T v

U BL FORM P.8

REPUBLIC OF SOUTH AFRICA
PATENTS ACT, 1978 2@09@ 0283 ) wv ve lodged in duplicate)
A&A Ref: PA5270ZA00

PUBLICATION PARTICULARS AND ABSTRACT
(Section 32(3)(a) - Regulations 22(1)(g) and 31)

*

21 | 01 | PATENT APPLICATION NO 22 | LODGING DATE 43 | ACCEPTANCE DATE
2009/00283 13 January 2009 O% “)
51 lNTERNATIONAL CLASSIFICATION NOT FOR PUBLICATION
HOlH HO2H CLASSIFIED BY:
71 FULL NAME(S) OF APPLICANT(S)
Eaton Electric B.V.
72 FULL NAME(S) OF INVENTOR(S)

PIKKERT, Alexander Rudolf Albertus
SCHOONENBERG, Gerard Cornelis
LAMMERS, Arend Jan Willem

DATE

EARLIEST PRIORITY CLAIMED | COUNTRY NUMBER

3 |14 January 2008

08100413.7

33 | EP(NL) 31

NOTE: The country must be indicated by its International Abbreviation - see schedule 4 of the Regulations

54 TITLE OF INVENTION
TIME FUSE LINK CURRENT TRANSFORMER TRIP SYSTEM FOR CIRCUIT BREAKER

NUMBER OF SHEETS ( g

ABSTRACT (NOT MORE THAN 150 WORDS)

57

The sheel(s) containing the abstract is/are attached.

If no classification is furnished, Form P.9 should accompany this form
The figure of the drawing to which the abstract refers is attached

AKA P08




-

10

e

ABSTRACT

Protection circuitry for a three phase (L1, L2, L3) electrical supply system using a trip
actuator (TC). The protection circuitry for each phase (L1, L2, L3) has a current
transformer (CT1, CT2, CT3), each current transformer (CT1, CT2, CT3) having a
primary side which is connected to the phase (L1, L2, L3), and a secondary side. A fuse
(FA, FB, FC) is connected to two secondary terminals of the secondary side of the
current transformer (CT1, CT2, CT3). The fuse (FA, FB, FC) is used as a sensor for
generating a trip actuating signal for the trip actuator (TC).

[Fig. 1]
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Time fuse link current transformer trip system for circuit breaker

Field of the invention

The present invention relates to protection circuitry for a three phase electrical
supply system using a trip actuator, wherein the protection circuitry for each phase
comprises a current transformer, each current transformer having a primary side which

1s connected to the phase, and a secondary side.

Prior art

German Utility model application DE-U-299 24 660 discloses a circuit for
driving a protective switch in the case of under voltage. The detection circuit uses
rectifier bridges connected to each of the three phases. The rectifier bridges are directly
connected to the phase lines, and a resistor is needed in series with the trip coil to
function properly.

Internafional patent- application W02005/027295 discloses a circuit arrangement
for monitoring fuses connected upstream from low-voltage power circuit breakers.
Fuses in the phase lines are monitored using current transformers, in which the primary
winding is connected parallel over the fuse, and in which the secondary winding is
connected to a bridge rectifier. The outputs of each phase are commonly connected to

the trip coil. Current through the coil is limited to a maximum value.

Summary of the invention

The present invention seeks to provide an improved circuitry or circuit
arrangement which allows to provide a safety function, such as short circuit protection,
for a three phase electrical supply system, having a reduced number of components as
compared to prior art circuit arrangements.

According to the present invention, protection circuitry according to the preamble
defined above is provided, in which a fuse is connected to two secondary terminals of
the secondary side of the current transformer, and in which the fuse is used as a sensor
for generating a trip actuating signal for the trip actuator. By using the fuse as a sensor,
only a very limited number of components are needed to provide the protection

circuitry.
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In an embodiment, the fuse is connected to a rectifier for providing the trip
actuating signal to the trip actuator. Such a direct drive of the trip actuator, e.g. in the
form of a trip coil, greatly enhances the simplicity and thus reliability of the protection
circuitry.

