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[571 ABSTRACT 

A method and apparatus are provided for detecting an arcing 
fault on a power line carrying a load current. Parameters 
indicative of power flow and possible fault events on the 
line, such as voltage and load current, are monitored and 
analyzed for an arc burst pattern exhibited by arcing faults 
in  a power system. These arcing faults are detected by 
identifying bursts of each half-cycle of the fundamental 
current. Bursts occurring at or near a voltage peak indicate 
arcing on that phase. Once a faulted phase line is identifed, 
a comparison of the current and voltage reveals whether the 
fault is located in a downstream direction of power flow 
toward customers. or upstream toward a generation station. 
If the fault is located downstream, the line is de-energized, 
and if located upstream, the line may remain energized to 
prevent unnecessary power outages. 

12 Claims, 3 Drawing Sheets 
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Kondow's system lacks the ability to detect the presence of 
an arcing fault. Arcing faults may exhibit highly variable 
behavior from one cycle to the next, thus rendering the 
Kondow approach ineffective. Furthermore, the apparent 

5 impedance of an arcing fault may well be within the accept- 
able ranges of loads normally receiving power from the line. 
The Kondow approach would either be unable to detect 
many arcing faults or would falsely identify normal loads as 
arcing faults. 

In U.S. Pat. No. 4,719,580, Nirnmersjo detects and locates 
faults using a traveling wave analysis technique. Such a 
traveling wave analysis requires very fast sampling of 
signals to capture the wavefronts. The Nimmersjo approach 
is unable to effectively detect an arcing fault. Nimmersjo 
relies upon traveling wave signals which may occur for 

l5 faults as well as for normal switching events on a line. n u s ,  
the Nimmersjo approach simply cannot discriminate 
between faults and switching events. Furthermore, Nim- 
mersjo cannot effectively determine a location of a fault in 
a distribution circuit having multiple conductive paths. 

Thus. a need exists for an improved arc burst pattern 
analysis fault detection system for electrical power utilities 
which is directed toward overcoming, and not susceptible to, 
the above limitations and disadvantages. 

SUMMARY OF THE INVENTION 
The present invention encompasses a detection system for 

analyzing an arc burst pattern exhibited by arcing faults in 
a power system. These arcing faults are detected by identi- 
fying bursts of each half-cycle of the fundamental current. If 
the bursts occur at or near a voltage peak on the phase in 
question, then arcing is indicated on that phase. In an 
illustrated embodiment, the system lirst determines the 
faulted phase by calculating X-indicators (e.g., X,, X, and 
X, for a three phase system) to determine the numerical 
correlation of each phase with a model function. The faulted 
phase has an X-indicator which appears significantly higher 
than the indicators for the other phases. 

In the illustrated embodiment. the model function exem- 
plifies the shape of an arcing fault wave form based on the 

4o phase relationship between the arcing fault current and the 
power system phase voltage. If the faulted phase has been 
identified, the system also determines the location of the 
arcing fault relative to a monitoring point on the power line. 
If the X-indicator of the faulted phase is positive, then the 

45 fault is located downstream, toward the customer. from the 
measuring point. and upstream toward the generating station 
if the X-indicator is negative. 

According to one aspect of the present invention. a 
method of detecting arcing faults occurring on a polyphase 

50 power line, includes the step of monitoring load current 
flowing through each phase of the line. In an analyzing step. 
each phase of the monitored load current is analyzed by 
comparison with a selected model function to determine an 
indicator for each phase. In a comparing step, the indicator 

55 for each phase is compared with the indicator of each other 
phase to determine whether one phase having an arcing fault 
can be identified. 

According to another aspect of the present invention, an 
apparatus is provided for detecting arcing faults through an 

An overall object of the present invention is to provide a 
fault detection system for detecting faults that are too s m a l l  
to be properly recognized by conventional overcurrent pro- 
tection system. 

A further object of the present invention is to provide a 
fault detection system for accurately identifying dangerous 
high impedance arcing faults. 

20 

25 

30 

35 

6o arc burst pattern analysis. 

65 

1 
ARC BURST PATTERN ANALYSIS FAULT 

DETECTION SYSTEM 

This is a continuation of application Ser. No. 08/138,477 
filed Oct. 15, 1993 now abandoned. 

" h i s  invention was made with government support under 
contract nos. RF 5459 and RF 5672 from the National 
Aeronautics and Space Administration. (NASA), as well as 
contract no. RF 5927 from the National Science Foundation 
(NSF). The United States government may have certain 
rights in this invention. 

