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Fig.1 Equivalent model of DC power transmission line
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Fig.7 Simulative results of internal
bipolar short circuit fault
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Fig.8 Simulative results of internal
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Fig.9 Simulative results of external fault
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Protection scheme for ring flexible DC distribution grids based on
integration of current-limiting reactance voltage
DAT Zhihui',LIU Xueyan',LIU Ziqgiang',CHEN Siqi',LI Yiran', QIN Liangdong
(1. Hebei Key Laboratory of Distributed Energy Storage and Microgrid,
North China Electric Power University, Baoding 071003, China;
2. State Grid Hebei Electric Power Co.,Ltd.,Shijiazhuang 050021, China)
Abstract: The traditional AC fault detection methods are not applicable for DC fault identification conside-
ring the fact that DC fault current rises rapidly and has a wide influencing range. Therefore,a fast fault
detection approach based on the integration of current-limiting reactance voltage for the multi-terminal DC
ring network is proposed based on the complex frequency domain model of the system. Firstly,the equiva-
lent models of each component of multi-terminal DC ring network in both time domain and complex fre-
quency domain are analyzed in detail. Based on this, the calculation method of current-limiting reactance
voltage is elaborated, by which the transformation of the system model between time domain and complex
frequency domain is realized. The calculation method has the advantages of simple solution,low modeling
difficulty and universality for modeling of different systems. Subsequently, a fault detection method based
on the integration of current-limiting reactance voltage is proposed, which has strong anti-noise ability and
a certain ability against transition resistance. Finally, the validity of the proposed calculation method and
the feasibility of the protection scheme are verified via PSCAD / EMTDC based simulations.
Key words: DC distribution grid; Laplace transform; complex frequency domain equivalence; current-limiting

reactance voltage;single-ended protection
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Table C1 Protection actions under different transition resistances

u ;
eS| T L REL/Q Lyqp_int / (kV-ms) u|_11n_int / (kV-ms) |l..ILX J_int /|u|_x_yn_int 1] tr 445 T
5 13.11/12.45/11.81 4.16/3.99/3.73 3.16/3.13/3.17 X P IEAK
10 10.28/9.31/8.45 3.43/3.21/2.98 3.00/2.91/2.84 X P IEAK
IE R .
20 6.76/5.63/4.73 2.56/2.27/2.04 2.65/2.49/2.32 X P IE %
50 2.98/2.45/1.89 1.58/1.39/1.18 1.89/1.77/1.61 X P IEAK
5 30.6/28.76/27.1 30.6/28.76/27.1 1 X P9 XU
10 26.86/25.12/23.85 26.86/25.12/23.85 1 X P4 XU
U 5
20 10.02/9.68/8.34 10.02/9.68/8.34 1 X A SR
50 8.36/7.15/5.98 8.36/7.15/5.98 1 X A SR
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Table C2 Comparison of different methods
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