SOLID-STATE TRIP DEVICE OF A MOLDED CASE CIRCUIT BREAKER

The invention relates to a solid-state trip device of a molded
case electrical circuit breaker having per pole a pair of
contacts, elastically urged into contact in the closed position
of the circuit breaker and capable of separating by the action
of an automatic operating mechanism on a fault, comprising
sensors which generate fault signals which are a function of the
currents flowing in the conductors protected by the circuit
breaker, and a processing unit to which said fault signals are
applied to generate a circuit breaker tripping order, when
preset threshold is exceeded, said order being time-delayed
according to the value of the fault signals.

The contacts of an electrical circuit breaker must open cleanly -
to avoid any intermediate contact repulsion position, the
contacts nevertheless being insufficiéntly’ separated for the arc

drawn between the contacts to be extinguished. Continuance of
the arc between the partially open contacts causes overheating
and damage to the circuit breaker. Repulsion of the contacts
takes place' due to the effect of the electrodynamic forces when
the current exceeds a preset repulsion threshold, this threshold
depending on the configuratiqn of the current in the circuit
breaker and on the pole setting characteristics. '

To be sure that a circuit. breaker does not remain in an
intermediate contact repulsion position, the tripping threshold
on a fault is gf_enerally set to a value lower than that of the
repulsion threshold. It is -di’..fficult and costly to achieve
circuit breakers having perfectly defined repulsion and tripping
thresholds, and to make up for these inaccuracies a tripping
threshold 20 to 50 % lower than the reptulsion threshold is
frequently selected, which results in- a considerable loss of
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selectivity.

The object of the present invention is to achieve a trip device
whose tripping threshold and the repulsion threshold are the

same.

Another object of the invention is to achieve a trip device
providing instantaneous tripping when the circuit breaker makes
on a fault. - '

The trip device according to the invention is characterized in
that an arc detector is associated with each pair of contacts to
detect the light emitted by the arc drawn when the contacts
separate, the arcing signals énxitted by said arc detectors being
applied to said_ processing unit to bring about instantaneous
tripping when at the same time the fault signals exceed said
preset threshold.

Any separétion of thé contacts, notably by electrodynamic
repulsion forces, causes a spark or an arc to form emitting a
light which can easily be detected by optic sensors such as

photoelectrié componénts which arel preferably located away from |
the arcing zone and connected to the latter by' light conductors
such as optic fibers. By locating, according to the invention,
the arc sensors or detectors inside the molded case,
disturbances due to outside light are avoided in a particularly
simple manner.. Subjecting ins{:antanequs tripping of the circuit
breaker to the.;_ simultaneous presence of -an arcing signal ‘and of

a fault signal preventé spurious tripping due to the arcs drawn

between the contacts when normal circuit breaker make and break
operations are performed. It can easily be understood that
detection of an arc and detection of a fault current do not
require any great accuracy, the light emitted by the arc being



superabundant and the difference betweeh a current capable of
causing repulsion of the contacts and the rated circuit breaker
current being very great. According to the configﬁration of the
current or the pole characteristics, electrodynamic repulsion
can occur on a single pair of circuit breaker contacts and it is

important that this repulsion be detected by associating an arc
detector with each pair of circuit breaker contacts. In the case
of an optic fiber, the light emitted by any one of the circuit
breaker poles can be .collected by running this fiber th:ough the
various arcing compartments near the pairs of contacts, but it

is conceivable to fit a detector at a location of the molded
case enabling the light emitted by'any one of. the pairs of
contacts to be sSeen through orifices made in the internal
partitions of the molded case. Each pair of contacts can have

associated with it an optic fiber transmlttlng the light to the

proce551ng unit.

‘By using light to detect contact repulsion, tripping before the
contacts are separated by the effect of electrodynamic repulsion
is prevented and inversely instantaneous tripping of the circuit
breaker is ensured as soon as repulsion of any one of the pairs
of circuit breaker contacts occurs. The trip device on contact
repulsion is advantageously associated, or performs 1n addition
the usual 1ong delay and short delay protective trlpplng on an
overload or a fault of an amplitude lower than the circuit
breaker repulsion threshold.

The solid-state trip device ‘according to the invention comprises
analog and/dr’ digital proéessing circuits, the 1nstantaneous
tripping c1rcu1t on contact repulszon being advantageously ;
analog in order to have a. very short response time.
Subordination of instantaneous sripping to the simultaneous
presence of an arcing signal and a fault signal can be
accomplished by suitable means, notably by an AND circuit,
receiving the two arcing and fault signals on its inputs.




The solid-state trip device according to the invention also
provides instantaneous protection when the circuit breaker makes
on a fault. In this case it is important to achieve immediate
breaking of the circuit breaker, independently from the short
delay and long delay tripping circuits which provide a time
delay compatible with the tripping selectivity. Making on a
fault automatically gives rise to an arc on the contacts which
is detected by the arc detectors and to an overcurrent indicated
by a fault signal, causing the circuit breaker to br,eak.' The
device according i:o the invention advantageously replaces
time-delayed contacts which inhibit the instantaneous trip |
device after a certain time. '

Other advantages and features will become more élearly apparent
from the following description of an illustrative embodiment of
the invention, given as a non—-restrictive example ohly and
represented in the accompanying drawing in which  the single
figure represents the block diagram of a trip device according
to the invention.

