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DETECTING SUB-SYSTEM

FIELD AND BACKGROUND OF THE
INVENTION

[0001] The present invention relates to computerized elec-
tricity systems, more particularly, to fault detecting systems
and methods, and, more particularly, to an arc fault detecting
system and method.

[0002] There are various conditions that may cause an arc
fault. Corroded, worn or aged wiring or insulation, worn
power cords, old wall outlets with msuilicient contact pres-
sure, electrical stress from repeated overloading, etc., may
result 1n an arc fault. These conditions may damage the 1nsu-
lation of the wiring and create excessive heating tempera-
tures. Arc faults may result 1n a fire depending on various
conditions, such as if combustible materials are 1n close prox-
imaity.

[0003] There are also various conditions that may result 1n
a false arc fault. For example, the occurrence of an arc fault in
one branch circuit of a power distribution system may gener-
ate a false arc in another branch circuit. As a result, circuit
breakers 1n more than one branch circuit may erroneously
trip. Another example 1s a relatively noisy load such as an
clectric dnll creating a high frequency disturbance in the
circuit, which may appear to be an arc fault.

[0004] There are two types of arc faults that may occurin a
home. A first type 1s a high-energy arc that may be related to
high current faults; a second type 1s a low current arc that may
be related to persistent momentary contact of electrical con-
ductors. The first type may result from inadvertent connection
between a line conductor and neutral conductor or a line
conductor and ground. The first type may draw current that is
above the rated capacity of the circuit, arcing as the contacts
are physically joined.

[0005] The othertype of arc fault, the momentary contact of
clectrical conductors, may be considered more problematic.
Since the current in the arc may be limited to less than the trip
rating of an associated circuit breaker, such arcs may become
persistent without observation and may result 1n certain con-
ditions. Contact arcs may be caused by springs in switches
that become worn which, in turn, may reduce the forces that
hold electrical contacts together. As the electrical contacts
heat and cool down, the conductors may touch and separate
repeatedly, thereby possibly creating arcs known as “sputter-
ing arcs’.

[0006] Contactarcs or sputtering arcs may also be observed
in contacts made from different materials. For example, alu-
minum wiring that contacts copper wiring may oxidize at the
contact points. In this case, a non-conductive layer may build
up over time between the contact points and arcing may
result. Sputtering arcs may also be observed 1n extension
cords having insuflicient current carrying capacity. As the
plug 1s heated by resistance heating, insulating materials
around the contacts may eventually melt and flow into the
contact area, preventing proper contact from being made. The
current 1n the conductors may produce magnetic repulsion
torces that push the conductors apart, resulting 1n an arc. The
arc may be extinguished as the current passes through zero.
Mechanical or electro-static forces may bring the conductors
back ito contact, and the cycle may be repeated.

[0007] It 1s believed that various circuit breakers are not
specifically designed to guard against sputtering arcs. Special
purpose detectors have been designed to detect sputtering,
arcs and, when detected, trip the circuit breakers. Some detec-
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tors may depend on the sputtering arcs exceeding a predeter-
mined current or voltage threshold before tripping the circuit
breaker; other detectors are believed to depend on the sput-
tering arcs having a specific high frequency signature. Still
other detectors are believed to depend on the sputtering arcs
producing a wideband high frequency noise ranging from 10
kHz to 1 GHz while the arc 1s conducting current. These
detectors may require that no noise be produced while the arc
1s not conducting current, 1.e., during the gaps between arc
conduction. These detectors use various processing tech-
niques to analyze the repetitive patterns 1n the noise.

[0008] U.S. Pat. No. 6,459,273 discloses a sputtering arc
fault detector for a system having an electrical conductor
carrying current to a load. The sputtering arc fault detector
includes a current monitor coupled to the conductor for gen-
erating a variable signal responsive to behavior of the current
in the conductor. A level detector 1s coupled to the monitor
and generates a first pulse when the variable signal exceeds a
first level. A step detector 1s coupled to the monitor and 1s
responsive to rapid step increases of the variable signal. The
step detector generates a second pulse when the variable
signal exceeds a second level. An arc verifier, which 1s
coupled to the level detector and the step detector, combines
the first and second pulses, and generates a fault signal when
the combined pulses exceed a third level.

