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SUbieCt. The Need for A Signalling System

WEY SIGNALLING is NECESSARY

Signalling may be broadly defined as the whole of the methods and means by which
traffic movements are controlled, encompassing not only points and signals, but
also the block system, interlocking and all other associated squipment.

The essential pH 2igns __ r BYBLem ars
a) To maintain a safe distance between following trains on the same track,
b)) To e the movement of trains at junctions, and when cross a path

which could be taken by another.

e) To regulate the passage of trains according to the service demsity and
speed required.

It is also a fundemental requirement that in the event of equipment failure, the
safety of trains must be ensured. '

In other words, SIGNALLING IS MNEBEESSARY FOR THE SAFE AND EFFICIENT WORKING OF
TRAFFIC

It can now be appreciated that TRAFFIC SPEED AND DENSITY ARE THE FACTORS WHICH
RENDER A SIGNALLING SYSTEM NECESSARY AND DETERMINE ITS SALIENT FEATURES

This is emphasized because, in order to obtain a clear conception of the actual
means required to control traffic mevements, it is essential to bear in mind the
traffic conditions obtaining. This makes it clear why the signalling arrange-
ments say, at a busy London terminal like Kings Cross, are so much more elaborate
than those required, say, on a branch line.

There are four links in the signalling system, viz., the driver, the signal, the
signalman, and the equipment which ensures the integrity of signalling - (the
block system and interlocking). Signals are provided to be obeyed by the driver
and they convey to him the instructions of the signalman. The block and
interlocking system ensures the safe application of the signalmans decisions.

THE DEVELOPMENT OF RATIWAY SIGNALLING

British Railwaye are generally acknowledged to have one of the most modern and

well equipped signalling systems in the world. However, in order to appreciate
the present system, it is necessary to understand its evolution from its early

beginnings in the mid nineteenth century.

In the early days of railways, signalling was non existant, in fact it was
not until well after the opening of the Liverpool and Manchester Railway in

1830 that any attempt was made to provide fixed form of signals to govern the
movement of traffic,

The gradual increase in the number of trains however, and the building of branch
lines, made some better form of control essential in order to protect trains
standing at stations and to regulate their movement at junctions. Further, the
"time interval" system of working then coming into use, necessitated some
positive indication being given to the driver of a train of the time that had
elapsed since the train ahead of him had left.
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The signals were given by "policemen", each policeman having two signal flags,
one red and the other white, the white flag being displayed when the train
could proceed.

Fig, 1 shows a print of a policemen., It is interesting to note that, even
today signalmen are still sometimes called "Bobby", the name being derived
from the policemen of the early railways.

Fig. 2 shows a print of a train being stopped by "policemen® .because of an
obstruction on the line. (Obviously before Section M of the rule book was
introduced).

About 1837, Edward Woods, the engineer of the Liverpool and Manchester Railway
introduced a form of signal. It consisted of a target fixed to the top of a
post, which could be turned parallel to the track when the line was clear and
across the track when it was blocked.

Pig. 3 shows a print of this early signal.

In 1841, a development of the utmost importance occurred, The engineer of the
London and Croydon Railway, C.H. Greory, erected the first railway semaphore
signal.

Fig. U shows a print of a rallway semaphore signal.

While fixed signals met, to a limited extent, the requirements for ordinary
rumnming movements, the increase in the number of points and crossings and the
increase in speed and density of traffic led eventually to the development of
the interlocking frame, where levers controlling points and signals were
interlocked to ensure safe working.

Accidents of a serious nature, arising from points being moved while trains were
passing over them, led to the development of the Facing Point Lock Bar and
Plunger. The bar, long enough to bridge the longest wheelbase, had to be

thrown over from one position to the other before the points could be moved, I1f
a wheel was over the bar, it prevented the bar from being thrown. The
application of these devices made facing points safe, thus greatly improving
traffic working.

The development of points and signals continued, first by the use of Electro-
Pneumatic systems, and later, with improvements in electric motors, all electric
motor machines were used.

The Block System evolved from the telegraph instruments patented by Cooke and
wheatstone in 1837.

The system was founded on the idea of Maintaining an Interval of 'Space’
Between Following Trains instead of merely an interval of 'Time’, Many
accidents had occurred due to the inadeguacy of the 'time interval' system to
cope with increasing speed and density of traffic.

The Block Section is the distance between one signalbox's last stop signal and
the advance signalbox's first stop signal. The Absolute Block Syetem only
allows one train in the block gsection at any one time.

Another innovation which had important consequences for railway signalling
was the "Track Circuit', whereby rails could be used for signalling purposes by
the provision of insulated joints electrically isolating the length concerned.
The first really practical application of the track circuit in England was at
Kings Cross in 1893/9k.
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Fig. 1 Railway Policeman
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Fige 2 Obstruction On The Line
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Fig. 3 First Railway Signal

Fig. &4
Railway Semaphore Signal
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With the development of the power operated (semaphore) signal and the track

circuit, the way was clear for the general introduction of fully automatic
signalling.

The development of presision-filament electric lamps promoted the use of
colour light signals. Colour Lights are more efficient than semaphore signals,
particularly in conditions of poor vieibility. They are also very flexible

in application, being essential where multiple aspects are required, since
each signal, when not showing 'Red', can be made to give an indication of

the aspect of the signal (or signals) ahead.

It can now be appreciated that the present railway signalling system has
evolved as a result of a number of factors:

1) The growing complexity of the railway network

2) The increasing speed and density of traffie

3) The continual search for technological innovation

) The demand for the efficient control of traffic

5) The underlying necessity for safety and for 'fail safe' equipment.

SIGNALLING TODAY

From its inception, the main function of signalling has been to safeguard
traffic movements, and practically every development and improvement in the
apparatus employed has had this object in view. It 1s becoming increasingly
apparent however, that with the aid of modern equipment and techniques,

gignalling can now be arranged to function in other directions in addition to
that of safe working. E

The signalling system can materially assist in effecting economies in
operating costs and also in increasing the carrying, and therefore the earning
capacity of the railway. What might at first sight appear strange is that
signalling schemes designed to increase operating efficiency and thus reduce
costs, usually afford greater security than the system displaced. The

funetions of modern signalling are to safeguard traffic movements and also
to keep Traffic Moving.

Let us now look at some of the aspects of signalling today.

THE BLOCK SECTION AND SIGNALLING

When discussing the Absolute Block System, it will be noted that only one
train could approach a signal box on each pair of rails, thus the number of
signalboxes was dependent upon the number of block sections required. It
can be seen that such a signalling system does not function to the best
advantage.

The old system of block working is rapidly being replaced by Multiple Aspect
Colour Light Signalling (M.A.S.), with associated Track Circuit Block. It

is a very simple system so far as the driver is concerned, and has been found
capable of coping successfully with the wide range of speeds, varying braking
rates and headway between following trains.

Fig. 5 shows the elements of the system which may be 2-, 3- or L- aspect
according to traffic needs.
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AUTOMATIC WARNING SYSTEM (A.W.S.)

Associated with the lineside signalling is an automatic warning system
termed A.W.S. which supervises the drivers reaction to caution aspects and
indicates to him the passing of a clear aspect. It is advisory and leaves
the regulation of the train speed in the hands of the driver for the most
part, but causes a brake application to be made automatically if he fails to
react when approaching a restrictive aspect.

AW.S. functions by inductive action between magnetic inductors in the
track and a pick-up on the locomotive, giving the driver an audible and
visual indication of the state of the signals.

INTERLOCKING

Mechanical interlocking frames have considerable limitations, the capacity
of the installation being limited not only by physical size, but also by the
time taken by the signalman in making the necessary movements, these
restraints have led to the development of Relay Interlockings where the
levers have been replaced by switches and push buttons which are generally
incorporated in the signalling console itself, having the same relative
positions thereon as the functions have on the actual layout.

The switches and push buttons control relays which are electrically inter-
locked and are the real controllers of the working and take the place of
the lever from an engineering point of view.

It will readily be appreciated that relay interlocking enables a considerable
reduction in the time of operation and thus increases the efficiency of the
installation.

The type of relay interlocking now generally adopted by British Railways

is the N.X. system. The setting up of a route is accomplished by pushing a
button at the entrance of the route and then pressing a button at the exit
of the route. The apparatus itself then automatically performs all the
necessary operations to set up the route and clear the relevant signal. This
results in considerable simplification of the panel and its operation from
the signalman's point of view. The designation "N.X." given to the equipment
is derived from the two words eNtrance - eXit.

TRAIN DESCRIBERS

With relay interlocking installations, high class train describer equipment
is essential. The indications displayed move across the panel with the
progress of the train concerned, so enabling the signalman to follow it
from signal to signal in the area of his control. The display is automatically
transmitted from signal box to signal box as the train proceeds along the
line.

REMOTE CONTROL OF INTERLOCKING

A method of controlling geographically remdte interlockings by conventional
means, such as by standard lineside cable, would make the costs of many
installations prohibitive.

The majority of remote control systems are used ag non-vital links between
a signalmans console and remote interlockings.
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There are three categories into which remote control systems fall, each
being used for a particular get of circumstances. These are:

a) Direct Wire — Non=vital multicore cable (normally used for limited
distances within their economic range).

b) Time Division Multiplex - (7.D.M.) - Data transmission on a discrete
Time basis

¢) Frequency Division Multiplex (F.D.M.) - Data trensmission on a discrete
Frequency basis

Although, with the exception of certain types of F.D.M., the syatems are
not classified as 'Fail Safe', the overall integrity of the signalling
system is ensured by the electro-mechanical interlocking at the local site.

CENTRALISED CONTROL

Centralised control has been made possible as a result of improvements in
transmission techniques. There is now no technical limit to the area which
can be controlled from one central point. The limits have been extended
considerably in recent years by agreement between the operating and signal
engineers departments, as the advantages of central control became apparent.

We have now reviewed some of the main aspects of signalling today, however,
signal engineering is in a constant state of evolution, and we pust therefore
always be looking towards future technology.

THE FUTURE

Lineside signalling is now adequate for all traffic at speeds for which the
line is signalled up to a maximum of 200 km/h, The Advanced Passenger

Train (A.P.T.), however, has been designed so that its speed potential is

250 km/h and higher, and trains running at this speed would require modified
lineside signalling to cope with increased Service Braking Distance., Prezent
research is centred around the concept of Automatic Train Operation (A.T.O.),
which would be superimposed on the lineside signalling system, with
incorporated cab signalling with speed supervision and regulatory control.

The trend towards a greater degree of automation is likely to continue for
there appears to be endless possibilities for the adoption of modern system
control technology to railway signalling systems, thus, computer based
train describers, information and interlocking systems will be the objects
of future research and application.

THE COMPETENT TECHNICIAN

Having reviewed the past, present and future aspects of signal engineering,
it is evident that the installation and maintenance of signalling equipment
at the present day demands considerably wider knowledge than was formerly
the case, and the technical expertise required for our future commitments
will be even greater.

The main purpose of the training courses on which you have embarked, is to
ensure that you as the technician who will be responsible for the care of the
various types of apparatus that go to make up a modern signalling system,
possess a sound understanding of the principles underlying your work.

OF THE TECHNICIAN'S RESPONSIBILITIES, THE MOST IMPORTANT IS TO MAINTAIN THE

_——_—__—___—L_.-———__———-_—-—_
AFELY AND

JIPMENT IN SUCH A STATE THAT IT MAY BE RELIED UPON TO FUNCTION S

EQUIPMENT IN SUCH 4 SIEZH JBA- oo o ———=

CORRECTLY AT ALL TIMES.
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SUb] e Ct- Principles of Signalling and Signalling Layout.

As explained in Lecture 1. Any concentrated railway system requires a
Signalling system to control the movement of the Trains.

'RUNNING SIGNALS',

RUNNING SIGNALS ARE SIGNALS WHICH CONTROL THE MOVEMENT OF TRAINS ALONG
THROUGH LINES OR ROUTES. The term is used to differentiate between Signals
read by through trains and those used for shunting movements.

Running Signals are divided into two main types STOP SIGNALS, DISTANT SIGNALS

'STOP SIGNALS!

Stop Signals are used to bring a train to a halt. They can be of two main

types.

SEMAPHORE SIGNALS COLOUR LIGHT SIGNALS

SEMAPHORE SIGNALS ARE DIVIDED INTO TWO TYPES. UPPER QUADRANT AND LOWER

QUADRANT., The standard is upper quadrant type.

WHEN THE ARM IS HORIZONTAL IT IS IN THE ON OR STOP POSITION

WHEN THE ARM IS RAISED (OR LOWERED) THE SIGNAL IS IN THE PROCEED POSITION.

BY NIGHT THE STOP ASPECT OF THE SIGNAL IS A RED LIGHT AND THE PROCEED

ASPECT OF THE SIGNAL IS A GREEN LIGHT.

WHEN THE SIGNAL IS IN THE ON OR STOP POSITION ITS MEANING TO THE DRIVER I1S:—
STOP AT THE SIGNAL.

WHEN THE SIGNAL IS LOWERED OR IN THE OFF OR PROCEED POSITION ITS MEANING TO

THE DRIVER IS:— PROCEED TO THE NEXT STOP SIGNAL

THE FACE OF ALL STOP SIGNALS ARMS ARE RED WITH A WHITE VERTICAL STRIPE

I STOP POSITICHN.
ARM HORIZONTAL. RED LIGHT.

i

PROCEED POSITION.

ARM RAISED (OR LOWERED) GREEN LIGHT.

Stop Signals which come into the classification of running Signals are:-
HOMEoSTARTING, AND ADVANCED STARTING SIGNALS.

THOME SIGNALS' are provided to protect a Station or Junction and where no
Starting Signal is provided, control the entrance to the next Block Section.
The position of a Home Signal will be determined in relation to such factors
as, Sighting Gradient, Fouling point.

When a Home Signal is positioned an Overlap Distance in the rear of a

second Home Signal or from a Fouling Point, it may be classed as an Outer
Home Signal. In such cases special Block regulations apply.
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The following Diagram shows the application of Home Signals and Outer Home
Signals. o L

up HOME. [] |
Nr
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The Diagram shows a Station with reversing crossover protected by Home Signals.
An example is also shown of the provision of an Outer Home on the down line.
'STARTING SIGNALS', are provided to authorise movement from a Station. When no
Advanced Starting Signal is provided they will also control entrance into the
forward section,

U : L=

Dowvmn Starting Signal.

' \DVANCED STARTING SIGNALS', enable shunting movements to be made within their
protection, they also allow trains to be held pending their acceptance by the
forward Signal box. The Diagram shows Advanced Starting Signals in use, it
should be noted that a TRAIN BERTH IS THE LENGTH OF THE LONGEST TRAIN LIKELY TO
USE THAT LINE.
R A e e

TR N P T
Advanced |
-Train Berth  Starting Sigd

{ | Distance. =| D

[I—————‘ Train Ber?i“x\\ r 1 [~
\Distance, .

Advanced '

Starting

l Siﬁaﬁa.

Junction Signals, are used to protect and control trains over diverting or

converging junctions.

Diverging Junction Signals when no Route indicator is provided, a Signal must

be given for each route. The position and height of each Signal is indicative

of the line to which it applies.

THE SIGNALS ARE LAID OUT TO BE READ LEFT TO RIGHT IN THE SAME ORDER AS THE LINES

TO WHICH THEY APPLY

THE TALLEST SIGNAL IS RELATED TO THE HIGHEST SPEED ROUTE AND THE SIGNALS DECREASE

IN HEIGHT PRO RATA TO THE CHANGE OF LINE SPEED

The modern practiee would be to provide (subject to line speed allowing) one

Signal only with a route indicator to show which route the signal has been
cleared for,
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rl Main line Signal
” Branch line Signal
MAIN LINE

w‘ﬁ LINE Route 3 1 -
*r{::F_J] l#’,////””—ﬂouteozu

Routes 3

Number in the BRoute indicator
Symbol indicates the number of Routes
from the Signal

REPEATING SIGNALS Running Signals are positioned so that the Driver is able to
sight"” them in sufficient time when approaching them. WHEN THE MAIN SIGNAL
IS OBSCURED BY A BRIDGE OR STRUCTURE REPEATING SIGNALS ARE USED, They are not
in themselves active Signals they only inform the Driver of the condition of

mw

Repeating J Overbridge S‘top !
Signal Signal

Repeater
Signal(Banner

DISTANT SIGNALS
DISTANT SIGNALS ARE PROVIDED IN THE REAR OF STOP SIGNALS TO WHICH THEY APPLY.
DISTANT SIGNALS waARN THE DRIVER OF THE CONDITION OF THE STOP SIGNALS AHEAD.

WHEN THE ARM OF A DISTANT SIGNAL IS IN THE HORIZONTAL POSITION OR A YELLOW

LICHT IS SHOWING IT MEANS CAUTION, BE PREPARED TO STOP AT THE NEXT STOP SIGNAL
WHEN THE ARM IS LOWERED (OR RAISED) OR A GREEN LIGHT IS SHOWING IT MEANS,

PROCEED EXPECTING TO FIND ALL SUCCESSIVE STOP SIGNALS CONTROLLED BY THE SAME

BOX CLEAR

Distant Signals are provided in the rear of the Stop Signals to which they apply,
THEY ARE POSITIONED AT THE SERVICE BRAKING DISTANCE IN THE REAR OF THE FIRST
STOP SIGNAL TO WHICH THEY APPLY

Interlocking is provided to ensure that the Distant Signal cannot be cleared
unless all the Stop Signals have been cleared.

DISTANT SIGNALS HAVE A YELLOW FISHTAILED END ARM WITH A BLACK CHEVRON, AT NIGHT
THE LIGHT IS YELLOW FOR ON AND GREEN FOR OFF

CAUTION POSITION. .
ARM HORIZONTAL, YELLOW LIGHT. (:) H

—

PROCEED POSITION.,
ARM RATISED (OR LOWERED), GREEN LIGHT,
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BACK LIGHTS

The Lamps of Semaphore Signals have a small white back light, obscured by the

movement of the Signal arm from

the horizontal by more than 5°: All ground

Signals have Backlights to indicate their presence.

Shunting Signals.

SHUNTING SIGNALS CONTROL THE PASSAGE OF A TRAIN FROM SIDINGS TO RUNNING LINE OR

V.V. AND BETWEEN RUNNING LINES

Floodlit Disc.

SEE
Discs may be Green Light.
RED BAND ON
WHITE GROUND., Red or
OR. Yellow Light

YELLOW BAND ON
BLACK GROUND

=2
SHUNTING SIGNALS MAY BE OF THE DISC OR FLOODLIT TYPE,

The Disc type has a RED BAND ON

A WHITE GROUND WITH RED OR GREEN LIGHTS BY NIGHT

or YELLOW BAND ON BLACK GROUND WITH YELLOW AND GREEN TIGHTS BY NIGHT
The band is in the Horizontal position for ON and is Totated through 45° for an
OFF indication. WHEN CLEARED SHUNTING SIGNALS AUTHORISE THE DRIVER TO PROCEED

AS FAR AS THE LINE IS CLEAR, BUT NOT TO PASS ANY SIGNAL AT DANG:

SHUNTING SIGNALS WITH A YELLOW BAND MAY BE PASSED WITHOUT EEING CLEARED FOR THE

Yellow Band.

$]DY

MOVEMENTS FOR WHICH THE SIGNAL WHEN CLEARED DOES NOT APPLY

Shunting Neck

\

Main Line.

The Yellow Disc may be passed in the "ON" position to shunt into the shunting
neck but the Signal must be cleared to come out onto the Main Line.

(][j,ﬂed Band

The Red Disc must be cleared fo

SUBSIDIARY SIGNALS.
BSIDIARY SIGNALS ARE PROVIDED

SUBSIDIARY SIGNALS ARE PROVIDED UNDER BAZZ 5222 = = oo REDUCED

TTH RED AND WHITE HCRIZONTAL S

1+ all shunting movements.

UNDER MAIN STOP SIGNALS THE ARM IS A SMALL ARM
TRIPE THE NORMAL INDICATION BY DAY IS A REDUCED

WITH RED AND WHITE HORIZONTAL STRIPA 225 s e e~ e PROCEE
THE PROCEED

IN THE HORIZONTAL POSITION

AND BY NIGHT A REDUCED WHITE LIGHT.

ARM_IN THE HORIZONTAL POSITION AND BY Noui- 2 B2 —ertocmson= i tar N o jy A

TNDICATION IS GIVEN BY THE ARM BEING RAISED OR LOWERED BY 1,69 AND BY NIGHT BY A

GREEN LIGHT




B

Subsidiary Signals come under three main types.
CALLING ON., WARNING. SHUNT AHEAD

CALLING ON. The line towards the next Stop Signal is occupied, proceed
cautiously prepared to stop short of any obstruction but do not pass any other
signal at Danger.

SHUNT AHEAD, Proceed for shunting purposes only but do not pass any other
danger Signal. Return behind the Signal before proceeding.

