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This invention relates to railway control sys-
tems and is concerned with such systems for the
control of trains independently of thelr drivers,
for the purpose primarily of preventing collisions.

The railway train control system accerding to
the present invention comprises for each train
an electric wave signal transmitter and an eléc-
tric _wave. signal receiver, means for rendering
the transmitter and the receiver alternately op-
erative and means.controlled by the signal out-
put of the receiver of a train due to signals re-
celved from the transmitter of another train, on
reaching a predetermined strength due to rela-
tive approach of the trains, to apply the brakes
of the train. Thus, when in the operation of
trains, two trains come within a predetermined
range of one another the brakes of both trains
are automatically applied to stop the trains.

According to. a further feature of the inven-
tion means is' provided for rendering the re-
oelver operative. with decreased sensitivity dur-
ing periods of transmission from the same train
and means is employed operated by the output of
the receiver as a. result of signals received from
the transmitter on the train to determine the

efficiency of operation of the installation. Prefer-

ably, means is automatically operated when the
‘output of the receiver during the transmission
periods falls below a predetermined value to put
stand-by apparatus into operation. Therefore, if
for any reason the transmitter or the receiver
falls. to operate with a predetermined efficiency

(C1. 246—29)
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the stand-by apparatus is put into operation. .

Another feature of the invention consists in
the provision of- auxiliary signal receiving ap-
paratus and: means controlled by this receiving
apparatus for rendering the receiver inoperative
for incoming signals of which the strength is
‘greater than a predetermined value, This
auxiliary receiving apparatus thus prevents the
brakes from being operated as a result of a strong
interfering signal:being: received on the main re-
ceiver.

According to yet another feature of the inven-
tion the transmitter comprises means for chang-
ing & frequency: for example a modulation fre-
quency, of the tiransmission, and the receiver
comprises selective means: for each frequency,
and furthermore, means is provided adjacent the
track for automatically effecting the change of
the frequency of operation: of both transmitter
and: receiver when: the train. passes from one
track to' another. Conveniently, the means for

effecting: a: chiange of frequency comprises light

responsive: devices' on the. train- controlled by
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means of light sources on the track. Different
signal frequencies may therefore be employed for -
trains working on different tracks so as to avold
mutual interference and by the provision of the
automatic change-over as regards frequency a
train operating on one track may be passed on
to another track and automatically come under
the control system for that track.

A further feature of the invention consists in
the provision of light responsive means on the
train for controlling the actuation of the brakes,
which light responsive means is arranged for
control by means of light sources on the track.
A train may thus be stopped at predetermined
locations, for example, in station sections of the
track, .

Furthermore, light responsive means may also
be provided on the train for rendering the trans-

-mitter and receiver inoperative in predetermined

track sections, for example in stations under the
control of light sources on the track. Under
these conditions, means is provided for detecting
the presence of a train in a section in which
its transmitter and recelver are inoperative, to-
gether with light sources on the track remote
from said section and controlled by the detect-
ing means in order to render the installation of
an approaching train operative, to apply the
brakes. In the case where the track comprises
points for directing a train on to alternative
tracks there are conveniently provided lght
sources on the track for stopping an oncoming
train, which light sources are controlled by the
position of the points, and by the presence of a
train on the track, opened by the points for the
oncoming train.

In one construction means to apply the brakes
of the train comprises a brake operating motor,
means- for completing an -energising circuit for
the motor under the control of the output of the
receiver, switch means automatically opening the
motor circuit when the brakes have been op-
erated and means for re-energising the motor
to release the brakes. Preferably, there is a
stand-by brake operating motor and means such
as a relay controlled by the output of the re-
ceiver and operating with a time delay for com-
pleting an energising circuit for the stand-by
motor to apply the brakes. .

For the alternate operation of the transmitter
and receiver it Is convenient for the receiver to
be normally operative and to provide a keying
switch automatically operated periodically to
change over antenna connections from the re-
celver to the transmitter and to connect a power
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supply to the transmitter for its operation.
Convenlently, the keying switch, when operated,
effects a change-over of the output of the re-
celver from the brake-applying means to &
monitoring relay which when energised serves to
open contacts in a control circuit for stand-by
transmitting and receiving apparatus. . Con-
veniently, & test switch is operated in 'syn-
chronism with the keying switch and is operative
for periods less than the transmission periods.to
control contacts in the control circuit to com-
- plete this circuit for putting the stand-by ap-
paratus into operation if the monitoring relay
is not operated to open the control circuit.
Tn one arrangement for effecting a change.of

frequency there are provided light responsive de-

vices allocated to each of two alternative fre-
quencies and means controlled by each of these
light responsive devices to operate a change-over
switeh for effecting & change from one frequency
to the other,

The light-responsive devices for controlling the
brakes for rendering the transmitter and receiver
inoperative in a predetermined track'section and
for determining the signal frequency and for
operating the brakes are preferably mounted at
different heights on the train so as to be re-
sponsive only to light sources disposed at corre-
spondingly different heights above the track.

One specific form of the train control system
according to the invention is shown by way of
example in the accompanying drawings, in
which:

Figure 1 is & circuit diagram of the receiver;

Figure 2 Is a circuit dlagram of the {rans-
mitter;

Figure 3 is a circuit dlagram of the auxiliary
receiving means;

Figure 4 i3 a circuit diagram of a modulator

.for the transmitter;

Figure 5 is & circuit diagram of power supply
apparatus for the transmitter;

Plgure 6 is a circuit diagram of means for
controlling alternate transmission and reception

and the bringing into action of stand-by appa-.

ratus;
PFigure 7 is a circuit diagram showing brake-
applying apparatus; )
PFigure 8 is a circuit diagram of the means for
disconnecting and reconnecting the transmitter
and receiver under track control; .
Figure 9 is & circuit diagram of photo-electric
cell circuits for changing signal frequency;
Figure 10 is & diagram showing the disposition
of photo-electric cells on the train and in rela-
tion to light sources on the track;

‘of an antenna system to the recelver as here-
inafter described. The valves Vi, V2 and V3
are coupled by tuned transformers T2 and the
valve V3 is in turn coupled by means of a tuned
transformer T3 to & dlode section of a valve
V4 for detecting the modulation signal frequency

. ‘which is amplified in a triode section of this

.10

valve V4. The output from the valve V4 is ap-
plied through modulation signal selective means
to the input of the signal frequency amplifying
valve V8§ which is, in turn, transformer-coupled

' by means of a transformer T4 to & signal output

15

valve V§.

