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Abstract

High voltage direct current (LCC-HVDC) based on thyristors is the main
transmission scheme of large-scale new energy base in China. When the LCC-
HVDC sending system is faulty, it is easy to cause commutation failure, and then
cause overvoltage of the converter bus at the sending end. Due to the weak ability
of wind turbines to withstand overvoltage, the high voltage crossing failure of wind
turbines is easily caused by the increase of bus voltage in converter station, which
leads to large-scale off-grid accidents, which seriously restricts the sending and
utilization of large-scale wind power. In this paper, the LCC-HVDC cooperative
suppression strategy of transient overvoltage for large-scale wind power under
commutation failure is studied. The main contents of the paper are as follows:

1) Based on the existing research, the generation process of transient
overvoltage at the sending end is analyzed in detail, the occurrence and recovery
process of fault at the sending end is divided into four stages, and the change
process of DC voltage, DC current and reactive power absorption at the rectifier
station at different stages is analyzed, so as to clarify the generation mechanism of
overvoltage. Based on the mechanism of overvoltage generation, the influences of
wind power permeability, power grid strength and transmission capacity on
overvoltage are analyzed. The analysis results show that with the increase of wind
power permeability, the decrease of power grid strength and the increase of
transmission capacity, the overvoltage level increases.

2) The effect of conventional VDCOL control parameters on DC system
stability and converter bus overvoltage suppression is analyzed, and it is proved
that there is a mutual restriction between overvoltage suppression and subsequent
commutation failure suppression during commutation failure fault and recovery
stage. Large DC current flow or fast recovery rate is conducive to overvoltage
suppression, but it will increase the risk of subsequent commutation failure. Small
or slow recovery of DC current will reduce the risk of subsequent commutation
failure, but it is not conducive to overvoltage suppression. To solve the above
problems, this paper also considers the influence factors of subsequent
commutation failure and converter bus voltage constraints to calculate the DC
current feasible region. The feasible region can be flexibly applied to different fault
conditions, and the correctness of the feasible region is verified by CIGRE model,
which provides a theoretical basis for the overvoltage cooperative suppression
strategy of the system sent by the wind power through LCC-HVDC.

3) According to the calculated DC current feasible domain, design the
overvoltage cooperative suppression control strategy of the wind farm through DC
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transmission system. Under the fault condition, the DC system control capability
is preferentially invoked, and the overvoltage is suppressed locally by DC system
control. On this basis, the wind farm is introduced to suppress the overvoltage
synergistically, and the transient voltage cooperative control strategy of the wind
power sending system through LCC-HVDC is proposed. This method can reduce
the converter bus voltage to 1.3p.u under different fault conditions. The following,
thereby reducing the risk of wind turbine off-grid. Finally, the CIGRE model is
used to verify the effectiveness of this strategy.

Keywords: commutation failure, DFIG, LCC-HVDC, DC current operation

feasible region, overvoltage cooperative suppression
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