WARNING, Proceed as far as the next Stop Signal,

Main Arm.
C = Calling On

Subsidiary Arm W = Warning

/ S = Shunt Ahead

R
C)Egh.mé
e

WARNING SIGNAL CALLING ON SIGNAL SHUNT AHEAD SIGNAL
Advanced Starting Distant Home Starting
Signal of Rear Box  Signal Signal Signal

BLOCK WORKING

One of the main functions of a Signalling System is to ensure an adequate space
interval between Trains on any one Line, The Block Signalling System is designed
to work in conjunction with the Fixed Signals required for the purpose of

Traffic Opsration. Reference to the D;agram of a simple layout of three Signal

L_Hlﬁ\.‘rl.iﬁﬂl JL_[I LT | N

I
'-%BLOCK SECTIQN a-r f==— BLOCK SECTION —=>—
fes—— STATION LIMITS, ——=
Referring to B Signal Box. A Train in the Platform area is under the control of
B Signalman., It is protected in the rear by the Home and Uuter Home Signals and
can be held by the Starting or Advanced Starting Signals.
THIS SECTION OF LINE FROM THE FIRST STOP SIGNAL OF A SIGNALBOX TO THE LAST STOP
SIGNAL OF THE SAME SIGNALBOX IS CALLED THE STATION LIMITS
If consideration is given to the section of line from A Starting Signal to B
OQuter Home Signal, it will be seen that:— A controls the entrance to the
gection but B controls the exit from the section. If accidents are to be
avoided there must be communication between the two Signalmen over the operation
of Trains in this Section., The communication system is called the Block
Signalling System and the section of line is called the Block Section.
THE BLOCK SECTION IS THE SECTION OF LINE FROM THE LAST STOP SIGNAL OF THE BOX
IN THE REAR TO THE FIRST STOP SIGNAL OF THE BOX IN ADVANCE

THE BLOCK SIGNALLING SYSTEM ENSURES AN ADEQUATE SPACE INTERVAL BETWEEN TRAINS

I3
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PERMISSIVE BLOCK

S Friteds

THE ABSOLUTE BLOCK SYSTEM IS TO PREVENT MORE THAN ONE TRAIN BEEING IN ANY ONE
BLOCK SECTION ON THE SAME LINE AT THE SAME TIME

MODE OF SIGNALLING BY ABSOLUTE BLOCK

The large diagram shows the layout of Signals and the Block ingtruments. With
no Train in the section the Indicators will be showing Normal.

Prior to the dispatch of a Train from A the Signalman there must call attention
of B and having obtained it send Is line clear signal. If B is sure that the
line is clear i.e. the last train has come through the section complete with
Taillamp and is L4O yds (LO3m) past the First stop Signal, he will acknowledge
the Bell Signal and will turn the Indicator to show Line Clear.

Signalman A may then clear his Signals for the Train to leave A.

As the Train leaves A and Passes the Starting Signal it will be entering the
Block Section. The Signalman at A will send the bell signal Train Entering
Section.

The Signalman at B must acknowledge the Signal and turn the Indicator to

Train On Line.

Signalman B will then call the attention of C Signalman and send is Line Clear
to C. On receiving Line clear from C, B, may clear his Signals for the Train.
When the Train has passed B Home Signal by LLO yds (h03m) complete with Taillamy
B Signalman will call attention of A Signalman and having obtained it will send
Train Out of Section signal which A Signalman will acknowledge. B Signalman
will then place the Block Indicator to Normal again.

The Train will proceed through to C with C and B exchanging the necessary
signals,

Under the Absolute Block System A may not allow a Second Train to enter the
Block section until the first Train has cleared that section. There is however
a system used on goods lines which allowes more than one Train in a Section,
this is called Permissive Block.

UNDER PERMISSIVE BLOCK WORKING THE SIGNALMAN MAY ALLOW MORE THAN ONE TRAIN TO

BE IN A BLOCK SECTION AT THE SAME TIME

With permissive working the Signalman at A offers the Train in the normal way
for the First Train and that Train will enter the section and Train on Line
will be sent and indicated,

1f A Signalman requires to send a Second Train before the first Train clears
the Section he will offer the Second train to B, but B will accept with a
special Bell Signal. This bell signal tells A that B is accepting the Second
Train into an occupied Section and that A must warn the Driver of the Second
Train that the Section is occupied. Signalman A on receipt of the reply from
B will allow the Second Train to enter the Section having first stopped and
cautioned the Driver and telling him the number of Trains in front of him in
the Section.

When the Trains reach B they are cleared out of the section in the normal
manner. The Train on Line Indication is only removed and the Block Indicator
returned to Normal after the last Train has cleared the Section.
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British Railways Eastern Region

CS&TE DEPT. :
TRAINING SCHOOL. REF, %S 3/1
YORK. w4 JANTEES

COURSE. Basic Electrical Signalling.

SUBJECT. Mechanical Interlocking

Interlocking - often referred to simply as locking - may be defined as a
means of ensuring that certain levers shall not be able te be moved when
other levers are in certain given positions depending on circumstances.
This may be accomplished by mechanical or electrical meams. The object
of interlocking may be defined as follows:-

1. To ensure that the Signalman shall be unable to clear a fixed signal
until all pcints are correctly set.

2. To prevent two conflicting Signals being cleared at one time.

3. To prevent the moving of any points until the protecting Signal is
a2t Dangzer.

LEVER FRAMES

When the signalling of a layout has been agreed upon by all departments
concerned, the next step is to determine the best method of nuzbering the
layout and it is important that the numbering should be so arrenged that:-

l. The Signalman does nct have to pull or put back a lever between two
adjacent levers which are in the reverse position (the reason being to
give the Signalman a free and uninterrupted pull on the lever concerned) .

2. Shunting signals are numbered =0 as to be positioned in close proximity
to their relative point levers. This not only enables the Signalman to
control shunting mcvements with a minimum of walking but also reduces
complications of the locking mechenism.

3. Depending on the arrangement of the layout, it is desirable for various
reascns, t0 consider the merits of placing the shunting signals at either
end of the frame with main running signale in the centre or to number the

levers so that running signals are at either end and shunting signals in
the centre.

PREPARATICN C¥» TABLES

To enable the Locking mechanism to be designed it ie first necessary to
corpile a Locking Table. The Locking Table will give details of the locking
required for ezch lever in respect of any other levers which may affect ity
i.e.
a. What levers are required to be Pulledprior to pulling the Ier
concerned.

b. Having pulled the lever, which other levers will be locked by
the pulling of that lever.

IS
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FRETARATICN CF TABLES Cont'd.

There are several styles of lecking table in use on this Region but in future
all tables will conform to the follewing stzndard:=

Wo. Released by Locks

In preparing a locking table it is necessary to bear the following pcints in
rind.

-

l. Lkssume all levers are normal in the frame, and that the
lever performs its locking when it is pulled, except
where F.P. Locks stand "in" normal.

2. To lock the frame so as to obtain the maximum security
in working.

3. To enable the signalman tc obtain the maximum freedom
of movement comsistent with safety (e.z.) Shunting
signals to rezd over all possible routes.

4. BEaving dealt with every lever in the frame it is advisable
to go through the table and check the comnverse of all normal
locks and cross ocut any overlocks.

5 For ease of reference the numbers on each line in each colomm
ghould be placed in numerical order before the locking
mechanism is prepared.

The fcllowing Simple rules can be used to determine the interlocking
requirements: -

1. DISTANT Signal Lever is Keleased by all relevant
STCP Signal Levers.

2. SIGHAL LEVERS require all PCINT levers imn the
correct position for which they read, and lock them
when pulled.

3. SIGNAL LEVERS must lock all other SIGN.L levers which
if pulled would give a conflicting Signal.

4. It must not be possible to move any points connected
with, or leading on to the rcute for which a Signal has
been cleared until the Signal is replaced to Dangers

5. TRAILING PCINTS in the rear of STOF SIGRALS must be
locked either WORMAL CR REVERSE when the Signal is cleared.

€. STARTING SIGNALS are released by Line Clear (Electrically).
/Continued.ccoes
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PREPARTICY CF TASLES Cont'd.

7. HCNVE SIGNALS cannot be cleared unless the STARTING SIGNAL
is at danger.

8. TPCINT LEVERS must be interlocked so as %o prevent any
accident.

CUNSTRUCTION DETATILS

When the table of Locking has beenmrepared a diagram of the locking mechanism
is produced,from which the Locking Fitter will assemble the mechanisme

A lockines Frame is composed of Levers, Floor plates (Quadrants), Standards,
Lever Shafts, Locking Box Brackets, Locking boxes, Toppets, Bridle iroms
(Connectine locks together) and Locks (See Fige le)e

LOCKING MECHANISM DESIGN

There are only two shapes of locks used on the E.R. Standard pattern frame
(i.e.) broad nose and narrow nose as shown in Pig. 2A. In order to avoid
conflicting notches the locks are positioned in the locking boxes as follows:=
a., Broad Fose Locks.
1. Release lock in the inside chann2l.
2., Lock in the outeide chanmel.

b. Narrow Nose Locks

1. Lock in the inside channel

2., Both way lock in the inside channel
3, Both way lock im the outside channel
4. Release lock in the outside channel

c. Shows a number of examples of eonflicting noteches and
aleo the correct method of avoiding conflicting notches
in each case. Phus it is important that before carrying
out any alteration tc locking a check should be made in
order to make sure that there are no exiating notches in
the tappets which would econflict with a proposed
. alteration.

LOCKING MECHARTSMS

Figs. 2B. 3.4.5.6 and 7 are examples of interlocking between levers. It
should be remembered that the levers are ghown in the Normal Pcsiticn at the
gtart of each sequence.

Fig. 8. Shows a complete signalling layout, locking table and locking
mechanisme.

7
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British Railways,Eastern Region.
E S.&T. E Depart ment._—“

Training Schools,

York & liford. ° Ref, B:B:s/k1.
Course. BASIC ELECTRICAL SIGNALLING =T IJANTS3

Subject. ___rom suruss

Generally speaking, power supplies for signalling purposes can be grouped
under three headings:

1) PRIMARY CFLLS
2) SECONDARY CELLS
3) ALTERNATING CURRENT APPARATUS
The types of electrical supply that we have previously discussed on the

E.P.1. Course were:

a) Direct Current = D.C.

b) Alternating Current — A.C. — As supplied by the Central Electricity

Generating Board (C.E.G.B,)

It was stated that with a D.C. supply, the current always flows in one
direction but in an A.C. circuit it constantly changes direction, This
change of direction in the mains supply is at a rate of 50 times per second.
The A.C. supply is thus called 50 Cycle Supply or 50 Hertz (8z).
For signalling relays a direct current supply is required. When possible
it will be obtained from the C.E.G.B. and then changed to D.C. at the correst
voltage., There are, however, many areas where Primary Cells are used as the
only source of D.C. power supply.

PRIMARY CELLS
Primary cells are generally constructed as follows:

1) Container or outer case.

2) Positive element,

3) Negative element,

Li) Electrolyte.

5) Depolariser,
Requirements for primary cells:

1) The E.M.F. should be large and remain constant.

2) The internal resistance should be small and remain constant.

3) The condition of the cell should be capable of being easily inspected

and/or tested.

;) It should be easy to renew.

5) It should give off no offensive fumes,

6) It's initial cost should be relatively small,
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The two main types of primary cell in use on this region are as follows:

"LECHLANCHE" TYPE DRY CELL

Zine container covered with cardboard.

Carbon for Positive Element,

Zine Container acts as Negative Element.
Salamoniac Paste for Electrolyte.

Manganese Dioxide as Depolarising Agent.

"On Load" voltage approx. 1.3 volts (when new)
INERT "AIR DEPOLARISED" CAUSTIC SODA CELLS

Fibre or Plastic Container,

Carbon for Positive Element,

Zinc for Negative Element,

Booster Zine fitted for extra life,

Porous Carbon as Depolarising Agent.

"On Load" voltage 1.2 volts (when new)

Caustic Potash Solution as Electrolyte.

Instructions for servicing on container side.
There are two inert caustic cells in use., The 6184 and the 608A. The
former should be removed from service and replaced when the "on load" voltage
reaches 1.1 volts., The 608A cell should be changed when the "on load"
voltage drops to 1.0 volt. Dry cells do not have this sharp fall off
characteristic and should be replaced when the overall battery voltage falls
below the required value or when individual cell "on load" voltages drop to
0.8 volts, whichever occurs first.

Ventilation is important for all primary cells and a continuous supply
of fresh air is essential across the top of each cell, Inert Caustic Cells

will not operate satisfactorily if ventilation is not provided.
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RECOMMENDED DISCHARGE RATES

Maximum Recommended Discharge
Rates
Type of "Rated" Capacity Weight
Cell Continuous 1bs Continuous Intermittent
60x5 secs 2x2 hrs
Daily Daily
BeBs3 2,000 hours 2 50 mA 375 mA 100 mA
DaS1 2,600 hours 6 100 maA 500 mA 200 mA
A,D.513 850 Watt hrs 16 200 mi S Amps 600 mA
A.D.618A 1,000 " " 10% 5,00 mA 800 mA 800 maA
A.D.608A 2,000 * G 22% 1 Amp 2.5 Amps 1,5 Amp

Type of cell Description
DuS.1 1.4V dry cell
D.S.3 1.4V dry cell
DuBe 1.4V dry cell

A.D.513 1.4V Air

Depolarised Cell

A.D.6084 1.4V Air

Depolarised Cell

Inert Type.
A.D.6184A 1.4V Air

Depolarised Cell

Inert type.
NOTE

* Weight before filling with water.
PRIMARY CELLS : TYPES AND APPLICATIONS

Applications
Electric detection
Track circuit repeating

Telephones (Ringing & microphone)
Signal repeating, Light repeating

Portable Field Type Telephones

Circuits requiring intermittent
currentss- Lever Locks, Signal
motora, AWS Inductors.

Continuous loads:— Track circuits
and Semaphore signal lights
requiring over LOOmA.

Continuous loads under LOOmA.

1) As far as possible the type of cell chosen must be such that the
continuous load is within the discharge rates shown in the table.

2) A single cell or bank of cells of the appropriate size should be
used in preference to parallel banks of smaller cells.

27



28

BiE R abis

The use of primary cells does, however, place many constraints on the Signal
Engineer in terms of equipment and circuitry limitations, and, of course,
the relatively high labour cost of replacing the cells. It is B.R. policy
therefore, to eliminate the use of primary cells wherever possible, €.g8.;
where mains power is available,

It can also be appreciated that primary cells are completely unsuitable for
pfoviding the wide range of voltage and load requirements demanded by modern
signalling installations, neither would they meet the important criteria of:-

Maximum Reliability of Supply.

SECONDARY CELLS

Secondary Cells used for railway signalling purposes are generally of two types;
Lead Acid and Alkaline,
LEAD ACID CELLS

The composition of lead acid cells was discussed during the E.F.1 course. We
will now consider their application and maintenance so far as railway
signalling is concerned,

The barrery location should be clear, dry and have reasonable ventilation.
Celle are usually connected in series, with the positive of each cell
connected to the negative of the adjacent cell, The positive terminal of the
battery as a whole should be connected to the positive of the charging source
and the negative terminal of the battery connected to the negative of the
charging source. All points of contact should be thoroughly clean and coated
with petroleum jelly. Bolted connections should be firmly tight. Each cell
should be checked with a voltmeter to ensure that polarity is correct,

THE STRENGTH OF THE ELECTROLYTE IS MEASURED IN TERMS OF "SPECIFIC GRAVITYM,
WHICH IS THE RATIO OF THE WEIGHT CF A GIVEN VOLUME OF ELECTROLYTE TO AN

F.QUAL VOLUME OF WATER.
Concentrated sulphuric acid has a specific gravity of about 1.835 and that of

water (pure) is 1.000, The acid and water are mixed in proportion to give the
specific gravity reguired. For example, electrolyte of 1.210 gravity is
about 20% concentrated acid and 80% water by volume,

Specific gravity readings are given by an Hydrometer, THE SPECIFIC GRAVITY
OF A LEAD ACID CELL IS NOEMALLY 1.220. (or as recommended by the makers ),

whilst the 'on load' voltage of a fully charged cell is slightly in excess of
two volts.
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When it is necessary to mix sulphuric acid with water to the gpecific gravity
desired for an electrolyte, "THE ACID MUST ALWAYS BE ADDED TO THE WATER."

If water is poured into a container of cencentrated acid, the heat so
generated will cause spurts of acid solution to fly off in all directions,
perhaps causing danger to persons and damage to equipment.

USE OF THE HYDROMETER AND SYRINGE
PROTECTIVE GOGGLES MUST BE WORN
Remove the cap from a battery cell, squeeze the suction bulb and insert the

flexible tube into the cell, Slowly release all pressure in the suction bulb
which will allow the maximum volume of electrolyte into the syphon jacket
thus ensuring the hydrometer floats freely at any of the markinge between
1,100 = 1.300 Specific Gravity.

Lift the instrument clear of the cell and make certain that the electrolyte
in the syphon jacket is free from air bubbles as these can cause inaccurate
readings.

Take Readings at Eye Level. If sighted below eye level an ellipee is
observed around the stem of the hydrometer, 1ift the eyes until this

ellipse disappears and then take the reading. Repeat for each cell.

Never Mix Acid & Alkaline — Always Use Clean Utensils

Syringes, hydrometers, filling bottles and other containers which have been
used on one type of cell should be thoroughly rinsed in clean water before
using on the other type.

INITIAL CHARGE
All types of batteries lose some of their charge during shipment, and while

gtanding idle, therefore, upon installation it should be made certain that
the battery is fully charged by giving it a freshening or booster charge.
This initial charge should be given before the battery is connected to its
ultimate load and should be given for as long as the specific gravity and
voltage of any cell show any increase and then for some three hours after
the last increase is observed. This charge should be carried out at the
normal rate given by the manufacturer., If the charge rate is lower than
that laid down then the three hour period should be lengthened
proportionately. Any cell failing to aéhieve maximum specific gravity or
charge voltage should not be placed into service.

The specific gravity of lead acid cells is normally 1.220.

The "on load' voltage of a fully charged cell is approX. 2 volts,

x7
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MAINTENANCE
Kketular voltage and hydrometer readings must be taken., THE SPECIFIC GRAVITY
OF THE ELECTROLYTE IS THE INDICATION OF THE CELLS CONDITION TO WHETHER OR
NOT IT IS RECEIVING A SATISFACTORY CHARGE, FULL CHARGE = HIGH S.G.
LOW CHARGE = LOW S.G.

e

Voltage tests are indicative of the condition of the cell plates,
establishing that a satisfactory electrical potential is existing between
the positive and negative electrodes. This test should be carried oﬁt
with the cell discharging into a load, therefore the charging current
must be switched off previously and the cells should have ceased gassing.

If it is impracticable to take voltage tests while ‘on load! conditions
exist then a 1 ohm shunt resistance connected across the cell will allow
a voltage test to be made with the cell discharging quite heavily. The
voltage should be steady for a 10 second period, at approx. 2 volts.

Tt is essential to keep the level of the electrolyte above the plates
and topping up should be done with distilled water. To preﬁent leakage
to earth, batteries should be stood on insulating material and location
cupboard shelves kept dry and clearn. Adequate ventilation is important
as secondary cells of all types give off considerable amount of explosive
gases, Naked lights and smoking is prohibited in battery rooms and cells
should not be disconnected while charging or discharging or while the cells
are gassing as a spark may cause an explosion.

If cells, either when new or later, are to be put into storage for
several months or longer, they should first be given a charge until all
cells are gassing and the specific gravity has reached its normal full
charge value., Cells should then be stored in a cool, dry place and must
not be placed near a radiator or other source of heat., A thorough
recharge is necessary before returning cells into service.

A lead acid cell should never be allowed to remain in a discharged
condition for any appreciable time. If allowed to do'sc, the lead
sulphate in the solution will grow on the plates in the form of hard
white crystals., This is known as SULPHATION,

Abnormal sulphation closed the pores of the active material in the
plates and in time will destroy them, When the battery is again placed
on charge, after a periof of standing in a discharged condition, some of
the lead sulphate, instead of changing back into spongy lead or lead
peroxide, is dislodged from the plates in small particles and drops to the
container bottom as sediment., This active material is lost forever.

In normal operation all lead acid cells shed a small amount of active
material from the positive plates.

To properly maintain lead acid cells they should be periodically
discharged and charged.
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'ALKALINE CELLS
Alkaline batteries are used for a large variety of purposes, They have almost
every advantage over the lead acid type cell, except that of first cost which
is higher, however, as an alkaline cell will outlast a lead acid cell, it is
actually cheaper in the long run,.
AN ALKALINE CELL HAS A SPECIFIC GRAVITY OF 1.190, THE SPECIFIC GRAVITY DOES
NOT VARY DURING DISCHARGE, The cell case is usually steel, on which the

electrolyte has no action, but the outer surface of the cell is sometimes

plated to prevent atmospherie corrosion.
PREPARATION OF NICKEL CADMIUM CELLS FOR SERVICE
The cells are delivered with electrolyte but in a discharged condition,

WEARING GOGGLES remove the transit plugs from the top of the vent and discard.

Check the electrolyte level in all cells and correct where necessary by adding

distilled water only, using the plastic filler bottle type PBL.

The cells should now be given a 'First Charge'. Details of charging Secondary

cells are given later in this lecture. '
MAILTENANCE FROCEDURE

1) PUT _ON GOGGLES (this is for your own protection.)

2) Switch off battery charger and allow air to circulate so that any

accomulation of gas can disperse. (Enforce air circulation by wafting
or fanning where no motion of air is apparent).

3) Check the electrolyte level and top up with distilled water where
necessary using Filler Bottle Type PBL with Filler Tube and Probe.
(For PA and PV cells with modified vent plugs, the insulated Frobe
Noe. 3 (23" long) must be used).

METHOD OF USING THE FILLER BOTTLE

The bottle should be kept clean and contain pure distilled water.
With the probe inserted through the filler vent the bottle should be
raised in an inverted position above the cell, Gently squeezing the
bottle will then force a little water into the cell. The bottle
should then be held upright at a 'lower than cell! level and the
finger pressure on the bottle relaxed. This will cause the probe
to suck and extract electrolyte until the correct level is achieved.
Care must be taken to ensure that whilst the sucking is taking place
that some electrolyte is extracted initially, followed by the
sucking of air. This indicates that the correct level is achieved
even without a visible view of the cell interior.

L) At not less then yearly intervals test and record the specific gravity
of cells. This should be between 1,160 and 1.200, This test should

not be carried out on a cell which has been topped-up on the same day.

St
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5)
6)

7)
8)

9)

10)

b)
c)

d)

e)

£)

Ensure the exterior of the cells are clean and dry.

