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Design of a GA-based SPS controller for Power system stabilization
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Abstract-Design of a GA-based SPS controller
for Power system stabilization has been
investigated in this paper. The design problem
of SPS controller is  formulated as an
optimization problem using GA. The dynamic
characteristic responses are considered to verify
performance of the proposed SPS under various
disturbance  for  various operation  conditions.
The simulation results show that the proposed
SPS controller provides most of the damping
and improves greatly the voltage profile of the
system under two different disturbances.

.M B

Ag A 2dlo A7 71AHA RE9} 428 AFg A

< 20 A F7) 5 ALHY, oF Aeede Y
A4S AFAIZIE o 23 AF9 AFS 9A
7] 4 A AP A5 Ag 2AH7| AY 7]
Z gl Bz 2138 FYdte H=Y FHorE A
= HAHVIE AR Aot oEF FAE HE A&
¥ A3l Ax](Power System Stabilizer : PSS)2}
3la, Bl AFA 2 FHASA AEEHT 9oy
olol & AUt BEEA o]FAR UrHIL

PSS7t Al2" AFE PRI A HYA|2H]
AT FAES FFsHLAE Byeta, PSS AxF
fdeoz A GRAY] 2 WIS doslr] A
adg zt3n, WY AL ded £x jloy, F4%
@A A2" AFEE d& FE UTH2-3]

o AgAARol FHLE {9 $H Al2"(Flexible
AC Transmission Systems : FACTS)?] LAg o]
Zth FACTSE 2E5YY 7IAFHoZ Alojd AZA
299 JAE FEID, AY v 1 ARAFX
os) APA 2" AAFEE FAA7)7] A% FEoz A
Agd. #9% FACTS #XF9 3zt IXNE 4
o} % 7)(Static Phase Shifter : SPS)o|t}y. H= A
Al2" AR F4L A7 SPSe Hee] #F A8
AT7E F39 2 584 dFH2 UH4-5)

E =M AQ AeAe] Ass 2o fAgx
2% (Genetic Algorithm : GA)[6]& ©¢]&3ld SPS
AI71E AAE F A= AEZE WHE ARG o
ol A% HE s r1Ee] MdANAE o] &3 PSS9
2 =EdM =YF GAE o439 A4AR PSS 2 Al
o3l SPSA|o}Z1E 2zt AHEE 5ol didte wAy
A g oldE F33ATt EF I FRAZ UM
g3 o|do] WA A g FHEA §HE H
n-AE FPon, =T SPSA/IZE 7€ PSS
2k A7) AR e $43 AFS AFde A
HAl2H dAE o FAdol slodsH, AJAH HY Fa
E JA =y ¢ ERFYE Bolnx it

2. WEANAY od

2.1 97| % ojxp| 24

2 @74 A48 SPSE EHW 17 Fou 24
AHA2Y Bde 79 1% 2ok 974 A8E 97
A2"-& IEEE Type-ST12ZA 19 29 Z3 oz}
Azgel A /2Rl PSS HEAEE WolEe]
£ geolth,

v v Vv,

5

»
K ST' ,1+5le\,1+sT3m ‘éf
_/ P4eT 45T, 1+5T .

a9 2. PSSE X#3 [EEE Type-ST1 d#tA]2¥)

57171 } qAA2"EE E¥ste 1] FE0 249
vy F54 AL o (D-@e Zoh

d—dt(5=w,,(w—l) o)
-diizwz(Pm-—Pe—D(w——l)/M @)
%E'q = (By— (54— 22)ig— B,)/T'n 3)
2 By= (Kp (Vo= v+ ) — Ba) T @
olw} SPS7F X¥® Ao HEHHL 4 G)% 2ot
P = Eg}’—bsm(a-@) ®)

22 SPSH|0o{7| =&
£ A7 AHgE SPSe ESAMxE ¥ 33 #

- 224 -



a1, 9 o1Ed fo e MUY FHA AL 4
6)% gk

¢
» & Lo
Do —{ex 46T, ”:74—*”
| U o
sT, V4sT g 1457 | 40
KMHST‘(I?STM)(HST )
ll::s

29 3. SPSAlCI7le 85 tholo} 19

d
EE@ = (Ks(éref* u‘sps) - Q)/Ts (6)

3. GAE ol &% SPSHI0{7| A

31 78 ganglE

iAo 2 GAw #Ag sz s HHuEesd 27
EAYZ EE39 Agagoy &2 FUEs 87
Ae Ay EAde Holw e ZojAn of & FAF
] e dAARIE Jlgde] dRsle ol Y4
2 ABA7IE el el "ok wed B =FdA
= SuEE §3 dol2 :Pse FAr 8 o] ¥
F 1 ANE HAgshe 4 95 GAF &3tk 4 ¥
&2 3dsold ddale]l pAe 7 Ad Exde W
o] A SR el ddstA A gAY e W
F8& A4 greg Y of 4 M4 GAs WY 1Y
3 glol 4 A5 AHFPLEA 39 AP gastl
AEYE §A 5 Utk

32 7 ¢e|EE o83t SPSKo]7] M
£ =AM AHE SPSAe7Y g 1EY R A
4 Beje] P28 A, A (N3 Ze] vEid £ Sl

