547 % B4 W RN ERBEY D EH Vol.47 No.4
201942 H 16 I Power System Protection and Control Feb. 16,2019

DOI: 10.7667/PSPC180325

T RIFBMET R 0 R R EL R B BT

KAV, BT, RGN, AP AL

(1. By sGB KPR A T2, Wil RAR 610031, 2. BM w4 @ hns) b AHFMAR, @) &FR 610072)

WE: DR, BT R ICIAME B )N, B A B S DRI H D AR G AN
el ai N CI 7 A R R R R T E vt M 1 34 ) R Qi 2 S ey 31 N 5 5 = K VAN 7551 B 7R X
PURRHLTIC ST KRG ECAB, A2 e R G IAME GBI B R AR T AR E T 51 APk a2
PO TR RS IRG I o 5 2R T AN IR FUEDN T4 R HIRBL 520, 454 PSCAD {31
BfE, AE10 HL 39 TR RGHAT O KR, SR JFRAMER IS B R B RGR AR DR
Gt REPEAR R, 5 BEIR] IR A2 R DU R 9t S M5 R AR

KR RFEDIRG: JFBAMLmDl BT R ARG

Analysis of sub-synchronous oscillation of power system with shunt reactors
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Abstract: In recent years, with the widespread application of reactive power compensation equipment in power system,
the issue of sub-synchronous oscillation brought by the reactive compensation equipment has been increasingly emerging.
Based on the first IEEE standard system model for sub-synchronous resonance, this paper provides the power system’s
model with shunt reactors, and the small signal model of the whole system is obtained. In addition, the eigenvalue
analysis method is used to demonstrate the influence of shunt reactors on sub-synchronous oscillation in power system. It
also discusses the effect of different shunt reactors values on the torsional vibration mode of the shaft system. As a result,
the 10-generator 39-bus system of PSCAD simulation software is used to verify that the existence of shunt reactors makes

the power system more likely generate sub-synchronous oscillations. Meanwhile, the reduction of shunt reactors value

will increase the damping of the system.
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Fig. 1 Circuit diagram of the study system
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Fig. 2 Turbine-generator six-mass shaft system
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Fig. 3 Turbine mathematical model
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Fig. 4 Governor transfer function diagram
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Fig. 5 SCR excitation transfer system transfer function diagram
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Table 1 Eigenvalues of power system without

considering shunt reactors
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Table 4 Participation factors of torsional modes

with considering shunt reactors

(TS FEEAE PP M /Hz FH Je bt
1 229X 107°4298.18i 47.46 ~7.69% 107
2 -1.58X 10724:203.06i 3232 7.80%x107°
3 -2.45X 1074 160.62i 25.56 1.52X107?
4 -6.88X 10 +127.03i 20.22 5.42x107°
5 -0.07+99.05i 15.76 739X 1072
R 2 ZEHBIMEBRRFIFERS T
Table 2 Eigenvalues of power system with
considering shunt reactors
i P P P A% /Hz FH Je H
1 -2.71X107°4+298.18i 47.46 9.10X10°°
2 9.31X10714203.09i 3232 -0.46
3 -9.29X 1074 160.67i 25.56 578X 107
4 -1.80X 10724+ 127.04i 2022 1.42X107?
5 -0.161 6499.08i 15.76 0.16