A direct current side of the rectifier of each phase is interconnected for providing
a combined trip actuating signal to the trip actuator in a further embodiment. This
embodiment allows to connect the current transformers of all phases to the rectifier in
order to provide a single trip actuation signal to the trip actuator.

In a further embodiment, each current transformer comprises an additional
secondary winding for providing the trip actuating signal. This allows to provide a
suitable voltage level for driving the trip actuator, as a result of which the protection
circuitry is more robust and reliable.

A first terminal of the secondary side of the current transformer is, in a further
embodiment, connected to a ground terminal, and a second terminal provides the trip
actuating signal. By using a ground terminal a defined potential is created in the
circuitry.

The ﬂrst terminal of the secondary side of the current transformer of each of the
three phases is connected to a single rectifier bridge in an even further embodiment.
This embodiment allows to use a full wave rectifiers using four half bridges, which
allows to provide a better trip actuating signal from the AC signals of the current
transformers, uéing orily a limited number of components.

In an even further embodimént, a first fuse is connected between a terminal of a
current transformer associated with a first phase and a terminal of a current transformer
of a second phase, a second fuse is connected between a terminal of a current
transformer associated with a third phase and a terminal of a current transformer of a
second phase, and a third fuse is connected between the terminal of the current
transformer associated with the second phase and a ground terminal. By having such a
circuit lay-out, it is possible to combine both short circuit and earth fault detection on

the protection circuitry using a minimal number of components.

Short description of drawings
The present invention will be discussed in more detail below, using a number of

exemplary embodiments, with reference to the attached drawings, in which
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Fig. 1 shows a circuit diagram of a first embodiment of the protection circuitry
according to the present invention;

Fig. 2 shows a circuit diagram of a second embodiment of the protection circuitry
according to the present invention;

Fig. 3 shdws a circuit diagram of a third embodiment of the protection circuitry
according to the present invention; and

Fig. 4 shows a circuit diagram of a fourth embodiment of the protection circuitry

according to the present invention.

Detailed description of exemplary embodiments

~In Fig. 1-4, circuit diagrams are shown for four embodiments of the protection
circuitry according to the present invention. On the left sides, the three phase lines L1,
L2, L3 of a regular three phase electrical supply system (to be protected) are shown.
With reference TC a trip coil is denoted which is the trip actuator for a safety trip
switch (not shown), e.g. in the case of a short circuit or overcurrent situation. The
terminals of the trip coil TC are connected on one side to cathodes of four diodes D1,
D2, D3, DE, and on the other side to anodes of four further diodes D1°, D2°, D3’, DE’,
which form a rectifier circuit. In other words, the trip coil TC is connected to the direct
current sides of the rectifier diodes D1, D1’, D2, D2’, D3, D3’, DE, DE’, to receive a
trip actuating signal.

In Fig. 1, a first embodiment is shown of a three phase short circuit protection
circuit. Each phase line L1, L2, L3 is connected to a primary side of associated current
transformers CT1, CT2, CT3. The current transformers CT1, CT2, CT3 are identical,
and each current transformer has a winding ratio of e.g. 100/5 in order to allow good
and robust measurement of current in the phasé lines Li, L2, L3. A further terminal
(designated with 50/5 in the embodiment of Fig. 1) is provided for the normal
transformation use of the current transformers CT1, CT2, CT3. ‘

The secondary side of each current transformer CT1, CT2, CT3 has two
(secondary) terminals, which are connected to an associated fuse (FA, FB, FC). In
normal operation, the fuse is shorting the terminals of the current transformer, and thus
no voltage is present between these two terminals. The current transformers CT1, CT2,
CT3 allow a current linearly dependent on the current through the phase line L1, L2, L3
to flow through the secondary side and associated fuse (FA, FB, FC).
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In case of a short circuit between two of the phase lines L1, L2, L3, a very high
current will flow in each of those lines, which will blow the associated fuses (FA, FB,
FC) on the secondary side of the current transformers CT1, CT2, CT3. Also in the case

of an overcurrent in one or more of the phase lines L1, L2, L3, the associated fuse (FA,

'FB, FC) will melt. As a result, in both cases, an AC voltage will be present on the

terminals of the current transformer CT1, CT2, CT3.