[0009] All of these arc fault detection systems are plagued
by false alarms, 1.e., the systems identily an arc fault and
trigger a current shut-off, 1n situations in which there i1s no
genuine arc fault, or the arc fault 1s benign. One example of a
benign arc fault 1s when an additional load 1s connected to the
circuit. Low quality and/or aging of a switch may also cause
transient arc-fault type etfiects 1n the circuit. Some loads char-
acteristically cause the current signal to have arc-fault type
attributes. It must be emphasized that the efficacy of an arc
fault detection system that triggers, in response to a benign
arc fault event—a current shut-off, 1s greatly compromised,
and 1n many applications, the disadvantages of implementing
such a system easily outweigh the potential benefit.

[0010] There 1s therefore a recognized need for, and 1t
would be highly advantageous to have, an arc fault detection
system that 1s robust and reliable, one that triggers current
shut-oifs in response to genuine arc-fault problems, and 1den-
tifies and 1gnores benign arc fault events.

SUMMARY OF THE INVENTION

[0011] According to the teachings of the present invention
there 1s provided a computerized electricity system for con-
necting loads to at least one power source, including: (a) an
arc fault detecting sub-system for detecting arc faults, having
at least one module including: (1) a relay unit, electrically
associated with a particular load, for connecting and discon-
necting to a power source; (11) a current sensor for measuring
a current being delivered from the power source to the load, to
produce a current measurement; (111) an analog circuit for
receiving the current measurement from the current sensor,
and for producing an analog signal based on the current
measurement, and a second signal for indicating a potential
arc fault event, and (1v) a digital circuit for receiving the
second signal from the analog circuit and producing data, and
(b) a processing unit connected to each module, so as to
receive data corresponding to the analog signal, and the data
from the digital circuit, the processing unit for identifying the
arc faults, and wherein the processing unit 1s configured to
command the relay unit to disconnect the current 1in response
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to 1dentilying the arc faults, and wherein the processing unit
1s configured to provide this command only 11 several pre-
determined conditions are met, (I) after detection of the
potential arc fault event, the current measurement remains
substantially unchanged, and (I1I) after a detection of at least
one additional potential arc fault event, the arc fault events are
found to be acyclic.

[0012] According to further features in the described pre-
terred embodiments, the conditions further include: (I1I) the
potential arc fault event and the at least one additional poten-
tial arc fault event occur within a pre-determined amount of
time.

[0013] According to still further features in the described
preferred embodiments, the module 1s configured to check for
a high current overload prior to the detecting of the arc faults.
[0014] According to still further features in the described
preferred embodiments, the module 1s configured to measure
a low current overload for a period of at least 20 milliseconds,
and to only subsequently disconnect the current.

[0015] According to still further features in the described
preferred embodiments, the computerized system 1s config-
ured to receive, Irom a user, an mput associated with a par-
ticular lag time for disconnecting the current, and wherein the
module 1s configured to measure a low current overload over
the particular lag time, prior to the current being discon-

nected.

[0016] According to still further features in the described
preferred embodiments, the module 1s configured to check for
current leakage prior to the detecting of the arc faults.
[0017] According to still further features in the described
preferred embodiments, the pre-determined amount of time 1s
at least 0.3 seconds.

[0018] According to still further features in the described
preferred embodiments, the pre-determined amount of time 1s
at least 1.0 seconds.

[0019] According to still further features in the described
preferred embodiments, the pre-determined amount of time 1s
at least 3.0 seconds.

[0020] According to still further features in the described
preferred embodiments, the pre-determined amount of time 1s
a clock cycle of the processing unit.

[0021] According to still further features in the described
preferred embodiments, the computerized electricity system
turther includes: (¢) a meter, associated with the power supply
and a voltage sensor, for providing voltage information to the
processing unit.

[0022] According to still further features in the described
preferred embodiments, the processing unit 1s configured to
utilize the voltage information in evaluating the change in
load.

[0023] According to still further features in the described
preferred embodiments, the processing unit 1s configured to
utilize the voltage information to neutralize an etfect of volt-
age tluctuation on the change 1n load.

