Office de la Propriete Canadian CA 2088639 C 2002/06/25

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 088 639
g'rn(c)iL%?r?(iesgaenada ﬁrgijgt?;%/aa;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1993/02/02 (51) CL.Int.>/Int.CI.° B61L 27/00, B61L 23/34, B61L 23/16
(41) Mise a la disp. pub./Open to Public Insp.: 1993/08/12 (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2002/06/25 Gill, David Campbell, GB
(30) Priorité/Priority: 1992/02/11 (9202829.9) GB (73) Proprietaire/Owner:

Westinghouse Brake and Signal Holdings Limited, GB
(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : SYSTEME DE SIGNALISATION POUR WAGON DE CHEMIN DE FER AVEC TRANSMISSION DE DONNES
PAR DEUX VOIES

(54) Title: A RAILWAY SIGNALLING SYSTEM WITH TWO-WAY DATA TRANSMISSION

80 km/br _..}‘ o -

: - | Service braking
J ¥ . | | ----- Emergency braking
[ 60 km /hr\ el N | f
[ X \\\:\ !
| NN
o | 40 km /hr\ A ' |
5 km /hr ——- \\\\ !
& f \ | o
W
: L% ;
o
'\
| \‘\k 1
80/80 | 80/60 | 60/40 l 5070 | 0/0 l [
T B1 3) B2 83 B4 85 \ ? /3 Distance
(57) Abregée/Abstract:

In a railway signalling system, to achieve inter-vehicle headway spacing for railway vehicles (1) travelling on a track (T), there
are a) control of vehicles by fixed block signalling and b) control of vehicles by moving block signalling via communication
between vehicles. The moving block signalling occurs within a moving block control zone of the track and the fixed block
signalling occurs outside that zone, there being the facility of two-way data transmission between vehicles throughout the
moving block control zone and the fixed block signalling system not preventing a further vehicle from entering the moving block
control zone when another vehicle Is already in that zone and receiving a transmission via the moving block signalling system.
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In a railway signalling system, to achieve iriter-—vehicle
headway spacing for railway vehicles (1) travelling on a
track (T), there are a) control of vehicleg by fixed
block signalling and b) control of vehicl_es by moving
block signalling via communication between vehicles. The
moving block signalling occurs within a moving block
control zone of the track and the fixed block signalling
occurs outside that zone, there being the facility of
two-way data transmission between vehicles throughout the
moving block control zone and the fixed block signalling
system not preventing a further vehicle from entering the
moving block control zone when another vehicle is already
in that zone and receiving a transmission via the moving
block signalling system.
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- The present invention relates to a ralilway signalling

system.

It is well known that the headway-critical areas of a
metro railway are at stations, tﬁrnfarounds and
junctions. Here, the minimum permitted separations
between normal-running trains are constrained by station
dwell periods, the time required for braking and
accelerating, and the time for points to be reset.
Conventional fixed-~block systems (such as track circuit-
based fixed block systems) constrain the separations
further because of the time required for trains to clear
block boundaries. Fixed block systems also force trains
to Dbrake prematurely for track obstacles (stationary
trains, junctions with conflicting routes set, etc.).
The braking, rather than being a smooth curve, consists

of a succession of stepped-down curves.

Metro authorities, facing ever increasing passenger
demand, are looking for methods of increasing the maximum
train throughput, thereby increasing the offered capacity
for the same journey times and dwell periods. A method
which fulfils this aim, whilst not incurring considerable
cost and effort in modifying existing track circuit
layouts, is very desirable. 1In any case, track circuit
technology already works close to its practical limit in

terms of, achievable headway.

