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Abstract: DC high speed switch (HSS) is a key component in multi-terminal DC transmission system and is re-
quired to withstand long-duration DC arc abalation. According to the operating conditions and product characteris-
tics of HSS in + 800 kV hybrid multi-terminal HVDC transmission project, in this paper a constant current method
of switching power supply for HSS long-term DC arc ablation test is proposed, and a constant current DC high cur-
rent test circuit of switching power supply is designed. The technical parameters and device selection of the main
equipment of the test circuit are also introduced. Based on the high-power power electronic switching device IGBT,
the test circuit is set up and the HSS long-term DC arc ablation test is performed. The ablation test results of the
prototype show that the test method proposed in this paper is feasible. Based on the test results, the selection of ma-
terial type of nozzle and arc contact for 800 kV HSS products is proposed.

Key words: DC high speed switch (HSS) ; DC arc ablation; prototype test; multi-terminal HVDC transmission

project; constant current method of switching power supply
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Table 1 Technical parameters of 535 kV hybrid DCCB
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2 HORAE
T E ELT /Y 816
WUE ELHETT H LT A 4000
I BT R 35 A/1 kV/IEf45 101K
PRSI A7 g 4000 A/400 ms/5 K
FEWTBH R ] /ms <50
BT (i %o b i ] ) 1224 kV/1h

HRAE B i 22 v B B TR R as 1 TR K
HSS HA T W/ B L I 9 (RT3 B % 7K 32 SR 5K
AF 1] 24 400 ms 4 4 000 A FELIVEE Il Be il vk 0AS 2>
TS, KIREARE R AR R

1 HSSHYRNGEMIXIGTT %

X1 A AU G A H pIURE ki, [ N
AN BRI T i A, G FL e 9 00 s
IR I R VAW e 1 D B 374 D O s =1
JE BT OG0 HL ICpe 56, 4 sl A2 %1 HSS
[ 4 000 A/400 ms 13 FEL AR, [l N I AT TE 1
RIS PFRUEFNRLG , B TR R A D3k, B M4
P2 S50 2 RIS B A A A T Ao i



W57

HIT, B, AR, 45, £800 kV BEFHETTC(HSS) B il m7E +103-

FEHLIURE TR LT, o He U 3% 2 i Sk 8 ol (g AL
] A 455 7% 2 R e 7 o2 S5 i) fl Sk e okt g R 2%
F B B Ul Sk bR R DIAST B] | DR
FEL AR (B B R AT AR 55, BRAE T 5% 0 v A AT T
BAFEALIRL , BT RKINE L5 2%, 7 m fil sk
Beih i R R AR L, BT B I LR A5 R 1 A s
B AEBIL AT 250 fih Sk e P B U A 5 fl Sk 8 b R AT
RIE—DHMERL, SCrh T —Fh HSS JOM = H i
4 000 A B [E] A B L I BE A i B TR TR
JTHL B AR AE S T 350 L, X HSS AEHLIZEA THA TN
e ES , 5T T EA Rk R & AT HSS KA
5] R it RE |, Ay HSS Y7 it K 2 3% 14
TR

H AT, NI OC R gk e sl Fl R 22 5L e AR T
JE& 18 LI T 5 15 % FEL AL T U R B okt g X
(7 F2 AT A T AE IR AR e A Al
TR 20N B T AR A B
1.1 RREREEREMIXIEER

AT T I g B P O R T ol M B B B, 2
R PrT L R 2 f , AT R el 2 ALY E i e
ERYORTITD.C 42 T VA NN e =R (AR X o
A i FEL O R A, 0 L 15, a6 ] o D L ] AL €] 3
FH AR Fe i 7% 1 AC/DC & it 256 B 4 1 B L U,
[m] 56 ER I — AP TR L, 380 R R R R R AR
il 0 LI, DAPR TR0 3 A O e R A A P

i (A S B0
K L R
Ja—:'—l
AC ﬂ}— iiﬁuﬁ‘:KT(

T S

B3 TimEmitimag
Fig.3 AC rectifier test circuit
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Fig. 6 AC ablation test circuit
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Fig. 7 800 kV HSS product prototype

