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(57) Abréegée/Abstract:

An electrical fault detector system detects electrical faults in an electrical distribution system by monitoring one or more conductors
and producing an input signal representing one or more electrical signal conditions In the circuit to be monitored. This input signal
IS processed to develop a first signal representing the electrical current flow through the monitored circuit and a second signal
representing signal components In a selected frequency range typical of arcing faults, and which exceed a predetermined
threshold. The system also detects ground faults in the circuit being monitored.
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Abstract

An electrical fault detector system detects electrical
faults in an electrical distribution system by monitoring
one or more conductors and producing an input signal
representing one or more electrical signal conditions in
the circuit to be monitored. This input signal is
processed to develop a first signal representing the
electrical current flow through the monitored circuit and é
second signal representing signal components in a selected
frequency range typical of arcing faults, and which exceed

a predetermined threshold. The system also detects ground

faults 1n the circuit being monitored.
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ELECTRICAL FAULT DETECTION SYSTEM

This 1s a divisional application of Canadian Patent Application Serial No. 2,320,859
filed on January 27, 1999. ' '
FIELD OF THE INVENTION

The present invention relates to the protection of electrical circuits and, more
particulérly, to the detection of various electrical faults in an electrical circuit, for example an
analysis of current flow in the circuit, detection of arcing faults and detection of ground
faults. It should be understood that the expression “the invention” and the like encompasses
the subject matter of both the parent and the divisional applications.

BACKGROUND OF THE INVENTION

The electrical systems in residential, commercial and industrial applications usually
include a panelboard for receiving electrical power from a utility source. The power is then
routed through protection devices to designated branch circuits supplying one or more
loads. These overcurrent devices are typically circuit interrupters such as circuit breakers
and fuses which are designed to interrupt the electrical current if the limits of the
conductors supplying the loads are surpassed. Interruption of the circuit reduces the risk of
injury or the potential of property damage from a resulting fire. '

Circuit breakers are a preferred type of circuit interrupter because a resetting
mechanism allows their reuse. Typically, circuit breakers interrupt an electric circuit due to a
disconnect or trip condition such as a current overload or ground fault. The current overload
condition results when a current exceeds the continuous rating of the breaker for a time
interval determined by the trip current. A ground fault trip condition is created by an
imbalance of currents flowing between a line conductor and a neutral conductor which could
be caused by a leakage current or an arcing fault to ground.

Arcing faults are commonly defined as current through ionized gas between two
ends of a broken conductor or at a faulty contact or connector, between two conductors
supplying a load, or between a conductor and ground. However, arcing faults may not cause
a conventional circuit breaker to trip. Arcing fault current levels may be reduced by branch
or load impedance to a level below the trip curve settings of the circuit breaker. In addition,

an arcing fault which does not contact a grounded conductor or person will not trip a ground

fault protector.
There are many conditions that may cause an arcing fault. For example, corroded,

wormn or aged wiring, connectors, contacts or insulation, loose connections,
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wiring damaged by nails or staples through the insulation, and electrical stress caused by

repeated overloading, lightning strikes, etc. These faults may damage the conductor
insulation and reach an unacceptable temperature. Arcing faults can cause fire if
combustible materials are in close proximity.

OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the present invention to provide an electrical fault detection
system and method which reliably detects electrical faults, including overcurrent
conditions and ground faults, as well as arc fault conditions 1gnored by conventional
circuit interrupters. |

Still another object of the invention is to provide an electrical fault detection
system which utilizes a mimmum number of highly reliable electronic components to
perform most of the signal processing and analyzing functions, so as to be relatively
simple and yet highly reliable in operation.

Other and ﬁ.lrther objects and advantages of the invention will be apparent to
those skilled in the art from the present specification taken with the accompanying
drawings and appended claims.

In accordance with one aspect of the invention, there is provided an electrical
circuit fault detector comprising band-pass filter circuit means responsive to an input
signal representative of an electrical signal condition in a circuit to be monitored for
passing a frequency signal comprising signal components of said input signal which fall
within a first predetermined frequency band; threshold detecfor circuit means coupled to

said band-pass filters circuit means and responsive to components of said frequency

signal above a predetermined threshold amplitude for producing a corresponding
frequency amplitude signal; and first frequency signal conditioning circuit means
coupled to said threshold detector means and responsive to said frequency amplitude
signal for producing a conditioned frequency amplitude output signal in a form suitable
for input to a controller.

In accordance with another aspect of the invention, there is provided an electrical
fault detector system comprising a first sensor operatively coupled with a circuit to be
momtored for producing an input signal representative of a signal condition in said

circuit to be monitored; a ground fault sensor operatively coupled with said circuit to be
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»
monitored for producing a ground fault input signal representative of a ground fault

current in said circuit to be monitored; integrator circuit means coupled with said first
sensor and responsive to said input signal for developing a current signal representative
of current magnitude 1n said circuit to be monitored; band-pass filter circuit means
operatively coupled with said first sensor and responsive to said input signal for passing
a frequency signal compnsing signal components of said input signal in a predetermined
frequency band; ground fault amplifier circuit means coupled with said ground fault
sensor for amplifying said input signals to produce amplified ground fault signals; and
signal conditioning circuit means coupled with said band-pass filter circuit means, said
integrator circuit means and said ground fault amplifier circuit means for receiving and
conditioning said current signal, said frequency signal and said amplified ground faulit
signal to produce conditioned output signals 1n a form suitable for input to a controller.

In accordance with another aspect of the invention, there is provided a method of
detecting arcing faults in an electrical distribution system that includes a line conductor
connected to a load, said method comprising monitoring the line conductor and
producing a corresponding 1nput signal; and band-pass filtering said input signal at two
predetermined frequency bands.