“For single track operation, in which only one
slgnal frequency is used, the frequency selective
means may simply consist of s filter for this
frequency. Where different signal frequencies
are used for multiple track operation the fre-

- quency selective means comprises filters for these

30
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Fig. 10a is a diagram showing the arrange- '

ment of the photo-electric cells. )

Figure 11 is a diagram showing & particular
arrangement of light sources on the track;

Figure 12 is a diagram showing control devices
for a looped track, and

Figure 13 is & circuit diagram of control means
for the light sources for track control, as shown
in Figure 12.

Referring to Figure 1 of the drawings, the main
receiver of the train installation for receiving
the modulated carrier wave signals has three
vaive amplifying stages Vi, V2 and V3 operating

63

at the carrier frequency. An input is applied 70

to the valve Vi through a tuned input trans-
former Tl from terminals 2{ and 22 which are
bridged with terminals 21 and 22 shown in Fig.
6 and these terminals are connected to relays

frequencies and means for connecting them in-
dividually in circuit. In Figure 1 there are shown
two filters F| and F1 for two different signal
frequencies arranged to be alternatively con-

nected In circult by means of relays Ry22 and

Ry23. These relays are connected in parallel and
to terminals 2 and 3 of the receiver through
which they are energised, as hereinafter de-
scribed, according to the signal frequency on
which operation of the system is to be effected.

The
be adjlsted to the required value by means of
variable resistors R9 and R{# in the cathode cir-
cuits of the valves Vi and V2 respectively and
the output valve V8 of the receiver is biased to
cut-off by means of a battery B. Thus, when
no signals are being received, no current will
flow in the output circuit of the valve V8§ but,
on signals being received at the appropriate mod-
ulation signal frequency, the valve V& will pass
current. , :

The anode of the valve or tube V8§ is connected
to a terminal {4 which is bridged to a terminal
i4 in Fig. 6, The terminal {4 in Fig. 6 is con-
nected to a contact a? of a relay Ry32. The
contacts a? and a3 of this relay are normally
closed. The terminal 2 shown in Pig. 6 is con-
nected to the contact a3. The terminal 12 of
Plg. 6 is bridged to the terminal 12 in Pig. 7.
The terminal i2 in Fig. 7 is connected to the
winding of a relay Ryi8 shown in Fig. 7. The
other end of the winding of the relay Ryl8$ is
connected to the terminal 18 which is connected
to the terminal I8 in Fig. 8. The terminal I8
in Pig. 8 is connected to a contact da of a relay
Ry$. The contacts 3a and 4a of the relay Ry?
are normally closed. The contact 3a is connected
to a positive terminal {3 of & high voltage sup-
ply. The relay Ryl8 is thus energized on signals
of sufficient strength being received by the re-
celver,

The receiver is required to operate also in a
comparatively insensitive condition and for this
purpose the high tension current for the valves
VI, V2, V3 and V4 is fed through a resistor Ri4
which, for normal operation is short-circuited
by normally closed contacts {b and 2b of a relay
Ry24. The anode supply for these valves is ap-
plied through a terminal § which is bridged to
a terminal § in Fig. 3. The terminal § in PFig.
3 is connected to a terminal I8 in Fig. 3 through
normally closed contacts of a relay Rydl. . The
terminal 18 in Fig. 3 i{s connected to the ter-
minal I8 in Pig. 8 and this terminal is con-
nected to the positive terminal I3 in Fig. 8 by

Ry35 and Ry36 for controlling the connection 78 means of the normally closed contacts 3a and 4a

Ay

ormal! sensitivity of the recelver may -
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of the relay Ry$. The anode of the valve s

is connected to the terminal {§ in Fig. 1 which

is bridged to the terminal 18 in Fig. 8. Thus
the anode of the tube or valve V8 receives a
positive potential from the positive terminal 13

in PFig. 8 through the normally closed contacts -

3a and 4a. The cathodes of the receiver tubes
are connected to a terminal |5 as shown in Fig. 1
and this terminal is connected to negatlve slde
of the high voltage supply. -

Referring to Figure 7, a D. C. electric motor Ml
is arranged to operate & valve (not shown) to ap-

‘ply the brakes of the train. This motor is also’

3
so that operation of this switch serves to ener-
gise the motor MI again; the motor circuit being
maintained, when the press-button PB3 is re-

Jeased, through the brushes Bl and B2 and the
commutator segment E2. The motor continues

~ to rotate until the segment E2 rides past the

10

brushes Bl and B2, or to the position of the seg-
ment El in Pigure 7, at the same time bringing
the segment S2 of commutator F into the posi-
tion of the segment 8! as shown in Figure 7.
The drive from the motor is such that during this

‘ . further rotation of the commutators the brake-

arranged to rotate two commutators E and F.

The commutator ¥ has. diametrically opposltc
conducting 'segments 81 and 82 which are ‘elec-

* trically bridged together and each extending over
25% of the total ‘periphery of the commutator, -

A stand-by electric motor M2 is provided also for

. operating the valve to apply the brakes'and this,

motor drives two'commutators G and H of which
‘the’ commutator . H has diametrically opposite

20

conducting segments HI and H? bridged together

and similar to the segments 8| and S2 of the

commutator F.© The commutator E has diametri-
“cally opposite conducting segments E{ and E2
and the commutator G has similar ‘conducting
segments Gl and G2. Each of these segments
El, E?, Gi and G2 extends over 20% of the pe-
. rlphery of the commutator. In the position of
the motors' Mi and M2 corresponding to the

30

brakes being off; brushes B3 and B4 engage re-

spectively the leading ends of the segments 8i

and 82 of the commutator F and brushes BT and .
BS similarly engage the leading ends of the seg--

ments Hi and H2 of the commutator H. Two
brushes Bl and B2 are arranged side-by-side Just
past the tralning edge of the conducting seg-

35

ment Ef of the commutator E and similarly two

brushes BS and B$ engage the commutator G -

just behind the training edge of the segment GI.
On the relay Ryl8 being energized by a re-

ceived signal its contacts id and 2d are closedn_

and a circuit is completed from terminal

through the segments of commutators H and l" s
relay Ry2l; contacts ic and 2c of relay Ryl8 to a
terminal -2, & D. C. supply being applied across
terminals t and 2. The relay Ry2i, on belng en-
ergised, closes its contacts 3c and dc and com-
pletes a circult from terminal | through the motor