AT HSS B gn s, = 202X sl ik
FABICIER A TR RE A, AT AR I i
AN EE Bl sk R AR FL DI e, 9/ 1
[l pg Y RE i, (ARG e RERETE R il )
HSCEE R . SCH iR HSS heitik gL UL IE 8,
e FH LT 1T, Bl fioh S RITIE 1 25 6 L R 0
— BN TR B R, IR 4 000 A
AR T, IR AR IR A/ N T 1 RV,

B8 HSSKEMmiXIEHE
Fig. 8 HSS ablation test prototype

L 7 B T G IGBT 444 WL 9, F T HSS 4%
T 36 L Y A 4 000 A, SCHT LR IR BRDIRES [1] Ay
200 ms, i i T IGBT 1 25 i T+, 3C i 56
IGBT A4 7] DAAN 256 /K 18 15 4%, IGBT 244 i i 7
ANBITHASER I EEE . SRS CH7
L HL R R B 35 5 kv, IGBT 4144 5% FH 8 MU H 1R
4 500 V EE LI 2 kA A2 B 40P, T
Feiiad e rh  IGBT A Z2 Uk 338 A1 G, it ARG 2L
LA TITHR RC LA TC /#1738 24 11K L i R
FHAFAT RS R AR MOV Al il it FUS

SR AL D UL 10, il PG A
HEE IR TR e AR AR B A KR
BE L, SRR, AR R 12N R
4500 V A E HLI 2 KA B8, 4 55 2 T4

SCHT ARG LB TR, A A B e R L
VA BRI B 3= i TR R 5 s iy B
e e B b, S A AL D R A O
SEERIF o AnSRAE IGBT S 3R] D 21 7 2 R4, wk

E10 ZiREAH
Fig. 10 Diode assembly

B T RSO, AR Ot IGBT RISk — M
DI RIS , R A TR, H T ] 3 R LR b JR
e/, R i TR PR, 23 R AR BE B IGBT
FA L R ke, o TR IR 22 23 TR
TLHLEA B . AEIEH MBI R, A D
A 22 W B T3 R T A T B I BE RC
FHZS T T sh A8 . R B e B A TR s 1y
JEFFHEE MOV # i f s, AR AR A F . 1
Ah AR IR T 5 NN B B 2 4, T B e LR
R A HSH KT IGBT 2 2 1 it

B S A R DL 11, il o A T
DNt S [ %) LA PRI, T A P B N et L9 )
IRV AL A I P T iR 10 KA Y 34
B IR AR R I A R, 2 P A O (%) 4 o) %
P 1R A T R e %

E11 ERBEBRERR

Fig. 11 Hall current sensor



<106 202645 A

) 44 4

w2t Hsi

P, S 0 A% J% 78 1B JH Tektronix-P6015A ET i HE,
FEAZIRES , WL 12, F T L 45 9 4 € HSS Béih
FEDLWT B HL R . P6015A 943 F 42 1 000: 1, %
M5 S AU IE SR DL8SO, [Rl I sk 2 He
FEfE5

[

Wty |\ ook
E12 FEEBESESR

Fig. 12 Resistance-capacitance voltage divider
BRI R SR e S e WA 13, 1R
A 4 000 A LI A SE TaE SC W ], R AY
difde BUEARK , 528 % 2 ) AU L e B AT BOR Y
FL B TPL IR R, B LA R SR I ) B0 5 IGBT 44
Z e DG L A 5, A A TR T
P, 428 ) 450 2 AL A T R ) L 5 R e
I B 55 RS T T IR B it

i gl

E13 BEIEEFIREELRIESE

Fig. 13 Control and data recording equipment

3 HSSKEMENIRIE 5 EES

T it HSS HUaUGE i AR B, SO e T
TIE 4 000 A LR IRGE RS, Dt 1T T 5 1)
74 000 A ELI AL UK Pt , 6 FHAS [R) A4 i Sk
AR BT R IE TR0, BT 13 Hebe il . 58
TSR R A 5 32 R BT i X e b i A
PREE, e i a6 58 U PP, THER b i R A He
VBRI R A R, LAl BRI R