In the figure, an electrical power distribution system _with 3
conductors R, S, T, supplying a load (not shown) domprises a
circuit breaker 10 capable of interrupting the circuit in the
break positj':.on. The mechanism 12 of the circuit bre'akier 10 is
controled by a polarized relay 14 controling tripping of the
circuit breaker in the event 'c_af an overload or short-circuit
occurring. An auxiliary contact 16, associated .with the main
contacts 17R, 178, 17T, of the circuit breaker 10 indicates the
position of these main contacts 17R, 178, 17T. Each conductor R,
S, T has associated with it a current transformer 18 which



delivers a signal proportional to the current flowing in the
associated conductor, this signal being applied to a full-wave
rectifier bridge 20. The outputs of the 3 rectifier bridges 20
are connected in series in a circuit comprising a resistor 22, a
zener diode 24 and a diode 26 to produce at the terminals of the
resistor 22 a voltage signal proportional to the maximum value
of the current flowing in the conductors R, S,.T, and at the
terminals of the diode 24, a voltage supplying the electronic
circuits. The voltage signal is applied to the input of the
amplifier 28, whose output is connected to an analog to digital
converter 30. The output of the analog to digital converter _30
is connected to an input 1 of a microprocessor 32. The micro-
processor 32 comprises in addition an output 2 connected to the
polarized relay 14, an input 3 receiving the signals from a
clock 34, an input 4 connected to a keypad 36 with keys 44, an
input 6 connected to a read-only memory ROM 38, an input-output
5 connected to a random access memory NOVRAM 40, an output 7
connected to a display device 42 and an input 8 connected to the
auxiliary contact 16.

The trip device according to figure 1 performs the protection
function, notably long delay tripping and/or short delay
tripping respectively when an overload or fault occur in the
circuit of the conductors R, S, T. The digital signal
representative of the maximum value of the current in the
conductors R, S, T, is applied to the input 1 of the micro-
processor 32 and compared with threshold wvalues stored in a
memory to detect any ‘overshoot of these thresholds and generate
a delayed or instantaneoi;s t_ripping'order, which is ti‘ansmitte_d
to the reléy 14 to bring about opening of the circuit breaker
10. The trip device can natux‘-ally perform other functions,
notably earth protection. A trip device of the kind mentioned is
well-known to those specialized in the art and is for example
described in the European Patent application No.87401714.8
of 20;7.87, published under No. EP-A-258090, to which should
bé referred advantageously.



The invention can be used in any solid-state trip device and is
in no way limited to the trip device of the type described
hereabove. To'give a non-restrictive example, the current
detection means can comprise current sensors supplying analog
signals representative qf the current derivative_di/dt and whose
output is connected to integrating circuits, the output signals
from the integrating circuits being transmitted to the micro-
processor via an analog to digital converter. The solid-state
trip device can also be of the analog type. According to the
present invention, the circuit breaker 10 comprises aﬁ encloéure
of the molded case type inside which the main contacts 17R, 17S,
17T, of the three circuit breaker poles are disposed. The three
poles R, S, T are separated by walls defining internal
compartments of the molded case and each pole. has associated
with it an arc detector 46R, 46S, 46T located in proximity to
the main contacts 17R, 17S, 17T. The light collected by the arc
detectors 46R, 46S, 46T is transmitted by an optic fiber 48 to a
photoelectric component 50 which emits an electrical signal
.proportional to the 1light collected, this electrical signal
being applied to an input of an AND circuit 52. The other gate
of the AND circuit 52 is connected to a threshold circuit 54
connected to the output of the amplifier 28. The output of the
AND circuit 52 is connected via a diode 56 to the polarized
relay 1l4. A diode 58 is inserted in the connection between the
output 2 of the microprocessor 32 and the polarized relay 14 to
avoid any interference between the tripping signals applied to
the polarized relay 14, respectively by the microprocessor 32
and by the.instantaneous{arc repulsion tripping circuit.

The solid-state trip device according to the invention operates
as follows : -

When an overload or fault occurs, the microprocessor 32 causes
the circuit breaker 10 to trip in the usual manner, with a



possible time delay. The separation of the contacts 17R, 17S,
17T, causes light to be emitted, detected by the arc detectors
46R, 46S, 46T, and transmitted by the optic fiber 48 to the
photoelectric component 50 which applies a signal to the' AND
circuit 52. This AND circuit 52, which receives a fault signal

" on its other input, sends a superfluous tripping order to the

polarized relay 14, the latter having already brought about
tripping of the circuit breaker 10. This additional order does
not disturb operation of the trip device.

