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Technical Meeting of the Institution
held at
5t. Enoch Hotel, Glasgow

Thursday, I'ebruary 26th, 1939

Mr. L. J. M. KNOTTS int the chair

On the meeting being declared open, Mr, Knotts said:

I welcome having the opportunity of being in the chair tonight and I wish to keep the
preliminaries as short as possible but I feel it is convenient to present certain matters for
your consideration.

This is the [irst provincial meeling of the Institution of Railway Signal Engineers in
Scotland for some considerable time, and T think we would welcome them at more frequent
intervals. It is gratifying to seo a good meeting of members tonight and we welcome the
visitors,

We are particudarly fortunate in having Mr. I} G Shipp, Vice-President of the Institution,
and we thank hirn {or coming from London to be withus.  He has verv much the Institution’s
interests at heart and 1 am going to ask him to kindly say a few words after I am finished
and belore the Paper commences.

After this I shall have pleasure in calling upon Mr. Foster to give us his paper on ** Relay
Remote Control Systems.” T am quite sure we shall be listening to his paper with con-
siderable interest.

There will ne doubt he those who will wish to join in a discussion afterwards and Mr.
Foster has kindly consented to answer questions on the paper.

1 will now ask Mr. Shipp, as President Elect of the Institution to speak to us.

Mr. Shipp

Mr. Knotts has kindly said that T have verv much the interests of the Institution at heart
and of conrse it is also true that the Institetion itself has very much at heart the interests of
these members who cannot travel reguiarly to Tondon to altend its meetings.

I cannot recall when the last meeting in Glasgow was held, hut the Council always keeps
in mind the members in provincial areas and would like to help them as much as possible.

We feel that we can help you best if you first help voursclves by forming a Tocal section,
such az we have seen established already at York and Bristol.
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The way to set about forming a Local Section is first of all to get more of your members
to join the Imstitution, because the present number in Glasgow, which T believe is about
20, is really not sufficient. I feel this number could be augmented, partienlarly by getting
more Trechniclan Members, so as to bring vonr strength to say between 40 and 50 memvbers,
which is usually considered appropriate before a section should be formed.

Once a section has been formed in this way, the Institution can help by offering Technical
Papers and Authors to read them and it can help further by making a monetary grant to
help in the running expenses of the section,  The annual subscription for Techinician Mem-
bership is £1 1s, 0d., and this entitles the member to advance copies of all papers read in
Londen, in addition to enabling him to purchase the Institution Journal at halfl the price.

Mr. Knotts has been good encugh to tell me that he will arrange for a supply of application
forms to be held by his Area Assistants and T hope there will be a good response, so that you
will be in a position to apply to the Institution for a section to be formed in Glasgow.

I would also like to mention that the Institution is pleased that British Railways have
recently agreed to make a lump sum grant of £30 to any member of the staff in receipt of a
salary up to and including the maximum of P. & T. Group “A” (or Class 1 Supervisor) who
is successfil in passing the Institution’s examination.

In conclusion, I should like o say how much pleasure it gives me fo be here in Glasgow
to attend this meeting.

The Chairman called npon Mr. G. I. Foster to read his paper.
Toliowing the reading of the paper, a short film on the working of £.T.C. on the New York

Central Railway was shown, and Mr. Shipp showed three slides on Electronic Remote
Contrel which is the system in operation on the Styal Line,

Relay Remote Control Systems

By G. I. FOSTER (Graduatc)

On railways signalled in the British
tradition we expect to find many smallsignal
boxes, each one an interlocking on its own
with manual block control between each
box. On single lines further apparatus
such as electric train staff is necessary.
Numercus boxes make the co-ordination of
traffic somewhat difficult and it is cxpensive
to maintain staff at all signalboxcs at all
times, It is sometimes technically diificult
toarrangce for the tenporary closing of boxes
and even if this can be arranged a constder-
able reduction in line capacity results,
Particular difliculty arises in switching out
boxes on single lines,

At some junctions and termini, power
schemes concentrate larger areas under
the control of one signalbox and permit an
economy in staff, cven taking into account
the increased number of maintenance staff
that may be called for. However these
schemes are usually justified more on the
grounds of cfficient traffic working than
direct financial economy. The cost of

cables places a limitation on the size of the
area controlled from one signalbox under
a conventional signalling system. As the
arca gets larger and the average distance of
apparatus [rom the box increases, the cable
cost rapidly rises and becomes prohibitive,

It will be realised that the individual
signalman has a very limited picturce of the
traffic situation In his area. A more
general picture is obtained by the control
centre which receives telephone mcessages
reporting the passage of trains and the
controller is able in an cmergency to
arrange, by imstructions te signalmen,
diversions of trains rom their normal paths.
The situation as scen by the controller is
never a very up-to-date one however,
since the boxes reporting the passage of
trains may be situated at comsiderable
distances apart. It would appear from the
Lraffic operation point of view that the con-
troller should ideally be able to survey an
overall picture of the traffic situation and
give Instructions direct to the drivers of the
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traing concerned. This is the ideal which
remote control seeks to serve, although in
particular instances the controller may he
dealing with a smaller arca than is nsual
for a conventional control district.

Modern technical developments make
possible the setting up of routes and the
clearing of signals by remote control by ane
operator where previously this could not be
justified economically ~ Thus all tralfic
moeving over 4 wide area can come within
the control of one man situated at a central

oint.

The following situations appear to be
particularly favourable for the application
of remote control.

1 Control of single lines with the climina-
of signalboxes at passing places. This
eliminates the problem, which some-
times arises on a single line, of opening
all boxes for the passage of only one
train. However, the application of
remotc control to such a line may be
difficult to justify cconomically if the
staff available at the passing places are
required for other purposes. Such a
situation may arise where the passing
loops are all situated at stations and the
stations are staffed by porter-signal-
men whose presence is in any case re-
quired for commercial reasoens. The
removal of signalling duties from such
personnel cannot, of course, alone
justify the cost of remote control cquip-
ment.

