. 

( )Retarder lever "Off" position repeater. 

( )OP timed release back repeater, times manual 
operation of the () auxiliary exhaust valves, 
(about 1.5 seconds). 
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Relay 

POR 

( ) RW 

( ) RWP 

( )S 

SCDD 

( ) SCF 

( ) WP 

WXR 
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Function 

Power on/off relay detects less of 120VAC 
in LaMarshe charger. 

():Reverse switch control relay in automatic 
control mode. 

() Reverse switch position repeater. 

() Sequence for automatic diversion routing 
control. 

Speed Control derivative delay in automatic 
control, (about 0.50 second). 

Automatic speed control failure detection relay, 
slow release operation regardless of. Transient 
conditions (about 0.50 seconds). 

() Switch points open detector~ 

Switch obstruction detection alarm relay. 



Relay 

SRA 

( ) TFTCT 

( ) TFTR 

TQ ( ) 

TQ ( ) CP 

)TP 

( )TR 

Function 

Selected route agreement. 

WABCO 
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( )TFTR repeater, timer prevents initiation of 
full track functions if car traverses ( ) track 
full track circuit in a preset length of time 
(about 50 seconds). 

( )TFT timed out and the () clearance track 
circuit occupied initiates the (} MFTBP timer. 

() Track full track circuit relay. 

(} Track requested either by pushbutton 
selection or by automatic diversion routing. 

() Track request controlled repeater determines 
final sequence in the automatic diversion cycle. 

( } TR repeater. 

) Switch track circuit relay. 

6083, p. 4-5/4-6 



WABCCJ 

An American-Standard Company 

UNION SWITCH & SIGNAL DIVISION 
WESTINGHOUSE AIR BRAKE COMPANY 

Swissvale, PA 15218 


	General Information
	Operational Description
	Maintenance Test and Alignment
	Appendix

