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Study on subsynchronous oscillation and propagation characteristics of
wind-fire bundled sending system
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(1. State Grid Shanxi Electric Power Research Institute, Taiyuan 030001, China; 2. Nari Group Corporation/State Grid
Electric Power Research Institute, Nanjing 211106, China)

Abstract: Due to the interaction between power electronic equipment and AC network, the wind-thermal-bundled
sending system may cause subsynchronous electrical oscillation, even lead to torsional vibration of the shaft of thermal
power units. In order to study this phenomenon in depth, the principle of subsynchronous oscillation of
wind-thermal-bundled sending system is firstly analyzed. Then, based on the parameters of a practical regional power grid,
500 kV and 220 kV power grid model including thermal power, wind power and HVDC power transmission is built in
PSCAD. The shaft torsional vibration of thermal power unit is excited under specific conditions, which may be caused by
subsynchronous harmonic current in wind farm. Finally, the necessary condition of shaft torsional vibration of thermal
power unit is analyzed, and the influence of line harmonic impedance, oscillation frequency, line overhaul mode on
harmonic current propagation path is simulated and analyzed.
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grid-connected system
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Fig. 4 Electromagnetic transient model of local power grid

including wind power, thermal power and HVDC
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Fig. 5 Curve of the shafting speed of the thermal power

unit with the disturbance frequency
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Table 1 Line power oscillation distribution under three

scenarios (14 Hz of oscillation frequency)

) st &G Bt 2 Y st 3 el
HRE DEMW  AMW MW
Brek 1-BH2k 2 56.42 56.95 55.54
BRk 2 M 8.42 14.12 7.79
Rpek 2-RE2k 4 8.9 17.76 9
Bpek 2Bk 5 9.69 159 9.81
Brek 2Bk 3 11 21.7 182
Rk 2-RE2k 12 4.75 42.25 3.05
BEER 3-THR 34.86 37.35 326
Brek 3-BH 6 5.47 15.1 9.88
Bpek 3-BR2k 8 12 16.22 11.03
Rpek 8-BEk 9 5.65 7.66 5.16
Rpgk 8-RE2k 11 1.8 2.5 1.62
Bk 2-RE2k 13 43 7.48 23.7
Rk 13-F12k 14 4.4 7.54 25.12
Rk 14-FE26 15 1.87 4.95 323

B KR LA P2 28, O HE ) KU L
K AL AR IR 2 37.1 Hz A1 62.9 Hz, %
T3t 3 R HE U 1 IR FL TR R AR I s R
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Table 2 Influence of frequency change of sub-synchronous

oscillation current on system oscillation power distribution

A7 5 AT PR
L EA N 36.4 Hz 1 63.6 Hz 37.1 Hz 1 62.9 Hz
Bi%/Mz  WEEMW  BEMz IEE/MW
Bk 1-RE2k 2 14 55.54 13 42.55
BRek 2 M 14 7.79 13 10.58
Bpek 2-BE2k 4 14 9 13 1433
Bk 2-BEek 5 14 9.81 13 13.45
Rpek 2Rk 3 14 182 13 14.46
Bk 2-RE2k 12 14 3.05 13 4.58
BEER 3-TH 14 32.6 13 46.65
Bk 3-RE2k 6 14 9.88 13 14.91
Rk 3-RE2k 8 14 11.03 13 16.39
Bpek 8-BHk 9 14 5.16 13 7.73
Rlgk 8-RE2k 11 14 1.62 13 2.49
Rk 2-RE2k 13 14 23.7 13 2.63
Rk 13-F14% 14 14 25.12 13 3.04
Bk 14-FF26 15 14 32.3 13 0.74
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Fig. 10 Thermal power speed curve under different harmonic
current content (frequency and torsional vibration

frequency complementary)
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Table 3 Distribution of power oscillation components in

different ways (14 Hz of oscillation frequency)

o Rreko-  RRgg2- B2 RRZE3-
4N B SMW I3 B4 RS RS
N-1/MW N-I/MW N-1/MW N-1/MW
BRER 1-REZk 2 512 50.7 48.2 49.84 49.51
B2 W 737 7.46 8.46 7.83 7.86
B2k 2Rl 4 16.23 16.3 10.3 17.34 16.85
Bk o-REk 5 11.28 113 125 8.01 11.7
Rk 2Rk 3 13.17 10.73 13.78 13.73 12.22
BRZE 2-BH2 12 4.04 3.95 4.52 422 4.15
BEER 3-THR 4222 36.4 45.14 43 42.6
BRk 3-BE2 8 14.22 12.64 15.56 14.9 11.52
Rk 3-RE2k 7 14.44 12.84 15.82 15.14 15.69
K2k 3-Rlzke  12.87 11.4 14.1 13.49 13.49
BR2k 8-REZk 10 45 3.99 4.92 4.71 3.98
BEek 8-1H2k 9 6.7 5.9 737 7.04 5.95
BRE 8-BEZ 11 2.14 1.9 235 224 1.17
BRZE 2-BEZ 13 47 4.46 4.98 4.67 4,54
RE2k 13-K14 14 5.13 4.85 5.34 5.04 4.87
BRI 14-814 15 3.77 3.8 4.1 3.91 3.79
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Table 4 Comparison of model steady-state operation

power flow andelectromechanical simulation

) PSCAD H 1)/
gpppgp  DVEEIMW.CO8 Te dn
T/ Mvar
Mvar
BR2 1-RR2k 2 -103.7/-50 -102/-52 1.64%/4%
Rk 2-RR2k 3 667.2/171.8 667.5/172.4  —0.49%/-0.38%
Rk 2-FFek 4 -454.8/174.3 -466/-173 -2.4%/-0.7%
RR2k 2-RR2k s -132.5/-238.8 —137.4/-247 2.4%/-0.7%
REgR 2-RF2E 13 -133.3/-213.2 -130/-214.5 -3.6%/-3.4%
RELL 3-REZ 6 —-1529.6/-191.8 —1580.6/-190.5 -3.3%/0.67%
BRek 3-BF2k 7 -1595.4/-93.6  -1624/-89.77  -1.8%/4.09%
RRek 3-RFE 8 -631.7/-130.5  -625.9/-136.0  0.91%/4.2%
Rk 3-HIi 3499.6/260.55  3500.1/266.1 0.014%/2.1%
R 13-FH 14 -303/-22 -310.2/-20.5 2.4%/6.8%

x5 BERTSEBITHRSINEHEN L
Table 5 Comparison of model steady-state operation
power flow and electromechanical simulation

LR Bt e e

PSCAD f#i7#4

= S S

Tk KA T
ek 2 31.02 28.28 8.8%
Rk 3 28.13 26.87 45%
K2k 4 432 41.01 5.0%
B2k s 16.97 14.85 12.48%
K2k 8 24.92 21.92 12.0%
Rk 12 26.3 24.75 5.8%
Rk 13 14.09 12.02 14.6%

Bk 14 9.20 7.78 15.5%

= 6 HLB5h RS EFR(660 MW/3000 RPM)
Table 6 Generator shaft parameters (660 MW/3000 RPM)

AR LR HU (kg m®) UL R AU(KN-m/rad)
R (i HP 1 500
4217¢7
AL LP 24 500
3.3e7
R HIAL 6000
52 3Lk
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