Tt should be realised that to supply
remote control to any single line or, for
that matter, te any main line, it is
necessary te equip the signalling system
with power equipment and with con-
tinuous track circuiting te enable auto-
matic control of the block to be effected.

2 Conversion of double track to single
track with consequent saving when
remote control is employed. In this
case the saving to the Civil Engineer by
the eliminating of the second track may
more than offset the additional cost to
the Signal Engineer of the remote con-
trol equipment.

3 Control of single or multiple satellite
interlockings surrounding one large
interfocking.  In this way the range of
control from one large interlocking is
extended heyond that which would be
otherwise economically possible. We

CONTROL SYSTEMS

may consider a simple {riangular layout
with a station at the apex where the
main signalbox would be situated. The
other two points of the triangle, which
may be a mile or more away, would
have small interlockings which could be
more cconomically operated by relay
remote contrel than by either main-
taining manned boxes, or by controlling
their equipment by direct signalling
circuits im cable.

As is well known actual cascs of re-
mote controlled interlockings have
already been brought into use, operated
by electronic means, on the Styal line
between Manchester and Crewe, and
additional satellite interlockings are
planned, controlled from main inter-
lockings at London Road, Wilmslow
and Sandbach.

Majorschemes involving whole divisions,
as envisaged on the New York Central
where four tracks arc to be converted
to two, with both way working on both
tracks and remete control of the entire
system. Certain main line systems,
where alternate lengths of four track
and of double track exist, are suitable
for consideration, Remete control
would obviously be ideal for ensuring
the best possible use of this layout,
particularly with both-way working on
the double track.

Relay remote control systems have
scon most service in the U5 AL and they
have been developed there to a high
degree of reliability. The name Cen-
tralised Traffic Control is generally
adopted in that country, often abbrevi-
ated to C.T.C.

The problem presenting itsell to the

" American Signal Engineer has generally

been rather different from that des-
cribed for British conditions. Train
Despatcher and train crder operation
has been in general nse, and this has
inevitably led to much wasted train
time where train crews are required to
operate points at intermediate loops to
shunt their train for another to pass.
Manned interlockings are generally con-
{ined to major intersections and manual
block working is the exception. Under
these circumstances great saving in
train running times, as well asincreased
line capacity, help to justify expendit-
we upen the C.T.C. equipment. Con-
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siderable extensions in the application
of relay systemns of remote control were
made during World War 1I when much
increased capacity was required on the
many single track main lines,

Continuous track circuiting and auto-
matic permissive block working were
already widely in use in the U.5.A., and
it was a comparatively straightiorward
matter to adapt this to operation by
centralised traffic control. There has
also been considerable use of centralised
traffic control to reduce double track
main line to single. Instances have
occurred where power operation of
points has not been used, but where a
signal is used Instead instructing the
train crew to operate the points by
hand. Such a situation however does
not seem to lend itself to British
conditions.

Remote control systems must convey
controls from the central office to the
signalling apparatus and receive back
indications from the signalling appara-
tus over the minimum number of line
wires. The equipment provides only a
"“long arm "’ operating a relay which is
equivalent to the local signalman opera-~
ting the switch on the local relay inter-
locking panel or attempting to pull a
fever in a frame. All the interlocking
circuits are provided locally in the con-
ventional manner and all the safety
side of the signalling system is inherent

in them. If the remote control con-
veys an instruction which the local
mterlocking cannot permit, then the
instruction is ineffective. Because of
this, absolute “ fail safe ™ circuits are
not necessary for the remote control
and the use of intermittent coding on
one or two pairs of line wires is per-
missible. Most systems are based
on this principle.

Coded remote control may be either
electronic or electro-mechanical, e, a
relay system. The relay systems em-
ploy & coded d.c. transmission and have
the advantage of using well tried-relays,
and circuits with a known and proved
reliability, Any maintenance and in-
spection will be facilitated, since the
apparatus is fundamentally similar to
the relays and circuits with which rail-
way linemen are familiar, and any relay
system lends itself to fault-finding by
the visual inspection of rclay operation.
This maintenance facility may be most
important where remote control equip-
ment is instalied in outlying areas with
cifficult access and where the staif is
difficult to obtain,

The first system to be described is
that known as the G.R.S. Type H
Centralised Traffic Control System,
which is most suitable for controlling a
number of stations all situated in line.
The second system is suitable for the
control of a number of field satellite

MAIN STATION LOOP A’ Loor's LoopPC’
CONTROL FIELD LOCATION FIELD LOCATION FIELD LOCATION
OFFICE Y ‘B ‘¢!
MASTER FIELD FIELD FIELD
STEPPER STEPPER LINE PA(R. STEPPER STEPPER
APPLICATION APPLICATION APPLICATION APPLICATION
UNIT uNIT uNIT UNIT
CONTROL
MAGHINE RELAY RELAY RELAY
PANEL IRTERLOCKING] INTERLOCK ING INTERLOCKING

Fig. | Block Diagram of C.T.C. System
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interlocking  surrounding a  main
interlocking and is known under the
trade name of ** Syncrostep.”

Centralised Traffic Control System
Type H

Fig. 1 illustrates a typical layout for a
Centralised Traffic Control System. The
line comprises say 80 miles of single track
main line with passing loops every five
miles. A control office is situated at one
end of the line and field locations at the
intermediate loops.

The “ control office ” sends out groups
of impulses (one group forming a code) to
field locations in order to control apparatus
there. The control office receives groups
of impulses to indicate the state of appara-
tus in the field.

“ Field locations '’ are each associated
with local relay interlockings at the loops
and these field locations receive groups of
impulses and respond to them to operate
the apparatus at the location. Groups of
tmpulses are transmitted back to the office
te indicate the state of apparatus at the
location.

