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(57) La présente invention a pour objet un détecteur de
défaillance d’arc actionnant un interrupteur ¢lectronique
établissant la mise a la masse d’un céble de distribution
d’énergie, actionnant de ce fait un circuit limiteur pour
isoler le céble de distribution d’énergie en réponse a une
défaillance d’arc, méme si la défaillance d’arc en
question ne produit pas une baisse de niveau
d’impédance suffisante pour actionner directement le
circuit limiteur. L interrupteur électronique peut étre
constitué d’un redresseur commandé au silicium
sacrificiel de faible colit qui est détruit sous 1’effet du
défaut a la terre qu’il crée tant que le courant de non-
fonctionnement du circuit limiteur est inférieur au
courant d’explosion du redresseur commandé au
silicium. Un détecteur de défaillance d’arc relié¢ a un
redresseur commandé au silicium mis actionné par un
court-circuit peut é&tre utilisé pour actionner
conjointement ou, de préférence, séparément des circuits
limiteurs disposés aux deux extrémités d’un céble de
distribution d’énergie de faible longueur.
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(57) An arc fault detector turns on an electronic switch
connecting a power distribution cable to ground thereby
actuating a cable limiter to isolate the power distribution
cable in response to an arc fault even though the arc fault
itself does not create a low enough impedance fault to
actuate the cable limiter directly. The electronic switch
can be a sacrificial low cost silicon controlled rectifier
which is destroyed by the ground fault it creates as long
as the let-through current of the cable limiter is below the
explosion current of the SCR. A single arc fault detector
and SCR which fails as a short circuit can be used to
actuate cable limiters at both ends of a short power
distribution cable fed at both ends, or preferably separate
protection can be provided adjacent both cable limiters.
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ABSTRACT OF THE DISCLOSURE

| An arc fault detector turns on an electronic switch connecting a power
distribution cable to ground thereby actuating a cable limiter to isolate the power
distribution cable in response to an arc fault even though the arc fault itself does not
create a low enough impedance fault to actuate the cable limiter directly. The
electronic switch can be a sacrificial low cost silicon controlled rectifier which is
destroyed by the ground fault it creates as long as the let-through current of the cable
limiter is below the explosion current of the SCR. A single arc fault detector and SCR
which fails as a short circuit can be used to actuate cable lmuters at both ends of a
short power distribution cable fed at both ends, or preferably separate protection can

be provided adjacent both cable limiters.
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APPARATUS PROVIDING RESPONSE TO ARC FAULTS IN
A POWER DISTRIBUTION CABLE PROTECTED BY CABLE LIMITERS

BACKGROQUND OF THE INVENTION
Field of the Invention

This invention relates to protecting cables in electric power distribution
networks, and particularly networks in which the cables are protected by cable limiters
which, by themselves, are insensitive to arcing faults. Specifically, it relates to
sacrificial arc fault circuitry which generates a deliberate ground fault to actuate the
cable limiters.

Background Information

Low voltage networks, typically 600 volts and below, are used to distribute
electric power in a specified area, such as part of a city or an industrial or commercial
installation. Often, the cables in such networks are located underground. Typically,
the network is fed at more than one point, and therefore, has multiple sources.
Occasionally, the cables fail due to various causes such as thermal degradation, age,
moisture, and rodent damage. The networks are protected by circuit breakers;
however, in order to isolate the faulty cable, and therefore minimize disruption of the
network, cable limiters are provided at the ends of the cables. Cable limiters are fuse-
like devices which only react safely to large magnitude, low impedance fauits, such as
are created by phase to phase faults. However, cften an arcing type fault to ground
occurs rather than a phase to phase fault. Such faults are low current, high impedance
faults to which the cable limiters do not respond.

There is a need, therefore, for apparatus which will isolate a cable in a power
distribution network in the event of an arcing type fault. While a circuit breaker

responsive to arcing faults could be used, it is preferred that a lower cost solution be
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found. Itis also necessary that the network retain protection of the cables against high
current, low impedance faults such as phase to phase faults.
SUMMARY QF THE INVENTION

In response to these needs, and others, the invention is directed to a;pératus
which utilizes the currently provided cable limiter to isolate an arcing type fault in the
cable even though the cable limiter cannot directly respond to such a fault. An arcing
fault detector, such as those used in circuit breakers, is employed to detect the presence
of an arcing condition and to actuate an electronic switch connected between the
affected cable and the ground, thereby creating a high current, low impedance ground
fault which actuates the cable limiter. For this purpose, a low cost silicon controlled
rectifier (SCR) can be used as the electronic switch. The SCR will fail; however, the
cable and cable limiter will have to be replaced in any event, and a sacrificial SCR
adds insignificant cost to the replacement.