In the event of a short-circuit current of high intensity

greater than the repulsion threshold of the contacts 17R, 17S,

17T, or of any one of these contacts, the latter separate with
formation of an arc detected by the sensors 46R, 46S, 46T. The
arcing signal applied to the AND circuit 52, Whic_:h at the same
time receives the fault signal transmitted by the amplifier 28
and the threshold circuit 54, generates a tripping order
transmitted to the polarized relay 14. This tripping takes place
instantaneously and causes the contacts of the circuit ‘breaker
10 to open immediately avoiding any intermediate position of the
contacts liable to cause overheating and damage to the circuit
breaker. The detectors 46R, 46S, 46T located inside the molded
case are shielded from the outside light and there is no risk of
them causing spurious trips. They do however detect sparks or
arcs occurring on the main contacts 17R, 17S, 17T, when normal -

.make or break opérai:ions of the circuit breaker 10 are

performed, notably by manual control, but the arcing signal is

-blocked by the AND gate 52, which does not receive a fault

signal on its other ihput. Any spurious tripping and re-opening
of the dircuit breaker 10 is thus avoided and instantaneous
tripping takes 'place_ only when‘_-repulsion of the main contacts
17R, 178, 17T occurs. The short delay and long delay tripping
thresholds can be selected close to the contact repulsion
t-hresho.ld, any operator error being excluded by the arc

-detection device according to the invention.



Inhibition of the instantaneous tripping arcing signal can of
course be achieved by different means, riotably by overload
detectors independent from the sensors controling the short
delay and long delay tripping. The light conductor can be an

optic fiber made of plastic material whose end close to the main

contacts 17R, 17S, 17T is bared over a short length to pick up
the arc light, the bared end of the fiber constituting the arc

detector. Three. independent fibers can of course be used, each

one associated with one of the pairs of contacts, these three

‘fibers controllng the llght-sensa.tlve electronic component 50

which can for example be a photodiode or a phototransistor. The
bared end of the ept-ic fiber 48 which constitutes the arc
detector is preferably located in a zone shielded from the
pollution due to the arc, or this end is arranged in such a way
that it is cleaned by any appropriate means, for example
mechanical, each time the circuit breaker operates.

The instantaneous arc detection trip device according to the
invention can naturally be used in different types of standard

' trip devices, notably of the analog type.

The trip device according to the invention also provides
instantaneous protection in the following way when the circuit
breaker makes on.a fault : |

When the circuit breaker 10 makes on a fault, an arc occurs on

the main contacts 17R, 17S, 17T and this arc is detected by the: -
detectors 46R, 468, f-._"46T which emit an arcing signal applied to-
the AND gate 52. As making takes place on a fault, the fault -

current is detected by the circuit 54 which sends a fault signal

to the AND gate causing instantaneous tripping of the circuit -

breaker 10. In normal operation, the detectors 46R, 46S, 46T do
not emit any signal and only the long delay and short delay trip
devices provide protection.



The invention is naturally in no way limited to the embodiment
particularly described hereabove.
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CLAIMS

1. A solid-state trip device of a molded case electrical circuit
breaker having per pole a pair of contacts (17R, 17S, 17T)
elastically urged into contact in the closed position of the
circuit breaker and -capable of separating by the action of an
automatic operating mechanism (12) on a fault, comprising
sensors (18), which generate fault signals which are a function
of the currents flowing in the conductors (R, S, T) protected by
the circuit breaker, and a processing unit (20-32, 50-54) to
which said fault signals are applied to generate a circuit
breaker tripping order, when preset thresholds are exc-eeded,
said order being time-delayed according to the value of the
fault signals, characterized in that an arc detector (46R, 46S,
46T) is associated with each pair of contacts (i7R, 17s, 17T) to
detect the light emitted by the arc drawn when the contacts
separate, the arcing signals emitted by said arc detectors (46R,
465, 46T) being applied to said processing unit (20-32, 50-54)
to bring about instantaneous trlpplng when at the same tlme the
fault 51gnalsxexceed said preset threshold.

2. The solid-state trip device according to claim 1,
characterized in. that said processing unit (20-32) performs, in
addition to said instantaneous trip, a long delay and short
delay tripping function. ' ‘

3. The solid-state trip device according to claim 1 or 2,
characterized in that said processing unit (50-54) comprises an
AND circuit (52) to whose inputs the fault trlpplng order and
the arc tripping order are respectlvely applied.-

4. The solid-staté trip device according to any one of the above
claims, characterized in that said arc detectors (46R, 46S, 46T)
are formed by a bared end of an optic fiber (48) transmitting
light from the arcing zone of the circuit breaker to said
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processing unit.

5. The solid-state trip device according to any one of the above
claims, characterized in that said processing unit comprises a
light-sensitive electronic component (50), connected to the
arcing zone of the circuit breaker by one or more 1light
conductors (48). '

6. The solid-state trip device according to any one of the above
claims, cha:;ac_terized in that the instantaneous trip processing
unit (50-54) is an analog circuit.