[0024] According to still further features in the described
preferred embodiments, the second signal 1s a digital signal.
[0025] According to another aspect of the present invention
there 1s provided a computerized electricity system for con-
necting loads to at least one power source, the computerized
clectricity system including: an arc fault detecting sub-sys-
tem for detecting arc faults, the sub-system including: (a) at
least one relay unit, electrically associated with a particular
load of the loads, the relay umit for connecting and discon-
necting to a power source of the at least one power source; (b)
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at least one current sensor for measuring a current being
delivered from the power source to the load, so as to produce
a current measurement; () a processing unit electrically con-
nected to the relay unit and to the current sensor, the process-
ing unit configured so as to receive a signal corresponding to
the current measurement, and wherein the processing unit 1s
configured to command the relay unit to disconnect the cur-
rent in response to the detecting of the arc faults, and wherein
the processing unit 1s configured to provide the command
only if several pre-determined conditions are met, the condi-
tions including: (I) after detection of the potential arc fault
event by the processing unit, using the signal, the current
measurement 1s substantially unchanged, and (II) after detec-
tion of at least one additional potential arc fault event by the
processing unit, using the signal, the arc fault events are found
to occur 1n an acyclic fashion.

[0026] According to further features 1n the described pre-
terred embodiments, the conditions further include: (111) the
potential arc fault event and the at least one additional poten-
tial arc fault event occur within a pre-determined amount of
time.

[0027] According to still turther features in the described
preferred embodiments, the processing unit 1s configured to
disconnect the current after the current measurement indi-
cates a low current overload for a period of at least 20 malli-
seconds.

[0028] According to still further features in the described
preferred embodiments, the computerized system 1s config-
ured to receive, Irom a user, an iput associated with a par-
ticular lag time for disconnecting the current, and wherein the
processing unit 1s configured to disconnect the current after
the current measurement indicates a low current overload for
the particular lag time.

[0029] According to yet another aspect of the present
invention there 1s provided a computerized electricity system
for connecting loads to at least one power source, the com-
puterized electricity system including: an arc fault detecting
sub-system for detecting arc faults, the sub-system including;:
(a) at least one relay umit, electrically associated with a par-
ticular load of the loads, the relay unit for connecting and
disconnecting to a power source ol the at least one power
source; (b) at least one current sensor for measuring a current
being delivered from the power source to the load, so as to
produce a current measurement; () a processing unit electri-
cally connected to the relay unit and to the current sensor, the
processing unmt configured so as to receive a signal corre-
sponding to the current measurement, and wherein the pro-
cessing unit 1s configured to command the relay unit to dis-
connect the current 1n response to the detecting of the arc
faults, and wherein the processing unit 1s configured to pro-
vide the command only if several pre-determined conditions
are met, the conditions including: (I) after detection of the
potential arc fault event by the processing unit, using the
signal, the current measurement 1s substantially unchanged,
and (II) after detection of at least one additional potential arc
fault event by the processing unit, using the signal, the arc

fault events are found to occur within a pre-determined
amount of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The invention i1s herein described, by way of
example only, with reference to the accompanying drawings.
With specific reference now to the drawings 1n detail, 1t 1s
stressed that the particulars shown are by way of example and
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for purposes of illustrative discussion of the preferred
embodiments of the present invention only, and are presented
in the cause of providing what 1s believed to be the most
usetul and readily understood description of the principles
and conceptual aspects of the mvention. In this regard, no
attempt 1s made to show structural details of the invention 1n
more detail than 1s necessary for a fundamental understand-
ing of the invention, the description taken with the drawings
making apparent to those skilled in the art how the several
forms of the mvention may be embodied in practice.
Throughout the drawings, like-referenced characters are used
to designate like elements.

[0031] In the Drawings:

[0032] FIG.11sablock diagram of a preferred embodiment
of the arc fault detecting system according to the present
invention;

[0033] FIG.21sablock diagram of a preferred embodiment
of an arc fault detecting method, according to the present
invention;

[0034] FIG. 3 1s a block diagram of a computerized elec-
tricity system having an arc fault detecting system, according,
to the present invention;

[0035] FIG. 4 1s an exemplary detailed drawing of an ana-
log circuit of the fault detecting system according to the
present invention;

[0036] FIG. S 1s an exemplary detailed drawing of an arc-
fault detection circuit within the analog circuit of FIG. 4,
according to the present invention;

[0037] FIG. 6 1s an exemplary block diagram of a digital
circuit of the fault detecting system according to the present
invention, and

[0038] FIG. 7 1s a block diagram of a computerized elec-
tricity system having an arc fault detecting system, according,
to another embodiment of the present invention, in which the
digital circuit 1s disposed within the processing unit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0039] The present invention 1s a computerized electricity
system having an arc fault detecting sub-system and method
for operating such a sub-system.

