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The system comprises two bi-directional transmission lines (4, 5) which extend parallel to and spaced from one another along the
train (1); a control unit operating as a main unit (6) installed on the main engine (2) is connected to the said transmission lines (4, 5)
and to brake control systems or devices (7) for the train (1); a plurality of slave control units (9), each of which Is installed on a
respective carriage or wagon (3) and Is connected to both the said transmission lines (4, 5), to solenoid valve units (11) associated
with pneumatic brake actuators (12), and to sensor devices (10) associated with the carriage or wagon (3). The main control unit
(6) and the slave control units (9) are arranged to communicate with one another via the said transmission lines (4, 5) according to
a predetermined serial protocol. The main control unit (6) Is arranged to transmit brake command signals to the slave control units

(9), and to recelve and acquire information or state signals coming from the slave control units (9) via at least one of the set
transmission lines (4, 5).
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ABSTRACT

The system comprises two bi-directional transmission lines (4,
5) which extend parallel to and spaced from one another along
the train (1);

a control unit operating as a main unit (6) installed on the
main engine (2) 1s connected to the said transmission lines (4,
5) and to brake control systems or devices (7) for the train
(1) ;

a plurality of slave control units (9), each of which is
installed on a respective carriage or wagon (3) and is connected
to both the said transmission lines (4, 5), to solenocid valve
units (11) associated with pneumatic brake actuators (12), and

to sensor devices (10) associated with the carriage or wagon

(3) .

The main c¢ontrol unit (6) and the slave control units (9) are
arranged to communicate with one another via the said
transmission lines (4, 5) according to a predetermined serial
protocol. The main control unit (6) 1is arranged to transmit
brake command signals to the slave control units (9), and to
receive and acquire information or state signals coming from the

slave control units (9) via at least one of the set transmission

lines (4, 5).

(Figure 1)
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A Control and Communication System for Railway Trains

DESCRIPTION

The present 1invention relates to a control and communication
system for railway trains, particularly to railway trains of so-

called high composition, that is to say comprising a large

number of carriages or wagons.

Conventionally, a railway train brake control 1is actuated
pneumatically and in the case of trains with a large number of
carriages Or wagons can gilve rise to problems both because of
the 1limited speed of propagation of the required braking
information along the so-called general duct (a speed which must
not be less than 250 m/sec and which is, however, usually less
than 300 m/sec), and above all because of the slow rate at which
the pressure 1n the auxiliary reservoirs of the individual
carriages or wagons 18 re-established wvia the general duct

during braking.

These problems mean that for very long trains in transit on
tracks characterised by significant inclinations, braking
becomes practically ungovernable, to the point of reducing the
operating speed to values incompatible with the requirements of

an optimum use of the lines.

In the case of raillway trains with a large number of carriages
or wagons 1t is often necessary to have recourse to locomotives
or supplementary engines ganged together at the front of the
train, or in intermediate positions and/or at the tail. This
arrangement involves in each case the adoption of arrangements
to ensure the operating synchronisation of the wvarious
locomotives or engines both during the driving phase and in the
“coasting” phase as well as during imposed braking (braking of
the diesel or electric motors of the engines). The operating
synchronism between various motors remote from one another 1is
commonly achieved by human supervision of each traction machine:
the driver of each auxiliary engine communicates, usually by way
of radio telephone, with the driver of the leading locomotive

(main engine) and receives suitable instructions on the
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manoeuvres to perform. This arrangement 1involves working
inefficiencies, 1loss of time and easlily 1imaginable potential

manoeuvring errors.

Only for certain determined trains, generally those adapted for
passenger services, has there been proposed the use of hard wired
remote control systems for automatically co-ordinating the

operation of the wvarious locomotlives or engines of a train.

In very recent times experimental applications have been tried
in which recourse has been made to communication systems along
the train with the use of twin wire supports. Such applications,
however, run 1into problems associlated with the quantity of
transmissible information. In other experiments problems related
to the quantity of information have not arisen, the need for use
in high composition trains, to introduce repeater apparatus which

is intrinsically rather expensive has been demonstrated.

