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O ABSTRACT 0O

This paper introducesa new expert system (ES) for faulted section determination in
electrical power system andinterpretingthe performance of the protective system (relays
and circuit breakers). The introducedESrequiresinformation about the power system
configuration and about the contacts status (open/closed) of the circuit breakers and
protective relays. It can determine the faulted section quickly and accurately for all types
of faults including simultaneous faults. It is general, i.e.it can be usedwith any power
system,due to the separation between the Facts and Rules. The introducedES isdeveloped
and tested by CLIPS environment (C Language Integrated Production System) which uses
forward chaining to derive conclusion.

The performance of the introduced ES is tested for several power systems, IEEE-6 bustest
system, IEEE-9 bustest system andIEEE-14 bustest system, and it shows a distinct
performance for all tested systems. But for space limitation, we present in this paper the
performance results of the introduced ES for the IEEE-9 bustest system only.

Keywords: An Expert System, Faulted Section Determination, Power System,
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<conditional-element>* ; Left—-Hand Side (LHS)

=>
<action>*) ; Right-Hand Side (RHS)
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(defrule example—rule "This is an example of a simple rule’
(Refrigerator light on) } (LHS)
Refrigerator door open)
=>

; (RHS)
(assert (refrigerator food spoiled)))
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Alaill 138 8 (Jlaad) dilaie ypaat) @iy eV la ae Ja¥ alhdll 13 o asiall el oladl) Ll
10 (Zlma) o) de ) spaldl aladll Joe de ju cailS sl aUaill daglil) adalsills dglaadl Jalsy olaf Jlal
HP Intel Corei5 CPU @2.67 GHz (4 CBUs): Jtll Cigulall jlea aladinly elld odulh Al

SMAr5,mdredsms )l ddlud) Zleal) 38 (e a3 Jaill lad e Jlae gan AlladsY) Allad)
dakaie apad g Uil pad) aUal of JaadU obal Al jpad) aUaill 35 =505 (0.0b6 5 Cb5 adal il
e S Alaall Gl elal Jidaty alig(L3 Laadl) (sl

CLIFS> (run)

The tault section is Line :13
The operated relays are © mdrh & mdrb
The operated circuits braker are .chh & chh

U G alllmdrSisdl Glead) Jeo J2dg L3 Jidll s o Jlae Cugas Alls s AG0N AlaY
el AUl o Jaa S o Lol Aiaall yal) alail) 345 2305 (0,06 Cb5 palsillpdrSemdr6 cilleal
s IS Aglaall s o1l by 2l (L3 Jasdl) Jlaed) dilaie 20a5 ¢ Usti)
CLIPS> (run)

The fault section is Line 13

The operated relays are © mdrb & bdrb
Thefailed to operate relayis © mdrb

The operated circuits braker are .chh & chb

Canadl Alalail) dleall J8 e 4dlli)y bD4 apeaill Capd e Jlae Chgan Alla  AXIEN Al
ldail) (o Jaad ool Ligall dl) alatl) 3% 30 (e.CO10 56b12 5 Cb18 adalsill sbdiffr_4apenll
e U8 Gleall ol oo Jilay 285 (b4 aanill Caguiad) Jlasll Aiaie 3y0a5 g Uiyl

CLIPS> (run)

The fault section is BusBar hk4
The operated relays is :hdiffr_4
The operated circuits braker are .ch10 & cbl1z & chld

cb18 adlslly buc3 , diffr3 , refr3clilaall Jees T3 sadll 8 Jhac Eisan Al sdagld) A

U saall) Jaal) Adaie g g Uniasd ] pUaill o Jaads o Ul Aigaall el AUl 35 3 (e.CD19
e S Aglaall Al ool Judasy Bl8 (T3
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CLIPS» (run)

The fault section is Transformer T3
The operated relays are bucrd & diffr3 & refrd
The operated circuits braker are .ch18 & chli

apadl Aloalil) glaall J8 (e 4lllibD3 apeatll capad o Jlae gaa Alla 1 Aawaldd) Al
leall J8 e allsTT Algadd) o gl ity 36 Jlae Cigang «0b15 5621 adalsillbdiffr_3 asenl)
el AUl o Jaad ool el yad) alail) 5 (40, Cb16  adalilly dgasall 25 LN o

CLIPS» (run)

The fault section is Transfarmer T1
The operated relays is : docrl
The operated circuits braker are .ch1b

The fault section is BusBar :hhb3
The operated relays is :bdiffr_3
The operated circuits braker are .ch21 & ch1b

IS Alaall ks elal Jidaty lis (T1 Asaallhb3  apanill Caniad) Jhaal) dilaie 3aa5 g Uaiiad

