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previous interval. For each time interval, indications of interval to interval increases

and decreases in the integrated valqes fora selected number, such as six, of the most
recent time intervals, are counted. If a weighted, time attenuated accumulation of the
25  counts reacﬁes a predetermined amount, the arc detection signal is generated, which
can be used, for instance, to trip a circuit breaker. |
There is room for improvement in arc fault detection, especially in
meeting the performance described in Underwriter Laboratories Standard UL1699
relating to clearing time, nuisance tripping, masking of arcing events and multiple
30  load testing. There is also the challenge of simplifying the technical approach, which

can potentially reduce the cost of arc fault detectors.
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In one embodiment of the invention, the changes in integrated current

for positive and negative half cycles are separately determined and then interleaved

before the change counts are calculated.
BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the invention can be gained from the following

description of the preferred embodiments when read in conjunction with the

accompanying drawings in which:
Figure 1 is a block diagram of an arc fault detector in accordance with

aspects of the invention.



acconpanying drawings in which: Figure 1 is a block
di agram of an arc fault detector in accordance with
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invention. Figure 3 is a flow’Chart illustrating
operation of the arc fault detector of Figure 1 in
accordance wi th another enbodjpent. of th% i nyenti on.
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intervals. For an AC electrical system, the time intervals are related to the frequency.
In one embodiment of the invention, the time interval is a full cycle, 16.67 msec for a
25 60 hertz system or 20 msec for a 50 hertz system. Ina second embodiment of the
invention, the time interval is a half cycle. For DC electrical system, the time interval
can be any arbitrary value, and for instance, could be in the range of the duration of
the equal intervals for the exemplary AC systems.
‘While the integrations could be done fully in software, in the
30  exemplary arc fault detector 9, the discrete integrator 19 is utilized to repetitively

integrate the absolute value of the sensed current signal eight times per half cycle.

The resultant integrated values are digitized by an analo g-to-digital converter 23
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i n cturenterebrepfonthg nsest recently completed cycle is compared at 39 to the value for

_ the previous cycle, plus a threshold or hysteresis value I1, which in the exemplary arc
25  fault detector can have a value of about 1.5 A-msec. If this most recent integrated
sensed current value is larger than the previous value, a “1” is placed in a change
buffer 41, otherwise a zero is recorded in the buffer 41. The buffer 41 stores on a first
in, first out basis the “1s” and “0s” for a selected number of most recent time
intervals. In the exemplary arc fault detector, the selected number is six cycles. The
30 comparison at 39 and the buffer 41 together form a change indicator, which maintains
for the six most recent cycles the indications of increases and decreases in the

integrated sensed current value over that for the previous cycle.
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25  number of counts is detected, a corresponding flag is set. When all four of the flags’

are set, an arc detection signal is generated. However, if the four counts are detected
in sequence, that is, 1, 2, 3, 4, the decision is held off and an arc fault detection signal
will only be generated if that sequence is followed by a repeat of the four count. In
that case, a delayed arc fault signal will be generated.

30 The processor routine 47 also includes reset section 51, which clears
the sequence of counts in the pattern buffer 45 and resets the flags. One condition

under which the pattern buffer is reset is when the four counts are not detected within
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minimal set fractions of the peak analog current.
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While specific embodiments of the invention have been described in
detail, it will be appreciated by those skilled in the art that various modifications and
alternatives to those details could be developed in light of the overall teachings of the
disclosure. Accordingly, the particular arrangements disclosed are meant to be
illustrative only and not limiting as to the scope of the invention which is to be given

the full breadth of the claims appended and any and all equivalents thereof.



placed in the pattern buffer 45. The count changes for

the last five half cycles (positive and negati ve,
woO.2a06/13815ernati vely the [ ast three positive aRATABZN0G/001492

negative or the last two positive and three negative)

are anal yzed by the processing,nmeans 47 in the sane

manner as.the full cycle |nteg§at|on enbodi nent

described in connection with Figure 3. Wile specific

e i, f the invention have been described in

d 15 QQ%iﬁ' be appreciated by those skilled in the

art that varj,ous ARt heeliensr @9 @or%hte%cﬁ?éal ¥)%§erﬁ PL), the arc

those details could be devel oped in of

overlhfl¢teqtoneammitpingsf t he di scl osure. Accordlngly, t he

particul ar arrange di s Ios d are

illustrative only Nt g‘rﬁ d?]%’lmfl ﬁ&neé%o{[@?? ﬁ%negg,%g’ﬁé‘r%’? current
t rfmwlﬁgeﬂmeemcwtvap?stem ti9 aksen@uwﬁeﬁtfs@gnfayl | breadth of