Summary of The Invention

The object of the present invention 1s to provide a control and
communication system for a railway train which comprises at least
one maln engine and a plurality of carriages or wagons, which

system makes it possible to avoid the problems outlined above.

These and other objects are achieved according to the invention

with a control and communication system.

In accordance with one aspect of the present invention, there is
provided a communication and control system for a railway train
(1) which comprises at least one main engine (2) and a plurality
of carriages or wagons (3), characterised in that it comprises,
in combination first and second bi-directional transmission lines
(4, 5) which extend parallel to and spaced from one another along
the train (1l); a control unit operating as a main unit (6)

installed on the said main engine (2) and connected, in the said
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main engine, to both the said transmission lines (4, 5) and to
brake control systems or devices (7) of the train (1); a
plurality of slave control units (9) each of which is installed
upon a respective carriage or wagon (3) and 1s connected, in the
respective carriage or wagon, to both the said transmission lines
(4, 5), to solenoid wvalve units (ll) associated with pneumatic
brake actuators (12), as well as two sensor devices (10)
assoclated with the carriage or wagon (3); the main control unit
(6) and the slave control unit (9) being arranged to communicated
with one another via the said transmission lines (4, 5) according
to a predetermined serial protocol; the main control unit (6)
being arranged to transmit to the slave control unit (9) brake

command signals of serial type, and to receive and acquire

information or state signals likewise of serial type from the
said slave control units (9) wvia at least one of the said

transmission lines (4, 5).

Brief Description of the Drawings
Further characteristics and advantages of the invention will

become apparent from the followiling detailed description made
purely by way of non-limitative example, with reference to the
attached drawings, in which:

Figure 1 1s a schematic representation of a railway train
provided with a control and communication system according to the
invention, shown in block diagram form;

Figure 2 shows the application of a control and
communication system according to the invention to a railway
train including a main locomotive or engine and at least one
auxiliary locomotive or engine; and

Figure 3 1s a simplified diagram of a train provided with
a system according to the invention, in which there is shown an

operating strategy for a failure condition.
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Description of the Preferred Embodiments

In Figure 1 the reference numeral 1 generally indicates a railway
train comprising a main or leading engine 2 and a plurality of

carriages or wagons 3.

The engine 2 1s for example an electric locomotive, or may be a
diesel engine locomotive. The carriages Oor wagons 3 can be wagons
for the transport of merchandise or carriages for the transport

of passengers.

The train 1 of Figure 1 1s provided with a control and
communication system comprising first and second bi-directional
transmission lines indicated 4 and 5, which extend parallel to
and spaced from one another along the entire train through the

various carriages or wagons 3.

The lines 4 and 5 are convenlently constituted for example by

twin wire lines of the twisted pair type. Each of these lines
comprises respective sections or portions which extend through
the engine and each of the carriages, and which are
interconnected together between the engine and the carriage
adjacent to 1t, as well as between the individual carriages, by

coupling pieces 4a and bHa.

Conveniently the lines 4 and > extend within the engine and each
carriage, in spaced relation from one another, and likewise the
coupling portions 4a and 5a are spaced from one another for the
purpose of avoiding, as far as possible, accidental interruptions

of both lines at the same sectlion.

As will become apparent more clearly hereinafter, the lines 4 and
5 are able to allow the transmission of electrical energy for

power supply purpose along the train as well as control
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signals and information or state signals of serial type with the

so-called travelling wave technique.

The control and communication system comprises a main control
unit 6 1installed on the engine 2 and provided with a pair of bi-
directional input/output ports 6a and 6b respectively connected

to the line 4 and the line 5.

The main control unit 6 is conveniently formed using

microprocessor technology, and 1is connected to the brake control

device 7 of the train, installed on the engine.

On the engine 2, between the lines 4 and 5, there is connected a
supply device 8 operable to deliver to these 1lines the
electrical currents necessary for power supply of the electrical
and electronic devices 1installed on the carriages or wagons 3,
about which more will be said hereinafter. The supply device 8

can be incorporated in the control unit 6.

On each carriage or wagon 3 there is 1installed a slave control
unit 9 provided with a pair of bi-directional input/output ports

9a, 9b, respectively connected to the transmission lines 4 and

5.

