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HVDC Circuit Breaker Unit Test Requirements and
Methods

Zhaowei PENG, Shiyang HUANG, Peng SONG, Yamei LI, Dangguo XU,
Linru NING

Abstract: The existing DC circuit breaker (DCCB) breaking test methods have high
requirements for the test circuit capacity and voltage resistance in the higher voltage
level DCCB breaking test, and there is no relevant standard for DCCB unit test at home
and abroad. In this paper, the requirements and methods of DCCB unit test are put
forward. Using unit test instead of complete machine test to ensure electrical stress, the
capacity and withstand voltage requirements of test equipment can be effectively
reduced. Considering the characteristics of DCCB as a combination electrical apparatu
with complex and diverse topological structure and various basic components, this paper

puts forward the basic requirements of DCCB unit test in type test. The unit division
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requirements and cases of unit tests for typical basic components such as ultra fast
disconnectors, power electronic switches, and surge arresters are given. And propose the
unit for unit test of the hybrid, mechanical and Coupled Negative Voltage DCCB used in
the Zhangbei Flexible DC transmission Project.

Keywords: HVDC circuit breaker; unit test; type test; Zhangbei flexible DC

transmission project
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Fig. 1 Waveform diagram of charging capacitor method
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Fig. 3 DC breaker unit design topology classification diagram
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Fig.5 Schematic diagram of mechanical DC circuit breaker unit test

A3 B K IR B LRI AR S S )

Table 3 Calculation example of mechanical DCCB unit test parameters

50 5 LR AT
IR [0 K U/n
PR A n 1
—— YL I, I,
Wik 2R AR B LR U, KU Jn
HLAAR(C,) D¢ nXik,
ML) Y k Y/n
R 1/2n/XY)
IR ZRAH S VIR P I I £ N XIV*U,
125 T W7 HhL 75 LR du/ele Ly | kI /nX

10



B FFE RM FLE REE Tikde

BAAS LA G A I 2 3 ok X PR AL T O L 2 AR SR (IGBT . IEGT.
IGCT &%), ikt 45 M 5 U ¢ UEA TR FE MR REIGIE . LATR AL DU 232 i TR R H Ry
), AL ELAE S A 1] B (S HUAO OC) FLBELI | % B8 Sk S AR 2R 0 I
(100%) . F= 37 # IGBT BTN AEMIRK (50%) . 5% 3 % IGBT 2 2% I e iR (50%) .
J& 56 MDA A AN SRR BRI, AT H B L, ke B RN, A T
Wi, R SATK,  ELAR REAS AT 5 e LI B s i B AL Bh R R

3.2 ikt TEATIKNIE TR

250k L 1 TR EL R B AR B AR AR A2 MU # A R =R
Wi AR A TR G T T DL 6, 18] 6(a) iR A 2C LT W B AR dh A b, 43S S i
SRS . FERESCRE, Horb S B T R IHLART OG5 6 HITIR 7 PRI AL
] IGBT 20 A (f % 2 R HRTUAR), et St vl 101> AP I GRS BT 4 A
TR ORI A VA5, BN 32 SR B A, R S T T
K IGBT 4y 32 BWUTT UKL, FERE SIS Hh Bk E AR 4B, 10 Gkt T 25 21 43 0 DT IR AE
10 LR S AR W o, RSkt T 28 4 PR 40 41 10 Skt 28 I R ;. &1 6(b) N
PUBC T, S BRSSO . TGP IRI  FERESCIK 4 45 ST,
Forb SR 12 A URIRT 1, % S el 5 2 A% SO IR D R L, T2
B BB A . PRI HUR DL S IGCT B R B, SR . DIRERGITEL, F%
S EE S RIS RS . ol AT A BH A B FEL R ZE A, AERE S 12 Gk
T 2 53 5 I FIRAEALOT SC P s A4 185 11 6(c) A M & T =X Ui B B e 4 T 45
¥, W FIE . RSO . FERE S = SBT3 S 8 W PR
BTSRRI AR, B8 S Hh L Ty L TG SRS TR TP B R IR AR, R S i
B F B 6 S AL FALE A A, AR TR 64 S WA 4 7R 45 H RO B
IGBT R B, FA 10 HR [l 6 Fh 0 70 L R84 i i P 255 T (B T30 P 1) b D SCR L [
IR AR A DL SRS ARt i, FERE S PR 5 4kt TR A% T REHR AL YL, 4 41k
i SRS SR H T B IFCTARA BIOEIE, 1 4l R SR IFIRE SR T 1 AR
S HL ) LR SR G £ H T B R

