Office de la Proprieté Canadian CA 2645084 C 2013/01/08

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 645 084
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de dép6t PCT/PCT Filing Date: 2007/03/06 (51) CLInt./Int.Cl. GO5D 19/00 (2006.01)
(87) Date publication PCT/PCT Publication Date: 200/7/09/13 | (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2013/01/08 MAK, SIOE T., US
85) Entrée ph tionale/National Entry: 2008/09/08 (73) Proprietaire/Owner:
(85) Entree phase nationale/National Eniry ACLARA POWER-LINE SYSTEMS INC., US
(86) N° demande PCT/PCT Application No.: US 200//063393

- T (74) Agent: BORDEN LADNER GERVAIS LLP
(87) N° publication PCT/PCT Publication No.: 200//103924
(30) Priorité/Priority: 2006/03/08 (US60/780,152)

(54) Titre : SYSTEME INTELLIGENT DE DETECTEUR DE DEFAILLANCES ET PROCEDE
(54) Title: INTELLIGENT FAULT DETECTOR SYSTEM AND METHOD

EDS-—«\
B

FAULT 4] R cenen [FAULT 3
N B
! E . BR1 F1 BR2 F2 —
ri e L2
- LATERAL  Tr5 LATERAL
BUS o = T3
; § rrol] FAULT 4}—3
2| | e " T4
i ul Tr3 FAULT 2] 6
 TWACS | Tra O
; — -4 Fb
(57) Abrégée/Abstract:

A quick response system incorporated in a TWACS for mapping an outage in an electrical distribution system with-out having to
continuously poll the electrical meters connected to the system. In a primary embodiment of the invention when a fault is sensed to
have occurred, the amplitude of the fault is measured to determine If the fault is a medium voltage fault, or a low voltage fault. The
pattern of the fault signature and change in load, both before and after the fault, are examined to determine what protective device
was triggered by the fault. Using this information, and knowledge of the number and location of electrical meters connected In the
distribution system, a population of meters to be polled is determined. By polling the identified population, a map of the extent of the
outage Is readily determined, and the time to respond to the fault and restore service Is reduced.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




A2 00 Y 0 1 O OO A A L

CA 02645084 2008-09-08

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
13 September 2007 (13.09.2007)

(51) International Patent Classification:
HO2H 9/06 (2006.01)

(21) International Application Number:
PCT/US2007/063393

(22) International Filing Date: 6 March 2007 (06.03.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/780,152 8 March 2006 (08.03.2006) US
(71) Applicant (for all designated States except US): DISTRI-
BUTION CONTROL SYSTEMS [US/US]; 9900A Clay-

ton Road, St. Louis, MO 63124 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): MAK, Sioe, T.
[US/US]; 15628 Kempwood Drive, Chesterfield, MO
63017 (US).

(74) Agent: MULLER, Joseph, J.; Polster, Lieder, Woodruff
& Lucchesi, L..C., 12412 Powerscourt Drive, Suite 200, St.
Louis, Missouri 63131 (US).

(10) International Publication Number

WO 2007/103924 A2

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, B, CFE, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: INTELLIGENT FAULT DETECTOR SYSTEM AND METHOD

FAULT &} R
— vl

EOS W

- .- — v‘-h----—-1

F4

- e ok oy wr B Ar v o e

LATERAL
N ﬁSﬁT
i FAULT 4
0 | fre F3

FAULT 3
. ' —  FEEDER >
L Rt F1-S5 Lo F2.5
L4 L2
r1
! 1 r5 T | ATERAL

13

e / FS Ny

1 | T
2 14] Trawmr 2 T
TWACS | Tr4

Tré
F6

(57) Abstract: A quick response system incorporated in a TWACS for mapping an outage in an electrical distribution system with-
out having to continuously poll the electrical meters connected to the system. In a primary embodiment of the invention when a
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INTELLIGENT FAULT DETECTOR SYSTEM AND METHOD

Technical Field

This invention reiates to the detection and characterization of a fault
occurring in an electrical or power distribution system; and, more particularly, to a
system and method incorporated in a two-way automated communications
system or TWACS® to identify affected power lines including a particular bus,
feeder, phase, etc., to selectively poll transponders installed with electrical meters
at facilities to which the power is supplied to quickly identify and map the extent of
an outage occurring anywhere within the system.