In accordance with another aspect of the invention, there is provided an

‘application specific integrated circuit comprising band-pass filter circuit means

responsive to an input signal representative of a signal condition in a circuit to be
monitored for passing a frequency signal comprising signal components of said input
signal which fall within a first predetermined frequency band; threshold detector circuit
means coupled to said band-pass filters circuit means and responsive to components of
said frequency signal above a predetermined threshold amplitude for producing a
corresponding frequency amplitude signal; and first frequency signal conditioning circuit
means coupled to said threshold detector circuit means and responsive to said frequency
amplitude signal for producing a conditioned frequency amplitude output signal in a
form suitable for input to a controller.

In accordance with another aspect of the invention, there is provided an electrical
fault detector circuit comprising current fault detector circuit means for developing a

current signal representative of current magnmtude in said circuit to be monitored; arcing
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fault detector circuit means for developing an arcing fault signal in response to detection

of an arcing fault in said circuit to be monttored; and ground fault detector circuit means

for producing a ground fault signal in response to detection of a ground fault in the

circuit to be monitored.

In accordance with another aspect of the invention, there is provided an
application specific integrated circuit for an electrical fault detector system compnising
current fault detector circuit means for developing a current signal representative of
current magnitude in said circuit to be monitored; arcing fault detector circuit means for
developing an arcing fault signal in response to detection of an arcing fault signal in said
circuit to be monitored; and ground fault detector circuit means for producing a ground
fault signal in response to detection of a ground fault in the circuit to be monitored.

In accordance with another aspect of the invention, there 1s provided a power
supply circuit comprising a voltage regulator circuit for producing a regulated DC
voltage; and a zener diode in series with a ground circuit of said voltage regulator circuit
for producing positive and negative regulated DC output voltages.

In accordance with another aspect of the invention, there is provided a power
supply circuit comprising a rectifier circuit; a series capacitor between a source of line
voltage and said rectifier circuit for efficiently dropping said line voltage; and a voltage

regulator operatively coupled with said brnidge circuit for producing a regulated DC

voltage.

According to an aspect of the present invention there is provided an integrated
circuit for use in a processor-controlled device connected to at least one electrical power
line so that the combination of the integrated circuit ahd the processor-controlled device
can detect faults in the power line, the integrated circuit comprising a first input for
receiving an alternating signal from an arcing-fault sensor coupled to the power line, at
least one band pass filter connected to the first input for passing those components of the
alternating signal within a prescribed frequency band, a threshold detector receiving the
components of the alternating signal passed by the filter for comparing those signal
components with a predetermined threshold and producing an output signal when the
predetermined threshold is exceeded, a pulse generator receiving the output signal from
the threshold detector and producing a corresponding output pulse, a first output

rece1ving the output pulses from the pulse generator for coupling those pulses to a
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processor, an integrator connected to the first input for integrating the alternating signal
and producing a signal representing the resulting integral, an absolute value circuit
rece1ving the integral signal from the integrator and producing an output signal
representing the absolute value of that integral, a second output receiving the absolute-
value integral signal for coupling that signal to the processor, a second input for receiving
a signal from a ground-fault sensor coupled to the power line, an amplifier connected to
the second input for amplifying the ground-fault signal from the ground-fault sensor, an
absolute value circuit receiving the amplified ground-fault signal and producing an
output signal representing the absolute value of the amplified ground-fault signal, and a
third output receiving the absolute-value ground-fault signal for coupling that signal to
the processor.

According to another aspect of the present invention there is provided an
integrated circuit for use in a processor-controlled device connected to at least one
electrical power line so that the combination of the integrated circuit and the processor-
controlled device can detect faults in the power line, the integrated circuit comprising a
first input for receiving and alternating signal from an arcing-fault sensor coupled to the
power line, a first band pass filter connected to the first input for passing those
components of the alternating signal within a first prescribed frequency band, a first
threshold detector receiving the components of the alternating signal passed by the first
filter for comparing those signal components with a first predetermined threshold and
producing an output signal when the first predetermined threshold is exceeded, a first
pulse generator receiving the output signal from the first threshold detector and
producing a corresponding output pulse, a second band pass filter connected to the first
input for passing those components of the alternating signal within a second prescribed
frequency band, a second threshold detector receiving the components of the alternating
signal passed by the second filter for comparing those signal components with a second
predetermined threshold and producing an output signal when the second predetermined
threshold is exceeded, a second pulse generator receiving the output signal from the
second threshold detector and producing a corresponding output pulse, logic means
recetving the output pulses from both the pulse generators and passing the pulses when
output pulses from both pulse generators occur at substantially the same time, a first
output recerving the output pulses from the logic means fbr coupling those pulses to a

processor, an integrator connected to the first input for integrating the alternating signal
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and producing a signal representing the resulting integral, an absolute value circuit
receiving the integral signal from the integrator and producing an output signal
representing the absolute value of that integral, a second output receiving the absolute-
value integral signal for coupling that signal to the processor, a second input for receiving
a signal from a ground-fault sensor coupled to the power line, an amplifier connected to
the second input for amplifying the ground-fault signal from the ground-fault sensor, an
absolute value circuit receiving the amplified ground-fault signal and producing an
output si glial representing the absolute value of the amplified ground-fauit signal, and a
third output receiving the absolute-value ground-fault signal for coupling that signal to
the processor, a fourth input for receiving a test signal, an amplifier for adjusting the
amplitude of the test signal, and a fourth output receiving the amplifier output for
coupling the test signal to the arcing-fault sensor, at least one power-line input for
receiving the power line signal, signal conditioning means for adjusting at least the
amplitude of the power line signal, and a power-line output receiving the adjusted power
line signal for coupling that signal to the processor, and a watch-dog circuit for receiving
a watch-dog signal output from the processor, determining from the watch-dog signal
whether the processor is active, and producing a trip signal if it is determined that the
processor is not active.

