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FIG. 1

(57) Abstract: A current transformer connector (10; 102) for connecting a current transformer of an electrical network to a protection
relay via a current transformer data acquisition board (12; 104), is provided. The current transformer connector (10; 102) comprises
first and second pairs (14, 20) of first and second current contacts (16, 18, 22, 24), each current contact pair (14, 20) being connectable
in use to the current transformer so as to permit current flow from the electrical network through the current contact pairs (14, 20) to the
protection relay. Each current contact pair (14, 20) is arranged to be in a short circuit configuration. The first current contact (16, 22)
in each current contact pair (14, 20) is arranged to be independently moveable relative to the corresponding second current contact (18,
24) so that during initial insertion of the current transformer data acquisition board (12; 104) into the current transformer connector (10;
102) in use the tirst current contact (16) of the first current contactpair (14) is configured to separate from the second current contact

[Continued on next page]
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(18) of the first current contact pair (14) to permit breaking of the short circuit configuration of the first current contact pair (14) and
making of an electrical connection between thefirst current contact pair (14) and the current transformer data acquisition board (12;
104), while the second current contact pair (20) remains in the short circuit configuration. The first current contact (16, 22) in each
current contact pair (14, 20) is further arranged to be independently moveable relative to the corresponding second current contact (18,
24) so that during further insertion of the current transformer data acquisition board (12; 104) into the current transformer connector (10;
102) in use the first current contact (22) of the second current contact pair (20) is configured to separate from the second current contact
(24) of the second current contact pair (20) to permit breaking of the short circuit configuration of the second current contact pair (20).
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IMPROVEMENTS IN OR RELATING TO CURRENT TRANSFORMERS

This invention relates to a current transformer connector and a current transformer

connection assembly.

It is known to use a protection relay to protect a section of an electrical network.
Moreover, it is known to take current measurements of the electrical network using a
current transformer and feed the measurements to the protection relay so as to permit

the protection relay to sense a fault on the electrical network.

According to a first aspect of the invention there is provided a current transformer
connector for connecting a current transformer of an electrical network to a protection
relay via a current transformer data acquisition board, the current transformer
connector comprising first and second pairs of first and second current contacts, each
current contact pair being connectable in use to the current transformer so as to permit
current flow from the electrical network through the current contact pairs to the
protection relay,

wherein each current contact pair is arranged to be in a short circuit

configuration, and

wherein the first current contact in each current contact pair is arranged to be
independently moveable relative to the corresponding second current contact so that
during initial insertion of the current transformer data acquisition board into the current
transformer connector in use the first current contact of the first current contact pair is
configured to separate from the second current contact of the first current contact pair
to permit breaking of the short circuit configuration of the first current contact pair and
making of an electrical connection between the first current contact pair and the current
transformer data acquisition board while the second current contact pair remains in the
short circuit configuration, and so that during further insertion of the current transformer
data acquisition board into the current transformer connector in use the first current
contact of the second current contact pair is configured to separate from the second
current contact of the second current contact pair to permit breaking of the short circuit
configuration of the second current contact pair.

The current transformer connector receives, in use, the current transformer data

acquisition board to permit current to flow from the current transformer of the electrical
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network (i.e. a "primary" current transformer) through the first and second current
contact pairs to the current transformer data acquisition board, which forms part of a

protection relay.

In such an arrangement, it is imperative that the current transformer connection is
never in an open circuit configuration when current is flowing, and so a current path for
the current transformer current must always exist (a feature known as "current

transformer shorting").

The current contact pairs of the invention being arranged to be in the short circuit
configuration means that there is a current path for the current transformer current
when there is no current transformer data acquisition board present to connect the

current transformer to a burden (e.g. a protection relay).

Meanwhile, the first current contact in each current contact pair being arranged to be
independently moveable in the manner set out above means that during the initial
insertion of the current transformer data acquisition board the short circuit configuration
of the first current contact pair is broken and an electrical connection between the first
current contact pair and the current transformer data acquisition board is made
independently of the second current contact pair which remains in the short circuit
configuration. Moreover, the short circuit configuration of the second current contact
pair is broken, thus breaking the current transformer shorting, during the further
insertion of the current transformer data acquisition board.

As a result, one of the current contact pairs makes an electrical connection before the
current transformer shorting is broken, thus always providing a current path for the
current transformer current before and during insertion of the current transformer data

acquisition board.

The current contact pairs therefore provide a make-before-break functionality.

Itis the current contact pairs themselves (i.e. the same current contact pairs that permit
the flow of current from the current transformer to the current transformer data
acquisition board) that provide the short circuit functionality and the make-before-break
functionality, thus obviating the need for additional components to provide such
functionalities. Accordingly, the cost, development time and assembly time of the

current transformer connector is reduced.

PCT/EP2018/060346
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Preferably the first current contact in each current contact pair may be arranged to be
independently moveable relative to the corresponding second current contact so that
during initial removal of the current transformer data acquisition board from the current
transformer connector in use the first current contact of the second current contact pair
is configured to return to the short circuit configuration while the first current contact
pair remains in electrical connection with the current transformer data acquisition board,
and so that during further removal of the current transformer data acquisition board
from the current transformer connector in use the first current contact of the first current

contact pair is configured to return to the short circuit configuration.

The first current contact in each current contact pair being so arranged ensures that
the second current contact pairs are in the short circuit configuration before the current
transformer data acquisition board is fully removed from the current transformer
connector thus resulting in the current contact pairs no longer being connected to a

burden (e.g. the protection relay).

