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ABSTRACT

This paper summarizes results of a research project aim-
ed at developing & protolype expert system for clasification
snd analysis of Eles recorded in substations using digital falt
recarders (DFRa). The main geal of the projet was o sute-
male the process of using DFR £les lo explain varioss fault
events, The utility perscnne] bave pointed out that this pro-
cemn is presently lime consuming and autometing this process
would be n major improvement, An expert syslem hased on
a signal processing software and an expert system shell has
been developed and tested using aclual Geld datn
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1. INTRODUCTION

The use of experl systems for substation event analysis
has been investigaied for the Iast 10 years and a mumber of
different approsches were puggested [l,il. These approsches
are based on the use of varous substation devices and gyi-
tems such as Remote Terminal Units (RTU) of Supervisory
Control and Dats Acguisition (SCADA) Syslem, Sequence
of Evegt (SOE) recorders, Digital Relays and Digital Fault
Recorders (DFfs) [3). The events wese analyzed based on
alarms [4], cireuit breaker and relay contacts [5), and anabog
current and voltage sgaals [B]. In meost of the cases a unique
implementation approsch was taken regarding selection of
expert system rubes, programming language sod computer
system [7].

This paper concentrales om the use of Digital Fault
Recorder (DFR) files for subsiation event analysis. Recards
enplured in a subsiation by DFRs are quite oflen aumerous
snd their clnssifieation nod analysis may take o tremendous
amount of time, The protection engineess resporsible for ex-
pleining various power system events have identified & peed
to rulomate the classificntion and the annlysis process. As s
resull, an experl system wes built Lo sssist operators in thix
time consurning task,

The implementation approach taken in this paper s

scmewhal unigue since both the analog signals and contacta

ts well an their time relation are used a0 input date. A
signal processing soflware & used to caloulabe relevant rig-
sl paramelens and & CLIPS expert system shell is uiilized
to implement the rales, The software also inchudes custom
routines for coeversion of DFR file formats to the formats re-
quired for processing. The prototype is developed using PC
configuration and DFR files may be entered from diskettes
in the protection engineer’s or dispaicher’s offficen.

The first part of the paper gives basic design charncter-
istica. The follrwing section gives & description of the rules.
Implesnentation details are given next, System pesformance
demonstration i discussed after that. Conclugons and ref-
erences are given at the end

2. BASIC DESIGN CHARACTERISTICS

Fault delection and analysis expert sysiem is a rule
based system thal performs fault elnssification, event nnaly.
sis and profeciion syslem operalion analysis.

I order to obiain these analyses, (he expert system pro-
cesses analog € gnal samples and conlac stalus data recorded
with s digital fsult recordes in & subststion, Analog signal
data consists of wollage and current samples recorded on the
subslation lines and buses. Conlact sintus dain consisls of
the recorded positions of the substation breaker, relay and
communication contincly,

The reasoning required to perform classification and
analysis of the event is implemented by ueng & set of rules.
The reasoning process is separated into two stages. In the
first slage, the syslem reasons on (he bass of the nnalog Kg-
nnl parammeters, and in the second step, it reasons by using
ke profection syslem parwmeters, Anslog signal asd pro-
tection system parmmelers are oblained by processing the
recorded samples and extracting the relevant features of the
signals recorded an the Ene that had expesienced the largest
disturbance.

Analog waveforms and protection ggnals are divided
into three fime inlervals, the predisturbsncs, disturbanes
and post disturbance interm]. The predisturbance time ia-
tervel eonsists of date samples recorded before (he instant



of the disturbance that sclivated the recording. The distur-
bance time interval conssis of dats lnmplzl recorded o Lhe
time frame when the signal showed a significant disturbance,
The lign:iﬁtal‘lu of & distuerbance s delermined b_'f l.'l.lin‘ [-]
experimentally obiained threshold, The post—disturbance
interval consists of dala samples recorded in the stendy-winte
after the disturbance,

Apalog signad paramelers are caleulated volinge wod
current FMS-values for the three characteristic inlervals de-

peribed above.

The relevant featuren of the protection system panme-
tern describe Lhe breaker, relay, and communicalion system
npg.r..ﬂm_ Erenker wnd rd.l.;_r pmm:hrl delermine ther
status in the event time frame, Breakers can be eitber open
or closed all Lhis time or by can change slatus The breaker
paremeters include the contact stalus information and the
tirne instant of the slalus change if (here is one. Relnps may
l.rtp or not. The relay parameters include the h'ippin,‘ in-
terval timen if there is a trip and an indication if there is no
trp. Communiestion signal parameiers provide information
on whether and when the relsy wea blocked and whether it
blocked the relay on the olher £de of the Boe The block-

ing vignal may be present all the time, may be preseat only

during the disturbance pericd, may be oo and off, and may
not be present ab all.

3. DESCRIPTION OF EXPERT 5YSTEM RULES

Figures 1, 2, and 3 summarize, in Sowcharts, the syslem
rules. As mentioned earlier, these rules are based on anelog
signal and prolecton system parametens.

