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A Hybrid DC Circuit Breaker Turned-off-assisted with Capacitance Self-charging

LI Jihao, PEI Xiangyu, XIAO Ming, CHEN Yang
(State Key Laboratory of Disaster Prevention & Reduction for Power Grid(Changsha University of Science & Technology),
Changsha 410114, China)

Abstract: The hybrid DC circuit breaker(HDCB) is the mainstream technical solution for achieving selective rapid iso-
lation of fault lines in VSC-based DC transmission systems, existing hybrid high-voltage DC circuit breaker technologies
face limitations such as constrained interruption capability and high costs. Therefore, an HDCB turned-off-assisted with
capacitance self-charging (TWCS-HDCB) is proposed in this paper. By pre-charging capacitors with normal operating
currents in the DC system and controlling the switching of power electronic devices in the module, resonance and oscil-
latory reversal between capacitors and inductors are generated to facilitate rapid current transfer, thereby achieving fast
fault current interruption. Firstly, this paper elaborates on the topology and operational principles of the basic switching
module unit. Next, the topology of TWCS-HDCB is proposed, and the working principle of TWCS-HDCB when breaking
the fault current is studied. Then, the influence mechanism of the capacitance and inductance for the overall breaking
performance is revealed, and the component selection method of the switch module unit is determined. Finally, simulation
verification and technical performance comparison analysis based on Zhangbei VSC-based DC grid reveal that the pro-
posed TWCS-HDCB has strong breaking capacity, effectively reduces equipment cost and floor area, and has superior
technical and economic performance.

Key words: VSC-based DC grid; hybrid DC circuit breaker; capacitance self-charging; assisted turn-off; switch module

unit; LC resonance
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F bt FOR R TS ELR T IR 7 58 2 — 115181,

SR, TRA TR IR T 2 e 78 S K 2 A
28 MU 7R s 1] 45 (insulated gate bipolar transistor,
IGBT) kAR $h e T DAY 32 2 25 70 b e e, {45 50
BIEMT BT, AL, T RS R A TR
THEA R RS EBRYR, ARG BB 251
T2 2RI, X HE RS 7 AR E R
W e B DR RS, FH 21221, 2012 4F ABB 2w il
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Wr L/ IGBT A f i, 1SR FRIREORER 1Y)
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Frik, ARG ERBER S FEE N = e b
M AR OK S IT W e 70 52 BR &8 1)

BRI, ASCHR M 7 — Rk s 2 B ACRER Bl ok
W 1 vk & =0 BV B % 2% (hybrid DC  circuit breaker
turned-off-assisted with capacitance self-charging,
TWCS-HDCB). % W% 258 it Bt R4 1 1s/7H
TR TF AR B T N R RS BT e v, ARl
FEHIT A N B DT T AT, SEBL R A AN
R AR IR IR S ), A AR e A%, 2
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THRIGARIST, $Et 7 —FhdE T oA B Ao
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Fig.1 The topology of the basic unit of the switch module
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Fig.2 Pre-charge stage
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Fig.3 Oscillation reversal stage
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Fig.4 Current transfer stage
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Fig.6. Normal operation stage
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Fig.12 Equivalent circuit during the stage #s~fs
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Fig.13 Parameters influencing analysis
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* 1. HIZRGT, Hmuh Siv Sov S3. Sa W E
NEET 2 TR AL 2 s #8 . JF
I3 A S XA IR R G . o, FE i g A
W= S+ S3 Al Sa #ifiuti K H & A 2h-To T D #(P/Q)
AL, So e It o S e R EL IR H - JE T TR
(Va/ QI . Fa8I81T THL R, Si Al SsAEAT)
2R IK Ui 3l 1) SRR B Rk 1250 MW A
2500 MW H I, Sq A R52 v TR B HL Y
HHIRUS 3 000 MW A ZThIhR . REAR S H 28 P v #10%
2 150 mH P38 b s A SR A0 iR, JFE
B2 2R 6 P i R TG B ELIR BT 2R T R i B
b 55 25 A R o BT AR T I A 1AL TSR 10 B A R
WK, SAEHISER IGCT 8% FEZ [ BE ST %
MAERESCEE(HEANSHEK 2). I OSHTCE N : B
JEHLE 500 kV, HLZEHIAE SRR LA C 4 50 pF,
HLEG L 24 200 pH, $z3h HLEH 250 Q.

