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Impedance bonds.

@ An impedance bond unit for use in returning
traction circuit current from first and second
rails of a railway track, comprising a first input
(1) for connection to a first rail of a railway
track, a second input (2’) for connection to a
second rail of a railway track, a traction output
(3) for returning traction current and active \
control means (5) coupled with the first and
second inputs and the traction output for allow-
ing flow of traction current from the first and
second inputs to the traction output, and for
acting to reduce the flow of signalling current
between the first and second inputs.
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This invention relates to impedance bonds for
railways.

Where railway vehicles are electrically powered,
the vehicles’ traction power (which may be supplied
to the vehicles by, for example, a catenary wire over
the railway tracks) may be returned to the substation
via the rails of the track. The highest efficiency is ob-
tained when both rails are used. In this case it is nec-
essary to connect the rails so as to balance the return
of traction current between them and to provide a re-
turn path from both rails to the substation. This may
be done using a shorting bar to connect the rails di-
rectly together, but where track circuit signalling is
used, shorting bars cannot be employed because
they would short-circuit the track circuit system. In
that case, to balance the traction current the rails are
connected by impedance bond connectors which
present a low impedance at the frequency of opera-
tion of the traction circuit but a high impedance at the
frequency at which the track circuit signalling system
operates.

Conventionally (as shown schematically in Fig-
ure 1), impedance bonds include an LC circuit con-
nected to the rails via 1,2 via a transformer and res-
onated so as to have a high impedance at the fre-
quency of the track circuit signals. The traction cur-
rent is returned to the substation via a centre tap of
the transformer. Where the bond acts only to balance
the traction currents in the rails the centre tap is left
unused. However, impedance bonds must maintain
their impedance characteristics over a range of tem-
peratures (to cope with varying weather conditions).
It is difficult to design conventional impedance bonds
to achieve this effect; and in overcoming the problem
conventional impedance bonds are generally made to
be bulky.

According to the present invention there is provid-
ed an impedance bond unit for use in returning trac-
tion circuit current from first and second rails of arail-
way track, comprising:

afirstinput for connection to afirstrail of arail-
way track;

a second input for connection to a second rail
of a railway track;

a traction output for returning traction current;
and

active control means coupled with the first and
second inputs and the traction output for allowing
flow of traction current from the first and second in-
puts to the traction output, and acting to reduce the
flow of signalling current between the first and sec-
ond inputs.

This allows smaller and less expensive impe-
dance bonds to be constructed.

Preferably the active control means includes
sensing means for sensing the flow of signalling cur-
rent between the rails, through the impedance bond
unit, and for producing a control signal in dependence
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on the sensed flow of signalling current; and feedback
means for controlling the active control means in re-
sponse to the control signal to reduce the flow of sig-
nalling current between the first and second inputs.
The sensing means preferably senses flow of current
at the first or second input. The feedback means pre-
ferably acts in response to the current sensed at a de-
termined (predetermined) frequency, suitably a track
circuit or other signalling frequency. The active con-
trol means preferably acts to minimize or substantial-
ly prevent the flow of signalling current between the
first and second inputs.

Preferably the active control means includes
power supply and/or amplification means (which
could be linear but most preferably includes switch
mode power amplification means) controlled by the
feedback means so as to apply power selectively be-
tween the rails to reduce the said flow of signalling
current.

Preferably the active control means includes a
transformer having a first winding coupled between
the first traction input and the second traction input,
with a centre tap coupled with the traction output; and
a second winding coupled with the active control
means.

The sensing means preferably senses flow of
current between the first winding of the transformer
and one rail of the track.

The present invention will now be described by
way of example with reference to Figures 2 and 3 of
the accompanying drawings, in which:

Figure 2 is a schematic diagram of an impedance

bond unit; and

Figure 3 is a schematic diagram in greater detail

of an impedance bond unit.

Figure 2 shows two side-by-side rails 1,2 be-
tween which one winding 3 of a transformer is con-
nected via inputs 1’ and 2’. The other winding 4 of the
transformer is connected across an active power sup-
ply/amplification circuit 5. This replaces the capacitor
of the conventional impedance bond circuit. The ac-
tive power supply/amplifier supplies power selective-
ly across the winding 4 so as to give the effect of re-
ducing the flow of signalling current between the rails
whilst allowing flow of traction current from the rails
to a traction return output 3’ connected to a centre tap
of the winding 3.