Ensure that all cell inter—-connectors are secure, using an insulated box

box spanner to eliminate spart risk. Do not turn the bottom gland

retaining nuts which lie beneath the connectors.

Terminals must be kept lightly greased with petroleum jelly,

Measure and record the total battery voltage. Measure and record

individual cell voltage on a progressive basis as frequently as directed.
If a cell is found to be faulty, it must be replaced. The new cell

must have its transit stopper removed and electrolyte level checked.

Before installation at site, the cell must be given an initial bench

charge in accordance with installation instructions for first charge

rates,

Cases containing cells must always be well ventilated by top and bottom

louvres, Check that ventilation louvres are not obstructed.

CHARGING RATES

EXCESSIVE CHARGING RATE results in heavy water consumption, i.e. the

electrolyte level drops more than 4" per month and excessive gassing

is evident,

INSUFFICIENT CHARGING RATE results in little or no water consumption.

The desirable charging rate is indicated by a consumption rate which

gives a fall in water level of between %" and 3" per month.

If the charger is a Constant Voltage type, it is normally set to give
the correct voltage per cell connected, provided that the correct
number of cells are installed for the size of charger. The voltage and
charging current rating is pre—determined to suit the battery operating
conditions and no adjustments are necessary once in service.

Where a charger is not a constant voltage type, the charging rate must
be set to give the minimum charge necessary to keep the battery in a
fully-charged state under normal operating conditions, bearing in mind
there may be intermittent peak loads.

Tt is essential that the battery is not continually over—charged which

produces excessive quantities of explosive gas,

DESIGN CONSIDFRATIONS IN THE USE OF NICKEL CADMIUM CELLS

Alkaline secondary cells are used in two ways, for which there are different

des

a)

ign requirements as follows:=
BUFFER BATTERIES

b)

Where there is a guaranteed power supply and batteries are only installed
to supply peak current requirements, €.8.; point machines. The battery
will namally remain fully charged and provide about 1.L5V per cell.
STANDBY BATTERIES

Where the batteries act as a 10 hour standby power supply, (12 hours in
barrier applications), their capacity will be as shown in the following
table.
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TABLE OF APPLICATIONS AND CAPACITIES OF NICKEL CADMIUM CELLS

DESCRIPTION

Single crated

Five crated

Five crated

Five crated

TYPE
RE 16

Cell
RE 16

Cells
RE LL

Cells
DLS L

Cells
RV 8

Five crated
Cells

CAPACITY
16 amp hrs.
discharged at
1,6 amps over
10 hrs.

Lly amp hrs.
discharged at
Lyl amps over
10 hrs.

LO amp. hrs.
discharged at
8 amps over

5 hrs.

80 amp hrs.
discharged at
6,7 amps over
12 hrs.

APPLICATIONS

Track circuits, Line Circuits,
AWS, Electrically 1it semaphore
signals, Motor operated and
Colour light signals, Internal
S. Box circuits,

"

Point Machines

Barriers and other forms of

crossingse.
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CHARGING OF SECONDARY CELLS
Storage batteries can be recharged after being partially or fully discharged

by passing a direct current through them at the appropriate voltage, The
usual source of direct current employed in railway signalling is via a
rectifier which receives its power from an A.C. supply and delivers D.C. for
use in the charging circuit.

There are several methods of charging batteries,
FIRST CHARGE RATES FOR NICKEL CADMIUM CELLS

Charge for 10 hours at the appropriate rate for the type of cell required.
If lower charging currents are used the charging time should be increased

proportionately,
RE 16 RE Ll DLS L RVS
L, amps 11 amps 10 amps 20 amps
average average average

1) FRESHENING OR INSTALLATION CHARGE
A1l types of batteries lose some of their charge during shipment and

while standing idle., Before installation of a battery can be considered
complete, the battery should receive a freshening charge,
The charge for lead acid cells, if the normal cherge rate is used, should
be continued until all cells show no further increase in specific gravity
and then for three hours more, If the charge rate is lower than the
manufacturers recommended figure then the three hour period should be
lengthened in proportion,
The charge for nickel cadmium (NIFE) alkaline cells requires to be
continuous until the voltage on all cells in the battery is constant
on discharge through a one ohm shunt resistor for ten seconds.
At the end of this pre-installation charge, a record should be taken
of specific gravity, voltage, temperature readings and electrolyte level
for future comparison with later readings.

2) FLOATING CHARGE
The term 'floating! can be applied to three general methods of charging,
namely, 'Full Float', 'Modified Float' and 'Average Current Float'.
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FULL FLOAT means maintaining a constant voltage at the battery terminals

which allows enough current to flow through the battery to offset local
action losses in each cell and also carry the entire load. The current
value will vary with the needs of the battery and the load requirements.
The voltage, however, will remain constant at the present value,
preferably that recommended by the cell manufacturer, With a full float
system, the rect fier must be of a gize to handle the maximum loads.
The battery will never discharge except when a power failure occurs,
then the battery will carry the entire load until the power is restored,
“WDEFINITION OF A FLOATING BATTERY"
A battery which is constantly connected, on the one hand to a
discharge circuit which it supplies, and on the other hand to a

charging circuit, set so that the mean charging current compensates
for both discharge quantities,

MODIFIED FLOAT system is similar to the Full Float system except that

the rectifier unit is not capable of dealing with the maximum load
condition., The battery carries any load in excess of the rectifier
capacity. The rectifier will not be damaged as it will protect itself
by lowering its voltage output. When the load is reduced or terminated,
the rectifier will_supply charging current to the batiery in proportion
to the state of discharge, starting at a high rate and tapering off as
the charge progresses until the battery is fully charged. At this point
the current to the battery is just sufficient to maintain the
recommended float voltage per cell, The amount of current necessary to
produce this voltage per cell will vary with temperature, age and
general cell condition.

MDEFINITION OF A BUFFER BATTERY™

A battery of secondary cells connected across a D.C. supply in order
to diminish variations of the voltage and current supplied by the
main supply.

AVERAGE CURKENT FLOAT with this method of charging, a Constant Current

Rectifier is normally used, The battery discharges during the load

periods and the rectifier unit charges the battery during the idle period,.

The rectifier output is set to equal the 2l hour discharge in

amperehours plus the local action loss of the battery. This method

works well when the rectifier output is adjusted properly and the load
averages the same from day to day. If the load changes, the battery will
either be overcharged or undercharged, depending on whether the load
decreases or increases, unless the rectifier output is also changed by

manual adjustment,
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TRICKLE CHAHGE
Trickle charge in signalling applications refers to the current

requirements to compensate for the cells internal losses only.
For example, suppose it is desired to hold in reserve a battery
which must be ready for immediate use, In order to maintain the
battery in a fully charged condition at all times, it is necessary
to continually charge it at a rate that will just make up for the
internal losses only. This rate is called the "Trickle Rate". 1In
trickle charging, the battery is usually connected only to the
charging circuit, and is only connected to the load circuits through
a power-off relay when the regular source of power fails or becomes
overloaded.

"DEFINITION OF TRICKLE CHARGE"

A steady charge with a very small current so as to compensate

for losses due to local action, thus allowing the battery to
always be in a fully charged state.
TWO-RATE CHARGE

In certain signalling installations the load is irregular and varies over
wide limits. For example, at auto half barrier and full barriex
installations. Since such a variable load makes it difficult to maintain
the battery in a fully charged condition and not over-charge it
excessively, a method of charging, called "Two Rate Charging" is
employed, It involves the use of a relay to control the output of a
rectifier in such a way that the relay is normally energised and a low
rate of charge is delivered, this being sufficient to supply the internal
losses of the battery and any steady connected load.

When the relay is de-energised due to the battery being called upon to

deliver additional current, a high charge rate is automatically applied

and this rate continues until the battery voltage reaches its fully
charged value when the relay will again be energised and restore the

low charge rate.

NOTE 1) All these charging methods aim at maintaining an average voltage
under steady conditions., Normally the individual cell voltages
should be:~
a) Lead Acid - 2.0 to 2,2 volts maximum,

b) Nickel cadmium = 1.4 to 1,45 volts maximum,
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NOTE 2) The charging current required to compensate for the internal

or local action losses of a secondary cell should be calculated

]

at a minimum of 1 milliampere per ampere=hour of the cells
rated capacity, i.e.; a cell rated at 50 A.H, would require a
charging current of at least 50 milliamps to compensate foxr
local action losses, As the cells deteriorate over the years
then it may be necessary to increase this figure.

Fig., 1 shows a typical battery charger and illustrates the input and output
waveforms,

—

TRANSFORMER

~

B X
COARSE
CONTROL
FINE
ADJUSTMENT
AC.
INPUT ; : —
. YBRIDGE : :
RECTIFIER .._....-1_
N X

N

FIG. 1 TYPICAL BATTERY CHARGER.
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ALTERNATIVE SOURCES OF POWER SUPPLY FOR RATLWAY SIGNALLING

Where electrical power is used for railway signalling purposes, whether it
is to supply major signalling installations, apparatus at a small wayside
signal box or an isolated colour light signal, it is essential that
everything possible should be done to maintain a continuous power supply,
and to reduce delay to traffic to a minimum in the event of failure of the
main source of supply, or of the distribution or any associated apparatus.

In order to achieve these olfjects it is necessary to have at least one
alternative source of supply. In some cases an alternative path for the
distribution in the form of a ring or duplicate main may be provided together
with duplication of certain switchgear and transformers.

We have already discussed one alternative source of power, - the Secondary
Cell, whereby the provision of batteries of guitable capacity enables the
surply to the apparatus to be maintained for a predetermined time in spite
of any failure of the mains or power distribution.

The types of apparatus that may be provided with standby supplies would
include lever locks in mechanically operated signal boxes, illuminated
diagrams, track circuits, power operated points and signales and block
instruments and bells,

Fig. 1 shows a typical power supply for Block Equipment, (generally
applicable to the North Eastern part of the Region), however it does
jllustrate a particular application of Ohms Law,

The supply for the Block Bell and Block Instrument originates from a
common centre tapped battery of 50 volts, There is a connection to earth
approx., 20 volts from the negative end of the battery, giving 30 volts
positive and 20 volts negative with respect to earth,

The approx, current values are:-

Block Indicator — SmA

Block Indicator with Block Relay in series = 12 mA

Block Bell = 200mA
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Fi1G. 1 POWER SUPPLIES FOH BLOCK EQUIPMENT

The supplies are

taken from a _m_:rr“’;]v
distribution _;‘M—M Q Q }
board, the '

{
required current/ .ﬁu SHES (@__

voltage being

obtained by the CBN SHERE

use of series

resistors.
These must be

" calculated in

relation to the — - l
supply voltage i [$J Q——-

used.
Voltage between B50 & CEN | le 1 TOL
o ﬂ-". ]
=30 volts Blk.Inst,.LC,
Voltage between N50 & CEN Blk Bell
=20 volts

A1l calculations ignore Line Resistance.

CALCULATING SERIES RESISTANCE FOR BLOCK BELL

Block Bell Coil Resistance = 50 ohms

Block Bell Current = 200mA (1/5 of an amp)

Block Bell Voltage (E) = IxR = 1/5 x 50 = 10 volts

Voltage available at distribution board = 30V

Therefore, 20V requires to be dropped across the series resistance
R = E/T = 20/1/5 = 20x5 = 100 ohms

CALCULATING SERIES RESISTANCE FOR BLOCK INSTRUMENT (LINE CLEAR)
Block Indicator Resistance = 150 ohms (two in series = 300 ohms )
Block Indicator Cyrrent = 5mA (1/200th of an amp)

Block Indicator Voltage (E) = IXR = 1/200x300 = 1.5 volts
Voltage available at distribution board = 30V

Therefore, 28.5V requires to be dropped across series resistance
R = E/I = 28.5/1/200 = 28,5x200 = 5700 ohms
Value of series resistor for Block Instrument (L.C.)

requires to be approx, 5700 chms
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CALCULATING SERIES RESISTANCE FOR BLOCK INSTRUMENT

TRAIN ON LINE (T7.0.L.) NEGATIVE TO LINE

Llock Indicator Resistance = 150 ohms (two in series = 300 ohms)
Block Indicator Current = SmA

Block Indicator Voltage = 1.5V

Voltage available at distribution board = 20V

Therefore, 18.5V requires to be dropped across series resistance

R = E/T = 18,5/1/200 = 18.5x200 = 3700 ohms

Value of series resistor for Block Instrument (T.0.L.) requires to be
approx, 3700 ohms.

CALCULATING SERIES RESISTANCE, FOR BLOCK INSTRUMENT WITH BLOCK RELAY (LINE CLEAR)
POSITIVE TO LINE

Elock Indicator Resistance = 150 ohms (two in series = 300 ohms)
Elock Relay Resistance = 350 ohms
Combined Resistance of Block Indicator & Block Relay = 650 ohms

Cirecuit Current = 12mA

Voltage (E) = IxR = 0,012x650 = 7,8 volts

Voltage available at distribution board = 30V

Therefore, 22.2V requires to be dropped across series resistance

R = E/I = 22,2/0.,012 = 1850 ohms

Value of series resistor for Block Instrument with Block Relay requires to
be approx. 1850 ohms,

I'igs, 2 and 3 illustrate typical examples of wayside signal box power supplies,
It can be seen that the incoming 240 volts A.C. is initially transformed down
to 110 volts A.C.

The Lock Battery (12V.D.C.), Indicator Transformer (12V.A.C.), Common Battery
(50V,D.C.), Power on Indicator (110V,A.C,) and Outside Battery (12v,D.C.) are
all derived from the 110 volts A.C, The diagrams illustrate the importance
that secondary (NIFE) cells play in providing standby power supplies.

Fig. L shows a point power supply with 'Floating' battery where the point
operating voltage is 110 volts D.C. (as at Kings Cross Power Signal Box).

Note also the duplication of switch gear and battery charges.




O BLELS./G.TT T JAN 1983

=) Wl=]

ez T_A,} RS

. *__J

N rE G LOGE N?l
':;"roé’; WaTT BECT ]

r g2

CimariLIed b & TT "4

=D TR AN AR

q-:‘ Lo @aTT mECT.

N TRANS

4 PILDT LamP

LY ore S0 T

DG ppo e
EE.J‘EFQ"M%B,_

L LRl =] e
Ha 1

T ME RADLNTE D O BLOCH BHE

BEL ErurAa BECT
29%/3228

e P LG

TO 2 /N2

PE

g e
+2 gD 7O LBCATIONS
».9657%5! Y. RECY
w /i W
ou g vl g
fi LR W e S 2 N2 Bus BAR p:apup RN
1 e — e e - . i
e Tieini S
L —
3 saran iy L L. LA o IR rig Loan
. 5 B
- 199 Ja 3 /4 z Tadlard Loom =
N i 7
R s 8
F " RATT B T i bpg B :
Vg JONEE UL
i - i 'TOIND TRANS
1 PSS £
Lidote SEE S o i e 4

EARTH Wk NP 4

AUl aam
T S “-Tf gT o R
. 2 = o
s 13 BUS B AR 83 SuB BN
BECTIEmERA ]
crren a
- B o
oou-34-3 /4 ;
6
brd
a
®
L1=1

a
NOTG & NUMBILR OF CLLLD RALUALD *:’Vf.g
CaLL. TECHWEIC AR \F ON DUTY . vt
“;f R i THN LA uout]l__al' LN 1
[Pom i UsivT 4
[ A1la} MEOMN L AP v 2%3‘3 [ L a
4 ) O laodaT i g B-Q0R hrikaF
tA-'ﬂ-tau EARTH O BARTH O TAR (- e
-P '{‘f ﬁ‘ﬂﬂ*ma‘ w12 3 ;g;o .:mconm ﬂﬁh nb
BTy e © mg
* .
S, TrEED 18 ‘I'Yr- A AR THAN 10 INDIC ATIORNS
BVD - YEYE A '\rpu Tvee ATIOM
2 Sufaf48
e CRL R P 7
orawN BY [D T aiCcon Rer ST 42S0] BRITISH RALWAYS. N £.REGION
A T - ————
CHECKED BY I8 |AvTroRiTy prigamai g & -
DATE i :
RN, W ..y i SE = <~ ) OF
FIG. 2 POWER - SUPPLY CIRCUITS

'IA.

&l



/

& et i
ea e/

6]

-4 JAN 1983

e =S =
Y G DRTRET O _AOARE
5 . Ii u-“ 4 80 288
L _
Bovee 1 ﬁ e — o ey i
Blepoy ! B P " loliubl “ ik r“
k - i PV PAREINED -G
" = R — . C -
R J _... ik ;
' J-
MXUD  wX1Q LOOP NS ; :
“ 4 teetpp——{T

£ LGLH BAYT Twa

Copamlpl BATT Tras
HEVD (40 TRAND =8

+ fp mr——————

Ok 288

Fassd LODR

LETS O O & s
e
i P aiav naioos
2 Awd
. BrAL AR LODE
.y of
M
| :“
_lllrloﬂx...”:u‘.lnu* .“ " LABTE &by wli
1 CXTDETCR waf | | o= Iv
llllll O el TE A
-FaT W-ml\ i Gﬂl‘lvrb

_..l....nnlllllll.

BLOCK el ® L L0p

i

GART= di P D

‘R Db han

AT e S

?

InQicaTION TO 88 MOUNTED o BLOTH eHALY
0.0 TnanyE Qo NAR
&llﬂ.ilhuill\\\u
< - S A
£ ol - 933 328
= tﬂt Ca- -
] [ o —
@ Y
éu.-.U e B B & Gl
d - -
i, 9P TSET | sisneg !
wn* o “o..h__...
1. =
—— ]
“ 3-2 848 ._n..,.i1lr..ll
[ (LT | 'ase
LUy e | Sty
P 1eg [B@4a, .
: _and DU BAR
f . 1 s
’ , 1 3
B agL™ ® 1a
, |4 | ad
ad |4 j oo 2 &
/i/ i P g awe _ i
— b | i 4
S _ b
t i
{ 4
e s S Gy {a i
M zez -8 car |7 L seereamwel
B e e g 1 v
! A S P nrwu .
H e 1.
{ o
R .

55»5__:

Y owsmam yoor
r—

J THED

...?._u

-..Pl‘lﬂl. -.).4.1(! LAATHON LARTH O

n. F

....__i-u zp B P0G IMDIEA

et TO BA | Oh4 FLArMIPRGOPLIBOLD >

[Caawma~v|  ccemaas

micnio e PR

R AR

AR Tihm e e aYE

FIG.3

POWER SUPPLY CRCWLITS

icmsn ENCIWEET




B.E.S./4-29.

g SINTOd HOION
o ey i el § 404 SINTHEONVYMV ¥Erod °% *91d
(&) " vEg g
| M wvig e mary )
_ (SLiI0d) AETLIVE _
- + _
oS b H R R | | e e e T =
T R Pl.ll s ||h mrv oo _
(2) 508 | _
_ (sI10d) | (sinzod) B _
| YIOUVHO XMEIIVE T T T | WEDUVHO ANELI
__ _ (| BY/C CTX BAIN | ol |
m@m m x| | (suitod) xgasave | m w 4 ¥
- . o Y 2 g ] | 4 oy
# J I pov| |
| -I.I..ibmw.ll_ ek e BT 5 sl o B 2L Mt

\

|
|
i
-
t
I
I
|

- -
]

)
b

AQGL-0

1PJAN1983
!
]
|
bbb fedr el
s vl
\- ks
|
Rl A

&3

OLLXN

Or+XH




B.E.S./Le20,
-1 JAN 1983

DUPLICATED SUPPLIES AND STANDBY SUPFLIES
It would not be a practical proposition to supply individual batteries for

all of the signals and apparatus at a large signalling installation and in
addition it is often more convenient, or safer, to employ apparatus operated
by alternating current. Also in some electric traction areas, it is essential
to provide alternating current apparatus of a type which is immune from the
effects of traction current,.

In these cases, one mains supply to the signalling system would not be
sufficient, as this would be liable to interruption for reasons outside the
control of the railway system., It is therefore essential for a second supply
to be immediately available from an outside source or in the form of a local
standby generating set, or both. In some areas, the second supply is
derived from the overhead traction system at 25KV. and then transformed down
to 650V,

Experience has shown that even alternative supplies from an outside source
cannot be depended on to give 'absolute' reliability, because even if two
supplies are obtained from different generating stations, it may happen that
one of these stations will break down and, as the stations are interconnected
through the grid, the second generating station may become overloaded and be
forced to shed load, It is therefore preferable at any important signalling
interlocking, to provide a standby diesel generator complete with automatic
controls for bringing into use a fre seconds after the mains failure.

Signalling Maintenance Instruction SM 2l; defines the division of
responsibility and maintenance requirements for Standby Generator Sets for
Signalling Supplies.

DISTRIBUTION OF POWER SUPPLIES
Having now obtained a reliable supply, the next step is to distribute the

power to relay rooms and lineside locations at the requisite voltage,

Signalling supplies at main installations are usually distributed at
650V. A.C., This voltage enables the size of conductors in the power cable
to be kept to a minimum and results in the best possible voltage regulation
in the cable. This voltage is stepped down and rectified as necessary to
suit local signalling requirements, Fig. 5 illustrates typical

distribution networks for railway signalling power supplies.
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FIG, 5 TYPICAL DISTRIBUTION NETWORKS FOR SIGNALLING POWER SUPPLIES

At many important installations such as Power Signal Boxes and Remote Relay
Rooms, it is usuwal to provide duplicate transformers. This avoids a complete
shut down if a transformer should fail. The transformers are controlled
through manually operated primary and secondary fuse switches so as to
enable either transformer to be 'on load', leaving the other isolated or to
enable both transformers to be comnected in parallel.

TYPES OF DISTRIBUTION - RING AND LINEAR MAINS

Ring Mains have the advantage of maintaining supplies if a disconnection

occurs in the circuit. ILinks are provided at every location so that any
section of cable can be readily isolated if a fault arises, whilst any
single disconnection in the cable will not cause a failure as the load is
fed from either direction.