According to a further aspect of the present invention there is provided a circuit
for use in a processor-controlled device connected to at least one electrical power line so
that the combination of the circuit and the processor-controlled device can detect faults in
the power line, the circuit comprising a first input for receiving an alternating signal from
an arcing-faﬁlt sensor coupled to the power line, at least one band pass filter connected to .
the first input for passing those components of the alternating signal within a prescribed
frequency band, a threshold detector receiving the components of the alternating signal
passed by the filter for comparing those signal components with a predetermined
threshold and producing an output signal when the predetermined threshold is exceeded,.
a pulse generator receiving the output signal from the threshold detector and producing a
corresponding output pulse, a first output receiving the output pulses from the pulse
- generator for coupling those pulses to a processor, an integrator connected to the first
input for integrating the alternating signal and producing a signal representing the
resulting integral, an absolute value circuit receiving the integral signal from the

integrator and producing an output signal representing the absolute value of that integral,
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and a second output receiving the absolute-value integral signal for coupling that signal
to the processor.

According to a further aspect of the present invention there is provided a circuit
for use in a processor-controlled device connected to at least one electrical power line so
that the combination of the circuit and the processor-controlled device can detect faults in
the power line, the circuit comprising a first input for receiving an alternating signal from
an arcing-fault sensor coupled to the power line, a first band pass filter connected to the
first input for passing those components of the alternating signal within a first prescribed
frequency band, a ﬁrsi threshold detector receiving the components of the alternating
signal passed by the first filter for comparing those signal components with a first
predetermined threshold and producing an output signal when the first predetermined
threshold is exceeded, a first pulse generator receiving the output signal from the first
threshold detector and producing a corresponding output pulse, a second band pass filter
connected to the first input for passing those components of the alternating signal within
a second prescribed frequency band, a second threshold detector receiving the
components of the alternating signal passed by the second filter for comparing those
signal components with a second predetermined threshold and producing an output signal
when the second pfedetermined threshold 1s exceeded, a second pulse generator receiving
the output signal from the second threshold detector and producing a corresponding
output pulse, logic means receiving the output pulseé from both the pulse generators and
passing the pulses when output pulses from both pulse generators occur at substantially
the same time, a first output receiving the output pulses from the logic means for
coupling those pulses to a processor, an integrator connected to the first input for
integrating the alternating signal and producing a signal representing the resulting
integral, an absolute value circuit receiving the integral signal from the integrator and
producing an output signal representing the absolute value of that integral, a second
output receiving the absolute-value integral signal for coupling that signal to the
processor, a second input for receiving a signal from a ground-fault sensor coupled to the
power line, an amplifier connected to the second input for amplifying the ground-fault
signal from the ground-fault sensor, an absolute value circuit receiving the amplified
ground-fault signal and producing an output signal representing the absolute value of the
amplified ground-fault signal, and a third output receiving the absolute-value ground-

fault signal for coupling that signal to the processor, a fourth input for receiving a test
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signal, an amplifier for adjusting the amplitude of the test signal, and a fourth output
rece1ving the amplifier output for coupling the test signal to the arcing-fault sensor, at
least one power-line input for receiving the power line signal, signal conditioning means
for adjusting at least the amplitude of the power line signal, and a power-line output
receiving the adjusted power line signal for coupling that signal to the processor, and a
watch-dog circuit for receiving a watch-dog signal output from the processor,
determining from the watch-dog signal whether the processor is active, and producing a
trip signal 1f 1t is determined that the processor 1s not active.

According to a further aspect of the present invention there is provided a method
for detecting faults in an electrical power line using a circuit and a processor-controlled
device connected to at least one electrical power line so that the combination of the
circuit and the processor-controlled device can detect faults in the power line, the method
comprising, at the circuit receiving an alternating signal from an arcing-fault sensor
coupled to the power line, passing those components of the alternating signal within a
prescribed frequency band, comparing those components of the alternating signal within
the prescribed frequency band with a predetermined threshold and producing an output
signal when the predetermined threshold is exceeded, producing an output pulse
corresponding to the output signal, coupling the output pulses to a processor;

integrating the alternating signal and producing a signal representing the resulting
integral, producing an output signal representing the absolute value of that integral, and
coupling the output signal to the processor.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1152 ﬁmct.ional block diagram of an electrical fault detection system
embodying the invention;

F1G. 2 1s a schematic diagram of an electrical circuit for implementing the arc
fault detection system illustrated in FIG. 1;

FIGS. 3-6 are schematic diagrams of further details of the electrical circuit of
FIG. 2; and | |

FIGS. 7A and 7B and 8A, 8B, 8C and 8D form a schematic diagram of an

application specific integrated circuit (ASIC) which functions equivalently to the circuits

of FIGS. 3-6.
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Referring now to the drawings 1n initially to FIG. 1, there is shown 1n block form
a novel electrical fault detector system in accordance with the invention, and designated
generally by the reference numeral 10. In the illustrative example, the fault detection
system 10 is associated with an electnical circuit such as a 120 VAC circuit 12 which 1s
to be monitored for fauits. Of course, the invention is not limited to use with a 120 VAC
circuit. At least one sensor 16 is provided in association with the 120 VAC circuit 12 for
producing a signal representative of a signal condition, such as power, voltage or current
in the 120 VAC circuit 12. In the illustrated embodiment, this sensor 16 compnises a
current rate of change sensor (di/dt). A line conductor 14 of the 120 VAC circuit 12
passes through the rate of change current sensor (di/dt) 16 which produces a current input
signal representative of the rate of change of current flow in the line conductor 14. In the
illustrative embodiment, both the line conductor 14 and a neutral circuit 18 of the 120
VAC circuit 12 flow through a ground fault detector or sensor 20 which 1s responsive to
the current flowing through the line and neutral sides of the circuit 12 for producing an
output signal at an output 22. If the current flow through the line and neutral conductors
is different, this is indicative of a ground fault.