42 ERP

Wi 15 Fizn, 3 s N ZIZ |, ANk o3
R, Bk Sy A Ss 43 ) S B LR %
H 1250 MW F12 500 MW A IhIN%, Ss WFRMEE
T L IR 3000 MW B DDA . =3 s I Z), fE
Bk Liness £k o AR AR T &)@ YRR %
b, FEWRTERASIER N, MR e, S
ST R AERTE AN fG, et B MR EASES

WK 16 fin, =3 s 22 |7, KRG THRE
BATIRFS . 4 1=3.003 3 s %], TWCS-HDCBs4 4%
WIS B EFR 4, RS+ PEMs Sz RIS,
PEMs {4zl 84 H 1 4824 0, 18I 3 % il T
%% 0,

WK 17 Frow, 1ERABUE RS E PEMs 1 [FRIE,
IGCT We B @z EfE 4, ey IGCT #4454 H 0
RN 1, IGCT SCHE T, Wi eyt T30k ph 3 = %
A4 IGCT X M. &1L 70 ps A4, s H
TS e R W SR T ) IGCT (i, Uik
IR0 B AL S I R AR R R 0, FE R HLIN 2%
PR PREA U IS EAT TR 53 ] o PR B LRI 5G40
AR, flk Sl A Ta, A HELRE S S
2 C HHEK L RA R, A C K H L IE
THAN FATIE. £93.005 48 s iZ), Pos bl
FEORAF I 5E R, U fid 5 5368 ot ) A T, 5% LU
TG IGCT 3 ] LS H BURE SR #5#%, IGCT 3¢
P LR P B A T BRI IGCT SRl (A
i, HAEHFE4SH 1R 0, WELW IGCT, WA

B, H?‘Sgll Li Line,,

wy 698

ACs S Lines, S, AC,

K14 PUsmset: B R gin b i
Fig.14 Topology diagram of four-terminal VSC-based DC

grid transmission system

*1 FMEHARBERATESH
Table 1 Simulation parameters of the VSC-based DC grid

transmission system

ZH Si Sz S3 S4
ARG RV 220 500 220 500
BIRAUE HEAV +500 +500 +500 +500

2 A 5 P/Q Va/Q P/Q P/Q

AR R AR 220/275 5001275 2201275 500/275
BiE B E/MVA 1 600 1 600 3200 3200
W i J/mH 100 100 50 50
MR TR 244 244 244 244
T2 /mF 8 8 15 15

%2 Pk TWCS-HDCB #.0:5 %
Table 2 Core parameters of the proposed TWCS-HDCB

S8 U
RYUHUE HLE/RV 500
MOV #7573 i i /kV 800
R E BURE S HB A CIUF 50
FL [ R BE SR R L/uH 200
B Ry/Q 250
4
B 2r S3
9 S,
'ﬁﬂ' 0 -
R S —
SZ
,2 -
N —
_ S 1 1 1
2.0 25 3.0 35 4.0
F &) /s
K15 &AMl DA
Fig.15 Power of each converter station
IGCT SCiEHIRFE 9 0.

ik 18 P, HLA B HCRE S b LA B
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Fig.16 Current of through-flow branch and control command
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1 1 L L : I ‘
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Fig.17 Branch current of IGCT and control command
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Fig.18 Current of capacitance in capacitance self-charging

branch
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Fig.19 Voltage of capacitance in capacitance self-charging

branch
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Fig.20 Voltage and current of arrester

SCHTHE TWCS-HDCB 75 %K H LC #8375 U0 iR 45
FHCRE S A AR AT R 7 F e i 5 e
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552 R

3 Pl A8 7 AT WRE S A e (A S B A
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