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B THE DISC

A test circuit {1) for arc fault deteptors {19) of the type which
respond to step changes in ac current over time generated each time an ac is
struck includes a low frequency relaxation oscillator {43) which generates a
repetitive signal with step changes like those produced by an arc fault. The
relaxation oscillator (43) includes a capacitor (47) charged through a resistor
{49) and shunted by a voltage breakdown device (51), preferably a diac. The
capacitor {47) is rapidly discharged when its voltage reaches the breakdown
voltage of the voltage breakdown device (51) to generate the step change
which is input to the arc fault detector (19). With a repetition rate of the
relaxation oscillator not greater than about 15 repetitions per second (rps),
and preferably about 5 rps, a user can manually determine the time to trip to
verify arc fault detector operation. With the oscillator operating at such a
low frequency, a signaling device (67) such as a light emitting diode (LED}
placed in series with the voltage breakdown device (51), permits the user to
manually count the number of step changes required to produce a trip

thereby providing further verification of detector operability.
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This invention relates to testing arc fault detectors including those
used in circuit breakers. Specifically, it is directed to an arc fault detector
test circuit which employs a low frequency relaxation oscillator for simple
verification of the operability of the detector.

Arc faults can occur in electrical systems, for instance, between
adjacent bared conductors, between exposed ends of broken conductors, a
faulty connection, and in other situations where conducting elements are in
close proximity. Arc faults typically have high resistance so the arc current
is below the instantaneous or magnetic trip thresholds of conventional circuit
breakers. Also, arc faults create an average RMS current value which is
below the thermal threshold for such circuit breakers. Even so, the arcs can
cause damage or start a fire if they occur near combustible material. It is not
practical to simply lower the pick-up currents on conventional circuit
breakers, as there are many typical loads which draw similar currents, and
would therefor, cause nuisance trips.

Thus, various types of arc fault detectors have been proposed. Some
of these detectors respond to the step change in current randomly occurring
each time an arc is struck. One such detector is disclosed in U.S. Patent No.
5,459,630. This detector counts the number of step changes in current
which occur in a given time interval. U.S. Patent No. 5,459,630 also
discloses a test circuit for testing the arc fault detector. The particular circuit
disclosed utilizes one of the coils of the dormant oscillator ground fault circuit
also provided in the circuit breaker. A capacitor forms with the sensing coil
an oscillator when a test button is closed. Another test circuit suggested by
U.S. Patent No, 5,459,630 includes an impedance, such as a resistor, which
is connected across the line and neutral conductors to produce a pulse each
time a test switch is closed. This test circuit requires repeated manual
actuation of the test switch to generate test pulses which are then counted

by the arc fault detector.
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An improved arc fault detector of the type which responds to the step
changes in current produced by the striking of the arc, is described in U.S.
Patent No. 5,691,869. An arc fault signal which can be used to trip a circuit
breaker is generated when a time attenuated accumulation of the pulses
generated each time an arc is struck reaches a selected magnitude. Thus,
fewer arcs which produce large step increases in current are required to trip
the circuit breaker than smaller amplitude arcs.

While test circuits such as those described in U.S. Patent No.
5,459,630 could be applied to the arc fault detectors of U.S. Patent No.
5,691,869, there is a need for improved arc fault test circuits.

More particularly, there is a need for an improved test circuit for an arc
fault detector which automatically generates step increases mimicing the
striking of an arc, and therefore, does not require repetitive actuation to
generate a series of "simulated” arcs.

There is a more particular need for such an arc fault detector test
circuit which provides more information about the operation of the test
circuit.

In particular, there is a need for such a test circuit which provides an
indication of the number of simulated arc strikes which generated the trip.

There is a further need for such a test circuit which alternatively, or
additionally, allows an operator to manually time the time to trip using the
test circuit.

