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Fig.1 Structure of doubly-fed wind farm connected by
flexible DC sending system
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Fig.2 Frequency characteristic curves of X, and R,
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Fig.3 Current and power curves of doubly-fed
wind farm connected by flexible DC sending
system and FFT analysis result of current
(120 wind turbines)
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Shunt-VSC subsynchronous damping controller to suppress SSO in wind power
connected by flexible DC sending system
LI Haozhi',LI Jingyi'?, YANG Jianjun®, XIE Xiaorong'
(1. State Key Laboratory of Control and Simulation of Power System and Generation Equipment,
Department of Electrical Engineering,Tsinghua University, Beijing 100084, China;
2. Key Laboratory of Far-shore Wind Power Technology of Zhejiang Province,
Power China Huadong Engineering Corporation, Hangzhou 311112, China)

Abstract: Wind power connected to AC grid by flexible DC transmission(here is called flexible DC) system
has become one of the main ways for grid connected onshore / offshore wind power system. However, there
is a risk of subsynchronous oscillation caused by control interaction between wind power and flexible DC
system. In order to suppress the oscillation,a shunt-VSC(Voltage-Source Converter) subsynchronous damping
controller independent of flexible DC system and wind turbine unit converter is proposed. The collection
line voltage is used as the input signal by this controller and the oscillation modes of the signal are extrac-
ted to modulate the signal’s amplitude and phase,moreover the subsynchronous frequency current is injected
by shunt-VSC into the system to suppress the oscillation. The parameters of controller are optimized based
on the complex impedance method. The simulative results demonstrate that the proposed controller can sup-
press the oscillation effectively under different operation conditions.
Key words: wind farm; flexible DC transmission; modular multilevel converter; impedance analysis; suppres-

sion of subsynchronous oscillation
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Primary frequency control of wind turbine based on deloading coefficient variation
ZENG Xueyang',ZHANG Chun',WANG Shunliang®, LI Xiaopeng',LIU Tiangi’

(1. State Grid Sichuan Electric Power Research Institute , Chengdu 610041, China;

2. College of Electrical Engineering,Sichuan University,Chengdu 610065, China)
Abstract: The participation of wind turbines in primary frequency control of power grid is of great signifi-
cance to improve the frequency regulation ability of power system with high proportion of wind power. The
interaction influence mechanism between power tracking curve of over-speed deloading control and droop
control under the traditional primary frequency control of wind turbines is analyzed, and results show that
the interaction influence cannot fully release the reserve power of deloading control of wind turbines,which
weakens the frequency regulation ability of wind turbines. In order to eliminate the interaction influence,a
primary frequency control strategy of wind turbines based on deloading coefficient variation is proposed,
and a parameter setting method of primary frequency control is given. A simulation example is built on
PSCAD / EMTDC, and the results show that the proposed control strategy can well eliminate the interaction
influence,and its frequency improvement effect is better than that of the traditional primary frequency control.
Key words: wind turbine; deloading control; primary frequency control;interaction effect; deloading coefficient

variation
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Table A1 Parameters of MMC-HVDC system

2% ZHUA
K E M AT
RE A 1000 MW 1000 MW
TR 335 468
TR 8000 pF 12 000 uF
W LR 105 mH 105 mH
AR e 4 s 1 0.14 p.u. 0.14 p.u.

F= A2 MEXEBEHESH

Table A2 Parameters of doubly-fed wind turbine unit

S8 HfE ZH e
BUE HLE 0.69 kV SEF HBH 0.005 4 p.u.
PUE D)% 2.0 MW SEF IR & 0.10 p.u.
e WK 11 ms? Loy | 0.006 1 p.u.

BB HZE 7500 pF TR 0.12 p.u.
B BHEHEIE  145kV | KN4 G 500
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