Preferably, the di/dt sensor 16 and the ground fault sensor 20 each compnse a
toroidal coil having an annular core which surrounds the relevant conductors, with a
toroidal sensing coil wound helically on the core. In the sensor 16, the core may be made
of magnetic material such as ferrite, iron or molded permeable powder, such that the
sensor is capable of responding to rapid changes in flux. An air gap may be cut into the
core in certain instances to reduce the permeability, and the core matenal 1s such that 1t
does not saturate during the relatively high current produced by some forms of arcing, so
that arc detection is still possible. The particular requirements for the construction of the
toroidal coil and core for the ground fault sensor 20 may differ somewhat for those for
the di/dt sensor 16, such ground fault sensors or transformers being generally known 1n
the art.

The di/dt sensor 16 provides an input to an arcing fault detector circuit 24 which

is preferably a broadband noise detector circuit and a current fault detector circuit 26
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which is preferably a current measuning circuit. The ground fault sensor 20 provides an

input signal at line 22 to a ground fault detector circuit 28. Preferably, all of the
components of the arcing fault circuit detector 24, the current fault detector circuit 26 and
the ground fault detector circuit 28, as well as some other circuit components to be
descnibed later, are provided on an application specific integrated circuit (ASIC) 30.
Suitable output signals from the ASIC 30 are fed to a microcontroller 40 which, based on
analysis and further processing of the signals provided by the ASIC 30 makes a decision
as to whether to send a trip signal to an output 42 for activating a trip circuit 44 which
will in effect switch the line side conductor 14 of the 120 VAC circuit 12 to an open
circuit condition as indicated diagrammatically in FIG. 1, or whether to allow the line
side 14 of the circuit 12 to remain connected 10 a load 50.

Referring also to FIG. 2, some additional details of the circuit of the invention are
illustrated. In the embodiment illustrated in FIG. 2, the trip signal from the
microcontroller output 42 is fed to the ASIC 30 where it is ORed with other signals (to
be described later) for tripping the trip circuit 44, and fed to a trip output 32. The
illustrated trip circuit 44 includes a trip coil 46, such as a solenoid coil which, when
enough current is flowing through it, will activate a soienoid plunger causing it to release
a mechanism within a circuit breaker thereby opening the contacts 47 and disconnecting
the line from the load 50 as illustrated in FIG. 1. The trip circuit 44 as illustrated in FI1G.
2 includes a triac 48 in series with the trip coil 46 and the neutral line 18. This triac 48
will be gated by a photo-sensitive triac 50, when the tnac 50 is activated by the emission
of light energy from a light emitting diode (LED) 52. The LED 52 is coupled to the “trip
out” line 32 of the ASIC and to a negative reference voltage VSS so as to be energized
for emitting light when a trip signal is given on the line 32.

Referring briefly to a power supply portion 60 in the circuit of FIG. 2, in the
1llustrative embodiment a full wave rectifier brnidge circuit 62 1s employed.
Advantageously, a series capacitor 64 is coupled between the line conductor 14 and the
rectifier bndge circuit 62 for efﬁc-iently,dmpping the line voltage. In the illustrative
embodiment the capacitor has a value of substantially 0.56 microfarads so as to deliver
approximately 15-25 volts AC into the rectifier bridge 62. This reduced hne voltage is
fully rectified and clamped to 14 volts by a 14 volt zener diode 65.
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In accordance with another feature of the invention, the cathode of a zener diode

66 is coupled to the ground pin or ground circuit 68 of a voltage regulator 70. The
voltage regulaior 70 produces a +5 volt DC regulated voltage as VDD, while a similar -5
volt regulated voltage VSS is produced at the anode of the zener diode 66, which is
preferably a 5.6 volt zener diode.

Also shown in FIG. 2 1s a test switch input 72 to the microcontroller 40 for use in
a “push to test” operation. That is, for purposes of testing the circuitry, when a test
switch (not shown) coupled with this test switch input 72 is actuated, the resister R1 will
cause a simulated ground fault signal to be injected into the ground fault current
transformer 20 for purposes of testing for propel'r operation of the system.
Simultaneously, an AC voltage is coupled to a pin on the microcontroller, causing it to
start a self test mode. The microcontrolier 40 then will send a “test clock™ signal to the
ASIC 30 which will condition 1t and send a simulated arcing’fault frequency signal to the
di/dt coil 16. If all of the circuiﬁy operates properly, the microcontroller should receive
back signals indicating both a ground fault and an arcing fault. In accordance with a test
program, only when both of these signals are received, the microcontroller will send an
appropnate “trip” signal on line 42 to the “tnp 1n” input of the ASIC 30 which will in
turn send a trip signal on “trip out” line 32 to the trip circuit 44 to activate the trip coil
46. Preferably, trip coil 46 is part of a circuit breaker which may be manually reset
following the test procedure.

