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Pennsylvania Testing Procedure 
HIGHLIGHTS of the detailed instruc- . 
tiohs issued by the Pennsylvania for 
Alaking Tests 2, 3, 4, 5, 6, 7, 8, 9, 
is, 22, 24, 2s, 26, 27, 28, 29, 3o 
atid 31 of the schedule of tests pre
sented on page 36 of the January 
issue of Railway Signaling are pre
s.ented in the following paragraphs. 
Du,e to space limitations certain por
tions have been omitted at various 
points; attention is called to this at 
those points. The general order of 
presentation is the same as was fol
lowed in Tests 1, 10, 11, 12, 13, 14, 
15, 16, 17, 19, 20, 21 and 23 given in 
the March issue of Railway Signaling, 
i·:e;, the instructions appearing in 
t:E.227-A, "Tests of Signal Appa
ratus" are given first, followed by 
supplementary material (such as de
tailed instructions for specific tests) 
appearing in special pamphlet or other 
f.orm and mentioned in C.E.227-A, 
the pertinent rules appearing in 
C.S.E.23-C, not included in the Jan
u,ary issue of Railway Signaling, com
pleting the assembly of material on 
each test. 

-~nstructions for Making 
·Aforementioned Tests 
of Signal Apparatus 

TEST 2-Insulation Resistance: 
:; The purpose of this test is to insure 
,that the insulation of wires and con
(i'~c_ted apparatus meet the prescribed 
resistance values. · 

Tests shall be made in accordance 
with recognized Megger practice. 
Provisions of C.S.E. 23 covering the 
us~ of jumpers, the safeguarding of 
trat~ movement, and other safety pre
cautwns, must be observed. 
? 2(a)-Low Voltage Wires and 
Cables: 

Minimum allowable resistance value 
-1 Megohm. 
. Te~t must not be made on control 

C!tCUits except when completely dis
connected from battery and common. 

Where circuit to be tested embraces 
types of wires or cables of more than 

, ~ne class ·under 2 (a) 1, 2( a )2 and 
':":---. 

-~/T~is is the concluding article covering the 
p 1°Cipal features of testing procedure on the 
aren~sylvania which was inaugurated in the Janu-

y tssue and continued in the March issue. 

{Part III)* 

2 (a) 3, and it is more convenient, the 
entire circuit may be tested in ac
cordance with the class due for test 
most frequently. 

2 (b)-Lead Covered Signal Power 
Cables: 

1. Aerial: 
(No part of which is under

ground). 
Reading should not be less than 1 00 

megohms between sectionalizing 
switches. (The insulation resistance 
of cables exposed to extreme summer 
heat will be somewhat below the 
values shown for the same cable at 
lower temperatures). 

2. Underground: 
Reading should not be less than 

1000 megohms between sectionaliz
ing switches. 

2 (c)-Underground Signal Power 
Lines: 

(Not lead sheath) . 
Reading for section tested should 

be not less than 40 megohms for volt
ages to and including 500 volts. For 

Instructions for testing in
sulation resistance, elec
tro! ysis, foreign current, 
ground resistance, cross · 
protection, d-e. relays, in
dica tors, magnets, slots, 
etc., lightning arresters. 
and adjustment of con
tact springs and the 
quick switches on power 

machines, etc. 

effect of electrolysis corrosion by the 
presence of currents passing from 
any point on the cable system to 
ground. 

The most effective means of de
termining whether stray current is 
passing from a particular cable sheath 
to ground is to determine the direction 
of any potential difference that may 
exist between the sheath and small 
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C. E. 218-(a). Back of card ruled for notes. Card 3 in. by 5 in. 

voltages exceeding 500 readings be
tween sectionalizing switches should 
be not less than 1000 megohms. 

TEST 3-Electrolysis, Lead 
Covered Cables-Except Where 
Protected by T. & T. Tests: 

The purpose of this test is to de
termine whether deterioration of lead 
covered cables is occurring through 

isolated piece of the same material 
in contact with damp earth in bottom 
of manhole. Where the sheath is 
found to be positive to this testing 
electrode, it is generally to be assumed 
that current is flowing from the sheath 
to ground, since the only condition 
under which current flow would not 
occur would be one where the cable 
sheath was effectively insulated from 
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the earth, and such cases are rare. Ob
servations of potential difference to 
nearby rails, pipes and other sub-sur
face metallic structures and observ
ance of fall of potential along the 
sections of the cable sheath, should 
also be made in connection with the 
measurement of potential difference 
to earth and will serve to throw light 
upon what the stray current is doing. 
When measurements of this character 
have been made at all parts of the 
cable system and show that no cur
rent is flowing from the cable sheath 
to ground, except through drainage 
wires and that no excessive amount 
of stray current is flowing from 
ground to the sheath, it may safely be 
concluded that the cable system is not 
undergoing an electrolytic corrosion. 
If contrary indications are found, it 
is necessary to conclude that electro
lytic corrosion is taking place and to 
adopt measures which will serve to 
mitigate its effects. 

