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I. INTRODUCTION 

The Style FR HI-Shunt Track Unit is designed for use in 
Classification Yard detection circuits where ordinary track 
units would not function due to rail and wheel films of oil, 
grease and dirt. In addition, the problem of momentary 
losses of shunt due to wheel bounce and roll at switches, 
frogs or rail joints is eliminated. 

NOTE: The FR HI-Shunt Track Circuit is not 
intended for main line use. 

II. DESCRIPTION 

The FR HI-Shunt Track Unit is shown in figure 3 at the 
rear of this manual. The unit has a printed top plate which 
serves as a terminal board .. Four hol.es are provided for 
1/4 inch mounting bolts. 

A. COMPONENTS 

The FR HI-Shunt Track Unit is composed of the following 
components: 

1. Input Transformer (Non-Linear Reactor) 
2. Output Transformer 
3. Capacitor (electrolytic) 
4. Capacitor (oil filled) 
s. Rectifier 
6. Terminal Board 

B. ELECTRICAL CHARACTERISTICS 

Input - 120V, 60 Hz. 

output - The output of the FR-HI-Shunt Track Unit is a 
de voltage of sufficient magnitude to energize 
the track relay (not a part of the FR HI-Shunt 
Unit). The relay PN-150 BQS is connected to 
the unit as shown in figure 1. 

C. THEORY OF OPERATION 

A schematic diagram and characteristic curve of the 
Style FR HI-Shunt Track Unit is shown in figure 1 to aid in 
understanding the theory of operation. 

The circuit incorporates a series ferro-resonant circuit 
consisting of a capacitor, a non-linear reactor, and a 
resistive load. The track circuit is connected across a 
secondary winding of the non-linear reactor. Voltage taps 
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are provided on this winding and the windings of the track 
relay transformer and are used to provide the highest voltage 
which can be maintained under minimum total ballast 
conditions. 

Under normal conditions, with no shunt applied, an A.c. 
voltage is supplied to the rails by the secondary of (Tl), the 
non-linear reactor. This voltage is coupled by the rails to (T2), 
the output transformer. The secondary of the output trans
former applies the input voltage to a full wave bridge 
rectifier and a shunt filter capacitor. The output from the 
rectifier is a de voltage which causes the track relay to 
pick-up. 

When a car occupies the track the secondary of the non
linear reactor is shunted causing a sharp drop in the inter
rail voltage. With the drop in rail voltage there is in
sufficient voltage supplied to the track transformer to 
maintain the track relay energized. Furthermore magnetic 
field decay is expedited by the diode-resistor snub across 
the relay coil. The total effect of this snub will cause 
quick shunting and slow pick-up. 

As the shunt resistance increases from zero to a critical 
value (see figure 1), the voltage across the reactor, and 
consequently the rail voltage increases almost proportionally. 
At the critical resistance, the ferro-resonant circuit 
suddenly passes through resonance, and the reactor passes 
into saturation. From this point, the voltage across the 
reactor, and the inter-rail voltage will not change 
appreciably. Consequently, the track relay current, and 
pick-up and shunt times remain relatively constant. This 
process reverses as the shunt resistance is lowered and the 
circuit triggers at practically the same critical resistance 
changes in the line voltage do not affect the rail voltage, 
but change the critical resistance slightlyo 
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Figure 1. Style FR HI Shunt Track Circuit 



III. OPERATION 

''t...'~. 
:~...:~~.,.:-" '".I) 

The Style FR HI-Shunt Track Unit is particularly 
applicable for short detector track circuits, where the total 
ballast resistance is at least 8 ohms. Properly adjusted, 
the FR HI-Shunt Track Circuit will shunt through any oily, 
dirty, or rusty film normally encountered. However, ex
cessive sanding should be prohibited in the vicinity of the 
detector track circuits. 