These needs and others are satisfied by the invention which is directed
to the test circuit for an arc fault detector which responds to step increases
in an alternating current caused by an arc fault over a period of time. The
test circuit includes a relaxation oscillator for generating a pulse signal having
a repetition rate of no more than about 15 pulses per second, and coupling
means applying the pulse signal to the arc fault detector. Preferably, power

for the relaxation oscillator is provided by the ac current through a rectifier.




10

15

20

25

4.

Preferably, the relaxation oscillator comprises a capacitor, a resistor
through which dc current from the electrifier is applied to the capacitor, and
a voltage break down device shunting the capacitor. With a test switch
closed, the capacitor is charged to the break down voltage of the voltage
breakdown device. The capacitor is then rapidly discharged through the
voltage break down device thereby generating a pulse which simulates the
striking of an arc. A preferred voltage break down device is a diac; however,
other voltage break down devices such as a neon bulb, a silicon bilateral
switch, a unijunction transistor and the like could be used. Where the arc
fault detector only responds to step changes in the ac current over at least a
minimum amplitude, the coupling means preferably couples the pulse signal
from the test circuit into the arc fault detector at about this minimum
amplitude. This verifies the response of the arc fault detector to low current
arcs.

By using a low frequency relaxation oscillator, the user is able to
manually determine the time to trip. With the pulse repetition rate of the
relaxation oscillator set to a known value, proper operation of the arc fault
detector can be determined by generation of the trip signal within a
predetermined period of time. In accordance with another aspect of the
invention, an indicator is provided in the relaxation oscillator to provide an
indication each time a test pulse is generated. Preferably, a light emitting
diode (LED) is connected in series with the voltage break down device so
that a pulse of light is generated each time the device breaks down to
generate an electrical pulse. Again, since the frequency of the relaxation
operator is low, a user is able to count the number of pulses required to
generate a trip.

A full understanding of the invention can be gained from the following
description of the preferred embodiments when read in conjunction with the

accompanying drawings in which:
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Figure 1 is a schematic diagram of a circuit breaker incorporating an
arc fault detector and a test circuit for the arc fault detector in accordance
with the invention, and

Figure 2 is a schematic diagram in block form of the arc fault detector
which forms part of Figure 1.

The invention will be described as applied to an arc fault detector
which is incorporated into a circuit breaker. However, it will be appreciated
that the test circuit of the invention is applicable to arc fault detectors in
general of the type which respond to the step changes in current caused by
the repetitive random striking of an arc.

Referring to Figure 1, an electrical distribution system 1 having a line
conductor 3 and a load conductor 5 is protected by a circuit breaker 7. The
exemplary circuit breaker 7 is the well-known "miniature™ type circuit breaker
commonly used in residential and light commercial applications. Such a
circuit breaker 7 has a thermal magnetic trip device 9 which includes a
bimetal 11 connected in series in the line conductor 3. Persistent
overcurrents in the electrical system 1 heat up the bimetal 11 causing it to
deflect and actuate a trip mechanism 13 which opens separable contacts 15
to interrupt current flow in the electrical system 1. In addition, thermal
magnetic trip device 9 includes a magnetic trip function. An armature 17 is
deflected by very large overcurrents such as those associated with a short
circuit to actuate the trip mechanism 13 and open the separable contacts 16.

The circuit breaker 7 also provides protection against arc faults. Such
faults are typically characterized by repetitive intermittent striking of an arc.
The circuit breaker 7 includes an arc fault detector 19 which responds to the
step changes in the ac current produced each time the arc is struck. Suitable
arc fault detectors are disclosed, for instance, in U.S. Patent No. 5,224,006,
with a preferred type described in U.S. Patent No. 5,691,869 which is
hereby incorporated by reference. The arc fault detector 19 senses the

current in the electrical system 1 by monitoring the voltage across the
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bimetal 11 through the lead 21 in the manner described in U.S. Patent No.
5,519,461, As the impedance of the bimetal 11 is known, the voltage drop
across the bimetal provides a representation of line current.