Background Art

TWACS technology, various aspects of which are described, for example,
in United States patents 6,940,396, 5,933,072, 5,486,805, 5,262,755, 4,963,853,
4 918,422 and 4,914 418, has been found to have certain inherent advantages in
determining the location of power outages which occur in an electrical distribution
system. This is done by sending a communication signal from a master station
within the system to poll all of the electrical meters installed in that portion of the
system from and to which communications with the meters are sent. A drawback
with the current protocol for detecting the outages is that the polling needs to be
done continuously; or, the polling needs to be triggered in response to an event
(outage) so that the scope of the event can be determined, and subsequently the
extent of restoration of the power distribution disrupted by the event.

Since polling during restoration is usually under the control of personnel
responsible for the restoration, triggering a poll is not a problem. However,
determining when to poll in response to a new outage is often problematical. If
polling is done too soon, the extent of the problem may not be readily determined.
Too late, and response to the problem may be delayed, prolonging the time when
customers are without service. [t would be helpful therefore to incorporate within
a TWACS a means by which poliing to determine the extent of an outage is
reliably triggered after a fault occurs.
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Summary Of The Invention
The present invention is directed to a method and system for providing a

capability, self-contained within a TWACS, to trigger the polling of electrical
meters connected in an electrical distribution system In response to a power
outage resulting from the occurrence of a fault.

The invention requires that when a fault is sensed to have occurred, that
the amplitude of the fault be measured so a determination can be made as to
whether the fault was a medium voltage (MV) fault, or a low voltage (LV) fault.
Next, the pattern of the fault signature is examined, together with the change in
load. both before and after the fault, so to determine the type of protective device
that triggered in reaction to the fault. Based upon the foregoing analysis, and a
knowledge of the connectivity (number and location) of electrical meters within the
distribution system, a population of meters to be polled is determined. By polling
the identified population, a map of the extent of the outage is readily determined,
and the time to respond to the fault and restore service is greatly reduced.

Further embodiments of the invention may not require reliance on the
above information, but rather may rely on the knowledge that a fault has occurred,
and on which electrical conductors within the distribution system. In this
embodiment, even though there may be a larger population of meters to be
polled, fast polling techniques incorporated within the TWACS enable polling of
meters in blocs of 256, for example, and this allows the polling to be done
relatively quickly so that response time to the fault is still greatly reduced.

Other objects and features will be in part apparent and in part pointed out
hereinafter.

Brief Description Of The Drawings

The objects of the invention are achieved as set forth in the illustrative
embodiments shown in the drawings which form a part of the specification.

Fig. 1 is a simplified representation of an electrical distribution system
illustrating the installation of circuit breakers, fuses, and other protective devices In
the system which react to occurrence of a faul;

Fig. 2 is a chart illustrating the differences between peak values of a load

current contrasted with peak values of a fault current, and the residue of the two;
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Figs. 3a and 3b display a Phase (®) A to ground load condition signature
on the LV (low voltage) side of a service transformer for both a light load (Fig. 3a)
and a heavy load (Fig. 3b) condition;

Fig. 4 is a display similar to Fig. 3 but illustrating the phase to ground load
condition signature on the MV side of the transformer;

Fig. 5 is a display of short circuit current from a feeder line fault past a
recloser for the line with a 15 cycle closing time;

Fig. 6 is a display similar to Fig. 5, but for a 20 cycle reclosing time; and,

Figs. 7a and 7b display sympathetic feeder currents for two different power
factors on one of the feeders, P.F. = 0.65 (Fig. 7a) and P.F. = 0.99 (Fig. 7b).

Corresponding reference characters indicate corresponding parts
throughout the several views of the drawings.

Best Mode For Carrying Out The Invention

The following detailed description illustrates the invention by way of
example and not by way of limitation. This description will clearly enable one
skiled in the art to make and use the invention, and describes several
embodiments, adaptations, variations, alternatives and uses of the invention,
including what | presently believe is the best mode of carrying out the invention.
As various changes could be made in the above constructions without departing
from the scope of the invention, it is intended that all matter contained in the
above description or shown in the accompanying drawings shall be interpreted as
illustrative and not in a limiting sense.