[0040] The principles and operation of the arc fault detect-
ing system and method according to the present invention
may be better understood with reference to the drawings and
the accompanying description.

[0041] Belore explaining at least one embodiment of the
invention in detail, 1t 1s to be understood that the invention 1s
not limited 1n 1ts application to the details of construction and
the arrangement of the components set forth 1n the following
description or illustrated in the drawing. The invention 1s
capable of other embodiments or of being practiced or carried
out 1n various ways. Also, 1t 1s to be understood that the
phraseology and terminology employed herein 1s for the pur-
pose of description and should not be regarded as limiting.
[0042] Referring now to the drawings, FIG. 1 1s a block
diagram of a preferred embodiment of fault detecting system
100, according to the present invention. A plurality of relay
units 10, 12, 14 1s electrically connected to at least one power
source 16, and to a plurality of electrical loads 20, 22, 24, via
current sensors 30, 32, 34. A common example of electrical
loads 20, 22, 24 1s a plurality of household appliances. Each
of current sensors 30, 32, 34 1s associated with at least one of
analog circuits 40, 42, 44, which, 1n turn, are connected with
at least one of digital circuits 50, 52, 54. Digital circuits 50,
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52, 54 are connected with a processing unit such as central
processing unit (CPU) 60, which controls relay units 10, 12,
14. Associated with CPU 60 1s memory 65, which stores data
on the past behavior of the current drawn by loads 20, 22, and
24. Preferably, memory 63 stores data on the current drawn by
loads 20, 22, and 24 during the last three cycles. Memory 65
also stores data indicating the current position of the various
relay units, as well as information corresponding to various
pre-determined operating positions.

[0043] Preferably, digital circuits 50, 32, 54 are directly
connected to relay units 10, 12, 14, via electrical lines 70, 72,
74. In the event that etther a low overload, a high overload
(short circuit), or leakage current 1s detected, fault detecting,
system 100 acts to directly turn off relay units 10, 12, 14, by
means of digital circuits 50, 52, 54, without having to go
through the relatively slow CPU 60. In addition, digital cir-
cuits 50, 52, 54 provide CPU 60 with digital data indicating
the current position of the relay units, and the high and low
overload fault status (O or 1) that CPU 60 processes to deter-
mine potential arc faults.

[0044] Analog circuits 40, 42, 44 provide continuous, real-
time analog signals 80, 82, 84 to CPU 60. These signals
correspond to the current measurements ol current sensors
30, 32, 34. As will be described 1n greater detail hereinbelow,
CPU 60 utilizes real-time analog signals 80, 82, 84, along
with digital data from digital circuits 50, 52, 54, in determin-
ing whether a potential arc fault 1s indeed an actual arc fault.

[0045] It should be emphasized that the analog to digital
(A/D) converting function can be performed within CPU 60,

or externally to CPU 60, as shown by way of example 1n FIG.
7

[0046] FEach current sensor and corresponding analog cir-
cuit, digital circuit, and relay unit, make up a switch device.
Thus, switch device 110, includes current sensor 30, analog
circuit 40, digital circuit 50, and relay unit 10.

[0047] FIG. 21sablock diagram of a preferred embodiment
of a fault detecting method, according to the present mnven-
tion. Input from the current sensors 1s processed 1n an analog
signal processing stage (step 1), preferably by an analog
signal processing circuit such as analog circuit 40, which waill
be further described hereimnbelow. An output signal from the
analog signal processing stage 1s commumnicated to a digital
signal processing stage. If either a high overload or a low
overload 1s detected (step 2), the digital signal processing
stage acts to disconnect the current (e.g., by means of relay
units such as relay units 10, 12, 14). As will be described 1n
further detail hereinbelow, 11 the overload 1s a low overload,
the system can disconnect the current 1n a delayed fashion.
Similarly, 11 the leakage current exceeds a pre-determined
threshold, the digital signal processing stage acts to discon-
nect the current.

[0048] As used herein in the specification and in the claims
section that follows, the term “potential arc fault event” 1s
meant to exclude a high overload event. Circuit breakers are
typically configured to trip when the high overload current
reaches five or ten times the nominal current load (short
circuit condition).