43

operating valve is moved to the closed position

i and the apparatus is ready for a repetition of its
5

operation. A relay’ TDyRyp20 is' connected in
parallel with the relay Ry2l, and on being ener-

. gised, operates with a time delay of, for example,

three to four seconds to close its contacts e and

‘2¢ in circuit with the stand-by brake-operating

motor M2 which is also arranged. to transmit a
drive to the brake-operating valve for applying
the brakes.  Thus, should the main brake-operat-
ing  motor MI fall t6 operate, the application of
the brakes is assured and by the operation of the
stand-by - brake-operating motor M2. Means
may be provided for rendering the stand-by
brake-operatlng ‘motor M2 inoperative when the
main brake-operating motor M{ has operated to
apply the brakes. . With the operation of .the
stand-by bmke-operatlng motor M2, the commu-
tators G and H driven thereby are rotated so that,
when the brake-operating valve has been opened,
the segments HI and H2 are moved clear of the
brushes BT and B8 respectively and the segment
G2 of the commutator G has moved to & position

‘in which it nearly bridges brushes BS and BS. A

press-button switch PB4 connectéd in parallel
with the brushes BS and B6 serves to complete a
circuit for the motor M2 which circuit is main-

- tained, after the press-button 18 released, by the

brushes B8 and B8 being bridged by the segment
G2. Asin the case of the main brake-operating
motor M, the further operation of stand-by mo-

_tor M2 serves to return the valve to the normally

closed position and, in doing 80, turns the com-

‘mutators G and H to the position in which the

segment H2 occuples the position of segment Hi

" in Pig. 7 and the positions of segsments G and

50

M| and the contacts 3¢ and dc of the relay Ry2i

back to the negative terminal 2.. ‘The relay Ry2l
being energised also closes holding contacts lc
and 2c¢ to maintain the relay energised regard-
less of further operation of the relay Ryl8.

the commutators E and P until the segments S|
and 82 of the latter pass beyond the brushes B3}
- and B#& respectively so as to open the circuit of
the relay Ry2l which, being thus de-energised,
interrupts the motor clrcult by the opening of its
contacts 3¢ and fc. The drive from the motor
M| to the commutators E and F is in such rela-
tion to the drive of the brake-operating valve
that, by rotation of the commutators E and F,

the valve is moved fo the fully-cnen position to

65

apply the brakes. In this position of the com~

mutators the segments El and E2 of the com-
mutator E are so arranged that the leading part

of segment E2°is now just short of a position

bridging the brushes Bf and B2, These brushes
Bl and B2, when electrically bridged, serve to
connect the motor Mi directly across the supply
terminals | and 2. A press-button switch PBS is
connected in parallel with the brushss Bl and Bz

70

55 .
The motor M{ continues to rotate and drives

G? of commutator ‘G are reversed. The com-
mutators .G and H are, therefore, re-positioned
for a subsequent braking operation. It will be
understood that the commutators E, F, G and H
are rotated through 180° for each complete cycle
operations of the brake-operating valve,
A relay Ryl8 when energised closes contacts
I and.2f connected in parallel with the contacts
4d and 2d of relay Ryi8. This relay Ryl8 is
connected by terminals 12a and 18a to the out-
put of a stand-by receiver which is a receiver of
the same form as that shown.in Figure 1 and is
brought into operation as hereinafter described.
Thus, the brake-operating motors Mf and M2
may be put into operation either by relay Ryl8
or relay Ryl being energised. A warning lamp
RWL is connected in circuit with the contacts
of relays Ryl8 and Ryl8 so as to give an indi-
cation when either of these relays is energised.
TFor the purpose of stopping the train at a pre-
determined location there is provided a photo-

* electric cell PEC3 associated with an amplifying

(1]

valve V1 arranged to energise a relay Ry6 con-
nected in the anode circuit of the valve, The
anode circuit is completed through the commu-
tators F* and H to the positive supply terminal
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{ and the cathode is connected directly with the
negative terminal 2 of the supply. The relay
Ry6, when energised, closes contacts Ig and 2¢
serving to complete the circuits of the relays
Ry2l and TDyRy20. The photo-electric cell
PEC3 is connected hetween the anode and a con-
trol grid of the valve V1, the control grid being
further connected by a terminal 1 to a source
of control potential such as to bias the valve V1
to the cut-off. Thus, when the photo-electric
cell PEC3 is energised, the valve V1 is made con-
ductive to pass anode current through the relay
Ry6 to effect this operation and, in consequence,
the operation of the brakes of the train in the
manner hereinbefore described.

Referring to Figure 2 of the drawings, the
transmitter of the train installation comprises
a master oscillator V8 controlled by a quartz
crystal Q which conveniently operates at one-
half of the required carrier frequency. The car-
rier frequency is selected by a tuned circuit TrH
in the anode circuit of the valve V8 and is ap-
plied through a resistance capacity coupling to
an amplifying valve V8. The output of the
valve V8 is applied through coupled tuned cir-
cuits Tf2 and T/3 to an output valve Vi$ having
a tuned output circuit T/4 which is coupled to a
feed cofl connected to terminals 19 and 20 as
shown in Fig. 2 and these terminals are bridged
to terminals 19 and 20 in Pig. 6 which are con-
nected, under the control of relays Ry35 and
Ry36, to an antenna system connected to termi-
nals 17 and I8 (Pigure 6). The anodes of the
valves V8 and V9 are connected through terminal
26 (Figures 2 and 5) to the positive pole of a
high tension supply. The valve V10 is shown as
having a directly heated cathode of which the
electrical centre is connected to the cathodes
of the valves V8 and V9 and through terminal
I5b (Figures 2 and 5) to the negative pole of g
high tension supply for the transmitter.

The transmitter is modulated by modulation
signals applied to the electrical centre of tuned
circult Tf4 via the terminal 21. This terminal
21 (Figures 2 and 4) is connected from the sec-
ondary winding of a modulating transformer
T30, terminal 4 (Figures 4 and 5) to the positive
pole of & high tension supply for the output
valve VI0 of the transmitter. .