Readings should be taken as fol
lows: 

1 Difference of potential between 
points on the cable system and the 
adjacent earth. 

2. Difference of potential between 
the cable system and electric railway 
rails, other cable systems, piping sys
tems, metal bridges, steam railway 
rails, etc., at points where these cross 
the cable system or come in close 
proximity to it. 

3. Measurements of current flow
ing in the cable sheath. Test to be 
made in acc9rdance with Report of 
Committee on Protection Against 
Electrolysis, as adopted June, 1932, 
by the T. & T. Section, A.A.R. 

Report results of test on Form 
C.T . 1517. (Omitted due to space 
limitations-Eel.) 

TEST 4-Foreign Current
D-e. Track Circuits: 

The purpose of this test is to de
termine the presence of foreign cur
rent and insure proper corrective ac
tion, to prevent interference with 
track circuits. 

Where there is known to be a 
trolley line or other direct current 
exposure, test should be made and 
readings taken during periods in 
which the outside current is at or 
near maximum value. 

This test shall be made by placing 
a milliammeter in series with the relay 
then disconnecting the wires from the 
battery and taking a reading, it being 
noticed at the same time whether the 
current is sufficient to pick up the re
lay. Where it is found that the relay 
picks up, this circuit should be con
sidered one which should be carefully 
watched, and the results reported. If 
the relay does not pick up, a second 
test should be made in the same man-
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ner as the first, but by placing a con
nection around first one and then the 
other of the insulated joints at the 
battery end of the circuit, so that one 
of the rails of the circuit being tested 
will be connected to one side of the 
relay and the other rail in the cir
cuit, plus one of the rails in the next 
circuit, will be connected to the other 
side of the relay, thus unbalancing 
the circuit and making a severe test. 
If the relay picks up, this circuit 
should also be watched and reported. 
If any appreciable readings are ob
tained in either test, the following 
precautions shall be constantly ob
served: 

1. Trolley and power companies 
requested to see that their bonding is 
as good as practicable. 

2. Ballast kept clear from the rails. 
3. Rail joints kept tight and in

sulated joints maintained in good con
dition. 

4. Rail bonding carefully maintained. 
Foreign current test need not be 

made where foreign current protec
tion is provided; coded current is used 
for wayside signal control; where 
there is no apparent source of for
eign current such as trolley lines, etc., 
or where tests for a 3-year period in
dicate no evidence of foreign current. 

NOTE :-Under certain conditions 
there is a storage battery effect, be
tween rails and ballast, that may have 
a current value sufficient to hold the 
relay closed several minutes after the 
battery feed wires have been discon
nected. If such condition is observed, 
either short circuit the rails tempor
arily or wait a sufficient time for the 
amperage to drop before deciding that 
foreign current exists. 

TEST 5-Relays, Indicators, 
Magnets, Slot, Etc.: 

The purpose of this test is to insure 
that relays, indicators, magnets, slots, 
etc., are in proper condition to insure 
functioning as intended. 

Field tests on a-c. and d-e. relays 
shall be made in accordance with C.E. 
222 and C.E.221, respectively. 

Field tests on magnets, slots, etc., 
shall be made by observing, insofar 
as possible, the instructions in C.E. 
221 and C.E.222. 

For apparatus not covered by 
P .R.R. instructions, instructions fur
nished by the manufacturer should be 
followed. · 

( C.E.221 is given below; C.E.222 
omitted due to space limitations.-Ed.) 

C. E. 221 
Instructions for Inspectinq and Testinq Direct 

Current Relays and Indicators.* 

Shop Tests and Inspections 
Shopping 

1. Relays must be shopped at least once 
every four years for shop tests, inspection 
and repairs. 
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2. Shopping should be clone at a ce11_ 

tral shop or other building properly 
equipped for the purpose, preferably so lo
cated that relays will not have to be 
shipped. In many cases, repairs can be 
made at an interlocking cabin, but in no 
case should relays be disassembled in the 
field, except as provided in Instruction 190. 
Coils 

10. At 68 deg. F. the percentage vari
ation in the resistance of individual coils 
must not exceed : 

(a) For 5 ohms or less, plus or minus 
5 per cent. · ' 

(b) Above 5 ohms, plus or minus, 10 
per cent. 