[0049] Inthe event thata potential arc fault 1s identified, but
no overload (or leakage current) has been detected, the system
does not automatically disconnect the current. Rather, the
processing unit (or digital circuitry) first determines whether
the arcing phenomenon 1s cyclic (step 3). If so, no disconnec-
tion 1s effected by the system, as the phenomenon 1s attribut-
able to the behavior of a particular electricity consumer (e.g.,
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an appliance). If no cyclic arcing pattern 1s i1dentified, the
signal 1s then compared (step 4) with at least one previous
signal from the analog signal processing stage, to identily
whether a step change i1n current has occurred. If so, no
disconnection 1s effected by the system, as the phenomenon 1s
attributable to an additional load being connected or discon-
nected to the circuit. Preterably, the voltage should be moni-
tored, as described hereinbelow, so as to neutralize any fluc-
tuations 1n voltage from the calculation of the step change.
[0050] In one preferred embodiment, steps 3 and 4 are
cifected by a central processing unit such as CPU 60, using
digital data from a digital signal processing stage. The digital
information indicates whether a potential arc fault has tran-
spired. Prior to controlling and disconnecting the relay unit
associated with the arc fault, the CPU checks various critena.
Thus, 1n step 4, the CPU determines whether a change 1n
current (typically a step change 1n current) has occurred, such
a change indicating that a load (e.g., an appliance) has been
connected or disconnected. If such a step change 1n current
has indeed occurred, the CPU attributes the arc event to
routine activity, and essentially ignores the digital informa-
tion relating to the potential arc fault.

[0051] As used herein in the specification and in the claims
section that follows, the term “no change 1n current”, “current
measurement 1s substantially unchanged”, and the like, refers
to a current load having no step change in current. Typically,
a step change 1s 1indicated 11 the system observes a stable
change in current for at least one second, and more typically,
for at least two seconds.

[0052] If, however, a (step) change 1n current has not been
observed, the CPU proceeds to determine (step 5) whether the
arc event 1s a recurring arc event, 1.e., that the arc event has
occurred a number of times (m) relative to a pre-determined
number of times (n) within a pre-determined time (t).

[0053] If, within t, m<n, the CPU does not disconnect the
associated relay unit, but continues to monitor the situation.
If, within t, m=n, the CPU disconnects the associated relay
unit (step 6). Typically, n 1s an 1integer greater or equal to two,
and 1s preferably, at least 3; m 1s an 1nteger, and t 1s greater
than 0.30 seconds, preferably greater than 1.0 second, and
most preferably, at least 3 seconds.

[0054] Alternatively, the CPU proceeds to determine (step
S5) that the arc event 1s a recurring arc event 11 at least one arc
event 1s determined within a cycle, for at least 2 or 3 succes-
stve clock cycles. In this case, the cycle time 1s greater than
0.30 seconds, preferably greater than 1.0 second, and most
preferably, at least 3 seconds.

[0055] It will be appreciated by one skilled 1n the art that
digital circuitry can be used to perform steps 3 and/or 4, in lieu
of, or in addition to, a CPU. With regard to step 4, both the
CPU and such digital circuitry need to be associated with an
analog-to-digital signal converter.

[0056] Ina preferred embodiment of the present invention,
the CPU also generates fault information (step 7) regarding,
the arc fault. The fault information can be used, inter alia, for
various diagnostic purposes. To this end, 1t 1s preferable to
store the fault information in a flash memory, or in another
type of memory 1in which the information 1s retained when the
power 1s down.

[0057] FIG. 3 1s a schematic diagram of a preferred
embodiment of an mnventive computerized electricity system
(CES) having a fault detecting sub-system for connecting a
power source and a load 20, the fault detecting sub-system
including current sensor 30, analog circuit 40, digital circuit
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50, relay umit 10, CPU 60 and memory 635. Two-way commu-
nication lines 110 can be used to recerve reports from CPU 60,
or to configure CPU 60, ¢.g., by inputting various parameters.
[0058] Various AC sources can be connected to the CES.
Thus, by way of example, the CES can be connected to power
from the utility company, from a generator, from a solar
system, or from a three-phase network system. The CPU
preferably has an algorithm that, along with the relevant
techno-economic data 1n the memory, enables the CES to
select the source of energy, depending on availability, cost,
etc.

[0059] The current and voltage from the AC power sources
are monitored by current sensors 75 and voltage sensors 85,
which are connected to a meter 80. Meter 80 1s connected to
CPU 60, which stores the information 1n memory and dis-
plays and/or sends the information via communication lines,
as requested. The voltage information received from meter 80
1s used 1n evaluating step changes in current, as described
hereinabove.