It will be noted that FIG. 2 also indicates schematically the di/dt sensor coil 16
and the ground fault sensor coil 20 and related circuit components and their operative
connections to the ASIC 30. Also, the operative connections of additional passive
components, of line and neutral sides of the 120 VAC circuit, and of suitable regulated
DC voltages from the voltage regulator circuit 60 with respect to the ASIC 30 and the
microcontroller 40 are 1llustrated 1n FIG. 2.

Refermng again to FIG. 1, additional components of the ASIC 30 will next be
descnbed.

The broadband noise detector 24 compnses first and second band-pass filter
circuits 80, 82 which receive the rate of change of current signal from the di/dt sensor 16.

In accordance with the invention, the band passes of these circuits 80 and 82 are selected
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at frequency bands which are representative of a frequency spectrum typical of arcing

faults so as to substantially (statistically) eliminate signals at frequencies which may
occur on the line which do not represent, that 1s are not due to, an arcing fault. In the
illustrative embodiment, these band-pass frequencies are selected as typically 35
kilohertz and 70 kilohertz respectively. Each of the band-pass filter circuits 80 and 82
feeds a filtered signal, comprising those components of an input signal from the di/dt
sensor which fall within their respective band-pass frequency bands, to respective
threshold detector circuits 84 and 86.

The threshold detectors 84 and 86 are responsive to those components of the

-frequency signals passed by the band-pass filters 80 and 82 which are above a

predetermined threshold amplitude for producing a corresponding frequency amplitude
output to signal conditioning circuits 88 and 90. These circuits 88 and 90 produce a
conditioned output signal in a form suitable for input into the microcontroller 40. In the
illustrative embodiment, these latter signal conditioning circuits 88 and 90 comprise ten
microsecond one-shot circuits for producing a unit pulse signal. The output pulses
generated by the one-shots 88 and 90 are squared up at respective wave squarers 90, 92,
and 94 (see FI1G. 4) before being ANDed at an AND circuit 96 whose output 1s fed to a
“counter” input of the microcontroller 40 as indicated in FIG. 1. In the illustrative
embodiment, a one volt threshold is utilized by both of the threshold circuits 84 and 86.
Further details of the arcing fault detector circuit 24 are also in FIGS. 3 and 4.

Referring briefly to FIGS. 3 and 4, these schematics have been broken into
several parts labeled as 3A, 3B and 4A, 4B to facilitate illustration thereof. In addition to
the circuits thus far described, the arcing fault detector or broadband noise detector
circuit portion 24 also includes an offset adjust circuit 81 which takes the relatively low
level signals from the di/dt sensor 16 and adjusts them to eliminate offsets in the
following stages. The offset adjust feeds a ten (10) kilohertz high-pass filter 83 which
feeds into respective amplifiers 85 and 87 which in turn feed into the respective 35
kilohertz and 70 kilohertz band-'pass filters 80 and 82 described above. The outputs of
these band-pass filters feed into absolute value circuits 89 and 91 which also include
amplifier stages which feed into the threshold detectors 84 and 86 which are illustrated in

FIG. 4. It should be appreciated that these circuits as well as other circuits illustrated in
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FIGS. 3-6 which form part of the ASIC 30 are shown in equivalent circuit form. The

circuit design of the ASIC 30 1s as illustrated 1n FIGS. 7 and 8. However, the functions
and operations of the ASIC are believed better understood by reference to the block
diagram of FIG. 1 and the equivalent circuits of FIGS. 3-6. FIGS. 7 and 8 have also been
broken into several parts labeled as 7A, 7B and 8A, 8B, 8C and 8D. The small diagram
in the upper left portion of FIG. 8A shows how FIGS. 8A, 8B, 8C and 8D should be
arranged.

Referring now again to FIG. 1, and also to FIG. 3, the current fault sensor or |
current measuring portion 26 of the ASIC 30 also receives the output signal of the di/dt
sensor 16. An integrator circuit 100 develops a signal representative of current
magnitude in response to the output of the di/dt sensor 16. This signal is fed to a further
signal conditioning circuit portion 102 which includes an absolute value circuit as shown
in FIG. 1 and a gain circuit 104 for producing a conditioned current output signal in a
form suitable for input to the controller 40.

The absolute value circuit 102 is similar in its configuration and function to the
absolute value circuits 89 and 91 described above, Briefly, all of these circuits take
signals that are both negativg- and positive-going and invert any negative going signals
to positive signals while pz;ssing through positive-going signals unchanged.

The output of the absolute value circuit 102 1s fed into the gain circuit 104 which
includes a low current gain stage 106 and a high current gain stage 108. Briefly, the low
current gain stage 106 apphes a rélatively greater amount of gain to relatively low

currents so as to increase the resolution of the current signal for relatively low current

- levels. On the other hand, the high current gain stage 108 applies a relatively lower gain

to relatively higher current levels in order to maintain a full range of current signal levels
through the circuit. The outputs of the respective low current and high current gain
stages are fed to the microcontroller 40. .

Referning again to FIG. 1 and also FIG. 6, the ground fault sensor 20 feeds a
ground fault amplifier 120 and an absolute value circuit 122 which form the ground fault
detector circuit 28. The ground fault amplifier 120 essentially amplifies the low level
difference in current flow between the line 14 and neutral 18 as detected by the ground

fault sensor 20. The absolute value circuit is similar in its operation and function to the




10

15

20

25

30

CA 02503472 1999-01-27

WO 99/43065 | PCT/US99/01801

10
absolute value circuits described above with reference to FIGS. 3 and 4, in that it

essentially turns negative-going signals into positive signals and passes positive-going
signals through unchanged.