Referring to Fig. 1, a portion of an electrical distribution system or power
distribution network EDS is illustrated. As shown in the Fig., electrical current
flows through a bus B to a feeder R, and through the feeder to laterals L1, L2. A
circuit breaker BR1, BR2, etc., is interposed in the feeder between the juncture of
each lateral with the feeder. A fuse F1 or F2 is interposed in the laterals at the
junction between the respective laterals and feeder R at the upstream end of the
lateral. From the laterals, the current flows through step-down transformers T1-
T4, each of which has an associated fuse F3-F6 respectively. From each
transformer, the current is routed to individual using sites (houses, office buildings,

factories, etc.) each of which has an electrical meter with an associated
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transponder 1r1-Tr8. The distribution system employs a TWACS by which the
meters are polled from a master station MS and distribution substation DS to send
commands to, and receive responses from, each meter via its associated
fransponder. In accordance with the present invention, and as described
hereinafter, a quick response system is incorporated into the TWACS for mapping
an outage In the electrical distribution system without having to continuously poll
the electrical meters connected to the system.

In 50 or 60 Hz three phase (3P) circuits, voltages are described in terms of
phasors. One set of phasors are line-to-neutral phasors designated Vay, Vey and
Ven. Another set of phasors are line-to-line voltage phasors and are designated
Vag, Vec, and Vca. The line-to-line voltage phasors are related to the line-to-
neutral phasors by the following equations:

Vag=Van — VN
Vec=Ven — Ven
Vca=Ven = Van

At each location along the length of bus B, feeder R, and laterals L1 and
L2, the voltage phasors for any one phase are slightly different. That is, the
phasor has a slight shift in phase due to the voltage drop in the circuit because of
the load current. The winding configurations and primary-secondary winding
ratios of different types of three-phase step-down transformers only affect the
magnitude of the phasor, not its phase.

The power line communication technology employed in TWACS used by
electrical utilities for automatic meter reading (AMR) modulates the bus voltage for
outbound communications from master station MS to the remote meter reading
transponders Tr1-Tr8 and the system operates in a phase sequential fashion.
That is, If the line-to-neutral voltage Van Is modulated with an “outbound” signal,
the corresponding voltage at the remote site, which has a corresponding phasor
to the bus voltage phasor Van also sees the modulation signal. The response
from the transponder back to the master station, the “inbound” signal, is a
precisely controlled, impedance limited current pulse generated by the meter
reading transponder at the service voltage level. The pulse current is located

near the zero crossing point of the service voltage that provides power to the
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transponder Tr, which transponder has a phasor corresponding to the bus voltage
phasor. Accordingly, this pulse, after multiple transformer winding ratio magnitude
changes, will also appear on the ®A conductor near the modulated bus voltage
zero crossing of phasor Van. The correspondence of these physical characteristic
properties of the phasors in a TWACS simplifies operational design of the
communication’s system.

To help understand how a communication path parameter is used to
correlate the address of a meter reading transponder to a voltage phasor,
consider an example is which an outbound command issued at a distribution
substation DS of the system on phase AN reaches all the transponders Tr whose
phasors correspond to the modulated bus voltage phasor. An inbound response
from an appropriate transponder would then be expected on the ®A conductor at
substation DS, with its signal location near the zero crossing of the bus voltage
Van. This inbound signal is extracted from the bus for ®A, or a ®A current
transformer (not shown) on a feeder. All the transponders which can be reached
by sending an outbound command on phase Van, and their inbound response,
can be captured from the current transformers for that phase; and the location In
the current waveform at which the inbound signals are extracted, is in the vicinity
of the phase voltage Van zero-crossing points on the waveform. The phase
voltage Van and the ®A current transformer are therefore path parameters for all

those transponders.

The same is also true for the other phases and the line-to-line voltages.
For modulation of phase AB, for example, the inbound signal appears on the ®A
and ®B current transformers. The current magnitude of a typical inbound signal
transmitted through a 13.8kV system is approximately 1.5 amps (peak).

