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(54) Power interruption device

(57) A current transformer CT and
over-current sensing relay C are
used to determine the tripping time
of the main interrupter M in a time-
graded distribution system. The op-
erating time of the current sensing
relay is less than that of the main
interrupter per se but greater than
that of the branch interrupters
F1-Fn.
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SPECIFICATION
Power interruption device

This invention relates to an improvement in a
power interrupting device of the type includ-
ing a main interrupter, i.e. circuit breaker,
connected to a power source and branch
interrupters which are connected to the main
interrupter through a current limiting circuit
which, in turn, includes a permanent fuse and
a parallel resistor.

A conventional power interrupting device of
this type is as shown in Fig. 1. In the power
interrupting device, the resistance of a parallel
resistor R is so selected that very little current
flows in the resistor R. During normal opera-
tion, current flows through a main interrupter
M, primarily through a permanent fuse PF,
and through branch interrupters F1, F2...
and Fn to respective loads. Therefore, when a
short-circuit problem occurs in the circuit of
any one of the branch interrupters, the perma-
nent fuse PF forming a part of the current
limiting circuit becomes extremely high in
resistance owing to the high problem current
Ipros, thus, starting current limitation. As a
results, the value of the problem current is
limited by the permanent fuse PF to a limit
current peak value Ipfc as shown in Fig. 3.In
this case, as the current continues to flow the
resistance of the permanent fuse PF becomes
higher than that of the parallel resistor R.
Therefore, the problem current flows through
both the parallel resistor R and the permanent
fuse PF, so that a current Ipfr flows as a
steady state current. Accordingly, if the cur-
rent lpfr flowing in the current limiting circuit
is set to 10 to 20 KA, then a main interrupter
M and branch interrupters F; having an inter-
ruption capacity of slightly less than the cur-
rent limit of 10 to 20 KA can be used as
those effectively having an interruption capac-
ity of 200 KA as shown in Fig. 2. Since the
tripping time of the main interrupter M is
delayed, selective interruption can be carried
out, and the selective interruption can be
effected for large currents.

In the conventional device, the complete
interruption time of the main interrupter M
must be longer than that of the branch inter-
rupter Fn and shorter than the allowable cur-
rent flow time of the current limiting circuit (or
the permanent fuse PF) and the parallel resis-
tor R. The complete interruption time of an
ordinary wiring interrupter is very short, how-
ever, and does not provide sufficient time for
the selective interruption. Accordingly, in or-
der to employ such a wiring interrupter as the
main interrupter in the device, the wiring
interrupter must be modified to increase the
complete interruption time. Because of this
difficulty, a special wiring interrupter must be
employed.

On the other hand, if an ordinary air circuit

breaker is employed, then sufficient time is
available for the selective interruption with the
branch interrupter Fn to be carried out, be-
cause the complete interruption time of the air
circuit breaker is longer. However, since the
complete interruption time of the air circuit
breaker is longer than the allowable current
flow time of the current limiting circuit, the air
circuit breaker must be modified to decrease
its complete interruption time. Accordingly, it
is necessary to use a special air circuit breaker
in this case.
In either case, it is technically and economi-
cally difficult to develop and obtain such a
80 special wiring interrupter or a special air cir-
cuit breaker.

In view of the foregoing, an object of this
invention is to provide a power interrupting
device which can readily carry out the current

85 limitation and the selective interruption but
requires no special circuit breaker for the main
interrupter.

Briefly, this is accomplished by providing a
current transformer in series with the current

90 limiting circuit with the current through the
transformer being sensed by a current sensing
relay. The relay controls a trigger circuit which
acts to interrupt the main circuit breaker. The
activation time of the relay is longer than that

95 of the branch circuit breakers but shorter than
the maximum allowable current flow time of
the current limiting circuit, so that the main
breaker will be triggered at the proper time
without the use of a specially modified

100 breaker.

In the accompanying drawings:

Figure 1 is a circuit diagram showing a
conventional power interrupting device;

Figure 2 is a graphical representation indi-

105 cating the operating characteristic of the con-
ventional device in Fig. 1;

Figure 3 is an explanatory diagram showing
a problem current flowing in a current limiter;

Figure 4 is a circuit diagram showing one

110 example of a power interrupting device ac-
cording to this invention; and

Figure 5 is a graphical representation indi-
cating the operating characteristic of the de-
vice in Fig. 4.