Fig. 6 shows a signalling load taken from a ring main, In this example,
links are provided on either side of the load, thus enabling either section
of cable to be disconnected, but a corresponding disconnection must be made
at the next location before the section 6f cable is completely isolated.

C.E.GB. C.EGB. .
FEEDER FEEDER
TRANSFORME R TRANSFORMER
650V 650V
650V 650 V
RAILWAY FEEDER |  RAILWAY FEEDER
TRANSFORMER TRANSFORMER
SECOND |
FEEDER OR HO V BATTERY
ENERATOR ' CHARGER ;
e ~ |
SECONDARY
| CELLS
|
DC. DC,
SUPPLY SUPPLY
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A power ring main does, however, have one major disadvantage, A potentially
dangerous situation could arise if a live wire becomes loose as this could
remain undetected and may result in a fire or 'wrong side' failure if in
contact with other circuitry.

On new sign 1ling installations, ring mains are not generally
installed,

Linear Mains are safer than ring mains, however, a fault condition can
isolate numerous circuits, particularly if it is near the supply end.

Fig., 7 shows a load tapped from a single cable, one pair of links being
provided to enable the section beyond the load to be isolated.

SPURS 650 AND 110 VOLTS

Spurs are provided where it is not economical or desirable to duplicate the

650 volt feeder from the source of supplye.

LINKS [
LINKS LINKS \
CABLE CABLE
HEADS Hon‘
i
1
B MR BV Vi BxV  yNi
Bx N B Vo 8% N T To
., b RING END ct;r APPMATO T s
[ ]
MAIN APPARATUS MAIN i .
FEEDERS PQINT

FIG. 6 LOAD TAPPED FROM FIG, 7 LCAD TAPPED FROM
RING MAIN, SINGLE CABLE
CABLE

Power cable is generally to ER Spec. 872 Type MD2 PCP 600/1000V, Every cable
has a definite current rating and the size of the conductor used should be
such that it will carry the necessary current without any undue temperature
rise or voltage drop, allowance always being made for any future possible
loads.
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FUSES
Throughout the distribution, from the point of supply, down to the signalling

circuits fed from the signalbox or location bus=bars, particular attention must
be paid to fuse discrimination. By this is meant that the fuse ratings must
be such that a short circuit, wherever it occurs, will take the nearest fuse
in the circuit and thus result in the isolation of that portion of the circuit
only, leaving the remaining circuits functioning normally.

Fuse ratings are calculated when the jnstallation is planned and replacement
fuses must be of the same value - Never of a Higher Rating.

Overload circuit — breakers are in common use, and are designed to break
the circuit at a suitable pre-determined overload.

Spare fuses of the correct size and type should be kept adjacent to the
equipment ready for use in event of a fuse 'blowing',

ROUTINE TESTS
1) Standby generator and changeover apparatus must be operated and tested

at laid down frequencies.

2) Voltage and load readings to be checked and recorded.
3) Earth Leakage Indicators mst be checked for correct operation.

POWER SUPPLY DIAGRAMS
Power supply diagrams should be kept up to date, with any amendments that may

have been carried out,

Remember = Power equipment failure can cause gerious disruption to traffic

operation,

%7
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POWER SUPPLIES = SAFETY PRECAUTIONS
Safety Precautions to be observed at all times when working with
Secondary Cells
1) Goggles Must Be Worn when dealing with cells.
2) Keep batteries upright

3) Ensure there is good air circulation to disperse any accumulation of gas
before starting work,

i) Do not smoke or permit naked lights near batteries or do anything likely
to cause sparks near a battery.

5) Do not allow metal objects to reat on the battery or fall across the
terminals.

6) When mixing or handling electrolyte, goggles and rubber gloves must be
worn., Do not spill electrolyte on the skin or clothing.

ACCIDENTAL SKIN BURN Oh ELECTROLYTE IN THE EYES

SKIN BURNS - Wash liberally with clean water,

ELECTROLYTE IN THE FYES - Immediately use the eye wash bottle or wash out

thoroughly with clean water. The filler bottle

should not be used for this purpose,
ELECTROLYTE ON CLOTHING — Immediately remove the contaminated clothing.

A11 the above instructions are contained in a safety notice, as shown below

and a copy of the notice must be prominently displayed in battery rooms,

BATTERY CHARGING PRECAUTIONS - ]
Prevent Explosions

Ensure tha! there is a good circulation of air 1o disperse any accumulation of gas before
slarting work

MNever smoke or use naked fiames in the batlery charging amnea.

Do nothing that may cause a spark:
never tighten or loosen conneclions while cells are on charge or dischamge or gassing.
keap all conoections light using an insulated spanner.
keep oth: r matal cbjects away hom the lops of balteries.

Avoid Injury frcm Electrolyte

Wear praiective clothing and eye protection. Il electrolyle splashes —
in EYES: immadiately use eye-wach bottle or wash out thoroughly with water.

[agv g A0

- - N o
G nl R awstgily wiln wated

on CLOTHING: immadiately remove contaminated clothing.

Dor’t Spill Electrelyte

but il you oo so accidentally, swill down the spillage immediately with plenty of water — BUT
MEVER DO THIS IN ST STATICRE ¥/HERE THEME IS HIGH TENSION ELECTRICAL
EQUIRENT . — 33000 7™ 5 ANTH00 85 00 Avien.
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Instruction SM 12 states:-—

Switch off the battery charger and allow air to circulate so that any

accumulation of gas can disperse. (Ensure air circulation by wafting or
fanning where no motion of air is apparent), The instruction requires the
battery charger switched off for two reasons:-
1) Prom a safety angle, gassing will be reduced whilst maintenance work
is carried out.
2) The bank of cells will supply the load current and any faulty cell will
be detected when the cells are tested,
It must be realised of course that the battery charger must be switched on again
to check the charging current and before leaving the Location/Battery Room,
SAFFTY PRECAUTIONS TO BE OBSERVED WHEN WORKING WITH PRIMARY CELLS
Both the 618 and 608 type Inert cells use Caustic Soda as the electrolyte so
the following precautions need to be taken:z-

1) Always ensure the cell is kept upright when being transported, stored or
ig in service, Cells in service must be well ventilated,

2) Caustic Soda and its solutions coming in contact with the skin or eyes can
cause serious burns. Goggles Must Be Worm.

3) If caustic soda comes into contact with skin or eyes wash thoroughly with
clean water,

Remember Batteries are no more dangerous than many other types of equipment as

long as they are handled correctly.
SAFETY PRECAUTIONS TO BE OBSERVED WHEN WORKING ON POWER SUPPLIES

Railway signalling uses power supplies at various voltages, a typical voltage

being 650V which is used extensively for power distribution to power cubicles
and apparatus cases located alongside the track,

Power supply cubicles, disconnection links etc. connected to a 650V supply
should have preminent labels displayed stating or indicating that the equipment
ig connected to a High Voltage Source. Transformers and other equipment having
exposed terminals should be fitted with insulated'protective covers, Individual
terminals can be fitted with insulated sleeves and insulated nuts to give the
required protection.

WORKING ON LIVE EQUIPMENT

If it becomes necessary to work on live equipment it is essential that Rubber

Gloves suitable for High Voltages are used in conjunction with a Rubber Mat
and that any tools used are Insulated.

Rubber Gloves and Mats can be found in Relay Rooms etc. where power supply
cubicles are installed., The rubber gloves are marked on the cuff with the
year of manufacture, month and size and that they are to be tested in
accordance with BS697.

Replacement tested gloves are provided on a regular basis,.

9
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SUbi eCt- D.C. Track Circuits. Operation and Definition of Terms
DEFINITION

The track circuit is the basis of modern signalling. ITS FIRST PURPOSE IS TO PROVE
THAT A SECTION OF TRACK IS CLEAR OF ALL VEHICLES. That being done points may be
operated and signals then cleared for trains tommove with the assurance that it is
safe for the movement to take place.

The second purpose of a track circuit is to detect the presence of a train and to
lock the route ahead of it and so ensure its safe transit.

The track circuit also provides the indications on the signalling control panel which
advises the operator of the whereabouts of all vehicles on his section of the line and
enables the train describer to keep in step with train movements.

PRINCIPLE

The running rails are used as conductors connecting a source of electrical energy at
one end of the track circuit to a relay at the other.

Fig, 1 illustrates the principle of operation of a simple battery fed track circuit
of the type which may be found on non-electrified lines where no power supply is
availsble., The track is shown in the clear condition.

The running rails of a section of line are electrically isolated by the provision of
four insulated rail joints. One end of the section is connected through a variable
resistance to a primary battery, and the other end to a track relay. Current flows
from the batrery through the VARIABLE FEED RESISTANCE WHICH REGULATES THE FLOW OF
CURRENT via the positive track rail to the track relay. The current flows through

the relay winding vhence it returns through the negative track rail to the negative of
the battery. THIS CURRENT FLOW ENERGISES THE RELAY WHICH CLOSES ITS FRONT CONTACTS.

It should be noted that with this simple type of track circuit, it was usual for the
relay to be located at the end of the track circuit at which the train enters it, and of
course, the battery is at the leaving end.

Fig. 2 shows the same track circuit ocecupied by a train. Current flows from the battery
through the variable resistance to the positive track rail. The two rails are now
bridged by the whells and axles of the train whose electrical resistance is negligable
compared with that of the winding of the track relay. The current chooses the line of
least resistance and returns through the wheels and axles to the negative rail and the
battery. The relay is thus by-passed, "shunted" is the proper term, and practically no
current passes through the winding. THUS WITH THE TRACK OCCUPIED TH:x RELAY BECOMES
SLECTRICALLY DE-ENERGISED AND ITS FRONT CONTACTS ARE OPENED, thus interrupting indication
and signalling circuits which may be controlled through them. Back or bottom contacts

of the track relay are closed when the relay is de-energised.

The track circuit is limited in its workable length by two factors. The first is
the leakage of current from one rail to the other through the rail fixings, the sleepers
and ballast-(in parallel). The second is the resistance of the rails themselves and

the rail bonds. The latter are not required for welded track and the resistance is then
that of the rails alone.

s
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A SUORT CIRCUIT OR A DISCONNECTION OF ANY KIND IN THE BATTERY, REGULATING
RESISTANCE OR RELAY COIL, OR A DISCONTINUITY IN THE PATH THROUGH THE RAILS FOR

ANY REASON (for example a broken rail), WILL CAUSE THE RELAY TO BECOME
DE-ENERGISED, thus simulating the presence of a train., THIS IS THE MORE
RESTRICTIVE CONDITION AND THE TRACK CIRCUIT CAN THEREFORE BE SAID TO BE "FAIL SAFE",

DEFINITION OF TERMS AND COMPONENT VALUES

The essential parts of a direct current track circuit are :

1) Rails and bonding.
2) Insulated joints

%) Battery
4) Teed (or regulating) resistance.
5) Relay.

RATILS AND BONDING

The rails provide a low resistance path for the current. BOND WIRES ARE PROVIDED
TO ENSURE THAT THERE IS A LOW RESISTANCE PATH FREM ONE RAIL TO THE NEXT, as the
fish-plated joint cannot be relied upon for this purpose. The most common bond

is a No 8 S.W.G. galvanised iron wire 5' 6" long, duplicated to meet the contingency
of broken bonds. The bond wires are inserted into a 9/%2" hole on the 4ft. side

of the rail (or by the current prescribed method) and securely fixed by a tapered
channel pin.

IN TED JOTNTS

These are fitted at the ends of a track circuit in each rail - and in turmouts

to CCLFINE THE CIRCUIT TO THE REQUIRED AREA. A common form of insulated joint
consists of a fibre end post to separate the rail ends, four fibre plates to
insulate the fishplates from the rails, four fibre ferrules for the fishplate bolts
and two special steel fishplates which are narrower than standard to allow for the
thickness of the fibre plates. Standard fishplate bolts are used, with the rail
holes reamered out to take the 14" dia. fibre ferrules.

Another type of insulated joint employs a fishplate made of laminated insulating
material. 4An end post is still required, but the use of side fibres, ferrules,
reamering, etc; is obviated. TilSULATED RAIL JOINTS ARE OF SEVERAL DIFFERENT TYPES
BUT ALL ARE DESIGNED TO ELECTRICALLY ISOLATE ONE RAIL FROM THE NEXT ADJACENT RAIL.

BATTERY

Where primary cells are used for D.C. track circuits, regional practices should be
observed, the correct cells being given in the current instruction on "Types and
Applications of Primary Cells"™., The voltage required for the track circuit can be
realised by any primary cell now in use, but its length of service is dependant
on its capacity (which is generally related to physical size). The practice at
present is to employ one inert cgustic cell type AD 618A or EMU 1 where current
requirements are below 400 milliamps. For track circuits requiring current in
excess of this, the correct battery is one cell type AD 608A.

FEED RESISTANCE

The feed resistance regulates the flow of current to the track circuit, and prevents
a short circuit on the battery when the track is occupied. At present it is an

ad justable resistance giving a maximum of 13.2 obms in steps of 0.1 ohms and requires
to be adjusted to obtain correct Track Circuit operation.
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RELAY

The relay used is essentially an electro-magnet of the neutral type. It can be
a "shelf type" relay with a coil winding resistance of approx. 9 chms or a B.R.B.
Type Relay.

The current version of the track circuit uses a B.R.B. miniature plug-in type relay
which has a coil winding resistance of 4 ohms. This type of relay would be used in
conjunction with a track feed set connected to the signalling power supply.

The relay, (whichever is used) is designed and constructed to.a British Standard
Specification, and the following definitions are used :

1) PICK UP VALUE - This term denotes the value of the voltage which is just
sufficient to attract the armature of a relay.

2) DROP AWAY VALUE - This term denotes the value of the voltage at which a relay
armature just falls away.

3) FRONT CONTACTS - This term denotes the contact which is closed when the
armature of the relay is energised - (magnetically attracted).

4) BACK CONTACTS - This term denotes that contact which is closed when the
armature of the relay is de-energised.

BALLAST RESISTANCE

THE RAIL TO RAIL RESISTANCE IS THE RESISTANCE MEASURED BETWEEN THE TWCO RAILS

JITH TUE SUPFLY AND RELAY DISCONNECTED AND IS CALLED THE 'BALLAST RESISTANCE'. It
may vary from 50 ohms per 305m (1000ft) for well ballasted dry track with
insulated rail fixings (as for flat bottom track) to as low as C.5 ohm per 305m in
wet conditions, or when the ballast is dirty. It will be appreciated that

THE BALLAST RESISTANCE IS CONSTANTLY VARYING #ITH THZ WEATHER CORDITIONS, and
therefore the adjustment of the regulating resistance must take into account the
highest and lowest values of the ballast resistance for the track circuit.

RATL RESISTANCE

The rail resistance is constant for a given track circuit but varies for different
types and weight of rail and the type of bonding used. For DC track circuits only,
for 951b bull head rails with two llo. 8 galvanised iron bonds it is about 0.075 ohm
per 305m (1000 ft) for each rail. For 1131b flat bottom rail with all joints
welded it will be as low as 0.01 ohm per 305m for each rail. These figures show

that for all practical purposes, rail resistance may be ignored in DC track circuit
calculations.

TRAIN SHUNT RESISTANCE
The train shunt resistance is a very important characteristic of a track circuit.

When a train enters the track circuit it is equivalent to a resistance being
connected between the rails. This is called the train shunt resistance, In the
case of a heevy train in normal running condition, the resistance through the
wheels and the contact with the rails is very low, and amounts practically to a
ghort circuit across the rails. But in the case of a vehicle with wheels which
may be rusty through standing idle the resistance may be much higher., It is of
vital importance that such a vehicle shall operate the track circuit as surely as
one in good condition.
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TRAIN SHUNT RESISTANCE (Cont'd)

Contamination of the rail head increases the contact resistance, and to cover both
the effects of rusty wheels and contaminated rails it is usual to specify &
minimum trajn shunt resistance at which the track circuit will operate reliably.
It must not be throught advisable to obtain as higher train shunt resistance as
possible, because this would make the track circuits undesirably susceptible to

the effects of rain storms. It is usual to specify a minimum train shunt of
0.50hm,

As an indication of the performance under actuasl working conditions of track

circuits, it is considered necessary to take measurements which will answer the
following questions :

1) WHAT IS THE MAXIMOM TRAIN SHUNT WHICH MiY BE APPLIED TO THE TRACK CIRCUIT
AND JUST CAUSE THE RELAY TO DROP %

The resistance answering to o 1 above is called the — DROP SHUNT

2) WHAT IS THE MAXIMUM TRAIN SHUNT WHICH MAY BE APPLIED TO THE TRACK CIRCUIT
30 THAT THE RELAY WILL JUST FAIL TO PICK UP ?

The resistance answering to lio 2 above is called the - PREVENT SHUNT

THE DROP SHUNT RESISTANCE IS TIE MAXIMUM RESISTANCE WHICH, WHEN PLACED ACROSS THE
RAILS, WILL CAUSE THE RELAY TO BE ON THE POINT OF DROPPING AWAY. THE LOWEST
ALLOWABLE DROP SHUNT IFOR 4 DC TRACK IS 0.5 ohm.

THE PREVENT SHUNT RESISTANCE IS THAT RESISTANCE WHICH, wHEN PLACED ACROSS THE RAILS,

WILL CAUSE THE RELAY T0 BE ON THE POINT OF PICKIKG UP.

The drop and prevent shunt resistances are measured by aid of an instrument called
a 'Train Shunt', which is merely a variable resistance with one dial marked off in
ohms and another dial marked off in tenths of an ohm.

TRAIN SHUNT IKSTRUMENT

WHEN TAKING THE DROP SHUNT, THE INSTRUMENT IS SET TO ITS HIGHEST VALUE AND
CONNECTED ACROSS THE RAILS AT THE RELAY END OF TilE TRACK CIRCUIT, TEE RESISTANCE
IS TSElU DECRZASED UNTIL THE RELAY JUST DROPS. The reading on the train shunt
instrument is then the drop shunt resistance for that track circuit under the
conditions prevailing at the time of the test.

JUEN TAKING THE PREVENT SHUNT, THE INSTRUMENT IS SET TO ITS LOWEST VALUE AND
CONIECTED ACROSS THE RAILS AT THE RELAY END OF THE TRACK CIRCUIT, THE RESISTANCE
IS THEN INCREASED UKTIL THZ RELAY JUST PICKS. The reading on the train shunt
instrument is then the prevent shunt resistance for that track circuit under the
conditions prevailing at the time of the test.

The method and frequency of testing track circuits (Including the tests above),
should be carried out as per current Signalling Installation and Maintenance
Instructions.

£8
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TRACK CIRCUIT INDICATION CIRCUIT

Fig. 3 shows a typical arrangements for indicating on a signalbox or illuminated
diagram, the condition of a track circuit. The panel indication lamp is illuminated
to indicate the presence of a train on the track circuit.

A feed is taken over the front contacts of the T.R. to energise the coil of the

Irack Repeating Relay (T.P.R.). The T.P.R. thus acts as a 'slave' of the T.R.

When the track is 'occupied' by a train, the T.R. is de—energised and this in turn
disconnects the circuit to the T.P.R. coil., The T.P.R. is now de-energised and
its 'back' contacts 'make!

4 Teed is now taken over the T.F.R. back contacts and illuminates a lamp (or lamps)
on the sisnalmans panel, thus, EVERY TIME THE TRACK CIRCUIT IS ‘OCCUFI=ZD', THE
TRACK IIDICATION LAMP IS ILLUMINATED.

It can be seen that numerous track circuit indication lamps can be illuminated
via the back contacts of their respective T.P.R.s, thus enabling the signalman to
monitor all the trains in his particular area.
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SUbieCt- D.C. Track Circuits. Adjustment and Fault Location
ZRACK CIRCUIT ADJUSTMENT

When setting up a track circuit, it is desirable that the lower voltage limit on

the relay is not less than 507 above the relay pick up value under average conditions.
This ensures that the drop shunt is not too high and so avoids failure of the track
circuit under wet weather conditions. The upper voltage limit on the relay should

be such that THE DRCP SHUNT ACROSS THE RATLS AT THE RELAY SRD OF THE TRACK IS QT LESS
THAN 0.5 ohm AT ANY TIME. The object is to ensure that the track circuit will operate
satisfactorily when occupied or fail safe.

Ballast conditions play an important part in the operation of track circuits and the
following principles should be remembered:

WET BALLAST - LOW BALLAST RESISTANCE.
LOW RELAY VOLTAGE
HIGH DROP AWAY SHUNT.

DRY BALLAST - HIGH BALLAST RESISTANCE
HIGH RELAY VOLTAGE
LOW DROF AWAY SEUNT.

SETTING UP (Assuming average conditions)

When the installation of the track circuit is complete, the track feed links should
be slipped to disconnect the track feed, and a voltmeter connected across the two

rails., A zero reading should be obtained indicating no extraneous feed to the track
circuit, Re-connect the links,

Set the feed resistance to give a voltage across the rails at the feed end that is
the Relay Pick Up Voltage + 50.

Walk down the track making occasional voltage checks across the two rails. There
should be no sudden drop in voltage, but you may find a slight drop in voltage between
the feed end volts and relay end volis, dependent on the length of track circuit

and the physical characteristics of the track, i.e., whether it is C.W.R. or bonded
trﬂc}{o

At the track relay location, check that the track relay is energised and measure the
relay voltage on the R1 and R2 terminals. A Drop Shunt Test must now be made.

ON SETTING UP, OR FOLLOWING ALTERATIONS, THE TEST MUST FIRST BE MADE ACROSS THE RAILS
AT TIE RELAY END.