[0060] The CES includes current sensors, a first current
sensor 30 for measuring the current tlow to the output/appli-
ance and, optionally, a second current sensor 70 for measur-
ing the leakage current of the output. The sensors are con-
nected to analog circuit 40, which tests the signal against
pre-determined thresholds (described 1in greater detail here-
inbelow), and sends an output signal to digital circuit 50. All
the data 1s transierred to CPU 60 for storing in memory 65 and
for further processing, as needed.

[0061] FIG. 4 1s an exemplary detailed drawing of an ana-
log circuit 40 according to the present invention. Analog
circuit 40 1s associated with current sensor 30, which 1s elec-
trically connected to four operational amplifiers U1A, U1B,
U2A, U2B. Between current sensor 30 and these operational
amplifiers 1s disposed a matching circuit including capacitor
C1 and resistor RS, for matching the impedance of current

sensor 30 and operational amplifiers U1A, UlB, U2A, and
U2B.

[0062] FEach pair of operational amplifiers UL1A and U1B,
U2A and U2B, represents a full sine wave amplifier. Opera-
tional amplifiers UlA and UlB amplity the current wave
received from current sensor 30 to a maximum output so as to
meet the output requirements of the circuit.

[0063] The output of these amplifiers 1s rectified and then
filtered by elements R98 and C39 to make an analog signal to
be read by the analog-to-digital mput converter associated
with the CPU. The other output of operational amplifiers UTA
and U1B 1s connected to a comparator U1C to determine 11 a
low overload has occurred, and to send a low-overload indi-
cation to the digital circuait.

[0064] The second pair of operational amplifiers U2A and
U2B amplifies the current wave recerved from current sensor
30 to a maximum output, with a lower gain, so as to meet the
output requirements of the circuit to meet the output require-
ments of the circuit.

[0065] The output of operational amplifiers U2A and U2B

1s directed to a high-overload comparator U2C to determine 1f
a high overload has occurred, after which an indication of the
high-overload event 1s provided to the digital circuit.

[0066] Analog circuit 40 also includes an arc-fault detec-
tion circuit 140 according to the present invention. FIG. 5
provides an exemplary detailed drawing of such an arc-fault
detection circuit 140. Arc-fault detection circuit 140 recerves
an analog signal from current sensor 30 via a matching circuit
(both of which are shown 1n FI1G. 4). The signal 1s directed to
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an amplifier Q8, a high pass filter C70, and an amplifier Q9.
When a potential arc fault s detected, the analog output signal
goes low.

[0067] The signal 1s converted to a digital signal, and 1s
translated as a raw arc-fault detection signal, either by the
digital circuit or by the CPU, as described heremabove.
Unlike various prior-art systems, however, the arc-fault
detection signal does not automatically trip the relay to shut
off the power. Rather, the signal undergoes analysis, accord-
ing to the logical tlow diagram of FIG. 2.

[0068] FIG. 6 1s an exemplary block diagram of a digital
circuit 50 of the fault detecting system according to the
present invention. Digital circuit 30 includes an overload
detection circuit 202 having an associated memory 206, a
digital arc detection circuit 204 having an associated memory
208, a CPU interface 214 for interfacing with CPU 60, and a
relay driver 212 for driving relay unit 10 and relay units K1,
K2, and K3 (the relay units being schematically illustrated 1in
FIG. 3).

[0069] Overload detection circuit 202 preferably receives
both high-overload and low-overload input signals. Prefer-
ably, overload detection circuit 202 also receives a leakage
current input signal from second current sensor 70. Memory
206 enables overload detection circuit 202 to effect a delayed
response to relay driver 212, 1n the event that a low-overload
input signal 1s detected. The delay 1s preferably at least 20
milliseconds, but the magnitude of the delay can be pro-
grammed 1nto the CPU according to the specific characteris-
tics of the load. For example, the starting current for a par-
ticular air-conditioning unit 1s 3-5 times the nominal current,
and the duration of this current 1s about 10 seconds. To pre-
vent tripping of the low overload during the starting period, a
duration of 10 seconds (or more) can be set as the delayed
response time for activating relay driver 212, 1n the event that
a low-overload input signal 1s detected. Preterably, the upper
threshold of the low-overload current can also be pro-
grammed into the CPU (e.g., by means of communication
lines 110) according to the specific characteristics of the load.
[0070] Diagital arc-fault detection circuit 204 preferably
receives raw arc-fault detection signals from analog arc-fault
detection circuit 140 (shown 1n FIGS. 4,5). Preferably, digital
arc-fault detection circuit 204 also recerves an input clock
signal, synchronized from the power source, for comparative
purposes 1n detecting cyclic arc faults. If the arc faults are
acyclic, CPU shuts off relay driver.

