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Design of Fuzzy Power System Stabilizer using Real-coding Genetic Algorithm
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Abstract - This paper describes the application
of Fuzzy Power System Stabilizer(FPSS) for
improving dynamic stability of power system.
The Real-coding Genetic Algorithm(RGA) was
applied to optimize gains of the inputs and
outputs of the FPSS. The effectiveness of the
proposed FPSS was demonstrated by simulation
studies for single-machine infinite system. To
show the superiority of the proposed FPSS, its
performances were compared with those of
Conventional Power System Stabilizer(CPSS).
The proposed FPSS showed better control
performances than the CPSS in three-phase
ground fault under a normal load which was
system condition in tuning FPSS. To show the
robustness of the proposed FPSS, it was
applied to damp the low frequency oscillations
caused by disturbances such as three-phase
ground fault under heavy and light load
conditions. The proposed FPSS showed better
performance than CPSS in terms of the settling
time and damping effect for power system
operation condition.

1.4 g

AGA T AFg JF L T, Frgdrs) oz
AojAzdo] REANUEE el 2415 IHES
AXE7 A AGAF AR (PSS)d i A+
£ 19609 FWtRE A= i dwtdoz A&
o] AFAE GAFAANE A - AL Ao7|E AL
ded, AMoizie A4E AF37) s 2HAA} Bode
Mg o)&3les WY, A (pole-placement)$t 3
$3] Ao (eigenvalue control) & o] &ste W, 24
Ay A3 dFd ol (suboptimal regulator)E
o] &-&tc] nlA-HE o5& HH3ee= WY, MY A
Aol o]EL olgdle WY T AMHEHR AUTH1,2]).
olgigt W EL NYE ASEIL Algste AEH
5 RIS 4ASs] dFe 53T LAHAME
Fe AAYSE YA, R HEo|y AF 1%
53 22 494 s AF e Zho] HEE AFd
£ A9 A ES A7 ofFT. HZde AFA
5 IFFAAR HA A7 AAZH=F A7) 53
22 AsAe] Wid g d77) A3Heg AYHq
ATH3). HA AeiA7 FF7 Ao eS 2] A
e HA 7YY HAEFe L2535 2FL AA3) 23
sjol sted, AAAE o8t HAXFA Y HA AL
9] A&¥sy 2FE FYste Wie] A2 g 9
4], B =Fd&Ee 448 fAYnldSE
BAE 23 843 (FPSS)E Altstad.

2. 4d™y| 223 9 PSS9 §3F

2.1 UE0 24y ‘

B =FdA AT 2y oEREde 4 (1)~
(3)el Yeridz, A7l £840] £ FAF A4x
A 2elg AisPenz, 4 (4)9) Zo] AN E A
3 AVR(automatic voltage regulator)¥o = =dd
sl = FEITH(5). 71719 B¥l/2&7] 542 A1
F7t B3, QF o] AUxaz 7] Wi 3}xA
st

dE, . ,
e =——7%[E,,+(X,,—X,,)Id—Eﬁ] (1)

4L - @)

do _ Gmipr  pI—(X,— X)) (3)

dt 2H
dE/d _ K, _ .
BV VA V) Be @

2.2 PSS9 3

A4 HA(ceiling voltage)ol XL &§Ado] wWE
o AA A 28-S Mgt Wt AZAIR AA F AL
e 58 oA F, Bx FFExe] P ddd &
g v, £340] T/ W& 233 Al1d g
T8 JAE AN e FAF(negative damping)
AA3e YA "o ol 2], AHATY ¥, ¥
3le] B9l 2 A 3 e waF e i 93
A dAHE AEATY A% AH U AFEE F
B H % (dynamic stability)2tl gch. wiebA, o]g
3 A Ao E AFAFY AAFHYL A& A
B2 dFFoz fA 8] HaME 71& dET AF
A 2HS BAA Fojof dl=dH, & Hdd 1
ot - A&AF el PSSojth. &, PSSE A% F8d #
3 o] NZE wol AAFIA o5 ¢ H44E A
¥ AVRYl EZzANNEE AFsd AHATY S
AFEE AAse AR th(6,7]. BIIEH] AAA
oA 2£€l9] PSS-AVR TAEE 4wtdes 19 134
ig=

AVR &
Exciter

Power System
@
Stabitizer (PSS) [

Power
Y% System

Aaw, &P

O3 1. oXpA[ofAA— el PSS-AVR T4 X

- 134 -



“-Yl

. FPSS9 ¢ - &9 o5&
Y 4ALRANFS YAS A& WA AUA G
olgatan. A71A,
F1., Sth FPSSe] 959l

© ‘lqu

za]

do Fpsse) 9.