ST, 14T, . K (1+5T,)
SPS(S)N(W}(T‘TT;:)(W) N

GAS) 8 g4 Aoy guHoz @3¢ & Heshe
AAE BT 9% FHRoZAN AT BHTFE 4
@) o) AYs

ey
J=/ (|t AS| + | 1. Av,| )t ®
azi8, T f= HFAgol

Yk g HiBshe AEYS k] 48 AREg
2 (99} 2ol YAsArt

1.0 ©

Finess = 0% min 7

4. AlEdolM Zn}

=EoM AR GA9 Hetvlele ® 1% 2,
AL SpsAe}Zier 7lEe]l PSS B GAE H&d
PSS9l mepelels #2¢) Vel ook

- 225

1 fH YdnedE debvlg

Gencrations | Population | Crossover Mutation
number size ratc rate
100 100 0.85 0.01

¥ 2. PSS % Spse] H3 stepde
KC’: Tw: T—' T’)Z

70911 5 10685] 01
GA-based Kpss: Tu': Tlpss: TZpss: T:Spss: T4pss=
PSS 133545114.353] 0.182 |0.0479/0.3017 | 0.2969
GA-based Ksps: w= Tlsps: TEsps: TSsps: T43ps:
SPS  198.921]14.06510.1983|0.0352 0.0352\0.1040

CPSS

41 BA B3N

A BeA(Py=1.0p.u}],Qp=0.015p.w.]) 1%
Fo) B3 B RIM 34 @] 100[ms]ESE A
£EO7 AAS e Ao davle] 940 ¢ gxAYg
o oi¥ 554 g2 ¥ 49 P}

18 4
1o

14

8]

- . TEmeleecl
N O P GA PES

(a) Rotor angle

Temawhage [p.0

(b) Terminal voltage
39 4, BN Bz 34 ¢ 244 $EY d

B4 ¥apA @A@Y AR 2EaAg 005p.u |RE
HE § A9 dstd 2se) 947 3 gx3st
55 £9L 18 67 2o

biran)

(a) Rotor angle

i



Tominal vokage(pu}

1038 i
S 3 B 3 “ 4
‘Time [soo]
— - cAPas _———— GaREF> ]

(b} Terminal voltage
a8 5 A RazddaA AY 228 T BE

ad¥ 49k 59 Rtz g@atdgdel] lojAd SPSUt
PSSET R HA FRAME AF) Aol Hojurk
v A% ¢ F ey, oAL SPSY £ 7l
e ¢ 4 A

42 & F3IA

FBEA(Py = 1.10[p.u.],Q,p = 0.40[p.w.]) 1&E Fd}
Fed 24 BE3d9M 34 gl S0ims)E Y ASHTD
7t AAHE Ad die ¢Avle 944 9 aAAg
o did TE54 S92 19 639 2

(b} Terminal voltage
29 6. F $a2AAA 34 9" 24 84 ¢4

FH3iAle HAe JAH EAE 005pulthy |
T AEE A g THvY A3 2 dAAG
WY 54 9L 29 73 #o.

180

+.a8 -

.40 -

178 4

175

i[radian)

<60 ]
160 -
s ]

180

(a) Rotor angle

Tembdvolagep]

(b} Terminal voltage
a9 7.3 R3tzdAM VAR EAE 20 By

Oy 63 7oM, AL SPSAl) 719 e HEttelA
o 3 M4 F8E AT GAALY] 2HfES F
A 7Hsettling time)e] A AUt w2}t SPSe)
TEA] 9ol PSSe] 54 HEO 534 JEl
th 53], PSSE vf-9 & ojeu FR8 Al @xpagt

% o] A3 ol E & & Uk

AlEdold AA2RE ALGF SpSyt 71E9] PSSH
o g $Hzdd doiMe g dd s A
Fo AT ASFoE 9T ¢ + ddeH, AY
28 dAsted UAME H¢ $48 BHE S
glsch

54 8

& =FdqMe dgAade] ¢ARE 98 AHAFn
AF dAe] AN4L 718 SPSHelrY HE siev]
HE GAE ol83lo MAsle A= WHE AL
t}, Aeket SPSAHNI7le g odn FI3zde] o
sle] 7)Ee AAYAL o] §% PSS ¥ GAE o83
o AAg PSSe ¥lm ¥ HESG olud Ane
o83 g,

(1) SPsAIeZ1e) dA =A% sAss] s cAg
ol&gezA A Hvig e 44 7€ & Ak
(2) SPS Aorle 71&¢] PSS AFE AEL o
AeH g $53% A4S BP, 53 Ag
88 dAE F4AE & AUk
(3) U@ Fazds Yo ¥Wsld A ogd g
of disiA At SPSY 7ZeAdL Felstgich

a8
[1] P. Kundur, “Power system stability and control,”
McGraw-Hill, Inc.(1994)
[2) Yu YN. Electric power system dynamics, New
York: Academic Press, 1983.
(31 Mahran AR, Hogg BW, Al-Sayed ML.
Coordinated control of synchronous generator
excitation and static var compensator. I[EEE Trans
Energy Conversion 1992;7(4):615-22.
{4] Jiang F, Choi SS, Shrestha G. Power system
stability  enhancement wusing static phase  shifter.
IEEE Trans PWRS 1997;12(1):207-14.
[5] Wang HF, Swift FJ, Li M  Analysis of
thyristor-controlled phase shifter applied in  damping
power system oscillations. Int J Electro Power
Energy Systems 1997;19(1):1-9.
[6] A. Varsek, “Genetic algorithms in controller
design and tuning”, IEEE Trans. on Systems,
Man and Cybernetics, Vol 23, No 5 ppl330-1339
(1993)

- 226 ~