When a cable is feed at both ends, each equipped with a cable limiter, a single
arc detector and electronic switch to ground could provide the low impedance, ground
fault needed to actuate both cable limiters to isolate the faulted cable. It is preferred,
however, particularly for lengthy cables, that the low cost arc fault detectors and
electronic switches be provided adjacent each end of the cable. Alternatively, a single
arc detector could actuate the separate switches at each end of the cable, or a single
electronic switch could be actuated by more than one arc fault detector.

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:
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Figure 1 is a schematic diagram of a portion of a low voltage power distribution
network in which a cable is protected in accordance with the invention.

Figure 2 is a schematic diagram of a portion of another low voltage power
distribution network in which a cable fed at both ends is protected in accordance with
a preferred embodiment of the invention.

Figure 3 is a schematic diagram of another embodiment of the invention for
protecting a double fed cable.

Figure 4 is a schematic diagram of yet another embodiment of the invention for
protecting a double fed cable.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates a low voltage electric power distribution network 1.
Network 1 is energized by a source 3 which provides power over a transmission system
5. The network 1 includes a transformer 7 which steps down the transmitted power
to the lower voltage of the network, which as mentioned, is typically 600 volts or
below.

The network | includes an array of cables 9 for distributing power to a variety
of loads 11 on the network. For purposes of illustration, a very simple arrangement
is shown in Figure | in which a cable 9 is connected at one end to the feeder
transformer 7 and at the other end to a load 11. Typically, the network would have
a number of circuit breakers (not shown) which would respond to faults at various
locations throughout the network 1. In addition, the cables 9 in the network are
provided with cable limiters 13 in order to isolate a faulty cable. It is not economical
to provide the individual cables with circuit breakers, however, by isolating a faulty
cable, disruption of the network is kept to a minimum. The cable limiters 13 are

"partial range" fuses that, as mentioned previously, only react safely to large
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magnitude, low impedance faults. However, as also mentioned above, arcing faults
such as 15, can occur in a cable 9. Typlcally, the arcmg fault is a fault to ground
although series arcing faults can occur such as where a conductor within the cable is
broken. Arcing faults are low current, hlgh 1mpedamce phenomena to whxch the cable
limiters do not respond.

The invention provides a simple, novél arrangement for isolating cables having
arcing faults. Arc fault cable protector 17 generates a deliberate high current, low
impedance ground fault to which the cable limiter 13 responds to isolate the faulty
cable. The arc fault protector 17 includes an arc fault detector 19. Various types of
arc fault detectors are available for this purpose. Generally, arc fault detectors fall into
two types. The first type responds to the high frequency noise created by the arc.
Various characteristics of this high frequency noise are monitored in order to minimize
false detection in response to similar types of noise generated by some kinds of loads.
An example of an arc fault detector of this type is disclosed in U.S. Patent No.
5,452,223. A second type of arc fault detector looks for random step increases in
current generated by the repetitive striking of a sputtering arc. An example of this
second type of arc fault detector is disclosed in U.5. Patent No. 5,224,006.

In either case, the arc fault detector |9 includes a current sensor 21 for
sensing the current in the protected cable 9. Such a current sensor can take the form
of a current transformer 21 as shown in Figure 1. The arc fault detector 19 further
includes arc fault detection circuitry 23 which analyzes the current sensed by the
current sensor 21 and generates an arc fault signal when an arcing fault is detected.
The arc fault signal is used to actuate an electronic switch 25 which also forms part of
the arc fault protector 17. Various types of electronic switches can be utilized,

however, the silicon controlled rectifier (SCR) is preferred because of its low cost.
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The SCR is connected between the cable 9 and ground. The gate electrode of the SCR
25 is connected to the. arc.f_a_lult circuitry 23 so that the arc fault signal turns on the
SCR in response to detection of arcing in the cable to generate a deliberate ground
fault. This low impedance fault on the load side of the cable limiter 13 will draw a
high current through the cable limiter sufficient for the limiter to actuate and isolate
the cable 9. The presence of the arc fault protector 17 does not inhibit the response
of the cable limiter 13 to high current, low impedance faults such as would be caused
by phase to phase faults in the cable 9. The cable limiter responds to high current, low
impedance faults, whether phase to phase or the celiberate ground fault generated by
the arc fault protector, in less than a cycle.. Typically, the arcing fault detectors
require at least a couple of cycles or more to identify an arcing fault, but they do not
interfere with the cable limiters’ rapid response tc a phase to phase fault.

