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Construction design and parameter coordination of multi-band PSS
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Abstract: In order to improve the PSS selectivity of oscillation modes, and overcome the shortcomings of conventional multi-band
power system stabilizer (MBPSS) that the construction is complex and the number of the compensation bands is fixed, a novel
power-input MBPSS is proposed. The frequency characters of the PSS are analyzed. Under multi-operating conditions, probabilistic
sensitivity analysis is used to decide the number of the PSS band. According to the PSS parameter design method, parameters are
coordinated by using the nonlinear programming technique. In a eight-machine system, it shows that the PSS can determine the
compensated band numbers according to specific conditions and can be applied as a single-band PSS to increase only one mode
damping ratio, or as a multi-band PSS which improves the damping performance of more than two modes.
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Fig.1 Construction of the MBPSS
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Fig.2 Frequency response curves of PSS
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Tab.1 Parameter settings of PSS

g4 K. Ky K, R R, R

1 1 1 1 1.2 1.2 1.2
2 0.1 1 10 1.2 1.2 1.2
3 1 1 1 0.8 1.2 1.5
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Tab.2 Electromechanical damping modes without PSS

B No. a B O, a E, 5 T & L
1 51 —1.731 15.854 0.043 9 38.33 1.000 0 0.108 5 0.003 3 257 09949
2 55 —0.757 11.113 0.082 7 8.55 1.000 0 0.068 0 0.007 2 —4.46  0.000 0
3 69 —0.565 9.840 0.049 1 10.48 1.000 0 0.0573 0.003 7 —11.44  0.0000
4 61 —0.637 7.908 0.0172 34.18 1.000 0 0.080 3 0.003 6 —5.55 0.000 0
5 59 —0.650 7.530 0.098 5 6.09 1.000 0 0.086 0 0.0112 —126 0.1057
6 75 —0.421 6.482 0.030 6 12.11 1.000 0 0.064 7 0.004 7 —7.50  0.000 0
7 88 —0.010 3.823 0.0117 —3.43 0.000 3 0.002 6 0.003 0 —31.96  0.0000
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Tab.3 Probabilistic sensitivity indices of damping modes

*ﬁﬂ KI Kz K} K4 KS K6 K7 KX
& 0.0177 —0.0000 —0.0002 —0.0000 —0.0000 0.0000  —0.0000 0.000 0
& 0.000 2 0.0450 —0.0000 0.0000  —0.0002 0.008 7 0.000 3 0.000 0
& 0.0001  —0.0007 0.0002  —0.0000 —0.0000 0.092 3 0.001 2 0.000 6
& 0.000 0 0.000 0 0.0005 —0.0118 —0.0105 0.000 0 0.000 0 0.000 0
& —0.0001 —0.0003 —0.0657 —0.0016 —0.0023 —0.0004 0.000 7 0.000 0
& 0.000 2 0.0001 —0.0033 —0.0090 —0.0041 0.0010 —0.0145 —0.0002
a, 0.022 5 0.024 7 0.100 7 0.037 8 0.0183 0.028 3 0.1321 0.168 1
& —0.0059 —0.0064 —0.0263 —0.0099 —0.0048 —0.0072 —0.0345 —0.0442
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Tab.4 Root loci of the standardized expectations of mode 4, 6

and 7
. , . o, = , =
—1 38.47 —2.20 12.86 —6.47 —3.01 —29.11
—3 37.02 3.08 14.31 —4.47 —1.16 —20.27
—7 35.02 9.75 17.69 —1.13 5.55 —12.85
—11 39.37 16.22 25.51 0.94 5.29 —8.63
—18 41.73 46.37 36.61 —0.95 4.59 —3.25
—25 62.32 57.43 30.59 —3.16 4.08 —0.82
—35 91.97 106.44 24.99 —4.34 443 —0.50
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Tab.5 Results after optimization
PSS, PSS, PSS; PSS, PSS¢ PSS, PSSg
K 1.999 10.018 —4.152 —18.997 4.148 —3.922 —29.991
R — — — 1.207 — — —
R, 1.190 1.198 1.287 1.238 1.194 1.176 1.123
R, — — 1.231 1.133 — 1.138 —
% 6 /a8 PSS B
Tab.6 PSS time constants after optimization
T, 1, T, T Tus Tos Ty Ty, T
PSS, — — — 0.171'1 0.203 7 0.242 5 — — —
PSS, — — — 0.169 5 0.203 1 0.243 2 — — —
PSS; — — — 0.1522 0.1959 0.2521 0.0147 0.0180 0.022 2
PSS, 2.5125 3.0336 3.662 7 0.1613 0.199 7 0.247 3 0.016 6 0.018 8 0.0213
PSS¢ — — — 0.170 3 0.203 4 0.2429 — — —
PSS, — — — 0.174 2 0.204 9 0.2410 0.016 5 0.018 8 0.021 4
PSSy — — — 0.186 7 0.209 7 0.2355 — — —
Ty =5s
Fz 1 RUBEHTRHER
Tab.7 Damping modes after optimization
Bl No. a B O, a L 5 ¢ ¢ %
1 66 —1.942 16.021 0.060 9 31.06 1.000 0 0.120 4 0.004 5 4.53 1.000 0
2 77 —1.497 11.276 0.0557 25.99 1.000 0 0.131 6 0.005 5 5.75 1.000 0
3 79 —1.299 9.898 0.091 3 13.68 1.000 0 0.130 1 0.006 4 4.70 1.000 0
4 85 —0.748 6.873 0.0121 57.78 1.0000 0.1082  0.0020 4.06 1.000 0
5 81 —1.055 4.205 0.166 6 6.03 1.0000 02434 0.0352 4.08 1.000 0
6 75 —1.533 2.943 0.2219 6.68 1.000 0 0.4619 0.090 1 4.02 1.000 0
7 70 —1.892 2.061 0.060 1 30.65 1.000 0 0.676 2 0.020 2 28.52 1.000 0
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Fig.5 PDF curves of mode 7 with different PSSs
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