At the control office a control machine
is provided for the operator consisting of a
master steppet unit and one or more
application upits, Normally, but not
necessarily, one application unit is associ-
ated with each field location on the system.

Each field location consists of a stepper
unit and an application unit as well as the
local relay interlocking.

/

~
Fig. 2 Sectional Construction of Control Machine

Stepper units provided at each field
location are identical. Application units
at each field location vary according to the
apparatus to be controlied or indicated
at the location concerned.

At the control office a control machine
is provided for the operator and this con-
tains all the relays associated with the
office end of the system. The control
machine is divided into sections, each of

Fig. 3 Typical C.T.C. Control Machine
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which has a small refay cabinet associated
with it. Each scction corresponds to one
or morc ficld locations and a [ront pane!
contains the various switches necessary (o
control the apparatus and the indication
lights necessary to display the state of
apparatus in the field. The steelwork of
the machine is also divided into sections
corresponding to the panel sections and it
is possible to Twild the machine up as if it
were 4 box of bricks. 1f nccessary it is
possible to add further scctions afier in-
stallation. Fig. 2 illustrates the method of
building up the sections of the control
machines, Tig. 3 is a photograph of a
typical installation. Tig, 4 shows a typical
panel section of the contre' machine in
detail and fig. 5 shows the withdrawable
relay cabinets,

A separafc scction at the end of the
machine contains the relay cabinet for the

master stepper, A punel section associ-
ated with this contains various special
switches and a screen covering a bell and
buzzer used to give audible indications.
IFacilitics for testing and for ihe conlrol of
the power supplics are provided in an end
section of the machine. “This will be des-
cribed later in greater detal,

The control office and the ficld locations
are connected by one pair of lines cither in
cable or on an open pole line. At the
master stepper and at cach [ield stepper a
special pelar linc relay is provided to follow
the line current.  The groups of impulses
forming the control or indication codes are
transinitted by this line and only one group
ol impitses cyn be transmitted at onc time.
However, the groups of impulscs lust only
a few seconds, and this is not a disadvan-
tage f[or the type of line on which this
systerm iz employed.

Fig. 4 Cantrol Panel Section



96 RELAY REMOTE CONTROL SYSTEMS

A “control code” is the group of im-
pulses sent from the office to a field location
and a  control cycle ” is the term used to
describe the complete sequence of relay
operations necessary to transmit this * con-
trol code.”  An “indication code ” is the
group of impulses sent from the ficld
location to the office and an ** indication
cycle " is the complete sequence of relay
operations agsociated with it

Description of Step-by-Step Operation

Imagine two ten-position switches, one
situated at the control office A and one at
the field location B and connecied as shown
in lig. 6. Associaied with cach position
of the switch at A is a 2-way function switch
which connects either positive or negative
to the line AB. Asscciated with cach
position of the switeh at B is a relay which,
operating on the magnetic stick prmceiple,
is energised either positive or negative
according to the polarity of the current
received along the line AB and which will
then stick in the last operated position
when cnergy is romoved.

Tf the ten function switches at A are first
positioned and then the two 10-way switch-
es at A and B are moved in unison through
the 10 steps, it will be scen that the 10 mag-

Fig. 5 Withdrawzble Relay Cabinet

1
H, 2
. — T
BUS BUS FUNCTION |
swncur.s . ]1]’“‘
TEN POSITION ! Lo
3. '// STEPPING ,f
LR
L . SWITCHES, . "/"j*
12 / . ;/ - =t POLAR MAG-STICK
. B . RELAYS
. .
[ . .
1 LINE A=B.
L

Fig. 6 Simplified Stepping Circuit
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netic stick relays at Bwill finish in the posi-
tions corresponding to the function switches
at A. In this way control of 10 functions has
been transmitted from A te B along a single
line pair. This is the basic principle on
which control codes arc transmitted by the
centralised traffic control system.

Form of Code used

The codes used on Z-wire systems of
centralised traffic control may be either of
the time or polarity type. With the polarity
system one line is either positive or nega-
tive with respect to the other line and this

97

pelarity may be changed up to 10 times
during the cyele. With the time system
the length of each impulse can be cither
leng or short. On the system being des-
cribed the control and indication codes both
consist of 1 impulses. In the case of con-
trol codes these impulses arce of polariiy
type. For indication codes they are of
the time type, both leng and short “on”
and “ off *" periods being used.

Description of Relay Stepping

It is, of course, not possible to use multi-
position switches working in unison at the
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Fig. 7 Re.lay Stepping Circuit
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office and field location as described in the
brief introduction. Tnstead, relays are
used to count the steps using the circuit
shown in fig. 7 to achieve the same object
as the switches. “L'en relays are employed
to count the 10 steps and these are number-
ed V1 to VIO, A half-step relay called VI
is also necessary, The line relay I¥ which
follows the polarity of the line directly
operates a repeafer KA. At the start we
consider all relays normally de-energised.
During the first “on” peried with FA
picked up, VI is energised over FA up and
V1 down. VP completes a stick circuit
over V1 back, At the end of the first im-
pulse we get the first ' off 7 period. V1
will pick up over the backs of the even
numbered V relays and over VP up. It will
be scen that VP remains held over a stick
circuit over the FA down and VP up.

In the second “ on 7 period which now
lollows, LA picks up and it will be scen
that there is mo heolding circuit lor VP
which 13 therefore released. V1 remains
held over its own stick circuit.  During the
second * off 7 period it will be seen that V2
is picked up over VP down and the back
contacts of odd V relays from V3 and a
front of V1 relay. V2 also then completes
its own slick circuit.