11. Coils must be rigidly fastened in 
place to prevent vibration. 
B-inding Posts 

20. Left-hand coil terminal must be 
marked plus ( + ) and used for positive 
connections. 
Fle:rible Connections 

30. Flexible conductor connecting bind
ing post and contact finger must be formed 
al).d attached so as not to affect the pick-up 
or drop-away ·of the armature, and shall be 
of conductivity to carry ten amperes with
out overheating. 
Contacts 

40. Fi'nger contacts must meet contact 
surfaces squarely and simultaneously. 

41. Finger contacts must have a hori
zontal contact slide movement of not less 
than 1/32 in. against contact surfaces. 

42. Metal support of the non-fusible con
tact element must be not less than 1/16 
in. from the contact surface. 

43. Opening between finger contact and 
back contact surface, with front contact 
just closed, must be not less than 0.020 in. 

44. Front and polar contact openings 
for first range voltages** must be not less 
than 0.050 in. 

45. Front contact opening for second 
nmge voltage must be not less than 0.090 in. 

46. Back contact opening for first range 
voltage with "working current or voltage" 
applied must be not less than 0.040 in. 

47. The initial cleaned contact resist
ance when relay is energized at "working 
current or voltage" must not exceed the 
following: 

(a) Metal to metal-0.03 ohm per con
tact. 

(b) Metal to carbon-0.18 ohm per con
tact. 

(c) Carbon to carbon-0.40 ohm per 
contact. 
Armature End Play 

50. Armature end play must be not less 
than 0.010 in. and no more than 0.020 in. 
Air Gapt 

60. Relays with adjustable stop pins: 
(a) A minimum working magnetic air 

gap for the neutral armature of both neu
tral and polar relays, of 0.020 in. for a re
lay with two neutral contacts, and of 0.015 
in. for a relay with three or four neutral 
contacts must be maintained by an adjust
able hard-drawn phosphor-bronze stop pin 

*The term "relay" where used in these instruc· 
tions includes indicators other than switch indica· 
tors. ' 

**First range voltage-30 volts and less. 
Second range voltage-over 30 to and including 

175 volts. 
tThe difference between the magnetic air gap 

and the physical air gap is to provide for the non· 
magnetic coating on the armature and cores. 
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50 placed that its position relative to the 
cores will be fixed and so that when arma
ture is picked up it will strike against the 
stop near the edge farthest from the bear
ings and midway between the cores. The 
physical working air gap must be not less 

IN!tTRUMENT RECORD 
-;:'ypE OR MODEL 

OF INSTRUMENT 

-;..Q. NO. -
~ ~ LOCATIO!< WITH hi D~~Q:=~~G 
~ ~ NUMnR 
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101. Make repairs and adjustment. 
102. Record test, C. E. 207. (C. E. 207 

illustrated in accompanying diagram-Ed.) 
103. The connection from the sema

phore blades to the armatures on indicators 
must he separated, to permit the armature 
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open. This value is the drop-away with 
contact pressure. 

(c) Direct pick-up: Apply initial 
charge and take drop-away readings, then 
open circuit and again apply current to 
coils and gradually increase until front 
contacts just close. This value is the di
rect pick-up. 

(d) Reverse pick-up: Apply initial 
charge to coils in normal direction and de
crease to zero. Reverse polarity and grad
ually increase energy to value at which 
front contacts close. This value is the re
verse pick-up. 

(e) Direct working current or voltage: 

---1------l---l--1--1------.-l-----~---------. -----. -

Apply initial charge to coils in normal di
rection and decrease to zero. Gradually 
increase energy in same direction to value 
required to bring armature against stop pin. 
This value is the direct working current or 
voltage. --1------1------------1-----------------------

--1------l---l----·1--1--1---1--l--+-------- ---------- (f) Reverse working current or volt
age : Apply initial charge to coils in nor
mal direction and decrease to zero. Re
verse polarity and gradually increase en
ergy to value required to bring armature 
against stop pin. This value is the re
verse working current or voltage. 

---'1------1--------------1---1------------~---
--1-------1---1--1--1--------------------,-----r--:--

--1------ l-- ·l-- 1--l-------------1-------1------

--1------1---1--1--1-- --1---1--·1--l·--l--~--1--l·--1--1- ------
Ortglnr.l o,watlnt Rtc.Otd Marktdonlnetrurnent 

. C.E.207 25M 8z5·W <·5·38 

C. E. 207. Back of card is ruled for remarks. Card 5 in. by 8 in. 

(g) Polar pick-up: Without current in 
either direction, polarized armature with or 
without contact pressure must not move to 
the position opposite the last position oper
ated. The current or voltage required to 
reverse the position of the polarized arma
ture will be the polarized pick-up. 

than 0.018 in. for a relay with two neutral 
contacts and 0.013 in. for a relay with 
three or four neutral contacts. A minimum 
working magnetic air gap for polar arma
ture of 0.025 in. for a relay with two 
normal and two reverse polar contacts and 
of 0.008 in. for a relay with four normal 
and four reverse polar contacts must be 
similarly maintained. 