The phasor correspondence characteristics of steady state and transient
currents in a 3-phase electrical distribution system EDS are such that a change In
the magnitude of the current within the system, at some point in the circuit (and
identifiable by its voltage phasor), is also sensed at the conductor for the phase at
substation DS: and the current phase relationship, with respect to the bus phase
voltage phasor, is the same at the location in the system where the change In

current occurs. This identical phasor correspondence characteristic behavior with
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respect to a change Iin current magnitude change is the same as that previously
discussed with respect to TWACS power line communication. As such, it
provides unique advantages for the outage mapping function of the present
iInvention. This Is because If a segment of a system, at a certain phase, is
disconnected, all meter reading transponders connected to that segment will be
de-energized, and hence will not respond to a communication inquiry sent over
the TWACS. Importantly, a device or method by which a fault can be sensed,
and which can also identify the phase where the fault occurs, can provide
information to the TWACS as to which meter reading transponders to poll in order
to determine which part of the network is de-energized. Importantly, there is now
no need to poll the transponders on all phases which constitutes a significant
savings in time both in identifying the extent of an outage and restoring service.

In accordance with the invention, a device 10 is incorporated into the
TWACS to effect selective coordination of protective devices used to quickly
isolate faults. Device 10 does this, for example, by coordinating the operational
speed of the various protective devices installed in the distribution system in such
a way as to minimize loss of power to the network. The use of protective devices
includes uses of a combination of circuit breakers, reclosers and fuses. To
understand how a selective coordination of such devices is set up with device 10,
refer again to Fig. 1.

As shown in the Fig., feeder R is protected by the two circuit breakers BR1
and BR2, and the laterals L coming off the feeder are protected by the fuses F1
and F2. As is known in the art, the fuses protect the circuit from faults occurring at
the distribution transformers T1-T4, or at the low voltage side. If a fault occurs at
the location indicated Fault 4 in Fig. 1, for example, this causes fuse F5 at
distribution transformer T3 to open, and this isolates transformer T3 and whatever
is connected downstream to it from the rest of the distribution system. Similarly, if
the fault occurs at the location indicated Fault 2, this causes fuse F1 at the
upstream or beginning end of lateral L1 to open. Now, the entire extent of lateral
L1, including the meter reading transformers Tr1-Tr4, are de-energized. If a fault
occurs at the location indicated Fault 3, this causes circuit breaker BR2 to open

de-energizing everything downstream, but not upstream, of the circuit breaker to
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be de-energized. Accordingly, lateral L2 and everything feeding off lateral L2 is
de-energized, but circuit breaker BR1 remains closed, and lateral L1, and
everything feeding off lateral L1, remain energized. Finally, a fault at the location
designated Fault 1 causes circuit breaker BR1 to open and the whole of feeder R
and everything connected to it are de-energized.

Fuses and circuit breakers have different operational characteristics.
Circuit breakers, for example, have a programmable time delay of operation.
Accordingly, several cycles of fault current may occur before the circuit breaker
opens. Fuses, on the other hand, operate within a cycle or less. Hence, a fault
occurring beyond the location of a fuse results in the fuse operating first.
Meanwhile, the time delay restraint programmed into the breaker lets the breaker
waits until the fuse clears the fault; and if the fault is promptly cleared, the breaker
can decide not to operate.

Device 10, which detects fault current, is a programmable device which
can readily discriminate between the operation of a fuse or a circuit breaker.
Quite often large load switching produces a load inrush current which has a
magnitude on the order of a fault current present beyond the location of a
distribution transformer T1-T4. Device 10 is programmed to discriminate between
a fault current and this load inrush current, and the ability to distinguish between
the two significantly reduces the number of transponders Tr having to be polled.

Consider the following five examples of how device 10 operates to reduce

the amount of polling required in the event a fault occurs and there is an outage:

Device 10 alert Transponders 1T to poll
1. Circuit breaker BR1 Is open. Poll only one or two transponders (e.g.,

Tr1 and Tr5) to verify that all of feeder
R Is de-energized.

2. Circuit breaker BR2 is open. Poll one transponder before breaker
BR2 and one transponder beyond the
breaker. For example, poll

transponders Tr1 and 1r5. Here,
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transponder Tr1 will respond to the
poll, but not transponder Trb.

3. Fuse F1 or F2 is open. Poll at least one transponder per
lateral, for example, transponder Tr1

5 and transponder TrS. |f transponder
Tr1 does not respond (fuse F1 open)
but transponder Tr5 does (fuse F2
closed), then lateral L1 1Is de-
energized, but lateral L2 is energized.

10 Conversely, if transponder Tr1
responds (fuse F1 closed), but
transponder Tr5 does not (fuse F2
open) , then lateral L1 is energized, but
lateral L2 is de-energized.