kAL TR IR TR & U B B ae B i, RBRITURE)S , LW
ATk 1040 50 KV BRLTTAEHL, ARFEES 2 97 b eI I8 SEAR 45 1R 2) BT i B BT o
24150 kV BT, BI2 GAHLMIT G . 241 3 S Tl FHFG . 2 AR S
JIHF W, 24RETR A%, ZERRICIAER T AR TP R OGRS RS, HaE
SR T L OGS B OGO B I S S BRR D L FO OC RE, RER S
FIHL T IF SRR T 5 MBI B ¢ #4812 o S B S 5 A8 R s AL AR

"



SEERERETHEERSEE

i, ok ERREA T ROTYR A, TR R . S A R RS OO R R AL PR AT
FoTiAE, HoTiE Ity 100 kv ALH, B2 SHLMOITOC . 1 5 RS SR G
B, THCEG SR, 2R, 7T B T RO T S RS A
FeR% St T2 G h S BE AR 4/5 BB R A AL B s AR 00 s B T i i
BEA R H T ARG BT, UE—dRS TR RIS 5 B8 SO )
LIRS SRR R B JNE RS, 5 Tk oo 2 FHHUIT O . 1 GRS SO
JIRFIR . 1 SBa R g . 1 GOk Edr, TSR S A ST i T L I SA T
S5 G M S H 7 LT T SR IR A2 AR 45 71K (1] s o SR 5 72 e e IR L
BT i 32 L SO R T B L i ORI AR T e B3R =2 BT
FEASIN I SRR AR 4, SRR R US55 1 s R )

4 H5iE

1o I EL T A A A A B s A e SR R A, A oCie i A
PRUEHL N 7 AR T R A AT 2 U A LI nl A i A AN | T TR
TN, SCAP S Y BRI SO IR A HEAS ZOR 50715 [RIIF4S Hh A Wi e 45
JUPFRAITIRER X I EOR s I B W s A 2 A 55X oot Moo
IR ETTR) 3 T R SRS EG n LAskdU I B TR R I 60 3 28 BT Bk a1 A
EEXR , GEita2K BRI aHdMARL, 45t ocilg ookl oy 526l hegiE
T A B I P BT AR SR AR S = RS

12



B FFE KM FRE REE

T e

S 3L WL SIPN

RSB
[ERLIES ST
AR B
BT
31044
a) R4S E IR B 4
SRR
Kef s
P
& S
R
fRosHi
| |
5%
b) HUR FL IR B B A
r—— _EREAOTX
— — ,b_/,_|—_
sz
(== _MRSEWII TR -
- i |
| HWAUE
| (7
Il 1000k Il
| Emj
|
Liimgii ATty IL 1;1:;]—'4!
L e I - Wy 1
| o | = ) iR
—e— oo R

Jt54%
o) R b LI R 25 R

Fig.6  Circuit topology of DC circuit breaker in Zhangbei project
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Table 4 Statistics of DC circuit breaker unit test scheme in Zhangbei project

AR UL N At
PR | POk | LR | Ponnls | Bl | fonide

A

NI 10 2 122 TT4Y) 2 8 2

ES

SO THR G TR ILA) 1 — — — -

SR I TG 10 2 5 1 5 1

A U [l i — — — — 1 1

TR i — — 5 1 — —

FERE I 10 2 122904 2 5 1

S5 3k

[1]

[2]

[3]

[4]

[6]

14

WM, EEE, B2, 4. 5kdb 500 KV L L MO RE R SR AT[D]. R
A, 2018, 44(7): 2097-2106.

TANG Guangfu, WANG Gaoyong, HE Zhiyuan, et al. Research on key technology and equip-
ment for zhangbei 500 kV DC grid[J]. High Voltage Engineering, 2018, 44(7): 2097-2106.
o0, BUINKR, VERHE, SE. IR umI M B A N TR RGO T R[],
FTERIF A, 2015, 9(1): 63-67.

