
IN ABC CJ 
~~ 

An American-Standard Comp~ny 

SERVICE MANUAL 603 7 

MOTION· MONITOR 

·MM-20 

OPERATION, INSTALLATION, AND MAINTENANCE INSTRUCTIONS 

Section 

I 

II 

III 

Table of Contents 

INTRODUCTION 

1.1 MOT!ON DETECTION . 
1.2 ISLAND PROTECTION 
1.3 EQUIPMENT SPECIFICATIONS 
1.4 GEN~RAL OPERATING PARAMETERS 

EQUIPMENT DESCRIPTION 

Page 

1-1 

1-1 
1-1 
1-2 
1-2 

2-1 

2.1 COMPONENT DESCRIPTION 2-1 
2.2 EXTERNAL EQUIPMENT 2-2 
2.3 CIRCUIT DESCRIPTION 2-4 

2.3.1 Basic Components 2-4 
2.3.2 Transmitter 2-4 
2.3.3 Motion Receiver and Differentiator 2-4 
2.3.4 Island Receiver 2-4 
2.3.5 Vital Gate Logic and Relay Driver 2-6 

2.4. THEORY OF OPERATION 2-7 
2.4.l Signal Board 2-7 
2.4.2 Detector Board 2-10 

APPLICATION OF THE MOTION MONITOR MM-20 

3. 0 GENERAL RULES FOR APPLYING ANY 
MOTION DETECTION DEVICE 

3-1 

3-1 

October, 1977 
A.:..77-250-2167-l UNtON SWITCH & SIGNAL DIVISION 

WESTINGHOUSE AIR BRAKE COMPANY 
Swissvale, PA 15218 



WABCD 
~ 

Section 

IV 

v 

VI 

VII 

Table of Contents 

3.1 OPERATIONAL CONSIDERATIONS 
3.1.1 Rail Impedance 
3.1.2 Track Ballast 

. <'· 
~' .:...;. ·~ ·.-:. 

3.1.3 Stabilization of Track 
Characteristics Through Shunts 

3.1.4 Types of Shunts 
3.1. 5 Rusty Rails 

3.2 WARNING, Z9NE DEFINITION 
3.3 ISLAND ZONE DEFINITION 

3.3.l Configuration of Island 
Protection 

· ·3. 4 PROTECTION TO ZERO SPEED 
3.5 RESTRICTIONS ON USAGE 
3.6 PARALLEL TRACK OPERATION 
3.7 MOTION MONITOR FREQUENCY SELECTION 
3.8 TRACK STRAP ADJUSTMENT 

MOUNTING AND ADJUSTMENTS 

4.1 MOUNTING 
4.2 CONNECTIONS 
4.3 ADJUSTMENT PROCEDURE 

FIELD MAINTENANCE 

5.1 FUSE REPLACEMENT 
5.2 FIELD EQUIPMENT AND TESTS 

· 5. 3 PERIODIC MAINTENANCE 

PC BOARD REPAIR 

PARTS LIST 

ii 

Page 

3-2 
3-2 

' 3..,. 2 

3-3 
3-3 
3-3 
3-3 
3-5 1. .. 
3-5 
3-6 
3-6 
3-6 
3-7 
3-8 

4-1· 

4-1 
4-1 
4-2 

5-1 

5-1 
5-1 
5-2 

6-1/2 

7-1 



FIGURE t 

2-l 

2-2 

2-3 

3-1 

3-2 

3-3 

3-4 

4-1 

7-1 

7-2 

7-3 

7-4 

. LIST OF ILLUSTRATIONS 

Motion Monitor Block Diagram 

Signal Board Block Diagram 

Detector Board Block Diagram 

Typical MM-20 Instq.llation 

Frequency Selection Chart for 3ft/1000' 

Frequency Selection Chart for sa/1000' 

Frequency Selection Chart for 10~/1000' 

Typical MM-20 Installation 

MM-20 Motion Monitor Assembly 

MM-20 Motion Monitor Schematic Diagram 

Signal P.C.B. Layout 

Detector P.C.B. Layout 

iii 

WABCD 
'V'~ 

PAGE 

2-5 

2-8 

2-9 

3-4 

3-9 

3-10 

3-11/12 

4-3 

7-3/4 

7-5/6 

7-11/12 

7-17/18 



.. 



SECTION I 

INTRODUCTION 

1.1 MOTION DETECTION 

WAEICCI 
~MY' 

WABCO's Motion Monitor MM-20 is a solid state track overlay 
device which will detect train movements toward a highway 
crossing. The Motion Monitor detects train motion by 
continuously measuring track circuit status. A constant 
current is fed into the rails adjacent to the highway at the 
crossing. This current develops a rail to rail voltage 
proportional to the track cir~uit impedance. As a train 
proceeds toward the crossing,the moving shunt effect of the 
train's leading wheels causes the impedance of the track 
circuit at the feed point (crossing) to decrease,and as a 
result,so too does the rail to rail voltage. The rate at which 
the impedance decreases is related to train speed and position 
within the warning zone along with several other factors.* 
Consequently, the MM-20's initial point of train detection for 
highway crossing start is distant for high speed trains and 
close for low speed trains. 

When a train operating within the MM-20's approach limits has 
stopped or reverses, moving away from the cro~sing, the 
Motion Monitor will clear the crossing, permitting automotive 
traffic to resume. Likewise, the highway crossing is cleared 
after a train proceeds through the crossing and has receded to 
the point where the last car's wheels have cleared the isla~d 
circuit. 

1.2 ISLAND PROTECTION 

The Motion Monitor system includes protection for the island 
zone. A built-in receiver, which is connected to the rails 
on the opposite side of the highway from the track feed, 
continuously monitors the rail to rail voltage at that point. 
If a train shunt occurs in the vicinity of the crossing, the 
receiver input voltage will fall below the island receiver's 
threshold, thus detecting the presence of a train much as in 
a conventional AFO circuit. Receiver sensitivity is adjustable 
to accommodate a wide range of applications. 

* These other factors include: Length of warning zone track 
rail impedance and ballast resistance. 

6037 I P• l-l 
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1.3 EQUIPMENT SPECIFICATIONS 

DC Input •.• • 8.8 to 16.2 V.D.C. (0.5V P-P maximum Ripple*·) 

Current Drain • 1.8 Amp. (Nominal) 

*If this value is greater than 0.5V P-P, a surge ripple 
filter must be used. (See Section 2.2, External Equipment). 

Output Loads •••• VITAL RELAYS 

Motion Monitor Relay •••• 400 ohms (PN-150 BH) 
Island Relay (Optional) . • 400 ohms (PN-150 BH) (PN-150B) 

Temperature Range •• -40°F to +160°F (-40°C to +70°C) 

Track Lead Resistance. . • No more than 0.15 ohms total. 

1.4 GENERAL OPERATING PARAMETERS 

In general, the Motion Monitor will perform over the ranges 
of parameters indicated in Table I although not all extreme 
limits may exist concurrently. Typical application data i~ 
covered in Section III. 

Motion Sensing 

Warning Zone . 

Warning Times 
Speed Range 

Track Characteristics 

Ballast 
Shunting Sensitivity 

Response Time 

Detection 
Clearing 

Island Protection 

Length 
Ring by 

TABLE I 

600' min. to 3200' max. 
( 183M to 9 75M) 

20 seconds up 
4 MPH to 100 MPH :(6.4KPH to 160KPH) 

1.0 ohm/1000 ft. to "infinite" 
0.0 to 0.06 ohms 

0.1 to 0.5 seconds 
Dependent on timer setting 

Maximum Car Span to 400 feet (121M) 
28 to 200 ft. (2.4M to 61M) 

NOTE 
Operating characteristics depend upon the sum total effects of all 
system parameters. Therefore, the above values may not all apply 
simultaneously. 