As such, the arrangement of the current contact pairs ensures that there is always a
current path for the current transformer current during and after removal of the current

transformer data acquisition board.

The first current contact in each current contact pair may be biased towards the
corresponding second current contact so that the first and second current contacts in
each current contact pair are in contact with one another in the short circuit

configuration.

The first current contact in each current contact pair being biased towards the
corresponding second current contact means that the default position of the current

contact pairs is the short circuit configuration.

Optionally the second current contact in each current contact pair is also biased

towards the corresponding first current contact.

Arranging both of the first and second current contacts in each current contact pair to
be biased towards one another increases the contact force between each current

contact pair, thus providing a reliable short circuit functionality.

PCT/EP2018/060346
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Preferably the first current contact in the first current contact pair may be arranged to
be urged away from and break contact with the corresponding second current contact
so as to break the short circuit configuration during initial insertion of the current
transformer data acquisition board into the current transformer connector in use and/or
the first current contact in the second current contact pair may be arranged to be urged
away from and break contact with the corresponding second current contact so as to
break the short circuit configuration of the second current contact pair during further
insertion of the current transformer data acquisition board into the current transformer

connector in use.

Such an arrangement means that the first current contact is pushed away by the
current transformer data acquisition board during insertion so as to physically break
the short circuit configuration of the first and/or second current contact pairs as desired.

In an embodiment of the invention, the second current contact in each current contact
pair may be arranged to be independently moveable relative to the corresponding first
current contact so that during the initial insertion of the current transformer data
acquisition board the second current contact of the first current contact pair is
configured to separate from the first current contact of the first current contact pair to
permit breaking of the short circuit configuration of the first current contact pair and
making of an electrical connection between the first current contact pair and the current
transformer data acquisition board while the second current contact pair remains in the
short circuit configuration, and so that during the further insertion of the current
transformer data acquisition board the second current contact of the second current
contact pair is configured to separate from the first current contact of the second
current contact pair to permit breaking of the short circuit configuration of the second

current contact pair.

Arranging the second current contact in each current contact pair in this manner
improves the breaking of the short circuit configuration as desired during insertion of
the current transformer data acquisition board since both of the first and second current

contacts in each current contact pair is moveable.

Moreover, in such an arrangement, the second current contact in the first current
contact pair may be arranged to be urged away from and break contact with the
corresponding first current contact so as to break the short circuit configuration during
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initial insertion of the current transformer data acquisition board into the current
transformer connector in use and/or the second current contact in the second current
contact pair may be arranged to be urged away from and break contact with the
corresponding first current contact so as to break the short circuit configuration of the
second current contact pair during further insertion of the current transformer data

acquisition board into the current transformer connector in use.

The first current contact in the second current contact pair may be arranged to be
independently moveable relative to the corresponding second current contact so that
the first current contact in the second current contact pair permits making of an
electrical connection between the second current contact pair and the current
transformer data acquisition board during the further insertion of the current
transformer data acquisition board.

Such an arrangement permits a good and reliable electrical contact of the current
transformer data acquisition board across all of the current contact pairs once the
current transformer data acquisition board is further inserted into the current

transformer connector.

Optionally the current transformer connector includes a plurality of first current contact
pairs and/or a plurality of second current contact pairs.

According to a second aspect of the invention there is provided a current transformer
connection assembly for connecting a current transformer of an electrical network to a

protection relay, the current transformer connection assembly comprising:
a current transformer connector as described hereinabove; and

a current transformer data acquisition board including a current channel
member arranged to be selectively inserted into the current transformer connector to
permit, in use, current flow from the electrical network through the current channel
member to the protection relay, the current channel member further being shaped so
that during initial insertion of the current channel member into the current transformer
connector the current channel member separates the first current contact of the first
current contact pair from the second current contact of the first current contact pair to
break the short circuit configuration of the first current contact pair and make an

electrical connection between the first current contact pair and the current channel
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member while the second current contact pair remains in the short circuit configuration,
and so that during further insertion of the current channel member into the current
transformer connector the current channel member separates the first current contact
of the second current contact pair from the second current contact of the second
current contact pair to break the short circuit configuration of the second current
contact pair.

The advantages of the current transformer connector of the first aspect of the invention
and its embodiments applies mutatis mutandis to the corresponding part of the second
aspect of the invention and its embodiments.

Meanwhile, the current transformer data acquisition board having a current channel
member shaped in the manner set out above means that the current transformer data
acquisition board itself permits the make-before-break functionality provided by the
current contact pairs as the current channel member is inserted into the current

transformer connector.

Preferably the current channel member may be arranged to be selectively removed
from the current transformer connector, the current channel member being shaped so
that during initial removal of the current channel member from the current transformer
connector the first current contact of the second current contact pair returns to the short
circuit configuration while the first current contact pair remains in electrical connection
with the current channel member, and so that during further removal of the current
channel member from the current transformer connector the first current contact of the

first current contact pair returns to the short circuit configuration.

The current transformer data acquisition board having a current channel member
shaped in this manner ensures that there is always a current path for the current

transformer current during and after removal of the current channel member.

Optionally the current channel member is shaped to urge the first current contact in the
first current contact pair away from and break contact with the corresponding second
current contact so as to break the short circuit configuration during the initial insertion
of the current channel member and the current channel member is shaped to urge the
first current contact in the second current contact pair away from and break contact
with the corresponding second current contact so as to break the short circuit
configuration during the further insertion of the current channel member.

PCT/EP2018/060346
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Such an arrangement means that the current channel member pushes the first current
contact away from the corresponding second current contact during insertion so as to
physically break the short circuit configuration of the first and second current contact

pairs as desired.

