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Regional Pilot Protection for Flexible HVDC Grid Based on Extended Boundary

XUE Shimin, ZHANG Junting, LI Botong, LI Xiangyu
(Key Laboratory of Smart Grid of Ministry of Education(Tianjin University), Tianjin 300072, China)

Abstract: DC protection is essential for the safety of multi-terminal DC (MTDC) transmission grid. Traveling wave
protection is fast enough to satisfy the speed requirement of DC protection, however, has defects of high sampling rate,
low reliability and low sensibility when line boundary is limited. In this paper, the new regional directional pilot protec-
tion scheme is proposed, in which extended boundaries consisting of the converter and the reactors at each line of
converter are used. Firstly, the fault characteristics of voltage on both sides of extended boundaries are analyzed. The dif-
ferent fault characteristics between backward and forward faults caused by the obviously attenuation characteristics of
extended boundaries on voltage time domain waveform are used to realize the fault identification, in which the directional
pilot protection is developed. Busbar fault identification can also be realized. In addition,a regional protection scheme is
formed by coordination between adjacent protections. Then the influence of multiple reflected and refracted traveling
wave on the fault characteristic is analyzed, and the protection operation time is settled. Finally, simulations and compar-
isons are performed. The proposed scheme has a characteristic of low requirements for sampling rate, and has a high
sensibility and reliability under large fault resistance, strong noise, and relatively low reactor.

Key words: multi-terminal flexible DC transmission grid; extended boundary; the analysis of the fault traveling wave;

fault direction identification; regional protection; directional pilot protection
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Table 1 Results of line protection for different faults and

locations
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Table 3 Results of busbar protection for different faults and
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Table 4 Results of lightning stroke block criterion
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Table 5 Reliability comparison among various directional criterions
B e __ AN FE IR T T s
Tog 40 dB 30 dB 20 dB 15 dB
AR AL LA 0 6 804/2 824; 2.4 6804/2839; 2.39 6762/2821; 2.39 8503/5273; 1.61 7951/4140; 1.92
D=|duttine/dt|max/|dttbus/dt|max» 300 3305/1352; 2.44 3312/1468; 2.25 2680/1785; 1.5 4866/1905; 2.55 4076/2988; 1.36
D>Dse=1.2 500 2641/996; 2.46 2539/1059; 239 2345/1223; 191 3320/1952; 1.7 = 3560/4509; 0.78
B30 TR PR A« 0 2.11 2.11 2.15 2.09 2.14
Ur=AU\/AUbus, 300 2.15 2.11 224 1.92 247
Ur>User1=1.2 500 2.15 2.25 2.07 1.95 1.07
R A R B L 0 1.17 1.27 1.36 2.98 1.87
E=AEjine/ AEpus, 300 1.33 1.31 1.48 1.09 1.04
E>E5=0.8 500 1.42 1.47 1.39 0.97 0.75
B e AR 0 6.52 6.45 6.58 5.04 542
S=|AUr1|/|AUp|, 300 6.45 6.27 6.41 5.21 4.38
§>Ssetr=1.2 500 6.49 6.24 5.76 3.65 3.72
e ROIFRR YRR R T
4) FrHRARG A B B X R LA, FARER, 2019, 458): 23622574

HERAG, AE 58 LK PG B A AT A2 SR EL LA
MRS EEIENESR . TEFm AN E s, A%
BT, WG R EORAR. ATty R R
Al —BHELAA 2 MAN B R ER RS .
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(2]

B3]

(4]

(3]

(6]
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Table C1 Fitting parameters of propagation under terminal
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ki_gm Pi_gm ki mm Di_mm
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3 2.8x10* —2.1x10* 3.5x10° —2.9%x10°
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Table C2 MMC parameters for simulation studies
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