During the third ** on 7 peried VI again
picks up over FA up, the back contact of
V3 and the fromt contact of V2, V] will
similarly pick up during each odd num-
bered “ on” period. During the third ** off
period the cireuit is completed to pick up
the V3 relay over VP up and FA down and
back contacts of higher numbered even V
relays. Similarly during subsequent odd
“off "' periods.

During the fourth “on” period VP
releases and will de so during subsequent
even “on ' periods, During the fourth
“ off 7 period V4 is picked up and subse-
quent even numbered V relays will be
picked up during even “off 7 periods.
During the final “off " period, which is
aclually the cleventh, a final relay LV is
picked up.

In this way both the office and the [ield
location are enabled to count the steps and
keep their steppers in synchronism. The
same stepping circuits are used for hoth
controls and indications.

Operation of a Control Code
The swilches on the appropriate applica-
tion section panel are turncd to the position

desired, ¢.g. the switch for No. 1 points nay
be turned to the reverse position. This sets
up the pelarity of this particular step of the
control code. The start button below the
switches is now pressed, and the code is
transferred to the master unit.

The line is normally energised in the
negative sense,  All the stepping relays in
the office cireuit and field locatien circuit
are normally de-energised. The master
stepper commences the contrel cycle by
causing a break in the line current and
following this by a prolonged positive con-
trol step. During this positive step, known
as the “ Conditioning Period,” various
relays at both the office and at all field
locations pick up to initiate & contrel cycle.
The first © off " period now follows, during
which relays V1 pick up at all steppers.

The control code proper follows com-
mencing with the first “ on " period. The
first group of steps are used to identify the
location which is being called. The number
of steps used depends upon the number of
ficld lecations involved, but a probable
number would be six.  The polarity of each
“on’' step is decided by the appropriate
station calling relay or the switch position
on the panel. ‘The polarity is transferred
Lo the line, by two relays which switch the
polarity of the line current.

All tield locations are provided with polar
sensitive line relays, the coils of all line
relays being counected in scries by the line.
At the commencement of the cycle all
steppers  follow the code. Hach field
stepper however is provided with a circuit
which causes it to retirc if the steps of the
call sigm portion of the control code do not
correspond with its own call sign.

Half of the total field locations will be
allocated a positive step for the first step of
the call sign and half of the field steppers
will be allocated a negative step, If the
step transmitted is a negative, then all
field stations sct to receive o positive on
that step of the code will retire, Similarly
on the second and subsequent steps. Thus
half of the field location sieppers retive on
cach step of the call sign,  On the last step
of the call sign we are left with only one
field stepper still stepping. This is the
ficld location being called. The remaining
steps of the control code are used to position
the apparatus at the ficld locations and
their polarity is determined by the position
of the switches of the control panel. As the
steps are Teceived by tho ficld stepper

Gl
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their polarity is determined by the ficld
line relay and they are counted by the ¥
relays, When these steps are received
their polarity is recorded by the picking
up of PS or NS relays which remain held in
the energised position until the cud of the
cycle.  Tor example, if the cighth step is
negalive then relay 8N3 is picked up and
held up.

After the last “ on 7 period a prolonged
“oft” period follows called the clear-out.
During this clear-out period the iast step-
ping relay 1.V picks up and providing all
steppers have counted correctly, the code
stored by the PS and N3 relays is trans-
ferred to the application relays. During the
remainder of the clear-out period all stepper
relays Teturn to the de-cnergised position
und the systom s restored to normal.
After completion of the clear-out the oflice
restores the line to its normal negative
state.

The application relays are either of the
neutral type with stick circuits or are of the
magnetic-stick type and once encrgised,
they remain in this position until a cancel-
ling reverse current iz applied. These
application relays correspond to the conlrol
switches of a normal relay interlocking and
they will in turn operate the normal sig-
nalling circuits.

Operation of an Indication Cycle

Since the mdication code comsists of a
time code, both © on " and * off 7 periods
can be varied togive long or shortintervals,
This gives an effective 20-steps for a I0-im-
pulse code and is most valuable, since it
enables more indications to be sent back to
the office than controls received.  Under
most circumstanees this is a sitnation which
is desirable, since there are nearly always
indications to be sent back which are not
associated with controls, for example track
circuits.

Like the contrel code, the indication code
is divided inte two parts. The [irst part
comprises the call sigh of the field location
calling and the second part describes the
position of the apparatus being indicated.,
[f six cffective steps are necessary for the
call sign then 13 steps will be available to
indicate the position ol apparatus.

Each picce of apparatus will have assoc-
iated with it a relay such as the track relay,
point detection relay or signal control relay,
which has to be indicated back to the con-

trol office.  To detect a change In the pos-
ition of one of these relays, which will neces-
sitate an indication code being transmitted,
a special quick release called the CH relay is
used. This CH relay has a stick circuit over
both back and front contacts on each of the
relays to be indicated.  'When any of these
relays changes over, CI telay is released
during the transit time amd remains down
until the indication cycle is completed,
when it again picks up ready to detect the
nexi change,

Irovided the line is free, the ficld stepper
commences the indication cycle by picking
up a relay which locks out all ficld steppers
further out along the line from the office.

This is done by both breaking the line and
switching out the line to locations boyond
the field location which is calling. The
office detects the line break and itself re-
maves energy from the line, ensuring that
allficld locations between itsclf and the loca-
tion which is calling are also forced to follow
the cycle and cannot themselves proceed to
initiate an indication while (ke first indi-
cation is hbeing delivercd. Tollowing the
line break the office connects negative to
the line for a conditioning period during
which the varieus rclays associated with
the start of the indication cycle are picked
up at the master stepper and at all the
field steppers cut to the field stepper which
is calling,

The ficld stepper now determines the re-
mainder of the code by opening and closing
the fine, Accurately timed slow release
relayvs arc used to determine the length of
the Jong “on 7 and "off” periods.  The
short “on’” and ““olf 7 periods are deter-
mined by the normal quick acting relays
in the stepper cirenit.  Code connections
arc sot up to determine whether the slow
release relay is introduced into‘a particular
step or not for the call sign part of the code,
and the position of the signalling relays to
be repeated determine whether it s intro-
duced for the remainder.