Each slave control wunit 9 is formed for example using
microprocessor technology and 1s able to receive the necessary
electrical supply for 1its operation as well as control signals

and/or state or information signals, via the lines 4 and 5.

To the control unit 9 in each carriage or wagon 3 there are
connected sensor devices, generally 1indicated 10, operable to
provide electrical signals indicative of conditions or states of
devices on board, such as, for example, solenoid valves of the
brake system, and/or signals indicative of the values assumed by

certain monitoring parameters such as pneumatic brake pressure,

weight acting on the suspension etc.
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S
The control unit 9 of each carriage or wagon 3 is also connected

to electro-pneumatic actuator devices 11 such as, for example,
solenoid valve assemblies, which control the supply and
discharge of compressed air to brake cylinders 12 associated

with the carriage or wagon.

In a manner known per se the railway train 1 includes a
pneumatic braking system having a pneumatic duct 13 which
extends along the entire train. On board each carriage or wagon
3 there 1s, 1in general, connected a pneumatic brake control
distributor 14, connected to the general duct 13, and operable
to control the delivery of air under pressure from (at leaSt)

one auxiliary on board reservoir 15 to the braking cylinders 12

of the carriage or wagon.

On board the engine 2 the pressure of the general duct 13 1is
suitably regulated by means of an electro-pneumatic device 17
associated with the control device 7, taking compressed air from

pneumatic supply devices of type known per se and not

illustrated.

By way of example the general duct 13 is maintained in normal

conditions at a pressure of 5 bar.

In conventional pneumatic brake systems the brake command
information is represented by a reduction in the pressure in the
general duct 13, for example from 5 bar to 3.5 bar, following
which the distributors 14 of the individual carriages or wagons
cause the delivery of air under pressure from the associated
resexrvolir 15 to the brake cylinders 12. In such conventional
systems, during braking, the pressure in the general duct 13 18
returned to the nominal value by delivering air under pressure

to the reservoirs 15 of the carriages or wagons 3 via the

associated distributors 14.

With the control and communication system according to the
invention the brake command information is no longer nominally

transmitted by pneumatic means through the general duct 13 but
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6
rather via electrical means, by means of signals of serial type

for control of the brake, which the main control unit 6 of the
engine 2 transmits to the slave control units 9 of the
individual carriages or wagons via one of the transmission lines
4 and 5. Following reception of brake command signals the slave
control units 9 of individual carriages or 'wagons 3 control the
solenoid valve units 11 1n such a way that these latter cause
the required passage of air under pressure from the reservoir 15

to the brake cylinders 12 bypassing the distributors 14.

In this way the control and communication system according to
the invention obviates the problems of prior art systems
relating to the propagation by pneumatic means of the
information for controlling the brake. This is particularly
convenient for very 1long raillway trains, or rather trains

comprising a very large number of carriages or wagons.

After braking, in the subsequent brake release phase, the supply
of air under pressure to the reservoirs 15 of the carriages or

wagons 3 18 nevertheless ensured via the general duct 13.

The presence of the distributor 14 on board each carriage or
wagon nevertheless allows the delivery of brake command
information by pneumatic means via a controlled reduction in the
pressure 1in the general duct 13 1n an entirely conventional
manner if the electronic control and communication system

asgssociated with the 1lines 4 and 5 should be in a failure or

breakdown condition which can not be immediately rectified.

In the control and communication system, the main control unit 6
on board the engine 2 is conveniently arranged to send priority
signals to the slave control units 9 of the individual carriages
or wagons 3 for the control of the brake utilising one of the
two communication lines 4 or 5, and periodically to receive from

each of the said slave control units information or state

signals via the other of the said lines.
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.
The system has an intrinsic redundancy thanks to the presence of

two communication lines along the entire train.

Conveniently, the main control unit 6 is arranged to detect and
determine the location of possible interruptions which may occur
on one of the communication lines 4, 5. The occurrence of an
interruption and its location along the train can be detected
for example by the fact that the main control unit 6 no longer
receives the information or state signals from the control units

9 of the carriages or wagons 3 situated downstream of the

interruption.

