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BONDING

1

2

3

4

Bonds, except concealed propulsion bonds, must be in-
spected monthly. Defective bonds must be immediately
replaced.

Direet current track circuits through road crossings, station
platforms or other places where visual inspection of bond-
ing cannot readily be made, must be tested frequently to
determine that bonds are not broken or defective, by con-
necting ammeter in series with track battery and observing
the movement of needle which should show either a gradually
increased reading as train approaches hattery end or grad-
uslly decreased reading if train is moving away from battery
end. Any sudden movement of needle indicates that train
has just passed over joints with defective bonding. (Rail
joint bonding in :lectric propulsion eircuit is tested by
Transmission Department},

Bonding through road crossings, station platforms and
other places where visual inspection cannot readily be made,
must be renewed whenever planking or paving is removed.
If planking or paving has not been removed for a long period
and in Maintainer's judgment bonding is in need of renewal,
the Maintainer must request Section Foreman to remove
planking or paving.

Foreign current tests may be made by disconnecting battery
and placing ammeter in series with track relay. If track
circuits are found with foreign current, report should be
made to the Signal Supervisor. In territory where foreign
current is found in track ecircuit particular care should he
taken to prevent bond wire and insulated joint failures.

RAIL CONNECTRIONS

&

6

7

Rail connections must be inspected frequently. They must
be kept tight and properly formed and when possible below
top of ties.

Test of shunt and fouling section eonnections must be made
at least once each 3 months. Effectiveness of switch circuit
controller shunt must be determined by operating only the
shunting contacts. Each contact must be tested separately.

Effectiveness of fouling section connections must be de-
termined by shunting track circuit with a standard .060 ohm
resistance at end of fouling section farthest from point of
connection with main circuit and noting that shunt is
effective.

BALLAST

8

Ballast must be kept at least 1 inch clear of rail, fastenings
and anchors, When ballast is not clear of rail, Maintainer
must request Section Foreman to clear. If Maintainer
cannot secure action from Section Foreman he must take
up with Signal Supervisor,

E

s o

Maintenance of Way Department Rule reads:

“Where rails are bonded, any ballast, mud or dirt that
may touch the rails should be removed to allow a clear
space of at least I inch below the base of rail. At road cross-
ings, platforms, ete,, where it is not possible to keep the
rails clear, the mud or dirt shall be removed and clean
ballast substituted.”

INSULATED JOINTS

9 Insulated joints must be inspepted monthly to insure that

11

fibre plates and bushings are in proper condition. Main-
tainer must notify Section Foreman if insulated joints are
in need of renewal. If Maintainer cannot secure action from
Section Foreman he must take up with Signal Supervisor.

NOTE: See Maintenance of Way Department Instruc-
tions for applying insulated joints,

To test insulated joints between adjacent track circuits or
from track circuit to dead section, connect voltmeter be-
tween rails at relay end of track circuit and then connect
shunt wire from north rail of one ecircuit to south rail of
adjacent ecircuit or track and vice versa, If the voltmeter
shows marked decrease in voltage when shunt wire is
applied the insulated joint should be taken off and examined
for defects.

Doubie end insulated joints may be tested with ochmmeter
when such equipment is available,

BATTERIES, TRANSFORMERS AND RECTIFIERS

12 Batteries, transformers and rectifiers must be inspected

frequently and maintained in accordance with current
instructions,

13 Track feeds must have a current limiting device between

feed and track and it must be adjusted to secure proper
current through track relay. In no case shall the limiting
device be less than that value which will allow track relay
to release when track circuit is shunted at rails at either
feed or relay end with a .060 ohm shunt.

RELAYS

14 Relays must be visually inspected frequently for defects,

and must be maintained in accordance with current in-
structions.

15 For direct current circuits; once each year and more fre-

quently, when conditions require, a check of the current
through the relays must be made when ties and ballast are
wet, to determine that sufficient current is flowing to insure
proper operation, and when ties and ballast are dry that
current flow does not exceed 250 amp Track shunt tests
must be made at least once each 6 months to insure that
track relays will drop away when 3 .080 ohm resistance shunt
%s appiied across the rai’>  “en track and ballast is dry or
rozen.