Jall Jad s bb9 @A;ﬂ\ cucalg bb1 @.A;ﬂ\ Gl e aliie G Jhae igaa s daalad) A
oblsalbbdiffr 9 5 bbdiffr_1 dlalall allall J8 Ge gaenill (luzd Jlae Alj) 25 Cua (L3

mdr5 , mdr6 Al laall J8 e Jall Jad Jlae A)) &g (Cb4 5 cb20 scb4) 5 (cb13 cb19)
Jlanl) dakaie apad g Uil ppad) ol of JaadU obaf digall jad) alaill 35 30 (e G5 b6 adalsilly
emaa S Agleall Al olal Julaty Blig

CLIPS> (run)

The fault section is BusBar :hk3
The operated relays is :hdiffr_4
The operated circuits braker are .chh & chd & chel

The fault section is BusBar bkl
The operated relays is :bdiffr_1
The operated circuits braker are .ch19 & cbl3

The fault section is Line 13
The operated relays are © mdrh & mdrb
The operated circuits braker are .chh & chh
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aalally mdr3,mdrd il dgludl clleall Jeey L2 Jail) Iad e Jlae Ehgan Allazdaglad) Al
L1Lall 7545 cbl ahaldllmdriagliad) el dae ) ol Lasle o Junll iCb3 odaldl) (Jié cb4
Alle 36Uy rma IS Jerdl g Uil ] aUl o JaaS o Lol daall 3l e LAeadd) (e

CLIFS? (run)

The out of service Lines are 212 & I

The tault section is Line ;12

The operated relays are: mdrd & mdrd &  mdr
The operated circuits brakerare .chd & chl

The non operated circuit braker is :ch3
et INTERMNAL FALILT ==

vl ALl Llaall 08 (e 4l DY apanill Capiad e Jlae Cigan Alla ALl AlAY)
Gl dee ) e cle und Jaa) icbd o Lalill Jid «cb20 5 Cb5 adalsill diffr_4asanl

Alle 3ol Jaall g Ui ) aldail) (o JaaSl ool Al Sl (e .CD3 wlalilly MAr3ailsall

CLIFS> (run)

The fault section is BusBar :bhhY

The operated relays is bdiffr_4 & mdr3

The operating circuit brakers are :ch20 & chb & ch3
The nan operate circuits braker is :chd

== [NTERMAL CB FAILURE™=

cb16 aalsilldiffr 1 dloalal) dlead) J8 e allsTT Asadll o Jlae Cigan Alla i Aanilil) Ala)
aenil) Cupnail bl Aleall J8 e 4y DDA sl Canad e Galiie Jhe Cigaagcb 17
mdr9  Jalill dee ) ol Las cle ol Janl) 3 CD10 adalall Jid Laincb 18 5 cb12 obalsillobdiffr_4
Alle 36y IS Jaadl g Uil ) aldail) (o JasS ool Ll Sl (e .CDY wLalillg
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CLIFS?> (run)

The fault section is transformer (1

The operating relay s © diffr]

The not operating relays are : bucrl & refrl
The operated circuits brakerare .cb1B6 & chl?

The fault section is BusBar :hh4

The operated relays is bdiffr_4 & mdr3

The operating circuit brakers are :ch12 & ch18 & chi
The non operate circuits braker is :ch10

== [NTERMAL CB FAILURE™=

tlia gilly clalitiuy)

sl JlaeY) DS JaY idle 565 ddays de oy Jlaal) dilaie apand pdiall yal) dlail) o st ]
LAY @phalls spall alaly) aigas 8 calid Lo lday Al

sl JUae Y1 488 JaY slall adalsis Alaad) aly) dee Jilad pdiall pall plaill o Usidh 2
LAY @phalls syl alaly) aigas 8 cilid Lo day Al

@l e onall Al 13 Sk Sy 4l V) 8 ASus e jpal) Ll Gl 5 adl o e a2yl 3
(s ol 5l gesd B o) AT ol

fb Ly s Al Al e 2l
Glia padinn (oA Lallad ae aiijliay GunlS alail)l 3305y Gilis addiig i olas slact ]

(A ye
ol AUl e Ldayys C, C# |, Javadic (ssiwal ddle dxly (GUI)iudalas dua gy dgaly slact 2
Oo liyg Al K Jae aey 43sSeaSailly Buatill 3S)e Jae 4iail 8 asiall el dlaill olasigt 3
s el Byl aUai Adgiga (A Dhge SleSl 3yl alat 8 Apdaal) Salaiud ()

saalal)
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