6037, p. 1-2 
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EQUIPMENT DESCRIPTION 
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The Motion Monitor Unit which ·is shown in Figure 7-1 and 7-2 
is housed in a sheet metal case with an overall size of 10-1/4 
inches (height) by 6 inches (depth) by 12 inches (length) 
(26 cm x 15.2 cm x 30.5 cm). The weight of the Motion Monitor 
is 17 pounds (7.7 Kg.) The case may be shelf, wall, or rack 
mounted. Seventeen terminals are provided for external 
connections. The case contains two printed circuit boards 
which are: 

1. Signal Board 
2. Detector Board 

2.1 COMPONENT DESCRIPTION 

1. Signal Board 

The Signal Board consists of the following: 

a. A vital, level controlled transmitter 
oscillator that establishes the frequency 
of the unit. These frequencies are: 
207 Hz, 230 Hz, 390 Hz, 405 Hz, 570 Hz, 
and 630 Hz. 

b. Preamplifier with factory adjusted gain, 
fed from above oscillator, provides the 
drive·to the power amplifier and controls 
the output current. 

c. Transmitter constant current power 
amplifier with one output lead, coupled 
to the rail by means of a series tuned 
track filter. 

d. A low frequency modulation transformer 
coupled to a 5 Hz multivibrator that 
provides the self check capability. 

e. Motion receiver tuned input circuit 
feeding a power amplifier and voltage 
transformer to provide input to the 
differentiator, no-motion receding train 
oscillator, and the vital gate. 

f. Island receiver tuned input circuit coupled 
to a high voltage limit detector and a 
preamplifier stage to drive the island 
receiver relay driver. · 

6037 I P• 2-1 
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2. Detector Board 

The Detector Board consists of the following: 

a. Voltage doubler and vital filter feeding 
the differentiating capacitor, which couples 
to an oscillator the self-check modulation 
signal and changes in signal strength due 
to train motion. 

b. Oscillator which generates an output when 
there is no motion (train stopped) or when 
a receding train is detected. 

c. Vital gates. 

d. Low frequency detector, amplifier and 
rectifier. 

e. Island relay and motion monitor relay 
drivers. 

f. Timer circuit. 

2.2 EXTERNAL EQUIPMENT 

The following additional equipment is required for proper 
operation of the Motion Monitor. 

1. Motion Monitor Relay (Type PN-150BH, Part No. N322511-007) 

This relay is de-energized when a train approaches the crossing 
within the detection range at a speed not lower than the minimum 
detectable speed. The relay is also de-energized anytime a 
train is within the island circuit which is defined as the 
length of track between the two sets of track connections. The 
positive control of the relay coil is connected to terminal 
6 of the Motion Monitor, and the negative control to terminal 
8 of the Motion Monitor. The relay is also an integral 
component of the timing circuit and requires the use of one 
set of FB contacts. The heel is returned to terminal 12, the 
back to terminal 14, while the front is returned to terminal 
10. 

2. Island Relay (Type PN-1.SOBH, Part No. N322511-007) 
or (Type PN-150B, Part No. N322500-901) 

Some applications may require use of an external island circuit 
detector relay. When required, the positive control of the 
relay coil is connected to terminal 13 of the Motion Monitor 
and the negative control of the relay coil is connected to 
terminal 11 of the Motion Monitor. 

6037, p. 2-2 
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3. Surge-Ripple Filter (12 VDC, 2.5A, Part No. N451036-0702) 
'<,. • - • I •• •• • """7 •:' ' • • -:·· ::y -- .:·- ',.:• 

A Surge-Ripple Filter is required when the pow~r suppiied has 
ripple greater than 0.5 volts peak-to-peak. 

. . . ·.: - . ::;;.~-~~~~~ 

4. Track Coupli.ng Unit Tuned Shunt 
.v -- . : . . : ; ,. .. ;-~r - . -- .-. :--::., .. : , 

The Track Shunt is used .. for 'stabilization· 'of track circuit 
characteristics, artd in som~"cases where mot£dfr;detectioi1 zone 
is required to be less than that·of tfi~ Mot.ion ;Monitor's 
effective range. 

.: ;,1, .... 

For application see Section III. 
Figure 3-1. 

For typiqal connections see 
. . ~ . . .. .. . ' 

Freq •..... 

207 az. 
280 Hz 
390 Hz 
405 Hz 
570 Hz 

:· 630 Hz. 

5. Lightning Arresters 
•, ( 

.-.Part No .. · .. 
-. . . .- ~-- ·~. . .·. 

N4519,;39-2~0;t. 
N4510~~-~4'92 . 
N451039-2403 
N451039-2-4_Q4 ,. ,~ 
N451039-2405 

· N451039-2406. 

-.. ~ '' . 

,. . .. , .··;·' ,: 

Lightning arresters are used to protect the Motion Monitor by 
limiting the surge vol:tages enterin<1 by way-- t>f. either the track 
or battery line. ·' ··· .. : ~. ·:-r· i :· 

For circuit placement see Se!ction IV. 

• J;>art No. 

N314265 
N327988 
N314266 

N.327989 

:bes'cr ipt ion· 

Rated breakdown, 50-300V 
Rated breakdown, 500~12oov 
Same as N3142'65,. with terminal 

block 
Saine as N32n}88, with terminal 

block~. •., 

6037 I P• 2-3 



WABCO 
~ 

2.3 CIRCUIT DESCRIPTION (REFERENCE - FIGURE 2-1) 

2.3.1 Basic Components 

The Motion Monitor MM-20 is made up of a trans:mitter,.motion 
receiver and an island receiver. The transmitter and motion 
receiver share conunon rail connections, while the island 
receiver is connected separately. 

2.3.2 Transmitter 

The transmitter oscillator is coupled to the power amplifier· 
with a large negative feedback to produce a constant current 
track source. One output lead is coupled to the rail by way 
of the track filter (a series ·resonant circuit) and the other 
output lead is coupled to the low frequency modulator which 
connects to the opposite rail. 

2.3.3 Motion Receiver and Differentiator 

The motion receiver is a sharply tuned detector that monitors 
the voltage across the rail impedance and compares this with 
a bucking voltage developed at the output of the transmitter's 
tuned filter. The output of the receiver is coupled to the. 
differentiator which responds to· any change in the inter-rail 
voltage caused by train movement. 

If no train is present, or one is stopped within the motion 
monitor's approach, the output from the differentiator is 
sufficient to place the no motion - receding train oscillator 
in oscillation. Similarly, a ~eceding train will cause a 
greater output from the differentiator and the no motion 
receding train oscillator will be placed into oscillation. 

However, a fast approaching train will cause the differentiator's 
output to reverse polarity and stop the no motion - receding 
train oscillator. 

2.3.4 Island Receiver 

The island receiver detects the presence of railroad cars in 
the near proximity or on the island circuit. The island 
receiver also includes in its output a rectifier and filter. 
The island receiver's rectified output is coupled to the 
vital gate circuit. 

60 37, p. 2-4 
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2.3.5 Vital Gate Logic and Relay Driver. 

Outputs from both the island receiver's rectifier and filter 
and from the no motion - receding train oscillator are applied 
to a vital gate circuit which includes modulation check 
circuitry. The outputs of these gates are applied to the 
Motion Monitor relay driver. The relay driver is a power 
amplifier that boosts the input to a sufficient level to drive 
the Motion Monitor relay. 

If no train is present, or one is stopped in the approach track 
circuit, both outputs are present to the vital gate circuits 
(one from oscillator and one output from the island receiver). 

Consequently, with both input~ present, the vital gate circuits 
will be "gated-on" and signal voltage will be supplied to the 
relay driver,causing the motion monitor relay voltage to be 
present. ·, 

When a train is approaching at a given speed and distance from 
the crossing so as to cause the inter-rail voltage to fall at 
a sufficient rate and produce a negative output from the 
differentiator, there will be no output from the no-motion 
receding train oscillator. The island receiver will apply an 
output voltage to the gates; however, since both outputs are 
not present at the vital gate circuits, the gates will be 
"gated-off", removing power to the relay driver. With no input 
voltage to the relay driver, the Motion Monitor relay will 
deenergize, causing the highway crossing warning devices to be 
activated. 

When the Motion Monitor relay is deenergized, the timing circuit 
is enabled through the back contact of the relay. The Motion 
Monitor relay will not be energized again until the elapsed 
time equals the time set'by the potentiometer of the 
internal timing circuit, and then only if the train has stopped 
approaching the crossing or is receding from it. 

When a train has occupied the island circuit, there will be no 
output from either the no motion - receding train oscillator 
or the island receiver. With no input voltages to the vital 
gate circuits,there will be no input to the relay driver. 
The relay driver having no input causes the Motion Monitor 
relay to remain de-energized. 

When a train has proceeded through the crossing to the point 
where the last car's rear wheels have sufficiently cleared the 
island circuit, both the no motion - receding train oscillator 
and the island receiver outputs will be present at the input 
to the vital gate circuits causing the gate to turn on. An 
output gate voltage will be supplied to the relay driver 
causing the Motion Monitor relay voltage to be present,and if 
the internal timer has run its time, energize the relay, thereby 
deactivating the highway crossing warning devices. 