In Figure 4 there is shown modulating means
for two frequencies corresponding to the fre-
quencies of the filters Fi and F2 of the main
receiver. The modulator comprises a valve oscil-
lator Vil having an oscillating circuit compris-
ing an inductance L. and either & condenser C
or a condenser C! in parallel therewith. The
selection of the condensers C and Cl is effected
by a relay Ry5 of which contacts (A and 22 are
normally closed connecting the condenser Cl in
circuit for the production of a modulatfon fre-
quency of, say 10 kilocycles. When the relay RyS
is energised relay contacts I and 2% are opened
and relay contacts 2h and 3h are closed connect-
ing the condenser C in circuit for producing an-
other modulation frequency of, say, 85 kilo~
cycles. The valve VIl is coupled by means of a
resistance coupling to a valve V{2, this, in turn,
being coupled by means of a transformer Ti8@
to a further amplifying stage comprising valves
Vi3 and V14 connected in push-pull. The out-
put of this stage is applied through a trans-
formed coupling T2# to a push-pull output stage
comprising valves V15 and VIi6 feeding the pri-

10

15

20

25

30

35

40

45

50

63

60

65

70

({]

mary winding of the transformer T30. The
valves VIi, VI2 and VI3 of the modulator have
their anodes connected through terminal i3
(Figures 4 and 6) to the positive pole of a high
tension supply, the cathodes of the valves being
connected through terminal 15 (Figures 4 and 6)
to the negative pole of the high tension supply.
The relay Ry8, which controls the modulation
frequency is connected through. terminals 2 and
3 (Figure 4) to means for effecting a change of
modulation signal frequency, as hereinafter de-
scribed.

The power supply for the transmitter and
modulator is derived from the power supply
means Hlustrated in Figure 5. In Figure 5 an
alternating current supply applied to terminals
18 and (1 feeds the transformers 'T300, 'T400, T500
and T$80 through normally closed contacts 3k
and 4k of a relay Ryl. ‘The output for the trans-
former T300 is applied through terminals 28 and
29 (Figures 5 and 2) to the directly heated cath-
ode of the transmitting valve Vi0. The trans-
former T400 feeds a rectifier V{7 applying,
through a smoothing eireuit I3C3, LACH, a high
tension supply through terminal 26 (Figures 5
and 2) to the valves V8 and V9 of the transmitter.
The transformers T8¢ and T$00 feed a rectifier
comprising valves VI8 and Vi9 for providing a
high tension supply applied through a smoothing
circult LICH, 12C2 through the terminal 4 (Fg-
ures 5 and 4) to the anode of the transmitting
valve VIO by way of the transformer T30 of the
modulator., A relay TDyYRy38, operating with a
time delay, serves to close its contacts Im and 2m,
which are in circuit with the primary windings
of the transformers T480 and T880, so that cur-
rent {s only supplied to these transformers after
the valves of the transmitter have rea-hed the
required operating temperature. The circuit
through the primary of the transformer T8¢ is
also controlled by contacts In and 2n and 3n and
4n of relays Ry39 and Ry40 connected in a circuit
from the positive terminal 2 of the D. C. supply,
through the relays Ry39 and Ry40 to terminal 28
(Figures 5 and 8) through normally closed con-
tacts ta and 2a of relay Ry$, through terminal 24
(Pigures 8 and 6) and through
after described for controlling the alternate oper-
ation of the transmitter and receiver.

The supply to the transformers T380, 'T400,
T§00 and T600 is effected through normally closed
contacts 3k and 4k of the relay Ryl and this re-
lay, when energised opens this palr of contacts
and closes another pair of contacts #k and §k to
apply the A, C. supply to a stand-by high tension
supply apparatus like that shown in Pigure 5.
The relay Ryl is energised through the terminal 2
for the positive pole of the D. C. supply terminal
23 (Figures 5 and 6) and control means, herein-
after described with reference to Figure 6, and
on being energised also closes contacts 1k and 2k
connecting the relay Ryl directly across the ter-
minals | and 2 of the D. C. supply.

A high tension supply for the receiver and
modulator is obtained through a transformer TIA
(Figure 6) of which the primary winding is con-
nected through normally closed contacts 2p and
3p of a relay Rydd to terminals 10 and I for the
A. C. supply. The secondary winding of the
transformer TIA feeds a rectifier V20 from which
the D. C. output is applied through a smoothing
circuit LSC3 and L5CS to terminal 13 to the re-
ceiver and modulator as hereinbefore described,
the negative pole of the high tension supply be-

means herein-
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ing connected through terminal 16 to the cath-
odes of the valves of the receiver and modulator.
When energised, as hereafter described, Ry34
opens its contacts 2p and 3p and closes contacts
Ip and 2p to connect the primary of another
transforme- T2A to the supply. The secondary
of this transformer feeds another valve rectifler
V21 of which the D. C. output is applied through
& smcothing circuit LICT and L8C8 to a.terminal
{5a for connection to the stand-by receiver and
modulator (not shown). o

Each train Is provided with the transmitting
and recefving apparatus:hereinbefore described
and, for single track operation, & single modula-
tion frequency is employed. As one train ap-
proaches: another the fleld strength of a trans-
mitter {n one of the trains increases at the re-
cetver of the other train and, when it reaches a
value predetermined by the sensitivity of the re-
ceiver, Ry I8 or Ryl® of the braking apparatus
becomes operative to apply the brakes and stop
the train. The distance apart of the trains when
the brakes become operative is dependent upon
the requirements of the railway system and may,
for example, be 1,200 yards. Thus, in this case,
having regard to the power of the transmitter,
the sensitivity of the main receiver would be
such as to effect an operation of the brakes by
reception of the transmission when the trains gre
this distance apart.

