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Abstract- An expert system which is a part of artificial intelligence is developed for control-
ling violated voltages. Control equipments such as shunt capacitors, inductors, transformer
tap changers and generator voltages are utilized. A breadth-first search method is used.
A sensitivity tree is suggested to minimize the number of control devices. If the voltage
condition of a power system is so severe that the expert system fails in voltage control,
linear program should be utilized to efficiently solve the problem. The expert system uses
PROLOG and for the sub-program C language is used. This expert system, when applied
to an 8 bus power system, shows satisfactory results.
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E 124y raAddugrle el
0.05[Mvar]

Table 1 When reactive power variation of the 6th
bus is 0.05[Mvar]

2ANE | 27| AY| Ad=FAA EXPERT
SYSTEM

1 1.0000 1.0000 1.0000

2 1.0000 1.0000 1.0000

3 1.0000 1.0000 1.0000

4 1.0000 1.0000 1.0000

5 0.9887 1.0005 ' 0.9998

*6 0.9688 0.9960 0.9952

7 0.9900 1.0042 1.0034

8 0.9728 0.9799 0.9738

E o234 dARAe Aghwssb 0.05[pu]d o
Table 2 When voltage variation of the 3th genera-
tion bus is 0.05[p.u.]

2AHS | 271AY AP 2FAA | EXPERT
SYSTEM
1 1.0000 1.0000 +1.0000
2 1.0000 1.0000 1.0000
*3 © 1.0000 1.0050 1.0500
4 1.0000 1.0000 1.0000
5 0.9887 1.0008 0.0115
6 0.9688 0.9806 0.9908
7 0.9900 1.0118 1.0176
8 0.9728 0.0051 1.0090
E 359 =awarlel @ wskkel 0.05% W

Table 3 When tap variation of the 5th transfor-
mer bus is 0.05

wAms |27 A AR2FA4 | EXPERT

SYSTEM

1 1.0000 1.0000 1.0000

2 1.0000 1.0000 1.0000

3 1.0000 1.0000 1.0000

4 1.0000 1.0000 1.0000

*5 0.9887 1.0026 1.0027

6 . 0.9688 0.9571 0.9981

7 0.9900 0.9849 0.9855

8 0.9728 0.9763 0.9764
Seg Asde S3e we) wsel we dea
o FEAGZS WSE nectd TRt

W 7 vae s 238 nelesie
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Table 4 Bus power and Voltage

Bus Type Bus power Voltage Qmin Qmax
1 Slack. Unspec. 1.0+3j0.0
2 PV ~23.3+j(Unspec.) V| =10 ~10. 10.
3 PV 15.0+j(Unspec.) V=10 ~10. 10.
4 PV —20.0+j(Unspec.) [V ] =10 ~10. 10.
5 PQ | 25.0+320.0 Unspec.
6 P.Q —22.0—313.0 Unspec.
7 P.Q 25.0+j 0.0 Unspec.
8 P.Q 0.0—310.0 Unspec.
¥ 54% DATA .
Table 5 Linc DATA 1 4% Ay
Line [Startbus I{:)ES Zser. % Ypsllll ’ ¥ =folMd= Expert Systemo] &% #Eu
ANE Aol AY APHE AY}EE sgr)
1 I 2 L0 +370 | j0.05 g5 AgAL Y- Simplex Methodz X =2
2 1 6 0.2 +jL.0 0. Aol 2wk, w8l = Prologet AAsHE
3 1 5 0.3 +33.0 0. Calel5 Al-g3lel Expert Systemo] &% wjv}c}
4 1 4 0.8 ~j65 | j0.03 Add ¢ YA ¥ zza9s FAHAg Ad
5 4 o 035+j20 0. Agnel F4¢49t 245L Expert Systemo]
6 5 4 075+i63 | j0.06 A dAsha $AgEE 2R gol Hav) 5
7 X § 0L +i15 | 0. =% shglom 2AAe 7 mae] Ash} 7 x
81 3 [ 4719 wadgrel FAAE Holvdx ed HY
9 2 5 LI +381 ] j0.08 owl Aol geelmel e sk A 4-l,
10 2 7 03230 | 0. 428 FollA AFE FHPFG 24¢ vehy
11 6 7 0.21+jL0 0 2 o)t
12 5 6 0.2 +iL.3 0.
13 5 8 0.16+32.1 0. Min (Z|v Q-H?FV Vel +ZIVT) - @-D
14 T8 0.21+4j311 | 0 Vs Vs Vime
i . load bus
Arlel wARAAE Aoz sr9sed 2tx QM Z Q= QM
Bl o &dled AmAle HAguAoR <lslo Vo™ S Ve S V™ (4-2)
& mAAste 9% At BE mag s =T
of elato]l WAlalal oAl shglov] BAe ol
A ghstod defo] 2 wAbr)E= AlA G 5. mell AZoll 3 AtHAT
Hell Al odghutel 3Fo] mix] vpulpAl g
< T o olddg mAL Ao gt ¥ =reld sidbd Expert Systemg b
A FAoluter 2475 B, dodsied Tree 8-wAlel Agsted npfaely AAE Ao, A
S FAotn FEPES oj&sle] A mAUS] B 7ol HEsbrfstel AHAEE =94 5
Aol wzi o2 wAe ojAxctutFs Heldt Rew Az ofefet Aok, 3 62 4 A
ez st w4 Fg AR A o AR YHE Besa
& goz Aggozd vl BAFe AL A1)
S sttt Aqkareh 8 = A A el 0.01273