BACKGROUND OF INVENTION 

The present invention relates generally to an analysis 
system for use with an electrical utility power system. and 
more particularly to an arc burst pattern analysis fault 
detection system for detecting high impedance, low current 
arcing faults on the power system. Arcing faults may be 
caused by, for example, downed, broken, tangled or dan- 
gling power lines. trees contacting the power lines, and 
various overcurrent fault situations. 

Arcing faults are more diBicult to detect than permanent 
overcurrent faults, which for instance, occur when a trans- 
former fails. Most conventional overcurrent protection 
devices, such as fuses, reclosures. relays and the like, have 
time delays which prevent a temporary fault from 
de-energizing the power line. Only if the overcurrent fault 
persists does such a protection device de-energize the power 
h e .  Some arcing faults may initialize the timing circuits of 
the overcurrent protection devices but. by the end of the time 
delay. the high impedance nature of the fault limits the fault 
current to a low value. Such overcurrent protection devices 
cannot distinguish this low fault current from the levels of 
current ordinarily drawn by customers; hence. the line may 
remain energized even though a dangerous arcing fault 
exists on the power line. 

Other methods of fault analysis have focused on deter- 
mining the location of a fault, rather than a method and 
apparatus for detecting the existence of an arcing fault, as 
claimed below. For example. one earlier method for deter- 
mining the location of a fault on a power circuit is proposed 
by Saha in U.S. Pat. No. 4,559.491. Saha determines the 
fault location and the type of fault on a transmission line, but 
does not perform fault detection per se. Saha computes the 
fault location using vector measurements to obtain the h e  
impedance from which the fault location is determined 
Moreover, Saha uses only the single fundamental waveform, 
ignoring the wealth of information contained in the remain- 
der of the waveform. 

Saha's system lacks the ability to detect the presence of an 
arcing fault. Unfortunately, the Saha method requires a 
steady state fault for effective determination of the fault's 
location. Since arcing faults may exhibit a highly variable 
behavior from one cycle to the next, the Saha approach is 
clearly ineffective for identifying arcing faults. Moreover, 
the Saha approach is generally ineffective for use in radial 
distribution circuits with multiple conductive paths. 
Furthermore, the apparent impedance of an arcing fault may 
well be within the acceptable impedance ranges for loads 
normally connected to a line. Thus, the Saha approach is 
clearly unable to discriminate arcing faults from these 
normal loads. 

U.S. Pat. No. 4.281.386 to Kondow proposes a fault 
detection system based upon an impedance measuring 
scheme. Kondow indicates the presence of a fault when the 
impedance falls within a certain zone defined by Kondow. 
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Another object of the present invention is to provide a 
fault detection system for locating the direction of high 
impedance arcing fault relative to a monitoring location of 
the system. 

Still another object of the present invention is to provide 
a fault detection system which is faster, more economical, 
and more reliable than the earlier systems. 

The present invention relates to the above features and 
objects individually as well as collectively. These and other 
objects, features and advantages of the present invention 
will become apparent to those skilled in the art from the 
following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic block single line diagram of one 

form of an arc burst pattern analysis fault detection system 
of the present invention. 

FIG. 2 is a flow chart illustrating one manner of operating 
the system of FIG. 1. 

FIG. 3 is a graph of one form of a model waveform for the 
system of FIGS. 1 and 2. 

DETAlLED DESCRETION OF A PREFERRED 
EMBODIMENT 

Referring to FIG. 1. an arc burst pattern analysis fault 
detection system or detector 10 constructed in accordance 
with the present invention is shown coupled to detect faults, 
such as high impedance. low current, arcing faults on a 
feeder line 12. The arc burst pattern analysis detector 10 may 
be operated alone, or as a portion of a higher level fault 
analysis scheme. such as the one disclosed in one of the 
coinventors’ other concurrently filed patent applications, 
entitled, “Expert System.” The feeder line 12 receives power 
from an AC power source. such as a generating station 14, 
through a substation 16. Other feeder lines (not shown) may 
also receive power from the generating station 14 and exit 
the substation 16. The feeder line 12 delivers power from the 
substation 16 to a variety of utility customers, such as 
customer 18. 