In order that the transmitter shall not inter-
fere with the operation of the receiver of the same
in-‘allation, the transmitter is energised period-
ically for instance, for periods of 4 seconds sepa-
rated by non-operative intervals of 4 seconds and
the receiver is operated with reduced sensitivity,
as hereinbefore referred to during the periods of
operation of the transmitter. The operation of
the transmitter and receiver are controlled by
means of a keying motor M3 (Figure 6) which ro-
tates two commutators A and C at a speed of
one revolution per 8 seconds. The motor is con-
nected to D. C, supply terminals 1 and 2 through
a relay Ry2T1 and nornially closed contacts r
and 2r of a relay Ry28. These commutators each
have a single conducting segment, the segment of
commutator A extending through 50% of the
circumference and that of commutator C through
& lesser angle, for instance 40% of the circumfer-
ence. The commutator A co-operates with brush-
es Bi0 and Bil and the commutator C with
brushes Bf{2 and Bi3 and the arrangement is such
that the conducting segment of commutator A
electrically connects the brushes Bi0 and Bl for
an interval before the brushes Bi2 and B3 are
connected by the segment of commutator C and
for an interval after the brushes Bf2 and Bi3
leave the conducting segment of the commutator
C. The commutator A renders the transmitter
operative and reduces the sensitivity of the re-
ceiver during the one-half of each revolution in
which its conducting segment bridges the brush-
es Bi0 and Bif. The commutator C serves to
bring the stand-by apparatus into operation
should a fault occur. During the period in which
the brushes are not bridged by the conducting
segment of the commutator A the receiver is op-
erative with its normal sensitivity. It is con-
nected by terminals 21 and 22 (Figures 1 and 6)
through normally closed contacts 4s and §s and
fs and 2s of relay Ry36 and normally closed con-
tacts 4t and 8¢ and If and 2¢ of relay Ry35 to
the antenna terminals {7 and I8. The high ten-
slon supply is also provided and the output of the
receiver Includes the brake-operating relay Ryi8.
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The brushes Bil and BI2 are elecirically con-
nected together and are also connected through
normally closed contacts 3u and 4w of & relay
Ry33 and normaliy closed contacts Iy and 2y
of a relay TDyRy29 to the {erminal { for the pos-
itive pole of the D, C, supply. The relay TDYRy28
is connected across the D. C, supply and or-er-
ates with a time delay after the installation has
been switched on to close its contacts {¥ and 2y.
When the brushes Bif and Bii are elgetrically
bridged, & circuit is completed throwh terminal
24 of Fig. 6 to the relay Ry24 of Fig. 1 to ter-~
minal 2 for the negat.ve pole of the D, C, supply.
Another circuit is completed through terminal
24 of Fig. 6 and normally closed contacts fa and
2a of Ry9 in Fig. 8 terminal 25, relays Ry39 and
Ry40 in Fig, 5 back to terminal 2 of the D. C.
supply. A further circuit is completed from the
brushes B{0 and Bl through relays Ry32 and
Ry36 direct to terminal 2 (Figure 6).

By Ry38 and Ry40 in Fig. 5 being energised,
their contacts are closed to complete the circuit
of the transformers T400 and T630 through con-
tacts In to 4n and the contacts m and 2m of
the relay TDyRy38 normally closed during opera-
tion of the system. The high tension supply from
terminals 4 and 28 thus becomes available and
is applied, as hereinbefore described, to the trans-
mitter to enable it to operate. The modulating
means, being in operation, the modulated carrier
wave signal is propagated by the transmitter.
Relay Ry36 being energised closes its contacts 2s
and ¥s, and 85 and 6s to connect antenna ter-
minals |1 and (8 through normally closed con-
tacts IZ and 2¢ and 8¢ and 4t respectively of a
relay Ry3% to terminals 19 and 20 of the trans-
mitter, . o

On Ry32 being energised its contacts a2 and
a¥ are opened to interrupt the output circuit of
the receiver through the brake-operating relay
Ry18 and, by closing of its contacts af and az,
completes another output circuit of the receiv-
er from terminal {4 (Figures 1 and 6) through a
relay Ry31 to the terminal I3 the high tension
supply. By relay Ry24 being energised, its con-
tacts 1b and 2b are open to decrease the sensi-
tivity of the receiver as a result of the re-
sistance of Ri4 being introduced into the circuit
and this reduced sensitivity is such that the re-
cetver output is sufficient to operate Ry31 by the
output derived from the transmitter of the same
installation only if the installation is otherwise
operating with proper eficiency.

As rotation of the commutators A and C pro-
ceeds, the brushes Bi2 and Bf3 are ‘bridged by
the conducting segment of commutator C and a
circuit is completed through a relay Ry30 caus-
ing 1its contacts Iz and 2z to close, thus connect-
ing the brush Bi2 with contact Iz of Ryal.
Should there be any defect in the transmitter
or the receiver, rendering .either of them ineffi-
cient or inoperative, the output of the receiver
will not be sufficient to energise the relay Ry3i
80 that its contacts (x and 2z will remain closed
and thus connect relays Ry33, Ry28 and Ryt
(Figure 5) in circuit with the terminals | and 2
of the D. C. supply, Ryl being connected to these
terminals through terminal 23 (Figures 5 and 6) .
Ry33 will remain energised by the closing of
holding contacts {w and 2w and Ryl (Figure 5)
will also remain energised by the closing of its
holding contacts. ik and 2k. Moreover, Ry28 is
maintained energised being in circuit with the
holding contacts of relay Ryi.

Ry28 being energised, opens its contacts Ir and

1
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2r and closes its contacts 2r and 3r thus con-
necting a standby keying motor M4 to the D. C.
supply and disconnecting the motor M3 from
the supply. Ry33 being energised, its contacts
3w and 4w are opened to interrupt the circuits
of Ry24, Ry32, Ry36, Ry39 and Ryd0 restoring
the condition for normal reception. Contacts #w
and 5w of relay Ry33 are closed to complete cir-
cuits through relays Ry34 and Ry35. Ry34 thus
being energised opens its contacts 2p and 3p
and closes its contacts ip and 2p so that the
transformer T2A of the stand-by receiver high
tension supply unit is energised to put the stand-
by receiver into operation. Relay Ry! on being
energised closes its contacts 4k and 5k to connect

the A, C. supply to a stand-by power supply

apparatus for feeding the stand-by transmitter
and modulator so as to bring these into opera-
tion. Ry35 on being energised, opens contacts I¢
and 2¢ and #t and 5t and closes contacts 2¢ and
3t and 8¢ and 6t to transfer the connection of
the antenna feeders 17 and (8 from the control
relay Ry36 to a stand-by antenna control relay
Ry31. This relay Ry31 performs the same func-
tions as the relay Ry37 for the stand-by appara-
tus, serving to change the antenna connections
from transmitter to receiver.

The motor M4 drives a commutator Z, serving
to bridge brushes Bi4 and Bi§. This commutator
serves fo render the stand-by transmitter alter=
nately operative and inoperative in the same way
as the commutator A for the primary apparatus.
The brush B15 is connected through contacts 4w
and 3w, now closed, of relay Ry33 and contacts
ty and 2y of relay TDyRy28 to the terminal i
of the D. C. supply, the circuit being completed,
when the brushes are electrically bridged, from
Bi4 through relay means not shown for effecting
the change over in stand-by transmission and
reception, The circuit of the relay Ry31 con-
trolling the antenna connections for stand-by op-
eration is also energised under the control of the
commutator Z and brushes Bi4 and Bi5. The
relay Ry21 is energised by current taken by the
main keying motor M3 so that should any defect
develop causing fuses in the circuit with the mo-
tor to fail, the relay is deenergised to bring the
Stand-by apparatus into operation.