15 4. Fuse F3, F4, F5, or F6 is open. Poll one transponder T1-T4 from each
distribution transformer. The
transponder which does not respona
indicates the fuse for the transformer

serving that transponder is open.

20 5. Detect load increase or decrease. Do not poll.

Device 10 is programmed with an algorithm used to extract fault current
from a phase conductor. This algorithm is a modified subset of the algorithm

used for inbound signal detection in TWACS. The basic module of the inbound
25  detector can be mathematically stated as,
o) =i(t)—i1(t-T) (1)
where i (t) is the magnitude of the current at time t,
| (t-T) is the magnitude of the current at time (t-T),
T is the period of the system’s frequency, and
30 O (t) is the residual or residue.

Implementation of this algorithm into the digital domain is done using an

analog-to-digital converter 12 in device 10 which runs at a predetermined
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sampling rate, and a memory 14 within the device for storing data. In the digital
domain, the equation for the residue becomes,

0()=10)—1(-N) (2)
where N is the number of counts per cycle for 60 Hz.

In Instances where the extracted information (i.e., fault current) lasts more
than one cycle, then the following modification is used:

0()=10)—1(0-=n"N) (3)
where nis an integer.

As an example, referring to Fig. 2, only the peak values are saved In
memory as shown in the upper portion of the Fig. A fault lasting for only one cycle
of a 60 Hz waveform is shown darkened in the Fig. After the fuse disconnects the
faulty section of the power distribution network, net feeder load is reduced. For
n=10 in equation (3) above, the algorithm is encompassed in the waveform. For
each cycle of the 60 Hz waveform, N=2, since there are two peaks per cycle. The
resulting residue is shown in the lower portion of Fig. 2.

During steady state conditions, the residual is zero. This is true for | < 40
in Fig. 2. When the first peak of a fault current is detected, the steady state
portion of the current waveform is subtracted from it with the resulting residue or
residual being close to the actual fault current peak (which peak is superimposed
on the steady state load current on the feeder). For 42 <j > 60 in Fig. 2, the
residual is equal to the post fault load current minus the pre-fault load current. For
i = 60 and j = 61, the residual is equal to the difference between the post fault
steady state current and the current during the fault. For j > = 62, the residue
again equals zero.  The differential technique described by the algebraic
expression in Equation (3) can be used to generate substantially all of the events
which occur before the fuse’s operation, which occur during fuse operation, and
subsequent to operation of the fuse (i.e., post fault conditions). The magnitude of
the fault current, and the magnitude of the load loss current are also obtained
from the use of the equation to determine the residue.

It will be understood by those skilled in the art that the same algorithm can
also be used to obtain the signature patterns of residues resulting from circuit

breaker operation, load changes, etc. Accordingly, Figs. 3-7 illustrate various
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sighature patterns of residues due to circuit breaker operation, load changes, and
fault current responses at sympathetic feeders and are generated using EMTP
modeling methods.

In Fig. 3, the fault occurring is a ®A to ground fault on the LV side of the
service transformer represents a line-to-ground LV fault cleared by the service
transformer’'s HV (high voltage) side fuse in two cycles. This Is done for two
different substation transformer loading conditions: a light load as shown In Fig.
3a, and a heavy load as shown in Fig. 3b. The transformer is assumed to be
operating under a full load condition, with a power factor (P.F.) of 70%. In
accordance with Equation (3), the plot resulting from the signal extraction
algorithm shows the signal at the time of the fault (1.2 seconds ). Since the
extraction window was selected as 10 cycles, its “mirror” is shown 10 cycles later.

In Fig. 4, the fault is a ® A to ground fault occurring under heavy load
conditions (14.9 MW, 2.37 MVAR) on the MV side of a transformer at the end
point of a lateral L. Now, the fault is cleared in two cycles by the lateral's fuse F1
or F2. Also, the lower plot in the Fig. represents the extracted current on feeder R
as measured at a substation. It will be noted that the oscillating waveform is
similar to that of a motor's starting current, and that this waveform is readily
distinguishable from the proceeding fault current waveform.

In Fig. 5, the fault is a short circuit occurring on feeder R past circuit
breaker BR1 or a recloser downstream of the circuit breaker. The reclosing action
occurs 15 cycles after a circuit breaker opens in response to the short circuit
condition. Fig. 6 is similar to Fig. 5 in that it is for a similar fault condition. Now,
however, the reclosing action occurs 20 cycles after the circuit breaker opens.
Also, as represented by the plot in the middle of Fig. 6, the recloser opens for the
third time after the fault has been cleared, and a 1-MW induction motor connected
upstream of the recloser, through a 33/13./8 kV transformer, for example, comes
on line at that time.