6037, p. 2-6 
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2.4 THEORY OF OPERATION 

2.4.1 Signal Board (Refer to Figure 2-2 and 1~2} 

Since any modulation of the transmitter due to power supply 
changes would have a drastic effect on the receiver, which is 
sensitive to very small changes in amplitude,the circuitry has 
been designed to be immune, as nearly as possibl_e, from power 
supply changes. For example, the oscillator, Q2, is designed 
to have zener diode regulation of its power supply, with the 
diode's impedance in series with the oscillator tuned circuit, 
so if the diode were to open, the. Q of the tuned circuit would 
be reduced so that the oscillator will not oscillate. This 
assures that the transmitter will not operate with the oscillator 
in an unregulated condition. .Resistor RlO and Rll provide 
further compensation by feeding a portion of the power supply 
change to the oscillator base bias circuitry in such a manner 
that the oscillator output actually falls slightly for a supply 
voltage increase. This compensates for tendencies in the 
opposite direction due to zener diode impedance and imperfections 
in the subsequent stage's gain stability. The output of the 
oscillator is coupled by transformer T2 to the pre-amplifer 
made up of transistors Q3, Q4, QS, and Q6. Since this amplifier's 
most sensitive point is to power supply ripple in its input bias 
network, it is safely filtered with a four terminal capacitor, 
Cl2. The pre-amplifier is capacitively and transformer coupled 
by Cl5 and T3 to the power amplifier made up of Q7, Q8, Q9, and 
QlO. Since it was found that this power amplifier could be 
modulated by changes in its input bias, its base bias voltage 
is also supplied from the oscillator zener voltage. The power 
amplifier uses emitter degeneration to make it independent of 
power supply changes and also to make it act as a constant current 
source. The power-amplifier is transformer coupled, by T4, 
to the rails through a series resonant filter, TS and Cl7. 
Part of the voltage across the inductor of this tuned circuit 
is used for bucking purpose, since it will be constant regardless 
of train position. Transformer T4 provides the phase correcting 
part of the bucking voltage. 

The modulator circuit consisting of Qll, Ql2, and Ql3 functions 
as a conventional multivibrator, oscillating at approximately 
five (5) cycles per second, the desired modulation frequency. 
Ql2 drives Qll, which acts as a switch to alternately short and 
unshort the high voltage secondary of the modulation transformer 
T7. Current flowing from the series resonant filter through the 
primary of the modulation transformer, on its way to the rails, 
induces a small voltage in the other secondary which is in series 
with rail input to the motion detector receiver. Conduction of 
Qll removes this small voltage. Diode 012 protects this circuit 
from surges. 

6037, p. 2-7 
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The algebraic sum of the track voltage, the bucking voltage, 
and the modulating voltage is fed to a tuned transformer, T8, 
which serves as the input of the motion receiver. Surge 
protecting diodes, 013 and 014, are connected to the secondary 
of this transformer. The transformer drives the motion 
receiver amplifier made up of Ql4, Ql5, Ql6, and Ql7. This 
amplifier drives a transformer T9, which steps up the voltage 
to be fed to the voltage doubler on the Detector PCB. 

A portion of the receiver is shown in the upper left portion 
of the schematic diagram (Figure 7-2). A tuned transformer, 
Tl, coupled to the rails operates both the limit detector and 
the island receiver. The limit detector receives a voltage 
proportional to the rail voltage and is rectified by diodes 
02 and 03. This voltage then.drives an oscillator, Ql, that 
feeds a high frequency signal to the and/or gate when the 
track voltage exceeds the bucking voltage. This high frequency 
signal will therefore not be present when a train is within the 
limits of detection of the motion monitor. 

2.4.2 Detector Board (Refer to Figure 2-3 and 7-2) 

The island receiver consists of.transistors Q2, Q3, Q4, QS,. 
and Q6. The base of input transistor Q2 is protected from 
surges with two diodes, 05 and 06, while the following four 
transistors make up a high feedback gain stable amplifier. 
Adjustable gain for the receiver is provided by the SENSITIVITY 
control, Rl. The output of the receiver is then rectified and 
filtered by 08, 09, and ClO. It will then be used as a gating 
voltage which will be present except when a train is occupying 
the island section of the track. 

The output of the motion receiver on the Signal PCB is fed to 
the voltage doubler, where voltages of up to 300 voe are avail
able to drive the differentiating capacitor. While the five 
cycles per second modulatinq frequency must be passed through 
the differentiating capacitor, any carrier frequency ripple 
getting this far could result in an unsafe condition, so 
ripple filtering is provided by a two section RC filter using 
two, four terminal capacitors, C2 and C3. The differentiating 
capacitor, C4, must be of a very high quality, since it will 
have to withstand several· hundred volts across it and still 
exhibit a low leakage compared to the 1~1;2 microamp signal 
which results from the slowest moving train which can be 
detected. The output of the capacitor is coupled directly to 
the no motion.or receding train oscillator, Ql. This oscillator 
operates at approximately 1-1/2 microamps of power supply 
current, and an approaching train serves to buck or overcome 
this current, thereby turning the oscillator off. This supply 
current must be of a known value and vitally so, therefore 
power for this oscillator is derived from the zener diode in 
the transmitter oscillator on the Signal PCB. If no trains are 

6037 I P• 2-10 
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moving toward the crossing, this oscillator will be oscillating 
and modulated at 50% or more by the five cycles per second 
recovered modulation being passed through the differentiator. 
The output of the no motion oscillator is transformer coupled 
by Tl to the gating transistor, Q8. This transistor has its 
power supplied by the island receiver through the rectifier/ 
filter. If the island is occupied, this DC output goes away 
and Q8 provides such a heavy loading on the oscillator, that 
it stops completely. The output of the gate goes to three 
places, (1) the voltage doubler/modulation detector, (2) the 
modulation amplifier, and (3) the and/or gate. The output of 
the gate is first capacitive coupled to a voltage doubler which 
once again demodulates the five cycles from the oscillator 
output, filters out the oscillator frequency, and couples the 
modulation to the modulation amplifier. This amplifier is 
made up of transistors Q9, QlO, Qll, and Ql2. The output of 
the amplifier is rectified and filtered by DlS, Dl6 and C21, 
then fed to the and/or gate, Ql3. This gating voltage is a 
check of the oscillator, Ql. Thus,Ql3 will haye an output if 
there is· 'Dc provided for its collector from the rectifier filter 
{this DC resulting from either the recovered modulation, or 
from a large oscillator output due to a rapidly receding train) 
and if a high frequency is coupled to the base of Ql3 from 
either the no motion oscillator by way of the gate, or from 
the limit detector on the Signal board. Thus,transistor Ql3 
can be considered to be an OR gate at its base input, and an AND 
gate with respect to the combination of its base and collector 
inputs. The output of the and/or gate is coupled to a four 
transistor relay amplifier made up of Ql4, QlS, Ql6, and Ql7. 
This amplifier is used to provide enough power to drive the 
motion relay. An output transformer, T2, is used to insure 
that sufficient relay voltage is available at the lowest power 
supply voltage to .be used. 

As the motion monitor relay is deenergized, both the Colpitts 
oscillator circuit, Q20, and the progranunable unijunction 
oscillator circuit,. Ql8·, are connected to the negative battery 
by the back contact of the motion monitor relay. The progranunable 
unijunction transistor oscillator will time out according to the 
charging rate of capacitor C26, as determined by the value of 
R42 and the setting of R2-A and will be allowed to trigger the 
gate if, and only if, the detection circuit indicates that the 
motion voltage has come back up enough to hold up the motion 
relay. The inhibit of the trigger is accomplished by clamping 
the gate of the PUC to B+ by way of the back contact of relay 
RYl. As C26 is being charged, capacitor C31 is being charged 
through resistor RSl and R2-B and will have sufficient charge 
at 3/4 through the delay time setting to pick up the motion 
monitor relay when the gate is triggered. The operating margin 
compensates for small supply voltage fluctuations, tolerances 
in C31, and the relay coil pick-up power due to temperature 
changes. After pick-up, the timing circuits are inoperative 
and the motion relay is held up by the motion voltage at the 
output of T2, through its own front contact and diode D24. 
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SECTION III 

APPLICATION OF THE MOTION MONITOR MM-20 

3.0 GENERAL RULES FOR APPLYING ANY MOTION DETECTION DEVICE 

The following considerations should be kept in mind when 
considering the application of any motion detection device 
which operates on the principle that an approaching train will 
cause decreasing track impedance.. ; 

Double bonding within the approach limits of highway crossings 
is suggested as extra protection against improper operation 
due to high resistance singl~ bonding. 