Altogether. the generating station 14. the substation 16, 
and feeder line 12 illustrate a portion of an electrical utility’s 
power system 20. Most typical power systems generate and 
distribute power using a three phase system. Thus. the feeder 
line 12 may deliver power over three phase lines, known as 
phases A. B. and C. The feeder line 12 may also have a 
neutral conductor. For convenience, power system 20 illus- 
trated herein is such a three phase system. 

Between the substation 16 and the customer 18, the feeder 
line 12 may be subjected to a variety of Werent types of 
events, activities and faults. Some typical faults are illus- 
trated in FIG. 1, specifically, an arcing fault caused by a 
downed conductor 22, a dangling conductor 24, or momen- 
tary contact of a tree 25 or other object with the feeder line 
12. The system may also be subject to other disrupting 
events, such as an overcurrent event 26, and a switching 
event 28 performed by a conventional recloser or the like. 

The detector 10 includes a monitoring device, such as a 
sensor or transducer 30, coupled to feeder line 12 as indi- 
cated schematically by line 32. The term “monitoring 
device” is broadly defined herein to include sensing devices, 
detecting devices, and any other structurally equivalent 
device or svstem understood to be interchangeable therewith 

4 
For instance, in response to monitoring the load current IL 

and line-to-neutral (phase) voltages, transducer 30 produces 
parameter signals, here, a dual load current and phase 
voltage signal 34. from which the fault components of the 

5 parameter may be determined. The transducer 30 may be a 
conventional transducer or an equivalent device, such as a 
multiple phase current measuring device typically having 
one current transformer per phase, plus one on the neutral 
conductor, of the feeder line 12, and a phase voltage 

IO measuring device, measuring the line-to-neutral voltages for 
each phase of line 12. Moreover, the controller 35 may 
receive transducer signals from already existing current and 
voltage sensors. For example, if only a single phase of the 
voltage is measured by transducer 30 or another transducer 

15 (not shown), the controller 35 may be equipped with con- 
ventional hardware or software known to those skilled in the 
art to derive the other two phases. That is. knowing one 
phase, the other two phases may be obtained by applying the 
appropriate plus/minus 120’ phase shift to the monitored 

20 phase voltage. It is also conceivable that other parameters of 
the power flowing through line 12 may be measured, with 
suitable transducers selected to accomplish the desired 
monitoring, for instance, power factor. 

The detector 10 may also include surge protection, for 
25 example, a surge suppressor or protector 36. The surge 

protector 36 may be supplied either with the transducer 30, 
as illustrated, or as a separate component. The surge pro- 
tector 36 protects the detector 10 from power surges on the 
feeder line 12, such as those caused by lightning strikes or 

A controller 35 receives the parameter signals 34 from 
transducer 30. The controller 35 may include a signal 
conditioner 38 for filtering and amplifying the parameter 
signals 34 to provide a clean conditioned signal 40. 

35 Preferably. the signal conditioner 38 includes a low-pass 
filter suitable for satisfying the Nyquist criteria of sampling, 
known to those skilled in the art. In a preferred embodiment, 
non-fundamental components of current, such as those in the 
range of 90-960 Hertz (Hz), are filtered or used in analysis 

40 by detector 10 from the current portion of the parameter 
signal 34. It is apparent that the arc burst detector 10 may be 
used with any other single frequency in the spectrum. or a 
combination of frequencies. 

The signal conditioner 38 may also amplify the parameter 
signals 34 for the appropriate gain required by an analog- 
to-digital (A/D) converter 42. For example, the current 
flowing on the power system 20 may have a dynamic range 
of 10 to 10,000 Amps, so the signal conditioner 38 appro- 
priately scales these signals for conversion by the A/D 
converter 42 from an analog signal 40 into a digital param- 
eter signal 44. 

When the transducer 30 is an analog device, the Controller 
35 includes the illustrated discrete A/D converter 42. The 

55 transducer 30 may also be implemented as a digital device 
which incorporates the signal conditioning function of con- 
ditioner 38 and the analog-to-digital conversion function of 
the A/D converter 42. 

Additionally. the controller 35 may include a power 
60 parameter sampling device or sampler 45. The illustrated 

sampler 45 samples the digitized current signal 44 at 
selected intervals to urovide an accurate remesentation of 

30 the like. 

45 

50 

by those s-med in the art. The illustrate; transducer 30 
senses or monitors several line parameters, such as line 
voltages for each phase (line-to-line Vu or line-to-neutral 65 
Vm). or load current IL flowing through line 12 for each 
phase. 

the load level due toLrapidly changing concktions, such as 
during arcing faults. 

