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Pilot Protection for High Voltage Direct Current Transmission Line

Based on Polarity Characteristics of Converter Control Signal Deviation

XU Ruidong, SONG Guobing, HOU Junjie, ZHANG Chenhao, ZHANG Yuxuan

(School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A pilot protection for high voltage direct current (HVDC) transmission line based on
polarity characteristics of control signal deviation is proposed to solve the problem of insufficient
performance of traditional HVDC transmission line backup protection. Analyzing the fault
characteristics of the converter control signals from the fault transient stage to the fault steady
stage, it is concluded that when the fault occurs in DC system, the deviations of constant current
control signals at rectifier and inverter are positive and the deviation of constant extinction angle
control signal at inverter is negative, while these polarity characteristics are obviously different
when the fault occurs in AC system. By observing the polarity differences of control signal after
the fault occurs on the AC/DC side, a start criterion based on the change rate of control signal
amplitude and a protection main criterion based on the polarity characteristics of control signal
deviation are established. Combining the blocking signal of DC bus protection, a novel DC

transmission line pilot protection principle is proposed to identify the fault that occurs on it. The
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simulation results show that the proposed backup protection can identify the DC line fault within

25—100 ms, and it can also effectively identify the 500 Q high resistance fault. The protection

principle only needs the transmission of single-way logic information and lower communication

requirement, and works longer during the fault transient stage to the fault steady stage, and its

overall performance is better than the traditional current differential protection.

Keywords: high voltage direct current; transmission line; converter; control signal; polarity

characteristics; pilot protection
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Fig. 1 Bipolar HVDC transmission system
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Fig. 3 Fault characteristics on rectifier side in AC system
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Table 1 Fault characteristics of control signal when a fault

occurs on rectifier side in AC system
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Fig. 4 Fault characteristics on inverter side in AC system
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Fig. 5 Fault characteristics of DC system
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occurs in DC system
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Table 5 Change rate of rectifier control signal under

different operating conditions of system
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Fig. 8 Simulations result of rectifier-side AC bus when a

three-phase short-circuit fault occurs
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Fig. 9 Simulation results of inverter-side AC bus when a

three-phase short-circuit fault occurs
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Fig. 10 Simulation results of inverter-side AC bus when a

single-phase ground fault occurs
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Fig. 11 Simulations result of faulty pole when a positive pole

ground fault occurs on DC line
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fault of positive pole of DC line occurs
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