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Abstract

With the rapid development of high voltage direct current (HVDC) transmission
projects and new energy generation technologies in China, the characteristics of "strong
DC and weak AC" in the power system are becoming increasingly prominent. The main
performance is that the new energy in the desert, Gobi and wilderness area is centralized
access in the DC near area and away from the AC main network. The problem of transient
overvoltage at the weak sending end caused by DC system commutation failure is
aggravated. Severe overvoltage can lead to high-voltage disconnection of new energy at
the sending end, affecting new energy consumption and threatening the safe and stable
operation of the power system. Aiming at the above issue, this paper proposes a
coordinated suppression strategy for transient overvoltage considering multiple devices,
and mainly completes the following tasks:

Firstly, starting from the mechanism of commutation failure, the multiple
spatiotemporal characteristics of transient overvoltage at the weak sending end of DC
were revealed after commutation failure. From the perspective of time delay and voltage
regulation characteristics, it focused on analyzing the regulation characteristics of DC
control systems, reactive power compensation devices, and AC surge arresters on
transient overvoltage, and elaborated on the advantages and disadvantages of existing
transient overvoltage suppression methods.

Secondly, a rapid suppression method for transient overvoltage at the weak sending
end of DC based on low residual voltage surge arresters was proposed. Based on the
requirements for suppressing transient overvoltage at the weak sending end of DC, the
energy dissipation demand for suppressing transient overvoltage at the sending end was
analyzed. Considering the short duration, fast speed and high peak of transient
overvoltage, arresters were used as suppression devices. Since conventional arresters
might not meet the energy dissipation requirements, a parameter design method for low
residual voltage surge arresters based on suppression requirements was proposed. The
impact of low residual voltage surge arresters on the system after the installation was
analyzed and the correctness of the method was verified based on the CIGRE-HVDC
standard case.

Finally, considering that transient overvoltage can propagate through the sending-
end grid, a coordinated suppression strategy based on multiple devices for transient
overvoltage at the weak sending end was proposed. This chapter described the distribution
of controllable voltage resources at the DC sending end. Based on chapter three, a
coordinated suppression strategy for transient overvoltage was proposed based on the
"rectifier station - point of new energy common coupling - new energy site" across
multiple devices. Furthermore, the model was solved by using the joint calling algorithm
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of PSCAD-MATLAB. Based on a certain UHVDC demonstration project in China,

simulations were conducted under three different operating conditions. The results
indicated that the proposed strategy effectively suppressed the transient overvoltage issue
at the weak sending end after commutation failure, ensuring the safe and stable operation

of the system.

Keywords: High-voltage transmission system, commutation failure, transient over-
voltage at weak sending end, low residual voltage arrester, coordinated suppression

strategy
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