A typical track circuit-based sy:.stem is illustrated in
Figure 1, which shows plots of speed against distance of
a train in relation to a platform 2. The curves in full
lines represent typical "service braking" and the curves
in broken lines represent typical "emergency braking"
profiles. References Bl-B5 designate block sections of
a track T, reference numerals 3 designating block section
boundaries. Whilst train 1 is stationary at the platform
2, the track circuit codes established in the block
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sections immediately behind could be as shown. For -
example, 1n block section Bl, the code is denoted by

"80/60". This means that the maximum speed permitted in

the block section is 80 km/hr, and the target speed is 60
km/hr. The target speed is the speed for which the
driver or an automatic driving system should aim to
achieve before leaving the block section. If the train
enters block section B2 with a speed greater than 60
km/hr (allowing for equipment tolerances) ‘then the
emergency brakes should be applied by a train-borne
automatic train protection (ATP) system. The same would
be true for block section B2 if the train, having reduced
its speed to 60 km/hr, failed to brake to the new target
speed of 40 km/hr. (N.B. these speed values are notional
values, and are set according to the characteristics of
a particular railway). The block section immediately
behind the stationary train 1 (or other "obstacle") is
coded "0/0". This block section acts as an emergency
"overlap" distance. In the worst case, a train braking
under emergency conditions would come to rest with its

nose at the end of this block section.

Figure 2 shows how the track circuit codes are updated as
a train leaves the station. It also shows how the
minimum headway 1is set according to how close the
approaching train can approach the departing +train
without having to brake for restrictive track circult
codes.

In effect, a train under track circuit control is only
"aware” of the position of the train ahead as the latter
clears block section boundaries. The following train has
no knowledge of the position of the train ahead within a
block section. This is reflected in the stepped nature
of the limit of movement authority which, as shown in
Figure 2, corresponds to the target point for the
following train for normal service braking.
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terms of  headway performance, track circuit

arrangements suffer from the following disadvantages:

The position of a train is defined only by track
circuit occupancy. For typical metro applications,
this gives a minimum resolution no better than

about 100 metres, depending on the'number of track
circult codes available.

The minimum separation between trains i1s governed
by the maximum permitted train speed and not by a
train's actual speed. This means that slower
moving trains take longer to clear block sections,
thereby impeding the progress of train behind.
Furthermore, it means that the headway performance
of lower performance rolling stock is constrained
by the track circuit requirements for the highest
performance rolling stock.

Certain objectives of a railway signalling system which

the present invention aims to enable to be achieved are
set out below:

(1)

(1i)

To permit trains to move through headway-critical
zones of an urban passenger railway (metro) with
safe distances of separation that are shorter
than those achievable using conventional fixed
block systems of protection. This increases the
passenger-carrying capacity of the railway for
the same inter-station journéﬁ times, dwell
periods and rolling stock performance.

TOo permit an existing fixed block system, such as
a fixed block track circuit system, to maintain
safe distances of train separation over areas
that are not headway-critical. This will usually
be inter-station sections where, under normal
headway conditions, train spacings are far

greater than in headway-critical zones.
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(iii) To permit the protection of train movements in-

headway-critical areas to revert to fixed block
control, such as a fixed block track circuit

control, when a moving block control system shuts

down because of a failure.

(iv) To 1increase the flexibility of control over
trains approaching stations, for  example to
control the approach speed in order to minimise
the headway at the expense of inter-station

journey time.

(v) To permit energy-saving coasting control to be
implemented without degrading the achievable
headway. Such a facility would be particularly
beneficial during an o0il crisis, for example,
when the metro authority may wish to implement
peak-hour coasting over a long-term period, but

not suffer loss of offered capacity.

US-A-4 166 599 discloses a system in which, in a fixed
block system, there is communication between vehicles via
a communication channel so that a vehicle is informed of
the next adjacent downstream occupied block section. No
transmission 1is permitted to a vehicle immediately
upstream of an occupied block section and each vehicle is
such that if it fails to receive a communication it is
immediately halted. Since there is no back-up control
and since inter-vehicle communication is intended to take
place throughout the system, if the communication channel
should break down, all vehicles would be halted.

