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power-flexible DC transmission system
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Fig.2 Frequency characteristics of polymerization

impedance’s determinant
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Sub-synchronous oscillation mitigation method of wind power-flexible DC transmission
system based on supplementary frequency dependent gain control
LI Jingyi'”,LI Haozhi’>, YIN Congqi*,XIE Xiaorong’, YANG Jianjun', WANG Ke'
(1. Key Laboratory of Far-shore Wind Power Technology of Zhejiang Province,
Power China Huadong Engineering Corporation Limited , Hangzhou 311112, China;
2. State Key Laboratory of Control and Simulation of Power Systems and Generation Equipment,
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Aiming at the SSO (Sub-Synchronous Oscillation) problem caused by dynamic interaction between
wind power and flexible DC transmission system,a SSO mitigation strategy based on SFDG (Supplementary
Frequency Dependent Gain) control is proposed. Based on impedance theory, the mechanism of SSO in
wind power-flexible DC transmission system is revealed. The optimal positions for applying SFDG controls
are selected from multiple converter control loops by using parameter sensitivity analysis. By comparing the
frequency characteristics of system’s polymerization impedance before and after applying SFDG control, the
principle and function of SFDG control are explained theoretically. The SSO mitigation effects of single
SFDG control and two SFDG controls are verified by electromagnetic transient simulation.

Key words: wind power-flexible DC transmission system;sub-synchronous oscillation;supplementary frequency

dependent gain control ;parameter optimization ;oscillation mitigation
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Sub-synchronous oscillation mitigation strategy based on
DFIG’s ratio of reactance to resistance
LI Zhijun"?,LIU Yang’,ZHANG Jiaan'?
(1. Key Laboratory of Electromagnetic Field and Electrical Apparatus Reliability of Hebei Province,
Hebei University of Technology,Tianjin 300130, China;
2. State Key Laboratory of Reliability and Intelligence of Electrical Equipment,
Hebei University of Technology, Tianjin 300130, China;
3. School of Artificial Intelligence,Hebei University of Technology, Tianjin 300130, China)

Abstract:Most of the existing methods to mitigate the SSO(Sub-Synchronous Oscillation) of DFIG(Doubly-Fed
Induction Generator) take the rotor speed deviation signal as the input,which may cause super-synchronous
oscillation and require large gain. Based on the impedance model of DFIG-based wind farm-series compen-
sation power transmission system in complex frequency domain,the damping control based on grid side con-
verter is equivalent to virtual impedance,and the action mechanism of DFIG under different ratios of reac-
tance to resistance and different compensation angles is explained. Based on the sub-synchronous damping
control method with line current as input,an improved damping control strategy and parameter setting method
for designing optimal compensation angle based on DFIG’s ratio of reactance to resistance are proposed.
Taking the SSO events of real wind farms as the examples,the equivalent model of DFIG-based wind farm-
series compensation power transmission system is built on MATLAB / Simulink platform,and the effectiveness
of the proposed damping control strategy is verified by time-domain simulation.
Key words: sub-synchronous oscillation ; series compensation ; DFIG ; ratios of reactance to resistance ; sub-

synchronous damping control;oscillation mitigation
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Table A1 Parameters of DFIG-based wind turbine generator

S8 HUE B
HE Ik 0.69 kV TE T 0.1 p.u.
E f PR 0.0054 p.u. IR 0.11 p.u.
LN i 0.00607 p.u. 4.5 p.u.
LDk 6 p.u. BB E e 0.0001 p.u.
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Fig.A1 RSC control block diagram of wind turbine generator
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Fig.A2 GSC control block diagram of wind turbine generator
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Fig.A3 Control block diagram of flexible DC transmission end converter
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Table A2 Initial values and sensitivities of control parameters in
wind power-flexible DC transmission system

AL B 3 B 2 ZH HIGHME R 1 R 2
Koprac 0.5 -0.4026 -0.5248
Grac(s)
Tirac 0.05 s -0.1090 -0.7966
Korq 2 20.9671 13.4026
Gig(s)
Tie 0.05s -0.6810 -1.8058
RSC
Kopri 2 -1.9407 -1.9474
Gii(s)
Tivi 0.01s -1.4670 -1.6801
Koy 2 2.6427 81.9109
Gip(s)
Tip 0.02's -0.0817 1.6028
Kpede 2 -1.3009 -1.1310
ngc(S)
Tigde 0.01s 0.2846 0.0053
Kpgi 2 -0.1556 -0.7238
GSC Ggi(s)
Tigi 0.01s 0.5337 -0.4806
Kpgq 1 0.7044 0.1995
Geq(s)
Tieq 0.1s 0.9010 1.0199
Kpac 2 0.1164 1.1601
FEM Gac(s)
Tiac 0.01s 0.1903 1.3783

M
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Fig.A4 Impedance network of wind power-flexible DC transmission system
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Table A3 Influence coefficient of controller parameters on SSO

RSC il 4% L 41 44 23 5 8 |Ac/ AM
Kprac 0.5 0.7 1 0.5
o 5.1 5.06 4.8
Keg 0.15 15 2 18
o 4.64 5.35 12.27
Kii 2 25 3
1.3
o 5.1 4.28 3.8
K 1. 2 2.
o > > 0.73
o 5.02 5.1 5.75
GSC 1l 85 % L4 2 240 |Acr/ AM,
o 5.278 5.1 5.04
Kyi 15 2 25 02
o 5.18 5.1 4.96
Kreg 0.5 1 L5 02

a 5.08 5.1 5.5
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