Referring now to FIG. 4B, the line voltage is élso conditioned at a circuit 130 and
fed to the microcontroller for further analysis and processing. This circuit 130 includes a
line voltage divider 132 which divides the line voltage to a lower level suitable for
further processing, a difference amplifier 134 which takes the output of the line voltage
divider and level shifts it to circuit ground to be rectiﬁed, and an absolute value circuit
136. The voltage from the difference amplifier 134 is fed through the absolute value-
circuit 136 which has the same configuration and function as described above for the
previously described absolute value circuits. The output of absolute value circuit 136 is
fed to the microcontrolier 40.

Refermng again to FI1G. 1 and also to FIG. 5, a watchdog circuit 140 takes a pulse

input (Pulse_In) from the microcontroller 40 to check to see if the microcontroller is still

active. If no pulses are present on this output from the microcontroller then a trip signal
(Trip_Signal’) is sent to the trip circuit by the watchdog circuit 140 (via line 32 of FIG.
2). A related circuit, a voltage (VDD) monitor 142 sends a reset signal (Jogic 0) to an
input of the microcontroller 40 when VDD voltage falls below 4.0 volts DC so as to
prevent microcontroller errors.

Referring to F1G. 3A, a “push to test” amplifier circuit 150 is shown. This test
circuit portion is also shown and also designated by reference numeral 150 in FIG. 1.
This circuit 150 receives the test clock signal from the microcontroller when the “push to
test” switch at input 72 1s actuated and conditions it for input to a test winding on the
di/dt sensor 16 for purposes of the push to test function as described above.

As indicated above, FIGS. 1-8 illustrate one embodiment of an application
specific integrated circuit for performing the above-described operations.

Provision of the detector circuit as an ASIC is advantageous, in that it permits the
circuitry to be readily incorporated 1nto a vanety of environments. This is mainly due to
the small size and relatively modest power requirements of the ASIC. That is, this
detector circuit can be incorporated not only 1n panel boards or other distribution

apparatus, but could also be located at individual loads. This is true for industrial, as
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well as and commercial and residential applications. For example, the detector circuit

ASIC could be incorporated in electrically powered industrial and/or commercial
equipment or machinery, as well as in consumer products such as computers, audiovisual
equipment, appliances or the like.

What has been illustrated and described here 1s a novel and improved electrical
fault detector system including a novel detector circuit and a novel ASIC incorporating
the detector circuit. Also described above is a novel and improved power supply circuit.

While particular embodiments and applications of the present invention have
been illustrated and described, it is to be understood that the invention is not limited to
the precise construction and compositions disclosed herein and that various
modifications, changes, and variations may be apparent from the foregoing descri-ptions

without departing from the spirit and scope of the invention as defined in the appended

claims.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A power supply circuit comprising:

a rectifier circuit;

a series capacitor between a source of line voltage and said rectifier circuit for
efficiently dropping said line voltage; and

a voltage regulator operatively coupled with said rectifier circuit for producing a
re'gulated DC voltage; and further including a zener diode in series with a ground circuit
of said voltage regulator for producing positive and negative regulated DC output
voltages.

2. -A power supply circuit compr{sing:

a voltage regulator circuit for producing a regulated DC voltage; and

a zener diode 1n series with a ground circuit of said voltage regulator circuit for
producing positive and negative regulated DC output voltages.

3. An electrical fault detector comprising:

one or more band-pass filter circuits responsive to an input signal representative of
an electrical signal condition n a circuit to be monitored for passing one or more frequency
signals comprising signal components of said input signal which fall within one or more
predetermined frequency bands, said one or more frequency bands being selected to detect
broadband noise in a frequency spectrum typical of arcing faults;

a current signal input circuit responsive to said input signal for developing an
analog current signal representative of the current magnitude in the circuit to be
monitored; and

respective signal conditioning circuits coupled with said band-pass filter circuits
and with said current signal input circuit for receiving and conditioning said one or more
frequency signals and said current signal to produce respective conditioned output
signals in a form suitable for input to a controller.

4. The electnical fault detector of claim 3 and wherein said signal
conditioning circuits include a threshold detector circuit coupled to each of said one or
more band-pass filter circuits and responsive to components of said one or more
frequency signals having an amplitude above a predetermined threshold amplitude for

producing a corresponding threshold output signal, and a one-shot circuit coupled with
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each threshold detector circuit and responsive said threshold output signal for producing

a unit pulse signal for input to a controller.

5. The electrical fault detector of claim 4 and further including an AND
circuit coupled to each of said one-shot circuits for receiving and ANDing said unit pulse
signals for input into a controller.

6. The electrical fault detector of claim 3 and further including a ground fault
amplifier circuit for amplifying signals from a ground fault sensor to produce amplified
ground fault signals; and '

a ground fault signal conditioning circuit coupled to said ground fault amplifier
and responsive to said amplified ground fault signals for producing conditioned ground
fault signals in a form suitable for input to a controller.

7. The electrical fault detector of claim 3 wherein said signal conditioning
circuits comprise a low gain circuit for adjusting a gain of said current signal by ﬁfst
predetermined amount and a high gain circuit for adjusting a gain of said current signal
by second predetermined amount greater than said first predetermined amount, for
increasing resolution of said current signal for relatively low current levels while
maintaining a full range of current signal levels for relatively high current levels.

8. The electrical fault detector of claim 3 and further including a current
offset adjust circuit coupled between said current signal input circuit and said signal
conditioning circuit for amplifying and level shifting said current signal to eliminate
offsets.

9. The electrical fault detector of claim 8 and further including an absolute
value circuit coupled between said current offset adjust circuit and said current signal
conditioning circuit for inverting any negative current signal to a positive current signal
and for passing through positive signals unchanged.

10.  The electrnical \fault detector of claim 3 and further including a current rate
of change sensor transformer for producing said input signal, and wherein said current
signal 1input circuit comprises an integrator circuit.