[0071] In the event that a raw arc-fault signal 1s detected,

memory 208 enables digital arc-fault detection circuit 204 to
elfect a delayed mput to CPU 60 via CPU interface 214.

[0072] CPU interface 214 provides CPU 60 with digital
information recetved from overload detection circuit 202 and
digital arc-fault detection circuit 204. For example, 1f over-
load detection circuit 202 triggers relay driver 212, the infor-
mation 1s passed on to CPU 60.

[0073] CPU interface214 can also receive acommand from
CPU 60 to tnigger relay driver 212. For example, and with
reference to FIG. 2, if at step 5, m=n, CPU 60 activates relay
driver 212, via CPU interface 214, to shut off the appropriate
relay unit (e.g., relay unit 10).

[0074] Alternatively, digital arc-fault detection circuit 204
can be disposed within CPU 60. In this case, CPU interface
214 1s not needed. FIG. 7 1s a block diagram of a computer-
1zed electricity system according to this embodiment of the
present 1vention, i which the digital circuit 1s disposed
within CPU 60. The general features of the system shown in
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FIG. 7 are 1dentical to those described with reference to FIG.
1. Dagital circuits 50, 52, 54 and the requisite functions of
analog circuits 50, 52, 54, are disposed within CPU 60.
[0075] Analog to digital (A/D) converters 90, 92, 94 con-
vert to a digital signal, the analog signals from current sensors
30, 32, 34. It will be apparent to one skilled 1n the art that the
(A/D) converting function can be etlected within CPU 60.
[0076] Although the mnvention has been described in con-
junction with specific embodiments thereof, it 1s evident that
many alternatives, modifications and variations will be appar-
ent to those skilled 1n the art. Accordingly, it 1s intended to
embrace all such alternatives, modifications and variations
that fall within the spirit and broad scope of the appended
claims. All publications, patents and patent applications men-
tioned 1n this specification are herein incorporated 1n their
entirety by reference 1nto the specification, to the same extent
as 11 each individual publication, patent or patent application
was specifically and individually indicated to be incorporated
herein by reference.

What 1s claimed 1s:

1. A computerized electricity system for connecting loads
to at least one power source, the computerized electricity
system comprising;:

(a) an arc fault detecting sub-system for detecting arc
faults, said sub-system having at least one module, each
said module 1including;
arelay unit, electrically associated with a particular load

of the loads, said relay unit for connecting and dis-
connecting to a power source of the at least one power
SOUrce;

(11) a current sensor for measuring a current being deliv-
ered from said power source to the load, so as to
produce a current measurement;

(111) an analog circuit designed and configured to receive
said current measurement from said current sensor,
and to produce an analog signal based on said current
measurement, and a second signal for indicating a
potential arc fault event, and

(1v) a digital circuit designed and configured to receive
said second signal from said analog circuit, and to
produce data, and

(b) a processing unit electrically connected to each said
module of said arc fault detecting sub-system, so as to
receive data corresponding to said analog signal, and
said data from said digital circuit, said processing unit
for 1dentitying of said arc faults,

and wherein said processing unit 1s configured to command
said relay umit to disconnect said current in response to said
identifying of said arc faults,

and wherein said processing unit 1s configured to provide said
command only 11 several pre-determined conditions are met,
said conditions including;

(1) after a detection of said potential arc fault event by said arc
fault detecting sub-system, said current measurement
remains substantially unchanged, and

(II) after a detection of at least one additional potential arc
fault event by said arc fault detecting sub-system, said arc
fault events are found to occur 1n an acyclic fashion.

2. The computerized electricity system of claim 1, said
conditions further including:

(III) said potential arc fault event and said at least one
additional potential arc fault event occur within a pre-
determined amount of time.
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3. The computerized electricity system of claim 1, wherein
said module 1s configured to check for a high current overload
prior to said detecting of said arc faults.

4. The computerized electricity system of claim 1, wherein
said module 1s configured to measure a low current overload
for a period of at least 20 milliseconds, and to only subse-
quently disconnect said current.