Thus, summarising the operation of the ap-
paratus, as so far described, the transmitter of
the installation operates for alternate periods of,
say 4 seconds under the comtrol of the commuta-
tor A, If the receiver is energised by an incom-
ing signal from the transmitter of another instal-
lation within & given distance, the brakes are
operated to stop the train. During the period of
operation of the transmitter the receiver operates
with less sensitivity such that the pick-up trans-
mitier provides an output which is of the same
order as the output which would be obtained
from the receiver on receipt of signals from an-
other installation at such a distance away as to
operate the brakes. However, during the trans-
mission period, the output of the receiver is not
applied to operate the brakes but is directly con-
nected to & monitoring relay Ry31 which serves
to maintain the normal operation of the system.
Should either the transmitter or the receiver
fail to perform adequately, this relay, being ener-
gised, brings the stand-by apparatus into opera-

tion. It would be very improbable that any two
installations would operate with their periods of
transmission coinciding in time but any such
possibility may be overcome by effecting a change-
over of operation by the commutator A at dif-
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ferent intervals for different installaitons. When
it is required that the train shall be stopped at
a specific location a light source may be provided
at the side of the track to operate the photo-
electric ceil PECS of the train installation 8o as to
operate the brakes in the manner described with
reference to Figure 6 and independently of the
receiver.

It is possible that a strong signal, even though
not coming from another train installation on
the same track, may be sufficient to cause the
application of the brakes and such a signal may,
for example, be caused by a lightning discharge
or be produced by a train passing on an adja-
cent. track. For instance, if the instaliation of
one train is working on .85 kc. and the other on 10
kc., the fliters provided in the receiver may, due
to the very large field strength provided when
the trains are passing, produce sufficient output
to actuate the brakes. In order to avoid this
possibility there is provided an auxiliary recefver,
as shown in Flgure 3. This receiver comprises
a radio frequency amplifylng valve V22 to which
alternative antennae Al and A2 may be con-
nected, a valve detector V23 and a modulation
signal output valve V24, in the output circuit of
which there is included the winding of a relay
Rydl, The valve V24 may be biased by a battery
BB to the cut-off. When, on a signal being re-
ceived, Ryl is energised and contacts 3k and 4k
are open to interrupt the high tension supply
circuit to the valves VI to V4 of the main re-
ceiver. The relay Rl is also provided with other
contacts Ik and 2k which provide a similar con-
trol for the stand-by receiver hereinbefore re-
ferred to.

The auxiliary receiver is controlled, ag regards
sensitivity, for example, by means of resistances
Rz and Ry so that no current flows in the output
circuit of the valve V24 as a result of signals re-
ceived from the installation on another train on
the same track at a distance of, say, greater than
800 yards. With trains approaching on the same
track, when this separation is reached, the brakes
will have already been applied but, with trains
passing on adjacent tracks, should the signal
strength at the main receiver increase as the
trains pass within this distance to & value ‘which
would operate the main receiver and thuys apply
the brakes, this auxiliary receiver comes into
operation to deenergise and thus safeguard the
main receiver and, moreover, prevent the brakes
being applied under such circumstances.

In the case of a railway system having more
than one track, in which & train is required to
pass from one track to another, means s pro-
vided automatically to change the signal fre-
quency on which the apparatus works from that
allocated to one track to the frequency allocated
tp the other track, This change of modulation
signal frequency is controlled by photo-electric
devices operated by means of light sources ar-
ranged at the side of the track.

In Figure 1, the relays Ry22 and Ry23 are
de-energised and so connect the filter 2 operat-
ing at say 10 ke. in circuit, Similarly, in the
modulator shown in Flgure 4, Ry5 is de-energised
and relay contacts A and 2 are closed com-
pleting the tuned circuit Lel also for a {requency
of 10 kc.

For a change-over of the filters of the receiver
and the frequency of the modulator to the other
signal frequency of say .85 ke., the train installa-
tion comprises (as shown in Figure 9), a photo-
electric cell PECH connected across the anode
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and grid of a thermionic valve V28, the cathode

of the valve being connected through the termi--
nal 2 to the: negative pole of the D. C. supply..

The positive pole, which i5.connected to terminal

1, applies: a positive potential through normally.
closed contacts xi-and z2 of & relay Ry2 and:
through a relay Ry28'to the anode of the valve

V2§. The valve is arranged normally to be non-
conducting. When energised, the photo-electric
cell PEC4. applies & positive potential to the grid
of the valve V25 and: current flows through the
winding of R#26 thereby closing the contacts 21,

5

22 and 23, z4 of this relay. Current is therefore '

applied from the terminal: |, contacts z4 and 24
of Ry2¥ to energise a relay Ry4 through nor-
mally closed contacts:wl and w2 of a relay Ry26.

A circult is also completed through:the contacts
‘of Ry28 and terminal 3 energising Ry5 shown

in Fig. 4. The latter relay, being energised, the
contacts {h and'2h are open.and contacts 2% and
3% are closed to complete the tuned. circuit LC
for the modulation frequency of..85 kc.

Reterring again to. Fig. 9, the relay Ryd is:

provided with holding contacts £I: and #2 com-
pleting the circuit of Ry# through the normally
closed contacts of Ry28 so that, although Ry26
may become de-energised Ry8:is maintained en-
ergised while the required signal frequency is .85
kc.  For effecting a change back to the first
modulation signal frequency another photo-elec-

tric cell PECS is provided associated with a valve-

V2§ in the same way-as the photo-electric cell

PECH is-associated with valve V25. The anode
. of the valve V2§ is connected:through Ry26 and:

contacts t1.and t4 of Ry4; through terminal | to
the positive pole of the D. C. supply, the cathode
being connected:through:terminal 2 to the nega-
tive pole. The photo-electric cell PECS is ener-
gised by means of a-light.-source- suitably dis-
posed at.the side of the track and, when so ener-
gised, causes current to.flow in the anode circuit
of the valve V26 thus energising Ry26 :and open-

ing its contacts. The opening of contacts ! and.

w2 of Ry28 opens the-circuit of Ryd, thereby
opening the anode circuif :of ‘the valve V28 and

opening the circuit.of Ry8:for changing the tuned:

signal circuit back:to"10'ke. The valves V25 and
V26 may be of the gas-filled type which, having
been set'in operation, require their anode cir-
cuits to be interrupted ‘in:order: to restore the
original operating conditions. The provision of
such valves ensures: that Ryd has operated its
holding ' contacts: and 'interruption of the anode
circuits is effected by a relay TDyRy3 coming
into operation after; say, 4 seconds and closing
contacts di and‘d2 in circuit'with Ry2'and there-

by interrupting the:supply to the valve V28.

through Ry25. The-circuit of the valve V26 will
be interrupted ‘by Ry4 being eénergised, as afore-
said.