In an embodiment of the invention wherein the second current contact is also arranged
to be independently moveable relative to the corresponding first current contact, the
current channel member may be shaped to urge the second current contact in the first
current contact pair away from and break contact with the corresponding first current
contact so as to break the short circuit configuration during the initial insertion of the
current channel member and the current channel member may be shaped to urge the
second current contactin the second current contact pair away from and break contact
with the corresponding first current contact so as to break the short circuit configuration
during the further insertion of the current channel member.

Preferably the current channel member may extend from an edge of the current
transformer data acquisition board and lie in the same plane as the current transformer

data acquisition board.

The current transformer data acquisition board being shaped in this manner makes
use of the fact that the current transformer data acquisition board can readily be
pressed, stamped or cut with an edge profile that permits the aforementioned make-
before-break feature when the current channel member is inserted into the current

transformer connector.

In some embodiments of the invention, the current channel member may be

symmetrical about the centre line of the current channel member.

The current channel member being symmetrical about its centre provides balanced

insertion and/or extraction forces to the current contact pairs.

Optionally the current channel member includes first and second current channel
member portions positioned relative to one another so that the first current channel
member portion enters first into the current transformer connector during the initial
insertion so as to break the short circuit configuration of the first current contact pair
and make the electrical connection between the first current contact pair and the

current channel member, and so that the second current channel member portion
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enters second into the current transformer connector during the further insertion so as

to break the short circuit configuration of the second current contact pair.

The current channel member having such current channel member portions provides
the shape of the current channel member which permits the make-before-break
functionality when the current channel member is being both inserted and removed

from the current transformer connector.

The first current channel member portion may extend from the second current channel

member portion at a centre portion of the second current channel member portion.

Such an arrangement ensures an even force is applied by the first current channel
member portion onto the current contact pairs as the first current channel member

portion is inserted into the current transformer connector.

It will be appreciated that the use of the terms “first” and “second”, and the like, in this
patent specification is merely intended to help distinguish between similar features (e.g.
the first and second current contact pairs), and is not intended to indicate the relative

importance of one feature over another feature, unless otherwise specified.

Preferred embodiments of the invention will now be described, by way of non-limiting
examples, with reference to the accompanying drawings in which:

Figure 1 shows a current transformer connector according to a first

embodiment of the invention;

Figure 2a shows a schematic view of first and second current contact pairs in

a short circuit configuration;

Figure 2b shows a schematic view of the first and second current contact pairs

in a make configuration;

Figure 2¢ shows a schematic view of the first and second current contact pairs

in a break configuration;

Figure 3a shows a current connector member of the current transformer

connector shown in Figure 1;
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Figure 3b shows a current connector member portion of the current connector

member shown in Figure 3a;

Figure 4 shows a current transformer connection assembly according to a

second embodiment of the invention; and

Figure 5 shows a current transformer data acquisition board of the current

transformer connection assembly shown in Figure 4.

A current transformer connector according to the first embodiment of the invention is

shown in Figures 1 to 3b and is designated generally by reference numeral 10.

The current transformer connector 10 is connected in use to a current transformer (not
shown) of an electrical network (not shown). The current transformer connector 10 is
also connected in use to a current transformer data acquisition board 12 which is
inserted into the current transformer connector 10 so as to connect the current

transformer to a protection relay (not shown).

The current transformer connector 10 includes a plurality of first current contact pairs
14, each first current contact pair 14 including first and second current contacts 16, 18,
and a plurality of second current contact pairs 20, each second current contact pair 20
including first and second current contacts 22, 24. The current contact pairs 14, 20 are
positioned in a row to form a first set 26 of contacts, but may be positioned in a column
depending on the orientation of the current transformer connector 10. Each current
contact pair 14, 20 is connectable in use to the current transformer.

In the embodiment shown, the current transformer connector 10 includes a total of
seven current contact pairs 14, 20 made up of three first current contact pairs 14 and
four second current contact pairs 20. Moreover, the first current contact pairs 14 are
positioned at the centre of the row of current contact pairs 14, 20 with two pairs of
second current contact pairs 20 being positioned at each side of the first current contact
pairs 14.

In other embodiments of the invention, the current transformer connector 10 may
instead include any number of first and second current contact pairs 14, 20. In further
embodiments of the invention, the positioning of the current contact pairs 14, 20 may
differ from that shown in the figures. For example, the or each first current contact pair

PCT/EP2018/060346



10

15

20

25

30

WO 2018/206284

14 may be positioned at the outer of the first set 26 of contacts with the or each second
current contact pair 20 being positioned at the centre of the first set 26. Alternatively,
the or each first current contact pair 14 may be positioned at one side of the first set
26 of contacts with the or each second current contact pair 20 being positioned at the
other side of the first set 26.

The current contact pairs 14, 20 are described in more detail below with reference to
Figures 2a, 2b and 2c¢. It is noted that Figures 2a, 2b and 2¢ show only one first current
contact pair 14 and one second current contact pair 20 for illustrative purposes.

Each current contact pair 14, 20 is arranged to be in a short circuit configuration, as
shown in Figure 2a. In the short circuit configuration, the first and second current
contacts 16, 18 of the first current contact pair 14 are in contact with one another (i.e.
are touching one another) and the first and second current contacts 22, 24 of the
second current contact pair 20 are in contact with one another (i.e. are touching one
another).

The first current contact 16, 22 in each current contact pair 14, 20 is arranged to be
independently moveable relative to the corresponding second current contact 18, 24
and the second current contact 18, 24 in each current contact pair 14, 20 is arranged
to be independently moveable relative to the corresponding first current contact 16, 22.