In the event of interruption of a line 4 or 5 the main control
unit 6 1is arranged to utilise the still active 1line for the
delivery of brake control priority signals to the slave control
units 9 of the various carriages or wagons. In such a situation
the control unit 6 can suspend the acquisition of information or
state signals from the various slave units 9, or else the
exchange of such information c¢an nevertheless continue on the
single surviving line, 1n this case with the overall performance

of the system being partially degraded.

The railway train 1 can 1include, as well as the main or lead
engine 2, at least one further auxiliary engine such as that
indicated 2’ in Figure 2. Conveniently the or each auxiliary
engine 2’ 1is also traversed by the transmission lines 4 and 5,

and is also provided with a control unit 6’ connected to these

lines.

This unit is conveniently arranged to be able to function as a
main unit as described hereinabove, or as a slave unit. This 1is
done for the purpose of allowing the use of the various engines
both as main engines and as auxiliary engines. Advantageously

the same can be true for the unit 6 of the main engine 2.

This arrangement allows the delivery of synchronisation signals
to the control unit 6’ of the or each auxiliary engine 2’ by the

main control unit 6 of the lead engine 2 by means of the
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transmission lines 4 and 5. This makes it possible to achieve an

adequate operating synchronism between the various engines of

the train avoiding the previously indicated disadvantages.

To the control unit 6 of the or each auxiliary engine 2’ there
are conveniently connected sensors or transducers 110’ to
provide information or state signals intended to be transmitted
to the main control unit 6 of the lead engine 2 via one or the
other o©of the transmission lines 4 and 5 for feedback
verification by the main control unit 6 of the synchronisation

of the various operations.

Advantageously, the slave control units 9, 6’ associated with
the carriages or wagons 3 and possible auxiliary engines 2’ are
arranged to be able to acquire and transmit signals from one or
the other of the transmission lines 4, 5 equally. Such control
units are moreover able, when they receive a specific transfer
command signal from the main control unit 6, to transfer the
command signals or information signals received on one line 4 or

S on to the other line 5 or 4.

The maln control unit 6 18 moreover advantageously prearranged
to detect a possible condition in which the transmission lines 4
and 5 are 1interrupted each between different pairs of slave
control units, such as the condition illustrated by way of
example in Figure 3, in which the two interruptions are indicted
I1 and I2. Upon detection of such a condition the main control
unit 6 sends the said transfer command signals to at least two

slave control units between which there 1s an interruption of

one of the transmission lines 4, 5.

In the example of Fiqure 3, the transfer command signals are
transmitted (for example) to the control units 9 for the first
and second carriage 3 after the engine, between which the
interruption I1 has occurred. In this way all the slave control
units 9 and possibly 6’ of the train are nevertheless able to
communicate with the main control unit 6 wvia a provisional

transmission line 16 indicated 1n broken outline 1in Figure 3,




CA 02313441 2000-07-06

9
which comprises portions of both transmission lines 4 and 5, and

the slave control units 9 or 6’ to which the transfer command

signals have been sent.

With the system described above a minimum essential operability
of the communication and control system can always be ensured
except 1in the very 1low probability case of simultaneous
interruption of both the lines 4 and 5 between two consecutive

carriages oOr wagons.

In emergency operation in a condition of the type exemplified in
Figure 3, the provisional transmission lines 16 can be utilised
for the delivery of only brake command signals or for the
delivery of such signals as well as 1nformation or state
signals, in this latter case with a partial degradation of the

performance of the system.

In operation in an emergency condition of the type shown 1in
Figure 3, the provisional line 6’ 1is nevertheless usable for the
propagation of the electricity supply for the various slave

control units 9 and 6'.

The system described is further able to operate in trains in
which one or more carriages oOr wagons oOr auxlliary engines are

provided with a single transmission line.