The "Track Coupling Unit Tuned Shunts" should be used if there 
are any insulated.joints-within the effective limits of the 
motion monitoring track circuit. However, there is no 
protection given in the event that one of these units becomes 
disconnected. For this shortcoming, similar to that of the 
previously mentioned bonding, the only solution is to 
incorporate "continuous rail" at least over each approach of 
every highway crossing that employs a motion detection device 
for warning. 

Two sets of insulated joints should be located between motion 
detection devices operating at the same frequency on the same 
track.· 

Motion detection devices should be used in accordance with Exhibit 10 
of the AAR-1973 Advanced Reports. For proper operation, wheei to 
rail shunting resistance should be within AAR specification 
limits (0 to 0.06 ohms). 

For any motion detection devices, certain conditions of 
broken rail can negate train detection while train movements 
are in progress. Therefore, inspection procedures should be 
exercised to insure the integrity of the rail circuit, 
including bond wires, joints, etc. 

Under no case should any cars be left standing on a highway 
crossing approach equipped with a motion detection device 
while switching is being·performed unless operating rules 
require a flagman during such an operation. 
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3.1 OPERATIONAL CONSIDERATIONS 

Optimum results from the Motion Monitor can only be obtained 
through an understanding of the factors involved and how these 
factors can be manipulated to the users best advantage. 
Among the subjects covered by this chapter are: 

How to control the effect of swings in track ballast. 
How to limit the warning zone. 
How to establish the length of the island zone. 
Determining the best operating frequency. 

3.1.1 Rail Impedance 

The impedance of the rails is determined essentially by the 
operating frequency of the Motion Monitor MM-20. The unit is 
designed to treat the rails the same at all frequencies, thus 
eliminating many adjustments that might normally be needed at 
the time of installation. 

3.1.2 Track Ballast 

Changes in track ballast resistance will have an effect on 
Motion Monitor operation. Track circuit stabilization is 
suggested as a means of dealing with the ballast resistance 
problem. · 

Some of the effects of ballast resistance changes are: 

1. Decrease in effective approach distance. 

2. Narrowing of speed range applicable for a given 
warning time. 

3. Decrease in minimum warning time. 

4. Lengthening of effective island zone. 

The Motion Monitor is designed to perform satisfactorily with 
track ballast of 3 ohms/1,000 ft. to "infinite" ballast 
resistance. However, ,it will operate under some conditions 
with track ballasts as low as 1 ohm/1,000 feet • 

• 
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3.1.3 Stabilization of Track Characteristics Through Shunts 

WABCO 
"V'"A~ 

The Motion Monitor may be applied in continuous rail areas 
without special attention to the track. However, performance 
will be enhanced, particularly under varying environmental 
conditions,by the addition of rail to rail shunts at the 
extremes of the warning zone. 

Shunts minimize variations in the following: 

I. Effective warning distance. 
2. Speed range applicable for a given warning time. 
3. Maximum warning time. 
4. Length of effective island zone. 

3.1.4 Types of Shunts 

These shunts may be one of several types depending upon the 
nature of .. other signals co.,.existing on the rails as follows: 

1. Hardwi·re or "zero" ohm impedance shunts may be 
used where such devices will not disrupt operation 
of other rail carried signals. 

2. Tuned, series resonant shunts are used in 
applications where A.C. signals of other 
frequencies are using the rails concurrent with 
the Motion Monitor. 

3. Capacitor shunts may be used in place of tuned 
shunts in situations where only D.C. track signals 
use the rails. 

3.1.5 Rusty Rails 

High wheel contact resistance, that is, within the range of 
Oto 0.06 ohms does not appreciably affect performance of the 
Motion Monitor. It tends to narrow the range of speeds 
applicable for a given warning time. 

High wheel contact resistance has a greater, but predictable 
influence on operation of the island zone. Assuming the island 
receiver has been adjusted to properly detect a 0.06 ohm wheel 
shunt, the actual zone of ·influence will spill over further 
beyond the physical limits of the island when a normal, "zero" 
shunt passes through the crossing. 

3.2 WARNING ZONE DEFINITION 

When the Motion Monitor is used on tracks without benefit of 
rail to rail shunts, the extent of the effective warning zone 
is determined by signal frequency and by environmentally 
affected ballast resistance. Warning zone length changes can 
be as great as 2 : 1 or more. · 
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Therefore, where closer control of the effective warning zone 
is desired, or when it is desired to minimize interference to 
other rail carried signals, rail to rail shunts as described 
previously may be placed at the desired distance from the 
crossing (see Figure 3-1). 

In placing these shunts, care must be exercised to place them 
within the limits defined in the Frequency Selection Charts, 
Figures 3-2, 3-3, and 3-4. Unsymmetrical arrangements of the 
warning zone tend to de-sensitize the Motion Monitor1 however, 
performance remains generally within acceptable limits for 
configurations having up to 1.3: 1 unbalance. 

Rail to rail shunts should be located appropriately in 
consideration of all railroad operating conditions. Deviations 
from limiting conditions should be covered by appropriate 
railroad operating rules. 
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3.3 ISLAND ZONE DEFINITION 

The chief purpose of the "island circuit" is to protect the 
crossing during periods when it is occupied by either stopped 
or very slow speed rail traffic. 

As a further feature, protection can be provided for all train 
speeds down to "zero MPH" by judicious configuration of the 
island. 

3.3.1 Configuration of Island Protection 

1. Track Connections 

The track feed leads are connected to the rails adjacent to 
the highway. A second pair of track leads for the island 
receiver are connected to the rails on the opposite side of 
the highway. The minimum distance between the two pairs of 
leads, in addition to spanning the highway, should not be less 
than the maximum inner wheel span of the railroad cars using 
the crossing. 

2. Operational Detection Zone 

As is the case with all AFO circuits, the effective zone of 
operation spills over beyond the physical zone. In the case 
of Motion Monitor applications, the extent of this effect is 
controllable and may be used to advantage. The following will 
provide a better understanding to.help avoid misapplication. 

Detection of "Zero" Ohm Train Shunt 

When it is desired to protect the island zone for only normal 
"Zero" ohm train shunts, the island receiver may be adjusted 
to trip at a low input ·signal level. The spill over, or ring by, 
can be expected to be less than 10 feet. However, it should 
be noted that high resistance train shunts (0.06 ohms) will not 
be detected because the receiver voltage will not fall to the 
drop-away level. 

Detection of 0.06 ohm Shunt 

In installations where positive protection is required for 
train shunts up to 0.06 ohms, the island receiver should be 
adjusted to trip at an input level slightly above that 
prevailing in the presence of a 0.06 ohm shunt. The exact 
value may be determined by use of a calibrated shunt at the time 
of adjustment. 

With this adjustment, the spill over can be expected to be 
greater than 28-feet for a train providing a 0.06 ohm shunt 
and even greater for a train providing.a normal "Zero" ohm shunt. 

6037, p. 3-5 



WABCO 
~ 

3.4 PROTECTION TO ZERO SPEED 

The Motion Detector functions down to a low but finite speed 
under a broad range of operating conditions. If protection is 
desired t,o zero speed, the island circuit may be extended by 
making the track feed and island receiver connections about 
170 feet from the edges of the highway for 30 seconds minimum 
warning and 115 feet for 20 seconds minimum warning. 

An alternative method for extending the effective range of 
the island is to adjust the island receiver sensitivity to a 
sufficiently high input level as to extend the spill over 
the required distance. This adjustment can be made by using 
a calibrated test shunt of the value desired (0.06 ohm}, 
placed a few feet further fro~ the highway than the intended 
effective island zone,thus allowing for variations due to 
ballast resistance changes. In operation, the Motion Monitor 
will provide protection for trains approaching at speeds 
down to its sensitivity threshold,while the island receiver 
fills in the gap for lower speeds. 

NOTE: With either method described previously 
under Paragraph 3.4, a penalty of long 
spill over or ring-by is encountered for 
slow trains since the island will also be 
extended for receding train movements. 

The exact amount of spill over or ring-by 
is dependent upon the operational frequency 
of the MM-20 in question, and may be 
considered to be roughly inversely 
proportional to its frequency. Exact 
performance is dependent upon the sum 
total of all prevailing system parameters. 

3.5 RESTRICTIONS ON USAGE 

Application rules should be followed when motion monitors are 
applied in coded track territory. 

MM-20 should not be applied in electrified territory. 

3.6 PARALLEL TRACK OPERATION 

Where two parallel tracks are to be equipped with Motion 
Monitors, different frequencies must be used on each adjacent 
track to avoid mutual interference. 
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3.7 MOTION MONITOR FREQUENCY SELECTION 

For various reasons it is not possible to establish rules that 
will show operation under actual field conditions. The 
following is supplied as a guideline for frequency selection. 