As described in U.S. Patent No. 5,691,869, the arc fault detector 19
includes circuitry which generates a pulse in response to each step change in
current. The pulse signal is integrated with the integration attenuated over
time. When the time attenuated accumulation of the pulses reaches a
selected level, the arc fault detector 19 generates a trip signal. This trip
signal output on the lead 23, triggers a silicon control rectifier (SCR} 25.
Turn on of the SCR 25 energizes a trip coil 27 which releases the trip
mechanism 13 to open the separable contacts 15. The capacitor 29
protects the SCR 25 from false turn on due to transients on the gate
electrode. Power for the arc fault detector 19 is provided by a dc power
source 31 energized by the electrical system 1. The dc power source 31
includes a diode 33 which provides halfwave rectified power which is filtered
by a first low pass filter 35 and a second low pass filter 37 which removes
much of the 60 cycle ripple. The arc fault detector 19 includes a voltage
regulator {not shown) which provides the required dc voltages to the arc fault
detector 19.

A test circuit 39 automatically generates a test signal for testing
operation of the arc fault detector 19 when a test button 41 is actuated.
The test circuit 39 includes a low frequency relaxation oscillator 43 and a
coupling circuit 45 for coupling the pulse signal generated by the relaxation
oscillator 43 to the arc fault detector 19. The relaxation oscillator 43
includes a capacitor 47 which is charged through a resistor 49 when the test
button 41 is closed. The capacitor 47 is shunted by a voltage break down
device 51. The preferred device 51 is a diac; however, other voltage break
down devices such as a neon bulb, a silicon bilateral switch, a unijunction
transistor and the like could be used. The power source 31 also provides

power for the relaxation oscillator 43, although dc power filtered only by the
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first low pass filter 35 is used so that sufficient voltage for operation of the
relaxation oscillator 43 is provided.
With the test button 41 closed, the capacitor 47 charges at a rate
determined by the time constant established by the values of the capacitor
5 47 and the charging resistor 49. When the voltage across the capacitor 47
reaches the break down voltage of the diac 51, the diac conducts to rapidly
discharge the resistor 47 thereby providing a step change in the voltage
across the capacitor 47. Thus, the waveform generated by the relaxation
oscillator mimics the step changes in current caused by an arc in the
10 electrical system 1.
HS The output of the relaxation oscillator is applied to the arc fault
detector 19 through the coupling circuit 45. This coupling circuit 45 includes
a series capacitor 53 and resistor 55. As will be seen from Figure 2, the arc
fault detector 19 has a bandpass filter at its input which generates a pulse
15 signal in response to the step changes in current such as are generated by

the striking of an arc. The bandpass filter 57 includes a high pass filter 59

followed by a low pass filter 61. Because of the very low resistance of the
bimetal, the output of the relaxation oscillator 43 cannot be injected through
the same input as the lead 21 since it does not have sufficient power. Thus,
20 the test signal is injected intc the arc fault detector 19 after the high pass
T filter 59. The capacitor 53 and resistar 55 of the coupling circuit 45 form
the high pass filter section of a bandpass filter for the output signal of the
relaxation oscillator. The output of the low pass filter 61 is a pulse signal
generated in response to the step change in current produced by the striking
25 of an arc or by the relaxation oscillator. These pulses are integrated with the
integrated value attenuated over time in a time attenuated integrator 63.
When the value of the time attenuated integration equals a selected level, an
output signal generator 65 generates the trip signal which turns on the SCR
25. The trip level of the time attenuated integration of pulses is reached

30 sooner for larger amplitude and for more rapidly occurring step changes.
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However, the step changes must have at least a minimum amplitude in order
to be included in the integration. The values of the capacitor 53 and 55 are
therefore also selected to produce pulses which are above but near the
minimum level in order to assure that the arc fault detector is responding
properly to smaller amplitude arcs.

As mentioned, the relaxation oscillator 43 is designed to operate at a
low frequency. By low frequency is meant a frequency which requires a
humanly perceptible amount of time for the trip signal to be generated, for
instance, one to a few seconds. Thus, as the relaxation oscillator will
operate at a selected frequency, and as long as the voltage in the electrical
system remains relatively constant, the time required for the trip signal to be
generated after the test button is depressed is a measure of the performance
of the arc fault detector 19.