FET 8] 5 18 L B T BB P AR Y
— 1 L I R R 1A LA 14

HE % S
LS Fao
3 4000 A Beiikge
g e 7 HRL
2 / H
g mig 200 ms = _:
# 25
LAk BHE |E
[ L =L
£ 3

I 11)/(200 ms + div™)
E14 eIl ihiR e iR
Fig. 14 Arc current waveform
ML 14 IR AT LAt b i 56 5
oh RS H AR I B L A R N RS2 A C
L U080/ NS
3.1 CuW0filsk 39 G AL Al st O B it 4ok i i 06
TE S8 JE 11 0.52 MPa R, HEAT T 2 4 2 %%
CuW80 3y I A Sk S I 396 A ALHIIMGE 171 114 HSS #
PLGE Pl 56, e 1 HEL 3 A 4 000 A 3 YR BRI 58 ok
200 ms . BERE RS 10 Y, A3 2 000 ms 1521
TG, I A UL 3
£3  3%BN/CuW80 k&R 16 #4118
Table 3 3%BN/CuWS80 ablation test data

& ot st ] iies Wk Fetit/g
sk CuW80 4.0
R 1 R
It Sk CuW80 25.0
200 ms/10 7% N
% 11 3%BN 9.0
sk CuW80 6.0
52 ] R
I sk CuW80 20.0
200 ms/10 7% -
I 3%BN 9.0
il fiphsk CuW80 5.0
T I sk CuW80 225
200 ms/10 7% B
I 3%BN 9.0

3.2 CaW70 fil sk 1% &AL B O B it lee frhi oe
TEFRSE 1052 MPa K, 47 T 2 40 2 3%
CuW70 Bl fi Sk A N 1% &AL B F Y HSS #
HLBE 56, Btk 1 3 4 000 A L 4 IR I B ok
200 ms BN FE SR 10 7%, A3 2 000 ms #5200
BRI, I A L 4
3.3 CuW85 filsk sy & 4L fm: O B i e frh izt 56
TE S J1052 MPa F, #4771 4 22 4%
CuW85 Bl fish Sk A N 5% &AL B 1Y HSS #
HLEE 5 , b ik L 37 A 4 000 A L A R R RS 1ok
200 ms X3 10 U, &1 2 000 ms BEEIR T | 1456
W s WA S



W5 S

HIT, B, AR, 45, £800 kV BEFHETTC(HSS) B il m7E +107-

R4 1%BN/CaW70 $Eihix I8 #37
Table 4 1% BN/CuW70 ablation test data

el psf 1] o AL B /g
il fihsk CuW70 7.0
i 1 . !
F i sk CuW70 17.0
200 ms/10 7% N
N 1%BN 14.0
Sl ik CuW70 6.0
iKBﬁZ J . u
I fih Sk CuW70 16.0
200 ms/10 7% -
I 1%BN 13.0
) ik CuW70 6.5
T \ ’
T ik Sk CuW70 16.5
200 ms/10 7K .
[N 1%BN 135

R5 5%BN/CuW85 ik 16 #11E
Table 5 5% BN/CuWS85 ablation test data

Bl ) o Hk B /g
. Bl sk CuW85 8
e B CuWss 2

200 ms/10 7K .
5% ] 5%BN 14

3.4 fbSLFARE O/ BN 3 e it ie

TE 785K 77052 MPa T, JTF & T 3 4 4 %%
CuW70 B fih Sk FTAS I 19 2010 BIsE 1 AY HSS #
BLBE kS, AT 1 I ) LU L s ) U AR 22 3
4 000 A/500 ms ABEMRLS . E RS, #E T T
27K 200 ms . 17X 100 ms ] 4 000 A i BE, Ebemh
BF ] 28 500 mso A2 Pk i, s B AT T IR U
T 44 50 YR 4 000 A HL G Be i, st i a]
500 ms, aEe I i LK 6.

