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(A Design of Parameter Self Tuning Fuzzy Controller to Improve
Power System Stabilization with SVC System)
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Abstract

In this paper, it is suggested that the selection method of parameter of Power System Stabilizer(PSS) with
robustness in low frequency oscillation for Static VAR Compensator(SVC) using a self tuning fuzzy controller
for a synchronous generator excitation and SVC system. The proposed parameter self tuning algorithm of fuzzy
controller is based on the steepest decent method using two direction vectors which make error between
inference values of fuzzy controller and output values of the specially selected PSS reduce steepestly. Using
input-output data pair obtained from PSS, the parameters in antecedent part and in consequent part of fuzzy
inference rules are learned and tuned automatically using the proposed steepest decent method.
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Table 1. System parameters(p.u.)

Synchronous xd=17, xq=1.64, xd'=0.245
Machine D=0, H=2.37sec], 1d0'=59(sec)

= =0 KF=0.0%5, TF=1)
Excitation System and Ka=Al, TA-00isec) KF-0105 e

KE=-0.17, TE-0%fsec], VRmax=5.04, VRmin=-504

Transtisson e | o002, SEmin=000, R, Xe-04

Kv=100, Tv=0.15sec], Bc=06, XT=0.08, BLO=-0.46

v
SV sytem BLmax=-03, BLmin=-09, Uemas=012, Uemin=-0.12

PSS parameter Ke=709, Tw=03[sec], T1=068Isec], T2=0.1[sec)
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Table 2. Control rules

e

NB | NS | ZO | PS | PB
PB | Z0 | PS | PB | PB | PB
PS | NS | Z0 | PS | PB | PB
ed ZO | NB | NS | ZO | PS | PB
NS | NB | NB | NS | ZO | PS
NB | NB | NB|{ NB | NS | ZO
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Fig. 6. Membership functions of antecedent and
consequent part
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Table 3. Initial values of membership functions

e ed ue
Cpl Wpl Cp2 Wp2 Bp
NBi -2.0000 | 2.0000 | -2.0000 | 2.0000 | -2.0000
NS| -1.0000] 2.0000 | -1.0000| 2.0000 | -1.0000
ZO| 0.0000| 2.0000} 0.0000] 2.0000 { 0.0000
PS! 1.0000| 2.0000{ 1.0000| 2.0000 | 1.0000
PB| 2.0000§ 2.0000| 2.0000| 2.0000 | 2.0000

PB : Positive Big PS ! Positive Small ZO : Zero
NS ¢ Negative Small NB : Negative Big
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Table 4. Values of tuned membership functions

e ed ue

Cpl Wpl sz WDZ Bp
NB | -2.0000 | 2.,0000 | -2.0000 ! 2.0000 | -2.0112
NS | -1.0000 | 2.0000 | -1.0173 | 1.9924 | -1.0011
ZO | -0.0005 | 2.0000 | -0.0042 | 1.9992 | 0.0000
PS | 08998 | 2.0008 [ 1.0000 | 2.0000 | 1.0017
PB | 2.0000 [ 2.0000 | 20000 | 2.0000 | 2.0000
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Table 5. Performance indices when decreasing
power disturbance

Performance

Index. () PSS FLC STF
Light load | 7.46x10° | 522x10° | 385x107
Heavy load | 255x10° | 216x10° | 1.83x10°
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Fig. 8. Responses of generator when decreasing
power 3(%] disturbance duration 100(ms)
in light load

i)

T= @V @2 +8u, 0 +48,0a < ¢ (19)

&17]A4 a=0.0016, B=1.0 ¥ y=0.005°1c}.

Rotor zngle devationp u]
Hd .v N
ettt

Timeisec)
(a) Rotor angle deviation

aaaaa

0.0000

- PSS

Angular velacly devigionlp u)

sTF

oooooo

P4
Timaelsec)

(b) Angular velocity deviation

s e o
s & @

e
®
[

1
.

Terminat votage deviabon(p.u|

Time{sec]

(¢) Terminal voltage deviation

38 9. SHslAl XI7IHE 100(ms) S2t 3(%)Q

BEA WHIle| g

Fig. 9. Responses of generator when decreasing

power 3(%] disturbance duration 100(ms)
in heavy load

Journal of KIIEE, Vol. 23, No.2, February 2009



)
i
olo
o, it
iy
o
tlo
tott
(-N
_);I_J
N
b
H
N, ke
av)
X
2
hass
e

o
u
|

718 T3 OlE sty g tH*o-_i—t—
FAe Ao7HA PSS9 HAAo}71E Agke Al
o171l #Eulg 27124 Aoir|¥a} vlwalte]
HL 7 A TS UL FRlstArh

Y . HOERRRI=EN M237 M2%2, 20099 28

N
1z
e

References

(1) A E Hammad, “Analysis of Power System Stability
Erhancement by Static Var Compensators’, [EEE Trans.
PWRS, Vol. 1, No. 4, pp. 222-227, 1986.

(2 P. M. Anderson and A. A Found, “Power System Control
and Stability”, IEEE Press. New York, 1993.

(3) P. Kundur, N. Klein, C. ). Rogers and M S. Zywro,
“Application  of Power System  Stabilizers for
Erhancement of Overall System Stability”, IEE Trans.
on Power System, Vol. 4, No. 2, 1989

{4 C ). We and Y. Y. Hsu, “Design of Self-Tuning PID
Power System Stabilizer of Multimachine Power
System”, IEEE Trans. on PWRS, Vol. 3, No. 3, 1988.

(5) A Ishigame, T. Imoto, et al., “Combination of Fuzzy and
Optimal Controls for Stabilizing Power System”, IEE |,
Vol. 110, No. 10, 1990.

6) M A Iskandar, “Stabilizing Control of Power system
using Fuzzy Control”, IE |, Vol. 112, No. 12, pp.
M11-1120, 1992,

& MXtLIH &

FAM (kmER)

19654 59 1194, 19924 Eoljstu A7 28ty &
19949 Esrel A7) Eaa EQAAD. 19979 B
Bg A7)Fes QD). 84 FAART A5
FAFAANE DGR

ARl AN 2dA o] AAAN2Y EA

W