In the embodiment of Fig. 1, the lower (first) terminal of each current transformer
CT1, CT2, CT3, is connected to a common ground connection point or ground
terminal, which is also connected to the anode of diode DE and the cathode of further
diode DE’ (forming a half bridge rectifier in its own). The upper (second) terminal of
each current transformer CT1, CT2, CT3, is connected to associated phase half bridge
rectifiers, formed by diode pairs D1, D1’; D2, D2’; and D3, D3’. This allows to have
the current transformers CT1, CT2, CT3 all phases L1, L2, L3 to be connected to a
single trips coil TC without the phases influencing each other.

In this manner, when a short circuit situation arises between phase lines L1, L2,
L3, or an overcurrent arises in one or more of the phase lines L1, L2, L3, corresponding
fuses are blown (FA, FB, FC), and the resulting voltage over the current transformers
CT1, CT2, CT3 is rectified and used to drive the single trip coil TC.

The higher winding ratio indicated (100/5) allows to obtain a high enough voltage
to correctly drive the trip coil TC.

Using this embodiment, a three phase protection circuitry is provided with a
minimum number of components (only a single trip coil TC and thus also only a single
protection switch driven by the trip coil TC) which is reliable in operation.

The idea underlying this protection circuitry is that a fuse connected to a current
transformer can be ideally used as a sensor for a short circuit situation, generating a trip
actuation signal for the trip actuator (in the above case, the AC voltage over the current
transformer CT1, CT2, CT3 is transformed in an actuating signal to the trip coil TC).
By combining the trip actuation signals from three fuses (sensors) using the diode
rectifier circuitry as shown in Fig. 1, only a single trip coil TC is needed for providing a
three phase short circuit or overcurrent protection.

In Fig. 3, a further embodiment is shown, which provides a three phase short
circuit protection in combination with an earth fault protection, with the same number

of components as the embodiment of Fig. 1.
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In this embodiment, the current transformers CT1, CT2, CT3 are provided with a
normal terminal on the secondary side. In the embodiment shown, this normal tap is
provided at e.g. 50/5 windings (i.e. a center tap), as compared to the 100/5 winding for
the upper terminal.

A first fuse (FB) is provided between thé normal terminals of current transformer
CT1 and current transformer CT2. This fuse (FB) will blow in case of a short circuit
between or overcurrent in phase lines L1 and L2. A second fuse (FA) is provided
between the normal terminals of current transformer CT3 and current transformer CT2.
This fuse (FA) will blow in case of a short circuit between or overcurrent in phase lines
L2 and L3. In case of a short circuit between or overcurrent in phase lines L1 and L3,
both fuses (FA and FB) will blow.

A third fuse (FC) is provided between the normal terminal of current transformer
CT2 and the ground connection point. In case of an earth fault for phase line L2, this
fuse (FC) will blow. In case of an earth fault for phase line L1 or L3, this fuse (FC) will
blow together with the associated other fuse (FB, and FA, respectively).

As in the embodiment of Fig. 1, the lower terminal of each current transformer
CT1, CT2, CT3, is connected to a common ground connection point, which is also
connected to the anode of diode DE and the cathode of further diode DE’ (forming a
hé.lf bridge rectifier in its own). The other (upper) terminal of each current transformer
CT1, CT2, CT3 (having a winding ratio of 100/5 as indicated to provide a sufficiently
high voltage), is connected to associated phase half bridge rectifiers, formed by diode
pairs D1, D1°; D2, D2’; and D3, D3".

In normal operation, when all fuses FA, FB, FC are intact, the lower parts of
current transformers CT1, CT2, CT3 (between lower terminal and normal terminal) are
in short circuit through one or two of the fuses FA, FB, FC, and hence (almost) no
voltage will be present on the upper terminal (basic functioning of transformer). As a
result, no trip actuating signal is generated to the trip coil TC.

In case of a short circuit (overcurrent) or earth fault, one or more of the fuses
(FA, FB, FC) will blow, resulting in a high AC voltage signal on the associated upper
terminal. This AC voltage signal is rectified in the diode circuitry and provided as the
trip actuating signal to the trip coil TC.

