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A Parameter Optimization Algorithm for Power System Stabilization
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Abstract- This paper describes an efficient parameter optimization algorithm by calcu-
lating sensitivity function for power system stabilization. In power system, the dynamic
performance of exciter, governor etc. following a disturbance can be presented by a nonlin-
ear differential equation. Since a nonlinear equation can be linearized for small disturbances,
the state equation is expressed by a system matrix with system parameters. The objective
function for power system operation will be related to the system parameter and the initial
state at the optimal control condition for control or stabilization. The object function sen-
sitivity to the system parameter can be considered to be effective in selecting the optimal
parameter of the system.
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v]gj 7t Boby Rt A% AF g AEA 3 o] & ”q}zé -Eﬂd%éoﬂ &k Addst A A

g, 131‘4 7 JFB}“M @A AE Aol =g o
FAe ose 55847£“% o] g BE I

5.2.2 o{x} ASE FAIE 2tHsE DAoiMe A7k o AFFE vElo] AFel A sHe

SEjotEE AlZaiolM A& i%‘iiéﬂ i =5 RS A9k
T H=E A4 HAAe A= A

#Hat e A4 (48) 9 A FH A IFAF 5.2.3 ofxl AIEE e SEi otHE AR 0|

AlAbsoF shed, oy 74 R A9 Abgle] A=A M

ofR 8] Alabe] vhe BAdsha o H Al ARAES T Aol dHaAME AFol

29 4ol Fo4R 3] RHARAY A ASE e BAL kA Azag
sAgezA AL HAY BAHAY el +
A Agaol s AAAES Teit wel B # o

S¢ 50 Arde B4 54 LHEE &
g A Bgoldeg o] #HiHor Z 74fd A 4 A AAES QU] wEel z71A ghe}
Weto] z7ael seele @2 sbd WMo Su vlHE 2e S4B AodnfAist 23
GHEsh HA HeulEge A A Se kg seelHE 2 Af ngAE vasa
25 wla, 243, A $XHE md A% AANHE Hen
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Table 7 The matrix Ao eigenvalue at intial parameter
al o 2 ]
A =—12.3816+7 .0000 Az ==12.3816+; .0000
As = — 8.0106+;7 .0000 Ay == .7951—7 1.6907
As =—  .7951+; 1.6907 As =~ .7951—j 1.6907
A7 =— .7951-+; 1.6907 As =~  .3701+7 .0000
Ay =— .3309+7 .0000 o=~ 1331+ .0000
A =—  .0591—7 1.4002 Az =~ 0591+ 1.4002
Aia=—  .0000+7 .0000 A = .0000+7 .0000
Ais = .0000+;7 .0000

E 827 stejnleiA $d A9 1§

Table 8 The matrix A eigenvalue at optimal parameter

al + 2]

A =—372.7584+7 .0000 Az =—372.7557+7 .0000
As =— 3.1444—; .8001 As =— 3.1444+;5 .8001
As =— 1.6920—7 5.4693 As =— 1.6920+; 5.4693
A =— 1.6915—7 5.4705 As =~ 1.6915+; 5.4705
As =— 1.1751—j 2.5834 Aw=— 1.1751+; 2.5834
A =— .9376+75 .0000 Az =~ .9215+;7 .0000
Az =— .3702+5  .0000 Aia =— .3286+; .0000
Ais = — .1331+5  .0000
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53.1 171 £8 M HE

17l ¢ 249 2w mdA Sl Ao
ARt o) S5 B4 g4 A= AR 2
W ol 54 2HE(4,804733 E-3)7F A AF Hx
(4,736992 E-4) 8o} Ma] qlgsloz o] Eals =z
Aol A% <AtHE gl A ldES & 4 3
o ol¥@E FH g4 Az S8 AHolr ga)
ol g7t Alxgle] wlAlE dbgY A=E Fodg 5
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=3 HAAA A E HASS Aoy 2§25
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Table 9 The matrix 4o eigenvalue at intial parameter

A

o]
-

2) ]

A1 =—13.6872+7 .0000 Az =—13.3862-+7 .0000
As =— 6.8065—7 6.1328 Ao =— 6.8065+;7 6.1328
As =— 3.1354—7 2.2185 As =— 3.1354+;7 2.2185
A7 =— 3.0777—7 2.0942 As =— 3.0777+7 2.0942
Ay =— 2.9589+; .0000 Ao =— 2.9588+; .0000
An =— 2.8073—;7 .6133 Az =— 2.8073+7 .6133
Ais =— 1.8897+;7 .0000 Ave =— 1.5634+7 .0000
Ais =— 1.5138—7 2.7852 A =— 1.5138+7 2.7852
Air =— 1.5132—7 2.7861 A =— 1.5132+7 2.7861
Ais =— 1.1504+7 .0000 Aze =—  .9985—7 2.3971
Az =— .7678—7 .0706 Aza =— 767847 .0706
Ass = —  .5460+7 .0000 Aze =— 457245 .0000
Az =— 344147 .0000
E 10 27/ zleiejed W @3 A9 HH
Table 10 The matrix A eigenvalue at intial parameter
2 s 2