11.  The electrical fault detector of claim 6 and further including a ground fault

current transformer comprising said ground fault sensor.
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12.  The electrical fauit detector of claim 5 and further including a controller

coupled with said AND circuit for receiving the ANDed signals and with one of said
signal conditioning circuits for receiving conditioned current signals.

1.3. The electrical fault detector of claim 6 and further including a controller
coupled with all of said signal conditioning circuits for receiving all of said conditioned
output signals.

14.  The electrical fault detector of claim 7 and further including a test circuit
for producing a test input signal in place of said input signal, for testing said electrical
fault detector.

'15.  An electrical fault detector system comprising:

a first sensor operatively coupled with a circuit to be monitored for producing an
input signal representative of a signal condition in the circuit be monitored;

a band-pass filter circuit operatively coupled with said first sensor and responsive
to said input signal for passing a frequency signal comprising signal components of said

input signal in one or more predetermined frequency bands, said one or more frequency
bands being selected for detecting broadband noise in a frequency spectrum typical of
arcing faults;

a current signal input circuit coupled with said first sensor and responsive to said
input signal for developing an analog current signal representative of current magnitude
in the circuit to be monitored; and

a signal conditioning circuit coupled with said band-pass filter circuit and said
current signal input circuit for receiving and conditioning said frequency signal and said
current signal to produce conditioned output signals in a form suitable for input to a
controller.

16.  The system of 15 and further including a controller operatively coupled

with said signal conditioning circuit for receiving said output signals and adapted to

produce a trip signal.

17.  The system of claim 15 wherein said signal conditioning circuit includes a

threshold detector circuit coupled with said band-pass filter circuit for passing

substantially only components of said frequency signals above a pre-selected threshold

amplitude.



10

15

20

25

30

CA 02503472 1999-01-27

15
18.  The system of claim 15 wherein said signal conditioning circuits comprise

a low gain circuit for adjusting a gain of said current signal by a first predetermined
amount and a high gain circuit for adjusting a gain of said current signal by a second
predetermined amount greater than said first predetermined amount, for increasing
resolution of said current signal for relatively low current levels while maintaining a full
range of current signal levels for relatively high cin'rent levels.

19.  The system of claim 15 and further including a power supply circuit, said
power supply circuit including:

a rectifier circuit;

a series capacitor coupled between a source of line voltage and said
rectifier circuit for efficiently dropping said line voltage; and

a voltage regulator circuit operatively coupled with said rectifier circuit
for producing a regulated direct current voltage.

20.  The system of claim 19, wherein said power supply circuit further
includes a zener diode 1n series with a ground circuit of said voltage regulator circuit for
producing positive and negative regulated direct current output voltages.

21.  The system of claim 16 and further including a trip circuit responsive to a
trip signal for causing an open circuit condition in the circuit to be monitored.

22.  The system of claim 15 and further including:

a ground fault sensor operatively coupled with said circuit to be monitored for
producing a ground fault input signal representative of any ground fault current in said
circuit to be monitored;

said signal conditioning circuit being further coupled with said ground fault
sensor for réceiving and conditioning said ground fault signal to produce a conditioned
output signal 1in a form suitablé for input to a controller.

23.  The system of claim 22 and further including a controller operatively coupled
with said signal conditioning circuit for receiving said output signals and adapted to
produce a trip signal.

24.  An application specific integrated circuit comprising:

one or more band-pass filtcr circuits responsive to an input signal representative .

of a signal condition in a circuit to be monitored for passing one or more frequency
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signals comprising signal components of said input signal which fall within one or more

predetermined frequency bands;

a current signal input circuit responsive to said input signal for developing an
analog current signal representative of the current magnitude in the circuit to be
monitored; and

respective signal conditioning circuits coupled with said band-pass filter circuits
and with said current signal input circuit for receiving and conditioning said one or more
frequency signals and said current signal to produce respective conditioned output
signals in a form suitable for input to a controller.

'25.  The application specific integrated circuit of claim 24 wherein said signal
conditioning circuits comprise a threshold detector circuit coupled to each of said one or
more band-pass filter circuits and responsive to components of said one or more
frequency signals having an amplitude above a predetermined threshold amplitude for
producing a corresponding threshold output signal, and a one-shot circuit coupled with
each threshold detector circuit and responsive said threshold output signal for producing
a unit pulse signal for input to a controller.

26.  The application specific integrated circuit of claim 24 and further
including an AND circuit coupled to each of said one-shot circuits for receiving and
ANDing said unit pulse signals for input into a controller.

27.  The application specific integrated circuit of claim 24 and further

including a ground fault amplifier circuit for amplifying signals from a ground fault

sensor to produce amplified ground fault signals; and

a ground fault signal conditioning circuit coupled to said ground fault amplifier
and responsive to said amplified ground fault signals for producing conditioned ground
fault signals in a form suitable for input to a controller.

28.  An electrical fault detector circuit comprising:

a current detector circuit for developing an analog current signal representative of
current magmtude in a circuit to be monitored;

an arcing fault detector circuit for developing an arcing fault signal in response to

detection of an arcing fault in said circuit to be monitored; and



10

15

20

25

CA 02503472 1999-01-27

17
a ground fault detector circuit for producing a ground fault signal in response to

detection of a ground fault in the circuit to be monitored.