16

For alternating current cireuits; track circuits must be main-
tained so that relays will drop away when shunts as listed
below are applied across the rails. These tests must be made
frequently when ties and ballast are dry. When circuit ad-
justment is changed or relay replaced, shunt test must be
made. Resistance of shunts for the various relays and cireuits
are as follows:

SINGLE OR RESISTANCE

RELAY TYPE DOUBLE RAIL OF SHUNT

K-2 Single .5

N Single 5

N Double 2

D Double 1
OTHER Single 1
OTHER Double 060

GENERAL

17

If any apparatus is found to not meet the requirements,
the condition must be reported to the Signal Supervisor as
soon as possible and the situation must be protected as
required by the rules and instructions in effect.

RAIL RENEWALS AND CHANGES
18 When rail renewals and changes are to be made, the track

wires must be disconnected from the track relays affected
before the rails are disconnected and such track wires must
not be connected until rails are again connected. After rails
are connected the wires may be connected to permit train
movement, but after entrance of each train into section
the track wires must be again disconnected from the rails
affected and remain disconnected while train is occupying
the track section where rail renewals or changes were made,
until such time as proper shunting is obtained.
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The purpose of this instruction is to establish uni-
form procedures in the adjustment of steady energy DC rrack
circujts employing standard track relays fed from one cell of
storage battery and to obtain maximum practical shunting
sensitivity consistent with apparatus employed and varia-
tions in ballast resistance.

BATTERY END

The adjustments covered by this instruction are based
upon a total resistance of 0.1 ohm in the battery leads to rail
and an inserted resistance of 1.0 ohm with a lead cell and
0.65 ohm with a nickel iton cell or with primary ceils. Primary
cells must be connected in series, parallel, or series-parallel,
so as to provide a shunt current of 1.6 amperes at a nominal
voltage of 1.2. It is recommended that a minimum of 2000
ampere hours be installed for each track circuir.

Normally, a 1.0 ohm fixed resistor can be used with a
lead cell and a Raco Type 602-3, 1.0 ohm adjustable resistor
set at 0,65 obm for a nickel iron cell or with primary cells;
however, it is recommended that the adjustable unit be used
for all circuits,

If the leads between the battery and the rails are
longer than normal, the additional resistance introduced by the
added length must be taken into account when making adjust-
ments, To adjust the total limiting resistance (leads plus
inserted resistance), connect & low resistance shunt (#6 AWG
copper or larget) across the rails by means of clamps at the
battery end of the track circuit and, with the charge off, set
the adjustable resistor to allow approx:mately 2 amperes to
flow. With primary cells, connect a voltmeter acrose the
battery terminals and adjust the total resistance to .75 ohms
by calculation using E/I.

When making adjustments, a low resistance ammeter
with leads as short as practicable should be used and the
cutrent should be read on the 15 ampere scale of the meter.

RELAY END

To facilitate adjustment, the amount of series resist~
ance which may be inserted in the relay leads has been cal-
culated for various minimum ballast settings and the results
plotted as curves which form a part of this instruction. The
calculations are based upon a bonded track resistance of
.025 ohm per thousand feet which is the equivalent of 1274
rail with rail head bonds,

Three minimum ballast settings are plotted for each
type of relay on storage battery circuits. In addition, a one
ohm ballast curve is given for primary battery circuits. The
four ohm ballast setting may be used where ballast and ties
are in excellent condition, the three ohm setting may be used
generally under average ballast and tie conditions, while the
two ohm or one ohm setting should be used only where ballast
and ties are poor.

USE OF ADJUSTMENT CURVES .

Afrer determiring that proper limiting resistance has
been inserted in the battery leads, select the Figure which
covers the type of relay and cell to be used. From the mini-
mum baliast curve (2, 3 or 4 ohms) read the series resistance
to be inserted in the relay leads for the length of circuit under
adjustment.

For example using Figure 1, which covers a Bl track
relay Dwg. S6001-714 Gr. 1 with coils in multiple and a lead
storage. cell, the amount of resistance inserted to adjust a
3,000 foot circuit to 4 ohm ballast per thousand feet is found
to be 5 ohms.

In some cases within interlocking limits, an addicion-
al relay is installed in a turnout along with the regular relay
on the main track. This calls for adjusting a circuit with two
relays fed from the same cell. To make this adjustment, the
total length of track circuit is taken as the distance from the
battery end to the relay end of the circuit on the main track
plus the length of the turnout. Using this total circuit length,
the amount of series resistance to be added is read from the
curve and 85% of the value indicated inserted in each relay.

