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Fig.1 Sketch map of current circuit of
DC line short circuit
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Fig.2 Sketch map of current of DC line short circuit
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Fig.3 Sketch map of the fault type of 2-terminal system
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Fig.4 Multi-terminal HVDC Flexible system
with parallel connection
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Fig.5 Topology of Zhoushan 5-terminal HVDC Flexible
transmission
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Table 1 Parameters of converter stations of Zhoushan 5-terminal HVDC Flexible transmission

AR AE T/

8 3 il AR/ MW H i HE/kV eV /W) FHRYHEE/KV  FEREIEAE/pF FEYEE/A B BEP/mH
Frili 400 400 220/200 1.6 6 000 275 96
ki 300 400 220/200 1.6 6 000 275 110
N ] 100 400 110/200 1.6 6 000 275 318
b3 100 400 110/200 1.6 6 000 275 318
B 100 400 110/200 1.6 6 000 275 318

Fr Ll o F2 kAT A g 7E PB4 R A
L N R S A ST 3 g I PR O e A L LA
H S8 sk 2 s,
2 AR TSN E B R A MR 0 N S B R
Table 2 Short-circuit current from each converter station

for a short circuit at the outside of
smoothing reactor of Zhoushan station

T S I PRI KA
1 ms 2 ms 3 ms 4 ms 5 ms
Sl 1.88 4.12 6.10 7.78 9.06
1510 0. 50 3.72 5. 05 6. 64 7.50
N ) 0.52 2.07 3.05 3.92 4.51
LS 1.39 2.21 3.07 3. 89 4. 60
il 1.39 2.21 3.07 3. 90 4. 60
JIE 3 3.78 9. 87 14. 24 18. 34 20. 92

T Ll 25 A2 S B A1 JL I 5% 3l ) 8 0% TR A
P14 L B FEL WAL AT e K 7 BRI 3% 3 T
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Table 3  Short-circuit current from each converter station
for a short circuit at the outside of
smoothing reactor of Yangshan station

B S I PRI KA

1 ms 2 ms 3 ms 4 ms 5 ms
Wl 1. 40 2.56 3.66 4.69 5.61
kil 0. 41 3.58 4. 96 6. 49 7.31
N 0.58 1.97 2. 87 3. 84 3. 40
LS 1. 36 2.16 2. 89 3.79 4. 48
saatll 1.70 3.20 3.92 5. 87 6.75
3L 3t 4.05 10. 36 14. 64 20. 18 22.77
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Fig.6 Fundamental schematic of HVDC circuit breaker

L5 s O T e e E T R R B T 3
Y oy ) T LT 5 A A GE AL B T B i L 3
Tl g T A A [ S T AR AR T A A
A U % A
2.1 WL BT B 2R

e e BB BT % 25 1 285 450 FE AR il 28 i BEL A B
0, TF Wi RE )R . PSS BT TR
LU A TT G v B 2 B AT L S S R v U Y 0 T
1832 4R 15 JIv 8 F 1) 40 RLATLAR T 5C 73 W 3k J3E 1) 2
W, 3 LA R B AR G PR ) IR B A O A 2
R

O AR v LA W S A 2l A R L SCHR (14 J3R T
— P RE % 52 BTG I 23 Wt 64 DR AL BT S5 W I 48
A& 7 R

HUBIT
et
R

wi [ ]
A

LT

L
A
B 7 ool T RS

Fig.7 Structure of arcless mechanical DC circuit breaker
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Fig.8 Topology of an improved solid-state DC
circuit breaker
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Fig.9 Topology of traditional hybrid DC circuit breaker
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Fig.10 Topology of current injection hybrid DC
circuit breaker
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Table 4 Performance comparison of three types of
DC circuit breakers
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Fig.11 Topology of a new hybrid-type HVDC
circuit breaker
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Fig.12 Circuit configuration of sub modular
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Fig.13 Simulation waveforms of voltage and
current at the first stage
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A Novel Design of High-voltage DC Circuit Breaker in HVDC Flexible Transmission Grid

WEI Xiaoguang, GAO Chong, LUO Xiang, ZHOU Wandi, WU Yanan
(State Grid Smart Grid Research Institute, Beijing 102200, China)

Abstract: Multi-terminal direct current (MTDC) transmission based on flexible direct current (DC) and DC grid technology are
one of the most effective means for the interconnection and accommodation of renewable energy generation. The high-voltage
DC circuit breaker is a key component in the DC grid. On the basis of an analysis of the mechanism of DC-side short circuit in
the MTDC system and the trend of the corresponding short-circuit current, the characteristics of the fault current through a DC
bus of Zhoushan 5-terminal flexible DC transmission project under the most severe short-circuit fault are detailed, and the
demands for the DC circuit breaker in the DC grid are stated. After a performance comparison of the three types of DC circuit
breakers in current use, a novel topology of fast DC circuit breaker suitable for use in the flexible DC transmission grid is
proposed. Simulation results have verified the fast action of the novel DC circuit breaker of cutting off the fault current of the
flexible DC transmission grid.
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