At the office the indication code is re-
ceived by the line relay and eounted in the
the same way as for a control eycle. The
length of the particular step is determined
by whether a siow release relay docs or does
not release. This relay is shunted by a
resistance and the value of the resistance
is designed to make slight alterations to
this timing possible.  For the call sign part
ol the code the length of the step determines
whether a registration relay assoctated with
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that particular step docs or does not pick details. It will he seen that if there are only

ap. The last step of the call sign must al-
ways be long and this picks up a registration
relay called RX. The picking up of RX
transfers the information recetved on the
registration rclays, by picking up the parti-
cular station relay concerned.  One station
relay is associated with each [field stepper
which can call the office.  Should the indi- same nwmber of indication stations.
cation cade not be correctly received and RX

not pick up, then no

pick up, and the cycle would be incffective,

The remaining sleps of the incoming in-
dication cycle are transferred at the appli-
cation unit associated with the station relay
and according to whether the step concern-
ed is long or short, the application relay

18 control stations then six controls can be
effected at each station whereas if there are
64 control stations then only four controls
can be offected at each station,
noted also that whereas 16 control stations
enuble six controls to be effected at each
station, 15 indications can be given on the

It will be

It is

possible to shorten the indication cycle

station relay would if necessary should the number of indications

permitted be greater than the number of
indications required.

The time taken to transmit control and
indication cycles also enforces a limitation
on the capacity of the system.
aveid congestion it is important that the

In order to

associated with that particular indication total number of control and indication

will either be picked up or dropped away.
These application relays are normally of
the magnetic-stick type and remain in the

last operated position,

lays in turn control the indication lights

cycles transmitted during a given period
of say 8 hours should not exceed more than
G0, of the total time available.

This i

The application re- important since only onc indication or

control eycle can be transmitted at one and

displayed on the panel. At the end ol the the same time,  Cycles are awarded differ-

indication eycle a long clear-out period is
enforced by the office after which all relays

return to their normal state. indications  from
station, roccive a chance of being trans-
mitted and the indications recelved at the

Capacity of the System

Thie basic 10-step system enables a choice
to be made between the namber of slations
to be controlled and the munber of controls

ent priorities and it is important that the
cycles with the least priority, probably

furthest  field

control office, within a reasonable time of
the cvent happening. With this system
a control cycle takes
seconds and an indication cycle from 5—7

approximately 4

tobecffected at eachstation.  Table 1 gives seconds.  If the total cvele time does not

Table 1

Allernative Capacitics of Type H C.T.C. System

Controls Indications
_ - — [ -
No. of 1 Controls per j No, of Indications per
Stations Station | Stations Station
1 10 ‘ 1 19
2 ] 2 18
4 8 4 i7
8 7 8 18
14 G 16 13
az 3 32 14
64 4 64 13
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exceed 607 of the time available, cvery
indication should be displayed within one
minute of the event happening.

Allocation of Priorities

The operator is free to set up and start
control cycles at any thne. If the line is
busy these control cyeles will be stored and
sent out at the {irst opportuunity, which
will occur immediately following the com-
pletion of all control codes already stored,
or of any incoming indication cycle then
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being received.  Control codes will always
take priority over any further incoming in-
dication cycles which have been set up but
not yet transmitled.  Control eyveles stored
will normally be sent in the order of the
control pancl scctions of the control mach-
ine, starting from the master stepper end.

1f indication cyeles are started simultan-
cously, then the field stepper nearest to
the office normally takes priority. Pro-
vision i3 made to ensure that once one field
location has transmitted an indication, it
does not yet get an opportunity to send any

Fig. 8 Power and Test Panei
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[arther indication cyele until all other
field locations which have indications stored
have had their chance,

Provision is made for the operator, should
lie wish to do so, to cancel all control cycles
which may have been stored but which
have wot actually started to go out. A key
is provided for this purpose on the master
panel.

Other Special Provisions

A special code can be fransmitted to any
field location upon the operation of a switch
and the pressing of the start button for that
location. This opcrates a special code
which is sent to the field location and is
arranged to operate a bell or other device
to call the lineman.

Provision is made for a special code to be
sent to any field location which will cause
that location to send back an indication
code describing all indications. This may
be used when the operalor is doubtful as to
the accuracy of the indications displayced
on his control machines.

Fig. 8 shows the power and test panel
which is provided at the end of the machine.
Special indication lights are provided in
order that the lineman may see the polarity
of the line circuit at any time., A line am-
meter is provided, and also a voltmeter for
recording the local battery wvoltage. A
special switeh enables an eutgoing control
cyele to be stepped slowly instead of at the
normal rate. This makes it very easy for
the lineman to follow the position of all
the relays concerned during stepping, and

A 8
L i, L _._J A ) \ J L

s0 locate faults. A rheostat is provided to
vary the linc current. Another rheostat
is adjusted to the value of the normal
resistance of the line, and a switch provi-
ded so that the master stepper can be
switched to it for test purposes.

In field locations provision is made for
switching the line through, and then isolat-
ing that particular field stepper from the line
for test purposes  Provision is alse made to
terminate the live at the location. This is
culled sectionalising the Jine, and is donc by
connecting a parallel circuit across the line
at this location through a resistance equiv-
alent to the remainder of the line beyond
the location. Since the whole line is con-
nected in series a break at any point puts
the system out of action. DBy scctionalis-
ing the line at the location nearest to the
break, the line becomes closed again and the
controller is able to operate up to the loca-
tion at which the line has heen sectional-
ised. lrowvision is also made for the line
brealk to be detected by the master stepper
and an audible warning given. If desired
equipment can be provided so that the line
can be scctionalised automatically at the
location preceding the break.  An indi-
cation is given on the control panel to show
at which location the sectionalising equip-
ment has operated.