115 One embodiment of this invention will be
described with reference to Figs. 4 and 5. In
Fig. 4, reference character M designates a
main interrupter; T, the tripping unit of the
main interrupter M; PF, a permanent fuse; R,
120 a parallel resistor; CT, a current transformer;
C. a relay for detecting the current of the
current transformer CT, to operate the tripping
unit (coil) T; and F1, F2, ... and Fn, wiring
branch interrupters, respectively. In Fig. 5,
125 reference character F' designates the operat-
ing characteristic of the branch interrupters F1
through Fn; M’, the operating characteristic of
the main interrupter M; and C’, the operating
characteristic of the relay C.
In the device thus organized, during normal
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operation, current flows through the main
interrupter M and the permanent fuse PF and
through the branch interrupters F1, F2, ...
and Fn to respective loads. When a short-
circuit problem occurs in the circuit of the
branch interrupter F1, the phase of an internal
element, e.g. sodium, forming the permanent
fuse which, in turn, forms a part of a current
limiting circuit, is changed from solid phase
through liquid phase to gas phase by the
problem current Ipros. As a result, the perma-
nent fuse PF, now providing a very high
resistance, begins current limitation. In this
operation, the resistance of the permanent
fuse PF becomes higher than that of the
parallel resistor R, and accordingly the prob-
lem current flows through both the parallel
resistor R and the permanent fuse PF; that is,
a steady state current Ipfr flows. This current
is interrupted by the branch interrupter F1,
and the main interrupter M is not activated.
Accordingly, the power is continuously sup-
plied to the other branch interrupters F2
through Fn whose circuits are operating prop-
erly. Thus, it.can be seen that a selectively
interruptable power supply device has been
provided.

In this device, the operating characteristic
of the main interrupter M is as shown in Fig.
B; that is, the main interrupter M has a
relatively long time limit characteristic, and
also has a short time limit operating current
M’* which is larger. than the minimum operat-
ing current C*’ of the current detecting relay
C, and a complete interruption time longer
than that of the current detecting relay C.
Thus, the main interrupter M is so designed
that at large current values it will not operate
more quickly than the current detecting relay
C.

The current detecting relay C is operated by
the current which is detected by the current
transformer CT. The relay C has the short time
limit characteristic C’ such that at high current
values the interruption F will operate before
the relay C. Therefore, the relay C will not
operate if the problem current is interrupted
by the branch interrupter F1, but it will oper-
ate before the allowable current flow time of
the main interrupter M, permanent fuse PF
and paralle! resistor R elapses if the problem
current continues to flow for a longer period
of time. This will operate the tripping unit T of
the main interrupter M to cause the main
interrupter M to interrupt the problem current.

As is apparent from the above description,
according to this invention, the main inter-
rupter M with the tripping unit is coupled to
the current detecting relay C. Therefore, the
tripping unit T of the main interrupter M can
be operated by the output of the current
detecting relay C. Thus, in the employment of
an ordinary interrupter, if an appropriate cur-
rent detecting relay is selected or designed,
then it is unnecessary to provide a special

operating characteristic for the interrupter.
This results in considerable cost savings since
it is less expensive to obtain a relay having
the appropriate characteristics than it is to
70 modify a circuit breaker. Thus, the power

interrupting device according to this invention
can be readily realized, and is low in manufac-
turing cost and high in reliability.

75 CLAIMS

1. A power interrupting device of the type
having a main interrupter connected in series
between a power source and at least one
branch interrupter, each of said main and

80 branch interrupters having respective maxi-
mum time limits for which they will conduct a
particular current before interrupting said cur-
rent, the time limit of said main interrupter
being greater than that of said at least one

85 branch interrupter, the improvement compris-
ing:

operating means for operating said main
interrupter in response to control signal to
cause said main interrupter to interrupt cur-

90 rent flowing therethrough; and

sensing means for sensing the current flow-
ing through said main interrupter, said sens-
ing means providing said control signal after a
maximum time limit of sensed current at said

95 particular current level, the time limit of said
sensing means being greater than that of said
at least one branch interrupter but less than
that of said main interrupter.

2. A power interrupting device as claimed

100 in claim 1, wherein the time limit of said
sensing means is between that of said main
interrupter and at least one branch interrupter
for any current value up to a predetermined
current value.

3. A power interrupting device as claimed
in claim 2, further comprising a current limit-
ing circuit connected in series between said
main interrupter and at least one branch inter-
rupter for limiting the maximum value of
110 current flowing through said main interrupter

to substantially said predetermined current
value.

4. A power interrupting device as claimed
in claim 3, wherein said current limiting cir-

115 cuit has a maximum allowable time for which
it can conduct a particular current, and said
maximum allowable time limit for any current
up to said predetermined current is greater
than said time limit of said sensing means.

5. A power interrupting device as claimed
in any one of claims 1, 2 or 3, wherein said
sensing means comprises a current transfor-
mer coupled in series with said main inter-
rupter and a current sensing relay for sensing
125 the current flowing through said current trans-

former.

6. A power interrupting device as claimed
in claim 3, wherein said sensing means com-
prises: a current transformer coupled in series

130 between said current limiting circuit and said
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at least one branch interrupter; and a current
sensing relay for sensing the current through
said current transformer.

7. A power interrupting device as claimed
in any one of claims 1 to 4, wherein said at
least one branch interrupter comprises a plu-
rality of interrupters which are not in series
with one another but are each in series with
said main interrupter.

8. A power interrupting device claimed in
claim 3 or 4, wherein said current limiting
circuit comprises a parallel connection of a
resistor and a permanent fuse.

Printed for Her Majesty’s Stationery Office

by Burgess & Son (Abingdon) Ltd.—1982.

Published at The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.