In the illustrated embodiment. the sampler 45 provides a 
sampler signal 46 corresponding to the sampled line param- 
eter values, such as line current IL or voltage (line-to-line 
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Vu or line-to-neutral Vm). The sampler signal 46 is sup  
plied via a microcomputer bus 47 to a computing device, 
such as a microcomputer system 48. The illustrated micro- 
computer system 48 has a computer, which may be a 
single-board computer 50, coupled with a memory device, 
for instance, a random-access memory 52, and a data storage 
device, such as a hard disk 54. A suitable microcomputer 
system 48 may include a conventional personal computer or 
any other equivalent device known to be interchangeable by 
those skilled in the art. 

The sampler 45 may measure the line parameter values on 
a time-domain basis, or the sampling function may be 
conducted by microcomputer system48. Other details of the 
sampling process are described below. It is apparent to those 
skilled in the art that other variations of these sensing and 
sampling functions are also possible. For instance, line-to- 
line voltages V, or line-to-neutral voltages V, may be 
monitored, sampled and analyzed, as well as the line current 
IC 

The controller 35 has a circuit breaker interface 60 for 
receiving a trip command signal 62 from the computer 50 
via bus 47. In response to the trip command signal 62, the 
interface 60 sends a trip signal 64 to a circuit breaker trip 
circuit 66. The trip circuit 66 drives a circuit breaker (not 
shown) located at substation 16 to de-energize (“trip”) 
feeder line 12. 

The controller 35 may also include an optional serial 
interface 68, such as a modem for sending and receiving a 
peripheral device signal 70 over a telephone network. The 
interface 68 may communicate with an external peripheral 
device 72, such as a remotely located power distribution 
control center. In  some systems. the peripheral device 72 
may provide a remote input to the detector 10 via serial 
interface 68, for example, to override previous programming 
of the detector 10, such as initial settings. sampling rates. a 
sampling time period, and the like. 

Controller 35 may also include an output device, such as 
a visual display device 74. or a printer. Preferably, the output 
display 74 provides a visual indication of the status of 
detector 10, line 12, and the previous operating conditions of 
the line. The controller 35 may also provide an alarm signal 
76 via bus 47 to an alarm 78, which may be visual, audible, 
or both. 

In the utility industry. it is generally accepted that power 
distribution involving voltage levels below 25 kV are prob- 
lematic in the area of high impedance fault detection. The 
problems associated with this detection are partially due to 
the fact that at this voltage, the arc impedance is relatively 
high. and therefore, the fault current is low. Furthermore, the 
mechanics of the fault are such that steady arcs are typically 
not sustained. Thus, the arcing stops before fuses are able to 
blow and before overcurrent protection devices are able to 
operate. Of course, this same dif6culty may also be encoun- 
tered in distribution systems operating at voltage levels of 25 
kV and above. 

T@ically, the fault current magnitude of a high imped- 
ance fault on the distribution system 20 is dependant upon 
the various environmental conditions at the fault site. For 
example, the current magnitude will fluctuate as the resis- 
tance of the current path changes due to the presence of 
ionized gases, soil particles and the like in the current path, 
as well as the type of grounding surface in contact with the 
live conductor. Thus, the fault current magnitude is simply 
not related to the normal voltage or current levels of the line, 
nor to the rated capacities of the distribution system. 

O P M O N  
Referring now to FIG. 2. a flow chart 100 in accordance 

with the present invention illustrates one manner of operat- 

6 
ing the detector 10. This method is schematically illustrated 
in flow chart 100 as a series of steps or portions. A portion 
is defined broadly herein as a component for performing a 
processing step, as well as a step portion of the illustrated 

5 process, which may be implemented by hardware, software 
or combinations thereof known to those skilled in the art. 

Referring back to HG. 1, in general. detector 10 monitors 
parameters indicative of power flow and possible fault 
events on the feeder line 12. From this monitoring, detector 

10 10 assembles a collection of data, which is stored in selected 
buffers or “windows,” such as one of buffers 80 and 82 of 
RAM 52. The RAM 52 also has a counter portion 84, which 
may be used in compiling the incoming data to make the 
fault determinations described below. 