As stated previously in Section 3.1.2, it is necessary to 
determine the minimum track ballast resistance encountered at 
the particular highway crossing. To determine the applicable 
frequencies for a given installation, determine the maximum 
approach speed of rail traffic and the desired warning time. 
Select the applicable chart (Figure 3-2 for 3 ohms, Figure 3-3 
for 5 ohms, and Figure 3-4 for 10 ohms} according to the 
minimum track ballast resistance to be encountered. Where the 
horizontal speed line intersects the diagonal warning time 
line, look down to the horizontal scale to determine the 
minimum length of the approach zone. The permissible operating 
frequencies may be read by referring to the area in which the 
speed and time line intersect. 

From these charts it can be seen.that the operating frequency, 
channel separation or number of channels within a given range, 
the maximum detectable range, minimum ballast, and the warning 
time are all interrelated. 

The following formula may be used as a guide to detection range 
and warning time. 

As a general rule of thumb: 

L = 700 

Where L = Detecting range {ft.) 
f = Frequency (Hz) 
b = Ballast (Q /1000 ft.) 

EXAMPLE: At 3 ohm ballast and 207 Hz 
L = 2665 ft. 

Warning Time can be defined by: 

T = L/V 
Where T = Warning Time (Sec.} 

V = Velocity (ft./sec.) 
L = Initial Detection (Ft.) 

EXAMPLE: For an initial detection at 2 ,66·5 ft. 
and 60 MPH trains (88 feet/sec.),the 
warning time would be about 30 sec. 
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3.8 TRACK STRAP ADJUSTMENT 

The Motion Monitor MM-20 features a track length sensitivity 
adjustment consisting of a strap, mounted across either 
terminals 1 and 3 (long track), or terminals 2 and 4 (short 
track). The selection of the proper position of the strap 
is influenced by such operating conditions as; the length of 
the approach zone, operating frequency of the MM-20 unit, and 
the minimum track ballast resistance encountered at the 
particular highway crossing. Above conditions are accumulated 
in Figures 3-2, 3-3 and 3-4 on which benchmark "a" depicts the 
dividing line up to which distance a termination shunt requires 
a shorting strap across terminals 2 and 4. A termination shunt 
placed across the track at a point in excess of the benchmark 
distance "a" requires a shorting strap across terminals 1 and 3. 

6037 I P• 3-8 
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SECTION IV 

MOUNTING AND ADJUSTMENTS 

4.1 MOUNTING {REFERENCE 7-1 and 7-2) 

The Motion Monitor case is designed to be'either shelf, wall 

WABCO 
~~ 

or rack mounted. Mounting brackets may be turned 90° to 
accommodate ·shelf mounting. By reversing the mounting brackets, 
the Motion Monitor can be mounted in a rack with plug-in 
relays without exceeding the clearance line of above relays. 

4.2 CONNECTIONS (REFERENCE FIGURE 3-1) 

1. Rail Connections 

The transmitter and receiver connections must be made with 
twisted pairs (three twists per foot). The two twisted pairs 
must be separated as much as possible. The loop lead resistance 
is to be held to 0.15 ohms or less. Placement of the rail 
connections at the track is dependent on the application, see 
Section .III. 

2. Battery Connections 

The power supplied must be a minimum of 8.8 voe and a maximum 
of 16.2 voe at the Motion Monitor's terminals (terminal 11· 
positive and terminal 9 negative). 

Maximum ripple voltage should not exceed 0;5 volts peak-to-peak. 
A surge-ripple filter must be used when the ripple is greater 
than 0.5 volts. 

3. Lightn~ng Arresters 

Lightning protection for the Motion Monitor is to be provided 
as shown in Figure 3-1. Ground wires should be as short as 
possible and without sharp bends. 

A lightning shunt arrestor should be connected across the D.C. 
power source (USG shunt, low voltage N314266). 

For protection of the Motion Monitor from surges entering from 
the track,both series to ground (USG series, high voltage with 
terminal block N327989) and shunt (USG shunt, low voltage 
N314265) protection should be installed as shown in Figure ~-1. 
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4. Ground Connections 

Ground wires should be kept as short as possible without sharp 
bends. Ground connections should be made to the commonlow 
voltage ground bus system that includes grounds at cases or 
houses. Make ground connections with #6 wire. Messenger wire 
or metallic sheath of cable, if used, may serve as ground tie
in between cases or houses. Terminal 16 on the Motion Monitor 
is chassis ground normally left ungrounded. 

5. Relay Connections 

Relays should be connected in accordance with Figure 3-1. 
If, however, the relay has front testing,remove the wire 
from +A and connect it to the.+T terminal of the relay. This 
applies to both the Motion Monitor relay and the Island relay. 

4.3 ADJUSTMENT PROCEDURE (REFERENCE.FIGURE 4-1) 

The Motion Monitor has two potentiometer adjustments. 

(a) "TIME" potentiometer, adiustable from 6-36 seconds 
and factory adjusted to 20 seconds. 

(b) "ISLAND" potentiometer. 

In most applications,the factory set 20 second delay time will 
be satsifactory and the only Motion Monitor adjustment will be 
the setting of the "ISLAND" potentiometer~ which is described 
below. 

STEP I. CONNECT a 0.06 O test shunt across the track 

6037, p. 4-2 

on the island receiver's side of the crossing 
at the location.where it is desired to define 
the limit of the island zone. This usually 
will be at the point where the island receiver's 
leads connect to the track; but might be farther 
from the crossing if it is desired to extend 
the island zone beyond its physical limits. 
In no case should the test shunt be placed 
within the island zone; that is, between the 
points where the island receiver's connections 
and the transmitter's track feed connections 
(opposite sides of the highway) are made. 
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STEP 2. IF THE MO~ION MONITOR RELAY IS DE-ENERGIZED 

a. TURN the potentiometer clockwise all the way 
~wait approximately 20 seconds until Motion 
Monitor Relay is energized. Perform Step 3. 

STEP 3. IF THE MOTION MONITOR RELAY IS ENERGIZED 

a. ':::'URN the potentiometer slowly counter
clockwise just to the point where the 
relay ae·-energizes. 

b. REMOVE the test shunt 

c. CHECK that the relay is now energized. 

If the relay fails to energize, 
Step 3 a. was improperly performed. 
Repeat Steps 1 through 3 c. 
inclusive. 

TUNED 
SHUNT 
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d. "CONNECT the 0.06 Q test shunt across the 
track at the point where the track feed 
leads are connected to the rails. 

e. CHECK that the relay is de-energized 

If the relay fails to de-energize, 
check all four track lead 
connections to see that they agree 
with Figure 4-1. Make necessary 
corrections and repeat Steps-1 
through 3e. 

THIS CONCLUDES THE ADJUSTMENT PROCEDURE 

STEP 4. REMOVE the test shunt from the track. 

STEP 5. Tighten lock nut of "ISLAND" potentiometer. 

If 20 second delay time is not applicable to the particular 
site situation, the "TIME" potentiometer can be adjusted as· 
follows: 

1. Loosen lock nut of "TIME" potentiometer. 

2. For less time, turn potentiometer counter-clockwise, 
and for more time, clockwise. 

3. To measure the delay time after adjusting potentiometer, 
proceed as follows: 

a. Momentarily short terminal 15 to 17 on the 
Motion Monitor Unit. The MM relay will 
de-energize. 

b. With a watch, measure the elapsed time 
that the MM Relay stays de-energized. 

4. Repeat Steps 2 and. 3 until the desired delay time is 
obtained. 

5. Tighten lock nut. 
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SECTION V 

FIELD MAINTENANCE 

With the· exception of replacing a fuse. or repairing an·· obvious 
fault,· such as a broken wire; it is recommended that a defective 
Mot'ion Monitor 20 Unit be repla~ed with a good unit·. 

5.1 FUSE REPLACEMENT 

The fuse that protects the Motion Monitors circuitry is 
located on the cover. Cause of overload should be determined 
and fixed before a new fuse is inserted. Replace the defective 
fuse only with one of the same value; 3 Amp. @ 125V, 3 AG, 
SLOW-BLO. (WABCO Part #BUJ0-85075-1020). 

5.2 FIELD EQUIPMENT AND TESTS 

The following list of voltage measurements will enable 
maintenance personnel to distinguish between external wiring 
and MM-20 internal circuit problems. 