The high current generated by the deliberate ground fault resulting from

actuation of the switch 25 will cause the switch 25 to fail. However, it fails as a short

. circuit. Thus, the electronic switch 25 is sacrificed along with the cable limiter. As

the SCR is a relatively low cost item, and the cable limiter must be replaced in any
event, the invention does not significantly add to the cost of protection. Therefore, the
SCR 25 does not need to be "fully rated” to withstand the full ground current of the
deliberate fault. However, it is necessary to insure that the short circuit let through
current of the cable limiter 13 does not exceed the explosion rating of the SRC 25.
Figure 2 illustrates another embodiment of the invention in which the
cable 9 is fed at both‘ends by two sources 3, and 3, through transformers 7. In this
case, the cable 9 is provided at a first end 27, with a first cable limiter 13, and at the
second end 27, with a second cable limiter 13,. The arc fault protector 17, includes

a first arc fault detector 19, associated with the first cable limiter 13, and a second arc
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fault detector 19, associated with the second cable limiter 13,. While current
transformers could be used for sensing cable current as in the embodiment shown in
Figure 1, the current sensors 21, and 21, in the embodiment of the Figure 2 utilize the
cable limiters 13, and 13, themselves for sensing current. U.S. Patent No. 5,5 19,561
discloses that the bi-metal of the thermomagnetic trip unit of a circuit breaker can be
used to detect arcing current since the resistance of the bi-metal, though very low, is
known. A current through the known resistance generates a voltage representative of
the current. Thus, the current sensors 21, and 21, provide a measure of the voltage
drop across the known resistance of the cable limiters 13, and 13, to provide an
indication of cable current to arc fault detection circuitry 23, and 23,. Arc fault signals
generated by the circuits 23, and 23, actuate the SCRs 25, and 25,, respectively, td
generate ground faults which draw sufficient current through the respective cable
limiters 13, and 13, to actuate them and thereby isolate the cable 9 by open circuiting
each end of the cable.

The arrangement of Figure 2 is preferred for a double-fed cable 9,
especially where the cable is of a length to have a sufficiently sizable impedance that
could mask an arc fault occurring near one end of the cable if the only arc fault
detector were at the other end of the cable.

For shorter cables 9; it is possible to reduce the circuitry. For instance
as shown in Figure 3, the arc fault protector 17, can comprise a single arc fault
detector 19, with a current sensor 21, located near the center of the cable 9. In the
arrangement shown, the single arc fault detecting circuit 23 provides arc fault signals
to the gates of SCRs 25, and 25, connected to the cable adjacent the cable limiters 13,
and 13, and ground. In another arrangement shown in Figure 4, arc fault detectors 19,

and 19, are provided at each of the cable limiters 13, and 13,; however, the arc fault
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signals detected by the arc fault detection circuits 23, and 23, both actuate a single SCR
25. While one of the cable limiters 13, or 13, will actuate first and cause the SCR 25
to fail, since the SCR fails as a short circuit the deliberate ground fault remains for
actuation of the other cable limiter. Of course, the embodiments of Figures 2 and 3
provide a redundancy in the SCRs so that should the SCR be destroyed, there is an
alternate path to ground for actuation of the other cable limiter.

While various arrangements of the arc detection circuits and electronic
switches can be employed in accordance with the invention, it is important to a double
fed cable that cable limiters 13 be provided at both =nds of a double fed since the failed
SCR will provide a continuing ground fault.