The train shunt is set to a high value and connected across the rails. The resistance
of the train shunt is then decreased until the track relay just drops away. - Read the
resistance value. - Repeat the test three times, disconnecting the shunt from the rails
between tests. The average of the three readings is the Drop Shunt Value.
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THE MINIMUM PERMISSABLE DROP SHUNT ON A D.C. TRACK CIRCUIT IS 0.5 CEHEM,

The adjustment of the track circuit voltage is assessed from the train shunt
result.

A typical value for a track circuit under average conditions would be a drop shunt
in the order of 0.8 to 0.9 ohm.

If on test the DRQP_ SHUNT I3 HIGH — DECREASE THE FEED RESISTANCE TC INCREASE THE
TRACK VOLTAGE.

If on test the DROP SHUNT IS LOW — INCREASE THE FEED RESISTANCE TO DECREASE THE
TRACK VOLTAGE, ;

DROP SHUNT W In 3 ' C
drong side Failure)

DROP SHULT TOO HIGH INDICATES A POSSIBILITY COF FALSE OCCUPIED
Condition (Right Side Failure).

When the voltage and shunt are correct, enter on the Track Record Card :-
Volts Across Rails
Volts icross Relay
Drop Shunt Across Rails
Value of Track Feed Resistance.

A further test is now made in the track relay location. The voltmetere is connected
acrogs the relay terminals or links and also the train shunt instrument. The shunt,
(set at = high value), is reduced until the relay just drops away. The shunt value

and the voltage reading at ‘drop away', should be noted and recorded.

There should be no difference between the drop away voltage shown by the meter and
that stated on the relay label.

Typical entries on Track Circuit Maintenance Record Cards are shown overleaf.
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RECORD CARD A.C.orD.C.

SIGNAL BOX OR LOCALITY :-
TRACK CIRCUIT NUMBER:-... .

"ILFORD S.B.
10

THIS RECORD MUST BE KEPT

IN THE TRACK RELAY LOCATION

CARDS WHEN FILLED MUST BE SENT TO INSPECTOR.

| Feed Volts
1 Resisianc Across
| Reactanc :’ Raile at

Capaciance | Feed End

RELAY END Technicians Ballast
Signature Date Conditien
Volts Shunt at 1. Wet
Acroas Rails 1o i
Retey Tmis.| Orop Relay 4. Dry
4. Frozen
8. Floodaed

2D 0.6v

R

Readings takeh acrogs relay coils.

0.56v 0.9 |A.N.Other|22.2.84 3

D.A.Volits
0.27v | 0.8

MAINTENANCE VISITS

made, the drop shunt and drop away
in weather conditions, any change
give cause for concern, investigat

On maintenance visits (12/13 weekly), only the test across the relay coil is

voltage being observed. Allowing for changes
in these values must be recorded and if they
ed.

The track circuit should be examined in accordance to the following extract
from the Signalling laintenance Instruction.

&/
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LXTRACT FROM SIGNALLING FATNTENANCE INSTRUCTION SM9
TRACK CIRCUIT INTENANCE ToSTING AND EXAMINATION

1.0
1.1,

1 .2-

1 a3¢

2.0.
2.1.

2.2,

2.3,

GENERAL

4 check of Track Circuits must be carried out by the Technicians as part of
their normal duties when visiting sites or walking through a Section.

Two specific tasks must be carried out at 12/13 weekly intervals to ensure
reliability and satisfactory operation. There are :=

1.2.1. Drop—away shunt test.

1.2.2. Track circuilt exzamination.

Zach Track Circuit test and examination must be scheduled and the Supervisor
must ensure that these are satisfactorily carried out.

TRACK CIRCUIT TESTS

TESTS ACROSS Til RATLS

Cn installation full tests must be carried out, the shunt must be taken

across the rails, and details recorded on B.R.13396. This must be repeated
every time there is an alteration to the Track Circuit; e.gz. alterztion to

the adjustment in the feed setting is made, relaying has taken place, the
track relay is changed, leads or jumpers have been renewed. ‘hen satisfactory
settings have been obtained a further test as in 2.2 should be carried out

and these values also recorded. The record card to be kept at the site of

the relay.

TE3TS ACROSS THE I5TAY

#here the Track Circuit is of & linear type, either D.C. or A.C. (see the
Appendix 'A' to this instruction for details) the scheduled 12/13 weekly drop-
away shunt test must be carried out with the shunt and voltmeter across the
track relay coils or track relay leads in the location case or Relay Room
where the relay is housed.

In electrified areas the shunt must be placed on the incoming links and not
on the relay terminals so that the filters/chokes, etc. at the relay end
are still in circuit.

#here the Track Circuit is of the non-linear, i.e. pulse type or high
frequency above 834z (see Appendix 'A' to this instruction for details)
the shunt must still be taken across the rails.

OBJLCTIVE OF TESTS ON TRACK RELAYS

The objective of the tests is to ensure that the relay action is sharp and
positive when the drop-shunt value is applied. The Technician must ensure

by visual observation that the relay is clean and dry and that the relay
operation is satisfactory with no significant change in the drop-away voltage.
The voltare and drop-away shunt values as in 2.2, must be recorded and if

any change gives cause for concern, a shunt test across the rails is 0.5C ohm,
except on some impedence bond Track Circuits.
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3,0 TRACK CIRCUIT EXAMINATION
%.1. OBJECTIVE

The objective of the scheduled 12/13 weekly examination is to find and
remove potential failures and ensure that as far as possible the Track
Circuit will function satisfactorily until the next examination. any
obstructions or conditions likely to prove detrimental to the reliability
of the Track Circuit must be dealt with immediately if practicable or
brought to the notice of the Supervisor or man in charge and dealt with as
soon as possible,

3.2, ACTION
It is essential that action is taken to deal with any condition likely to
cause a failure, Where other Departments are involved it is not sufficient

just to advise a member of that Department, action must result if a failure
is to be avoided and trains are not to be delayed.

%.3. DETATLS
Specific attention must be given to the Examination of the following items :-
%.3.1. Track circuit rail connections
2.3.2 Leads, cables and jumpers

Z.%.3, Insulation deterioration, and rail burring over insulation.
4,0 TRACK CIRCUIT CHECKING

The following items must be checked :-
4.1. Metallic debris zround insulatioms and points and crossings.
4.2, Bonds, loose bolts, fizings and clips associated with points and crossings.

4.,3. Points rodding and signal wires etc., touching or liable to touch either rail
(in electrical areas, traction jumpers and bonds must be clear of all rails
to which they are not bonded).

4.4, Rail and Clip insulation on Continuous Welded Rail.
4.5, Bonds on Flain Line,
4,6, Condition of Ballast.

FAULT LOCATION

The aim of maintenance work is to reduce to a minimum the number of failures. By
an analysis of failures that have occurred, we can be made aware of the items that
should be -given close attention on maintenance work.

The following are extracts from failure reports and show the percentage rate for
track circuit components.

Peed Resistance 0.09 per cent
Track Circuit Insulation g.02 - "
Track Circuit Bonding 7.8 "
Track Circuit Rail Cornectors 4,19 "
Track Circuit Rail Leads 30.25 "
Track Circuit Interupter 2.5 ™
Relay D.C. (other than B.R.B.) 147 ™
Terminal Links 0.90 "
Cable Multicore 497 "
Internal Wiring 1.66 "
Fuses 518 ™

Relays (¥iniature) 147 ®
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FAULT LOCATION (Cont'd.)

The above are just extracts from a long list. The total failures in one year
can be in the order of 2000, pointing to the need for good installation and
maintenance and efficient fault finding.

The 'Flow Chart' illustrates the 'Methodiecal Approach' to fault finding.
Bxperience has shown that, in any type of failure situation, the methodical approach
is a much more effective method than the haphazard approach. The chart may look
complex, but examination will show that it is just 'Common Sense'.

The chart reveals that there are several inherent hazards to effective track
circuit operation, and we will now look at some of these in more detail.

SROKEN TRACK TATL CABLE

The standard type of track cable now in use ig 50/0.25zm, and is cornected to the
rail by-mgans of a 'Ross Courtney Cornnector'. (Method of termination illustrated
in Higs 1.

The track cable normally lies on top of the ballast where it should be visible to
all maintenance staff (S. & T. and D.C.E.). As you have already noted, 30.25% of
all track circuit failures are caused through faulty track tail cables. These can
be attributed to two main areas of potential failure. — The first is Track
Termination Corrosion., This of course, is due to poor maintenance, as the rail
connection should have been inspected by the technician and re-terminated.

The second area of potential failure is damage caused by the D.C.E's Mechanised
Maintenance lMachines and by Plant used during Relaying Operations. Before work of
this nature takes place, the technician should familiarise all concerned as the
location of all cross track cables, thus avoiding later damage. (And unnecessary
extra repair work on the part of the technician).

THSULAT JOINT

Track circuit fault conditions may occur if two adjoining rails are allovwed to
burr over the 'T' section of an insulated rail joint.

Another potential hazard to correct track circuit operation is metal swarf and/or
brake dust bridging across an insulated joint. Brake dust contamination is
particularly prevalent in terminal station areas where brake application is
necessaxy for all approaching trains.

If you suspect an insulated block joint is faulty, you must call on the services
of the D.C.E.'s department, who, if necessary will replace the defective joint.

CONCRETE SLEEPERS

Concrete sleepers are a further inherent hazard to the correct operation of a track
circuit. The concrete is re~inforced with metal rods which form a 'potential' short
circuit path for current flow.

The rails are fastened to the sleepers by means of a metal housing and clip., 4
type of clip which is rapidly becoming standard is the 'Pandrol Clip',
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CONCRETE SLEEPERS (Cont'd.)

fMg. 2 illustrates a concrete sleeper and fittings. There are four Pandrol
Clips per sleeper (two per rail).

You will note that a 'Thermo Plastic Insulator' is inserted between the clip

.and the rail. The Insulator prevents a short circuit via the rail, clip, concrete
sleeper re-inforcings, (numerous metal rods which run the length of each sleeper)
and through to the other rail.

Detail of Cable Attachment

ee Component List
for Details

Fig. 1 Track Circuit Connectors.
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50,025mm cable to be attached to bond wire by a Ross Courtney No. 6 Facile
Terminal and Jubilee Clip, fastened with a 4" BSW x 1" (M6 x 25) C.P. Steel
Hex. Setscrew 2-2" (19) o.d. cp Steel Washers and a self-lock nut.
(Dimensions in brackets are in millimetres).

Lomponents List

1" x 4" Whit Steel 3et Screw

3532380

1" Wnhit Aerotight Nut 3.79929

5" Steel Washer 3,90007
Roas Courtney Connector 8! 54.19791
Jubilee Type Clip (9-13) 1 d 8.112951
T.C. Connector Complete 35[ 88.80788
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Fig 2 Rail fastenings on concrete sleeper by 'Pandrol Clip'
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The 'Thermo Plastic Insulators' however, are subject to wear, and occasionally
a situation arises where two of these insulators, (one on each side of the same
sleeper), have worn through, thus creating a short circuit.

You will appreciate that this type of failure may be difficult to locate as there
may be seversl hundred insulators to examine. A device which considerably assists
in the location of this type of fault is the ' Pandrol to Rail Insulation
Detector!, (P.R.I.D.). This machine, which resembles a wheel barrow, is pushed
along the line, sweeping the pandrol clips with metal brushes. If a2 continuity
exists between the rail and Pandrol Clip, an audible alarm is given.

BOLDING

The correct installation and maintenance of bonds is an essential reguirements
for the correct operation of a track circuit.

A broken bond may give rise to a 'High Resistance' joint, and a bond that has been
incorrectly installed, i.e. — the bond pin not being 'driven home' sufficiently,
will also result in a high resistance.

The agbove conditions are 'obvious' types of potential failure, however, what is not
ezlways quite so obvious, is the overall bonding requirements, particularly where
points and crossings (P and C) are concerned.

here points and crossings occur, intermediate insulated rzil joints are provided
to maintain effective centinuity of polarity of each rail. These intermediate
Joints are usually located in the turnout rather thar in the main running line in
order to limit the rate of wear.

Figs. 3 and 4 show typical bonding plans for two common layouts. The insulated
Jjoints are located in positions which enable point locking to be released at the
earliest opportunity.

SERIES AND PARALLEL BONDING

Inadvertent disconnection of any bond between adjacent comvonents of a track
circuit must result in the latter 'failing safe', that is, showing 'track occupied'.
This is achieved by bonding all parts of the track circuit in series wherever
possible. #ig. 5 shows a typical case of series bonding, whilst Fig. 6 illustrates
the darger of 'over bonding'.
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Fig 3 Typical Bonding of Track Circuit
Through Single Ended Set of Points.
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Fig 4 Typical Bonding Through Double Ended Points
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Typical Series Bonding of Track Circuits
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The bonding illustrated in Fig. 6 would enable the track relay to remain
energised despite a discormection in the circuit, and with two disconnections in
one leg, a train could remain undetected, thus a 'wrong side' failure would
exist.

TRACK CIRCUIT INTARRUPTER

With run back catch points and trap points, there is always a possibility that

a short train or single vehicle such as a locomotive could be completely derailed
and pormit the track circuit to be re-energised. This is overcome by the use of
the Track Circuit Interrupter which is broken by the leading wheel in the act of
the derailment, and opens the circuit until it is replaced. Fig. 7 shows the
construction and position in relation to the rail. A track circuit interrupter
consists of an iron casting bolted to, but suitably insulated from, the stock
rail of a set of catch points or trap points. It is positioned in the flangeway
so that the leading wheel of a vehicle will bresk the casting, causing the track
circuit to be de-energised irrespective of whether any of the vehicles are actually
shunting the track.

ACK CIRCUIT CLE

IiCE POINT

The achievement of correct track circuit clearance points is essential for the
integrity of signalling. Signalling Principle S.P. %6 lays down the requirements
for track circuit clearance points, and Fig. 8 illustrates certain aspects of these
requirements,

We have now discussed some of the inherent hazards to effective track circuit
operation. The techniciar must be aware of these hazards in order that he may
effectively overcome them by correct installation and maintenance and by the
methodical approac: to fault finding.




Fig. 7 Track Circuit Interrupter Assembly

Not Closer Than 5°'5"
To Toe Of Trap Pointa

LING POINT

‘(—‘Not Less Than '—{-
146" Prem Fouling Poin

Fig. 8 Typical Example of Track Circuit Clearance Points
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TRACK CIRCUIT CLHARANCE POINTS

FOREWORD

This principle establishes the minimum distance from points and crossings at which
track circuits having the function of proving clearance may be terminatec to
ensure a passing clearance of at least 1'-6" between vehicles in all circumstances.

Generally, the first convenient rail joint beyond the minimum distance should
be used.

Except in the case of a right-angle crossing, the fouling point as referred to in
this Prisciple is defined as the position at which the distance between the
cutside edges of the rails, measured at right-angles to the track in which the
track circuit clearance point is being determined, is 6'-0".

At a right-angle crossing the fouling point is taken as 6 ft from the crossing
nose meusured along the track in which the track circuit clearance point is being
determined,

PROVISIOQNS

1. 'Where trap points are provided, the track circuit termination shall be not
closer than the first rail joint beyond the toe of such trap points (usually
the 5'-5" joint).

2. Where trap points are not provided, the track circuit termination shall, as a
general rule, be not less than 16 ft. beyond the fouling point.
NOT: In the case of a right-angle crossing, the clearance track circuit
termination must be not less than 22 ft. from the crossing nose.

3. In places where the application of the general rule would cause a clearance
track circuit to infringe upon essential standage, the distance beyond the fouling
point may be reduced, as far as is necessary, towards tie value given in the
following table, relative to the characteristics of the particular track layout.

Minimum distance beyond fouling point for track
circuit termingtion

Argle of Both One track Both tracks Tracks running
Divergence. tracks straight curving away parallel from
straight. one track from each fouling point,
curving away. other,
- Ft. Ft. . Ft,
1in 0 égo ; * * * -
1 in 1 (45° 14 % * _
1 in 6 8 " * 6
1 in 8 0 10 * 3
1 in 10 6 9 13 0
1 in 12 5 8 13 0
1 in 16 5 7 9 0
1 in 20 2 5 9 0
1 in 24 1 3 3 ¢

¥ = lo reduction
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PROVISIONS (Continued)

4.

dhen the application of the values in the foregoing table still does not
satisfy standage requirements, detailed calculations must be made.

The distances quoted in provisions 2 and 3 do not include any tolerance for
easing back of vehicles after they have passed clear and, where necessary,
an allowance must be added to cover this possibility. 'The importance of the
allowance for easing back increases as the crossing angle approaches =a
right-angle.

LOTES

(i) In this Signalling Frinciple, account has been taken of the clear:nce
requirements of 211 types of rolling stock at precent in being or
under consideration, including Mark III passenger coaches, High Speed
Diesel and Advanced Passenger Train, and two axle freight wagons having
an overhang of just over 10 ft., which is the maximum anticipated in this
country.

(ii) Where the rail surface is particularly liable to become coated as to
create a risk of a 'false clear' condition of a track circuit, special
precautions such as the provision of welded stainless steel strip may have
to be taken,
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British Railways,Eastern Region.
6 S.&T. E Department P e S X AT S TR
Training Schools,

York & liford.

Ref. B.E.S./ 7 4
Course. . Besic Blectrical Signalling
Subject. —sisal am end Lignt Repeating Cizeuits.

WHEN SIGH.

A AL IS OUT OF THE VISIBLE RANGE OF THE SIGNALMAN, OR WHEN INTERLOCKING
CIRCUITS ARE REQUIRED TO PROVE THE CONDITION OF THE SIGNAL ARM OR LIGHT, REPEATING
CIRCUITS ARE INSTALLED.

A Circuit bresker is fitted to the Signal Arm as shown below. The contacts of the
circuit bresker are adjusted to provide ON and OFF contacts.

The contacts must be operated between close limits so that indication is given as
follows :

DEGREES OF THE Homzoumg,

THE ABOVE APPLY FOR SIGN.
THE INDICATIONS GIVEN TO THE SIG

TING GS FOR A.W.S. CONTROL DIFFER

ON, OFF WRONG, RESPECTI

EOR

s



"ATOR_USED FOR ARM RE] ATING CIRCUITS IS A % POSITION INDICATOR.
FCR_DISTANT SIGHALS A YELLOW GROUND IS USED.

FCR_STOP SIGNALS A RED GROUND IS USED.

WHEN USED FOR INDICATION ONLY A 350 OHM RESISTALCE INDICATOR IS USED.

WHEL USED WITH A SERIES RELAY (GPR) A 50 OHM RESISTANCE INKDICATOR IS USED.

The indicator circuit requires a D.C. supply often obtained from Primary Cells using
DS.% or AR 40. type cells.

Two cells are reouired giving a nominal 3 volt supply. (i.e. Connected in Series).
Power may be used from a Transformer/Rectifier with standby Secondary Cells as required.

ARM REPEATER CIRCUIT (Centre Tap Battery)
Early type of arm repeating circuits used a centre tapped battery and a Two band
circuit breaker.

WRITTEN CIRCUIT. : ACTUAL WIRING DIAGRAM,
S

B E

I GK |
BN-E 3500

c

FF
E o) - OFF

2

LINE
E e

When the signal arm is ON current will flow := B. term. of batt - On contact - to line
- through the coil of the indicator - Earth. — ¥ term of batt. (centre tap) - Earth -
throush coil of indicator (in the opposite direction) - to line - off contact - to N
term of batt.

THE DIRECTION OF THE CURRENT THROUGH THE INDICATOR COIL DETERMINES THE SIRECTION OF
THS NEEDLE MOVEMENT,

WAEN THE ARM IS BETWEEN 5 and 35 DEGREES NO CONTACT WILL BE MADE 50 THERE WILL BE O
DEFLECTION OF THE NEEDLE.

ARY, REPEATING CIRCUIT (Double cut)

Current practice is to use a type of circuit which uses the circuit breaker as a

'polarity reversing switch., A 4-way circuit breaker is required but only two cells
are used.

When the sicnal arm is on current will flow := B term of batt. - No. 1 contact -
line. = coil of indicator. - E. - No 3 contact. - llter of batt.

When the signal arm is off current will flow :-~ B term of batt.:- Lo. 4 contact :-
E.: coil of indicator.; - Line;.- No. 2 contact.; - N term of batt.

The direction of the current through the coil is thu:z again reversed with the
movements of the signal arm.
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WRITTEN CIRCUIT. - ACTUAL WIRING

BE II\CLUDIII THE CIRCUIT. THIS RELAY IS WIRED N SERTES WITH THEIHDICATOR.

so the battery must be increased to 6 volts. In addition the indicator must be changed
to one of 50 ohms resistance.

ARM TING CIRCUIT Wl IGN, TING

esa R

TEE G.P.R. IS A THREE
PCSITION POLAR RELAY.
250 OHMS RESISTANCE.
OPERATING CURRENT,

6 to 12 mA.

At Jjunctions where two or more signals read from or to the same lines it is not possible

to clear more than one signal at once, under these conditions one indicator iway be used for
tWwo or more signals. A typical layout and circuit is shown.

e Q1B ™S

Crrseg-©

TR _ABMS ON ONE INDICATOR.

7%
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When the distant signal of a signal box is SLOT CONTROLLED as in the layout
below . The indicatiom cirocuit muwet include the slet. An additiemal oirscuit
breaker is ued on the slot lever and an Arm and Slet Indicator provided.

AEl 5 1 [ ﬂaer_]B

' Bl 5
Y o bl S . B ¢
® REE ot Toevx |~ F

y Ye

alon.-:':

ARM & SLOT.
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When required the Signal light is repeated into the signal box and the
indication given to the signal man om a Light indiocator unit.
Two sections are available ;= Master Unit and Auxiliary Unit.