£ 29 29 2o FPSsel 4
B A3 go] ZHEE Aabe
o
e

S
g]

83 FPSS9 44

Si SF11 SFi2 SF13
2 21 22 SF:3
AN =59 Sheue Age] daA i = 2
7357l Hsked FPSSY 4 - &9
U1 E(RGA)S |83l Fdst . . . :
23 o]5¢ F9sy] A% 7H= Se | SFm | SFm | SFw ]
o2& 2 (B)dAM v
o dHEs Aege a7 4. HEs Px
37 g8 B

o153 wawq

’é-r

2l 7zt
q &
o

dB() = SF, 4&lL

Generator

Exciter
& AVR

8 2. RGAE o

Degree

&8 FPSSY /Y FHE.

o W
+

}'—;“—*IF—*H'——'IH

Variable

0% 3. tHEE MY ASEg

E 1. d3-ol2 Yelo Hx|{TE.
X B M| Ns | zo | Ps | PM | PB
NB | NB | NB | NB|NM|NM| NS | zO
NM|NB | NB|NM|NM|NS|zo ! PS
NS | NB|NM|NM | NS | zo | PS | PM
ZO | NM|NM| NS | 20 | PS | PM | PM
PS |NM| NS | zO | PS | PM | PM | PB
PM| NS |zo | Ps | PM|PM| PB | PB
PB|ZO | PS |PM|PM | PB | PB | PB

E 19 SAFAA 29 39 £EYRE ol g3la,
457 gugndFoz FPSSY 9 - 2% o5¢ F

=1 Qa7 98 AUDY PEe o9 49 2o A7A.
1o SFye Bz Aoj7]9) ¢l - 28 o]Soln ng AEY
o ¥ 1 ATE derdch 38 404 Uehd AHY FPSsel

Y- &Y ol5E Fdste W B dadvlEy ¢
3otk zela STy 4 2ElyES #hE] qsn
AHEEE AFE(fitness) e 4 (6)T o], TH7)
Az 4 Hake] AUA 2 o) L&A
1

T
14 [ o= o]

Fitness = (6)

4. A AT

4.1 AE iy =2

i FPSSA A& AT Hah 17 59 17]
23 A S 0}04 vy
g A Bl AlRd A4 fFALnEY
Bl Ase §£ 29 2ok ® 29} 75%
g X*“L’E] o2 FPSSE HY
¥ FPSS9 ¢ - &8 ¥y o5& 44 SFI
SFy = 12.8, SFa = 0.12°]%}. B =84 A
FPSS9 4%5& AFsrl AslA, AR =g
et AR5y AZ7|2 AHAF GF PR o5
< 23S E 1E9 HFEAF IR (CPSS) ¢ v
o - HEIFHG. CPSSt AL ME& o83l 4
Aol glew A (7)dM AFRA Adez FaA
CPSSe 23 (V)< Jehllz Utk o714, Washout
filters] ANAS( T, )& 3%, PSSY ¢AHE oS (K,)
S 7.0901x, A -AG BAFRY NHF(T, T, )=
Z+zk 0.065%% 0.1%0]t}.

_\1

o,

38

lo
LY

_ sT, 1 +sT,
Vo= 1557, BT, n
v, V.20
R JX \/

D

(Id+lla)e1(n—:/2) G

3

i

a8 5. AsmUl| AIRE 17| Reit] AE,

a3 6 o) AW AdEe) $¥ S4g
Ak 19 644 RAFE AN At 2hel
G4 AEst A8HR 92 ¢ & A o
FPSS7E 440 fASndEd oA
e Ae zdan A% 449 A

- 135 -



33td FPSSe AREY /dez 4A€E CPSSe

Aol ed vndlr] M ALF Mgl AL

E 29 AEF Alas 2.

Fiiness

[ 20 © 80 80 190
Gensration

23 6. of Mo HEZ Fo|.