It is desirable to keep the resistance of the track leads 
low i.e., less than 1 ohm between the rails and the feed 
windings (lA, lB, lC, lD) of the track unit. Higher lead 
resistance will not particularly effect the shunting sensitivity 
but will increase the variation in track relay current with 
ballast, thus reducing the pickup time at high ballast and 
reducing momentary loss of shunt protection. Track leads 
between the rails and the output transformer (2A, 2B, 2C, 
20) of the track unit may be as high as 10 ohms. Also, lead 
resistance between the track unit and the relay may be as 
high as ]O ohms. Also, lead resistance between the track unit 
and the relay may be as high as 10 ohms. 

IV. INSTALLATION 

A. GENERAL 

In applying the Style FR HI-Shunt Track Unit to a track 
circuit, taps are selected which provide for a critical 
resistance slightly below the minimum total ballast resis
tance. However, it is desirable to use as high a~ inter
rail voltage as possible, in order to provide the maximum 
shunting capability when wheel or rail film is present. The 
Style FR HI-Shunt Unit can work down to a minimum ballast 
of 2 ohms, as shown in the following table, but it is 
preferable that the ballast be above 8 ohms so that a higher 
inter-rail voltage may be used when rail or wheel film is 
present. 

The same taps are used on the track relay rectifier 
output transformer (T2) as are used on the input tratsformer 
(Tl) i.e., if taps lA and lD were selected on Tl, then use 
taps 2A and 2D on T2. In the event lower ballast resistance 
is encountered, both sets of taps are changed in accordance 
with the following tabulation: 

TAPS 

A&D 
A&C 
A&B 

INTER-RAIL VOLTAGE 

35V 
26V 
20V 

(continued on page 6) 

MIN. BALLAST (ohms) 

40 
24 
14 
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TAPS 

B&D 
C&D 
B&C 

INTER-RAIL VOLTAGE 

15V 
9V 
6V 

MIN. BALLAST (ohms) 

8 
4 
2 

After the proper taps have been chosen, proceed as 
follows: 

1. Complete the electrical connections as shown in 
figure 1. Connect a temporary shunt resistance across the 
rails as shown or across the units track feed leads. 

2. Increase the shunt resistance gradually until the 
track relay current suddenly increases. 

3. Adjust the track relay current 0.190 amps with 
this shunt. The circuit is now adjusted and the shunt 
resistance should be removed. 

4. Later, if it is necessary to readjust for lower 
ballast resistance, change taps as required. Use related 
taps on Tl and T2. Repeat steps 1 through 3 above. 

B. RELATED EQUIPMENT 

In addition to the FR HI-Shunt Track Unit, a track 
relay, an adjustable resistor and a suitable milliammeter, are 
required. The track relay should be a PN-150BQSithe second 
coil of this relay is snubbed with a diode and a protective 
resistor to proviae quick shunting but slow pickup (0.4 to 
0.5 seconds). 

Refer to the following tabulation for part number listing. 

DESCRIPTION 

30 ohm adjustable resistor 
for PN-150BQS Relay 

11/25 ohm Style PN-150BQS, 
6-point Track Relay 

Mounting Base for Style 
PN-lSOBQS Track Relay 

Diode-Resistor Unit 
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PART NUMBER 

Nl56685 

N322501-703 

N334266 
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V. MAINTENANCE 

A. GENERAL 

This section covers the dismantling, trouble analysis 
repair, and final testing of units which have been returned 
to the shop for repair. 

The unit should be removed from service and the testing 
performed on the bench with only the connections made to it 
which are specified herein. The terminal board and cover 
should be removed by first removing the four screws which 
hold the terminal board to the unit and then the four nuts 
which hold each exterior end bell to the studs which extend 
through the unit. The terminal board may then be lifted and 
tipped back, without the removal of any wiring, so that the 
interior of the unit is more accessible. 

A schematic diagram of the unit is shown in figure 1. 
Since the unit under test may have short circuit faults, all 
tests should be made with either a variable transformer (such 
as a Variac) or with an adjustable series resistor so that 
the voltage may be gradually increased from zero and thus 
avoid excessive current. 