Terminal boxes in fowcharts are final conclusions of the
expert gystem. The rensoning process conaists of several in-
termediate conclusions and a set of decision boxes, Decision
boxes check the wllage and current thresholds as well s
iBe breaker and relay operalion and Uheir peration Limas bo
make relevent conclugona sbout the event.

Some examples of tbe corresponding CLIPS ruls wre
given in Figurea 4 to 7. They provide an ingght in to the
rule implementation,

Ressoning based oo anslog signal parametess (Figures
1 nnd 2) consists of rules for fault detection, Mualt clnssifics-
lion, and event anslysis. Falt detection (Siep 1) deiermines
whether there waa  fanli. Faull classification (Step 1) de-
Lermines the faul type. Both of these sleps are polely based
on anslog signal parameters, These two sieps are furiber
elaborsted oo is Figure 3. Event analysia (Slep 3) is based
on checking whether the current RMS wvnlues are below cer-
tain thresholds. R is also comparing current AMS values for
diflerent event ime intervals {S{vep -|] and uses the fault de-
tection information (Step 1) In case of & fault, this analysis
makes al least coe of the following conelusions

s The fault was clesred st this substation (Step 5)
& The fault was cleared elsewhers (Step 6)

# Correct operstion of the protection system (Siep 9)

# Misoperation af the protection system (Step 10)

* The witempt to perform bresker recloming succesded
(Step 11)

Figures 4, 5 and 8 provide implementadion rules for
Steps 7, 5 and 10, respectively. For example, the rule in
Figure 4 states that the protection system failed since the
faull was not cleared.

To elaborate oo fault delection and clussifeation, the
rules are rummarized in more detail in Figure 3.

These rules compare phase &, B, C, and zero sequence
RMS5 values of voliages and currents lo thresholds to con-
clude whether these waa o faull (Step 12), or what iype of
faudt it wes This example Sowchart provides s threshold
comparison for detecting the following faulte

+ Phase A-to-ground faull (ilep 13)

¢+ Phase A to phase B-to—ground fault (Step 14)
¢ Three phase—to—ground fult (Step 15)

s Phase A to phase B fault (Step 16)

* Three phase fault (Step 17)

The phase A-to—ground fault rule implemented using
CLIFS is given in Figure 7. Bere, vollage and current distur-
to determine this type of fault,

The reasoning based on protection sysiem paramelens
provides Lhe prolection syslem operstion snalysis. Figure
3 consists of & fBowchart that describes the execution of Lhe
rubes that perform this analyss. These rules also use ihe
fault detection information to make eonclusions about the
correct relay operation,

Protection system operation analyss renlis in:

# Breaker opening wnd elosing times

# Relay tripping time interval

® Breaker failure conclusion (Step 1)

# Relsy misoperation conclusion (Step 2)
& Relay failure conclusion

Breaker failure is in effect if:
# The breaker did not operate snd the relay had tripped.
# The breaker did not open afler the relay had tripped,
# The breaker apening delny is too big

The relay misoperation is in effect if the relay had trippad
and there was no fanlt.

The relay had fniled if it did pot tdp oo & fauld even
thaugh it was not blocked.

All the above conclusions are made for primary and

& The protection system failed and the faull was pol clesred backup relays and for Lot breakers that perrd the line,

at sl (Step T)
a The atlempl to [u-rfm'm. the breaker :-ec."auh'l.; failed
(Step 8)

In ense of & "po feult™ dilurbance, the event analysis
makes al least ooe of the following conclusions:
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Fig. 1. Rules for Fault Detection, Classification, and Ceneral Event Analyss using Annlog ?mlﬂ'l"“

f - Current prefault AMS values
Via Voliage nominal values
ABF Phase A-to-ground fauli

ABGF -  Phass & to Phase B—In—[rnund Fmualt
ABCGF - Three phase-to-ground fault
X.pew - Phass A, Band Cand Zero sequence ABF - Phase A to Phase B line fault
Xuibees - Line voltnge disturbance RMS values ABCF = Three phase line fault
disturbanze WMS values Ly - Current and vollage RME vilues

Fig. 2. A Conceplual Representation of the Fault Detection and Classification Sublree



B, - Drenker opening time
By - Relay tripping time

™
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Fig. 3. Protection System Operstion Analysis Rules
i
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Fig. 6. Protection System Misoperation Rule Fig. 7. Phase A-to-Ground Feeli Rule



Expurt System’s diagnosis is followed by & display of sig:
nificant eveol signals. This display nids sperators Lo quickly
verify system's detection and disgnosis performance.

6. CONCLUSIONS

Based on the developments reported in this paper, the
En]]win; can be concluded:

# Fault detection and dingrosis are lime consuming ae-
tivitica that require expertise specific to given sysiem
aperation practices and equipment charscleristics

# Expert system technology can be utilized to sulomate
frult detection and dingnosiy process

" H‘jo[ bhenefita of the expert i_\'ﬂm‘l l.?:pﬁc-lﬁm to this
problem are snvings in processing time and improve-
menta in the overal] analysa.
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