1 the line condition is such that the codes
become liable to distortion, a D.C. code re-
peater is included at an intermediate loca-
tion and this regenerates the code. Basic-
ally it is ancther master stepper keyed by
the incoming distorted code,

[+

S S

DC. TO ALL EQCATIONS.

A-B
CONTROL '
OFFICE.

D.C. CODES TO ALL LOCATIOEI&_
B-C

CONVERTOR
UNIT.

Fig. 9 C.T.C. Carrier Sections
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Power Supplies

A 24-volt battery supply is required at
the officc and at each field location. The
standing current is onky about 1.5 amps. but
rises to approximately 6 amps, during the
cycle

A scparate hattery is provided for the
Ine and the voltage for this supply will
vary with line resistance. A limit of 200
volts is however normally imposed. The
line current will nominally be 70 ma., the
current at the office cnd being governed
mainly by line leakage. It is important
that the normal line current at the furthest
location should be a minimum of 60 ma.

Application of Carrier to Relay Remote
Control

Sheuld the lines being operated exceed
the capacity of the basic relay remote con-
trol system described, the line can be
divided into two or more sections and the
sections furthest removed from the control
oifice can be operated over the same line

using a.c. carrier frequencies with a con-
verter at the end of the carrier section to
change back to D.C, Tig, 9 illustrates the
scheme by a block diagram.

Since this 1s a polarity code system, it is
necessary to employ two different carrier
frequencies for the oulgoing control code,
one representing positive and one negative,
andt also one carrier frequency for the in-
coming indication code. It is nsual to pro-
vide electronic cquipment in duplicate so
that should afailure occur, a simple switch-
over can testore operation after which the
faulty equipment can be removed for servi-
CIng,

For cach additional carrier scction an
additional master stepper is required at the
corttrol machine, since we arc now operat-
ing several sections of relay remote con-
trol simultancously, although only using
the one line pair,

Superimposed Telephone Gircuit
It is possible with this equipment to op-
crate a local telephone cirenil superimposed

Fig. 10 Train Graph Recorder
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on the d.c. remote control lines, although
good reception is difficult due to the d.c.
switching on the line, and the use of super-
imposed telephones except as an emergency
service is not recommended.

Train Graph Recorder

Ta enable a record to be kept of all train
movements and also to assist the operator
in identifying the various trains in his area
a train graph recorder is provided. I'ig.
10 illustrates such a recorder,

Indications arc reccived from the track
cirenits at the entrance and exit of the
passing loops in the normal way. When
these are received at the control office they
not only illuminate the nsual track lights
ot the panel, but also operate one pen of a
multi-pen moving chartrecorder. Thechart
is divided on a timescalein onc dircction, and
in the other is divided into passing loop
sections. When the pen is operated, a
mark is made against the appropriate pass-
ing loep, and the operator has only to jein
up the marks to complete a train graph.

Interchangeability of Apparatus

The system is arranged so that all field
steppers are identical, except for the eox-
ternal connections setting up their call sign,
and the compiete stepper units are usually
provided with plug couplers so that a spare
field stepper could be taken out to a field
locatien which was giving trouble, and the
faulty field stepper replaced in a matter
of minutes, Similarly the master stepper
is also fitted with a plug coupler and
a sparc unit may be held ready at the con-
troi office. The relays used in this system
are of a small robust tractive armature
pattern and are individually plugged in.
They are larger than post-oifice relays,
and have a reliability cquivalent to ordinary
signalling relays. They have silver-to-
silver contacts with high contact pressures,
and have been operated on life test for
several hundred million operatiens before
needing servicing. The normal servicing
period of the equipment is expected to be
about two years, or two million cycles in
the case of very heavily used systems.

The system of Centralised Traffic Con-
trol just described is by no means the only
possible systern suitable for a similar Tay-
out. Other systems employ line rclays

connected in parallel across the line in-
stead of in series.  Yet other systems em-
ploy a time code for both contrel and indi-
cation and other systems again cmploy
three or more line wires.

Syncrostep System

The Syncrostep system is designed to
control one field station only from a main
interlocking or contro! office. If several
remote interlockings are to e controlled
from one central interlocking then cach
ficld location is connccted by a separate
line-pair to its own office stepper. The
system is designed to give quicker operation
than the normal C.T.C. system and since
cach ficld lecation has a separate line, sim-
wtaneous control of scveral stations or
simultaneous indication from several sta-
tions can take place.

The line circuit contains normally cner-
gised line relays at both the office and the
field location, The line current is normally
uni-directional on this system.

The control code usually consists of
seven steps, although a larger system has 11
steps., During each step energy is cither
applicd or not applied to the line by the
office. The field line relay is thus either
cnergised or released during cach step.
The steps are defined in time by the free
swinging of an oscillator at both the office
and the field location. The oscillators are
released almost simultansucsly at the com-
mencement of the cycle and they are aceur-
ately timed so that for the 3% or 5§ swings
necessary to define seven or 11 steps they
do not appreciably go out of symchronism,

To achieve economy and to speed up the
stepping, normally energised counting (V)
relays are emploved on this systers.  Dur-
ing the first haif swing the relay V1 releascs.
During the second half swing the relay V2
releases, During the third half swing relay
V3relcasesrelay V1 picks up again. During
the fourth half swing relay V4 releases and
relay V2 picks up again,  During the fifth
half swing relay V1 rcleases a second time
and relay V3 picks up.  During the sixth
half swing relay V2 releases and during the
last half swing relay V3 releascs. In this
way a different combination of the ¥ relays
is achieved for each step. Advantage has
been taken of the fact that the relays re-
lease quicker than they pick up and by
using several of them twice over, only four
relays instead of scven are needed.
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Operation of a Control Cycle

In the description of this system the
steps during which energy is supplied to the
line are known as marks and those during
which encrgy is not applied to the line are
known as spaces.  During a control cycle
the first step is always a mark and is used
te  lock-out any incoming indication.
The next five steps supply the actual code
and the last step is used for a parity check
to ensure the integrity of the code sent.
Either a mark or a space is assigned to this
last step to make the total number of marks
in the last six steps an odd number.