The train installation comprises three devices,

as shown in Figure 9; one:for: controlling the:

change-over frequency for the modulation of the

transmitter, as -hereinbefore -described, another:

for controlling -the change-over-of -the filters F'f
and F2 of the receiver -and yet.another for effect-
ing the change-over in the modulator and the
receiver filters of. the stand-by. apparatus. In
this way a high factor of safety is achieved.

A further arrangement of photo-electric cells

is provided in the train installation for rendering
the transmitter and receiver inoperative in sta-:

tions. For this purpose there: are provided, as
shown in Figure 8, an electric:motor M$ driving

two commutators D and X, The commutator D'
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. Ry®, connected through terminal {3 Fig. 6 and
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has a conducting segment D1 extending through
90% of its periphery and the commutator K has a
conducting segment K| extending through 15%

-of its periphery. Cooperating with the commu-

tator D there are two pairs of brushes BI1, BIS
and BI9, B20, the two pairs being diametrically
opposite one another. Co-operating with the
commutator K there is a single pair of brushes
B2{ and B22, The arrangement is such that,
when the brushes B2l and B22 are on the con-
ducting segment K! of the commutator K, the.
brushes BI9 and B20 are disposed between the.
ends of the cohducting segment DI of the com-
mutator D. A photo-electric device PECI con-

- trols the operation of the valve V21 and another

photo-electric device PEC2 controls the opera-
tion of another valve V28 in the same manner as
in Pigure 9. The photo-electric cell PEC?, on
being energised by a light source situated at the
side of the track, causes current to flow in the
anode circuit of a valve V28 from terminal | con-
nected to the positive pole of the D. C. electric
supply, through brushes Bi9 and B20 short-cir-
cuited by the commutator segment Df and Ry8

‘to the anode of the valve, the cathode of the

valve being connected through terminal 2 to the
negative pole of the D. C. supply. On being ener-
gised, Ry8 closes its contacts 80 and 80 to com-
plete a circuit energising the motor M8, also
through the brushes Bi8, B20. The motor thus
rotates the commutators D and K until the in-
sulating part of the commutator D, beiween the
ends of the segment DI, comes into register with
the brushes Bi{§ and B20 thus interrupting the
motor circuit, A circuit is, however, now com-
pleted from terminal { through brushes B2/ and
B22 short-circuited by the segment XKi{ of the
commutator K and through Ry$ back to the ter-
minal {. This relay Ry8, on being energised,
opens its contacts {a and 2a which are connected
through terminals 24 and 25 of Fig. 5 to open the
circuit of the primaries of transformers T400 and
T800 for the high tension supply to the trans-
The opening of contacts 3a and 4a of

through terminal 18 Pig. 1 interrupts the high
tension supply to the receiver.

On leaving the station, a light source is ar-
ranged to energise the photo-electric cell PECI
causing cuwrrent to flow in the anode circuit of
valve V21 from the terminal | connected to the
Positive pole of the D. C. supply, through RyT to
the anode of valve V21, the cathode being con-
nected through terminal 2 to the negative pole of

‘the D. C, supply. Ry7, by being energised, closes

its contacts pi and p2 and completes & circuit

" through brushes BI1 and BI8, which at this time

will engage with the conducting segment DI of
the commutator D, and through contacts of Ry1
to again energise the motor M9, 'The motor thus
rotates the commutators D and K through an-
other revolution and then the motor circuit is
broken by the insulating part of the commutator
D arriving beneath the brushes BI1 and BI8.
Algo the conducting segment K will have moved
away from the brushes B21 and B22 to its origi-
nal position, thus deenergising Ry8 and closing
its contacts, thus restoring the transmitter and
receiver to the operating condition. Press-button

-switches PBI and PB2 may be provided in paral-

lel with the contacts of RyT and Ry8 respectively
for manual operation in case of an emergency.
Thus, the photo-electric cells PEC! and PEC2

75: control the operation of the transmitter and re-

ceiver to put them out of operation on the train
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entering a station and to reinstate them in op-
eration on the train leaving the station, The grid
electrodes of the valves associated with the pho-
to-electric cells are connected through a terminal

T to a source of biasing potential such as to ren- .

der the valves normally non-conducting.

As shown in Figure 10, the photo-electric cells
may conveniently be housed in recesses in the
cars of a train directed downwardly for control
by light sources indicated at Li#l, L#2, Lt3 and
Li4 at the side of the treck. Thus, the photo-
electric cell PEC3 and stand-by cell 3A may be
arranged for operation by a light source Lit, the
photo-electric cells PEC! and FPEC2 for discon-
nection and connection of the transmitter and
recelver may be arranged for operation by the
light source Lt2 at a different height, the photo-
electric cells PEC# at one level for operation by
the light source L¢3 at another height and the
photo-electric cells PECS for introducing the
other modulation signal frequency are in line for
operation by the light source Lit4 at yet another
height. It will be understood that the light
source Lil to L4 will be arranged at standard
heights throughout the train systems.

Arrangements of the light sources on the track
are shown in Figures 11 and 12. In Figure 11
there is shown a portion of a railway system in
which a track M runs into another track N. In
this case, alongside the track M, at a suitable
distance from the points, light sources L¢3 are ar-
ranged at the height necessary for operating the
photo-electric cells PECS for changing the modu-
lation signal frequency from that allocated to
track M to that allocated to track N.