EP-A-0 341 826 discloses a railway signalling system
comprising both fixed and moving block control in which
a Ttransmit-only zone exists on the departure side of a
platform and a receive only zone exists on the approach
side. The transmission is direct from the departing
train to the one approaching. Also, the system described
in EP-A-0 341 826 relies on the fixed block system to

C it o Mt bt i lat e o dd i tal add hdi ddd e b LiIdn okt S ) amdrles o~ el 4 = as 8
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prevent a further train from entering the communication

area when one 1s already receiving messages.

According to the present invention, there is provided a
railway signalling system in which, to achieve inter-
vehicle headway spacing for railway vehicles travelling on
a track, there are a) control of vehicles by fixed block
signalling and b) control of vehicles by moving block
signalling via communication between vehicles, the moving
block signalling occurring within a moving block control
zone ot the track and the fixed block signalling occurring
outside that zone, there being the facility of two-way data
transmission between vehicles throughout the moving block

control zone.

This enables a reduction in permitted inter-vehicle spacing
when compared with that permitted by a fixed block

signalling system zone.

Preferably, the fixed block signalling system does not
prevent a further vehicle from entering the moving block
control zone when another vehicle is already in that zone

and receiving a transmission via the moving block

signalling system.

Preferably, the fixed block signalling also occurs within

the moving block control zone if the moving block

signalling fails.

The present invention will now be described, by way of
example, with reference to Figures 1 to 5 of the

accompanying drawings, in which:-

Figure 1 shows a plot of speed against distance in a

typical track circuit-based system;
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Figure 2 shows the track circuit codes as a trailn

leaves a station;

Figure 3 18 a general schematic diagram 1llustrating

an example of the present invention;

Figure 4 shows typical braking curves for moving block

control 1n the example; and
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Figure 5 shows curves i1llustrating headway"
improvement resulting from the example.

The example of the present invention to be described is
a system in which a two-way data transmission system
provides full moving block control only over the headway-
critical areas of a railway. The syétem, acts as an
overlay on to an existing operational track circuit
system and forms the primary signalling system over these

areas., The track circuit system acts as a secondary
back-up system.

The example concentrates on the application of such a
system to a station area. Here, a departing traln is
"tracked" by a trackside moving block processor as it
accelerates from the platform. The train's location is
conveyed to an on-board processor of an approaching train
which continually re-calculates the safe point at which
it should commence braking in order to avoid a rear end
collision, should the departing train stop suddenly.

Over areas of a track outside a moving block control
zone, the normal distances separatlng trains are much

greater. Here, the protection can be adequately achieved
by track circuit control. '

Within the moving block control zone, the track circuit
protection system remains operational, but <trains
entering, the zone transfer to moving block control. IFf
the moving block control system shuts down because of a

_failure, then prcjtection of +train movements safely

reverts to the track circuit system. Thus, the moving
block system acts as a primary signalling system and the

Track circuit system provides a fall-back ( secondary)
mode of operation.

Under normal moving block control, the system would
result in a significant improvement in headways permitted

at stations, for the same inter-station journey times and
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track-train communication system would permit far more

flexibility over the control of trains on the approach to

stations. For example, the system has the potential of
enabling selectable station-approach speeds, in order to
optimise the headway by sacrificing a certain increase in
inter-station journey time. Furthermore, energy-saving
coasting control could be implemented without degrading
the achievable headway. With' fixed block control, this
is generally not possible because of the increased time
required to clear fixed-length block systems.

In contrast to what is described in EP-A~-0 341 826, the
communication system provides two-way data transmission
throughout the moving block control zone; and there is no
reliance on the fixed block system preventing a further
train from entering the communication area when one is
already receiving messages -~ it 1s assumed that +the
moving block processor manages two-way communication for

the maximum number of trains that can theoretically exist
within the control zone.

Reference will now be made to Figure 3, in which
reference numeral 4 designates a 1line operator and

reference numeral 5 designates a trackside moving block

processor.

The trackside moving block processor 5 manages data
transmission between successive trains in the moving
block control zone of the track T. The communication
sub~-system 1is one which provides fast two-way data
transmission between +train antennae and trackside
transmitting/receiving equipment as indicated generally
by the cross-hatched area 6. This may be a "leaky

feeder” radio system, an inductive cable system or some
other means of communication.