A = —380.5479+7 .0000 A2 =—372.7584+;7 .0000
Ay = —382.7556+;7 .0000 Ad =— 7.1848-+; .0000
As =— 4.9028+7 .0000 As =— 4.6895—; 2.7690
A =— 4.6895+; 2.7690 As =— 3.1443—; .8001
As =— 3.1443+; .8001 Ao =— 2.2939+; .0000
A =— 1.9084+;7 .0000 Az =— 1.8072+; .0000
Az =— 1.6920—7F 5.4693 A =— 1.6920+7 5.4693
Ais =— 1.6919—7 5.4693 Aie =— 1.6919+;F 5.4693
Ay =—  1.5810+;7 .0000 A =— 1.1953—7 .0000
Ao =— 1.1752—j7 .0000 A =— 1.1752+; 2.5834
Ay =—  .9216+7 .0000 Az =—  .8974+; .0000
Ass =—  .5128—7 .0951 Aza =—  .5128-+7 .0951
Ass =—  .5082+7 .0000 Ass =—  .4270+F .0000
Az = — .2858+j . 0000

Y % ot R 92 watole] Xy YuYF
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5, —1 0 - K, 0 , 0

ke KT p T 10 ba 0

5 | = g 20H 8 ZHY o |+ 8 [Pc]

Pm 1 7 Pm

Xgv 0 771—«" 0 OTt 1 Xgv A

L ’ gv ’ _Tg'v— L | Tgvj
282 7 977 a2y o)y

3 £ 4 A 71 l I 4 A 7 3
MVA 250 MVA 200 MVA 180 MVA
Eq 1.057 pu 1.050 pu 1.017 pu
) 0.040 rad 0.340 rad 0.220 rad
Xe 0.400 pu 0.400 pu 0.400 pu
Xd 0.146 pu 0.896 pu 1.343 pu
Xq 0.097 pu 0.865 pu 1.258 pu
Xdt 0.061 pu 0.120 pu 0.182 pu
Tdot 8.960 sec 6.000 sec 5.890 sec
Tr 0.060 sec 0.060 sec 0.060 sec
Te 0.100 sec 0.565 sec 0.670 sec
Tx 1.000 sec 0.350 sec 0.350 sec
Ta 0.020 sec 0.200 sec 0.200 sec

1.040 pu 1.025 pu 1.026 pu

Se 0.300 pu 0.303 pu 0.360 pu
H 3.920 sec 3.940 sec 5.364 sec
D 0.008 pu 0.008 pu 0.008 pu
f 60 Hz 60 Hz 60 Hz
Kr 1.000 pu 1.000 pu 1.100 pu

Y AR AR e mizolel N YDAF
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K, 100 pu 25 pu 25 pu

Kr 0.100 pu 0.091 pu 0.100 pu

Kx —0.020 pu ~-0.505 pu —0.060 pu

R 0.050 pu 0.050 pu 0.050 pu

Tgv 0.830 sec 0.083 sec 0.083 sec

Tt 0.520 sec 0.200 sec 0.200 sec
23 wd A% dele

DAz A
dded | A=® dede W W | d2gY
-00000+j .11840 | 1.00000 | .00000

.00000+j .18230 | 1.00000 .00000

.00000+j .23990 | 1.00000 .00000 ;
.01000+j .08500 | 1.00000 17600

01700+ .09200 | 1.00000 . 15800
.03200+j .16100 | 1.00000 .30600
.03900+j .17000 | 1.00000 .35800
.08500+j .07200 | 1.00000 .14400
-01190+] .10080 i 1.00000 .20160
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B BAAY A Y T FaAHsE, 4 |
1 1.040+3 .000 1.010+i .270 .000+j .000 .000 .000
2 1.012+) .166 1.630+) .067 .000+j .000 —.450 550
3 1.022+j .084 .850+j—.109 .000+j .000 —.600 .400
4 1.025+j—.039 .000+3  .000 .000+3  .000 .000 .000
5 .994+)— .070 .000+j .000 1.250+j .500 .000 .000
6 1.010+j— .065 .000+) .000 290047 .300 .000 .000
7 1.024+j .066 .000+]j .000 .000+3  .000 .000 .000
8 1.016-+) .012 .000+j .000 1.000+) .350 .000 .000
9 1.031+) .036 .000+i  .000 .000+j .000 .000 .000
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