Naturally, the principle of the invention remaining the same,
the embodiments and details of construction can be widely varied
with respect to what has been described and illustrated purely
by way of non-limitative example, without by thils departing from

the ambit of the invention as defined in the attached claims.
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CLAIMS

1. A communication and control system for a railway train (1)
which comprises at least one main engine (2) and a plurality of
carriages or wagons (3),

characterised in that it comprises, in combination

first and second bi-directional transmission lines (4, 5)
which extend parallel to and spaced from one another along the
train (1) ; '

a control unit operating as a main unit (6) installed on the
said main engine (2) and connected, in the said main engine, to
both the said transmission lines (4, 5) and to brake control
systems or devices (7) of the train (1);

a plurality of slave control units (9) each of which is
installed upon a respective carriage or wagon (3) and 1is
connected, in the respective carriage or wagon, to both the said
transmission lines (4, 5, to solenoid wvalve units (11)
associated with pneumatic brake actuators (12), as well as two
sensor devices (10) associated with the carriage or wagon (3);

the main control unit (6) and the slave control unit (9)
being arranged to communicated with one another via the said

transmission lines (4, 5) according to a predetermined serial

protocol;

the main control unit (6) being arranged to transmit to the
slave control unit (9) brake command signals of serial type, and
to receive and acquire information or state signals likewise of

serial type from the said slave control units (9) wvia at least

one of the said transmission lines (4, 5).

2. A system according to Claim 1 for a railway train (1)
comprising a lead or main engine (2) and at least one further
auxiliary engine (2');

the system being characterised in that the said auxiliary
engine (2') is also provided with a control unit capable of
acting as a slave unit (6’) connected to the said transmission
lines (4, S5) and arranged to receive synchronisation signals
coming from the control unit (6} of the lead engine (2) and to

transmit information or state signals to the control unit (6) of
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the lead engine (2) via at least one of the said transmission
lines (4, 5).

3. A system according to one of claims 1 or 2, characterised
in that the main control unit (6) 1s arranged to transmit brake
control signals to the slave control units (9, 6') via one of
the said transmission lines (4, 5) and to receive information
signals coming from the said control units (9, 6) via the other

(5, 4) of the said transmission lines.

4. A system according to any one of claims 1 to 3,
characterised in that the control unit operating as main unit
(6) 1s arranged to detect and determine the location along the
train (1) of the position of a failure of one of the said

transmission lines (4, 5).

5. A system according to claim 4, characterised in that the

main control unit (6) 1s arranged, 1in the case of a failure of

one of the said transmission lines (4, 5) to transmit at least
the brake control signals and possible synchronisation signals
for one or more auxiliary engines (2') on the other of the said

transmission lines (5, 4).

0. A system according to any one of claims 1 to 5,
characterised 1n that the slave control units (9, 6') are
arranged to acquire and transmit signals on one or the other
transmission line (4, 5) equally, and are moreover operable,
when they receive a transfer command signal, to transfer to the
other transmission line (5, 4) signals received on one line (4,
5); the main control unit (6) being arranged to detect a
condition in which the said transmission lines (4, 5) are both
interrupted, each between different pairs of slave control
units (9, 6'), and in such a case to send transfer command
signals to at least two slave control units (9, 6) from among

those 1n which there is an interruption (I1, I2) of one of the
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sald transmission lines (4, 5), 1n such a way that all the
slave control units (9, 6') are able to communicate with the
malin control units (6) via a provisional transmission line (16)
comprising portions of both the said transmission lines (4, 5)
and the slave control units which have been sent the said

transfer command signals.

7. A system according to any one of claims 1 to 6,

characterised i1n that the said transmission lines (4, 5) are

further connected to electrical power supply devices (8) which
can be activated i1n at least one engine (2) to distribute this

power to the slave control unit (9, 6').

8. A system according to claims 6 and 7, characterised in
that the slave control units (9, 6') are arranged to allow the
passage of electrical power from one transmission line (4, 5)
to the other which are connected, when they receive the said
transfer command signal, in such a way that when both the said
transmission lines (4, 5) are interrupted, each between
different pairs of slave control units, all the said slave
control units can be supplied with electrical power propagated

through the said provisional transmission line (16).

9. A system according to any one of claims 1 to 8,
characterised i1n that the said transmission lines (4, 5) are
travelling wave twin wire lines operable to transmit electrical

power and serial type signals simultaneously.

10. A system according to any one of <claims 1 to 9,
characterised 1n that it 1s able to operate in trains
comprising one or more vehicles (3, 2) provided with a single

transmission line.
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