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Fig.1 Topology structure of direct-drive wind power delivery system via flexible DC transmission
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Fig.2 Current closed-loop control system of sending-end converter station
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Analysis on dynamic interaction of control loops and sub- / supersynchronous
oscillation for direct-drive wind power delivery system via flexible DC transmission
Liu Chengxi"?, Wang Kunhu',Liu Zhi',Fan Lijuan’,Zhang Fan’,Yuan Hao’

(1. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China;

2. Wuhan University Shenzhen Research Institute,Shenzhen 518057, China;

3. China Southern Power Grid Scientific Research Institute Co.,Ltd., Guangzhou 510663, China)

Abstract: In the wind power delivery system via flexible DC transmission, the dynamic interaction between
the wind farm and the sending-end converter station(SECS) can easily induce sub- / supersynchronous oscil-
lation. Existing studies analyze system stability from the perspective of interaction among control loops.
However,when investigating the dynamic response characteristics of the SECS’s current inner-loop,the influen-
ce of wind farm side dynamics is generally neglected. To address this issue,a dynamic response model of the
SECS’s current inner-loop considering the wind farm side dynamics is established,and a simplified analytical
method for the SECS’s voltage outer-loop is proposed based on the assumption of constant actual current.
On this basis,the mechanism of system stability change caused by the interaction between the voltage outer-
loop and the current inner-loop of SECS is revealed,and the stable boundary corresponding to the interac-
tion is quantitatively characterized. Simulative results show that, wind farm side dynamics reduce the band-
width of SECS’s current inner-loop from 200 Hz to 4 Hz. When the bandwidth ratio between the SECS’s
voltage outer-loop and the current inner-loop is lower than 2.5, the system stability margin becomes nega-
tive, thereby inducing sub-/ supersynchronous oscillation. The accuracy of the theoretical model and the

mechanism analysis is verified based on the RT-LAB hardware in-loop experimental platform.
Key words: wind farm; flexible DC transmission system; sending-end converter station; sub- / supersynchro-

nous oscillation;dynamic interaction;stability