R 3 AEEHKMEBRMARRIRHEXEXEF

Table 3 Participation factors of torsional modes

without considering shunt reactors

BTN AHIC ¥

A e B 1 B 2 Bigs 3 iz 4 5
Aw, 0.128 2 00226 02434 00148  0.0746
Aw, 03463  1.05X10* 00475 00086  0.0702
A, 0.024 5 0.0711 0.1199 0.0025  0.1318
Aw,  877X10™* 02924  0.0203 0.0182  0.0155
Aw,  3.84X10° 01132 00635 00159  0.1616
Aw,  679X107° 00016 00058 04400  0.0468
A, 0.128 2 00226 02434 00148  0.0746
A6, 03463  1.05X10™* 0.0475 0.0086  0.0702
AS. 0.024 5 0.071 1 0.1199 0.0025  0.1318
A5,  877X10™* 02924  0.0203 0.0182  0.0155
A5, 3.84X10° 01132  0.0635 0.0159  0.1616
AS,  679X10° 00016 00058  0.4400  0.0468
AT, 206X107 2.18%10° 1.37X107 4.23x107° 834x1077
AT, 1.09%107°  7.16 X107 3.60x 107" 2.48x 107" 7.83%x 107"
AT,  142X107'° 1.61x107°9.01x107™5 3.13x 107 1.29%x 107"
A 206X107"0 2.18%107% 1.37X107 4.32x107° 8.34x107
Au 206X1071% 2.18x10° 1.37X107 432X10°° 8.34x1077
Ai, 2.19X107  0.0032 0.0015 4.19x10™* 0.0058
Ai, 9.65X107  2.10X10™* 134X10™* 4.96X10° 8.55X10™*
Ai, 1.89X107  0.0026  0.0012 3.77X10* 0.0056
Ai, 1.18X 107  8.58X 107 2.48X10™* 4.78X10° 4.50x107*
Ai, 408X107°  3.07X10™* 896X107° 1.71X107° 1.58x107*
Ai, 413X107°  279X10* 7.91x107° 1.50X10° 1.40x107*
Aug 830X 107M 2.11X10° 1.59X10° 7.16X107 1.48%X107°
AE,  448x107™" 8.85X107 5.71X107 224X107 4.10x10°°
Aug,  3.59X107  623X107* 1.18X10™* 1.67X107° 1.22X107*
Auc,  3.16X107  643X107* 1.45X107* 2.49X10° 2.25%107*

R ERGLSN
T RS B2 B3 B 4 B s
Aoy 01282 0.0233 02441 00150  0.0747

Ao, 03463 8.55X107°  0.0473 0.008 7 0.070 1
Aw,  0.0245 0.072 4 0.1217 0.002 6 0.1311
Aw, 8.78X10* 0.2887 0.0193 0.018 5 0.0159
Aw, 3.86X10°  0.1038 0.064 7 0.0162 0.162 3
Aw,  6.84X10°  0.0015 0.005 8 0.439 3 0.047 4
AS, 0.1282 0.023 3 0.244 1 0.0150 0.0747
A5, 03463 855X107°  0.0473 0.008 7 0.070 1
A5, 0.0245 0.072 4 0.1217 0.002 6 0.1311
A5, 8.78X107  0.2887 0.0193 0.018 5 0.0159
A5, 3.86X10°  0.1038 0.064 7 0.016 2 0.162 3
A5, 6.84X10°  0.0015 0.005 8 0.4393 0.047 4
AT, 124X107° 1.28X107 823X1077 2.61X107 4.93%x10°°
AT, 1.14X107"? 6.35%107"% 3.78 107" 2.62Xx107'° 8.10x 107
AT, 1.49X107° 1.61X107"2 945X 1072 332X 1072 1.32x107"°
Aa 124X107° 128X107 823X107 2.61X107 4.93x10°°
Au 124X107° 1.29X107 825X107 2.62X107 4.95%x10°
Ai,  895X10™°  0.0863 0.0070 832X10™* 0.0074
Ai, 1.65%10°  0.0103  9.79x107 1.47x10*  0.0018
Aiy  8.04X107°  0.0545 0.0047 592X10*  0.0056
Ai,  324x10°  0.0752 0.0062 743X10™*  0.0067
A, 1.75%10°  0.0147 0.0014 1.78X10™*  0.0017
Aiy  411X10°°  0.0346 0.0032 424X10*  0.004 1
Au,  459X107"7 4.90X10° 6.68X1077 1.61X107 2.79%X107°
AE, 248X10" 2.05X10° 241x107 5.05X10° 7.70x107
Aue, 125X107  0.033 8 0.0011 7.61X107° 4.16x10™*
Aug,  1.06X107  0.0329 0.0012  9.17X10° 5.63X10™
A, 257X107 00049  587X107° 449X10° 3.91x107°
A 294X107 00063  125X107* 1.11X107° 7.06X107
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Fig. 13 10-generator 39-bus system
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