The arc burst pattern analysis detector 10 identities the 
occurrence of arcing bursts in the time domain according to 
their relation to the applied system voltage and load current. 
The timing of the arc bursts is correlated with the peaks of 
the applied system voltage, such as V,. to determine the 

2o presence of an arcing fault 24. The microcomputer system 
48 analyzes the monitored patterns or signatures in the 
circuit current over time, and makes determinations about 
the occurrences which produced recognized fault current 
patterns. For example, the current and voltage of the line 12 

25 are sampled by sampler 45 at a rate of 1920 Hz, and the 
samples of data are complied in buffer 80. The compiled data 
may then analyzed for the occurrence of arc bursts, for 
instance, once every second. 

In the preferred embodiment. the detector 10 identifies arc 
bursts in the 90-960 Hz current frequency range, and then 
correlates these arc bursts to the peak values of the applied 
system voltage V, on the phase displaying the arc burst 
signature. If the arc bursts occur at or near the voltage peak, 

35 then arcing on that phase is indicated by detector 10. If the 
arc burst occurs at a different time, for example. at a voltage 
zero crossing, then there may or may not be arcing on 
another phase, or the burst may not be related to arcing but 
to some other phenomena. 

The arc bursts pattern analysis detector 10 as described 
herein may be used in a stand alone configuration, or in 
conjunction with other fault detection schemes which may 
share the same components as shown in FIG. 1. For 
example, the arc burst pattern analysis detector 10 may be 

45 used to confirm the presence of an arcing fault which has 
been detected by another fault detection system (not shown). 
These other fault detection systems may recognize high 
current or low current faults on the feeder line 12. 

Advantageously, the arc burst pattern analysis detector 10 
50 may operate in conjunction with these other fault detection 

systems to provide further information about a possible 
arcing fault, which yields a greater confidence in determin- 
ing whether or not a fault exists on the line. That is, if several 
such detection systems indicate the presence of an arcing 

55 fault, then a very high level of confidence exists in deter- 
mining that an arcing fault does indeed exist on feeder line 
12 to justify deenergization of the line. 
Thus, using the arc burst pattern analysis detector 10, 

particularly when used in conjunction with other detection 
60 systems. allows for the implementation of a highly sensitive 

fault detection system on a utility distribution circuit while 
minimizing unnecessary power outages to customers 18. 
This system allows dangerous arcing faults which would 
normally be missed by conventional reclosers, breakers, 

65 fuses and the like, to instead be detected, the line be 
deenergized, and the chance of injury due to the presence of 
a fallen conductor 24 minimized. 

30 

4o 
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In overview, the detector 10 first determines, if possible, 

determine which phase was faulted, the system 10 then 
determines the direction of the fault relative to the location 
of transducer 30. The fault may be in the forward direction 5 
of power flow, that is downstream toward the customer 18, 
or in a reverse direction, upstream from the monitoring point 
30 towards the generation station 14. 

If the fault is located downstream toward the customer. 
then a trip signal 64 may be issued to the circuit breaker trip lo 
circuit 66 to deenergize line 12. However, if the fault is 
located upstream toward the generating station, there is no 
need to deenergize feeder line 12 because the arcing fault 
exists elsewhere. Thus, by distinguishing between upstream 

outages for customers 18 are avoided when the fault is 
located upstream of feeder line 12. 

which phase is faulted. Such a determination may not be 

-continued 
XB = Pmp. 

xc = PICJP 

which phase is faulted. Then, if the detector was able to 

wherep,b= A u AWHhb) 

in digital form, the x-calculator 102 function may be 
expressed as: 

and downstream locations of the fault, unnecessary power l5 A4Y) = ;x(rb(r)Ar 

The X-calculator provides an X-indicator signal 108 to a 

20 phase finder 110. The phase finder 110 searches for one 

In a first portion Of the method’ the detector lo determines faultedphase comparator (‘‘Find Faulted Phase?”) portion or 

The X-indicator which has an absolute value that is 
significantly higher than the other two X-indicators accord- 

possible in all cases, but first the 
system lo+ as 

is made’ 
shown in flow chart ‘O05 an 

X-indicator calculation analyzer portion or X-calculator 
102. which receives the sample signal 46 from sampler 45. 
The X-calculator 102 determines the X-indicator for each 25 
phase (here A. B and C for the illustrated three phase system) 

stored within a model function portion 104. This correlation 
is accomplished by the integration (summation) process 
defined below. 