(b) A non-adjustable stop pin of phos
phor bronze must be placed under each 
core near the edge farthest from the bear
ings protruding 0.010 in. from the under 
side of the core of the upper side of the 
relay armature for safety purposes. 

61. Relays without adjustable stop pins: 
(a) A minimum working magnetic air 

gap for the neutral armature of both neu
tral and polar relays, of 0.020 in. for a re
lay with two neutral contacts, and of 0.015 
in. for a relay with three or four neutral 
contacts must be maintained by two non
adjustable hard-drawn phosphor-bronze 
stop pins. The physical working air gap 
must be not less than 0.018 in. for a relay 
with two neutral contacts and 0.013 in. for 
a relay with three or four neutral contacts. 
A minimum working magnetic air gap 
for polar armature of 0.025 in. for a relay 
with two normal and two reverse polar 
contacts, and 0.008 in. for a relay with four 
normal and four reverse polar contacts 
must be similarly maintained. 
Gaskets 

70. Defective gaskets must be replaced. 
Case 

80. Case must be so fixed as to insure a 
minimum clearance of 1/8 in. between it 
and movable parts. 
Meter Calibration 

90. Meters for shop use must be cali
brated mDnthly, or checked by a meter 
known to be correct. 
Repairing 

100. Test relay for defects, giving spe
cial attention to those noted on repair tag 
C.S.E. 17. 

to drop independently of the semaphore 
and connections. 

104. Ventilators in relays must be open 
and in good condition. (h) Polar working current or voltage: 
Testing 

110. Pick-up and drop-away must be 
determined as follows : 

The value required to bring the polar ar
mature against stop pin in either operating 
position is the polar working current or 
voltage. (a) Initial charge : Initial charge as 

specified on Table 1 must be applied to 
coils. (Table 1 herewith-Ed.) 

(b) Drop-away: The initial charge 
must be applied to coils, then gradually re
duced to the value at which front contacts 

111. Relay operating requirements must 
be in accordance with shop requirements 
of Table 1. 

112. In taking current readings, volt
meter should always be disconnected. In 

Table 1-Direct Current Relay and Indicator Requirements 

Initial charge 

Drop-away 

Direct pick-up 

Reverse pick-up 

Direct working ctw
rent or voltage 

Reverse working 
c·urrent o·r voltage 

Polar pick-up 

Polar working c-Jtr
rent or voltage 

Shop Requirements 

Neutral Relay Polarized Relay 

Four times direct 
pick-up. 

Not less than 90% 
of original mark
ing nor less· than 
43% of direct 

pick-up. 

Not more than 10% 
greater than origi

nal marking. 

Not more than 25% 
greater than direct 

pick-up. 

Not more than 10% 
greater than origi

nal marking. 

Not more than 10% 
greater than origi

nal marking. 

Four times direct 
pick-up. 

Not less than 90% 
of original mark
ing nor less· than 
43% of direct 

pick-up. 

Not more than 10% 
greater than origi

nal marking. 

Not more than 25% 
greater than direct 

pick-up. 

Not more than 10% 
greater than origi

nal marking. 

Not more than 10% 
greater than origi

nal marking. 

Not more than 85% 
of direct pick-up 
of neutral arma-

ture. 

Not more than 
83.5% of direct 
working current of 
neutral armature. 

Field Requirements 

Neutral Relay Polarized Relay 

Direct working cur
rent or voltage. 

Not less than 75% 
of original mark
ing nor less· than 
3 5% of direct 

pick-up. 

Not more than 10% 
greater than origi

nal marking. 

Not more than 10% 
greater than origi

nal marking. 

Reverse working 
current or voltage. 

Not less than 75% 
of original mark
ing nor less than 
35% of direct 

pick-up. 

Not more than 10% 
greater than origi

nal marking. 

Not more than 30% 
· greatet· than direct 

pick-up. 

Not more than 10% 
greater than origi

nal marking. 

Not more than 10% 
greater than origi

nal marking. 

Not more than 85% 
of direct pick-up 
of neutral arma-

ture. 

Not more than 
83.5% of direct 
working current of 
neutral armature. 
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taking voltage readings the voltmeter 
should be connected directly across the 
coils of the instruments. 

113. A test for insulation resistance 
must be made between the binding posts 
and between the binding posts and relay 
top. This resistance must be not less than 
one megohm. 

114. Tests required by C.E. 207 must be 
made and recorded at time relay is tested. 
Inspection 

120. Determine by actual operation that 
relay has a positive drop-away and relay 
contacts open without retardation of 
movement due to friction or external force. 