#6  1%BN/CuW70 ELi 35 ke ihid I8 $E
Table 6 1% BN/CuW?70 DC ang AC ablation test data

B[] /ms B AL benluiit/g
il ik CuW70 1.0
i ‘—\\l 1 o L]
ﬁtqf L1 ik CuW70 3.0
¥ 500 -
g} 1%BN 3.0
il ik CuW70 4.0
B 2 5 6] ‘ ’
. ik CuW70 3.0
LI 500 -
g} 1%BN 3.0
3 il fik CuW70 L0
FEIE CaW 70 20
it 500 -
g5 11 1%BN 0.5

3.5 KRR ELBIES

P ek a0 1 ik S DL 150 X LA BIT 35 3-5
(A0 I 2 K5 H0 , mT LA Y CuW 70 il Sk 196 &AL A
M5 T, CuW80 filisk 3% Z AL IS 11 . CuW8S fithk 5% %
FEISE 117 3 AR BILAE 58 1ok 3 56 v B A A [R] 1 e
Tk, AR T i AN, AT LAY A2 4 000 AL 101K .
200 ms PRI 37 , %80T 4 000 A .5 K 400 ms [
AR 52 T30

B 15 i i a0 fh SN s O AR 44
Fig. 15 Contacts and nozzles passing ablation test
ANTRI RS fih Sk T Sk T 11 858 it 53 o
FEULE 16-18, ZRFEH], CuWT70 i il ik . CuW80
Sl Sk K a8 390 Ak s i be il 1k Be A T H:
R (2B A A K

10
8 -
20
ﬂﬂgﬂ
= o
%KE
Z
=
R
2 3
O ]
CuW70 CuW80 CuW8gs
4oy

E16 Cu70/80/85 Zhfil Sk HitkeihE
Fig. 16 DC ablation of moving contact of Cu70/80/85

25r
20}
<o
@
=\
= 15
2R
=
fid
5 L
0 1
CuW70 CuW80 CuW8s
Moy

E17 Cu70/80/85&fit L Him b=
Fig. 17 DC ablation of static contact of Cu70/80/85
ANTRLBA A S fih ke A Sk IS 11 I o) ELUR
[ LR AN A B I BC i b L WLIRT 19-21, S55R3%
B4 000 A ELI FEL U J7 ) o B I 2 14 ik S T
FUBEIIEZ IR AN K, 4 000 A ELUL L I NS I LIRS B
A IR ES i Sk AE 1R ACRFE AR — K . ALY
TATUE it FL R 2 O F DI ) B I 25 2R ™ 8, e R A
L UL SO, PR T LU F IICHE K IR X ARSI



108~ 202645 A g&@g 2% S
(B, 2T H O ph A5 S o ™ 1 TEE, AR i B ol o i 1 A Rtk o

15¢ 4r
o0 40l 20
Ji=S
# | &2t
£ £
o O
= 5r =

0 i 0 I '
1%BN 3%BN 5%BN ERER  RIER L
4oy E21 1%&AMEOERE. R EFZREHE

18 1/3/5%mALMmE O EiRkkinE
Fig. 18 DC ablation of 1/3/5% boron nitride nozzle
6 -

ERER O RIHER i
E19 L ERE.REMZRERE
Fig. 19 DC and AC ablation of moving contact
4 -

ERHER  RIER TR
E20 FHLERE.REMZRERS
Fig. 20 DC and AC ablation of static contact

SCHITJRE HSS 1) 4 000 A HL 3L HL SRS 1k 56
T Bl kS RE 1 2 SRy B b e, AT H B
T AR BRI PR, BERH SO Y HSS 14 1
BLAN S ik Sk Kt 11 A HRL S T it 52 E 1 fiE
T /R PORFEPRIYER I A BRI L . TR 2R
BT AT LA B Nl Sk B R