®.® @

IN IN

e ©

ouT ouT
PUSH TO

SHOW LIGHT OUT

® ®

rmOoMBECR oM ALS _(__—

BN,

B8 —.-e-t-—:

n—rm  _ -~

FROMA BER DIQIG'_G—— ™

~NIg

——— _—_—_..—-....‘-—..—._.—.n-_“

FRaoM'c'ECR ORBES

fmom 'S BcR OB 88S —{—l—t—

R -
T

72



fo

B.E.S. 7.6 =1 JAN1BS

On sections where the signals are 1it by oil lamp, a Pyrometer is fitted into the
signal lamp case. The pyrometer is a Bimetal strip contact (:- Two different metals
which expend at different rates).

4 9 volt supply is used with this circuit.

The heat of the lamp closes the contact and completes the circuit, in the event of the
lamp going out the contact breaks to drop the light checking relay and warn the signal

man.
B La.
Z o ——@ T
NSO —=Eorl2

A1l new semaphore and disc signals will be provided with electric lighting utilising
SL1 lamps 4 volt.5 watt S.B.C. fitted into signal lamp case type Adlake 1202.

Existing semaphore and disc signals may be converted where justified and authorised.
Signal lamp power supply.

Where mains is available:- 3-16 A.H. RBE16 Nife cells connected in series and trickle
charged by Transformer Rectifier.

Where mains is not available:- 3-AD618A (EMU.1.) cells connected in series to supply

4 volts nom. This battery will supply a maximum of three lamps. If it is necessary to
light more than three lamps, two separate batteries will be used.

The cells to be changed when the current drawn falls below 100 mA per lamp 1it. This
can be expected to be about every 9 months for 1 lamp 6 months for 2 lamps 3 months
for 3 lamps.

Signal lamp proving.

Where mains supply available: The light indicator coils to be connected in parallel

and the signal lamp battery may also be used for repeating the light. Where no mains
supply is available :-Where a 12 volt nom. repeating supply is already available, it
will be used and the Light indicator coils connected in series. Where a 9 volt nom.
battery is in existance consideration should be giver to dispensing with it and the old
style lipht indicator unit, and using the lamp batter for indication with the indicator
unit coils in parallel.

LAMP CHANGING. :— THE SL1. La'PS ARE TO BE CHANGED EVERY 6 MCNTHS
LAMP SUPPLY CIRCUIT.
ECR. 2 ohms Relay. 84 ©e)-
May be omitted when lamp proving | ECR ]

is rot required.

Signal Lemp Adlake 1202. - N4
Lamp 4 volt 0.5 watt S.B.C.

=

{@_1 GE |
&) ©

LA¥P PROVING ECR
A, Arrangements to be used with B9 N e @__@) Line to
1000 ohm EX unit. | EK. unit.
Battery 6 DS3 or ARAO. N9 @ 5 Eerl 2
B. Arrangements to be used with Hj
250 ohm EK unit. ECR
Battery:— see lamp power supply. B 2o @—-@}l zine &

| ! BK. unit
LAMP POWER SUPPLY. N 4 W Eorl 2
When no mains available. ‘@—%
% — 618A in series. BXI[Ez B4
for upto 3 lamps. Two banks to "‘4§} '
be used over 3 lamps. : L \
When maine available 3-16 g *
A RE16 Nife cells Trickle charged ~ oo
by Transformer/Rectifier. T T

NX 11O N4
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COURSE, Basic BElectrical Signalling

SUBJECT. Electrical Detection.

Detection of point switches and facing point lock positions can be done either
mechanically or electrically. _

It is necessary to prove that points lay in their correct position,(and are
locked if they are facing points),before a signal can be cleared for a movement
over them.

Where semaphore signalling exists signal wires can be routed through mechanical
detectors as required,before operating the signal arm,thus proving points in the
route are fitting correctly to the stock rail and they are set for the particular
route.

Colour light signals,before being allowed to clear,also require the points ito be
proved in the correct position and fitting to the stock rail,(and are locked if
they are facing points),by electrical detection. Electrical detection is more
versatile than mechanical detection,it allows for points 1o be detected at
greater distances from the signal box. !

Various makes and styles are to be found in use,but for new work the B.R.B
standard point detector will be used.

On very long switches ( FV and longer ),a supplementary detector box has to be
fitted at the middle drive position.

Point Detectors Electrical

Electrical point detector boxes must be
kept clean and in proper adjustment.

To avoid intermittent breaking of the
detection circuit when switches are run over, all
points must be adjusted and maintained so that they

fit well up to the stock rails without excessive
force. Driving of the switch rails may cause the lock
stretcher bar or blade to bear on the body of the

detector and prevent contacts from closing. Both
these features if requiring attention should be

brought to the attention of the Chief Civil Engineer’s
representative.

In detectors having a contact for each
position of the switch rails, the contact for the open
position should be set coarser than that for the

closed position for each side of the points. In

detectors having rollers riding on cam faces of

detector slides this feature is inherent in the
design.

In detectors in which the lock detection and
point detection slides actuate the same contact

carrier, care must be taken to adjust the point

detection slides so that the contacts would ‘make’
or ‘break’ (according to the conditions ot the test)

regardless of the position of the lock slide.

Electric point detectors should be adjusted and maintained so that under
the condition of test where the thick (5mm) end of the point checking gauge
is placed between the switch and stock rails opposite the first slide chair
bolt the detection circuit would just break down.

With a view to ensuring good detection the relevant items in “ections
32 and 33 of BR 13445 (Instructions to staff engaged

, : on maintenance of
signalling apparatus ) should be noted, .
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DETECTION

BINGLE TRAILING

KRB L
= A Lk ]
KRN KRE
o === Sl
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DETECTION DOUBLE ~ENDED TRAILING MECHANICALLY OPERATED
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o
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DETECTION

COUBLE-ENDED, ONE FACING — ONE TRAILING MECHANICALLY OPERATED.
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NOTE: MICRO SWITCHES ARE DESIGNATED RIGHT HAND (AH) 8 LEFTHAND (LH) RESPECTIVELY
AS VIEWED FROM THE CABLE ENTRY SIDE OF THE DETECTOR.
CONTACTS 2-3 & 5-G OM MICRO SWITCHES ARE BROKEM ONLY WHEN COMTACTS
1-2 & 4-5 ARE MADE § VICE VERSA,
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NOTE: MICAO SWITCHES AHE LESIGNATED RIGHT IHAND (R ) & LEFTHAND(LH) RESPECTIVELT
A3 VIEWED FAOK THE CADBLE ENTAY SIUE OF THE DETECTOR.
COMTACTS 2-2 4 5-3 OM MICRO SWITCHED ARE EBMIOKEN ONLY WHEN CONTACTS
1-2 & 1-5 ARE MADE & VICE VERSA
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FROM THE CABLE ENTRY SI0E OF THE DETECTOR

WITH PoiMTS AS SHOWN ABOVE AH MICROSWITCH 283, 586 CONTRCTS MADE. LI MICRDSWITEN | 82 1 485 CONTACTS MADE
WITH POINTS REVERSED R MICROLWITCH 182, 48% CONTACTD MADE . LM MICROSWITCH 2#3 , S w6 CONTACTS MADE
CONTACTS 2.3 x5-G 1N MILKGSWITCHES ATE BROKEN OHLY WHEN CONTALTS -2 14-5 MRE MADL & VICE VERBA

Typical Point Indication Circuit,

I

LY
N NWKE

R RWKE




HEERE

Bes/ 2.5
T OAN1280

58




e ~ British Railways Eastern Region

¢ seTE DEPT. . -
TRAINING SCHOOL. REF. _BES./ -/ 1 JAN 1983

COURSE,_Basic Electrical Signallinge
SUBJECT Simple Electric Lock Circuits

When designéing Interlocking for a lever frame two methods of lever locking
may be consideredes=

Mechanical interlocking, between levers.

Electrical locking of any lever,
Mechanical interlocking is efficient and requires little maintainance,
but it is limited to use between levers in the same frame, When external
features , such as Track circuits, Signal arm repeaters, point detectors,
etc. need inclusion in the interlocking, Electric locks miist be used.

Consider the layout below,i— [j -
6G 8

1L
T

3TC : 47¢
9 57¢

It should not be possible to move No. 8 points if a train is standing on

the points , or between the signal and the points. No.1 and 6 Signals should
also be at danger if the points are free to move or movinge.A circuit can be
designed that will meet this requirement and used to control an electric lock
on No. 8 lever that will lock No.8 lever in the Normal and Reverse positions,
A track circuit can be installed over No 8. points that will operate No. 3.
Track relay, de—energising it when the track is ocoupied.

No. 1 and 6 Signals can be fitted with a repeating circuit proving the Arms
normal. These repeating circuits can be combined or independent circuits,.
Circuit breakers fitted to the signal levers can be used to emsure that they
are in the correct position ie, Normal,

A1l or some of these features can be used in a Circuit for No.8.Lever locke

B12, 3€R 1GP 6GPR 1 6 X N12,

§9



90

BES. / 942 =1 JAN 983

The interlocking can be extended over the signal levers,

Noe 1 lever should only be able to be pulled to clear the signal when No. 3 and 4
tracks are clear and the points normal,

No, 6 lever would require No. 3 and 5 tracks clear and the points reverse, 4
point detection circuit would be required on No. 8 points to control a point
detection relay.

Electric locks fitted on No, 1 and 6 signals would lock the lever in the normal

position only,. S This applies to this example only, in practice other locking
would be added.

B12

Bi2,
L)L |
Ni2
] gN!L |
The electric lock is generally / /
fitted at the rear of the frame. [ s
The lock operates from €2 volt / '," .
Dc, but some 24 volt locks are / /
in use. f f
The cutting of the notches in the I Locke
blunger and the setting of the / /
lock poeit}ons is discussed in / 2 \
sections 5/1. f.r i \m :
ey ,,’f@,! ' t:|:_b e |
.-f B
\__\—"J
Economiser
Contacte
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Course. Basic Electrical Signalling _ ]
Subject. British Stgndard Symbols Part. 1. Definitions and Terms

In any large organisation there will be a need to exchange information. There will
be a need for one section to produce a Plan or Diagram that may require to be read
by many other sections. If misunderstanding is to be avoided it is important

that when Plans are produced that all persons in the Industry use the same Symbols
to represent items of equipment. To this end the British Standards Institute has
produced a standard for Railway Signalling Symbols,

Part. 1. of this standard was produced in 1930 and covers Schematic Symbols for
use on Plans and Diagrams. They are intended for use on plans and diagrams showing
the layout of Signalling Installations and Equipment they do not show the component
parts of the apparatus used.

The symbols are laid out in the following order.

SIGNALS

POINTS

TRACK DETAILS
APPARATUS
LEVEL CROSSINGS
TRACK DIRECTION
SIGNAL BOXES.

Although some of the symbols may resemble the apparatus, it should be remembered that
they are "Symbols" and not "Mimic" Diagrams of the equipment.
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SIGNAL MECHANICAL STOP
MECHANICAL WITH o
ELECTRIC REPLACER  STOP

DISTANT

POWER ALL TYPES  STOP
DISTANT

PERMISQVE

FIXED ARM  STOP
DISTANT

SLOT OPERATEDFROM  STOP

ANOTHER BOX
' DISTANT

SLOT OPERATED BY STOP
SIGNAL AHEAD

MULTIPLE SLOTTING
BANNER SIGNAL
REPEATING SIGNAL STOP
DISTANT
FOG 2. ASPECT
FOG.S. ASPECT

SUBSIDIARY SIGNALS
C 7 CALL ON
S - SHUNT AHEAD

W- WARNING
SICNAL LAMP INTENSIFIED

SHUNTING SPEED INDICATOR

-
ie

L £

'

-

1

]

i

i

O O

:-_@_@91 9 m__ﬂ&_L_M_DQ_MJJ_HJﬂ | I‘Lﬂ

B
Chp

PAGE .
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COLOUR UGHT SICNALS,

COLOUR SYMBOL, RED 6,YELLOW®, GREEN O,
RED-R, GREEN-D, YELLOW-H, DOUBLE YELLOW-HH,

IF SIGNAL IS APPROACH LIGHTED SHADE AS SHOWN

NORMAL ASPEC

HH

MULTI UNIT
TWO ASPECT

SEARCHLIGHT

MULTI UNIT
THREE ASPECT

SEARCHLIGHT

FOUR ASPECT  MULTI UNIT

gEARCHLI HT WITH
INCLE YELLOW

AUXILIARY LIGHT INDICATED THUS

ASPECT ACTING AS AUXILIARY LIGHT"’$‘°" -

SLOTTED COLOUR LIGHT SIGNAL

MARKER LIGHT

ILLUMINATED SICN

JUNCTION INDICATOR

ISP S——

2

—2Q | —80 —02c0 —& —020 —& 0O °

1

d —@0—D20 —b —000 —% —@0| -

—Q —00 | —0—D2cd

" | —e0—02e0—6 —028 —6 —09|0

Ay

—02S

o

PACE I
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SHUNTING SIGNAL MECHANICAL
SINGLE NORMAL RED ..
NORMAL YELLOW|  _ DY
DOUBLE o
POWER OPERATED b
FLOODLIGHTING i
SHUNTING SIGNAL POSITIONLIGHT | @
DOUBLE . pB
THREE ASPECT B
SLOTTED SIGNALS O
POINT INDICATOR : _gf,..
ROUTE INDICATOR SIGNAL Eij
DOUBLE SIDED .
JUNCTION INDICATOR REPEATER =a
SIGNAL NOT IN USE ' ﬂ
SIGNAL TO BE REMOVED "1
SIGNAL LEVER ELECTRICALLY LOCKED }
SIGNAL LEVER RELEASED BY THE %
BLOCK AT LINE CLEAR e
SIGNAL PROVED NORMAL IN THE <
BLOCK CIRCUIT HOME 1
DISTANT “:INC
i 1 PACE I

AR




BAS /106 4 jan 1083

SIGNAL LEVER RELEASED BY TOKEN Jf
SIGNAL LEVER INTERLOCKED BY  KEY ‘,%-
SIGNAL POST SIGN+= D SIGN

DIAMOND SIGN “}
AUTOMATIC SIGNAL SIGN
SEMI AUTOMATIC SIGNAL SIGN $
FIREMANS PLUNGER
GROUND TELEPHONE F

-------

------

NOTICE BOARD 5 g
LIMIT OF SHUNT SIGNAL =

ARM ELECTRICALLY INDICATED AR
LIGHT ELECTRICALLY INDICATED LR+
SLOT ELECTRICALLY INDICATED SR--5?1
ARM € SLOT ON SLOT OFF ASRS

INDICATED
SIGNAL  STRAIGHT POST =

HALF BRACKET ;jﬂf_j |

SIDE BRACKET ON STRAIGHT POST L{

TEE BRACKET l ]
SUSPENDED DOLL s 1y

LEFT HAND LOCATION | _ _ 4——+ _

SEMAPHORE v e e oy
RIGHT HAND LOCATION f
LEFT HAND LOCATION [—00

COLOUR LICHT e |
RIGHT HAND LOCATION oo

A B R e 4 T ki - e 5 e i AR
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Bl JAR \c0
-——//
THE LIE OF POINTS | ——x—" =
CAN BE SHOWN = | . S
s
POINTS HAND 11 8 =
WORKED | .
D
SPRING | WAY V
b~
SPRING BOTH WAY V =
) i
POINTS WORKED e o=
FROM SIGNAL BOX
POINTS WITHOUT | ——eeer | —p——
T L S B2
AS ABOVE WITH | ——=3t3& | —3=a
TWO LEVERS /O'_ /3/0//
R Iee| T | ==
N L
LEVER s =2
TWO- HeRaTH 22 | ag
' 5 30//
POINTS WITH LOCK " =
NPT OB, oA
3
AS ABOVE WITH | =" | ==
TWO LEVERS J ;
/
SLOTTED JOINT S.t/
CONTROL
SCOTCH BLOCK - s
DERAILER —~vZ —w
TRAP POINTS S =i
SINGLE SWITCH.
WITH GUARD o =
RAIL —— e
,,,,, i R

92
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T.C. INTERRUPTER

MOVABLE SWITCH
DIAMONDS

DIAMOND CROSNG
PROTECTORS

SINCLE SLIP

DOUBLE SLIP

RELEASED BY
) TOKEN B)KEY
ON TOKEN

POINTS KEY
LOCKED ONE WAY

KEY LOCKED
BOTH WAYS

=1 JAN 1983
TRAP POINTS o
DOUBLE SWITCH = e
_/_,..--
WITH CROSSING .
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INSULATING RAIL JOINTS
TRACK CIRCUIT IN BOTH
DIRECTIONS
TRACK CIRCUIT ON LEFT
TRACK CIRCUIT ON RIGHT

TRACK CRRCUIT
SINGLE LINE PLANS

DOUBLE LINE PLANS
SINGLE RAIL TRACK CIRCUIT
AXLE COUNTERS (IN OR ouT
TREAD
ElN & OUT

IMPEDANCE BOND

RELAYING OR CUT SECTION IN
TRACK CIRCUIT. (ARROW DENOTES
RIGHT CONTROLS LEFT),

BRIDGE MOVABLE SPAN

SIGNAL BRIDGE

AS ABOVE & TRACTION STRUCTURE
[ RECEIVER

TOKEN 7 DELIVERER

| EXCHANGER

R e
S

—_F-“OQ-—&.—

O

e
—re

————
—H—

PAGE VI |
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CAR RETARDERS

FOCMANS POST
FOGMANS REPEATERS

SINGLE RAIL OR
DOUBLE RAL R
SAND DRAG e L
SAND HUMP —
}ELECTRICAL ceredea
= e
DEFRESSION ELEC WITH TRACK | —----esber-
BAR IMECHANICAL IO
- MECHANICAL oo O
IREADLE  NORMAL OPEN CONTACTS| =72 2: =7
[ ELECTRICAL &
NORMAL CLOSED GONTACTS| =77 7rI::
AWS. RAMP AL
AW.S.  INDUCTOR e s
=T ey et b
[~ 1 oR I
DETONATOR PLACER EMERGENCYy | .~ ..

DETONATOR PLACER MACAZINE TYPE | -

( -

®”



SWITCH LOCK

BLOCK SWITCH

SWITCH LOCK &INDICATOR TRACK
OCCUPATION KEY INSTRUMENT

BLOCK INSTRUMENT PERMISSIVE

BLOCK INSTRUMENT
ABSOLUTE NON=CONTROLLED

BLOCK INSTRUMENT
ABSOLUTE CONTROLLED

COMBINED BLOCK INSTRUMENT

PLAIN
WITH CONTROL

B4 JAN 23 B& fieen

GONG OR SIREN @) e
BELL SINGLE STROKE @
BELL TREMBLER & g
POINT MACHINE POWER P e ’_’:
POINT MACHINE DUAL CONTROL- . |2 7352 =2

=3
CLEARANCE BAR OPERATED FROM SB| -~ - =i <==s
GROUND FRAME UNCOVERED (]
GROUND FRAME COVERED

S

D

p A

PACEIR]
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KEY RELEASE INSTRUMENT
CRANK HANDLE INSTRUMENT
ROAD CROSSING

CATTLE GUARD CROSSING
SYMPATHETIC GATES

INTERLOCKED & WORKED
FROM SB.

INTERLOCKED & WORKED
FROM GROUND

WORKED BY GATEMAN &
NOT INTERLOCKED

NON SYMPATHETIC CATES
INTERLOCKED

NOT INTERLOCKED

OCCUPATION CROSSING

LIFTING BARRIERS

INTERLOCKED & WORKED
FROM S.B.

INTERLOCKED & WORKED
FROM GROUND

NON INTERLOCKED &
WORKED FROM GROUND

fEm e - e g

e e e oo mm @ e e e

- e —— — s—

- o mm e s mee ==
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|W,IU.JJ

ANCLE PEN

SPRING

CAGE

LOCKS WHERE PROVIDED

ROAD CROSSING SIGNAL
AUDIBLE

VISUAL

WARNING BOARD

TRAFFIC DIRECTION

OPERATOR FACING TRACK
SIGNAL BOX |

OPERATOR WITH BACK TO
TRACK

WICKETS ' 18

LEVEL CROSSING BLOCK INDICATOR |

- e e Emm e s

T sy

. PAGEXT]
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—
Course. Basic Blectrical Sigualling = 1 JAN 1983
5ubi ect British Standard Railway Signalling Symbols, (Introduction.)
CIRCUIT DIAG! CAN BE DIVIDED INTQ TWO TYPES, THE WIRING DIAG THAR
WRITTEN DIAGRAM

THE WIRING DIAGRAM

A wiring diagram is, generally, one in which each complete piece of apparatus is
represented, e.g. a relay would be shown with its coil and contacts. The wiring
diagram would show the comnections to the coils and contacts in one position on

the diagram. An example is given below of a Track circuit with Track indication
lamp.

——@
R2. =3
——G ) G
O— |RELAY
Re. RI
& TRACK %
RELAY ._%\
" R
B i
To other - R g
LOMmpS \
i
5Track Indicahion
i o From 4 Trock e 157
Reloy TP%%Z v
6Track Indicalion
Lamps.
To oher
Lamps.
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When wiring diagrems are used confusion can arise due to the many wires crossing
and the difficulty in obtaining good diagram layout.

IHE WRITTEN CIRCUIT

A written circuit is an abridged and simplified circuit diagram in which symbols
with abbreviated designations are drawn in a straight line the two ends of which
represent the source of supply. The symbols can be compared to shorthand and a
line in a written circuit diagram is read left to right in a similar manner to

reading a line of writing. A written circuit is shown below for the same circuits as
the former wiring diagram.

6‘!‘5@ &

PN TR
5TE o &
S5TR
S5TN
o—®
BX |2 TR NX 12
A4 6TKE
Bx12 "=ng; NX12.
< S5TKE
WITH WRITTEN CIRCUITS TWQ TYPE
THE I ' :
NOMENCLATURE

This is used chiefly in connection with written circuits and the labelling of wires;
but it may also be used with advantage to a lesser extent in wiring diagrams.