121. Before the case is replaced, subject 
the relay to an air blast to remove any 
foreign matter, then check to see that all 
parts are in proper position and in good con
dition, being particularly careful to see 
that no particles of foreign matter remain 
in the relay or case. 
Seating 

130. Relay case must be sealed. 
Final Test 

140. After relay is sealed, final drop
away, pick-up and working current or volt
age test should be made. The values ob
tained should not vary more than 2 per cent 
from those of the previous test. 
Shipping 

150. Relays must be tested and must 
meet shop requirements before shipment. 

151. Each relay must be put in a sepa
rate carton or suitably wrapped before be
ing placed in packing boxes. Not more 
than two relays to be placed in same pack
ing box. 

Field Tests and Inspections 
Meter Calibration 

160. Meters must be calibrated or 
checked by a meter known to be correct, 
before each cycle of test, and as often as 
necessary for field use. 
Testing 

170. Tests required by Instruction 110, 
113 and 120 must be made annually. 
Inspection 

180. Relays must meet shop require
ments when placed in service, except in 
emergency, when relays meeting field re
quirements may be used. 

· 181. It must be determined by observa
tion that sufficient front, back and polar 
contact opening exists. 

182. Determine by observing operation 
of relay, that sufficient clearance exists be
tween case and movable parts. 

183. Parts enclosed must be free from 
foreign matter,. in proper position and in 
good condition. 

184. Relays not meeting field require
ments of Table 1 must be taken from serv
ice as promptly as possible. 
Repairing 

190. Repairs and adjustment to insure 
positive operation of relay, for temporary 
use in emergency, may be made in the 
field by an authorized relay inspector. 
Recording 

200. Relays must be identified by serial 
number, which must be recorded. Manu
facturer's serial number must be used if 
available. 

201. Inspectors must re-mark indistinct 
serial numbers. 

202. Relays that have illegible or no 
serial number must be assigned serial num
ber, preceded by ~ letter. The letter to be 
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used will be assigned by the assistant 
chief engineer-signals. 

203. Inspector must immediately record 
field readings. 

204. Records made in the field nmst be 
transferred at least once each week to forms 
C.E. 207. One form C.E. 207 must be used 
for each relay. 
Maintainer's Test and Inspections 

210. When making regular inspections, 
maintainers must also make tests and in
spections in Instructions 104, 120, 181, 182 
and 183. 

211. Defective relays or relays due for 
shop tests and inspection in accordance 
with Instruction 1 must be shipped to place 
designated by supervisor of telegra:Ph and 
signals. Repair Tag, Form C.S.E. 17, 
properly filled in must be attached to each 
defective or shopped relay. 

TEST 6-D-C. Relays and 
Indicators-.-Shop· Tests: 

This test shall be performed in ac
cordance with C.E. 221. 

For apparatus not covered by 
P .R.R. Instructions, instructions fur
nished by the manufacturer should be 
followed. 

TEST 7-A-C. Relays and 
Indicators-Shop Tests: 

This test shall be performed in ac
cordance with C.E. 222. 

For apparatus not covered by 
P .R.R. Instructions, instructions fur
nished by the manufacturer should 
be followed.' 

TEST 8-Ground Resistance: 
The purpose of this test is to insure 

that grounds are maintained at suf
ficiently low resistance, so that pro
tection may function as intended. 

Resistance of grounds shall not ex
ceed 15 ohms. Where a resistance of 
15 ohms or less seems impracticable, 
it should be reported promptly to the 
supervisor of telegraph and signals. 

Tests shall be made in accordance 
with A.A.R. Drawing 1377 or Plan 
S-817. 

A record of each ground 111 use 
should be kept, readings to be re
corded as tests are made. When 
ground resistance is found to be above 
limits specified, corrective action must 
be taken. In testing protector grounds 
on power lines, test apparatus shall 
be connected at the ground rod, and 
careful visual inspection shall be made 
of the ground wire. In test of other 
protector grounds, connections shall 
be made at the arrester, instead of at 
the ground rod, for the purpose of 
checking the wire and connection, in 
addition to the actual ground. 

TEST 9-Lightning Arresters-
Gas or Vacuum Type: 

The purpose of this test is to in
sure that arresters are in condition· 
to provide the desired protection. 

Test shall be conducted on all ar-
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resters of the type involved, in ac
cOl·dance with instructions with the 
test set furnished for this purposr. 

TEST IS-Friction Torque, Power 
Operated Semaphore Signals: 

The purpose of this test is to in~ 
sure that power operated semaphore 
signals are free from friction or other 
interference which might prevent re
turn to most restrictive aspect. 

