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Fig.1 Line boundary for distributed
smoothing reactors
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Tab.1 Influence of distributed smoothing

reactors on attenuation level of line-boundary
high-frequency signal
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Fig.2 Signal attenuation curve for different frequencies
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Fig.3 Fault directions of HVDC system
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Fig.4 Traveling wave of HVDC system fault
with positive direction
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Fig.5 Absolute value of forward and backward traveling

waves of fault with positive direction
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Fig.6 Traveling wave of HVDC system fault
with negative direction
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Fig.7 Absolute value of forward and backward traveling

waves of fault with negative direction
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Fig.8 Block diagram of single-terminal transient-based
protection for HVDC transmission lines
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Tab.2 Test results of directional element
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Tab.3 Number of improper protection actions
prevented by directional element
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Fig.9 Block diagram of pilot directional protection
for HVDC transmission lines
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Tab.4 Test results for different faults
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Ultra-high-speed directional element of relay protection
for HVDC transmission line
KONG Fei',ZHANG Baohui', WANG Yanting',ZHEN Wei*,ZHANG Ailing’
(1. School of Electrical Engineering,Xi’an Jiaotong University,Xi’an 710049, China;
2. Sichuan Electric Power Research Institute,Chengdu 610072, China;
3. Xuji Group Corporation, Xuchang 461000, China)
Abstract: In order to improve the reliability and sensitivity of single-terminal transient-based protection,an
ultra-high-speed directional element is proposed for the relay protection of HVDC transmission line,which
effectively determines the fault direction according to the difference between the forward traveling wave
energy and the backward traveling wave energy when different fault directions exist. A closed-loop test
system consisting of RTDS and HVDC control & protection devices is built to test the performance of
proposed directional element. Results show that,immune to the fault location and transition resistance and
suitable for different voltage levels and different operating modes of HVDC projects,it determines the fault
direction accurately and rapidly,which improves the performance of single-terminal transient-based protection
effectively. Besides,it can be used to form a pilot directional protection.
Key words: HVDC power transmission; relay protection; directional elements; smoothing reactors; signal

attenuation; fault traveling wave; traveling wave energy