et Mol et WEI ALY
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Table 6 The result of each case

Trans. KIEE, vol 38. No.9 SEP. 1989

g A A 7 %1 %2
3 T -
A5 e 3k 271%k A gk Z7)% 7423k
FEAHYH AT Q6 —1.0 1.0 0 0 0 0
(MVAR) Q8 -1.0 1.0 0 0.015 0 0
Vi 0.95 1.05 1.000 1.000 1.000 1.000
8k w4 A qt V2 0.95 1.05 1.000 1.000 1.000 1.000
(P.U) V3 0.95 1.05 1.000 1.000 1.000 1.000
V4 0.95 1.05 1.000 1.000 1.000 1.000
- ,
wols] = (T.R.) T5 0.9 1.1 1.0 1.0 1.0 0.959
V5 0.95 1.05 1.021 1.025 1.061 1.049
Baw A A} V6 0.95 1.05 0.975 0.977 0.975 0.984
(P.U) V7 0.95 1.05 1.021 1.024 1.021 1.025
V8 0.95 1.05 0.938 0.951 0.985 0.082
A % 3 A % 4 4 %5
il -
223k 74 2} gk 273k 7 2k 2713 74 72k
FEHE LA Q6 0 0. 0. 0.091 0. 0.124
(MVAR) Q8 0. 0. 0. 0. 0.018
!
| -
Vi 1.000 :  1.000 1.000 1.000 1.000 1.000
wkx) @ A gt V2 1.000 1.009 1.000 1.009 1.000 1.000
(P.U) V3 1.600 1.000 1.000 1.000 1.000 1.000
V4 1.000 1.000 1.000 1.000 1.000 1.000
H3t7] = (T.R.) Ts 1.0 1.0 1.0 1.0 1.0 1.0
V5 1.001 1.003 1.001 1.008 0.925 0.963
F-shm Al Aql V6 0.947 0.950 0.947 0.960 0.904 0.980
(P.UL) V7 1.021 1.024 0.942 0.951 0.913 0.957
V8 0.948 0.951 0.948 0.953 0.919 0.955
] 2} % Bus state Emergence(l) ; 1 G-Comp. #3 dv value ; 0.017

* Bus state Emergence(2) ; 0
* % System state emergence(l) : {1.000, 1.000,
1.000, 1.000, 1.021, 0.975, 1.021, 0.938]
Input bread first search depth ?. 3
Control start point—Bus : 8, Voltage : 0.938
Do you want solution ?.(y/n) vy

* %
* %
% %k %k
* Find optimal solution
Q-Comp. #8 dq value ; 0.015
System voltage stable ; [1.-00, 1.000, 1.000,
1.000, 1.025, 0.977, 1.024, 0.951]
* % % Do you want solution?. (v/n) y
% Find optimal solution