the clains appended and any and all eqU|vaIents

thereof . What i s @ndnfesentord19repatiivalycintegratingdabsalae value of

h
 adle bt Bufeu Rl er Q) O dbalo S eBiefrie Mpirmied sonsed
1(lﬁhegewﬁmﬁ;|ng fron1current flowing in the electrica
" system (1) a sensed current signal; an integrator (19)
r epet itively intgfhanenidicatonkibs resnerating fosfeaghhmost recently
I
e i Moo g Uaieha A ke T LSRR skl gurrent value

| rfdr thatnaost fe3tntihigorgsinied aimenigichwail chapbs bpatledst s eiredivld amount
leted tine |nt%{f}r/al a chan%? i ndi cati on when the

cg@ fhi Btperebegse FUrEnt vahug 108 tegreqading fiae intewdit | y
conpleted time i nf8LYA
t hreshol d anDuntQ%ron1%Hg§f% @3?&%% seng%ér%ﬁpnmsrmmnﬂy
v aoumpléted timkeéntprvatthdinnmbet ofchangeindizhtions genemexd ovéB) selected

etiti y sunm ng for eahm)st recently conpl eted
et ok poH SO E8FP 6P LBV ARAD S gt change count;

gener ated over a spbehrdsiusheE iRfchbAg dBaAts tHAEE Bl Ibdted most
conpleted tine interval's t0 genéerate a change count

meneanyly (coBiplatediniangals hrea sdqaenge of obaxigs chunts;tand sel ect ed

nost recently co | et ed |@& ervals.in a sequence of

change counts; Repr Lemprsing: conpri si ng:

detector means ( 49) ged&é&ér'rﬂ&ﬁmﬁﬁg‘éne?hmn 4rfl signal in response
response

to patterns in the sequence of change counts indicative of an arc; and

reset means (51) clearing the memory of the sequence
of change counts in response to predetermined other patterns in the sequence of
change counts indicative of events other than an arc. ,

- 2. The arc fault detector (9) of Claim 1 wherein the detector
means (49) generates an arc signal in response to a pattern in the sequence of change
counts comprising the presence of each of a plurality of specified change counts.

3. The arc fault detector (9) of Claim 2 wherein the memory (45)
stores the change count for the six most recently completed intervals to form the
sequence of change counts and wherein the plurality of specified change counts is
four.

4, The arc fault detector (9) of Claim 3 wherein the four different

change counts comprise 1, 2, 3, and 4.



to patterns in the sequence of change counts

i ndicative of an arc; and reset neans (51) clearing
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(51) clears the memory (45) of the sequence of change counts in response to a pattern

in the sequence of change counts indicative of a moving dimmer.

11.  The arc fault detector (9) of Claim 10 in which the pattern in
the sequence of change counts indicative of a moving dimmer comprises a certain
number of consecutive intervals in which the integrated sensed current values increase
or decrease and the sensed current values approaching a zero crossing are indicative
of a sine wave.

12.  The arc fault detector (9) of Claim 1 wherein the reset means
(51) clears the memory (45) of the sequence of change counts in response to certain

repetitive patterns in the sequence of change counts.
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preceding positive half cycle and a negative half cycle change indicator (39n,41n)
generating for each most recently completed negative half cycle a negative half cycle
change indication when the negative half cycle integrated current value for the most
recently completed negative half cycle changes by at least the threshold amount from
the negative half cycle integrated current value for the preceding negative half cycle,
and means (63) interleaving the positive half cycle change indications and the
negative half cycle change indications to generate interleaved positive half cycle and
negative half cycle change indications; and the summer (43") repetitively sums for
each most recently completed half cycle the number of interleaved positive half cycle
and negative half cycle change indications generated over the predetermined number

of positive half cycles and negative half cycles to generate the change count.
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| oad. 18. The arc fault detector (9) of Caim17
wherein the pattern indicative of a half wave load in
response to which the reset neans (51) clears the
menory (45) of the sequence of change counts conprises
a plurality of consecutive integrated sensed current
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