As a further aid in verifying the operation of the arc fault detector 19,
a signal generator 67 can be connected in series with the diac 51. In the
preferred embodiment, the signal generator 67 is a light-emitting diode (LED)
which provides a visual indication to the user each time the relaxation
oscillator 43 generates a step change which is applied to the arc fault
detector 19. Thus, the pulse repetition rate of the relaxation oscillator 53
should be selected such that a human user can count the step changes as
they are generated. For this purpose, the pulse repetition rate of the
relaxation oscillator should be no more than about 15 cycles per second and
preferably about 5 cycles per second. This feature enables the user to
further analyze the operation of the arc fault detector by providing an
indication of the number of step changes as well as the time required to
generate a trip signal. As can be seen, the arc fault detector test circuit of
the invention provides a simple, inexpensive arrangement for testing the
operation of arc fault detectors of the type which respond to step changes in
current generated by the striking of an arc.

While specific embodiments of the invention have been described in

detail, it will be appreciated by those skilled in the art that various
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modifications and alternatives to those details could be developed in light of
the overall teachings of the disclosure. Accordingly, the particular
arrangements disclosed are meant to be illustrative only and not limiting as to
the scope of invention which is to be given the full breath of the claims

5 appended and any and all equivalents thereof.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A test circuit for an arc fault detector which responds to a plurality of

step increases in an alternating current in an ac power system caused by an

“arc fault over a period of time, said test circuit comprising:

a power source;

a relaxation oscillator powered by said power source for generating a
repetitive signal having step changes, said signal having a repetition rate of
not more than about 15 per second; and

coupling means coupling said pulse signal to said arc fault detector.

2, The test circuit of Claim 1 wherein said relaxation oscillator comprises
a capacitor, a rasistor through which said capacitor is charged by said power
source, and a voltage breakdown device shunting said capacitor, the values
of said resistor and capacitor, and a breakdown voltage of said voltage

breakdown device being selected to provide said selected repetition rate.

3. The test circuit of Claim 2 wherein said power source comprises

rectifier means connected to said ac power system.

4. The test circuit of Claim 2 wherein said coupling means comprises
circuit means applying voltage across said capacitor to said arc fault

detector,

5. The test circuit of Claim 4 adapted for use with an arc fault detector
which responds only to step changes in said ac current having at least a
minimum amplitude, wherein said circuit means comprises components
applying said repetitive signal to said arc fault detector at about said

minimum amplitude.
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6. The test circuit of Claim 4 wherein said coupling components

comprise a series resistor and capacitor.

7. The test circuit of Claim 6 wherein said voltage break down device is

a diac.

8. The test circuit of Claim 7 wherein said power source comprises

rectifier means connected to said ac power system.

9. The test circuit of Claim 5 including a signaling device in series with

said voltage break down device.

10. The test circuit of Claim 2 wherein said signaling device comprises a

light emitting diode.

11.  The test circuit of Claim 2 including a signaling device in series with

said voltage break down device.

12. The test circuit of Claim 11 wherein said signaling device comprises a

light emitting dicde.

13. The test circuit of Claim 12 wherein said voltage break down device

comprises a diac.

14. The test circuit of Claim 1 wherein said relaxation oscillator includes a
signaling device identifying each step change in said repetitive signal.
15. The test circuit of Claim 14 wherein said signaling device is a light

emitting diode.
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16. The test circuit of Claim 1 wherein said relaxation oscillator generates

a repetitive signal with a repetition rate between about 15 per second and

about 1 per second.

17. A test circuit for an arc fault detector substantially as hereinbefore

described with reference to the accompany drawings.
Dated this 10 day of March 1999
EATON CORPORATION

Patent Attorneys for the Applicants:
PETER MAXWELL & ASSOCIATES
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