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Protection scheme for a multi-terminal flexible DC grid line based on low frequency transient
energy ratios of different outgoing lines at the converter station

ZHENG Tao, LI Zixiao, CHEN Ying
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Source
(North China Electric Power University), Beijing 102206, China)
Abstract: The multi-terminal flexible DC grid line protection based on the characteristics of line boundary elements is
hard to apply to the power grid when a current limiting reactor is installed at the outlet of the converter station. Thus a
multi-terminal flexible DC grid line protection scheme based on low frequency transient energy ratios of the different
outgoing lines of the converter station is proposed. First, through analyzing the impedance frequency characteristics of an
MMC on the DC side after a fault, it is concluded that the MMC exhibits an inductive characteristic when the actual
frequency is greater than the resonant frequency. Then through analyzing the variation rule of the voltage traveling wave
refractive index at the bus with frequency is analyzed, we conclude that the low-frequency components with frequencies
greater than the resonant frequency have obvious attenuation characteristics after being refracted by the bus. Then the
difference in the low-frequency transient energy ratio of different outgoing lines of the converter station during forward
and reverse faults is analyzed based on this conclusion. The fault direction can be determined via this difference. Finally,
simulation results of PSCAD/EMTDC show that the proposed protection scheme can reliably identify fault directions
without relying on line boundary elements, and it has a certain ability to withstand transition resistance.
This work is supported by the Joint Fund of National Natural Science Foundation of China (No. U2166205).
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Fig. 1 Topology of typical multi-terminal flexible DC grid
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Table 4 Transient energy ratio k of each frequency band under different current-limiting reactors and transition resistances
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HLFH/Q [6.25,12.5) kHz [12.5,25) kHz [25,50) kHz [50,100] kHz
20 1.329 1.081 1.042 1.009
50 100 1274 1.079 1.041 1.008
200 1.131 1.073 1.040 1.008
) 20 1.182 1.045 1.023 1.003
XMW £
100 100 1.155 1.046 1.023 1.003
(40%l,)
200 1.109 1.045 1.023 1.003
20 1.121 1.033 1.017 1.002
150 100 1.108 1.032 1.016 1.002
200 1.075 1.032 1.016 1.003
20 0.713 0.910 0.963 0.986
50 100 0.729 0.910 0.962 0.985
200 0.735 0.901 0.961 0.986
20 0.835 0.947 0.978 0.992
X4k £,
100 100 0.843 0.949 0.978 0.992
(60%I,)
200 0.873 0.949 0.977 0.991
20 0.878 0.962 0.984 0.994
150 100 0.887 0.962 0.984 0.993
200 0.889 0.963 0.984 0.994

IR 4 b Jah T En, 754 200 Qi
P BH A, Hmul O PR BIES A 150 mH
BF, IE o) BB A A RE = LUAEA 1.075; Ak
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BACARNA R E AR PRI . F AR A e v
LA IR AR B AR /N, D, AR 2R B
ORGP, DA RN B b o T R,
R P 2 R SR AT R AR A A 3 7 o T 04
i, PREAERE T T Ry RS PT S AN 1

e e v 12 g oo 1y e SR
A AT IR IR R P42, R T AR SRR A 15 3
P8 2, S ik 2 B X AR B () (R A 42 i e
FIRABOCT AN R E M, WA Hohsedi T3, &
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NRETEAR, WA, frdr B = a] el

5 i

ASCE XS BRI L PUas 2R AE i 1, T
BRI ST R I 22 i S EL AR 2R TR T SR
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A ReE AR 2 0 2% B F I ZR B DR AP 7 58, T EE4h
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1) 24X PR, 28 2% 0 O b AR A 25
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