The first and second current contacts 16, 18, 22, 24 in each current contact pair 14, 20
are so0 moveable so that during initial insertion of the current transformer data
acquisition board 12 into the current transformer connector 10 in use the first and
second current contacts 16, 18, of the first current contact pair 14 are configured to
separate from one another, in particular be urged away from one another, to permit
breaking of the short circuit configuration of the first current contact pair 14 and making
of an electrical connection between the first current contact pair 14 and the current
transformer data acquisition board 12, while the second current contact pair 20
remains in the short circuit configuration. In this way, one, or some, (but not all) of the
current contact pairs 14 have made an electrical connection with the current
transformer data acquisition board 12 while the remaining current transformer pairs 20
continue to be in the short circuit configuration, and so the current contact pairs 14, 20

are in a "make" configuration, as shown in Figure 2b.

10
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The first and second current contacts 16, 18, 22, 24 in each current contact pair 14, 20
are also so moveable so that during further insertion of the current transformer data
acquisition board 12 into the current transformer connector 10 in use the first and
second current contacts 22, 24 of the second current contact pair 20 are configured to
separate from one another, in particular be urged away from one another, to permit
breaking of the short circuit configuration of the second current contact pair 20. In this
way, all the current contact pairs 14, 20 have broken their short circuit configuration
and so the current contact pairs 14, 20 are in a "break" configuration, as shown in
Figure 2c.

The first and second current contacts 16, 18, 22, 24 are also independently moveable
so that during initial removal of the current transformer data acquisition board 12 from
the current transformer connector 10 in use the current contacts 22, 24 of the second
current contact pair 16 are configured to return to the short circuit configuration while
the first contact pair 14 remains in electrical connection with the current transformer
data acquisition board 12 (as shown in Figure 2b). Moreover, the first and second
current contacts 16, 18 of the first current contact pair 14 are independently moveable
so that during further removal of the current transformer data acquisition board 12 from
the current transformer connector 10 in use the current contacts 16, 18 of the first
current contact pair 14 are configured to return to the short circuit configuration (as
shown in Figure 2a).

In particular, the first and second current contacts 14, 16 of the first current contact
pair 14 are biased towards one another and the first and second current contacts 22,

24 of the second current contact pair 20 are biased towards one another.

The first and second current contacts 22, 24 of the second current contact pair 20 are
also arranged to be independently moveable relative to one another so that the current
contacts 22, 24 in the second current contact pair 20 make an electrical connection
between the second current contact pair 20 and the current transformer data
acquisition board 12 during further insertion of the current transformer data acquisition
board 12. In this way, all of the current contact pairs 14, 20 are configured to make an
electrical connection with the current transformer data acquisition board 12 in the

"break" configuration (shown in Figure 2c¢).

11
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In other embodiments of the invention, only one of the first and second current contacts
16, 18, 22, 24 in each current contact pair 14, 20 may be independently moveable
while the other current contact in that current contact pair is stationary. For example,
the first current contact 16 of the first current contact pair 14 may be moveable relative
to a stationary second current contact 18 of the first current contact pair 14.

In further embodiments of the invention, only one of the first and second current
contacts 14, 16, 22, 24 in each current contact pair 14, 20 may be biased towards to
the other corresponding current contact.

The current transformer connector 10 further includes a current connector member 28
which supports the current contact pairs 14, 20. The current connector member 28, as
shown in more details in Figure 3a, includes first and second current connector
member portions 30, 32 each of which includes a respective current terminal 34, 36
secured thereto which is connectable to a respective pole of the current transformer.

The first current connector member portion 30 supports the first current contacts 16,
22 of both the first and second current contact pairs 14, 20, while the second current
connector member portion 32 supports the second current contacts 18, 24 of both the
first and second current contact pairs 14, 20.

More specifically, the first current contacts 16, 22 are formed from a single first current
contact member 38 which includes seven fingers 40 to form the independently
moveable first current contacts 16, 22. Similarly, the second current contacts 18, 24
are formed from a single second current contact member 42 which includes seven

fingers 40 to form the independently moveable second current contacts 18, 24.

The fingers 40 are formed such that the first and second current contact members 38,

42 are spring contacts.

The first current connector portion 30 and first current contact member 38 are
described in more detail below with reference to Figure 3b. It will be understood that
the features described apply mutatis mutandis to the second current connector portion
32 and the second current contact member 42.

In the embodiment shown, the first current contact member 38 includes a first contact
portion 44 and a second contact portion 46. The first contact portion 44 is in contact

12

PCT/EP2018/060346



10

15

20

25

30

WO 2018/206284

with the first current connector member portion 30. Indeed, the first contact portion 44
is secured, e.g. by a snap-fit arrangement, to the first current connector member
portion 30. The first contact portion 44 is substantially flat so that it lies flat on top of a
surface of the first current connector member portion 30. The first contact portion 44
may take any other form which permits it to be secured to the first current connector
member portion 30.

The second contact portion 46 extends from the first contact portion 44 to form the
fingers 40. The second contact portion 46 is in contact with the first current member
portion 30 and the second contact portion 46 of the second current contact member
42 (i.e. the second current contacts 18, 24 in the current contact pairs 14, 20).

In the embodiment shown, the second contact portion 46 has an arcuate profile, the
crest 48 of which extends away from the first current connector member portion 30.
The second contact portion 46 therefore extends from the first contact portion 44
(which is in contact with the first current member portion 30), away from the first current
member portion 30 to reach the crest 48 of the arcuate profile, and back towards the
first current member portion 30 to be in contact with the first current member portion
30.