An even further embodiment is shown in the circuit diagram of Fig. 2, which is

an alternative for the embodiment of Fig. 1. In this embodiment, the current
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transformers CT1, CT2, CT3 are provided with an additional secondary winding. As a
result each current transformer CT1, CT2, CT3 has two secondary windings, of which
one (the upper winding as shown in Fig. 3) is shorted by an associated fuse (FC, FB,
FA, respectively), and of which the other one is connected to the rectifying circuitry
formed by diodes D1, D1°, D2, D2°, D3, D3’, DE, DE’. When the fuses are intact
(normal operation), the current transformers CT1, CT2, CT3 each generate a current in
the secondary part, but the fuses FA, FB, FC make sure no voltage is present between
the terminals of the secondary winding. As a result, also no voltage will be present
between the terminals of the additional secondary winding, and no trip actuation signal
is provided to the trip coil TC.

Once a short circuit occurs, one or more of the fuses FA, FB, FC will blow,
which causes an AC voltage to be present between the terminals of the associated
secondary>winding, and hence also between the terminals of the associated additional
secondary winding. Via the diode rectifier circuitry a non-zero trip actuating signal will
be provided to the trip coil TC. Because of the use of the additional secondary windings
in the current transformers CT1, CT2, CT3, it is possible to provide a larger power and
thus more robust trip actuation signal to the trip coil TC.

In Fig. 4, a further alternative embodiment is shown of the protection circuitry,
which combines the embodiments of the protection circuitry of Fig. 2 and Fig. 3. Here,
the lower terminals of the secondary windings of the current transformers are
connected to a first ground connection. The lower terminals of the additional secondary
windings are connected to their o’wn' second ground connection (and the diode pair DE,
DE"), separate from the first ground connection. The ground connections serve only to
provide a defined earth potential to the system.

For the skilled person it will be clear that the above embodiments present
examples only of the present invention. Further alternatives and modifications are
possible within the scope of the present application, which is defined by the appended

claims and equivalents of the features described therein.
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CLAIMS:

1. Protection circuitry for a three phase electrical supply system using a trip
actuator, wherein the protection circuitry for each phase comprises a current
transformer, each current transformer having a primary side which is connected to the
phase, and a secondary side, characterized in that a fuse is connected to two secondary
terminals of the secondary side of the‘current transformer, and in that the fuse is used

as a sensor for generating a trip aétuatirig signal for the trip actuator.

2. . . Protection circuitry accordinga_t‘o.claim. 1, wherein the fuse is connected to a

 rectifier for providing the trip actuating signal to the trip actuator.

2

3. Protection circuitry according to claim 2, wherein a direct current side of the

rectifier of each phase is interconnected for providing a combined trip actuating signal

to the trip actuator.
15 . "

4, Protection circuitry according to claim 1, 2 or 3, wherein each current

' transf_drmer comprises an additional sg:c;dndary winding for providing the tﬁp =

actuating signal.

5.  Protection circuitry according to any one of claims 1-4, wherein a first -
términal of the secondary side of the current transformer is connected to a ground

terminal, and a second terminal provides the trip actuating signal.

6. Protection circuitry according to claim 5, wherein the first terminal of the
secondary side of the current transformer of each of the three phases is connected to a

single rectifier bridge.

7. Protection circuitry according to any one of claims 1-6, wherein a first fuse is
connected between a terminal of a current transformer associated with a first phase
and a terminal of a current transformer of a second phase, a second fuse is connected

between a terminal of a current transformer associated with a third phase and a



terminal of a current transformer of a second phase, and a third fuse is connected
between the terminal of the current transformer associated with the second phase and

a ground terminal.

8. Protection circuitry according to claim 1, substantially as herein described with
reference to and/or as illustrated by any of the embodiments and/or any of the

accompanying figures.
Dated this 13™ day of January 2009

' J GALVAD
- Adams & Adams
Applicants Patent Attorneys

Clean copies as filed.
Dated this _ 30 day of. March 2009

A@ '8/Adam 4

Applicants Patent Attorpéys N
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