Finally, Fig. 7a presents the current at an adjacent feeder to feeder R. In
this example, the current is less than 1% of the fault current on feeder R when the
other feeder is operating at a low power factor (P.F. = 0.65). If more capacitance

is added on feeder to drive its power factor closer to 1.0; then, the current on the
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other feeder, as a percentage of the fault current in feeder R increases to around
3.3%. This is as shown in Fig. 7b.
In view of the above, it will be seen that the several objects and

advantages of the present invention have been achieved and other advantageous

results have been obtained.
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CLAIMS:

1. In a two-way automated communication system (TWACS) for a multiple phase
electrical distribution system by which communications including poll requests are
sent from a station of the system to transponders of electrical meters located at
power using facilities and responses are sent back to the station by the transponders
In response to the communications, some of the meters responding to
communications sent on one of the phases with other of the meters responding to
communications sent on other of the phases, a method of quickly and accurately
mapping a location and extent of an outage occurring in the electrical distribution
system without having to poll all of the electrical meters, comprising:

using a programmable device incorporating a memory in which is stored
addresses of the electrical meters in an area where the outage has occurred:

detecting the occurrence of a fault causing the outage and the electrical phase
on which the fault has occurred, occurrence of the fault being indicated by operation
of a protective device including a circuit breaker for a feeder line of the electrical
distribution system, or a fuse for a lateral line coming off of the feeder line, operation
of the protective device producing a signature indicative of the type of protective
device which operated:;

when the fault occurs, using the programmable device and the TWACS to
selectively poll the meters associated with the electrical phase on which the fault has

occurred in that portion of the electrical distribution system experiencing the outage,
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those meters outside the area where the outage has occurred responding to the poll,
and those meters within the area of the outage not responding thereto; and,

based upon solicited responses received from the poll, mapping the extent of
the outage, whereby by only polling meters within an area where the fauit has
occurred and determining which, if any, meters responded to the poll, the extent of

the outage is quickly and accurately mapped and efforts to restore service within are

rapidly and efficiently carried out.

2. The method of claim 1 further including identifying the speed at which the
circuit breaker or fuse operates so as to minimize loss of power within the system

when the fault occurs.

3. The method of claim 2 in which at least one of the protective devices has a
programmable time delay throughout which the fault must be present before the

protective device responds to the fault and de-energizes the portion of electrical

distribution system associated with the protective device.

4. The method of claim 3 in which at least one of the protective devices
automatically responds to the occurrence of the fault to de-energize the portion of the

system associated with the protective device.



CA 02645084 2009-01-27

-14-

5. The method of claim 1 including programming into the programmable device

addresses of respective transponders corresponding to the meters installed

throughout the system.

6. In a two-way automated communication system (TWACS) for a multiple phase
electrical distribution system by which communications including poll requests are
sent from a station of the system to transponders of electrical meters located at
power using facilities and responses are sent back to the station by the transponders
in response to the communications, some of the meters responding to
communications sent on one of the phases and other of the meters responding to
communications sent on other of the phases, a system for quickly and accurately
mapping a location and extent of an outage occurring in the electrical distribution
system without having to poll all of the electrical meters, comprising:

means for detecting the occurrence of a fault causing the outage and the
electrical phase on which the fault occurs, occurrence of the fault being indicated by
operation of a protective device including a circuit breaker for a feeder line of the
electrical distribution system, or a fuse for a lateral line coming off of the feeder line,
operation of the protective device producing a signature indicative of the type of
protective device which operated;

a programmable device incorporating a memory in which Is stored addresses
of the electrical meters in an area where the outage has occurred, the device being

responsive {0 the occurrence of the fault for selectively polling, using the TWACS, the
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meters associated with the electrical phase on which the fault has occurred, those
meters outside the area where the outage has occurred responding to the poll, and
those meters within the area of the outage not responding thereto; and,

means responsive to solicited responses received from the poll for mapping
the extent of the outage, only polling meters within an area where the fault has
occurred and monitoring which, if any, meters responded to the poll, determining the
location and extent of the outage whereby the area is quickly and accurately mapped

for efforts to restore service to be rapidly and efficiently carried out.