Figure 3 shows the impedance bond unitin great-
er detail. The rails 1,2 are coupled together via inputs
1’ and 2’ across one winding 3 of a transformer, a cen-
tre tap 6 of which receives traction current to be re-
turned via output 3’ from vehicles on the track, for ex-
ample to a substation. The other winding 4 of the
transformer is connected across the active power
supply circuit 5. This comprises a power supply unit 7
and a switch mode amplifier 8.

The power supply unit comprises a standard rec-
tifying power supply circuit connected between the
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rails via inputs 1” and 2”, and a switch mode power
supply unit 9, and uses the signalling current in the
rails for its power. Alternatively the unit could use a
separate source if available.

The switch mode amplifier 8 comprises a current
sensor 10, a control feedback unit 11 and a control cir-
cuit 12. The current sensor 10 detects the flow of cur-
rent between the impedance bond unit and the rail 2.
A representation of the detected current is transmit-
ted to the control feedback unit 11 which, using neg-
ative feedback, produces a feedback signal in de-
pendence on the detected flow of current at (or in the
region of) a determined frequency (the frequency of
the track circuit signals in the railway system). The
feedback signal is received by control circuit 12 which
selectively controls the supply of power from the pow-
er supply unit 7 to the winding 4 of the transformer, in
response to the feedback signal, so as to ensure that
the flow of current through the impedance bond unit
at (or in the region of) the determined frequency of the
track circuit signals is minimized. This involves cur-
rent flow to and from the power supply unit. Thus the
power supply unit only needs to supply power to cover
any power losses.

To reduce the load on the switch mode amplifier
8, the circuit may include resonant capacitor 13 con-
nected across winding 4.

The impedance bond unit may be used to assist
in the management of the railway system by measur-
ing and recording (or transmitting to a control station)
data on the flow of current in the system. For exam-
ple, such data could include details of the level of the
traction return current, the difference in current be-
tween the rails and the harmonic content of the return
current could be measured. To allow this to be done,
current sensor 10 has an output 14 for transmitting to
a recordal/transmission unit data concerning the de-
tected flow of current.

Claims

1. Animpedance bond unit for use in returning trac-
tion circuit current from first and second rails of
a railway track, comprising:

a first input for connection to a first rail of
a railway track;

a second input for connection to a second
rail of a railway track;

a traction output for returning traction cur-
rent; and

active control means coupled with the first
and second inputs and the traction output for al-
lowing flow of traction current from the first and
second inputs to the traction output, and for act-
ing to reduce the flow of signalling current be-
tween the first and second inputs.
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10.

1.

12.

An impedance bond unit as claimed in claim 1,
wherein the active control means includes:

sensing means for sensing the flow of sig-
nalling current between the rails, through the im-
pedance bond unit, and for producing a control
signal in dependence on the sensed flow of sig-
nalling current; and

feedback means for controlling the action
of the active control means in response to the
control signal to reduce the flow of signalling cur-
rent between the first and second inputs.

An impedance bond unit as claimed in claim 2,
wherein the sensing means senses flow of cur-
rent at one of the traction inputs.

An impedance bond unit as claimed in claim 3,
wherein the sensing means includes an output for
transmitting data concerning the sensed flow of
current to a recordal or transmission means.

An impedance bond unit as claimed in any of
claims 2 to 4, wherein the control signal is pro-
duced in dependence on the sensed flow of cur-
rent in the region of a determined frequency.

An impedance bond unit as claimed in claim 5,
wherein the determined frequency is a track cir-
cuit frequency.

An impedance bond unit as claimed in any pre-
ceding claim, wherein the active control means
includes power amplification means.

An impedance bond unit as claimed in claim 7,
wherein the power amplification means is a
switch mode amplification means.

An impedance bond unit as claimed in claim 7 or
8 as dependent directly or indirectly on claim 2,
wherein the power amplification means is con-
trolled by the feedback means so as to cause
power to be applied selectively between the rails
to reduce the said flow of signalling current.

An impedance bond unit as claimed in any pre-
ceding claim, wherein the active control means
includes power supply means.

An impedance bond unit as claimed in claim 10,
wherein the power supply means comprises a
switch mode power supply means.

An impedance bond unit as claimed in claim 10
or 11, wherein the power supply means includes
third and fourth inputs for connection to the first
and second rails respectively, to allow the power
supply means to draw power from track circuit
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signals in the rails.

An impedance bond unit as claimed in any of
claims 10 to 12, wherein the active control means
includes a transformer having a first winding cou-
pled between the firstinput and the second input,
with a centre tap coupled with the traction output;
and a second winding coupled so as to receive
power from the power supply means.
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