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Tab -1 Qitical éigenvalues and danping ratios vithout PSS

i TR=A a 8 S
51 —1.908 077 1 16.260 036 0 0.116 5
59 —0.622 866 8  10.756 449 0 0.057 8
61 —0.599 159 4 9.834 641 3 0.060 8
63 —0.596 3779 8.202 451 3 0.072 5
71 —0.453 546 7 7.057 067 7 0.064 1
77 —0.374 7231  6.4542 52 0 0.058 0
88 0.000 207 4  3.8576380  —0.0001
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Tab -2 Semsitivities of critica engenval ues to gains of PSS
S/ K1 K2 K3 K Ks Ks K7 Ks
o —1.890 5 —0.009 3 0.009 4 —0.001 4 —0.002 9 —0.006 3 0.007 3 0.000 0
g 0.117 8 0.000 6 —0.000 5 0.000 1 0.000 2 0.000 4 —0.000 5 0.000 0
a —0.002 2 —0.761 7 0.008 4 —0.005 6 —0.009 7 —0.5467 —0.0017 —0.000 7
% 0.000 2 0.0752 —0.000 8 0.000 5 0.000 7 0.0512 0.000 2 0.000 1
ag —0.0150 —0.304 7 0.025 2 —0.005 0 —0.010 8 —1.109 4 0.078 8 0.005 3
G 0.001 6 0.0317 —0.002 3 0.000 4 0.0010 0.1193 —0.008 4 —0.000 4
a —0.000 1 —0.0003 —0.000 5 —0.642 5 —0.579 0 —0.000 1 0.000 1 0.000 0
g, 0.000 0 0.000 0 0.000 1 0.072 6 0.065 8 0.000 0 0.000 0 0.000 0
as 0.003 3 —0.000 0 2.412 4 —0.069 7 —0.155 2 0.000 5 0.025 2 0.000 2
G —0.000 4 0.0000 —0.306 0 0.009 3 0.020 4 —0.0001 —0.003 7 0.000 0
ag —0.001 5 —0.002 0 0.069 2 —0.224 7 —0.485 2 0.0150 0.722 4 0.003 3
[ 0.000 3 0.0003 —0.007 7 0.033 5 0.072 1 —0.0019 —0.105 4 —0.000 5
% 0.041 4 0.034 7 0.590 5 —0.127 4 —0.259 4 0.030 9 0.701 3 0.192 3
g —0.010 9 —0.0089 —0.152 6 0.032 9 0.067 1 —0.0079 —0.1812 —0.049 7
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x3 PSS MANBRER
Tab -3 Initial paraneters of PSS
PSS Kps Tok  Tiks Toks T3k Tl

PSS 0.61 5.0 0.250 0.050 0.070  0.200
PSS e 0.61 5.0 0.240 0.050 0.055 0.210
PSS; —0.32 5.0 0.525 0.080 0.315  0.300
PSS, 0.51 5.0 0.520 0.060 0.155  0.200
PSS 0.33 5.0 0.240 0.060 0.070  0.250
PSS; —0.40 5.0 0.380 0.050 0.095 0.150
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Tab -4 Qitical éigenvalues vith PSS

x5 fitkERIPSS &%
Tab -5 Opti nized PSS paraneters
PSS Kps T,k Tik  Tak  Tsk  Tik

PSS; 0.6125 5.0 0.2500 0.0500 0.068 7 0.070 0
PSS, 0.6532 5.0 0.2402 0.050 0 0.039 3 0.070 O
PSS3 —0.2731 5.0 0.5245 0.0800 0.3038 0.090 0
PSSy 0.4495 5.0 0.5200 0.060 0 0.154 8 0.090 O
PSSs  0.4139 5.0 0.2404 0.060 0 0.070 6 0.080 O

PSS; —0.1737 5.0 0.3800 0.050 0 0.094 3 0.053 O

&6 Ml EREHER
Tab -6 Hgenvalues after opti nization process

= « B ¢

54 —3.2479003  14.368 8190  0.22048
65  —1.809 620 8 3.748 824 6 0.434 72
67  —1.646 527 4 6.587 428 0 0.242 49
69  —1.546 756 3 9.866 328 1 0.154 88
71 —1.367 8650 8.954 1718  0.151 01
73 —1.208 877 1 6.999 201 6  0.170 20
85  —0.547 8752 3.580 508 8 0.151 26
105 —0.086 537 3 0.000 673 1 0.999 97
106 —0.085 485 6 0.000 000 0 1.000 00

ey a B ¢
69 —1.291 05 9.866 29 0.129 75
71 —1.226 87 8.960 59 0.135 65
104 —0.085 63 0.000 00 1.000 00
105 —0.085 22 0.000 00 1.000 00
106 —0.071 61 0.000 00 1.000 00
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Tab -7 Hectronechanicd nodes vithout PSS

e a B o, a P. € ot g Pt
51 —1.731 15.853 0.043 2 40.11 1.000 0 0.108 6 0.003 3 2.61 0.995 5
55 —0.758 11.112 0.082 5 9.19 1.000 0 0.068 0 0.007 1 —4.47 0.000 O
69 —0.564 9.832 0.048 9 11.53 1.000 O 0.057 3 0.003 7 —11.40 0.000 O
63 —0.637 7.908 0.017 1 37.14 1.000 O 0.080 3 0.003 6 —5.56 0.000 0
59 —0.650 7.530 0.098 4 6.60 1.000 0 0.086 0 0.0111 —1.26 0.103 8
75 —0.420 6.482 0.030 4 13.84 1.000 0 0.064 7 0.004 7 —7.56 0.000 O
88 —0.010 3.823 0.011 6 0.86 0.805 1 0.002 6 0.003 O —32.22 0.000 O

xS IEFEHTRIT PSS WM E— LR BE LT
Tab -8 Hrst type of semsitivity indices of critical eigenvalues to PSS gaims

