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Abstract - Recently the substation automation is
actively researched at each country. Since the
substation automation is an integrated system that
consist of electrical, electronic and computer tech-
nologies, performance evaluation is very important to
inspect the developed system’s applicable possibility
for real power system. Most studies are verified
using computer simulation, because it is hard to
apply them to real power systems. Therefore deve-
lopment of a substation simulator is necessary for
the performance evaluation of many application
systems such as operator aid system.

This paper introduces a substation simulator. An
intelligent fault diagnosis and restorative control
expert system is also introduced

UDP/IP is applied as a protocol for data transport
between expert system and SC(station computer). As
to the Graphic User Interface, C++ Language and
Visual Basic is used in the Windows NT operating
system together with four Pentium II systems

1.4 B

L2Ede] AYA A xE5HQU AYFa9 Fild
o3 o FE7 AdEAA "2z, AYFFe Aye
B4 ARAZ SEE A8ty g7 JpA A dujgo)
F7HE D Qe A%l ol e Ao AFPHA~
o 89 HAHN A& E BEI) dsld ANAA
28 s A% £4 Aadg 298t gz gl
oy, HIde &4 Axd Aed ¢ AFdE 4
3 A7 ged Fy¥sa ok 53 ddLAE AHA
289 AF7E FAM H3E: dYolrz ¥AL &4
AEsHe AA AZY Avd FF A5sE 4980
A5t $AH 2 shdsojof & F¥olv),

A I e ddx: 89 A5sE dFar) 93
o g dFE FY3tn on, FYdaxE His
o] 293} A, A5FH &4 #FP 2 AF F9 o
g JHX k8ol AFHa vk, ol Z& Ay, A
e Alxawle) Augoiel dASegs ALrtsAE

1 WAL AFHY urle 7S 949 39
AlgEolEle FRe o3 A7 A& AN A%
Z1EAQ FEolE & & U

¥ R E olH ddL AlgYolE e el
2 3G g Braes) shed AR Alad g
ettt o] AR AAGL HMAL A B olE st
B4E 439 UDP/IPE AHgsigen, o443
GUI{Graphic User Interface)}® 9& Windows
NTAA C 2919} Microsoft Visual Basic®& AHE:
slo] sk,

2.2 B

2.1 2o WHA ASHo|Ee 2x

DAU ! Data Acquiction Uni
SCADA © Supervisory Control
And Data Acquisition

I8 1. 9dk: A EdelHe F2

a9 194 B uksl gl wWAL AlE#HolEE
SC(Station Computer), MCS{(Main Control
System), 2t WAl Alx", Expert System&® F
A¥o} gtk Substation Panelele 6748 $£HA=Z,
4719 g, 279l A9 RAA(154kV), 89 FAR
A(22.9kV), 20709 wiAMdE 2 A 2R g A
Ao e, 1 Yox Anne Alxg, RIHR
ANxdl HsAA AaW, ALFF X ol ¥H]
ok, EF WAL FAAZ AoLE 2Fs] A
o 9ol 1719 2o WAL 9719 N} ERLAE &
g SCADA ¥E& X¥stn Qo SCe AA A
258 ZAle) bolg] A4 D J&Ee 9¢8 ] A%
HHolth & opg2a uwolEHe AR, AWsl T4
BE 5% AEE AR ANadoes Afs, 29 A
7t Aade AEsE EF e 5 ¥AL AE
#Holel & Aojshe Fiolt} '

2.2 B2 NaH

Station Computer
LAN

Expert System Computer

.

a3 2. 2RNG R EF ARV Az"e 72



2 =84 Al AR5 Al2"e 22 e o
d 29 ot a3 200A REiEuisl go] o] Alxde
"EeF&& -’?‘*833}:- F A&7t Al2®(Main Expert
System)® 2AFGH aHFEJLE st 2o B
A&7t A2 (Sub Expert System)22 FAEo] g
o Zztel AR A" FEV[BT FHYoAS
ZFA 3 glom FEulolelW o] A (Common Database)
€ TRt Ut delguoladE AY/ETE 98
AN e Wdh AEolHe J4TEI AR g
o B AEMN2"E Zzod JEHE B
MMI(Man Machine Interface)$t Ho)8l& Z&%c},

2.3 Intelligent GUI

AL AEI} Ala" e Agate] HolE 9 3lo] A|B
golel o] el AetAs 9 Eopulors aldHom %
ol3tAl A¥slr] ¢ GUI Nastde, 28 3&
\_v:°ﬂ*1 2T WAL AEYolEly gHRS 45}0&

2 et :ah, 2% AE7 4F8EE F AR} Aa
%MW olE 21‘6}04 LAAGT FEZE F X o
Well RA5Hoz £33} mF olefd ﬁ‘lh'?} uhe} 2
o] A EdolEle] ANt AN 5H Hu59 Aud at
€ SAAEE NHH REFo2N ALERI A8
olele] AHlE e A AES B,

-7 i}“}ﬂ?} DR7IEY FE(FA//ME/ER) 7A
(793724, /8y g Fea)
-4 A2se] AH (=2A/FR/4R) 7”‘]
(28 =3, FA:38 4 :5em)
- ADA T By Zztel fAlA RS
- Zr 4259 Analog Data A7 744

T ¥

28 3. F HEVMAI2EY U3
(HA& AEYolHy dHx)

3. AL oA 7

ol My

] = Station Computer® E3] A 53 o]E
9 RE B2 FHE0] BAATY A JHFYY, =
Al TeiA 98 E aAFRE oglg Rk ol e
IRAFEE 1 ¥gry ii 74]**7] 47 ¥l 1
&9 2179 CB7F EYEHYSS Jen Qv