In certain instances neither the symbol nor the nomenclature can fully convey all the
information required. In these cases the signa is used to indicate that reference
to the notes on the plan is necessary.

NOMENCLATURE y ING OF W
In order to provide a concise, suggestive, graphic code for marking the units on plans,

the following system has been evolved which makes use of a designation made up of two
parts, namely :-

(1) NUMERICAL PREFIX
The number of the principal lever, signal, track circuit, etc.,
entering into the control of, or controlled by, the unit,

(2) HABETI .
Consisting of one or more letters. When the letter is used singly or
finally it is used as a noun anddesignates the general kind of unit.

Proceeding letters, which are used as adjectives, denote the purpose of the
unit.
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Where reference is to be made to the position of levers, switches, push buttons or any
other device operated by the Signalmsn, as in the case of a lever lock or a relay
representing a lever position, the letters shall be in brackets immediately before the
final letter, as shown below :-

LEVER LOCK LOCK RELAY LOCK RELAY
(vB) L () LR (r) LR

or with the numerical prefix added :- :

10(NB)L 10(N)LR 10(R)LR
The complete designation of a unit is written as follows :-

10 HR (Without dots or dashes)
(Numerical Prefix) (Prefix Ledter) (Final Letter)
10 H R

In this example, 10 is the number of the signal, but when used to refer to the signal
will be := 10G. When the figure is used alone, it will be understoodto the lever,

thumb switch, push button or other equipment actuated by the Signalman for the control
of the signal.

The letter R means relay in general, and the letter H meaning yellow, indicates that the
function of this relay is to control the yellow aspect of 10 signal therefore :=

10 refers to lever, H. means yellow (adjective) and R means relay (noun).
As far as practicable assigned letters are suggested, either because they are the first
letter in the words they represent, for example: B. Block: or because of usage : D. Clear:
H. Caution. But many letters stand for names which cannot be associated, and are
arbitrary symbols only, as J. Rectifier: U. train description apparatus. Some of the
letters represent several different meanings or words, depending on their position with

respect to numerals and other letters; if the scheme is used consistently there should be
no mistake in meaning.

INDICES are used to denote :=
(1) A_SPECIFIC TERMINAL =as in the following example :-
{0HR 3F means terminal of NO: 3 FRONT CONTACT ON 10 HR

(2) A SPECIFIC SIGNAL where more than one is operated by onei lever, as in the
following example:—

10 (6) UG means a ROUTE SIGNAL apparatus working in conjunction with SIGNAL
NOs 1~ displaying the indication for NO: 6 ROUTE

(3) A SPECIFIC RELAY where more than one is connected in parallel on account of
insufficiency of contacts on one relay—(E.G.) -

10 TPR means relay repeating the relay of track circuit NO: 10

NOTE Where more than one track repeating relay is used, controlled direct from the

track relay, these may be indicated by adding a numerical index to the letter
P such as :-

10 TP'R 10TP°R, etc.

where relays are connected in cascade, the second or subsequent relays may be
indicated by using additional P's. such as :=

10 TPR, 10TPFR, ete.
Other examples of common combinations are given below :-—
10 RGE = Electric lamp illuminating danger aspect of 10 signal.
10 HGE = Electric lamp illuminsting caution aspect of 10 signal.

Dot o
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10 DGE
10 RK
10 RGK
10 HGK
10 DGK

Electric lamp illuminating clear aspect of 10 signal.
Indicator (visual) for light on 10 signal.

Indicator (visual) showing danger aspedt of 10 signal.
Indicator (visual) showing cmution aspect of 10 signal.
Indicator (visual) showing clear aspect of 10 signal.
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MEANING OF LETT

Description term
(Prefiz letter)

Apparatus
(Last Letter)

1.
Z.
Up.

Approach ; Automatic

Block ; Bolt

Checking or proving ; Coding.
Clear (green) : Decoding

Light ; Heat (externally applied)
Emergency ; Earth.

Fog
Signal

Caution (Yellow)

Preliminary caution (double yellow)

Time (delayed action)
Indicating or detecting.
Locking: Left

Marker ; Magnetic

Normal

Retarder

Repeating

Treadle or bar

Reverse ; Right; Danger (red)

Stick

Track circuit

Route (aspect displayed to be
shown in brackets).

Trainstop
Points

Audible indicator (such as bell,
buzzer, horn) Level or Highway
crossing.

Slotting or disengaging

Special (to be explained on plan).
Up (direction of traffic)

Down (direction of traffic).

X,
L.
M.
Ne

0.
P,
Q.
R.

Block instrument
Contact

Electric lamp (illuminating) ; Earth

Fogging apparatus (e.g. detonator placer)
Fuse |

Signal apparatus, including Light Signals
Lightning arrester.

Capacitor.

Inductor.
Rectifier
Indicator (visual)
Lock

Motor

Release ; Hand-operated switch; Push
button or key.

Resistor
Lever Latch or trigger contact
Local coil of double-element relay

Relay or contactor (line or track
element of double - element relay).

terminagl
Transfermer : Transmitter.

Train description apparatus (for route
indicating).

Trainstop apparatus
Points operating apparatus

Audible indicator (such as bell, buzzer,
horn. )

Disengaging apparatus
Special unit (to ve explained on plan).

/a9
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Basic “lectrical Signalling.
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SUBJEC

T. Commonly Used Symbols, (For written circuit diagrams.)

p—

CONTACT ON NON-POLARISED TWO
POSITION ARMATURE -

CONTACT ON POLARISED TWO
POSITION ARMATURE

CONTACT ON THREE POSITION
POLARISED ARMATURE

TWO POSITION RELAY

THREE POSITION RELAYl

TWO POSITION RELAY J'
BATTERY FLOW CONTACT TO ARM

THREE POSITION RELAYl

IN A WRITTEN CIRCUIT, WHERE THE
POLARITY IS NOT INDICATED, THE

LEFT, OR UPPER,TERMINATION OF
THE " LINE IS CONSIDERED TO BE

POSITIVE,OR FEED OF SUPPLY

LEVER CONTACTS SHOULD BE
NUMBERED, THE ONE ON THE LEFT
TOPOR REMOTE POSITION, BEING
GIVEN THE LOWEST NUMBER
THE NOMENCLATURE WOULD BE =
L LEFT OR | TOP
R RICGHT OR BOTTOM

BATTERY FLOW ARM TO CONTACT 2|

‘V
PASAV
Y4
L
B—e—L
807\’
B— - g
BV)H

LEFT RICHT
OR OR
TOP . s BOTTOM

2 Fyy
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ELECTRO MACNET
GENERAL SYMBOL

WITH DOUBLE WINDING
OR SYSTEM REQUIRING
TWO ENERGISED
WINDINGS

SLOW TO RELEASE

SLOW TO PICK UP: v fse

CONTACTS ON NON-POLARISED
ARMATURE |
CLOSED WHEN ENERCISED

CLOSED WHEN DE-ENERGISED

ARM

CONTACTS ON THREE POSITION
POLARISED ARMATURE

MADE WHEN RELAY ENERGISED .N.
MADE WHEN RELAY DE-ENERGISED
MADE WHEN RELAY ENERGISED .R.
ARM

CONTACTS ON TWO POSITION
POLARISED ARMATURE EITHER

|CONTACT REMAINING CLOSED

UNTIL RELAY IS OPERATED TO THE
OPPOSITE POSITION

N. CONTACT
R. CONTACT
A. ARM

IES.S53/2.
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CONTACTS ON TWO POSITION =1 JAN 10°%
POLARISED ARMATURE.BIASED TO :
ONE POSITION BY MAGNETISM e
GRAVITY OR SPRING.ARROW IASED TO
SHOWS DIRECTION OF BIAS NORMAL | REVERSE

N. | N. CONTACT .e;;)Nﬁ o

- N
R. CONTACT S | oty
R R
A.| ARM
_ | Bl
EXAMPLES OF DEPENDENT = \/
CONTACTS= NON-POLARISED T_T
' N/
TWO POSITION POLARISED ‘&%.
THREE POSITION POLARISED t;l:,_
EXAMPLES OF INDEPENDENT Noglai L
CONTACTS=NON-POLARISED | ——e— -
TWO POSITION POLARISED >
THREE POSITION POLARISED ] A
BRIDGING CONTACTS ON NON- d
POLARISED ARMATURE BOTH , )
CONTACTS CLOSED DURING T ,
MOVEMENT OF ARMATURE. X
DOUBLE BREAK CONTACTS ON
NON-POLARISED ARMATURE
F | FRONT OR TOP S N
B. | BACK OR BOTTOM e
. i
CONTACT FITTED WITH g
MAGNETIC BLOW-OUT

"BEs. 5.3/3. ;
ri.
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LG

CONTACT ON FLASHER Rck.hY

SEARCHLIGHT SIGNAL _ SINCLE
DEPENDENT CONTACTS

SEARCHLIGHT SIGNAL
INDEPENDENT CONTACTS

ELECTRIC LAMP TRIPLE POLE

ELECTRIC LOCK WITH BUILT IN

| ECONOMISER  CON TACTS

LOCK PROVING CONTACT
LOCK OUT CONTACT

LOCK IN CONTACT

LEVER CONTACT
THUMB SWITCH
TWO POSITION NORMAL
REVERSE
THREE POSITION LEFT
CENTRE
RIGHT

ELECTRIC LAMP DOUBLE POLE

'VV

KK

Lever Vomber

- —
Oel

Lontacs Bsition

S T B

B e - s
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Yy Y iy €

WC

WC

{WC

TARM OR SLOT CONTACTS FOR

TWO POSITION SIGNALS.
CLOSED IN ON POSITION.

CLOSEDIN OFF POSITION.
POLE CHANGING CONTACTS.

POLE CHANGING CONTACTS
WITH OPEN POSITION.

PROVING CIRCUIT CONTROLLER
CONTACTS CLOSED BY INSERTION
OF HAND CRANK OR LEVER."

DETECTOR CONTACTS FOR
POINTS ONLY,
CONTACT CLOSED WITH POINTS
| NORMAL,
REVERSE.

DETECTOR CONTACTS FOR BOLT
ONLY - BOLT IN
BOLT OUT

DETECTOR CONTACTS FOR
BOTH POINTS & BOLTS.

POINTS NORMAL BOLT IN
POINTS REVERSE BOLT IN

KEY BREAK AND MAKE

PUSH OR PLUNGER BREAK
MAKE
BREAK & MAKE

SWITCH HAND OPERATED ONE WAY

TWO WAY

N o ﬁet}ﬂc'ﬂww
——me———— |
]

b

-

10
OFE®

o——p-
%
.

&

9

A

T

Foint Number
(=}

U

1Q

oied

it and Bolt

_ g romibes:

_._ i)

d-
]

I}

L
<

!

v o [T

%
3
A

) Closed

Goen.

B.e.e. 53./5
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C

JN

JR

DEPRESSION BAR CONTACT
CLOSED

OPEN
TREADLE CONTACT OPEN

CLOSED

HEAT OPERATED CONTACT
(EXTERNALLY HEATED)

CONTACT ON SIGNAL BOX
CLOSING OR BLOCK SWITCH

(CONTACT OPEN
WITH

CONTROL
CCONTACT CLOSED

QCONTACT OPEN
WITHOUT

CONTROL
| CONTACT CLOSED

TIME RELEASE MANUAL
NORMAL CONTACT

MADE AFTER RELEASE TIME

RELAY TIME CONTROLLED
CONTACT
FRONT

BACK

et 3+t 2 e i

B.e%.5.3./6
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SPECIAL CONTACT. REQUIRES
REFERENCE TO NOTES, ADD
NUMERALS AS REQUIRED.

RESISTOR GENERAL SYMBOL
VARIABLE
NON INDUCTIVE.

INDUCTOR GENERAL SYMBOL

VARIABLE
WITH IRON CORE

CAPACITOR FIXED

VARIABLE
ELECTROLYTIC

TRANSFORMER
RECTIFIER SET
RECTIFIER HALF WAVE

CONDUCTOR
TEE CONNECTIO N

DEMARCATION
CONNECTION TO EARTH

ERMINAL BLOCK SINGLE
’ DOUBLE

WITH DISCONNECTION LINK
LIGHTNING ARRESTER
FLSE

S Y
~ -~ PAK

]

EXTERNAL

INTERNAL

a—""‘*&

— v

2CC
SR i

———*W__._
e
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SETTING OF LEVER CONTACT BANDS

FULL NORMAL POSITION OF LEVER
POSITION WHERE LEVER HAS JUST CLEAREDANLOCK

- NORMAL INDICATION POSITION
- REVERSE INDICATION POSITION

POSITION WHERE LEVER HAS JUST CLEAREDR)LOCK
FULL REVERSE POSITION OF LEVER

LETTER IN SYMBOL INDICATES POSITION OF LEVER
WHEN CONTACT IS MADE,

TWO LETTERS IN SYMBOL INDICATE THE LEVER
POSITIONS BETWEEN WHICH THE CONTACT IS MADE,

P® © @G

NORMAL CONTACT TO BREAK BEFORE THE LEVER
REACHES THE NORMAL LOCK POSITION.
NORMAL CONTACT TO BREAK JUST AFTER THE
[EVER [S IN"THE NORMAL LOCK POSITION.
NORMAL INDICATION CONTACT WITH LEVER
MOVING FROM R. TO N 1O MAKE WHEN LEVER |
FROM(B)LOCK & BREAK WHEN J6” PAST(B)LOCK.
y | ONTACT WITH LEVER MOVING
FROM NTOR. TO MAKE WHEN LEVER 1* FROM(D)
LOCK € BREAK WHEN 38" PAST (D)LOCK.
REVERSE CONTACT TO BREAK JUST AFTER THE
LEVER [SIN THE REVERSE LOCK POSITION,
REVERSE CONTACT TO BREAK BEFORE THE LEVER
REACHES THE REVERSE LOCK POSITION.

|

0 LeverNumber

SYMBOL (lfmfocf Rosstion.

£
i (¥
* 0

[
H
!
!

B.
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SUbjOCt. Symbols and Wiitten circuit construction

To obtain the full benefit from using this teaching programme, YOU MUST READ EACH
PARAGRAPH CAREFULLY, Do not read the full manual, read each paragraph and take any
action as instructed.

Do not move from a paragraph until you have understood the meaning.

Railway signalling wiring diagrams use a type of diagram called as-
WRITTEN CIRCUIT.

Written circuits use SYMBOLS to represent items of signalling equipment and instruments.
For example a Relay contact can be represented by a symbol :- R SRS
The dot being the arm terminal and the Arrow above the line representing
a contact made when a relay is energised.
ARM TERMINAL . _-CONTACT MADE WHEN RELAY IS ENERGISED.
e N

Items of signalling equipment are also represented by Symbols and earry letters
to describe their function. An example is a Signal lamp.

In the alphabetical code G. means signal. E. means lamp.

G.E. thus means signal lamp.

The general symbol for equipment is :=

|
The top left hand corner being one terminal the top right hand cormer being the other
terminal,

Terminal t1 _ _ £ “Terminal t2.

A circuit may now be constructed so that the Lamp is lit 6ver the relay contact.
REMEMBER THAT CONTACT SYMBOLS MAY BE SHOWN EITHER WAY i.e.

THIS: g e S L OR THIS. _V .
THE GENERAL USE IS THUS :- AV -

To light the lamp a POSITIVE and NEGATIVE supply will be required. And they are
represented by the letters B. and N. respectively.

Circuits are always drawn to be read from left to right, just as you would read a book,
It follows therefore that, if current flows from POSITIVE to NEGATIVE the POSTIVE WILL
BE AT THE LEFT OF THE DIAGRAM AND THE NEGATIVE AT THE RIGHT OF THE DIAGRAM.

The other parts of the circuit will fall between Pos. and Neg.

The symbols can new be set down in the order required.

B. N,
LV

| GE ]

By drawing in the wires we can now show how the circuit is to be connected up.,

BK/;hhf eE T N
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For neatness the connecting wires are drawn as straight lines between the terminals
so that the complete circuit appears as below.,

B \/ N

|G E |

The connecting line between the component parts of a circuit indicate connecting
wires, so the circuit can be read as an instruction.

B e N

Wit Covine Noa EETI

- ¢

From the positive supply connect a wire to the front contact of a relay (Wire No. 1)..
From the arm terminal of the relay contact connect a wire to the Left hand terminal
t1. of a Signal Lamp. (Wire No. g*.

From the Right hand terminal t2. of the Signal lamp connect a wire to the Negative
supply.

L 3¢

Tou should now be able to conmect this circuit on the Training panel. Insert
Programme board No. 1, into the socket at the rear and place Symbol Sheet No. 1 on
the face plate.

Being careful to select the correct Symbols follow the instructions from # +to ##
above.

If you have connected up the circuit correctly and used the correct symbols the lamp
will light. If the lamp fails to light check your circuit and choice of symbols,

When the lamp lights telling you the circuit is correct copy the circuit by tracing

the wiring and copying the symbols. The result should match the example at the top
of the page :-

The above exercise services as an introduction to the construction of w;itten
circuits. Make sure you have understood before you move on to the next stage.
The instructor will help you with any problems.,

When you have completed this exercise, tske your diagram to the Instructor for
checking before you proceed.
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Subiect_ Symbols and written circult construction.

To obtain the full benefit from using this teaching programme, you must read each
paragraph carefully. Do not read past a paragraph until you have understood the
instruction and carried out any action required.

In Stage 1. you were introduced to the use of Symbols in written cireuits.
This Stage will deal with the Symbols used for Relays.

RELAYS ARE ELECTRO MAGNETIC DEVICES The comtacts of the Relay are operated by linking
them to the ARMATURE of the Relay. When current flows through the COIL of the Relay,
it becomes an Electro Magnet and attracts the ARMATURE., The ARMATURE is linked to the
contacts and so when the ARMATURE moves, the CONTACTS are operated.

The most simple Relay to understand is the D.C .

THE COIL IS NON POLARISED, WHICH MEANS THAT CURRENT CAN FLOW EITHER WAY THROUGH THE
COIL AND THE RELAY WILL STILL OPERATE.
The symbol for the Relay coil is the general symbol :- l |

To identify it as a Relay the letter R is written in the symbol.:- I TR ]
To identify the function of the Relay a prefix letter is used

e.8., Track Relay. TR |
The nmumber of the Track Circuit is also given,
So, No, 1 Track Circuit Relay would be :- l TR I

Other letters can be used to describe other functions. The full alphabetical code
is given in your Training Course handbook.

The terminals of the coil are the top left cornmer of the symbol and the top right corner
of the symbol. They are called Ri. and R2, respectively. ZIHE USUAL METHOD OF
CONNECTION IS THAT THE 1S _FED FROM POSITIVE SIDE OF CIRCUIT, WHILE THE R2
IS CONNECTED TO NEGATIVE,

Certain Relays are DOUBLE WOUND RELAYS and require two coils to be energised before the
contacts will operate. The terminals of these relay$ are called R1 R2 R3 R4. The
symbol for a Double wound relay is :=

Details of the operation of this relay will be covered later. L-————‘

becausethe armature ca.nbe in one of two poaitno i.e. or DOWN.
The ARMATURE IS UP WHEN THE COIL IS ENERGISED -(Current flowing through the co:.lg
The ARMATURE IS DOWN WHEN THE COIL IS DE-ENERGISED (No current flowing in coil

The type of DC Neutral Relay may Differ, but they all work on the same principle.
In use at the present time are.
Shelf type Relays. BRB. Type plug in Relays. Key switch Relays etc.

A relay is identified on a circuit diagram by the type of symbol used to represent its
contacts. We shall now consider these contact symbols.

a3 4
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There are three parts used in the symbols.

THE T t= Indicates one side of the contact —_—
The CONTACT which may be front or back contact N 7<

THE BACK CONTACT IS MADE TO THE WHEN THE X DOWN ( DE-ENERGISED

THE FRONT CONTACT SYMBOL IS :~=  ———Y
THE BACK CONTACT L IS := e

The complete symbols are :-

CONTACT MADE WEEN RELAY ENERGISED:- —e—
CONTACT YD GIS g

The type of contact may differ but the symbol is the same.
Sketech of actual contact.
SYMBOL BRB., SHELF TYPE.

PR, 7 i v v

A
= Moved by
Armafture

Contacts require the relay to be energised to make the contact, and the contacts
are broken when the relay is de-energised.

Movzd by

e jrmd i u?é\‘

Contatts are made when the relay is de-energised and broken when the relay is
energised.

A relay may be fitted with many contacts, WE CH CONTACT ITS OWHN
IT IS CALLED AN INDEPENDANT CONTACT.

Thus this symbol means,

CONTACT OF A TWO POSITION ARMATURE RELAY \/
CLOSED WHEN THE RELAY IS ENERGISED

INDEPENDERT CONTACT.

And this symbol medns,

CONTACT OF A TWO POSITION ARMATURE RELAY

CLOSED WHEN THE RELAY IS DE-ENERGISED T T
INDEPENDENT CONTACT.

THE PARTS ARE CALLED.

FRONT CONTACT ARM TERMINAL ARM TERMINAL BACK CONTACT

\‘\‘v e e

— &

The symbols may be drawn either way round.

e
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Relays can be fitted with another type of contact called a DEPENDENT CONTACTS.
With this type of contact the ARM terminal is made to one contact when the relay is

de-energised and to another when the relay is energised. The two contacts are
therefore DEPENDENT on one Armature.

Examples of Dependent contacts are.

SYMBOL Sketch of actual contact.
BRB type Shelf Type.
Not Used.

.~_H“‘;;
Thus this Symbol Means.

CONTACT OF A TWO POSITION ARMATURE RELAY .

FRONT CONTACT MADE WHEN RELAY IS ENERGISED

BACK CONTACT MADE WHEN RELAY IS DE-ENERGISED.
DEPENDENT CONTACT.