MEASURING BALLAST AND RAIL RESISTANCE

It is unnecessary to measure ballast and rail resist-
ance in order to use the adjustment curves, however, when a
circuit does not operate properly with normal adjustment or
where it is suspected that some abnormal condition obtains
within the circuit, it may be necessary to measure its charac-
teristics,

To measure ballast and rail resistance, disconnect
the track relay and place a low resistance shunt, attached to
the rail with clamps, across the track at the relay end of the
circuit. Measure the voltage (E) across the rails and the cur-
rent {I) to track at the feed end with the circuit so shunted.
The approximate rail resistance Ry, is then determined by
E/I. Remove the shunt and again read the voltage across the
rails and the current to track at the feed end. The approxi~
mate ballast resistance By, is then determined by E/IL

For all practical purposes these values for rail and
ballast resistance may be assumed to be correct, however, on
leng circuits having very low ballast and high rail resistance,
an appreciable error may exist. The degree of error can be
readily determined by dividing Ry, by By, to amive at a ratio.

In Figure A, the ratios Ry/Bp, are plotted as abscissae ena~

bling a correction factor to be read from the curve. Multiply-

ing R, by the correction factor and dividing B, by the cor-
rection factor will give true values for rail and ballast re-
sistance. It will be noted from Figure A that ratios less than
.15 result in errors of less than 5.5% which may be neglected.

Dividing the measured rail resistance for the circuit
by the length of the circuit in thousands of feet will give the
rail resistance per thousand feet of track, which value should
not exceed .025 ohm,

Multiplying the measured ballast resistance for the
circuit by the length of the circuit in thousands of feet will
give the ballast resistance per thousand feet of wrack.

To determine minimum ballast resistance for a partic-
ular circuit, readings should be raken during, or shortly after
4 rain. The lowest ballast resistance for any circuit usually
occurs at the start of a rain storm after a long dry spell, how-
ever, readings taken on wet track should be sufficiently accu-
rate as the adjustment curves are based upon maximum rail
resistance, minimum ballast resistance, maximum relay working
current, and a minimum battery voltage all occurring at the same
time.
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The purpose of this instruction is to
establish uniform procedures in the adjustment
of coded D.C, detection track circuits employ-
ing a stendard code responsive track relay fed
from two cells of lead storage battery for use

on circuits of 6000 to 15,000 feet, This
instruction does not cover the adjusitment of
track circuits with inverse codes,

Batt

The limiting resistence is to be
adjusted to obtain the short circuit current
specified for length of circuit and the
deaired minimum ballast setting. The short
circuit current should be read with a low
registance ammeter, 15 ampere scale, when the
batteries are not being charged and when
temporary connecti cns have been made to supply
steady energy to the track, Ammeter leads
should be as short as practiceble, A4 low
resistence shunt, Fo., 6 AWG wire or lerger,
should be connected across the rails by means
of clamps to complete the circuit,

Reley End

The coils of the relay should be connec~
ted in meries and the relay series resistor
adjusted so that the total circulating resias-
tance, including leads, is equal to 1.2 ohms,
This adjustment is fixed for all lengths of
circult and all minimum ballast settings,
The circulating resistance may be read
directly with an ohmmeter provided the feed
energy is removed from the track relsy by
placing e low resistence shunt (No, 6 AWG
copper or larger) across the rails by mesns
of clemps., Or the circulating resistance

may be measured by dividing the voltage
at the raila by the relay current when
steady D.C, energy is applied to the
track,

Use_of Adjustment Curves

The adjustment curves show the values
of short circuit current at the feed end
for circuite of 6000 to 15,000 feet at
minimum ballast resistances of 3, 4, and
5 ohms per thousand feet,

The 5 ohm per thousand feet minimum
bellast setiing is the preferred setting
in order to keep the short circuit current
as low as practicable, When ballast
conditions and ties are below average, it
may be necessary to increase the short
eircuit current to the 4 ohm or 3 ohm
setting., However, the short circuit
current should never exceed 5 amperes,

It is not necessary to measure exist-
ing reil and ballast resistances to use
the adjustment curves. If an abnormal
condition is suspected, the sctual reail
and ballast resistances may be deter~
mined by following the procedure out-
lined in Instructiom S441.
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