DFRI_BC_TRIP
140 CBI1_OPEN

JE—-
oﬁi-z'-
14

‘_

99.01.05 17:10:26 7 70
99.01.05 17:10:26 7

3.2 1% Mo

¢ryd Ay J—P’;: i}?‘;ﬂl 2983 A ngET7
& S5 "ok 23T A AR AHsd Qe
Ao ‘—}E}LH E]r:ﬂl °of ¥ /M we& M4
A Aog Nitez 3o AgHoz B1g £y3}4
|,

A9 22 A 98 FHe ug 3F A d9ge

e gon, oe I 4= 2% Add o3 Azs
Agdols Bz Ehd sl

(1% 2g A3

SHAIZE © 99.01.05 17:10:26
ool g WRLe] Welr|HE AHI] F3F
F3AIZE 0 99.01.05 17:10:26

ojijo]d W 217 W Adrs] £F

a7t 7171 1
plijo]F] Bidlo] Wr] #]1 oA Rz gy

pjio# wHie] 219 Ags] HEI
2F8Y FFEH 0 0.95

A Ao o9 BAE

3. =
2A%T dRAW ¥7AHE Bud 2ed, 2

¥ 5t nAw} DYRTE SYn AedTd 8
T e o2& oA 2L Fol Jed d
olch,

a3 5. 23

DFRTF 9 3w
U Fuo] ohstod

A zwo] AAIg B7A)
oldl @t £AH s 7]

A Az
of wgke obdfs pow,
st 92718 Aol B

- 111 -



(g BF b
23 Hax ool
19 trof Al uzdy
Lzt jzzJ.X]q '\E'B] E 2 2]
A7) 2d 0 219
g2 g 211 213
“* FA Hgrle 23S FFF L Fd
wielol -1
Aeks] 2eF 0 317 327 337 347 357
o pHFOl S MY HF Ay vt
g27] BY : 512 522 532 542 552 234
©§27] ek 0 233 511 521 531 541 551
I s mHe] FrElo] JF
1923984 9F
] By : 817
59 67d9gRd 94
A £ 827 847
*rr H]]{"ﬁ g? LR L
-1 g B7
va27] Ad ;311
g7 By 312
Adz] B9 0 317
-2 A 87
Azl £ - 327
~3 vjFd 7
d&27] Ad : 331
gaz7] £9 1 332
ezl £ 337
-4 yAd 7
AAgdz] Fe - 347
-5 HH 27
g27] Ag : 351
v27] F¢ : 352
gzl £y 357

RFEF7 GEHE, F AR A2 By
o vt CB9 LS9 AleJA &£ & Station Computerdi
cAH o2 A3 AFHoZ AFEF 2L 3
EZ 399, 13 6 E7utd o ~9XNES =
el B3l g8 @ Fof el 194 ¥igdrlg 3
Zeol & FHA"Y H3tEo] 2¥d 3 ¥t g8
F3Aee FEEES ¢ F U0

a8 6. 2% BF Fo ¥

4.4 E

2 =RdHEe wAdLe A% 2 A5 A2l
Azsz APs7] 95t AAL AgHOIHE ML
gdon % nAd F A4y AFEFE FYP F
Qe AL A2dS Agsdn. 28, AMERe ¥
g2 w3ty A%Y GUIE AEIEY. GUIE
Windows NT@74dA Cdol® Microsoft Visual
Basic® AH$-89 F83At.

32

(1) Z. Z. Zhang, G. S. Hope. O. P. Malik, "A
Knowledge-base Approach to Optimal Switching
in Substation”. IEEE Trna. on PWRD, Vol. 5,
No. 1, pp. 103-109, 1990.

(2] K. Shimakura, J. Inagaki, Y. Matsunoki, M. Ito,
S. Fukui, S. Hori, “"A Knowledge-based Method
for Making Restoration Plan of Bulk Power
System”, IEEE Trans. on PWRS. Vol. 7, No. 2,
pp. 914-920, 1992.

(3) T. Sakaguchi, K. Matsumoto, "Development of a
Knowledge Based System for Power System
Restoration”, IEEE Trans. on PAS, Vol
PAS-102, No. 2, pp. 320-329, 1983.

(4) A. Doi, K. Uemura, "Knowledge-based Operation
Guidance Method for Voltage and Reactive Power
Control in Power Systems”, IFAC Electric Energy
Systems, Brazil, 1985. )

(5] Yukio Kojima, Shigeru Warashina, Masakazu
Kato, Hadime Watanabe, "The Development of
Power system Restoration Method for a Bulk
Power System by Applying Knowledge
Engineering Techniques”, IEEE Trans. on PWRS,
Vol, 4, No. 3, pp. 1228-1234, 1989.

(6) Kit Po Wong. Chun Che Fung, "Development of a
Knowledge Based System for Circuit Allocation
in Sub_transmission Switching Substations”,
Third Sym. on ESAP, pp. 391-397, 1991.

(7) Elham B. Makram, Katherine P. Thornton,
Homer E. Brown, “Selection of Lines to be
Switched to Eliminate Overloaded Lines using a
Z-Matrix Method”, IEEE Trans. on PWRS, Vol.
4, No. 2, 1989.

(8) ol%A, WIE, &8, YFEF, “154kV T ¥idL: 3
23 A&7 A2de AL, dFANEH=ER], Vol
44, No. 10, pp. 1247-1251, 1995.

(9) Heung-Jae Lee, Young-Moon Park, "A restorati
Expert System for Distribution Substations”,
Trans. on PWRD, Vol. 11, No. 4, pp. 1765-177
10.

{10) K. P. Brand et al., "Toplogy-based Interlocking
of Electrical Substation”, IEEE Trans. on PWRD,
Vol. PWRD-1, No. 3, 1986.

-112 -