Test must be made in accordance 
with C.E.231. (Omitted on account 
of space limitations.-Ed.) 

C.S.E.23-C Instruction 76b-Lamp 
bracket shall be securely fastened and 
all parts of lamp shall clear spectacle 
not less than 0 in. 

C.S.E.23-C Instruction 78d-Slot 
armature side play measured at lower 
end of armature shall not exceed 
Ys in. 

TEST 22-Voltmeter Tests for 
Grounds Where Apparatus Has 
Been Burned Out By Lightning: 

The purpose of this test is to detect 
any grounds which may have devel
oped and prevent subsequent signal 
failures. 

When apparatus has been burned 
out by lightning, voltmeter readings 
shall be taken on all associated wir
ing and apparatus to determine if 
grounds exist. 

TEST 24-lnterlockings, Automatic 
Signals and Highway 
Crossing Signals: 

The purpose of this test is to in
sure good physical condition and sat
isfactory operation of the signal plant, 
proper application and maintenance 
of suitable material and devices, and 
that work in service agrees with ap
proved plans and specifications. 

Layout Plmz.: Check conditions on 
the ground for agreement with plan 
as to track arrangement; number, lo
cation and frog angle of cross
overs and turnouts ; location, type, as
pects and routing of signals ; location 
of tower and other structures which 
affect signaling. · 

Inspect physical condition of tracks 
and switches, signals, signal bridges, 
foundations, pipe lines, machine, 
tower and many other buildings in
volved. Check tower and other build
ings for fire hazard. 

Locking and: Dog Sheets: Test in 
accordance with Test No. 1. 

Circuit Plans: Check should be 
made as to condition and location of 
insulated joints, fouling wires, bat
tery, transformer and relay conne~
tions, wires and cables, switch circUlt 
controllers and rods, transformers, 
relay locations, switch movements, 
electric switch locks, and other ap
paratus on or about the tracks. 
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Check should be made of each relay 
location, including tower case, to see 
that it contains all the apparatus 
called for on plans and that there is 
no excess apparatus or foreign ma
terial, that apparatus is of proper type 
and has proper inspection dates, and 
that power and battery supplies are 
provid~d, and fused and designated 
accordmg to plan. 

Check should be made of ground
meter readings and volt and ampere 
readings as may be necessary. 

Check should be made of the num
ber in use, kind, condition and ad
justment of contacts in relays, electric 
locks, circuit controllers, releases, and 
similar devices, and tagging and wire 
numbering of wires to · controls and 
contacts. 

Check should be made of interlock
ing machine spring combination con
dition and adjustment, type of quad
rants, type and adjustment of seg
ments, and cutting and adjustments 
of segments in electric locks. 

Test should be made of all circuits 
to insure that the opening of each 
contact in a control circuit cuts off 
the control current under conditions 
shown on plan, following through all 
multiple circuits and cut arounds. 
When a circuit is broken over a relay 
twice, or when it is broken over some 
other contact that will be opened by 
opening the relay the wires in the cir
cuit must be disconnected for the test 
in addition to the opening of the relay. -

Where conditions are found that 
are not in accordance with approved 
plans these shall be corrected at once 
or steps taken for a revision of the 
plans to agree with the work. 

When making this check and test, if 
conditions are observed in which the 
approved plans do not seem to pro
vide proper protection or flexibility 
of operation, such conditions shall be 
reported to the supervisor of tele
graph and signals. 

TEST 25-Track circuits. 
(a)-Voltage at Relay. 
The purpose of this test is to insure 

that track relays are not overener
gized in accordance with instructions 
in C.E.232 or subsequent instructions; 
(C.E.232 omitted clue to space limita
tlons.-Ed.) 

Read track circuit voltage at relay 
terminals, record on proper forms, 
and arrange for prompt correction 
where voltage is high. 

(b)-Polarity. 
The purpose of this test is to in

sure that the polarities of adjoining 
track circuits are in accordance with 
approved plan or specification, and so 
~tranged that least favorable signal 
mdications will result from broken 
down insulated joints. 

D-e. track circuits shall be tested 
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by voltmeter which will show the 
actual polarity of the circuit. 

A-c. track circuits shall be tested 
by polarity meter which will show the 
relative polarity (like or staggered) 
of the two adjoining track circuits. 

Arrange for prompt correction 
\;v·here necessary. 

NOTE :-In electrified territory where 
centrifugal relays are fed through resistor 
or reactor, or both, the polarity meter may 
not give definite indication. Under these 
conditions disconnect feed end of circuit 
being tested or place a good shunt across the 
track circuit at least 500 ft. from the relay 
end and after the relay rotor has come to 
rest, bridge each insulated joint, separately, 
observing relay. If rotor turns backward 
toward or against the stop the polarity is 
satisfactory. 