A train entering the moving block control zone from a

track circuit control zone switches from responding to
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track circuilt codes to responding to moving block
messages. This occurs just prior to the point where it

would have to apply service braking because o0f the

restrictive track circuit code '( "80/60" in this example).
The message transmitted by the moving block processor 5
consists of a continually updated 1limit of movement
authority which corresponds to the lagt known position of
the tail of the train ahead. From a current limit of
movement authority, the train-borne processor of the
following train computes the following:

The point at which it should commence a service
brake application.

The point at which it should initiate an
emergency brake application should the service
brake fail to be applied. In addition, an
emergency braking curve is generated which
terminates at the limit of movement authority.
Should the service brake fail to reduce the train
speed adeguately, the emergency braking system
would be activated. The emergency braking curve

1s therefore inviolate and is the final means to

avolid a rear-end collision.

The calculated points at which braking should commence
depend on the train's speed, its braking capability and
equipment response delays and tolerances. Typical
braking curves are illustrated in Figure 4.

control. The minimum headway achievable by the track
circuit control is H,, whilst that achievable from
moving block control is given by H,. A train entering
the moving block control zone would commence calculating
its safe braking distance at time €y, as shown. The

praking distance would become progressively shorter as’
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the train slowed for the station stop. This ig indicated:
by the curve PBD which corresponds to the profile of

braking distances represented in time. At minimum

headway, this profile momentarily coincides with the time
trajectory for the tail of the departing train. Thus a
premature braking application is just avoided.

In terms of headway performance, the main benefits of the

moving block control system described are as follows:

The position of a train within the moving block
control zone is known with far greater accuracy
than that achieved with track circuit control.

The separation between two trains within the
moving block control zone depends on the actual

speed of the following train rather than the
maximum permitted speed.

The moving block system operates independently of
the underlying secondary track circuit control
system. . A failure of the moving block system
would result in a train reverting automatically
To track circuit protection. This would allow a

train service to be maintained albeit with a
lower level of headway.

Other benefits are:

The existence of a quasi—contidﬁous track-~train
data transmission system on the approach to a
station permits useful control strategies to be
implemented. For example, the station approach
speed could be modified in order to permit
maximum capacity to cope with short-term
fluctuat'i_ons in demand. The appropriaté approach
speed would be selected by the line controller or
from an automated traffic regulation system as
indicated in Figure 3.
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The moving block control system would permit

energy-saving coasting to be introduced without

any degradation to the minimum ~achievable

headway.
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I claim:
1. A railway signalling system, comprising:
a track along which railway vehicles travel, the track having a moving block
control zone; and
means for achieving inter-vehicle headway spacing for vehicles travelling
along the track, said means comprising:
fixed block signalling means, for controlling the inter-vehicle headway
spacing of such vehicles on a fixed block basis:
moving block signalling means, for controlling the inter-vehicle headway
spacing of such vehicles when in the moving block control zone on a
moving block basis via communication between the vehicles, there being
the facility of two-way data transmission between the vehicles throughout
the moving block control zone; and
the fixed block signalling means and the moving block signalling means
being adapted so that vehicles are controlled by the fixed block signalling
means when 1n the moving block control zone only if the moving block
signalling means fails.
2. A system according to claim 1, wherein the fixed block signalling system does
not prevent a further vehicle from entering the moving block control zone when another
vehicle is already in that zone and receiving a transmission via the moving block
signalling system.
3. A system according to claim 1, wherein the fixed block signalling means
comprises a track circuit signalling system.
4 A system according to claim 1 wherein said moving block signalling means,
includes moving block control means separate from the vehicles for arranging
communication between them in the moving block control zone.
J. A system according to claim 4, wherein the moving block control means transmits

to a vehicle in the moving block control zone an indication of the last known position of

the tail of the vehicle ahead.
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