Itis therefore the crests 48 of the arcuate profiles of the first and second current contact
members 38, 42 that touch one another when the current contact pairs 14, 20 are in
the short circuit configuration.

In other embodiments of the invention the first and second current contact members

38, 42 may take another shape.

The first and second contact members 38, 42 are formed from metal with the properties
and/or dimensions to permit the fingers 40 to be independently moveable upon
insertion of the current transformer data acquisition board 12.

The first and second current contact member portions 30, 32 are formed separately
from one another. In particular, the first and second current contact member portions

30, 32 are formed from separate pieces of metal, such as copper.

The current terminals 34, 36 are tapped with M4 threads so that they are configured to
accept M4 screws. This allows the current terminals 34, 36 to be able to receive

13
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external wiring from the current transformer. The current terminals 34, 36 are fixedly
secured to a terminal portion 50 of the corresponding first and second current contact

member portions 30, 32.

The first and second current contact member portions 30, 32 are assembled together
so that the crests 48 of the first and second current contact members 38, 42 touch and
slightly compress the fingers 40, as shown in Figure 3a. Current is therefore able to
flow from each current terminal 34, 36, through the corresponding current connector
member portion 30, 32 and to the corresponding current contact member 38, 42.

In other embodiments of the invention, two or more of the current terminals 34, 36, the
current connector member portions 30, 32 and/or the current contact members 38, 42
may be integrally formed with one another from a single piece of material (e.g. metal).
For example, the first current terminal 34 and the first current connector member
portion 30 may be integrally formed from a single piece of metal, and the second
current terminal 36 and the second current connector member portion 32 may be

integrally formed from another single piece of metal.

Returning to Figure 1, the current transformer connector 10 includes a first current
aperture 52 which contains the first set 26 of contacts. The current transformer

connector 10 is made from a plastic material.

The current transformer connector 10 further includes second and third current
apertures 54, 56 which each contain a corresponding second and third set 58, 60 of
contacts. Each of the second and third sets 58, 60 includes current contact pairs 14,

20 as described hereinabove.

Figure 1 shows only a portion of the current transformer connector 10, and so although
not shown in Figure 1, the current transformer connector 10 includes fourth, fifth and
so on current apertures, each containing a corresponding set of contacts. The current
transformer connector 10 may include a total of twelve current apertures, each
containing corresponding current contact pairs. The apertures may include a mixture

of current and voltage contact pairs, which is described in more detail below.

Each of the first, second, third, and so on sets 26, 58, 60 of current contact pairs 14,
20 may be connected to a different phase of the electrical network or may instead be

connected at different locations of the same phase of the electrical network.
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Although in the embodiment shown in Figure 1 each set 26, 58, 60 of contacts has
only one current aperture 52, 54, 56 (i.e. to form respective single current connections
62a, 62b, 62c¢), the current transformer connector 10 may include more than one
current aperture 52, 54, 56 in each set 26, 58, 60. In other words, each row 26, 58, 60
of contacts shown in Figure 1 may include more than one aperture 52, 54, 56 and
therefore create more than one current connection slot in each row 26, 58, 60. In such
an embodiment, each set 26, 58, 60 of contacts would include multiple, e.g. three,
current connections 62a, 62b, 62c.

In a further embodiment, each set 26, 58, 60 of contacts includes a voltage aperture
(not shown) containing a pair of voltage contacts, thus forming a voltage connection
for connection to a voltage transformer. As such, each set 26, 58, 60 of contacts
includes a mixture of current and voltage connections. For example, each set 26, 58,
60 of contacts may include two current connections 62a, 62b and one voltage
connection or instead may include one current connection 62a and two voltage

connections.

A current transformer connection assembly according to the second embodiment of
the invention is shown in Figures 4 and 5 and is designated generally by reference
number 100.

The current transformer connection assembly 100 includes a current transformer
connector 102 which shares some of the same features as the current transformer
connector 10 of the first embodiment, and like features share the same reference

numeral.

The current transformer connection assembly 100 further includes a first current
transformer data acquisition board 104.

The first current transformer data acquisition board 104 includes a first current channel
member 106 that is arranged to be selectively inserted into the current transformer
connector 102. In particular, the first current channel member 106 is arranged to be
selectively inserted into the first current aperture 52 of the current transformer
connector 102.

The first current channel member 106 is shaped so that during initial insertion of the

first current channel member 106 into the first current aperture 52 the current channel
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member 106 separates the current contacts 16, 18 of the first current contact pairs 14
from one another, in particular urges the current contacts 16, 18 away from one another,
to break the short circuit configuration of the first current contact pairs 14 and make an
electrical connection between the first current contact pairs 14 and the current channel
member 106, while the second current contact pairs 20 remain in the short circuit

configuration.

The first current channel member 106 is further shaped so that during further insertion
of the first current channel member 106 into the first current aperture 52 the first current
channel member 106 separates the current contacts 22, 24 of the second current
contact pairs 20 from one another, in particular urges the current contacts 22, 24 away
from one another, to break the short circuit configuration of the second current contact

pairs 20.

The first current channel member 106 is also arranged to be selectively removed from
the first current aperture 52 and, in such removing, the first current channel member
106 is shaped so that during initial removal the current contacts 22, 24 of the second
current contact pairs 20 return to the short circuit configuration while the current
contacts 16, 18 of the first current contact pairs 14 remain in electrical connection with
the current channel member 106. The first current channel member 106 is also shaped
so that during further removal of the first current channel member 106 from the first
current aperture 54 the current contacts 16, 18 of the first current contact pairs 14

return to the short circuit configuration.