The model function portion 104 may be stored in buffer 
82 of RAM 52, or another suitable location, but is preferably 
stored on hard disk 54. The model function portion 104 
supplies the model function to the X-calculator 102 by a 
model function signal 106. Preferably. this model function is 
based on the phase relationship of arcing fault current with 
the power system phase voltage which drives the arcing 
fault. The model function is stored relative to the phase 
voltage. For example. one form of a model function for 
current “IF” and its relation to a given phase voltage, here 
“V,” for phase A, is shown in FIG. 3. While the model 
function is illustrated in units of kilovolts (kV) and kiloam- 
peres (kA). it is apparent that a per unit scaling system may 
be more appropriate for some implementations. The 
X-indicator calculation assures that the correlation is refer- 
enced to the voltage zero crossing. which advantageously 
makes this phase relationship implicit in the IF model 
function. 

ing to the following: 

&I>> IXBl and K.1 >> Kcl =>Faulted Phase is A 

KBl >> KAl and IXBl >> IXcl => Faulted Phase is B 

IXcl >> K.1 and Kcl >> KBl => Faulted Phase is C 

by calculating its numerical correlation to a model function 

30 

Otherwise, Faulted Phase is UNKNOWN. 

Here, the symbol >>refers to “significantly greater,” such as 
on the order of two times larger. 

If the phase finder 110 is unable to determine which phase 
is faulted, a NO signal 112 is issued to a return portion 114. 
The return portion 114 may provide an output to the display 
74, peripheral device 72 andor alarm 78 to indicate a fault 
has been detected, but the exact phase having the fault is 
unknown. If the phase finder 110 is able to determine which 
phase is faulted, it issues a YES signal 116 to a fault 
direction comparator (“Fault Direction?) portion or direction 
finder 118. The direction finder 118 examines the sign 
(positive or negative) of the X-indicator corresponding to 
the faulted phase according to the following comparison: 

If Faulted Phase is known: 
Faulted phase is A and XA>O then Direction is Forward 

nus. the model function 104 has the shape of an arcing 
fault waveform, which m y  be determined empirically by 50 
simulating a fault on the line and taking measurements, or 
mathematically using known parameters in various power 
system analysis modeling programs. The model function 
storage portion 104 may store a model for only one phase, If the direction finder 118 determines the fault has a 
such as phase A current, to conserve storage space. The 55 reverse direction and is located upstream, it issues a forward 
arcing models for phases B and C may then be obtained the signal 120 to an upstream or reverse fault indicator portion 
X-indicator calculator 102 preforming the preliminary step 122. If the direction finder 118 determines the fault is located 
of shifting the phase A model by +/-120”, which come- forward of the monitoring location of transducer 30, that is 
sponds to the nominal phase relationships of the fundamen- in the downstream direction toward customer 18. then a 
tal power system voltage (for the illustrated three-phase 60 forward signal 124 is issued to a forward or downstream 
system). fault indicator portion 126. 

The reverse fault indicator 122 issues a NO TRIP signal 
follows : 128. which then may be displayed on the peripheral device 

72 or display 74, for example, in the nature of a warning that 
65 an arcing fault exists on the system 20, but not on feeder 12. 

The forward fault indicator 126, in response to signal 124. 
issues a TRIP signal 130, which may be used as one input 

Faulted phase is B and X,>O then Direction is Forward 
Faulted phase is C and X,>O then Direction is Forward 

Otherwise, Direction is REVERSE. 

The x..calcu~ator 102 determines the X-indicators as 

X. = PIAIF 
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to a higher level controller (not shown), receiving inputs 
from other fault detection systems. Alternatively, the TRIP 
signal 130 may be used to generate the trip signal 64 for 
deenergizing feeder line 12 directly, for instance. if detector 
10 is used in  a stand-alone configuration. Thus, false trips 
are advantageously avoided using the directional fault indi- 
cation function illustrated in flow chart 100. 

An operational example, for the X-calculator 102 to show 
the generation of the model current functions is given below: 

r O f o r  O"St<120" 

1 for 

0 for 

120' 5 t <  180" 

180' 5 t < 300" IA ( t )  = 

1 -1 for 31330 s t < 3600 

I&) = ZA(t - 120") 

I&) = Ic(t + 1200) 
Note that the +\-120" constants shown in the definitions 

of IB and assume the phase rotation of power system 20 
is in an ABC direction. It is apparent to those skilled in the 
art that these equations may be modified for use with the 
system having an ACB phase rotation by simply reversing 
the signs of the 120" constants in the definitions of IB, I,. 
Furthermore, it is apparent to those skilled in the art that 
these are only examples of the definitions for the model 
current functions, and other functions may be defined for 
other specific implementations. for instance a six phase 
transmission system. 