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 arrangement disclosed are meant to be
illustrative only and not limiting as to the scope of invention which is to be given the

full breath of the claims appended and any and all equivalents thereof.
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What is Claimed is: _

1. Appz;r'atu‘s' for responding to arcing faults in a power distribution
cable fed by a power source and proteéted by a cable limiter, said apparatus
comprising: ' ‘

an arc fault detector coupled with said power distribution cable
and generating an arc fault signal in response to an arcing fault in said power
distribution cable; and

an electronic switch connected between said power distribution
cable and ground and actuated by said arc fault signal to produce a low impedance
ground fault between said power distribution cable and ground which actuates said
cable limiter to interrupt flow of current in said power distribution cable.

2. The apparatus of Claim 1 wherein said electronic switch is a
silicon controlled rectifier (SCR).

3. The apparatus of Claim 2 wherein said cable limiter has a
specified let-through current, and said SCR is selected to have an explosion current
which is less than said specified let-through current.

4. The apparatus of Claim 1 wherein said arc fault detector includes
a current sensor comprising a pair of leads connected across said cable limiter, and an
arc fault detection circuit connected to said leads and generating said arc fault signal.

5. The apparatus of Claim 4 wherein said electronic switch is a
silicon controlled rectifier (SCR).

6. An apparatus for protecting a power distribution cable fed at first
and second ends by first and second powér sources, said apparatus comprising:

a first cable limiter connected between said first end of said

power distribution cable and said first power source;
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a second cable limiter connected between said second end of said
power distribution cable and said second power source;

an arc fault detection means coupled with said power distribution
cable and generating an arc fault indication in response to an arcing fault in said power
distribution cable; and

electronic switch means connected between said power
distribution cable and grdund between said first cable limiter and said second cable
limiter and actuated by said arc fault indication from said arc fault detection means to
connect said power distribution cable to ground through low impedance such that both
said first cable limiter and second cable limiter are actuated to isolate said power
distribution cable from said first power source and said second power source.

7. The apparatus of Claim 6 wherein said arc fault detection means
comprises at least one current sensor sensing current in said power distribution cable
and at least one arc fault circuit connected to said at least one current sensor and
generating at least one arc fault signal as said indication of an arc fault in said power
distribution cable, and wherein said electronic switch means comprises at least one
electronic switch which is actuated by said at least one arc fault signal to connect said
power distribution cable to ground to produce at least one low impedance ground fault
which actuates both said first cable limiter and said second cable limiter.

8. The apparatus of Claim 7 wherein said electronic switch means
comprises a first electronic switch connected between said power distribution cable and
ground adjacent said first cable limiter and a second electronic switch connected
between said power distribution cable and ground azdjacent said second cable limiter.

9. The apparatus of Claim 8 wherein said arc fault detection means

comprises a first current sensor sensing current in said power distribution cable
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adjacent said first cable limiter and a first arc fault circuit connected to said first
current sensor and generating a first arc fault signal for actuating said first electronic
switch, and a second current sensor sehsing current in said power distribution cable
adjacent to said second cable limiter, and a second arc fault detection circuit connected
to said second current sensor and generating a second arc fault signal actuating said
second electronic switch. .

10.  The apparatus of Claim 7 wherein said arc fault detector
comprises a first current sensor sensing current in said power distribution cable
adjacent to said first cable limiter and a first arc fault circuit connected to said first
current sensor and generating a first arc fault signal in response to an arcing fault in
said power distribution cable, and a second current sensor sensing current in said
power distribution cable adjacent to second cable limiter, and a second arc fault circuit
connected to said second current sensor and generating a second arc fault signal in

response to an arc fault in said power distribution cable, said at least one electronic

- switch being actuated by either said first arcing signal or said second arcing signal.

11.  The apparatus of Claim 7 wherein said at least one electronic
switch is a silicon controlled rectifier (SCR).

12. The apparatus of Claim 11 wherein said first cable limiter and
second cable limiter each have a specified let-through current and wherein said at least
one SCR is selected to have an explosion current which is less than said specified let-
through currents.

13, The apparatus of Claim 7 wherein said arc fault detector
comprises at least one current sensor including a pair of leads connected across one of

said cable limiters and an arc fault detection circuit connected to said pair of leads and
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generating an arc fah)lt signal in fésponSg vt"o an a'rcin'g fault in said power distribution
cable, said at least one ‘eleé‘trbniéfkéwitc_:ll being actuated by said arcing fault signal.

14. The apparatus of Claim 13 wherein said at least one electronic

switch comprises a silicon controlled rectifier (SCR).
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