The first current transformer data acquisition board 104 is described in more detail

below with reference to Figure 5.

The first current transformer data acquisition board 104 is in the form of a printed circuit
board (PCB) 108, but in other embodiments it may take a different form.

The first current channel member 106 extends from an edge 109 of the PCB 108 and

lies in the same plane as the PCB 108.

The first current channel member 106 is symmetrical about the centre line 110 of the
first current channel member 106.
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In the embodiment shown, the first current channel member 106 includes first and
second current channel member portions 112, 114. The first and second current
channel member portions 112, 114 are positioned relative to one another so that the
first current channel member portion 112 enters first into the current aperture 54 during
initial insertion of the PCB 108 and so that the second current channel member portion
114 enters second into the current aperture 54 during further insertion of the PCB 108.

More specifically, the first current channel member portion 112 extends from the edge
109 of the PCB 108 by a first amount and the second current channel member portion
114 extends from the edge 109 of the PCB 108 by a second amount, the first amount
being larger than the second amount. As such, the first current channel member
portion 112 protrudes further from the edge 109 of the PCB 108 than the second

current channel member portion 114.

The second current channel member portion 114 extends from the edge 109 of the
PCB 108 by a length L1 and a width W1, while the first current channel member portion
112 extends from the second current channel member portion 114 by a length L2 and
a width Wo.

In the embodiment shown, the length L1 and width W1 of the second current channel
member portion 114 are larger than the length L, and width W, of the first current

channel member portion 112.

The first current channel member portion 112 extends at a centre portion 116 of the
second current channel member portion 114, i.e. from a centre of the width W of the
second current channel member portion 114. The first current channel member portion
112 may instead extend from either side of the centre portion 116 of the second current
channel member portion 114. Alternatively, the first current channel member 106 may
include two first current channel member portions 112, each extending from either side
of the centre portion 116 of the second current channel member portion 114.

The first current channel member 106 includes current connection poles (not shown)

on opposite faces of the PCB 108.

The PCB 108 includes a second current channel member 118 spaced from the first
current channel member 106. The second current channel member 118 is identical to

the first current channel member 106.
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The PCB 108 further includes a voltage channel member 120 which is arranged to be
inserted into a voltage aperture of the voltage transformer connector 102, as described

in more detail below.

Moreover, the PCB 108 includes heavy copper outer layers (>10z, for example) and
local hard-gold plating in the areas where the first and second current contact pairs 14,
20 will come into contact with the PCB 108.

Returning to Figure 4, the current transformer connector 102 differs from that of the
first embodiment in that the first set 26 of contacts includes first and second current
apertures 52, 54 and a voltage aperture 122. The first and second current aperture 52,
54 each include current contact pairs 14, 20 as described in relation to the first
embodiment of the invention, thus forming respective current connections 62a, 62b.
Meanwhile, the voltage aperture 122 includes a pair of voltage contacts 124 (which are

connectable to a voltage transformer), thus forming a voltage connection 126.

The current transformer connector 102 further includes second and third sets 58, 60
of contacts, each set 58, 60 also including two current connections 62a, 62b and a

single voltage connection 126.

It will be understood that in other embodiments, each set 26, 58, 60 of contacts may
include only current connections 62a, 62b, 62¢, or another ratio of current and voltage
connections 62a, 62b, 62c, 126.

The current transformer connection assembly 100 further includes second and third
current transformer data acquisition boards 128, 130 each of which shares the same
features as the first current transformer data acquisition board 104. The second current
transformer data acquisition board 128 is arranged to be inserted into the second set
58 of contacts, and the third current transformer data acquisition board 130 is arranged
to be inserted into the third set 60 of contacts.

The current transformer data acquisition boards 104, 128, 130 are shaped to include
current and voltage channel members 106, 120 required to insert into the
corresponding combination of current and voltage apertures 52, 54, 56, 122 in a given
set 26, 58, 60 of contacts.
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It will be appreciated that at least one embodiment of a given aspect of the invention
may also be used in combination with at least one embodiment of the other aspects of

the invention.

In use, each of the current connections 62a, 62b is connected to a respective current
transformer (not shown) of an electrical network via each current terminal 34, 36. The
first and second current contact pairs 14, 20 are in the short circuit configuration so
that current is able to flow through the current contact pairs 14, 20 via the first and
second current connector member portions 30, 32. In other embodiments of the
invention, the current connections 62a, 62b may be connected to the same current

transformer.

The first current transformer data acquisition board 104 is inserted into the current
transformer connector 102. In particular, the first and second current channel members
106, 118 are inserted into the first and second current apertures 52, 54 and the voltage

channel member 120 is inserted into the voltage aperture 122.

Focussing on the first current channel member 106, upon initial insertion of the first
current transformer data acquisition board 104, the first current channel member
portion 112 enters the current aperture 52 first and pushes through the first current
contact pairs 14, thus urging the first and second current contacts 16, 18 of the first
current contact pairs 14 away from one another to break their short circuit
configurations. Meanwhile, because of the extra length L of the first current channel
member portion 112 compared to the length of L1 of the second current channel
member portion 114, the second current contact pairs 20 remain in their short circuit

configurations.

Since the first and second current contacts 16, 18 of the first current contact pairs 14
are biased towards one another, they are each deflected by the first current channel
member portion 112 but continue to push towards one another. This means that the
current contacts 16, 18 of the first current contact pairs 14 establish good contact with
the first current transformer data acquisition board 104 so as to make an electrical
connection with the first current transformer data acquisition board 104 (i.e. via the
gold plating areas of the PCB 108).