690

System voltage stable ; [1.000, 1.000, 1.000,
1.000, 1.029, 0.928, 1.030, 0.951]
% % % Do you want solution?., (y/n) n
* Hit any key to stopl. %
AE 2)
Ahabel 15 mAHgte] 0.011 45
7 g} . % But state Emergence(l) ;1
* But state Emergence(2) ; 0
* % System state emergence(l) : [1.000, 1.000, 1,
000, 1.000, 1.061, 0.975, 1.021, 0.985]
* % Input bread first search depth?. 3
% % Control start point—Bus:5, Voltage: 1.
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061
* % % [o you want solution?. (y/n) y
% Find optimal solution
Tr.-Comp. #5 dt value ; —0.041
System voltage stable; [1.000, 1.000, 1.
000, 1.000, 1.049, 0.
984, 1.025, 0.982]
* % % Do you want solution?. (y/n) n
* Hit any key to stop ! *

)
el 6 mAlAete] 0.003 sl
gy mAAEskel 0.002 olﬁ}
* Bus state Emergence(l) ;
2 )

L o
2 o

r

* Bus state Emergence
* % System state emergence(1) : [1.000, 1.000, 1.
000, 1.000, 1.001, 0,947, 1.021, 0.948]
* % Input bread first search depth?. 3
* % Control point—Bus: 6, Voltage ; 0.947
% % Control start point—Bus : 8, Voltage : 0.948
* % % Do you want solution? (y/n} y
% Find optimal soluton
G-Comp. #2 dv value ; 0.009
System voltage stable ; 1.000, 1.009, 1.000,
1.000, 1.003, 0.950,
1.024, 0.951
* % * Do you want solution?. {y/n) n
x Hit any key to stopl. %

A& 4)

ZotAbel 6wl = A A gle] 0.003 #3}
74 RAHSke] 0.008 73}
gl mAAHgte] 0.002 s}

z 2} 0 % Bus state Emergence(1) ;3
* Bus state Emergence(2) ; 0
* % System state emergence(l) : [1.000, 1.000,
1.000, 1.000, 1.001, 0.947, 0.942, 0.948]
% * Input bread first search depth?. 3
* % Control start point—Bus : 6, Voltage : 0.947
* % Contrel start point—(Bus:7, Voltage: (.
942

* % Control start point -Bus : 8, Voltage : 0.948
* x * Do you want solution?, (v/n) y
* Find optimal solutlon
G-Comp. 42 dv value ; 0.009
Q-Comp. #6 dq value ; 0.019
System voltage stable ; {1.000, 1.009, 1.000,
1.000, 1,008, 0.960, 0.951, 0.953]

Y HOE AW VR Alad

)
_I—_LI_
7

.
i
<
S oA I S
3w} $: mwwwom
33 5-1 834 A%xx
Fig 5-1 8Bus Power System

* % % Do you want solution?.(y/n)n
* Hit any key to stop!. *

5)
A

Y
[l

z°
“—r—‘

wAAdstel 0.025 st
g A A 9fe] (0,426 7))
nAASke] (.037 73}
g4 mAlAgto] 0.031 73k
74 3} . % Bus state Emergence(l) ; 4
* Bus state Emergence(2) ; 0
* % System state emergence(2) : [1.000, 1.000, 1.
000, 1.000, 0.925, 0.904, 0.913, 0.919]
* % % Do you want LP control, system state
[2}:2 (y/m) ¥y

Linear program execution:-----

Y Ul

~ o
ri [ I S
f
B
N

* LP Object maxim(+1.) or minim(—
1)72.:-1.
N=2M=12 M1=8 M2=4 M3=0
* finite solution %
The optimal solution
dq(1) dq(2)
0.124 0.018
The object value ; —0.142.
* LP program end %
System voltage stable; [1.000, 1.000, 1.
000, 1.000, 0.963, 0.
980, 0.957, 0.955]
* Hit any key to stop!. %

e
o A} F-stalAghel cbd& 10}4 —J ﬁ{%}ﬂr

A% ARAYYE :ﬂ%a
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