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Abstract: This paper presents a probabilistic algorithm for robust Power System Stabilizer (PSS) design, and the system robustness
can be guaranteed because the load variation has been taken into account in probabilistic representation. Conventional eigenvalue
analysis is first extended to the probabilistic environment in which the statistical nature of eigenvalues, corresponding to the load
duration curves, is described by their expectations and variances. A probabilistic sensitivity index is then derived and successfully
applied to the location, feedback signal and parameter selection of PSSs. A probabilistic eigenvalue-based objective function for
coordinated synthesis of PSS parameters is then proposed. The quasi-Newton technique of nonlinear programming is used to solve
the objective function and its convergence properties are discussed. The effectiveness of the proposed stabilizers, with a classical
lead/lag structure, is demonstrated on an 8-machine system.
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Tab.1 Electromechanical modes without PSS

B O, o & ¢ o & P

No. &

-1.731 15.85 0.0432 40.11 1.000 0.1086 0.0033. 2.61 0.9955
-0.758 11.11 0.0852 9.19 1.000 0.0680 0.0071 -4.47 0.0000
-0.564 9.83 0.0489 11.53 1.000 0.0573 0.0037 -11.40 0.0000
-0.637 7.91 0.0171 37.14 1.000 0.0803 0.0036 -5.56 0.0000
<0.650 7.53 0.0984 6.60 1.000 0.0860 0.0111 -1.26 0.1038
-0.420 6.48 0.0304 13.84 1.000 0.0647 0.0047 -7.54 0.0000
-0.010 3.82 0.0116 0.86' 0.805 0.0026 0.0030 -32.22 0.0000
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Tab.2 PSI corresponding to participation factor (speed signal)

A

AWy

Ay AWy

Lws

AWsg

LWy Awg

a

a3

as
ag

(5]

0.5065
0.0011
0.0002
0.0000
0.0007
0.0003
0.0096

0.0044
0.4387
0.0034
0.0000

-0.0008

0.0002
0.0120

0.0045 0.0006

-0.0026 0.0029

0.0059 0.0026

-0.0042 0.2947

0.4201 0.0532
0.0115 0.0997
0.0319 0.0493

0.0008
0.0037

-0.0458

0.2078
0.0529
0.2475
5.8438

0.0016
0.0680
0.4559
0.0000
-0.0002
-0.0325
0.2970

0.0008 0.0000

-0.0002 0.0000

0.0603 0.0060

-0.0002 0.0000

0.0105 -0.0004
0.2418 0.0000
0.0480 -0.5703

F3 XHTBEAEERRGERER PSI (0. 01)
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Tab.3 PSI corresponding to residue index (x0.01) (speed signal)

Awy Ay Ay by A5 AW AWy Awg
& -0.0554 0.0000 -0.0003 0.0000 0.0000 0.0000 0.0000 0.0000
& -0.0010 -0.0721 0.0005 0.0000 0.0001 -0.0023 0.0002 0.0000
& -0.0005 0.0000 0.0014 0.0000 0.0001 -0.0699 0.0026 -0.0003
& 0.0000 0.0000 0.0036 -0.0418 -0.0304 0.0000 0.0000 0.0000
& -0.0018 0.0010 -0.1892 -0.0080 -0.0025 0.0004 0.0017 0.0000
& -0.0033 -0.0002 -0.0179 -0.0140 -0.0215 -0.0030 -0.0204 0.0000
& -0.3305 -0.0801 -0.3225 -0.0724 -0.1041 -0.0008 -0.1404 -0.0619

4 T EBHBERBERR PSI(x0.01)

(ANESHAP)
Tab.4 PSI corresponding to residue index (power signal)

APel  ODe2  DPe3 ADea  DPe5  ADes  APer ADeg
& 01510 0.0007 -0.0007 -0.0001 -0.0002 0.0004 -0.0003 0.0000
& 0.0006 0.1009 -0.0011 -0.0004 -0.0006 0.0383 0.0014 0.0000
& 0.0001 -0.0059 -0.0017 0.0000 0.0000 0.1719 0.0004 -0.0010
& 0.0000 0.0000 0.0000 -0.0882 -0.0994 0.0000 0.0003 0.0000
& -0.0007 0.0000 -0.4380 -0.0682 -0.0108 -0.0006 0.0055 -0.0001
& 0.0002 0.0002 -0.0160 -0.0368 -0.0784 -0.0027 -0.0991 -0.0007
& -0.0565 -0.0147 -0.5844 -0.1097 -0.2272 -0.9304 -0.6181 -0.3626
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Tab.5 Unsatisfactory modes with initial PSS parameters

No. & B o o B¢ og 5' Py

a

-1.752
-1.541
-1.204
-1.040
-0.987
-0.576

R =B I S

15.91 0.0591 29.62
13.97 0.0821 18.76
10.90 0.0677 17.79
3.99 0.1614 6.44
2.62 0.1568 6.29
0.68 0.1259 4.57

1.0 0.1094 0.0037
1.0 0.1096 0.0028
1.0 0.1097 0.0054
1.0 0.2522 0.0404
1.0 0.3529 0.0732
1.0 0.6462 0.1501

2.54
3.48
1.80
3.76
3.46
3.64

0.9943
0.9998
0.9633
0.9999
0.9997
0.9999
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Tab.6 Records of some iteration steps for QN method

BREY  HHFE N .. kEuEs
o'k Minfa &)
1 3.2829 4 2.5671 1,4
2 2.5539 5 2.9141 4
3 2.3746 5 29723 4
7 1.7093 5 3.1662 4
9 0.4256 4 3.5286 8,9
15 0.2610 2 3.5322 9
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Tab.7 Final PSS parameters
PSS2 PSS3 PSSS PSSé6 PSS7
K. -0.014 -0.733 -0.382 -0.013 -0.481
Tw 5s Ss Ss 5s Ss
i 1.100 s 0.185s 0.226s 1.500 s 0228 s
T2 0.070 s 0.198 s 0.200s 0.040s 0.201 s
T3 0.994 s 0.062 s 0.055 s 1.500 s 0.060 s
T4 0.091 s 0.050 s 0.050s 0.040 s 0.050 s

F 8 ZBHULREAMIITH PSS BFREXER
Tab.8 Concerned modes with PSSs

No. @ B o, o B ¢ o & P
1 -1.766 15.86 0.0387 45.57 1.0 0.1106 0.0023 4.67 1.0
2 -1.525 12.36 0.0569 26.80 1.0 0.1225 0.0054 4.17 1.0
3 -0.977 8.03 0.018951.82 1.0 1.1209 0.0018 11.91 1.0
4 -1.449 10.61 0.0366 39.59 1.0 0.1353 0.0025 14.19 1.0
5 -1403 6.63 0.1572 893 1.0 0.2072 0.0192 5.57 1.0
6 -1.796 6.84 02872 6.26 1.0 0.2540 0.0373 4.13 1.0
7 -0.973 398 0.1481 6.57 1.0 0.2373 0.0366 3.75 0.9999
8 -1.031 2.51 0.1378 7.49 1.0 0.3804 0.0665 4.22 1.0
9 -0.574 0.68 0.1249 460 1.0 0.6434 0.1528 3.55 0.9998
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