E 2. Mojds "otol HEBt AlEolM =H.
7% A2t
AL 8 %2 24 (pu) g 25 (msec)
34534

e1

BHH 10 @eoois| AR EA| 40
RIETEY

BEM P13 qeoois| SBAH Y 4O
TR

S Q.=0.015 | B 2P| 40

4.2 ANE3o|M Hu}

a3 7dMe A58 AL ES o/ &% FPSSY
Fdd A28 AR 2AGE ZAHAA 34 A
274e] 40 msec ¥ AEHTIE AR TFAAY HAglo)
nAo] AAHAL o, CPSS R A¢HE FPSS7E de
Ago st HAS 9 ZJréE Hsls v sl
FPSSel FHd AHeE ASEA =g il FPSS
7t AAAZL, 2WHE 2 AF ARAAAN CPSSET
o $5% AojAd s Yehln st

I 8L A¢F FPSSe) QAL Hrlslr] 93to

BaA) ZAY ZAqA 34 A 1ol 40 msec
B¢ A&HGI AFTAL AAglel 2ol AAY A
%, CPSS% FPSS7t e ASol dste aAz|el =
&% SHEAL Yehidch A¢d FPSS7E A AR
3 AF AN CPSSEL o F& AHEES U
Bde ¢ % ddh

a9 9c xﬂ%ﬁl FPSSe) 74e #7tslr] ¢aA
ARA BAG ZX)A 348 A 1Feo] 40 msec
B¢ A&HO ASTFEY ¥AG nAe] AALA
€ @, CPSS® FPSS7F Sle A% dlg) #3d7)e
44 SHEANLS JeEA. A3 FPSS7 FAA
Zt, eWFE 2 AlE AFAHAA CPSSETY o $5¢
Aol 5 YeEAT

5.4 &

2 =BddAE 71237 ARA A 25 B2A 0]
AZE Artetd 24z AFEE AU A4 2Y
A% HAIFHEAE AYstAt. FPsSSY ¢ - &9

A5 )52 4% fIALnYFE ol &3t AT
J+ 311]““*4 a&%e B2 Fdstgen, HH4d
FPSSel #&4& 94337 AdA 171 F3d A S
Hgatal v AR A Bgelde s FPSSe ®
Yol &8 FE5aAe 34 AF 2o dal AL
@ FPSS7F CPSSET AL, 2B¥+E % AlF &
FadA o £+ Adse EAth a2dn AP
FPSS9 A4 € Brists] Ash F73 4 A3

N(‘B

3% Ag 23 dAME A7) 549 SASAS.
FPSSe 74 #rtel A48 AFLA =1 tiaiA
= A FPSS7E CPSSEY HAAIZL, eHfE 2
AE AN o $5F A8%5E Yehid

o [rad/sec)

Time [sec]

32 7. HAREA UET| 45E SEH(ER ).

380 4

379 4

@ (red/sec]

Timae [sec]

a3 8. BREA WHT| USKE SRFLN).

A77.6

@ [rad/ses)

376.6 4

3760

e

(1) Y. N. Yu, Electric Power System Dynamics,
Academic Press, 1983.

{2) J. H. Chow and J. J. Sanchez-Gasca,
“Pole-Placement  Design of Power  System
Stabilizers,” IEEE  Transactions on  Power
Systems, Vol.4, No.1, pp.271-277, Feb., 1989.

{3} T. M. Park and W. Kim, ‘Discrete-Time Adaptive
Sliding Mode Power System Stabilizer with Only
Input/Output Measurement.” Electrical Power
Energy Systems, Vol.18, No.8, pp.509-517, 1996.

{4 M. A. M. Hassan and O. P. Malik,
“Implementation and Laboratory Test Results for
a Fuzzy Logic Based Self-tuned Power System
Stabilizer,” IEEE  Transactions on Energy
Conversion, Vol.8, No.2, pp.221-227, June, 1993.

(5) B714, "N2E 7—‘1-9‘115} S ES o &3 HYAE H
1]‘&78‘3}%‘1]4 AA" B 9 9 =F, 2000, 2.

(6) &A1 AHATF -"&@ AA J1ETdA) 2 A7, #
ZAHFA AYAYAH, No.94123, 1995, 6.

(7] o127, AFALZAAN 28, #F5A4a(F) 449
254, 1997. 12.

=136 -