B 5 fik Sk s AL B — o bR R
FRIBR B S0 1 e I Sl R I, DL 22,
e b e (X Ik v SRR A S S 1 FR PR AT

A~

i kR i i /g
(3]

I Skl bk /g
5%

Fig. 21 DC and AC ablation of 1% boron nitride nozzle

¥

{"is g

E22 fbkkEmiER%E
Fig. 22 Residues after contact erosion

R SC R B L R Pl g R s SR, WK
fi Sk >R I CuW70 Bl fish =k SR FH CuW 80 FIigg 1 s
AT £ R 396 4Lt 52 AL SICRE T BE ) fe A
PR 1Y 800 KV 25 2% HSS 7= fift 1) Mt 11 RTI fih Sk 52
RIFTRHILER 7,

%7 800 kV HSS % O Fns/ fi Sk BB A7 1t

Table 7 800 kV HSS nozzle and arc contact sizing material

BN behastE 1% 1 Holfsk  Shoi sk
1/A t/ms BN/% W% W1%
4 000 400 3 70 80
4 ZEig
SCHARHE£800 kV IR A 22 v e [ LU i L T AR

LR T G (HSS) s 17 T A= Sl i, it
T —7Al HSS ELI 4 000 A At [) B 7 H 9IRSl 30 46
FFFOCRIRIE T . BT RIpR e T34,
FEHEE T HI 4 000 A TE A 3 A RRDINT 32 32055 0] %
AE S5 HE < s (B) %) ELIE R0 F I o SR ik i g i A
0 R AR E TR A B VR N, AN 2K
6 L YRR HSS W 11 R BICREL AR AR AR

LT HSS Betik e AEAL , 54T T A R ik it 11
PERFERLE 4 000 A ELFURE RIS , X H T 1E 1) B
HLE I 7] L L 3T B 58 3t HL D e ph R 1
SRR

1) 3¢ H 3 F CaW70 fitk Sk 1% & Ak 8 w1 1



5 S HIT, B, AR, 45, £800 kV BEFHETTC(HSS) B il m7E +109-

CuW80 fih 3k 3% &AL % 11 1 CuW8S5 fifl 3k 5% & 1k
IS 1 58 1 4 B b RE L 4T 1T LAl JE 4 000 A/5 IR/
400 ms R s [ BRI 32 T, A1 & 21 1 v 75
ABRIIHE

2)FE [FIRE A BT s [E] 2528 T, 4 000 A B I FL U
B 77 T %k SR T A HSS IR B0 AR LK IR 5 A ik Sk
GIRP € S =AY Ny N

3)LE [FIRE AR TS ] 2524 T, 4 000 A B i FL U
FAE YL HL 00T SC P T 9 HSS S B AE L K I (1)
fiph Sk T 1158 PSR FE A —FF

SE WK

[1] 2= BB W, Armel], 55 0 H I i sl R e ] SEVE A vk
ZER). L RGP 5, 2024, 52(9):174-187.

LI Kang, HUANG Meng, ZHA Xiaoming, et al.An overview of
reliability analysis methods for an HVDC transmission system[J].
Power System Protection and Control ,2024,52(9):174-187.

(2] 3% BRI, SRR, S5 BN A M L R BT FE R Y LR
). ARG ST, 2025, 53(3): 172-187.

ZHANG Zhi, XU Yonghai, ZHANG Shicong, et al.Review of power
quality indices of a DC distribution network[J]. Power System
Protection and Control ,2025,53(3): 172-187.

(3] SRAHE, fTAAMR, B 05, A5 TR 1l B 0 SOk ELUR B w4
PRI BETT). AL, 2024 ,41(6):97-107.

ZHANG Dongjin, HE Baina, CHENG Ting, et al.Topology design
of photovoltaic DC circuit breaker based on oscillation circuit[J].
Distribution & Utilization, 2024 ,41(6):97-107.