S K1 K2 K3 K4 Ks Ks K7 Ks
o —2.3154 —0.009 1 0.008 7 —0.001 4 —0.003 1 —0.006 3 0.006 4 0.000 1
g 0.137 8 0.0005 —0.000 5 0.000 1 0.000 2 0.0004 —0.000 5 —0.000 0
as —0.007 2 —1.266 0 0.015 6 —0.004 1 —0.006 2 —0.4496 —0.014 5 —0.000 6
& 0.000 7 0.1235 —0.0017 0.000 3 0.000 5 0.042 2 0.001 2 0.000 1
as —0.002 5 0.041 8 0.019 1 —0.000 3 —0.000 5 —1.990 3 0.013 1 0.008 2
& 0.000 3 —0.0031 —0.002 4 0.000 O 0.000 1 0.2262 —0.003 3 —0.000 7
oy —0.0 —0.000 4 0.006 5 —0.618 0 —0.709 6 —0.0002 —0.0017 —0.000 0
g, 0.000 0 0.000 0 —0.0017 0.063 6 0.076 2 0.000 0 0.000 2 0.000 O
as 0.004 9 0.000 4 2.850 5 —0.130 3 —0.076 8 0.0052 —0.0305 0.000 4
& —0.000 6 —0.0001 —0.3370 0.016 4 0.010 7 —0.000 7 0.002 1 —0.000 0
ag —0.0019 —0.001 6 0.082 7 —0.226 9 —0.4825 0.012 0 0.734 7 0.004 3
& 0.000 4 0.000 3 —0.009 4 0.033 1 0.070 1 —0.0010 —0.104 6 —0.000 6
a7 0.153 6 0.038 7 1.573 5 —0.294 8 —0.6111 3.673 4 1.649 6 1.010 9
& —0.024 4 —0.0057 —0.247 3 0.046 2 0.095 9 —0.9789 —0.2549 —0.175 6
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Tab - 10 Fgenvalues after opti nization computation

i a B Gy o P, g ot g Pt
59  —1.7616  7.3308 0.181 3 9.718 4 1.000 0 0.2337 0.018 6 7.204 5 1.000 0
62  —1.5597  9.1194 0.1336  11.6753  1.000 0 0.168 6 0.010 2 6.719 7 1.000 0
66 —1.4343 10.6752  0.0340  42.1446  1.0000 0.133 2 0.005 3 6.292 7 1.000 0
69 —1.2123  9.6779 0.0453  26.7556  1.000 0 0.124 3 0.002 7 9.048 0 1.000 0
72 —1.0116  4.1974 0.158 9 6.366 5 1.000 0 0.2343 0.033 5 4.008 7 1.000 0
74 —0.9903  2.446 9 0.125 0 7.9227 1.000 0 0.375 2 0.0272  10.1277  1.0000
76 —0.8375 7.7429 0.0150  55.9646  1.0000 0.107 5 0.000 9 8.345 6 1.000 0

&9 Ipss ERIIGEFRISIER
Tab -9 Gitial eigenvalues vith PSSs

o B € a” ¢

—0.6350 0.6725 0.686 5 3.998 8 13.928 7
—0.5778 3.281 5 0.173 4 5.380 8 1.9516
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Coordination of Power Syste m Stahilizers

GUO Jian ~feng » ZHANG Jian ~fen ;. WANG Ke —wen

(Colege of Hecirical Engneering -Zhengzhou University -Zhengzhou 450002,China)

Abstract : Under deter ninistic system operating condition ;PSS paraneters are designed by usingthe eigenvalue sen -

sitivity approach to investigate the feasihility of paraneters opti mzation using the nonlinear programmning techrique -
With nilti ~operation conditions considered the paraneters opti mzation by the nonlinear programming technique is

tested in which the initial paraneters are determned by the nonlinear programning -Testing computation on an eight
“mmchine systemindicates that the conirdler parameters can be further opti mzed -

Key words : eigenvalue sensitivity ; power systemstahilizer (PSS) ; nonlinear programning

( E#EF 46 W)

Study on Best Variahle Pairs Selection of Mutivariabe Unified Power How Controler

ZHANG Fang > FANG Da ~zhong - SONG Wen ~nan

(Schodl of Hectrical Engineering & Atommtion » Tanjin University » Tanjin 300072,China)

Abstract . Unified Power How Controller ( UPFC) is a multivariable coniroller with miltiple control input and out put
variables ; therefore interactions inevitahbly exist anong multiple control channels ; which are formed bet ween these
input and output variables - According to control theory ;the degree of interactions of a multivariable conira system
has a dose relationship with selections of variahle pairs - This paper applies the relative gain analysis (RGA) nethod
in cortrol theory to select the best input output pairs for UPFC conirdller ; hence the selection of the best variable
pairs is based on firmtheory foundation - The well selected input output pairs make the interactions anong UPFC
mitiple control channels very weak , therefore there is no need to take decoupling measures in the design of UPFC
controller » which makes the contrdler design si nplified greatly - S mulation results on the New Engand test system
show that UPFC has the perfect steady state conirol perfor mance under the conirol schene of the best variabe pairs -
Key words .UPFC ; miltivariable controller hest variable pairs ;relative gain analysis (RGA)