In Figure 12 there is shown a track section
comprising a leop at a railway station. In this
case, at a distance of, say, 500 yards from the
poinis at each end of the loop, light sources Lt!
are provided for energising the photo-electric cel]
PEC3 or stand-by PEC3A of the train installation
to apply the brakes should there be g train
already in the station on the required track. At
each end of the station area of both the loop and
through tracks, there is provided light sources
Lt2 for energising the photo-electric cells PECI
and PEC2 for dis-connecting the transmitter and
‘receiver as the train enters the station section
and re-connecting them for operation as the
train leaves the station section.

The light sources Lif, (Figure 12) may be con-
trolled by photo-electric cell detectors on the
track within the station area. These detectors
may consist of a pair of light sources J at each
end of the station section spaced apart along the
tracks, the spacing being less than the length of
any truck or carriage which is employed and co-
operating with photo-electric cells PECT and
PECS arranged at the opposite sides of the two
tracks. The photo-electric cells are employed
to control light sources Ltf in order to extinguish
these light sources when there is no train in the
station section so that, under these conditions,
the brakes of the train are not automatically
applied,

In Figure 13 there is shown an apparatus for
controlling the light sources Lti by means of the
photo-electric cells PECT and PECS according to
the position of the points. For each end of the
station section each photo-electric cell PECT and
photo-electric cell PECS is connected in circuit
respectively with valves V30 and V29 having in
their anode circuits relays Ry20 and Ryi8, such
that light falling on the photo-electric cells pro-
duces an increase in valve current. The relay
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Ry 10 when energised closes its contacts ef and e2
to.complete a circuit with a relay Ry30 and a

. switch P closed by the points when they are set

>
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to open the straight track through the station
section. The relay Ry20 when energised closes
its contacts f1 and f2 to complete a circuit with
the relay Ry50 and a switch P2 closed by the
points when they are set to open the loop through

the station section. . The relay Ry50 when ener-

glsed closes contacts k3 and k& for completing a
circuit to energise the light sources Lit{ beyond
the station section. Thus, if a train occupies the
straight or loop tracks of the station section the
light from the source J on to photo-electric cells
PECT or PECS as the case may be is interrupted
and the corresponding relay Ryl0 or Ry20 i5

‘energised. If, at the same time, the points are

set to open the same track on which the train
stands, the relay Ry80 is energised to operate the
light source Ltl which serves to apply the brakes
of an approaching train, as hereinbefore de-
scribed. The relay Ry58 may be provided with
additional contacts ki and k2 in circuit with a
warning lamp W and switches 80 and 10 may he
provided in circuit with the contacts k3 and k4
for emergency control of the light source on the
track.

What we claim is:

1. A railway. train control system comprising
for each train an electric wave signal transmitter
and an electric wave signal receiver, brakes for
each train, means for rendering the transmitter
and the receiver alternately operative, and means
controlled by the signal output of the receiver of
& train due to signals received from the trans-
mitter of another train, on reaching a predeter-
mined strength due to relative approach of the
trains, to apply the brakes of the train.

2. A railway train control system as claimed
in claim 1, including means for rendering the re-
ceiver operative with decreased sensitivity dur-
ing periods of transmission from the same train,
and means operated by the output of the receiver
as & result of signals received from the trans-
mitter on the train to determine the efficiency of
operation of the control system.

3. A railway train control system comprising,
an electric wave signal transmitter and an elec-
tric wave signal receiver carried by each train,
brakes for each train, means rendering the re-
celver and transmitter of each train alternately
operative, means responsive to signals of a pre-
determined strength present in the receiver of
one train from the transmitter of another train
resulting from the relative approach of the trains
for applying the brakes of the trains, and stand-
by means for applying the brakes of the trains
upon failure of the last mentioned means.

4. A railway train control system comprising,
an electric wave signal transmitter and an elec-
tric wave signal receiver carried by each train,
brakes for each train, means rendering the re-
ceiver and transmitter of each train alternately
operative, means responsive to signals of a pre-
determined strength present in the receiver of

‘one train from the transmitter of another train

resulting from the relative approach of the trains

-for applying the brakes of the trains, an auxiliary

signal receiver carried by each train, and means
controlled by the output of the auxiliary re-
ceiver for rendering the first receiver inoperative
to incoming signals of a strength greater than a
predetermined value. )

5. A rallway train control system comprising
an electric wave signal transmitter and an elec-
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tric wave signal receiver carried by each train,
brakes for each train, means rendering the re-
ceiver and transmitter of each train alternately
operative, means responsive to signals of a pre-
determined strength present in the receiver of
one train from the transmitter of another train
resulting from the relative approach of the trains
for applying the brakes of the trains, means for
altering the frequency of signals emitted by the
transmitters of the trains when the same pass
from one track to a second track, and means
rendering the recelvers carried by trains passing
onto the second track responsive to said altered
frequency.

6. A railway train control system comprising,
an electric wave signal transmitter and an elec-
tric wave signal receiver carried by each train,
brakes for each train, means rendering the re-
ceiver and transmitter of each train alternately
operative, means responsive to signals of a pre-
determined strength present in the receiver of
one train from the transmitter of another train
resulting from the relative approach of the trains
for applying the brakes of the trains, light re-
sponsive means carried by each train for render-
ing the transmitters and receivers inoperative,
and a light source adjacent the track for con-
trolling said light responsive means.

7. A railway train control system comprising,
an electric wave signal transmitter and an elec-
tric wave signal receiver carried by each train,
brakes for each train, means rendering the re-
ceiver and transmitter of each train alternately

10

15

20

25

30

o

operative, means responsive to signals of a pre-
determined strength present in the receiver of
one train from the transmitter of another train
resulting from the relative approach of the trains
for applying the brakes of the trains, light re-
sponsive means carried by each train for render-
ing the transmitters and receivers inoperative, a
light source adjacent the track for controlling
said light responsive means, means for detecting
the presence of a train in a track section on
which the transmitters and receivers are in-
operative, and a light source adjacent the track
remote from said section controlled by said de-
tecting means for rendering the second men-
tioned means carried by an approaching train
operative to apply the brakes.

8. A railway train control system comprising,
an electric wave signal transmitter and an elec-
tric wave signal recelver carried by each train,
brakes for each train, means rendering the re-
ceiver and transmitter of each train alternately
operative, means responsive to signals of a pre-
determined strength present in the receiver of
one train from the transmitter of another train
resulting from the relative approach of the trains
for applying the brakes of the trains, stand-by
means for applying the brakes, and time delay
means for rendering sald stand-by means opera-
tive at a predetermined interval after fdailure of
sald second mentioned means.
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