B. TROUBLE ANALYSIS 

1. Input Transformer (Tl) 

a. Apply a jumper across the terminals of the 8ufd 
capacitor connected to Tl. 

b. Connect an adjustable ac voltage source of 60 Hz 
to terminals lP and 2P. 

c. Gradually increase the input voltage from zero 
to 100 vac. Do not exceed an input current of 
0.16 amps. If the values specified below 
cannot be met, Tl should be replaced. 

Secondary Voltage 
to Terminal lP and 2P lA&lB lB&lC LC&lD 

Min. 0.12 amp 
Max. 0.16 amp 

2. Capacitor, 8ufd. 

Min. 17.4V 
Max. 19.3V 

5.7V 
6.2V 

7.4V 
8.2V 

Remove the jumper connections from across the 
terminals of the capacitor. Now connect the adjustable 
voltage source to the terminals of the capacitor. With the 
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input voltage to the capacitor of 120 vac, 60 Hz, the current 
should be between 0.30 and 0.42 amperes. If this value is 
not met,the capacitor should be replaced. 

3. Output Transformer (T2) 

a. Connect the adjustable 60 Hz voltage source to 
terminals 2A and 20 and gradually increase the 
voltage to 63 volts, if this can be done with
out the input current exceeding 0.020 amps. 
Compliance with the values in· table I indicate 
that T2 is operating satisfactorily. 

TABLE I 

OUTPUT TRANSFORMER (T2) TEST 

60 Hz Input AC Volts DC Volts 
to 2A & 20 2A&2B 2B&2C 2C&2D (+R & -R) 

35 vac Min. 19.0 6.1 8.1 12.8 
0.020 amp max. Max. 21.0 6.7 9.0 15.3 
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b. If the values in Table I are not met, dis
connect the 250 ufd capacitor and recheck for 
the requirements in Table 1. 

The de volts (+R & -R) with the 350ufd capacitor 
disconnected, should fall between 9 and 11 volts. 
If this requirement is met, the filter capacitor 
is faulty and should be replaced. If the be 
volts do not fall between 9 and 11 volts, pro
ceed to step c. 

c. Disconnect one lead of the output transformer 
from the rectifier and repeat the test for the 
ac volts requirements in Table 1. If the 
transformer is not faulty, these values will be 
met, and the secondary ac volts (lS & 2S) should 
fall between 10.6 and 12.0 volts. If these 
valae& a~e E>b-tained, but none of the previous 
requirements are met, the rectifier is faulty. 

4. Rectifier 

a. If the silicon bridge rectifier is suspected of 
being faulty from the previous test,proceed as 
follows. 



b. Disconnect the capacitor, the transformer 
leads, and relay leads from the bridge 
rectifier. 

c. In the following checks, two ohmmeter 
readings must be obtained at each pair of 
specified test· points by first connecting 
the ohmmeter leads to the test points and 
then by reversing the ohmmeter leads to the 
same test points. For each pair of test 
points, one high and one low resistance valve 
should be obtained. If any check of the-same 
test points indicates either two high valves or 
two low values, the bridge rectifier is 
defective and must be replaced {see parts list 
for ordering references). 

BRIDGE RECTIFIER TEST POINTS: 
(Referring to Figure 1 for test point location, 
obtain two readings for each pair of the 

following test points). 

{-R) and ACl 

{-R) and AC2 

{+R) and AC1 

{+R) and AC 
2 

C. TESTING OF REPAIRED UNIT 

After defective part replacement, the complete unit 
should be tested as follows: 

1. Connect the unit into the test circuit as shown 
in Figure 2. 

2. With 120V, 60 Hz applied to terminals +lP and 2P, 
adjust Rs and RL as indicated in the following 
tests of steps 3 through 6. The unit should meet 
the Table II values for a particular set of Rs 
and RL ohms. 
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Figure 2 FR HI-Shunt Track Unit Test Setup 

TABLE II 

FINAL TEST VALUES 

TEST CONDITIONS REQUIREMENTS 

NO. 
RS RL vs INPUT DC OUTPUT 

(ohms) (ohms) (max) AMPS (max) (amps) 

1 26 28 to 38 28V 0.75 0.184 to 0.186 

2 Inf. as determined 29V 1.30 0.205 max 
in '!'est No. 1 

3 13 as determined 16V 0.36 0.100 max 
in Test No. 1 

3. Test No. 1 - With Rs and RL set to the values listed in 
line 1 of Table II, the corresponding voltage and current read
ings shall be obtained. 