The following measurements are made with a track shunt applied 
at the point on the track that produces a 0.65 volt RMS signal 
across the transmitter leads terminals 5 and 7 with a battery 
voltage of 12 VDC across terminals 11 (+) and 9 (-). 

Meter-Simpson 260, or equivalent 

AAR TERMINAL VOLTAGE REQUIREMENT 

5 and 7 0.65V RMS 
15 and 17 0.65V RMS 

11· ·c+ r and 9 (-) 12V DC 
6 (+) and 8 (-) 6 to 7.5V DC with 5 Hz mod. 

13 (+) and 11(-) 6 ·to av DC 
16 and Earth GND ov 

Monitoring of the 2 LED's on the cover of the Motion Monitor 
and a check on the state of the island and motion relays will 
indicate the condition of the Unit. With no track shunt 
applied, the two relays are to be in the energized state, .the 
"ISLAND" LED indication on steady, and the "MOD CHECK" LED 
indicator on and off at a 5 Hz rate. 
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5.3 PERIODIC MAINTENANCE 

Regular inspection and corrective action should be taken to 
keep the effective series loop rail resistance in each direction 
from the feed point of the Motion Monitor track circuit as low 
as possible. Good maintenance practices are encourged so as 
to maintain high ballast resistance, to insure integrity of the 
rail bonds, MM-20 rail connections and rail splices so as to 
maintain a low electrical resistance. 
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SECTION VI 

PC BOARD REPAIR 

IMPORTANT NOTE 
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The WABCO Motion Monitor MM-20 has been designed in accordance 
with vital design principals. As with vital relays, the 
repair of motion monitors should be done by qualified personnel. 
Prompt repair service is available by returning the defective 
unit to Union Switch & Signal, Swissvale, Pa. 
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SECTION VII 

MOTION MONITOR MM-20 ASSEMBLY 
(DETAILED PARTS) 

KEYED TO FIGURE 7-1 

DESCRIPTION 

Signal P.C.B. 207 Hz 
Signal P.C.B. 230 Hz 
Signal P.C.B. 390 Hz 
Signal P.C.B. 405 Hz 
Signal P.C.B. 570 Hz 
Signal P.C.B. 630 Hz 
Detector P.C.B. 
Box 
Cover 
P.C. Mtg. Bkt. I Right 
P.C. Mtg. Bkt.·, Left 
Mtg. Flange 
Term Block 
Term Washer 
Term. Stud 
Nut 
Nut 
Light Em. Diode MLED 650 
Pot, soon 
Pot, Dual 500K/20K 
Fuse Holder 
Fuse, 3A SLO 
Cable Assembly 
Safety Wire & Seal 
Term Jumper 
Liner 
Resistor, l/4W, 5% (Value to be 
determined in test) 
Spacer 
Screw #6-32 x 5/16 
Lockwasher #6 
Nut :fl:6-32 
Screw #8-32 x 5/16 
Lockwasher :fl:8 
Screw #10-32 x 1/4 
Screw #10 - 32 x 3/8 Fi lister 
w/cross hole 
Lockwasher #10 
Screw 1/4 - 20 x 1-1/8 
Nut, 1/4 - 20 Lock 
#22 Bus Wire 
Wire :fl:18 Black 
Lug, 1/4 Ring 

WABCO 
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WABCO Part# 

85702-1001 
85702-1002 
85702-1003 
85702-1004 
85702-1005 
85702-1006 
85703-1001 
85701-1001 
85701-2001 
85701-3001 
85701-3002 
85701-4001 
J077826 
J047818 
M380743 
M029103 
M029101 
85331-4001 
85042-3006 
85042-2004 
85074-2001 
85075-1020 
85700-7001 
86050-1001 
Ml20343 
85017-1007 

85007-2XXX 
86951-1024 
86905-1610 
86921-1061 
86940-1601 
86901-1710 
86921-1081 
86901-1908 

86260-1008 
86921-1101 
86910-1009 
86946-1142 
86001-4001 
86100-6030 
86990-1012 
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MOTION MONITOR MM-20 ASSEMBLY (CONTINUED) 

ITEI1 DESCRIPTION WABCO Part# 

ORDERING REFERENCE 
(Complete Units) 

Motion Monitor, MM-20, 207 Hz 085700-1001 
Motion Monitor, MM-20, 230 Hz 085700-1002 
Motion Monitor, MM-20, 390 Hz 085700-1003 
Motion Monitor, MM-20, 405 Hz 085700-1004 
Motion Monitor, MM-20, 570 Hz 085700-1005 
Motion Monitor, MM-20, 630 Hz 085700-1006 

(External Uni ts) 

Relay, Motion Monitor, 
Type PN-150BH N322511-007 

Relay Island, Type PN.;;.150BH N 322 511-00 7 
Mounting, Relay N349904 
Surge-Ripple Filter, 12VDC, 2.5A N451036-0702 

Track Coupling Unit Tuned Shunt 

207 Hz Unit N451039-2401 
280 Hz Unit N451039-2402 
390 Hz Unit N451039-2403 
405 Hz Unit N451039-2404 
570 Hz Unit N451039-2405 
630 _Hz Unit N 4510 39-2406 

Lightning Arrester, 50-300V 
Breakdown N314265 
Arrester with terminal block N314266 

Lightning Arrester, 500-1200V 
Breakdown N327988 
Arrester with terminal block -- . N327989 
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' 

ITEH 

Cl 
C2 
C3 
C4 

C5,6,15,23 
ca 

C9,12 
ClO 

Cl 3, 24 
Cl4 
Cl6 

Cl8,19 
C20,21 
C25,26 

C27 

Dl,4 
02,3,5,6,12 
13,14,15 
07,8,9 
010,11 

Ll 

Ql 
Q2,3.15 

Q4 
Q5,7,8,16 
Q6,17 
Q9, 10 
Qll,12,13, 
14 

Rl,33 
R2,4 

R3 
R5,19,26,34 
R7,27,30,37 

R8 
R9 

BASIC SIGNAL·P.C.B. ASSEMBLY 
(DETAILEm PARTS) . 

Keyed To Figure 7-3. 

DESCRIPTION WABCO Part 

Capacitor, • 005 Mfd., 5%, lOOV 85330-2009 
Capacitor, .056 Mfd., 5%, lOOV 85330-2036 
Capacitor, • 022 Mfd., 5%, lOOV 85037-2012 
Capacitor, 0 .1 Mfd., 5%, lOOV 85037-2013 
Capacitor, 15 Mfd., 10%, 20V 85050-2026 
Capacitor, • 005 Mfd., 20%, 400V 85037-2022 
Capacitor, 47 Mfd., -25+200%,50V 85037-2021 
Capacitor, 100 Mfd., ..;;;15+75% ,25V 85050-2018 
Capacitor, 270 Pfd., 5%, 300V 85016-7271 
Capacitor, 58(:) Mfd., -10+75%, 30V 850 50-5008 
Capacitor, 47 Mfd., 10%, 6V 85050-2029 
Capacitor, 1 Mfd., 10%, 200V 85037-2011 
Capacitor, 2 Mfd., 5%, 200V 85037-2018 
Capacitor, 1000 Pfd. ~ 10%, 500V 85038-2005 
Capacitor, 350 Mfd., ;;;..10+75%, 25V 85050-5007 

Diode, Zener, 6.2V 1N753A 85040-3035 
}oiode 1N456 85040~1007' 

Diode 1N4003 85040-5012 
Diode 1N281 85040-1003 

Choke, 10 mh 85093-0002 

Transistor, 2N5210 85039-4010 
Transistor 2N3643 85039-4806 
Transistor -2N3644 85039-3806 
Transistor 2N4031 85039-3702 
Transistor 2N4037 85039-3702 
Transistor 2N3055 85039-6001 

Transistor, MPS404A 85039-3701 

Resistor, 4.7K Q, 5%, ~w 85007-4472 
Resistor, 120KQ, 5%, ~w 85007-4124 
Resistor, 15KQ, 5%, ~w $5007-4153 
Resistor, TBD, 5% \W 85007-2 
Resistor, lOKQ, 5% ~w 85007-4103 
Resistor, 33KQ, 5%, ~w a5001-4333 
Resistor, lKrl, 5%, ~w a5001-4102 

ft 

WABCD 
~ 

6037, p. 7-7 



WABCO 
~ 

ITEM 

RlO 
Rl2,16 

Rl3 
Rl4 
RlS 
Rl7 

Rl8,35 
R20 

R21,36 
R22 
R25 

R28,29 
R31 
R32 

T3 
T4 
T6 

R6 
Rll 

R23,24 
RTl 

Tl, C7* 
T2,Cll* 
TS, Cl7* 

T7 
T8,C22* 
T9,C28* 

6037, p. 7-8 

BASIC SIGNAL P.C.B. ASSEMBLY 
(DETAILED PARTS) 

cont'd. 