Next, as the first current transformer data acquisition board 104 is further inserted, the

second current channel member portion 114 enters further into the current aperture 52
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and pushes through the second current contact pairs 20, thus urging the first and
second current contacts 22, 24 of the second current contact pairs 20 away from one
another to break their short circuit configurations. None of the current contact pairs 14,

20 is now in the short circuit configuration.

Since the first and second current contacts 22, 24 of the second current contact pairs
20 are biased towards one another, they are each deflected by the second current
channel member portion 114 but continue to push towards one another. This means
that the current contacts 22, 24 of the second current contact pairs 20 establish good
contact with the first current transformer data acquisition board 104 so as to make an
electrical connection with the first current transformer data acquisition board 104 (i.e.

via the gold plating areas of the PCB 108).

Therefore, all of the current contact pairs 14, 20 of the first current connection 62a are
in electrical connection with the first current transformer data acquisition board 104.

The same insertion occurs with respect to the second current channel member 118
and the second current aperture 54, such the all the current contact pairs 14, 20 of the
second current connection 62b are in electrical connection with the first current

transformer data acquisition board 104.

The voltage channel member 120 is inserted into the voltage aperture 122 so as to

make electrical connection with the voltage contacts 124.

The current transformer data acquisition board 104 includes current and voltage

sensors (not shown) which are in turn connected to a protection relay (not shown).

Current is therefore able to flow from the electrical network, via each current
transformer, through the current contact pairs 14, 20 to the protection relay. Voltage is
also able to flow from the electrical network, via the voltage transformer, through the
voltage contacts 124 to the protection relay. The protection relay is then able to protect
a section of the electrical network based on the current and voltage measurements of

the current and voltage transformers.

It may be necessary to remove a current transformer data acquisition board 104 from
the current transformer connector 102, e.g. due to maintenance of the current

transformer data acquisition board 104 being required.

20

PCT/EP2018/060346



10

15

WO 2018/206284

In such a circumstance, the current transformer data acquisition board 104 is pulled
out from the current transformer connector 102. During the initial removal of the current
transformer data acquisition board 104, the second current channel member portion
114 is extracted first out of the current contact pairs 20 such that the first and second
current contacts 22, 24 of the second current contact pairs 20 return back to their short

circuit configuration via their biasing towards one another.

During the further removal of the current transformer data acquisition board 104, the
first current channel member portion 112 is then extracted out of the current contact
pairs 14 such that the first and second current contacts 16, 18 of the first current
contact pairs 14 return back to their short circuit configuration via their biasing towards

one another.

The current transformer data acquisition board 104 is therefore fully removed from the
current transformer connector 102 and all of the current contact pairs 14, 20 are in their

short circuit configuration.

The figures are not necessarily to scale, and certain features and certain views of the
figures may be shown exaggerated in scale or in schematic form in the interests of

clarity and conciseness.
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CLAIMS:

1. A current transformer connector (10; 102) for connecting a current transformer
of an electrical network to a protection relay via a current transformer data acquisition
board (12; 104), the current transformer connector (10; 102) comprising first and
second pairs (14, 20) of first and second current contacts (16, 18, 22, 24), each current
contact pair (14, 20) being connectable in use to the current transformer so as to permit
current flow from the electrical network through the current contact pairs (14, 20) to the

protection relay,

wherein each current contact pair (14, 20) is arranged to be in a short circuit

configuration, and

wherein the first current contact (16, 22) in each current contact pair (14, 20) is
arranged to be independently moveable relative to the corresponding second current
contact (18, 24) so that during initial insertion of the current transformer data
acquisition board (12; 104) into the current transformer connector (10; 102) in use the
first current contact (16) of the first current contact pair (14) is configured to separate
from the second current contact (18) of the first current contact pair (14) to permit
breaking of the short circuit configuration of the first current contact pair (14) and
making of an electrical connection between the first current contact pair (14) and the
current transformer data acquisition board (12; 104) while the second current contact
pair (20) remains in the short circuit configuration, and so that during further insertion
of the current transformer data acquisition board (12; 104) into the current transformer
connector (10; 102) in use the first current contact (22) of the second current contact
pair (20) is configured to separate from the second current contact (24) of the second
current contact pair (20) to permit breaking of the short circuit configuration of the

second current contact pair (20).

2. A current transformer connector (10; 102) according to Claim 1 wherein the first
current contact (16, 22) in each current contact pair (14, 20) is arranged to be
independently moveable relative to the corresponding second current contact (18, 24)
so that during initial removal of the current transformer data acquisition board (12; 104)
from the current transformer connector (10; 102) in use the first current contact (22) of
the second current contact pair (20) is configured to return to the short circuit

configuration while the first current contact pair (14) remains in electrical connection
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with the current transformer data acquisition board (12; 104), and so that during further
removal of the current transformer data acquisition board (12; 104) from the current
transformer connector (10; 102) in use the first current contact (16) of the first current

contact pair (14) is configured to return to the short circuit configuration.

3. A current transformer connector (10; 102) according to Claim 1 or Claim 2
wherein the first current contact (16, 22) in each current contact pair (14, 20) is biased
towards the corresponding second current contact (18, 24) so that the first and second
current contacts (16, 18, 22, 24) in each current contact pair (14, 20) are in contact
with one another in the short circuit configuration.