A separate code is allocated to cach con-
trol to be sent from the office to this parti-
cular field location. A control panel is pro-
vided with switches in the usual manner
and the positioning of these switches deter-
mines whether a connection is made for a
mark (M} or a space (5). Start buttons
may be provided along with the switch in
the same manner as with the C.T.C. system
already described, or alternatively, the
control may be sent automaticaliy on the
tarning of a switch. The major portion
of the control cycle is determined by the
permanent jumper connections made over
contacts of a relay associated with the par-
ticular control which has heen initiated,
At least onc step however will be deter-
mined by the actual position of the switch
and the parity step will also be determined
by the position of the switch to make the
total number of marks odd as has previous-
Iy been mentioned.  For examples, a par-
ticular switch controlling a pair of points
into the reverse position might determine
the fourth digit and call for a code MSMMM
3S. Tf the points were to go normal,
the code might then be MSMSMSM,

It is usual to employ start buttons with
switches controlling signals so that these
can be returned to the normal position
withont transmitting an unnecessary con-
trol code, since the signal in the ficld will
in fact have been returned to danger by the
overlap track circuit.

The mechanical oscillators are normally
held latched by an electro-magnetic struc-
ture.  On the initiation of a control cycle
the line is opened at the office and the line
relays released. The office oscillator is
also released and starts to swing.  There-
leasing of the field line relay unlatches the
field oscillator. This first “ off "’ period is
known as the ** Conditioning Period.”

The contacts normally made when the
oscillator is latched arc known as the ™" A7
contacts.  As the oscillator swings through
centre another set of contacts known as the
" B contacts are made, and as the escill-
ations continue “ A" and " B" contacts
are made alternately.

When the “ B " contacts at both ficld and
office are made for the first time the relay
V1 reieases at both places, Whenthe " A
contacts are again made, relay V2 releases,
In subsequent steps an MS relay assoclated
with each step is cither picked up if a mark
is sent ot not picked up if a space is sent.

These MS relays remain up for the re-
mainder of the cycle and at the conclusion
of the cycle a decoding circuit over front
and back contacts of these relays is arrangod
to pick up the appropriate application re-
lay. The execution circuit which carries
out this operation will only be completed
if the final MS relay 1s in the correct pos-
ition for the correct parity step. This
checks the receipt of a complete code, At
the completion of the seventh half-swing the
oscillator is again latched in the ** A" posi-
tion and a clear-out period follows. The
system is then ready to repeat a further
control cyele or to receive an indication,

Operation of an Indication Cycle

An indication cyele is essentially similar
to a control cycle but is of course sent from
the field to the office.  The cycle normally
starts with a space instead of a mark,
wince it is usually necessary to send in
several indications at one and the same time
it is usual to double the number of steps
for indications by using the oscillator twice
over.  Thus having oscillated for 31 cvcles,
the oscillator is again latched up and re-
leased for a further 3} cycles. A 7-step
systern then has 14 steps for transmission
of indications. Changes of the signalling
relays in the field which have to he trans-
mitted are detected by a CH relay in the
same manner as for the relay remote control
system previously described.  No location
call sign is of course required, since only
onelocationis connceted tothe system. The
marks and spaces received in the office are
recorded by two relays, the ** odd 7 mark
relay and the “even ”’ mark relay. Tf an
odd mark is received this is executed
direct to the application relay in the follow-
ing even period and similarly an even mark
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received is cxecuted in the following odd
period.

This is knawn as the progressive delivery
of an indication code.

Gapacity of the System.

Since with the 7-step system five
steps are actually available to describe each
control, it will casily be seen that the
total number of contrels which may be sent
is 2, i.c. 82 controls.  If seven steps are
used twice for indications, this enables us to
send 13 indications simultaneously.  Simil-
arly an 1l-step system would enahble us to
send 512 controls and receive back 21 indi-
calions simultanecusly. The number of
indications to be transmitted can of course
be increased if these are arranged in groups
and appropriate station relays provided at
the office; only one group of indications
will then be transmitted at any onc time.

Cycle Time of the System

With the normal rate of stepping the
system will transmit & control in 1.3 seconds
and receive an indication in just over twice
this time. It is possible however to in-
crease the rate of oscillations and to re-
duce the overall time to about onc second.

Power Supplies

Both the field and office steppers require
a 28-volt power supply. This must he
reasonably stable, The standing load for
the 7-step system is normally about 1 amp.
at the officeand 1.25amps. at the field. The
line is supplied from the same 28-volt
battery and a current of arvound 40 ma.
would be normal.

General Conclusion

For all normal requirements relay remote
control systemns are available which fulfil
all the requisite conditions and have a re-
liability equivalent to that of all other
signalling apparatus used by the railways.
Although the time of operation may b=
somewhat longer than for electronic sys-
tems It is considered that they doin fact give
times which are consistent with maximum
operating efficiency, under the conditions
of the lines on which they are operated.
This has been proved by many vears of
cxperience in the United States and in
many British Commonwealth Countries
which use systerns basically of the types
described.