DESCRIPTION 

Resistor, 18on, 5%, lW 
Resistor, 8. 2Kn, 5%, ~w 
Resistor, 3.3Kn, 5%, ~w 
Resistor, 3. 9Kn, 5%, ~w 
Resistor, sin, 5%, ~w 
Resistor, 5. lKn, 5%, ~w 
Resistor, 45Kn, 5%, ~w 
Resistor, 1. lKn, 5%, ~w 
Resistor, 33on, 5%, ~w 
Resistor, 2 • 2Kn I 5%, ~w 
Resistor, 1oon, 5%, 2W 
Resistor, 82Kn I 5%, 2W 
Resistor, 27Kn, 5%, ~w 
Resistor, 12Kn., 5%, ~w 

Transformer 
Pot Core Assembly 
Transformer·output 

FREQUENCY DETERMINING COMPONENTS 
FOR: SIGNAL P.C.B. 85702-1001 

(207 Hz.) 

Resistor, 20Q, 5%, ~w 
Resistor, 33Q, 5%, ~w 
Resistor, in, 5%, SW 
Thermistor, MD12L3 
Pot Core Assembly 
Pot Core Assembly 
Transformer 
Transformer 
Pot Core Assembly 
Pot Core Assembly 

*These items are tested and 
supplied as matched assemblies 
and must be installed in pairs 
without mixing: Tl,C7; T2,Cll; 
rpc;_rl7· rpQ ro??. riia ro?Q 

WABCO Part# 

85007-6181 
85007-4822 
85007-4332 
85007-4392 
85007-4510 
85007-4512 
85007-4473 
85007-4112 
85007-4331 
85007-4222 
85007-8101 
85007-4823 
85007-4273 
85007-4123 

451039-1302 
85097-7001 
451039-1203 

85007-4200 
asoo1-4330 
tr723600 
$5057-1013 
85097-6019 
85097-6001 
tt'45l039-0222 
tt'436687 
185097-6007 
185097-6013 

----. 



ITEH 

R6 
Rll 

R23,24 
RTl 

Tl,C7* 
T2,Cll* 
TS,Cl7* 

T7 
T8,C22* 
T9,C28* 

R6 
Rll 

R23,24 
RTl 
Tl,C7* 
T2,Cll* 
TS,Cl7* 

T7 
T8,C22* 
T9,C28* 

R6 
Rll 

R23,24 
RTl 
Tl,C7* 
T2,Cll* 
T5,Cl7* 

T7 
T8,C22* 
T9,C28* 

BASIC SIGNAL P.C.B. ASSEMBLY 
(DETAILED PARTS) 

cont'd. 

DESCRIPTION 

FREQUENCY DETERMINING COMPONENTS 
FOR: SIGNAL P.C.B. 85702-1002 

(230 Hz) 

Resistor, 2on, 5%, \W 
Resistor, 33n, 5%, \W 
Re~istor, 1n, 5%,. SW 
Thermister, MB12L3 
Pot Core Assembly 
Pot Core Assembly 
Transformer 
Transformer 
Pot Core Assembly 
Pot Core Assembly 

FREQUENCY DETERMINING COMPONENTS 
FOR: SIGNAL P.C.B. 857020~1003 

( 390 Hz) 

Resistor, 18n, 10%, ~w 
Resistor, 12n, 5%, ~w 
Resistor, 2n, 5%, SW 
Thermistor, D754 
Pot Core Assembly 
Pot Core Assembly 
Transformer 
Transformer 
Pot Core Assembly 
Pot Core Assembly 

FREQUENCY DETERMINING COMPONENTS 
FOR: SIGNAL P.C.B. 85702-1004 

(405. Hz) 

Resistor, 18n, 101, ~w 
Resistor, 12n, 5%, ~w 
Resistor, 2n, 5%, SW 
Thermistor, D754 
Pot Core Assembly 
Pot Core Assembly 
Transformer 
Transformer 
Pot Core Assembly 
Pot Core Assembly 

WABCO Part# 

85007-4200 
85007-4330 
J723600 
85057-1013 
85097-6020 
85097-6002 
T451039-0223 
T436687 
85097-6008 
85097-6014 

85007-3180 
85007-4120 
l1723078 
85057-1012 
185097-6021 
185097-6003 
11'451039-0220 
T436688 
85097-6009 
85097-6015 

a5001-3180 
85007-4120 
IJ723078 
85057-1012 
85097-6022 
85097-6004 
['451039-0221 
N436688 
185097-6010 
85097-6017 

WABCD 
~ 
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WABCD 
~ 

ITEH 

R6 
Rll 

R23,24 
RTl 

Tl, C7* 
T2,Cll* 
TS, Cl7* 

T7 
T8,C22* 
T9,C28* 

R6 
Rll 

R23,24 
RTl 

Tl,C7* 
T2,Cll* 
T5,Cl7* 

T7 
T8,C22* 
T9,C28* 

6037 I P• 7-10 

BASIC SIGNAL P.C.B. ASSEMBLY 
(DETAILED PARTS) 

corit 'd. 

DESCRIPTION 

FREQUENCY DETERMINING COMPONENTS 
FOR: SIGNAL P.C.B. 85702-1005 

(570 Hz) 

Resistor, lOQ, 5%, ~W 
Resistor, 22n, 5%, ~w 
Resistor, 3Q, 5%, .3W 
Thermistor, 0754 
Pot Core Assembly 
Pot Core Assembly 
Transformer 
Transformer 
Pot Core Assembly 
Pot Core Assembly 

FREQUENCY DETERMINING COMPONENTS 
FOR: SIGNAL P.C.B. 85702-1006 

(630 Hz) 

Resistor, lOQ, 5%, ~w 
Resistor, 22n, 5%, ~w 
Resistor, 3Q, 5%, 3W 
Thermistor, 0754 
Pot Core Assembly 
Pot Core Aseembly 
Transformer 
Transformer 
Pot Core Assembly 
Pot Core Assembly 

*These items are tested and 
supplied as matched assemblies 
and must be installed in pairs 
without mixing: Tl,C7; T2,Cll; 
T5,Cl7; T8,C22; T9,C28. 

WABCO Part# 

85007-4100 
85007-4220 
1.1723582 
85057-1012 
85097-6023 
85097-6005 
~451039-0218 
[1436689 
185097-6011 
185097-6017 

asoo1-4100 
asoo1-4220 
~723582 
aso91-6024 
aso91-6024 
a5091-6006 
r451039-0219 
['436689 
~5097-6012 
aso91-601a 



EIO 

O I Cl 521 
E2 TPI 

0 0 

88 
89 
90 
91 
92 
93 

88 
89 
90 

C7 

91 Tl 
92 
93 

14,6,0R2 

E9QI 

82 
83 
84 
85 

'' T9 

43 

C9 

51 

LI 

a 

8 

@] 8 
QE4 

+ 

42 

70 
71 
72 
73 
74 
75 

CII 

TP9 
0 

61e!U 

96 
97 
98 

+ 

46 

CIO 

163 

T7 

~ lfil]56 
6~ EJg8 (filQ]Jss 

rn:rr::nss 

!B R27] 
•-- . 

~I 
C20 

I I 

~L-.. 