29.  The electrical fault detector circuit of claim 28 wherein said arcing fault
detector circuit comprises:

one or more band-pass filter circuits responsive to an input signal representative
of a signal condition in a circuit to be monitored for passing one or more frequency
signals comprising signal components of said input signal which fall within one or more
predetermined frequency bands, said one or more frequency bands being selected to
detect broadband noise in a frequency spectrum typical of arcing faults;

“a current signal input circuit responsive to said input signal for developing an
analog current signal representative of the cijrrent magnitude in the circuit to be
monitored; and

respective signal conditioning circuits coupled with said band-pass filter circuits
and with said current signal input circuit for receiving and conditioning said frequency

signal and said current signal to produce respective conditioned output signals in a form

suitable for input to a controller.

30.  The electrical fault detector circuit of claim 29 and wherein said signal

conditioning circuits comprise a threshold detector circuit coupled to each of said one or

more band-pass filter circuits and responsive to components of said one or more
frequency signals having an amplitude above a predetermined threshold amplitude for
producing a corresponding threshold output signal, and a one-shot circuit coupled with
each threshold detector circuit and response thereto said threshold output signal for
producing a unit pulse signal for input to a controller.

31.  The electrical fault detector circuit of claim 30 and further including an

AND circuit coupled to each of said one-shot circuits for receiving and ANDing said unit

- pulse signals for input into a controller.

32.  An electrical fault detector circuit according to claim 28 wherein said

ground fault detector circuit includes a ground fault amplifier for amplifying signals from

a ground fault sensor to produce amplified ground fault signals; and
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a ground fault signal conditioning circuit coupled to said ground fault amplifier

and responsive to said amplified ground fault signals for producing conditioned ground
fault signals in a form suitable for input to a controller.

33.  The electrical fault detector circuit of claim 28 wherein said signal
conditioning circuit comprises a low gain circuit for adjusting a gain of said current
signal by first predetermined amount and a high gain circuit for adjusting a gain of said
current signal by second predetermined amount greater than said first predetermined
amount, for increasing resolution of said current signal for relatively low current levels
while maintaining a full range of current signal levels for relatively high current levels.

'34.  The electrical fault detector circuit of claim 28 and further including a

current offset adjust circuit coupled between said current signal input circuit and said

~ signal conditioning circuits for amplifying and level shifting said current signal to

eliminate offsets; and an absolute value circuit coupled between said current offset adjust
circuit and said signal cohditioning circuits for inverting any negative current signal to a
positive current signal and for passing through positive current signals unchanged.

35.  An application specific integrated circuit for an electrical fault detector
system comprising:

a current detector circuit for developing an analog current signal representative of
current magnitude in a circuit to be monitored;

arcing fault detector circuit for developing an arcing fault signal in response to
detection of an arcing fault in said circuit to be monitored; and

a ground fault detector circuit for producing a ground fault signal in response to
detection of a ground fault in the circuit to be monitored.

36.  The application specific integrated circuit of claim 35 comprising:

one or more band-pass filter circuits responsive to an input signal representative
of an electrical signal condition in a circuit to be monitored for passing one or more
frequency signals comprising signal components of said input signal which fall within
one or more predetermined frequency bands, said one or more frequency bands being

selected to detect broadband noise in a frequency spectrum typical of arcing faults;
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a current signal input circuit responsive to said input signal for developing an

analog current signal representative of the current magnitude in the circuit to be

monitored; and

respective signal conditioning circuits coupled with said band-pass filter circuits
and with said current signal input circuit for receiving and conditioning said frequency
signal and said analog current signal to produce respective conditioned output signals in
a form suitable for input to a controller.

37.  The application specific integrated circuit of claim 36 and wherein said
signal conditioning circuits comprise a threshold detector circuit coupled to each of said
one or more band-pass filter circuits and responsive to components of said frequency
signal having an amplitude above a predetermined threshold amplitude for producing a
corresponding threshold output signal, a one-shot circuit coupled With each threshold
detector circuit and response thereto said threshold output signal for producing a unit
puise signal for input to a controller.

38.  The application specific integrated circuit of claim 35wherein said ground
fault detector circuit includes a ground fault amplifier for amplifying signals from a
ground fault sensor to produce amplified ground fault signals, and

a ground fault signal conditioning circuit coupled to said ground fault amplifier
and responsive to said amplified ground fault signals for producing conditioned ground
fault signals in a form suitable for input to a controller.

39.  The application specific integrated circuit of claim 35 wherein said signal
conditioning circuits comprise a low gain circuit for adjusting a gain of said current
signal by first predetermined amount and a high gain circuit for adjusting a gain of said
current signal by second predetermined amount greater than said first predetermined
amount, for increasing resolution of said current signal for relatively low current levels
while maintaining a full range of current signal levels for relatively high current levels.

40.  The application specific integrated circuit of claim 35 and further
including a current offset adjust Circuit coupled between said current signal input circuit
and said current signal conditioning circuit for amplifying and level shifting said current
signal to eliminate offset, and an absolute value circuit coupled between said current

offset adjust circuit and said current signal conditioning circuit for inverting any negative
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current signal to a positive current signal and for passing through positive current signals

unchanged.

41.  The application specific integrated circuit of claim 35 and ﬁmher\
including a test circuit for producing a test input signal for test purposes.

42.  The application specific integrated circuit of claim 24 and further
including a test circuit for producing a test input signal for test purposes.

43.  The electrical fault detector of claim 3 and further including a controller
which receives said conditioned output signals and, based on analysis and processing of
said signals, makes a decision whether to produce a trip signal.

44, The electrical fault detector of claim 15 and further including a controller
which receives said conditioned output signals and, based on analysis and processing of
said signals, makes a decision whether to produce a trip signal.

45.  The circuit of claim 29 and further including a controller which receives
the analog current signal, the arcing fault signal and the ground fault signal and, based on
analysis and processing of said signals, makes a decision whether to produce a trip

signal.
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