4. Test No. 2 - Rs shall be disconnected. With RL set at 
the value determined in Test No. 1, the voltage and current 
readings in line 2 of Table II· .should be obtained. 
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5. Test No. 3 - With Rs set to 13 ohms, and RL set at the 
value determined in Test No. 1, the voltage and current read
ings in line 3 of Table II should be obtained. 

NOTE 

The auxiliary.winding with taps +lX, 
lY, and lZ,which will be found on the 
input transformer (Tl),is very seldom 
used. In rare instances, the charac
teristics of the iron core material 
may require that all or part of this 
winding be connected in series with 
the primary winding of the input trans
former, either aiding or opposing, in 
order to obtain the values in Table II. 

6. With 120V 60 Hz applied to the unit, and RL and Rs 
adjusted as specified in line 1 of Table II, make the following 
polarity checks. 

a. Check the polarity of the output terminals with a 
DC Voltmeter. 

b. Connect a jumper between 2P and lA, and read the 
voltages between lP and each terminal (lB through 
lD) and note that the voltage increases for each 
step. 
connect the jumper between 2P and 2A. Read 
the voltages between lP and 2B, lP and 2C, and 
lP and 2D. -A voltage increase should be noted 
when testing from 2B to 2C and this increase 
should be greater than the voltage increase 
which should be noted when testi~g from 2C to 20. 

VI. PARTS LIST 

The parts for the Style FR HI-Shunt Track Unit are 
listed in the following tabulation and are keyed to 
figure 3. 
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PARTS FOR FR HI-SHUNT TRACK UNIT 
(See Figure 3) 

DESCRIPTION 

Style FR HI-Shunt Track Unit 
Chassis 
Capacitor, 8ufd, 600V (330 vac.), 
10% General Electric No. 
28Fl57262 or equivalent 
Screw, #6-32 x 3/8 in. lg. RD 
STL MACHT PL 
Washer, Lock, #6 M STL T PL 
Nut, #6-32 HEX STL T PL 
Transformer (Tl} 
Screw, #10-32 x 7/16 in. lg. 
RD STL MACHT PL 
Washer, Lock, #10 M STL T PL 
Nut, #10-32 HEX STL T PL 
Capacitor, 350ufd, 25V, -10%, 
+75% SPRAGUE 60ID or equivalent 
Clamp 
Screw, #6-32 x 1/2 RND NYL 
Washer, Lock #8 M STL T PL 
Nut, #8-32 HEX STL T PL 
Rectifier, Controlled Bridge 
200 P.I.V. 2.0 A Max VARD #VS 247 
or equivalent 
Transformer (T2} 
Screw, #8-32 x 3/8 in. lg. RD 
STL MACHT PL 
Bracket 
Stud 
Screw, #1/4-20 x 7/8 in. lg. RD 
STL MACHT PL 
Nut, 1/4-20, HEX STL JAM T PL 
Board, Terminal 
Post, Terminal 
Terminal 
Washer 
Nut 
Washer, 1/4 M Lock STL T PL 
Nut, Binding 
Screw, #8 x 5/8 in. lg. RD STL 
SH MET T PA 
Cover, (not shown} 
Plate, End (not shown) 
Paper, Fish, .010 x 1-7/8 in. x 
3-1/4 inch 

NOTE 
All wire #18 FLEX Color Coded. 

WABCO Part# 

N375927 
M376334 

J700943 

J525031 
J047662 
J048148 
N375858 

J525038 
J047733 
J048172 

J706982 
J700639 
J507288 
.1047681 
J048166 

J726185 
N375921 

J052530 
M296132-001 
M233993 

J525185 
J048003 
M376607 
Ml99852 
M223832 
J047818 
M029103 
J047775 
M029101 

J525058 
M240123 
M376622 

A077295 
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