QE7 

+ 
82 
83 
84 
85 
86 
87 
C28 

ES E6 
0 0 

TP2 
0 

pi~R32] 
TPII 

£8 0 

TPlnl + 

49 

C27 

42 

C21 + 

(;1Wlrrlff71 r1EJE.J~ 

10,15, OR 17 

T2 

43 

Cl2 

+ IE) 

F!l 
h1J 

El4 
0 

50 

Cl4 

E13 

O I I 
100 
IOI 
102 
103 
104 
105 

Cl7 

...._.__ ---

Ell 
0 

QE16 

@ 
1....-------1 

T5 

100 
IOI 
102 
103 
104 

@ 

WABCO 
~ 

70 
71 
72 
73 
74 
75 ~ ! QE18 

L__ _ _ _j I 

TP7 
Q QEl7 

+ 

CID 58 nml 
I I QE15 

C22 0 

3 ~ 
3,4,0R5 I R 23 I 

76 
77 
78 ~5 ~ '@ 

TS ,i 
81 

® ,......_ 
38 ~ 

5 

R 
D 56 ~ IR21 

~ 
mE)56 

(isl~. 

~~~ 
Cl9 

+ 

--.... ,& 58 ® ®'~ 85 68 25 /-, 
t1:4:\ \ ('4s"\ - ' '~,~ '~'. 
~,, @miss I~, 

IR22 I TP5 (cm 
QEI Q b:I 

~18 ,_/ 

111 

~ 
T()4 B 

Figure 7-3. Signal P.C.B. Layout 

T3 

@ 

@ 

99 

95 

TS 

@ 

@ 
+ 
31 

c,a 

@ 

~', ~-- .... 

( CID) ( CID ), -
Ill / , 111 ' ,.___.,, . '----'' 

6037, p. 7-11/12 



ITEH 

Cl .. 

C2,3 
C4 . 
cs 
C6 
C7 
C8,27 
C9,20,21 
ClO 
Cll,12 
Cl3 
Cl4 
Cl5 
Cl6,17 
Cl8 
Cl9 
C22 
C23 
C24,25 
C26 
C28 
C29,33 
C30 
C31 
C32 
C34 
C35 
C36 

Dl,2 
D3-7,ll-14 
Dl7,18,21, 

22,23,26 
D8,9,15.16 
Dl9,20,24 
DlO 
025 

Ql,3,8,13 
Q2,9 
Q4,7,10,12 
14,20 

Q5,17 
Q6,16 
Qll,15 

DETECTOR P.C.B. ASSEMBLY 
. (DETAILED PARTS) 

Keyed to Figure 7.;.4· 

DESCRIPTION 

Capacitor, • 4 7 Mfd., 10% 400V 
Capacitor, .47 Mfd., 10% 400V 
Capacitor, 3 Mfd., 10%, 400V 
Capacitor, 6200 Pfd., 5%, 500V 
Capacitor, 8200 Pfd., 5%, 200V 
Capacitor, 2. 7 Mfd., 10%, 35V 
Capacitor, 27 Mfd.·, 10%, 20V 
Capacitor, 47 Mfd., 10%, 20V 
Capacitor, 4 7 Mfd., -25+200%, 50V 
Capaci'tor, . 4 7 Mfd., 5%, 200V 
Capacitor, • 4 7 'Mfd., 20%, lOOV 
Capacitor, 1. 5 Mfd., 10%, 35V 
Capacitor, 15 Mfd., 10%, 20V 
Capacitor, .047 Mfd.,.5%, 200V 
Capacitor, 33 Pfd., 5%, lOOV 
Capacitor, 100 Mfd., -15+75%, 25V 
Capacitor, 39 Pfd., 5%, lOOV 
Capacitor, .022 Mfd, 5%, lOOV 
Capacitor, 100 Mfd., 10%, 20V 
Capacitor, 4 7 Mfd., 10%, 50V 
Capacitor, 150 Mfd., 10%, 15V 
Capacitor, 0 .1 Mfd., 5%, 200V 
Capacitor, • 027 Mfd., 20%, 200V 
Capacitor, 330 Mfd., -10+75%, 30V 
Capaci t'or, 10 Mfd., 10%, · ·2ov 
Capacitor, 1 Mfd., 10%, 200V 
Capacitor, 1200 Pfd., 5%, 500V 
Capacitor, 270 Pfd., 5%, 300V 

Diode, 1N4006 -

Diode, 1N456 

Diode, 1N456 
Diode, 1N281 
Diode, ·1N281 
Diode, Zener, 6. 2V, 1N753A 
Diode, Zener, 33V, 1N973B 

Transistor, 2N5210 
Transistor, 2N5087 -

Transistor, 2N3644 
Transistor, 2N2270 
Transistor, 2N4037 
Transistor, 2N3643 

WABCCI 
~ 

WABCO Part # 

85037-Z016 
85037-2020 
85037-2023 
85096-7622 
85330-2011 
85050-2027 
85050-2025 
85050-2015 
85037-2021 
85037-2017 
85037-2019 
85050-2028 
85050-2026 
85037-2015 
85016-2330 
85050-2018 
85016-2390 
85037-2012 
85050-2008 
85050-2035 
706391 
85037-2013 
85037-2024 
85050-6012 
85050-2030 
85037-2011 
706521 
85016-7271 

85040-5010 
85040-1007 

85040-1007 
85040-1003 
85040-1003 
85040-3035 
85040-3038 

85039-4010 
85039-3807 

aso39-3806 
85039-4003 
a5o39-3102 
85039-4806 
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WABCO 
~ 

ITEI1 

Ql8 
Ql9 

Rl,10,27,36 
R2,6 
R3 
R4 
RS, 41, 42 , .. 

50,SI 
R7 
R8 
R9,44,53 
Rll 
Rl2 
Rl3,37 
Rl4,15,24 
Rl6 
Rl 7 
Rl8,56 
Rl9 
R20,25,32 
R21 
R22 
R23 
R26 
R28 
R29 
R30,49 
R31 
R33 
R34 
R35 
R38 
R39 
R40 
R43 
R45 
R46 
R47 
R48 
R52 
R54 
R55 

6037, p. 7-14 

DETECTOR P.C.B. ASSEMBLY 
(DETAILED PARTS) 

cont'd. 

DESCRIPTION 

Transistor, 2N6117 
Transistor, Cl06Bl 

Resistor, 47KQ, 5%, !.zW 
Resistor, ·470KQ, 5%, !.zW 
Resistor, 2. 2 Meg .·n, 5%, !.zW 
Resistor, 3.9 Meg.Q, 5%, !.zW 

Resistor, TBD, 10%, ~w 
Resistor, 2.4KQ, 5%, !.zW 
Resistor, 3.9KQ, 5%, ~w 
Resistor, 150Q, 5%, !.zW 
Resistor, 2KQ, 5%, ~w· 
Resistor, lKQ, 5%, !.zW 
Resistor, 330Q, 5%, !.zW 
Resistor, lOKQ, 5%, ·!.zw 
Resistor, 24KQ, 5%, !.zW 
Resistor, 750Q, 5%, !.zW 
Resistor, 15KQ, 5%, !.zW 
Resistor, 680Q, 5%, ~w 
Resistor, lOOKQ, 5%, !.zW 
Resistor, 510KQ, 5%, ~w 
Resistor, 180KQ, 5%, ~w 
Resistor, 2.7 Meg.Q, 5%, ~w 
Resistor, 33KQ, 5%, ~w 
Resistor, 750KQ, 5%, ~w 
Resistor, 22KQ, 5%, !.zW 
Resistor, 68KQ, 5%, ~w 
Resistor, l.SKQ, 5%, ~w 
Resistor, 91KQ, 5%, ~w 
Resistor, 4.3KQ, 5%, ~w 
Resistor, 3KQ, 5%, !.zW 
Resistor, 300Q, 5%, !.zW 
Resistor, 1. 4KQ, 1% 
Resistor, 6340Q, 1% 
Resistor, 19.6KQ, 1% 
Resistor, 200Q, 5%, ~w 
Resistor, 33.2KQ, 1% 
Resistor, 22Q, 5%, !.zW 
Resistor, 20KQ, 5%, !.zW 
Resistor, 620Q, 59, 0' !.zW 
Resistor, 6.2KQ, 5%, !.zW 
Resistor, 33Q, 5%, !.zW 

WABCO Part # 

85039-0002 
85039-8104 

85007-4473 
85007-4474 
85007-4225 
85007-4395 

85007-1 
85007-4242 
85007-4392 
85007-4151 
85007-4202 
85007-4102 
85007-4331 
85007-4103 
85007-4243 
85007-4751 
85007-4153 
85007-4681 
85007-4104 
85007-4514 
85007-4184 
85007-4275 
85007-4333 
85007-4754 
85007-4223 
85007-4683 
85007-ill52 
85007-4913 
85007-4432 
85007-4302 
85007-4301 
85309-1401 
85309-6341 
85309-1962 
85007-4201 
85309-3322 
85007-4220 
85007-4203 
85007-4621 
85007-4622 
85007-4330 
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DETECTOR P.C.B. ASSEMBLY 
(DETAILED PARTS) 

cont'd. 

DESCRIPTION 

Thermistor, GED201 
Thermistor, GE40103 
Thermistor, TBD 

Relay, SPST, N .C. · 

Pot Core 
Transformer 
Transformer 
Pot Core 

WABCO Part# 

85057-1011 
85057-1014 
85057-3001 or 

3005 

85048-7003 

85097-7002 
T451039-1303 
85531-8006 
85097-7003 

WABCD 
~ 
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Figure 7-4. Detector P.C.B. Layout 
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