DISCUSSION

Mr. Knotts in opening the discussion
stated that Mr. Foster had given a very
interesting aper and he had clearly in-
dicated some of the conditions under which
C.T.C. could be employed and is in fact
employed, particularly in America very

- widely,

It 15 truc that the conditions in different
countries vary appreciably and it is par-
Licularly true of the U.S. A, and this country,
Long distances without junctions and with
a relatively sparse train service apply in
the U.S.A,

He was very interested in the matter of
speed of indication and presumed  Mr.
Foster would agrec that whether you use
relay impulses or electronic means, depends
upon how much of the railway system is
placed under the control of one operator at
the control slation.

In the U.S A, more territory has been
wdded where electronic scanning of the
funetions is adepted.  This means that one
operator is controlling very appreciable
lengths of line and is able to do so beeause

of the very high speed of indications re-
ceived against the controls he is putting
out.

There is no doubt that C.T.C. methods
will come more into prominerce in the
railways in this country and the singling of
double lines in certain localities is quite
likely to be the principal application,

It would scem to him that if CT., is
used where we have interlockings com-
paratively close together with junctions,
and with the frequency of traffic experi-
enced in this country, that very high speed
of indication will normally be required.
He was however pleased that Mr, Foster
had concentrated on the all-relay system
in his Paper and he thought he had been
qaite right to do so as it facilitated appreei-
ation of the problems.

Could Mr. Foster give some jndication of
the traffic frequency on the main single
line of 80 miles relerred to onp. 94, and also
state whether the figures quoted by him
regarding the number of operations of
" life test " for relays, mentioned onp, 104,
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had been related to relays in use or in some
other way.

The Author in reply to Mr. Knotts in-
dicated that the line capacity conld be
increased by adopting the electronic svs-
tem or with a relay system using multi-core
cable which would provide a separate pair
for each interlocking, indications being
received in two seconds.

So lar as the example menlioned on p. 94
is concerned, this related to a system
which was to be used in Rhodesia covering
slightly more than 80 miles of track,
30 Dboxes and passing about 20 {rains
per day, although the maximum capa-
city would be greater than this figure.
So far as the figure of hundred of millions
of operations for refays is concerncd, these
figures had been obtained in the lahoratory.
It was to be oxpected that 20,000,(¢K
operations would be achieved in actual
service without the necessity to remove the
relay for servicing,

Mr. Henstock refcrred to the very high
cost of reservicing relays of which a very
large number were jin use o the Relay
Remote Control Svslem and felt that the
electronic system would obviate the nse of
a large number of relays and so reduce the
cost  of maintenance, He also  asked
whether the line wires were in open form
or whether they could be in cable form and
if so whether the impedatice and resistance
limits the distance for working such o
system.  So far as Jaults were concerned,
he would like the author to say how far
the system would work with:—

{a) A disconnection of the line wives.

5) A short cirenit of the line wires.

Referring to fig. 7 of the Paper, he asked
whether the author could enlighten him on
how the stick relay V.1 was de-encrgised.

The Auther iu reply to Mr. Tenstock
stated that while the clectronic
would ent down the mumber of relay
use at the Master Stepper, Turge mumbers of
relavs would still be required at the field
stations for registering the mcoming code,
and the saving in cost of re-servicing would
not he so very great. Referrming to the
question ol opent wires or cable, he stated
either one or the other could be used bul
that there was a limit to the working dis-
tance, depending on the size of the con-
ductor but that this could be overcome by
the provision of carrier circuiting. In
reply to the query on the stick relay V.1
shown in fig. 7, he stated that lig, 7 was a

schematic diagram and not all the controls
were shown.

Mr. Dean commented on the very
excellent Paper and expressed his pleasure
at being able Lo hear a Paper being read by
by a man whe was so very much master of
his subject.

He asked the author whether there was a
lmit to the size of the area whick could
cffliciently  be controlled by one man,
keeping in mind the mental capacity of the
man concerned.  He also felt that CT.C.
was generally tegarded as applying to
single lines and was effective for running
between large towns with fairly wide open
spaces in between.  In addition, he won-
dered whether twin or duplicate twin cable
would be justified in cortain circumstances.
He felt that the cost due to power opera-
tion, continious track circuiting and sig-
nalling for all movements would be high
and that the systermn could best he applied
to wayside passing loops not usually found
in this country. In addition, wavside
stations in this country were usually
manned by the Lybrid grade of Porterf
Signalman and while the signalling duties
could be taken away no great saving would
accrue if the portering duties remained.

He would also like 1o know whether con-
stanl. electrical point detection was pro-
vided in the local cirenit.

The Author in reply to Mr. Dean said
that he had no wformation on the maxi-
mum size of arca which could cfficlently
be controlled by any one man but he was
aware that the Rhodestan Railways were
considering employing two men for each
pancl which amounted approximately to
30 stations per man and he pointed out that
the men dealt maindy with through running
traific, shunting being controlled locally.
So far as duplicate conductors were con-
cerned, he felt it was o matter for the Signal
Engincer to consider and justify on econo-
mic. grounds.  The ideal condition would
be to have the lines in separate cables on
each side of the line. Tz confirmed that
constant detection was provided.

Mr. Shipp requested that further in-
formation as to how the number of controls
and indications given for the Syncrostep
system had been arrived at.

The Author explained that the controls
were sent one at o time and that all steps
cxcept two were available to obtain the
necessary  combinations,  With a  seven
step system, the total number of controls i=
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thus 27, with an eleven step system it is 22

All indications from oue station on this
system are normally sent together in one
code and the number of steps available is
onc less than the steps in the code, the first
step being used for lock-out.  If the system
is an 1l-step system, then 11 steps will be
used twice for an indication code, giving 22
minus 1, 1e. 21 steps for 21 indications.
If the indications are divided into groups

and only one group is sent in each cycle,
then one step must be allocated to select
the grovup and 20 will remain [or indications
in each group. Thus a total of 40 indica-
tions can be catered for. By further sub-
division into groups, still more indications
can be transmitted.

Owing to shortage of time, discussion on
the Paper was therefore briof.





