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Abstract

This paper presents an integrated fault diagnosis expert system to assist SCADA operators in local con-
trol centers which controls unmanned distribution substations in a power system. The proposed system di-
agnoses various faults occurred in both substation devices and transmission devices. The system can be
easily installed without disturbing main SCADA system. The system simply shares the dynamic informa-
tion including alarms with main SCADA using dual data link interface. And the proposed expert system
utilizes the fuzzy reasoning process in order to consider the uncertainty factor. The system is developed
using a low cost personal computer owing to the special modular programming and the meta-inference
structure. Case studies showed a promising possibility.
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Fig. 1. Structure of the expert system
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META—INFERENCE
If the alarms are attached to one substation
then invoke SUBSTATION—DIAGNOSIS
else if the alarms are attached to only T/L
then invoke TRANSMISSION—DIAGNO-
SIS
else invoke HYBRID—DIAGNOSIS

Call ORDERING
Call DISPLAY—MESSAGE
Goto LOOP
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Fig. 3. Example of the fault diagnosis
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Possible solution #1.
Fault occurred at the HBUS #1.
87B1 tripped the CB1, CB3 and CB4.
CB3 failed to trip.
87B2 operated to trip the CB2,CB3,CB5 and
CBe.
Possible solution # 2.
Fault occurred at the HBUS #2.
87B2 operated to trip the CB2,CB3,CB5 and
CBs.
CB3 failed to trip.
87B1 tripped the CB1, CB3 and CB4.
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No. Atz 717] 253 253
1 | HBUS #1 CB3 | None
2 | HBUS #2 CB3 None
3 | HBUS #1 CB3 87B2
4 | HBUS #2 CB3 87B1
5 | HBUS #1 & #2| CB3 None
6 | No fault CB3 |87B1, 87B2
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AW : HBUS A}z
(28 3R)
LINE(A, 2, 2)
LINE(B, 3, 2)
BUS—DIFF(C, 1)
CB(A, 617, off)
CB(B, 627, off)
CB(C, 617, off)
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Fig. 4. Sample system for case study

CB(C, 647, off)

CB(C, 6233, off)

CB(C, 6333, off)

(A& 2As)

Possible solution No. 1
Fault occurred at the HBUS #1
87B1 tripped the CB617, CB647, CB6100,

CB6233 and CB6333

CB6100 failed to trip
7.2 of substation A tripped the CB617
Z2 of substation B tripped the CB627
Confidence : 0.95

5. 8 E

2 =EAAE o4e F9 MHAE BYHE A
t oAsl LB AAe AT LAY 2
7h N2EE LA ALY A2Y

Ae Asdd 39 Ve ALY
252 T4E 244 A3TzE
A7kl ALE BFASE C ol Tt

AFE AR FRARE THF BAE B4l

r4n b

R - BERDRAGE £128 $2% 1998F 5F

oA - 4%z - 1BY

E 2ZOHEAN Ar2dd FE3] A& teEE
Aot AAZ FAY 50 1A Al of
o] R A@E A% AA9 AlngAds AR} A
28] A AR FEAH dAEE A

E 979 23 9o 2 SCADA ¥ vjax-Est
A2 EE HALtEs A28 ARYeE §
£¥ UL Aoz qidd

0| =22 19974 gh=atErIgmetel ef=Adatnt
o FEETIN HTH|0l 2I5t0d FFEUF

g stz sled,

12 #

[1] Chihiro Fukui, Junzo Kawakami, “An expert system
for fault section estimation using information from
protective relays and circuit breakers,” IEEE PWRD,
Vol. PWRD — 1, No. 4, pp. 83—90, Oct. 1986.

Kelvin Tomsovic, Chen Ching Liu, Paul Ackerman,
Steve Pope, “An Expert System as a Dispatchers’
Aid for the Isolation of Line Section Faults,” {EEE
PWRD Vol. 2, No. 3, pp. 736—743, July 1987,

Takafumi Kimura,Sinya Nishmatsu, Yoshiteru Uek: et.

N

w

“Development of an Expert System for Estimat-
ing Fault Section in Control Center based on Protec-
tive System Simulation”, IEEE Trans. on PWRD, Vol
7. No.1, pp.167— 172, Jan. 1992,

[4] Y. M. Park, H. J. Lee, "An Expert System for the
Fault Diagnosis in Power Systems,” Journal of KIEE,
Vol. 39, No. 1, pp. 16—21, Jan. 1990.

[6] Yoichi Fuzmoto, Koji Ibuki, Shoj Tada, “Operation
of an On—line Substation Diagnosis System,” IEEE
PWRD, Vol. 3, No. 4, pp. 1628 - 1634, Oct. 1988,

[6] C. A. Protopapas, K. P. Psaltiras, A. V. Machias, “An
Expert System for Substation Fault Diagnosis and
Alarm Processing”, IEEE Trans. on PWRD, Vol. 6,
No. 2, pp. 648 —655, April 1991,

[7] Kumano, H. Ito, T. Goda et al, "Development of Ex-
pert System for Operation at Substation”, IEEE
Trans. on PWRD, Vol. 8 No. 1, pp. 56—65, Jan.
1993,

[8] B. Jeyasurya, S. S. Venkata, S. V. Vadari, J.
Postforoosh, “Fault Diagnosis using Substation
Computer”, Proc. of CIGRE'89, pp. 289 —295, 1989,

[9] Z. Z. Zhang, G. S. Hope, O. P. Malk “Knowledge
Based and Integrated Diagnosis in Transmission Sub-
stations”, Third Symposium on ESAP, pp.413—418,
1991.

[10] H. J. Lee, B. S. Ahn, Y. M. Park, “A Fault Diagnosis

(171) 43



HEH-OIHAS HAFEE 0188 SHA 449 S8 1

Expert System for Distribution Substations”, Sub-

mitted to IEEE tran. on PWRD

OCEEBNO-

Y M2 A2E

ol & T (ER®)
1958 14 1294, 19839 A& 20
7133 £4. 1986 § vy A7)

71389} &G (). 1995 0|2 94
= 8A Bed 30 drl3es v,

o & 5 (MEHES)

19684 8¢ 1144, 1991d #eh 2ol
ANEEH 29, 19939 5 g A7)
T SUAAD). 19969 F Oigg A
715 vy $8.

44 (172)

FET 2 (HAD). 19909 5 oigty A

4% H(&R)

19664 5¢ 1494, 1989 A-gof T
H712e £, 19919 5 &g A7)
33 29 (X441, 19963 5 L A
71383 2 (). A 24y T
IﬂM HAZAL

Journal of KIEE, Vol. 12, No.2, May 1998