CONTACT NUMB G

A Relay may have more than one set of contacts. To identify a particular contact

two systems are used one on BRB relays the other on Shelf type relays.
BRB. TYPE CONTACT MARKING,

On BRB type relays each contact is marked with a letter and a number. This identifies
its position on the Relay plug board. (See Training Course Handbook).

Al Al D5 D6
nL . -
.T_——.-

SHELF TYPE RELAYS CONTACT MARKING
With this type of Relay each "FINGER" is identified with a number.

|F IA
S EA—— 2 3% AL, ovBh
! 2 3
3B

The relay contact is further identified by giving the name of the relay over the top
of the contact :=

-
\/l : FQ.‘

The above contact is thus :-
AN INDEPENDENT CONTACT OF NUMBER 1 TRACK RELAY

AN INDEPENDENT CONTACT OF NUMBER 1 TRACK RELAY. MADE WHEN THE RELAY IS ENERGISED
NNUMBER 1 FINGER.

lMake sure you understand the foregoing information before you continue, ask the
Ingtructor if you are in doubt.

482
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Exercise.
Connect Programme Board No. 2 into the Training Panel and Fit Symbol Board No. 2 on
the Faceplate.

Using the plug connectors :—

Connect the supply positive to @ 1 TR 4F
Connect.; 1 TR 4A to 1 TPR R{
Comnect.; 1 TPR R2 to Negative supply

If you have completed the circuit correctly the lamp will light. If the lamp fails
to light, check your circuit and choice of symbols.

Ble N2

By following the wires from B of supply, draw the symbols in the sequence and manner
shown on the faceplate, using the above line.

Study the diagram, It is a circuit used in signalling. It is an example of one
relay controlling another and is called a TRACK REPEATING RELAY CIRCUIT,

Each time {1 Track relay is energised, its contacts close and current can flow through
the coil of 1 Track repeating relay.

When 1 Track Relay is de-energised its contacts break, thus de-energising 1 Track
repeating relay.
TPR_th
Take your diagram to the Instructor for checking before proceeding.
Remove the connectors from the panel before continuing with the next exercise.
Using the plug connectors;;
Connect the supply positive. to 1 TPR D5
Connect.; 1 TPR tD6 to 1 TKE 1
Connect. 1 TKE t2 to Negative supply.

The lamp should light telling you that your circuit and choice of symbols is correct.

Bxle NX I

By following the wires from B of supply, draw the symbols in the sequence and manner
shown on the faceplate.

Study the diagram, it is a circuit used in signalling. When you have reached a
conclusion on its use, take it to the Instructor to discuss your results, If you
cannot reach a conclusion the Instructor will help you.

REFER TO YOUR TRAINING HANDBOOK IF YOU ARE NOT SURE OF THE MEANING OF ANY SYMBOL
OR LETTERS.
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The relays discussed so far have been DC NEUTRAL TWO POSITION ARMATURE RELAYS.
Another style of relay in use is the POLAR RELAY,

IN SHELF TYPE TUO STYLE OF RELAYS -

TWO POSITION POLAR ARINA 5 POSITION POLAR ARM

DEPENDING ON THE nmscnon THROUGH THE COIL OF =

Two Posifion Trhree Position.
+ - + -
N )/
N
N + +

(U g

23 .

THE MOVES TO THE LEFT WITH A+ TO
THE ARMATURE MOVES TO THE RIGHT WITH A- TO Ri &-TOBZ.
LEFT IS CALLED NORMAL RIGHT IS CALLED REVERSE

TWO POSITION ARMATURE RELAY
THE CONSTRUCTION OF THE TWO POSITION ARMATURE RELAY IS SUCH THAT IT STOPS IN THE
LAST POSITION IT WAS ENERGISED TOO UNTIL IT IS ENERGISED IN THE OPPOSITE DIRECTION.

THE SYMBOL FOR A TWO POSITION POLAR ARMATURE RELAY IS :- 5
TO THIS THE ARM TERMINAL IS ADDED:

THEN A CONTACT SYMBOL WITH THE LETTER N FOR A CONTACT MADE WHEN THE
IS NORMAL :- } N

OR THE LETTZR R FOR A CONTACT MADE WHEN THE RELAY IS REVERSED:- : R

As with the DC Neutral relay the contacts may be INDEPENDENT. i.e. they each have
their own Arm terminal. Or the contacts may be DEPENDENT I.E. An ARM terminal CAN
make to either a Normal or Reverse contact.

The symbols for TWO POSITION ARMATURE RELAYS ARE :

Contact of a Two position armature relay N E

MADE WHEN NORMAL INDEPENDENT CONTACT :-

Contact of a Two position armature relay

MADE WHEN REVERSE INDEPENDENT CONTACT :— Koy —

Contact of a Two position armature relay N \/ X
NORMAL CONTACT MADE WHEN RELAY NORMAL

REVERSE CONTACT MADE WHEN RELAY REVERSED. R \F
DEPENDENT CONTACTS. ¥
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The second type of polar relay to be considered is the :-
THREE POSITION POLAR ARMATURE RELAY

JITH THE THREE POSITION PO Y THE CONTACTS CAN BE IN ONE OF THREE POSITIONS
NO REVERSE OR DE-ENERGISED.
+ PSP —— +

! l e il

N>'/ \<R

The armature moves to the left (NORMAL) with + to Ri & = to R2
The armature moves to the right (REVERSE) with - to Bt & + to R2
With no supply to the coil the Armature hangs central and neither contact is made.

THE SYMBOL FOR A THREE POSITION POLAR ARMATURE RELAY IS i 7

TO THIS THE ARM TERMINAL IS ADDED :- ;

THEN A CONTACT SIMBOL WITH THE LETTER N FOR A CONTACT MADE WHEN THE RELAY IS NORMAL:-
N
OR A LETTER R FOR A CONTACT THAT IS MADE WHEN THE RELAY IS REVERSED: )

.
As with the preceeding relays the contacts may be INDEPENDENT or DEPENDENT éontacts.
The symbols for THREE POSITION ARMATURE RELAYS ARE.

Contact of a Three position armature relay N
MADE WHEN NORMAL INDEPENDENT CONTACT :-

Contact of a Three position ammature relay

MADE WHEN REVERSE INDEPENDENT CONTACT :-

Contact of a Three position armature relay N

NORMAL CONTACT MADE WHEN RELAY NORMAL REVERSE
CONTACT MADE WHEN RELAY REVERSE DEPENDENT

CONTACTS :- R

lMake sure you understand the foregoing information before you continue, ask the
Instructor if you are in doubt.

Study your Training Course Manual, all of the symbols used are contained in it.

When you are sure you understand insert Programme board 3. into the Training panel
and place Symbol Board % on the faceplate.

Using the plug connectors provided construct a circuit as follows ;-
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Connect the supply Positive to :- The Back contact of a DC neutral relay '

(Independent contact).

Connect the arm of the same relay contact to: The Reverse contact of a Three
Posgition Polar relay.
(Independent contac:§.

Connect the arm of the same relay contact to :— the R1 terminal of a relay coil.

Connect the R? terminal of the same relay :- The supply Negative.

If you have used the correct symbols and made the correct connections the lamp will

light.

B2 Ni2.

By following the wires from B of supply, draw the symbols in the sequence and manner
ghown on the faceplate.

Take your diagram to the Instructor for checking before you proceed.

Remove the plug connectors from the Training panel but leave the Programme Board and
symbol board in place.

Connect the Positive of the supply to := The Arm terminal of a Set of DEPENDENT

contacts of a TWO position polar relay.
Connect the NORMAL contact of the above relay to :— The t1. of a Normal indication

. Lamp.

Connect the Reverse contact of the same relay to :— The t1. of a Reverse indication
light,

Connect the t2 of the Normal indication light to:-~ The t2 of the Reverse indication

l1ight.
Comnnect the t2 of the Normal indication light (Second connection) to:-

The supply Negative.
Again the lamp will light if your work is correct.
By tracing through your wiring and copying the symbols draw the circuit in the space

below. You will find it differs slightly from the ones that you have done before in
that more than one line is used.

Study the diagram and try to reach a conclusion on a use for this type of circuit in
railway signalling.

When you have reached a conclusion take your diagram to your Instructor to discuss
your results.

If you cannot reach a conclusion the Instructor will help you.

bes,
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SUb] ect. Symbols and written circuit construction

Stage 1. and 2. introduced you to the basic principles of circuit diagram construction
and symbols, It is now intended to move on to a selection of Symbols in common use and
to incorporate them into some simple circuits, All the symbols are included in your
Training handbook and study of it will help you in these exercises.,

When electrical interlocking is required on a Lever frame, the lever needs to be fitted
with two items of equipment i.e.

AN ELECTRIC LOCK and a CIRCUIT BREAKER,

The electric lock is an electro magnetic device. When current flows in the coil of
the lock the lock 'dog' is lifted and the lever is free to move.
The lock may be made to lock the lever in any position,

The symbol for the coil of an Electric lock is :— I

To this an Economiser contact is fitted so that the Electric lock is only energised
when required. The symbol for this contact is :=

The terminals of the Electric lock coil are the top left and top right corners of the
Symbol and are called L1 and L2 respectively. lﬁr—lng

The terminals of the Economising contact are called the Pi. P2
P1
The two symbols are generally mmbined{to produce a Symbol which is the combination

of the two:= &
L] |

The connections to the lock are referred to by the above terms.

Lever locks can be made to lock the lever in any position and the position in which the
lever is locked is shown by entg\ring the appropriate letter in the symbol.
<<

Lever locked normal. N

L LN
Lever locked reverse. | (R)

To this information the lever number is added so that a comple\( symbol would appear
th‘ls HL

No. 7 Lever lock locking the lever Normal := ] ~ :N) T S
No., 3 Lever lock locking the lever Normal and Reverse. [BNROL

To determine the position of the Lever a second device is fitted, the CIRCUIT BREAKER,
The device is nothing more than a Rotary switch. It can be adjusted so that its
contacts make, or bresk in any required lever position.

The standard Symbol for a circuit breaker of any type fitted to a lever is :

-
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The number of the lever to which the circuit breasker is fitted is shown thus ::’(:jj.-

The circuit breaker may have more than one contact band so the number of the contact

band is shown thus :- -iz::ji-
3

The final piece of information is the lever position in which the Circuit bresker
contact is made, this is shown thus :-

A complete symbol for a

CIRCULT BREAKER FITTED TO KO 5 LEVE@asET TO MAKE WHEN THE LEVER IS NCRMAL No 3 Band.

(::?3
A circuit breaker on No 2 lever set to make when the lever is anywhere between
Normal and Normal Check No. 1 band. 2
o e
NB)j

The dots represent the terminals. Left and Right and Top and Bottom are synonymous.

LezFEcr = Rightor
TOr ® T BoTTOM

lake sure you understand the foregoing information before you contimue, ask the
Instructor if you are in doubt.

Study your Training Handbook, all of the symbols used are shown in it.

When you are sure you understand, Insert Programme Board 4. into the Training Panel
and place Symbol Board 4 on the faceplate.

Using the plug connectors provided construct the following circuit.

Connect the B12 volt supply to := The Top terminal of No 1 Band of a Circuit Breaker
on No 7 lever set to make when the Lever is
Normal.

Connect the Bottom terminal of The Normal contact of a Three position

No. 1 Band of a circuit breaker on " Polar relay (Indepenﬁent contact).

Ho. 7 lever set to make when the 0 = Uged as a Signal Repeating Relay on No, 7

lever is normal, Signal,

Connect the Arm terminal of No. 7 No. 1 Front contact of a Track repeating

GPR to :~ Relay for No. 2 Track Circuit.

Connect the No. 1 Amm terminal The L1 terminal of an electric lock on

of No. 2 TPR. to := TNo. 8 Lever effective in the Normal and
Reverse lever positions.

Connect the P2 terminal of 3 to := Ni2 volt supply.

(MR)L.

If you have used the correct symbols and made the correct comnections the lamp will
light.
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By following the wires from Bi12 to N12, draw the circuit by copying the symbols in
the sequence and manner shown on the faceplate.

The diagram is for the Releasing of No. 8 point lever by No, .7 Signal at normal and
Mo, 2 track circuit clear. It is a basic circuit for a common piece of electrical
interlocking,

Teke your diagram to the Instructor for checking before you proceed.

Remove the plug connectors, Symbol board and Programme board from the Training panel
and Fit Programme board No. 5 and Symbol board No. 5. ‘

The following circuit will combine many of the symbols already used. The circuit will
be described using correct nomeclatures only. As you build the circuit make sure that
you understand the terms used, checking in your Training handbook if you have any doubt.

Connect Bi2 f 1R tos- 8IR 1F

Connect 8TR 1A to:- 6WKR 1A (Dependent contact)
Connect 6WKR 1N to:- 1GPR N (Independent contact)
Connect 1 GPR A tos- 1N1L

Connect 1 N 1R tos= 3 TPR {F

Connect 3 TPRIA toi= 2 2(N)L Lt

Cormect 2 (N) L P2 toz- N12 t1

Connect 6WKR 1R tos— 5 GPR N (Independent contact).
Connect B5GPR A to:- 5N 1L

Connect 5 N 1R tos- 6 TPR 1F

Connect 6 TPR 14 toz- 4 (ML 11

Connect 4(N)L P2 to:- 2(N) L P2

If you have selected the correct symbols and wired them correctly the lamp will light.

Copy the circuit by following through the wiring as you have done before.

The circuit is again a Basic signalling circuit.

No. 2 and No. 4 Signals are junction signals

No, 2 Sigzmal reads over No. 6 points Normal and No. 4 Signal reads over No. 6
points Reverse.

No. 1 Signal is the Signal ahead of No. 2 signal.

No. 5 Signal is the Signal ahead of No. 4 Signal.

No. 8 Track runs from 2/4 signal to No., 6 Points.

Ko. 3 Track runs from 8 Track End to No. 1 signal.

Ho. 6 Track runs from 8 Track End to No. 5 Signal

The circuit is designed to prevent a signal clearing unless the 'Section of line
to the next signal is clear, the points set, and the signal ahead, is at Danger.

Draw the layout of the track showing the points signals and track circuits USING THE
CORRECT SYMBOLS.

When you have completed your drawings and feel that you understand them, take them to
the Instructor for checking and discussion.
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su biect Simple Electromagnetic devices.

_TREMBLER BELLS (Diag. 1.)

One of the common uses of the Electromagnetie coil is in the Trembler Bell circuit.
THIS TYPE OF BELL GIVES A CONTINUOUS RING and is often used as an alarm device.

Two coils are wound and mounted on a soft iron bar to form a horse shoe magnet.

Care must be tsken that the magnetic fields of the two coils are the correct

magnetic polarity with respect to each other of the fiels will cancel out. An
armature %mov1ng piece) of soft iron is mounted on a steel spring in such a manner
that it juat stands clear of the ends of the coil.

If current is caused to flow through the coil it will become a magnet and attract

the soft iron.

To make the action repetitive the current to the 0011 is taken through a contact

that is only made when the armature is in its normal position, thus the movement of
the armature interupts the current and causes the armature to vibrate.

If a striking hammer is attached to the armature and a bell is fitted a continuous
ring is produced,

BUZZERS

The buzzer works in the same manner as the trembler bell, but the striker and bell
are not fitted. When the armature vibrates a buzzing is produced the tone of which
can be altered by adjusting the air gap between the armature and the coils.

Residual stops.

If the armature of the bell was sllowed to come into contact with the core of the coil,
it would tend to hold there after the current was switched off. Small Brass or Copper
studs called Residual studs are fitted to prevent this. (Residual Magnetisism and the
use of residual studs is covered in more detall when Relays are tanght).
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SINGLE STROKE BELLS. (Disg. 2.)
LE STROKE B IN COMMON IN BELLS, in the standard block they

form part of the complete unit.

The bell is actuated by electromagnetism. It has two coils mounted on to a soft

iron bar thus forming a horse shoe magnet. The armature is pivoted in front of the
coil in such a manner that it forms a 'flap', the striking hammer is fixed to the
armature so that when the armature is attracted by the coil the hammer strikes the
dome of the bell.

The block bell is fitted with a key to operate the bell in the adjacent signal box.
One common Block bell line is shared by the bells at each end of the section and to
prevent a signalman ringing his own bell when ringing out the bell coil is fed through
the normal contact of the ringing key.

ACH COIL OF THE BELL HAS A Rk ANCE O ;
IN SERIES THE TOTAL RESISTANCE OF THE BLOCK BELL IS 50 ohms
ING CURRE OF THE BLOCK BELIL

Three adjustment screws are provided; their respective functions are :=

Back Stop Screw: Adjusts the position of the armature in relation to the coil thus
sets the air gape.

Hold off spring tension screw:- Adjusts the tension of the spring returning the
armature to its normal position.

Hammer stop screw: Is adjusted so as to allow the hammer to just strike the bell
dome,
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BLOCK AND SIGNAL INDICATORS USE A SYSTEM BASED ON A SPAGNOLETTf% AXLE OR NEEZDLE.

The movement consists of two coils between which a pivoted armature is free to move.
OQutside the coil is the indicating needle which follows the movement of the pivoted
armature. The armature spindle is divided at the centre by a non magnetic joint and
is thus polarised by the two horse shoe magmets.

The needle under "no feed" condition will hang perpendicular. When the coil is
energised the needle will be deflected left or right depending on the direction

of the current flow.

WITH A+ TO K1 A- TO K2 THE NEEDLE WILL SWING LEFT.

WI = T0 K N WILL SWING RIGH

YITH NO FEED THE NEEDLE HANGS CENTRAL.
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THE COILS OF A BLOCK INDICATOR ARE 7% OHMS RESISTANCE, THUS WITH TWO COILS TN SERIES

THE TOTAL RESISTANCE IS 150 OHMS, THE MINIMUM OPERATING CURRENT IS IN THE ORDER OF

f;gmc CU'RRENT OF ggpaox.ﬁ ,

e .
Py . ey g e =
P

The use of and circu::.ts for 't:h:u.s equlpment will be covered later.

COIL,
: : BACK. Term,
AR¥, Term, COIL Term. FRCNT. Term.
w e = i .|
T" j L i = Pl i o
o — ; -
L—::'—' \..'?'J b Ll
. T~ Residual Stud. %
o m Non fuseable ctmtgc/
Relay fingers
. =
Back contact. 1 .
L e
Detail of coils, .
AR % Any relay is a remote controlled switch. Operated
e : by an electro magnetic coil.
D D There are two distinct and separate functions to the
( ? :’ TING COIL, CAU THE FING TO MOVE WHEN
ENERGISED OR DE-ENERGISED.
C THE CONTACTS, MADE OR BROKEN WHEN THE FINGERS MOVE,
D C_/--"_:z
C ») Q-m""w- B
mu:;‘-ﬁ g
&6 RI. — & Ra
THE OPERATING COIL
For the-relay being déscribed the coil is DESIGNED TO OPERATE WITH DIRECT CURRENT. THE
POLARITY OF THE SUPPLY IS NOT CRITICAL IT IS THUS TERMED NEUTRAL however the usual

polarity is POS. TO Ri{, NEG TO R2,

The energisation of the coil makes it into an Electro magnet which attracts the soft
iron armature and fingers thus moving the contacts.

The relay can be in one of two states ENERGISED OR DE-ERERGISED. it thus can be termed
a TW 1T

The current can be controlled in the coil by any external circuit. This circuit would be
termed the RELAY OPERATING CIRCUIT.
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Above is a simple operating circuit:- the coil of the relay will only be energised
vwhen contact X is made.

THE CONTACTS

The contacts are fizxed to moving fingers the contact to the finger at the pivot and
being called the ARM.

When the relay is de-energised the finger rests on a contact and current can flow
through the finger to that contact.

THE CONTACT MADE WHEN THE RELAY IS DE-ENERGISED IS CALLED A BACK CONTRACT,

When the relay is energised the finger will 1ift, breaking the BACK CONTACT BUT MAKING
THE CONTACT ABOVE THE FINGER

THE CONTACT THAT IS E & T LAY T GIS dt THE FRONT CONTACT.
Current flows Arm to back contact when the coil is de—energised.

Current flows Arm to front contact when the relay ie energised. BRelays are made with
any number of fingers and each finger may be fitted with Front and Back contacts or
front contactacts only CR back contacts only.

A relay with 4 fingers 2 of which have front and back contacts and two have front
contacts only would be describted as 2FB/2F.

RELAY DITATIS

When ordering relays certain information is required.

Coil Resistance :- the resistance of the coil should be stated, i.e.
10 ohm Track relay, or, 1000 ohm Line Relay.

Contact Arrangement.

The number and type of contacts must be stated.

A finger can carry any of the following contacts.

Front only F,
Back only B,
Front and Back F/B. ;

Thusg a relay withs- Two fingers with front and back contacts, One finger with a Frong
contact only and a Finger with a Back contact only, would be Termed 2F¥/B. 1F  1B.

If this relay was for use on a Track circuit the full description would be :
RELAY. D.C. NEUTRAL 10ohm 2F/B 1F. 1B.

Contact terminology and Symbols.
The contact terms are ;-

ARM., The connection to the relay finger. (a). &—
FRONT. The connection to the contact which

ig closed when the relay is energised. (. AV 4
BACK. The connection to the contact which is

closed when the relay is de-energised. (B).
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COURSE, Basic Electrical Signalling.
SUBJECT Instructions and Safety.

In addition to the technical knowledge covered in this book, a good understanding
of rules and regulations and departmental instructions is required.

Personal safety on the line is covered in detail on the basic mechanical

and induction training courses, reference should be made to these notebooks.
Safety. on the electrified lines is covered in detail in the instruction book
of the same name issued by your division.

Further information is given concerning departmental work in the instruction
booklet. BR13445 which has been refered to throughout this' course.
Appropriate rules and regulations have been covered with the subjects to
which they refer throughout the course,these should be revisedand section E.
of the rule book studied in detail,

The instructor will explain any rule or regulation that you do not understand,
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