The above definitions for the functions of the X-indicator 
calculator 102 and the faultedphase finder 110. as well as the 
direction finder 118, assume that only one voltage signal, in 
the example phase A. is available for monitoring. It is 
apparent that these equations may be modified appropriately 
if the phase B or phase C voltages are instead monitored by 
the transducer 30 or another transducer (not shown). 

Moreover, if more than one phase voltage signal is 
monitored. then each of the three model currents may be 
referenced to its own respective voltage signal, eliminating 
the need for the 120" phase shift required when only one 
voltage signal is monitored. Nonetheless, the example given 
above is believed to be the most typically useful, since most 
power substations presently constructed have only one phase 
voltage signal available for monitoring purposes, and usu- 
ally this is phase A. 

CONCLUSION 
Having illustrated and described the principles of our 

invention with respect to a preferred embodiment, it should 
be apparent to those skilled in the art that our invention may 
be modified in  arrangement and detail without departing 
from such principles. For example, while the illustrated 
embodiment has been implemented in computer software, or 
discussed in terms of devices in some instances, structural 
equivalents of the various hardware components and 
devices. as well as srncturally equivalent data processing 
routines, may be substituted as known to those skilled in the 
art to perform the same functions. Furthermore. while vari- 
ous hardware devices. such as the transducer, sampler and 
microcomputer system are illustrated. it is apparent that 
other devices known to be interchangeable by those skilled 
in the art may be substituted. We claim all such modifica- 
tions falling within the scope of the following claims. 

' 

We claim: 
1. A method of detecting arcing faults occurring on a 

low-Dass filtering a load current waveform flowing 
polyphase power network comprising the steps of: 

th;ough each phase of said polyphase power network 
produce a low-pass filtered load current waveform with 
preserved low frequency components; * * * * *  

65 and said second phase. 

10 
correlating said low-pass filtered load current waveform 

with a selected model function, with values that fluc- 
tuate as a function of the power system phase voltage, 
to produce an indicator for each phase of said 
polyphase power network; 

comparing each indicator with the remaining indicators to 
determine whether a phase with an arcing fault can be 
identified; and 

determining the direction of an existing arcing fault based 
upon said indicators. 

2. The method of claim 1 wherein said comparing step 
includes the step of comparing the absolute values of said 
indicators. 

3. The method of claim 2 wherein said comparing step 
includes the step of determining if any phase has an indicator 
with a magnitude that is significantly greater than any other 
indicator. 

4. The method of claim 1 wherein said selected model 
function has a first set of values for a first phase of said 
polyphase power network, and a second set of values for a 
second phase of said polyphase power network 

5. The method of claim 4 wherein said first set of values 
25 and said second set of values of said model function are 

specified in relation to zero crossings of said power system 
phase voltages. 
6. The method of claim 4 wherein said second set of 

values are shifted in relation to said first set of values 
3o corresponding to the nominal phase relationship between 

said second phase and said first phase. 
7. A detector to identify arcing faults occurring on a 

polyphase power network, comprising: 
a low-pass filter to filter a load current waveform flowing 

through each phase of said polyphase power network to 
produce a low-pass filtered load current waveform with 
preserved low frequency components; 

a correlation device to correlate said low-pass filtered load 
current waveform with a selected model function, with 
values that fluctuate as a function of the power system 
phase voltage, to produce an indicator for each phase of 
said polyphase power network; and 

a comparator to compare each indicator with the remain- 
ing indicators to determine whether a phase with an 
arcing fault can be identified and determine the direc- 
tion of an existing arcing fault based upon said indi- 
cators. 

8. The detector of claim 7 wherein said comparator 

9. The detector of claim 8 wherein said comparator 
determines if any phase has an indicator with a magnitude 
that is significantly greater than any other indicator. 

10. The detector of claim 7 wherein said selected model 
55 function has a first set of values for a first phase of said 

polyphase power network, and a second set of values for a 
second phase of said polyphase power network 

11. The detector of claim 10 wherein said first set of 
values and said second set of values of said model function 

60 are specified in relation to zero crossings of said power 
system phase voltages. 

12. The detector of claim 11 wherein said second set of 
values are shifted from said first set of values corresponding 
to the nominal phase relationship between said first phase 

10 
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50 compares the absolute values of said indicators. 