5. The computerized electricity system of claim 1, wherein
the computerized system 1s configured to recerve, from a user,
an input associated with a particular lag time for disconnect-
ing said current, and wherein said module 1s configured to
measure a low current overload over said particular lag time,
prior to said current being disconnected.

6. The computerized electricity system of claim 1, wherein
said module 1s configured to check for current leakage prior to
said detecting of said arc faults.

7. The computerized electricity system of claim 2, wherein
said pre-determined amount of time 1s at least 0.3 seconds.

8. The computerized electricity system of claim 2, wherein
said pre-determined amount of time 1s at least 1.0 seconds.

9. The computerized electricity system of claim 2, wherein
said pre-determined amount of time 1s at least 3.0 seconds.

10. The computerized electricity system of claim 2,
wherein said pre-determined amount of time 1s a clock cycle
ol said processing unit.

11. The computerized electricity system of claim 1, further
comprising;

(c) ameter, associated with said power supply and a voltage
sensor, for providing voltage imnformation to said pro-
cessing unit.

12. The computerized electricity system of claim 11,
wherein said processing unit 1s configured to utilize said
voltage information 1n evaluating said change in load.

13. The computerized electricity system of claim 11,
wherein said processing unit 1s configured to utilize said
voltage information to neutralize an etfect of voltage fluctua-
tion on said change in load.

14. The computerized electricity system of claim 1,
wherein said second signal 1s a digital signal.

15. A computerized electricity system for connecting loads
to at least one power source, the computerized electricity
system comprising;:

an arc fault detecting sub-system for detecting arc faults,
said sub-system including:

(a) at least one relay umit, electrically associated with a
particular load of the loads, said relay unit for con-
necting and disconnecting to a power source of the at
least one power source;

(b) at least one current sensor for measuring a current
being delivered from said power source to the load, so
as to produce a current measurement;

(c) a processing unit electrically connected to said relay
unit and to said current sensor, said processing unit
configured so as to recerve a signal corresponding to
said current measurement,

and wherein said processing unit 1s configured to command
said relay unit to disconnect said current in response to
said detecting of said arc faults,
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and wherein said processing unit 1s configured to provide
said command only 11 several pre-determined conditions
are met, said conditions including:

(I) after detection of said potential arc fault event by said
processing unit, using said signal, said current measure-
ment 15 substantially unchanged, and

(II) after detection of at least one additional potential arc
fault event by said processing unit, using said signal,
said arc fault events are found to occur in an acyclic
fashion.

16. The computerized electricity system of claim 15, said

conditions further including:

(III) said potential arc fault event and said at least one
additional potential arc fault event occur within a pre-
determined amount of time.

17. The computerized electricity system of claim 135,
wherein said processing unit 1s configured to disconnect said
current after said current measurement indicates a low current
overload for a period of at least 20 milliseconds.

18. The computerized electricity system of claim 135,

wherein the computerized system 1s configured to receive,
from a user, an mput associated with a particular lag time for
disconnecting said current, and wherein said processing unit
1s configured to disconnect said current after said current
measurement 1ndicates a low current overload for said par-
ticular lag time.

19. A computerized electricity system for connecting loads
to at least one power source, the computerized electricity
system comprising;:

an arc fault detecting sub-system for detecting arc faults,
said sub-system including;:

(a) at least one relay umt, electrically associated with a
particular load of the loads, said relay unit for con-
necting and disconnecting to a power source of the at
least one power source;

(b) at least one current sensor for measuring a current
being delivered from said power source to the load, so
as to produce a current measurement;

(c) a processing unit electrically connected to said relay
unit and to said current sensor, said processing unit
configured so as to receive a signal corresponding to
said current measurement,

and wherein said processing unit 1s configured to command
said relay unit to disconnect said current in response to
said detecting of said arc faults,

and wherein said processing unit 1s configured to provide
said command only 11 several pre-determined conditions
are met, said conditions including:

(I) after detection of said potential arc fault event by said
processing unit, using said signal, said current measure-
ment 1s substantially unchanged, and

(II) after detection of at least one additional potential arc
fault event by said processing unit, using said signal,
said arc fault events are found to occur within a pre-
determined amount of time.

20. The computerized electricity system of claim 19,

wherein said pre-determined amount of time 1s at least 0.3
seconds.
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