7. The system of claim 6 in which the device is programmable with addresses of

the respective transponders for the meters installed throughout the electrical

distribution system.

8. The system of claim 7 in which electrical current from the electrical distribution
system flows from a bus to the feeder line and from the feeder line to at least one
lateral line, a circuit breaker being interposed in the feeder line between the juncture
of the feeder line with each lateral line, and, when a fault occurs, the device polling a
first meter on one side of the circuit breaker and a second meter on the other side
thereof whereby if the transponder for the first meter responds to the poll but the
transponder for the second meter does not, the circuit breaker has opened in

response to the fault.
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9. The system of claim 8 further including a fuse interposed in each lateral at the
junction between the lateral and the feeder line at the upstream end of the lateral
line, the device polling one meter serviced by each lateral line, whereby if a
transponder for a meter in a lateral line responds to the poll that lateral line is
energized, but if the transponder for the meter does not respond, that lateral line is

de-energized.

10.  The system of claim 9 in which current flowing through the lateral line is routed
to a facility through a step-down transformer having an associated fuse and an
associated transponder; and,

the device rolling each transformer connected to the lateral line, any
transponder which does not respond to the poll indicating that the fuse for the

transformer with which that transponder is associated is open.

11.  In a communication system for a multiple phase electrical distribution system
by which communications, including poll requests, are sent to transponders of
electrical meters located at power using facilities and responses are sent back by the
transponders In response to the communications, some of the meters responding to
communications sent on one of the phases with other of the meters responding to
communications sent on other of the phases, a method of quickly and accurately
mapping a location and extent of an outage occurring in the electrical distribution

system without having to poll all of the electrical meters, comprising:
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using an intelligent fault detector to detect the occurrence of a fault causing
the outage and the electrical phase on which the fault occurs, occurrence of the fault
being indicated by operation of a circuit breaker for a feeder line of the electrical
distribution system, or by operation of a fuse for a lateral line coming off of the feeder
line, operation of the protective device producing a signature indicative of the type of
protective device which operated;

when the fault occurs, selectively polling the meters associated with the
electrical phase on which the fault has occurred in that portion of the electrical
distribution system where the fault has occurred; those meters outside the area
where the outage has occurred responding to the poll, and those meters within the
area of the outage not responding thereto; and,

based upon solicited responses received from the poll, mapping the extent of
the outage, whereby by only polling meters in the area where the fault has occurred
and determining which, if any, meters responded to the poll, the extent of the outage
Is quickly and accurately mapped and efforts to restore service within the area of the

outage are rapidly and efficiently carried out.

12.  In a communication system for a multiple phase electrical distribution system
by which communications, including poll requests, are sent to transponders of
electrical meters located at power using facilities and responses are sent back by the
transponders in response to communications, some of the meters responding to

communications sent on one of the phases and other of the meters responding to
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communications sent on other of the phases, a system for quickly and accurately
mapping a location and extent of an outage occurring in the electrical distribution
system without having to poll all of the electrical meters, comprising:

an intelligent fault detector detecting the occurrence of a fault causing the
outage and the electrical phase on which the fault occurs, occurrence of the fault
being indicated by operation of a circuit breaker for a feeder line of the electrical
distribution system, or by operation of a fuse for a lateral line coming off of the feeder
line, operation of the protective device producing a signature indicative of the type of
protective device which operated;

a programmable device incorporating a memory in which is stored addresses
of the electrical meters in the area where the outage has occurred and responsive to
the occurrence of the fault for selectively polling the meters associated with the
electrical phase on which the fault has occurred in that portion of the electrical
distribution system where the fault has occurred; those meters outside the area
where the outage has occurred responding to the poll, and those meters within the
area of the outage not responding thereto; and,

means responsive to solicited responses received from the poll for mapping
the extent of the outage, only polling meters within an area where the fault has
occurred and monitoring which, if any, meters responded to poll, determining the
location and extent of the outage whereby the area is quickly and accurately mapped

for efforts to restore service to be rapidly and efficiently carried out.
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(b) Phase A to ground fault under Heavy load conditions (14.9 MW, 2.37 MVAR)

Figure 3.Phase A to Ground fault on the LV side of the service transformer
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Figure 7. Sympathetic feeder current
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