(4] 2F #,5C .66 W, AL N R NG S

FIA) VAT 65 o 5 FEL 43U R T 1, 2024, 45(7):113-121.
QIE Xin, WEN Tao, HAN Bin, et al.Analysis of short - circuit
current of circuit breakers considering substation wiring and
topology transient adjustment[]J]. Electric Power Construction,
2024,45(7):113-121.

(51 ) 4@, s B2, 4 5k 500 kV BT LG AR S
BEEMFFTIN. s AR, 2018, 44(7):2097-2106.

TANG Guangfu, WANG Gaoyong, HE Zhiyuan, et al Research on
key technology and equipment for Zhangbei 500 kV DC grid|J].
High Voltage Engineering,2018,44(7):2097-2106.

[6] A, W JE G5 IR T A R R R M
JEER(T]. T R B R 2020, 46(8) : 2617-2626.

YU Zhanqing, ZENG Rong, QU Lu, et al.Development status and
prospect of hybrid DC circuit breaker[J]. High Voltage
Engineering,2020,46(8):2617-2626.

(71 SRFRT A, BB, 45, 500 kVARA FURMOR ARG E
LB RS )], SERAEIE BIBER , 2018, 1(4):413-422.
ZHANG Xiangyu, YU Zhanging, HUANG Yulong, et al.Principle
and development of 500 kV hybrid DC circuit breaker based on
coupled negative voltage commutation[]J]. Journal of Global Energy
Interconnection, 2018, 1(4):413-422.

(8] MIEREE. o IR BT B AR ICBEBORBT S]] mi L EHA, 2019,
45(8):2353-2361.

—

—

=

=

HE Junjia.Research on key technologies of high voltage DC circuit
breaker[J]. High Voltage Engineering,2019,45(8):2353-2361.
CAO Runbin, LI Guiyuan, LI Yan, et al.Multi-terminal hybrid UH-
VDC line protection scheme[C]//8th Renewable Power Generation
Conference (RPG 2019). Shanghai:IET,2019:1-6.
B, TEE RN, %, LCC-MMCIRA £ 00 M i i e R
S T R AL R A B EA ). R IR, 2019, 45
(8):2578-2586.
XIAO Liang, WANG Guoteng, XU Yuzhe, et al.Methods for power
flow calculation and electro-mechanical transient modeling of LCC-
MMC hybrid multi - terminal HVDC system[J]. High Voltage
Engineering,2019,45(8):2578-2586.
]l 2R AR 2% LCC-MMC IR0 ki b R SEAS
SFERIRISAITTEL]. H o R GE P 515, 2022, 50(22): 71-80.
HE Pinggang, MU Dalin, LIN Sheng.Start-up control strategy for an
LCC - MMC hybrid cascade HVDC system[]J]. Power System
Protection and Control ,2022,50(22):71-80.
WREL, PN, 06, 48 IR 200 B L R
PRI AR, 2019,43(7):2617-2622.
CHEN Zhengguang, ZHOU Zexin, WANG Xingguo, et al.Research
on protection scheme of hybrid multi - terminal DC transmission
lines[J]. Power System Technology ,2019,43(7):2617-2622.
E O AN, EEUL, A LCC-MMC IR # R EL i R 5E
ELVL AR B SEL). o LT R L 2021, 41
(21):7339-7351.
WANG Lei, SUN Xiaofeng, WANG Baocheng, et al.Research on
protection scheme of DC line fault in LCC-MMC hybrid HVDC
system[]]. Proceedings of the CSEE,2021,41(21):7339-7351.
SRR R E LS, TN L 45 TR G 22 U i P 2 s D A 3
e L N E 7B S AEIESE ], B LT R 240, 2021, 41
(11):3873-3884.
ZHANG Chenhao, SONG Guobing, DONG Xinzhou, et al.
Application research on fast line protection and adaptive restarting
methods for multi-terminal hybrid LCC/MMC HVDC transmission
lines[J]. Proceedings of the CSEE,2021,41(11):3873-3884.