4, A current transformer connector (10; 102) according to Claim 3 wherein the
second current contact (18, 24) in each current contact pair (14, 20) is biased towards
the corresponding first current contact (16, 22).

5. A current transformer connector (10; 102) according to any preceding claim
wherein the first current contact (16) in the first current contact pair (14) is arranged to
be urged away from and break contact with the corresponding second current contact
(18) so as to break the short circuit configuration during initial insertion of the current
transformer data acquisition board (12; 104) into the current transformer connector (10;
102) in use and/or the first current contact (22) in the second current contact pair (20)
is arranged to be urged away from and break contact with the corresponding second
current contact (24) so as to break the short circuit configuration of the second current
contact pair (20) during further insertion of the current transformer data acquisition

board (12; 104) into the current transformer connector (10; 102) in use.

6. A current transformer connector (10; 102) according to any preceding claim
wherein the second current contact (18, 24) in each current contact pair (14, 20) is
arranged to be independently moveable relative to the corresponding first current
contact (16, 22) so that during the initial insertion of the current transformer data
acquisition board (12; 104) the second current contact (18) of the first current contact
pair (14) is configured to separate from the first current contact (16) of the first current
contact pair (14) to permit breaking of the short circuit configuration of the first current
contact pair (14) and making of an electrical connection between the first current
contact pair (14) and the current transformer data acquisition board (12; 104) while the
second current contact pair (20) remains in the short circuit configuration, and so that
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during the further insertion of the current transformer data acquisition board (12; 104)
the second current contact (24) of the second current contact pair (20) is configured to
separate from the first current contact (22) of the second current contact pair (20) to

permit breaking of the short circuit configuration of the second current contact pair (20).

7. A current transformer connector (10; 102) according to any preceding claim
wherein the first current contact (22) in the second current contact pair (20) is arranged
to be independently moveable relative to the corresponding second current contact
(24) so that the first current contact (22) in the second current contact pair (20) makes
an electrical connection between the second current contact pair (20) and the current
transformer data acquisition board (12; 104) during the further insertion of the current

transformer data acquisition board (12; 104).

8. A current transformer connector (10; 102) according to any preceding claim
including a plurality of first current contact pairs (14) and/or a plurality of second current
contact pairs (20).

9. A current transformer connection assembly (100) for connecting a current
transformer of an electrical network to a protection relay, the current transformer

connection assembly (100) comprising:

a current transformer connector (10; 102) according to any one of Claims 1 to
8; and

a current transformer data acquisition board (12; 104) including a current
channel member (106) arranged to be selectively inserted into the current transformer
connector (10; 102) to permit, in use, current flow from the electrical network through
the current channel member (106) to the protection relay, the current channel member
(106) further being shaped so that during initial insertion of the current channel member
(106) into the current transformer connector (10; 102) the current channel member
(106) separates the first current contact (16) of the first current contact pair (14) from
the second current contact (18) of the first current contact pair (14) to break the short
circuit configuration of the first current contact pair (14) and make an electrical
connection between the first current contact pair (14) and the current channel member
(106) while the second current contact pair (20) remains in the short circuit
configuration, and so that during further insertion of the current channel member (106)
into the current transformer connector (10; 102) the current channel member (106)
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separates the first current contact (22) of the second current contact pair (20) from the
second current contact (24) of the second current contact pair (20) to break the short

circuit configuration of the second current contact pair (20).

10. A current transformer connection assembly (100) according to Claim 9 wherein
the current channel member (106) is arranged to be selectively removed from the
current transformer connector (10; 102), the current channel member (106) being
shaped so that during initial removal of the current channel member (106) from the
current transformer connector (10; 102) the first current contact (22) of the second
current contact pair (20) returns to the short circuit configuration while the first current
contact pair (14) remains in electrical connection with the current channel member
(106), and so that during further removal of the current channel member (106) from the
current transformer connector (10; 102) the first current contact (16) of the first current
contact pair (14) returns to the short circuit configuration.

11. A current transformer connection assembly (100) according to Claim 9 or Claim
10 wherein the current channel member (106) is shaped to urge the first current contact
(16) in the first current contact pair (14) away from and break contact with the
corresponding second current contact (18) so as to break the short circuit configuration
during the initial insertion of the current channel member (106) and the current channel
member (106) is shaped to urge the first current contact (22) in the second current
contact pair (20) away from and break contact with the corresponding second current
contact (24) so as to break the short circuit configuration during the further insertion of

the current channel member (106).

12. A current transformer connection assembly (100) according to any one of
Claims 9 to 11 wherein the current channel member (106) extends from an edge (109)
of the current transformer data acquisition board (12; 104) and lies in the same plane
as the current transformer data acquisition board (12; 104).

13. A current transformer connection assembly (100) according to any one of
Claims 9 to 12 wherein the current channel member (106) is symmetrical about the
centre line (110) of the current channel member (106).

14. A current transformer connection assembly (100) according to any one of
Claims 9 to 13 wherein the current channel member (106) includes first and second
current channel member portions (112, 114) positioned relative to one another so that
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the first current channel member portion (112) enters first into the current transformer
connector (10; 102) during the initial insertion so as to break the short circuit
configuration of the first current contact pair (14) and make the electrical connection
between the first current contact pair (14) and the current channel member (106), and
so that the second current channel member portion (114) enters second into the
current transformer connector (10; 102) during the further insertion so as to break the

short circuit configuration of the second current contact pair (20).

15. A current transformer connection assembly (100) according to Claim 14
wherein the first current channel member portion (112) extends from the second
current channel member portion (114) at a centre portion (116) of the second current

channel member portion (114).
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