C.S.E.23-C Instruction 155-The 
voltage or current on track relays 
must not exceed the maximum speci
fied in . CE.232. A check must be 
made when tracks are raised or 
cleaned. 

TEST 26-Sidinq Protection for 
Inflammable Liquids: 

The purpose of this test is to de
termine if the protective apparatus 
installed is operative and in good con
dition. 

Ascertain by observation and tests 
that insulated rail joints, ground 
wires and other protective apparatus 
are intact and functioning as intend
ed. 

C.S.E.23C Instruction 15-Regu
lar inspection of protective features 
provided at sidings where inflammable 
liquids are loaded or unloaded must 
be made to insure that they are 
properly maintained to function as 
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nection with each installation is in 
good order and functioning as in
tended. 

Make inspections and tests as pre
scribed in Instruction 80, Special In
structions Governing Construction 
and Maintenance of Signals and In
terlocking Plants, Form C.S.E.23. 

C.S.E.23-C InstnfJction 80-The 
maintainer of telegraph and signals 
must inspect and test highway grade 
crossing signal apparatus in accord
ance with outline given below. He 
must record on his regular C.E.204 
daily report where and when inspec
tions are made, and must also record 
the tests and inspections shown below, 
conditions found and any corrective 
action taken, by number, in the C.E. 
204 book located at the crossing (car
bon copy to the supervisor of tele
graph and signals). 

(a) At least once each two weeks. 
1. Inspect main and track~batteries 

for height of electrolyte, condition of 
plates, connections and cleanliness. 

2. Check degree of exhaustion of 
primary batteries, main and track. 

3. Measure voltages of storage 
batteries, individual cell and overall, 
with charge on and signal not operat
ing. (Designate cells 1, 2, 3, etc., 
from positive end of battery.) 

4. l\1easure total voltage of pri
mary batteries after continuous load 
for five minutes. 

5. Check a-c. power supply, in
cluding fuses. 

6. Check operation of power-off 
relay. 

7. Check operation of highway 
crossing signals for each track in each 
direction, and, after tests are com-

......• MONTI-1 ..• ---· _19 

TIME CONDITION 
DATE 

A.IL P.M. O.K. 8;J: 
OBSERVED BY 

In addition to the tests prescribed by C.S.E.23-C Instruction 80, the form above, known 
as C.S.E.42-A, is in general use with instructions on the back which read as follows: "The 
employee designated to observe crossing signals must make observations in a manner and 
at intervals prescribed for each location, record on card provided and forward card at 
the end of each month. If the signal is out of order, he must notify the .superintendent, 
track foreman, and T. & S. maintainer at once, and, if signal fails to operate to give warn
ing when it should, must protect crossing." The card, which is 5lj2 in. by 7 in. wide, 
may be folded, and has an address form, in addition to the above instructions, on the back. 

intended. Inspection should be made 
at least once a month by the main
tainer of telegraph and signals and 
at least quarterly by the telegraph and 
signal foreman unless otherwise pro
vided. 

TEST 27~Hiqhway Grade 
Crossing Siqnals~ 

The purpose of this test is to be 
certain that all the equipment in con-

pleted, observe that both armatures of 
the interlocking relay are picked up. 
(b) At least once each month. 

1. Check charging rate of main 
and track storage batteries simul
taneously with power supply voltages. 

2. Record on battery record card; 
water consumption; readings of volt-
ages and charging rate. · 

(c) At least once every three 
months. 
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1. Check number of flashes per 
minute. 

2. Check flasher contacts by ob
serving if at least one lamp on each 

JWITCH ROO 
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off and with a shunt of approximate
ly 2 ohms across the storage battery 
after this shunt has been in place for 
approximately 10 minutes. Voltage 

R£,40/NGNO./ R£,40/NG NO. Z 

GAGE ROD 

REAOIHG NO./ R£'AO/N6 N0.2 

~ 
A • 0-C. MILLI·AMME'Tcli' 
8 • I ORY CELL(APPROX. 1j YOLrsj 
1i' • 4 TO 10 O#MS A'&r!ST,<~NCE(rOR LIM/TIN<? 