[15] Ji s, Blids FUL R B, A6 ER MO0 J = A0 900 2 9 G I I DB

B VEREPELT]. m07 HL R 2022, 16(2) : 34-40.
ZHOU Dengbo, LU Qifan,ZHOU Yong, et al.Action characteristics
of circuit breakers after the faults of kunliulong three-terminal DC

system[]]. Southern Power System Technology, 2022, 16(2):34-40.

[16] ZHANG Chenyang, LYU Jun, LI Wei, et al.Review on key technol-

ogies of DC high speed switch in a multi-terminal UHVDC system
[C)//2021 Annual Meeting of CSEE Study Committee of HVDC and
Power Electronics (HVDC 2021).China: IET, 2022 : 195-201.
RITME, B 0, K0T, 5. 2000 E i i TR 1 = T ¢
BEIRIRE IS AT 5 L, 2021,57(8): 17-22.

LI Weiguo, YANG Xu, ZHANG Changhong, et al.Analysis on DC
arcing characteristics test of DC high speed switch in multi -
terminal HVDC transmission system[]J]. High Voltage Apparatus,
2021,57(8):17-22.

SRRHL, A B, AR TN, 45, W T BT s i i R AR b I
NAFSE)]. R R FLAY, 2020, 56(2):53-61.

ZHANG Changhong, YANG Xu, LI Weiguo, et al.Study on



-110-

202645 A

 § 3.4 -

62 s

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

cumulative ablation effect of circuit breaker due to breaking short-
circuit current|J|. High Voltage Apparatus,2020,56(2):53-61.
ZEXC, BRI R AR B SR ik b iy
PR B HRHA ,2020,46(6):1970-1977.

LI Xingwen, LYU Qishen, TIAN Tian, et al.Contact erosion charac-
teristics under direct current air arc[J]. High Voltage Engineering,
2020,46(6):1970-1977.

SUN Ming, WANG Qiping, LINDMAYER M.The model of interac-
tion between arc and AgMeO contact materials[]J]. IEEE Transac-
tions on Components, Packaging, and Manufacturing Technology :
Part A,1994,17(3):490-494.

SHEA ] J.High current AC break arc contact erosion[C]//2008 Pro-
ceedings of the 54th IEEE Holm Conference on Electrical Contacts.
USA:IEEE,2008:22-46.

EHN, SRV I, A BAEH N W Cu il Sk AR IR
P BT RE I T]. W4T 428 ,2014,38(3):371-378.
WANG Xingang, ZHANG Huailong, SHI Bin, et al.Arc
characteristic and ablation resistance of WCu electrical contact
material with different microstructure[]]. Chinese Journal of Rare
Metals,2014,38(3):371-378.

XX R, WAL, AF. S8R TR 500 kV LR LA B
TR EHRIR[]]. FE SR, 2019,55(12):221-226.

LIU Ping, LIU Pu, YAO Sili, et al.Capacity test of 500 kV
mechanical DC circuit breaker of flexible DC project|[J]. High
Voltage Apparatus,2019,55(12):221-226.

M 44tk B BR/IVBR, S5 S LA BT A T IR0 T vk
R[], Y, 2018, 54(7):37-43.

CHEN Ming, XU Min, LI Xiaolin, et al.Review of HVDC circuit
breaker breaking test method|J]. High Voltage Apparatus,2018,54
(7):37-43.

U, AL A SE AR TLINT I A L T BRI R
TG Bl ER{T]. S LAY, 2017, 53(6): 167-172.

BAN Jian, GAO Xiangxiang, HUANG Shi, et al.Current breaking
test technology and circuit of DC circuit-breaker{]J]. High Voltage
Apparatus,2017,53(6): 167-172.

TR 58, TIE T, NER I, 46 vy T U il P P U A T O T
e HL YA LB £ 0T 5 B (D] R TR LA, 2012, 48(11) :
75-81.

NA Hu, DING Zhengping, SUN Jinfeng, et al.Design of test circuits
of DC circuit breaker for high voltage direct current(HVDC) distri-
bution system- | [J]. High Voltage Apparatus,2012,48(11):75-81.
A P, TR, P 06, S i Hs T 00 il v TR A T e e
e e YR (R 09 20 A 5 BT Q)1 T HL R, 2013, 49(1) ¢
92-95.

NA Hu, DING Zhengping, SUN Jinfeng, et al.Design of test circuits
of DC circuit breaker for high voltage direct current(HVDC) distri-
bution system- Il [J]. High Voltage Apparatus,2013,49(1):92-95.
R WRBUE, BT i, 45 AR i s I A B e T T
RIGHFFEI]. RS, 2020, 56(11): 111-115.

[29

130

131

[}

—

GAO Junzhen, DAN Shuheng, GU Wei, et al.Experiment research
on breaking capability of mechanical type HVDC circuit breaker
[J]. High Voltage Apparatus,2020,56(11):111-115.
B, XU BT, LA RS T T U v T R BT
A S R BT e R R 2019, 45(8): 2480-2485.

HU Binbin, LIU Liming, YUAN Zhao, et al.Synthetic test circuit
for mechanical HVDC circuit breakers[J]. High Voltage Engineer-
ing,2019,45(8):2480-2485.

XU, e, S T, 2. 7T kAL Db T R 535 kv
RS A B VLT SR L2 BTS20, m R R HA , 2020,
46(10):3638-3646.

LIU Chenyang, WANG Qinglong, CHAI Weiqiang, et al.
Development and experimental research of +535 kV hybrid DC
circuit breaker prototype applied in Zhangbei four-terminal VSC-
HVDC project[]]. High Voltage Engineering, 2020, 46(10): 3638 -
3646.

PR BP0, FRERDL, 8. B AR TT OIS L i A 05 B
ANLISBETELS]. R, 2015,51(11):85-90.

SUN Keke, ZHONG Jianying, CHENG Tiehan, et al.Simulation
and experimental study on the flow field of DC transfer switch

nozzle[J]. High Voltage Apparatus,2015,51(11):85-90.

[32] R, BEHNFE , PhITAT, 55 o F 0 AT OGN Il B 1

[33

[34] 38 M5, = mete

135

]

—

THFFE(I). i HE A%, 2014, 50(12) : 55-59.

CHENG Tiehan, HUANG Yulong, SUN Keke, et al.Investigation
on current commutation capability of high voltage direct current
commutation switch[J]. High Voltage Apparatus, 2014, 50(12):
55-59.

(SR S € N/ = W VA S R [§ ST RS N
[J]. E R AR, 2018,44(5): 1685-1691.

LYU Wei, WANG Wenjie, FANG Taixun, et al.Test technology of
hybrid HVDC circuit breaker{J]. High Voltage Engineering, 2018,
44(5):1685-1691.

WA ISR TR A A
BLER I T R BT S B SRR (D). R R, 2021, 47(4):
1428-1435.

QIU Peng, XUAN Xiaohua, LU Yi, et al.Design and application of
short circuit test scheme for hybrid DC circuit breakers in
Zhoushan VSC - HVDC transmission project[J]. High Voltage
Engineering,2021,47(4): 1428-1435.

M AR, AT T R A AU TR A
TE Z2 1 i P 2R e e P a8 B 5 L i RO
2019,45(8):2444-2450.

XIAO Leishi, SHENG Chao, LU Qifu.Short - circuit test and
simulation of CSG first mechanical HVDC circuit breaker in VSC-
HVDC[J]. High Voltage Engineering,2019,45(8):2444-2450.

KK IT(1983—), 3 &, TR F @ A &R AR £ e

BEA BT R R &7 R AR Y (3813 4F ) (E-mail : 183048839@qq.

com),