CURRENT rLOW IN C'-"SE' Or BROK'EtV 
OOWN ltV.!ULAT/ONj 

REAOING NO.3 REAOING NO.4 

R£,40/NGNO./ R£,40/NG NO.2 

GAG£ PLATE FRONT ROP -FOOT 

S-818 
NOTE: 1. When readings obtained are 0.020 amperes or higher, insulation shall be 

renewed, except for insulating rail joints. 2. On insulati~g rail join.ts, wh~n tota~ r.eB:d
ings as determined from Note 3, are 0.020 amperes or higher, the msulabng rail JOint 
shali be taken apart and rust thoroughly cleaned with a wire brush and defective in
sulation and insulating bushings renewed. 3. To determine total reading on insulating 
rail joint add the higher current reading obtained from reading No. 1 and No. 2 to 
the higher current reading obtB:ined fro~ reading No.3 and No.4. ~· On ~ech~nically
operated switches-When readmgs obtamed are 0.020 amperes or higher, p1pe hne must 
be disconnected from switch and further readings taken. 5. Flexible metallic conduit 
connected to any grounded apparatus, such as E. P. valves, switch mechanisms, etc., 
shall be free from metallic contact with mechanism while test is being made. 

cross arm is burning with flasher re
lay at rest. 

3. Take hydrometer reading of 
main and track storage battery cells 
of lead plate type, starting with No. J 
cell. Record specific gravity on bat
tery record card. 

4. Check visibility and focus of 
signals, and visibility and condition of 
signs (including R.R. advance warn
ing signs on the highway). 

5. Inspect all lamps for blacken
ing of glass, replacing as required. 

6. Check voltage at each lamp unit 
with normal power supply, lamps 
flashing. Voltage should not be less 
than 10 nor more than 13 volts. 

(d) At least once every six months. 
The telegraph and signal foreman, 

with the maintainer of telegraph and 
signals, must make all the above in
spections and tests and; in addition, 
must: 

1. Check voltage at the two lamps 
having lowest voltage reading under 
Tests (c) -6 with a -c. power supply 

at lamps should not be below 10 with 
lamps flashing. 

2. Check back-flow of current 
through rectifier with power off. 

TEST 28-Insulated Rail Joints 
and Switch Insulation: 

The purpose of this test is · to in
sure that all fibre insulation is in good 
condition and test shall be made as 
indicated on Plan S-818. (See S-818 
in accompanying illustration.-Ed.) 

C.S.23-C Instruction 163b-lnsu
Iated rail joints shall be inspected 
monthly to insure that they are in 
good condition. 

TEST 29-Shunt Test-Hand-Oper
ated Switches in Cab Signal Terri
tory: 

The purpose of this test is to in
sure that cab signals are operating 
efficiently approaching non-inter
locked switches in the unlocked or 
open position in coded track circuit 
territory, to develop the distance from 
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the switch at which an engine receives 
a more favorable indication than cau~ 
tion-slow-speed. The distance in no 
case should exceed 100 ft. vVhen 
shunt is not properly effective, cor~ 
rective action must be taken promptly. 

TEST 30-Shunt Efficiency-
Gas and Electric and Similar 
Single Unit Equipment: 

The purpose of this test is to insure 
that track circuits are effectively 
shunted by light weight equipment 
and must be made not less frequently 
than indicated at points where it is 
known that trouble may be experi
enced due to poor shunting. 

Tests shou~d be made by observing 
proper electncal meter connected in 
the circuit when the track is occupied 
by the light weight equipment moving 
through the entire circuit. 

TEST 31-Dragging Equipment 
~etector Circuits: 

The purpose of this test is to insure 
that the dragging equipment detector 
circuits are in proper order to sound 
alarm and display restrictive signal 
aspects. 

Disconnect battery wire at the de
tector unit and check that alarm is 
sounded, that proper wayside signal 
aspects are displayed and that the 
proper code is fed to the track circuits 
involved. Any improper operation 
must be corrected at once. 

Mechanical Pipe and Wire Lines 
C.S.E.23-C Instruction 140-Joints 

in pipe lines must be kept tight and 
properly riveted, and not more than 
one joint must be made in the same 
pipe between any two supports. With 
the lever in the center position of its 
stroke, the couplings must be located 
not less than 12 in. from pipe carriers. 

C.S.E.23-C Instruction 142-2-in. 
more throw must be maintained in the 
back wire than in the pull wire of 
wire-pulled signals. 

C.S.E.23-C Inst1'uction 143-Pipe 
line under rail shall clear base of rail 
at least 1 in. 

Automatic Train Stops 
C.S.E.23-C Instruction 34-Trip 

arm of automatic train stop device of 
the mechanical trip type when in stop 
position shall be maintained at 3 Ys in. 
above the plane of the tops of the 
rails, and at a horizontal distance from 
its center line of 127:4 in. to gage of 
rail. They shall be inspected frequent~ 
ly enough to insure that they are in 
good condition. They shall be gaged 
monthly for height an·d alinement, and 
shall be tested semi-annually to insure 
that they are in condition for reliable 
and safe operation. Roadway ele
ments found to be defective shall be 
replaced with elements known to be 
in good condition. 