YANG Liu, LI Xiaolin, XU Shukai, et al. The integrated system design scheme of nan’ ao
VSC-MTDC demonstration project[J]. Southern Power System Technology, 2015, 9(1):
63-67.

wWON, 5 OuE, DX, 4. SR m At Ei e R B R G R T]. R L
A, 2017, 43(1): 9-15.

CHANG Hao, LI Xuan, MA Yulong, et al. Discharge characteristics of DC system in
Zhoushan multi-terminal VSC-HVDC transmission project[J]. High Voltage Engineering, 2017,
43(1): 9-15.

kA, ez, XIEM, 5. BeIRA T AR N R SR SR D], mHE
AR, 2020, 46(5): 1473-1488.

YUAN Zhichang, GUO Peigian, LIU Guowei, et al. Review on control and protection for re-
newable energy integration through VSC-HVDC[J]. High Voltage Engineering, 2020, 46(5):
1473-1488.

AT, BN, BT, AF. H i R S s Sl PR SR B A RGO 7
[J]. BRSPS 8H, 2020, 48(14): 130-139.

LIN Xiangning, HU Xianging, TONG Ning, et al. A pilot protection scheme for an VSC-
MTDC system with high sensitivity and rapidity[J]. Power System Protection and Control,
2020, 48(14): 130-139.

T R, RN, VM. ZRVE B TARBORATSY . N BRI, I RS A Sk,
2013, 37(15): 3-14.

TANG Guangfu, HE Zhiyuan, PANG Hui. Research, application and development of flexible



B FFE RM FLE REE Tikde

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

direct current transmission engineering technology[J]. Automation of Electric Power Systems,
2013, 37(15): 3-14.

ASPLUND G, BARKER C, BAUR U, et al. CIGRE TB 533-Working group B4. 52-HVDC
grid feasibility study[C]//CIGRE Session. Paris: CIGRE, 2013: 56-65.

R, HOE, BN, SF. ETARASLN IR MG BT D]. R LT R
i, 2016, 36(14): 3726-3733.

WU Yanan, LYU Zheng, HE Zhiyuan, et al. Study on the protection strategies of HVDC grid
for overhead line application[J]. Proceedings of the CSEE, 2016, 36(14)' 3726-3733.

ik MR, ARSI, B, SF. O TR AT SAADT]. PR AL TR R, 2021,
41(13): 4502-4515.

ZHANG Shuo, ZOU Guibin, WEI Xiuyan, et al. A review of research on multi-port DC cir-
cuit breaker[J]. Proceedings of the CSEE, 2021, 41(13): 4502-4515.

FOul, RO, fRASHE. P E BT A NRR D], RO RGEH S, 2020, 44(9):
187-199.

WANG Can, DU Chuan, XU lJiexiong. Review of topologies for medium-and high-voltage DC
circuit breaker[J]. Automation of Electric Power Systems, 2020, 44(9): 187-199.

SMEETS R, KERTESZ V, YANUSHKEVICH A. Modelling and experimental verification of
DC current interruption phenomena and associated test-circuits[C]/CIGRE 2014 Session. Paris:
CIGRE, 2014: A3-114.

SR, BUHIM. R EDABTR AR AT LRAD]. mRFLAR, 2015, S1(11): 1-9

SHI Zongqian, JIA Shenli. Research on hlgh-voltage direct current circuit breaker: A review[J].
High Voltage Apparatus 2015, 51(11): 1

PEoE, mEM, , A E{m%ﬁ%%%%(m%%ﬁﬁﬂ”&?k 'ﬁfw/\@% . EEEAE,
2017, 53(6): 167-172.

BAN lJian, 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.

des Grands Réseaux Electriques. Joint Working Group B A B C I. Technical requirements and
specifications of state-of-the-art HVDC switching equipment[M]. Paris: CIGRE, 2017.

BELDA N A, PLET C A, SMEETS R P P. Full-power test of HVDC circuit-breakers with AC
short-circuit generators operated at low power frequency[J]. IEEE Transactions on Power Deliv-
ery, 2019, 34(5): 1843-1852.

BELDA N A, SMEETS R P P. Test circuits for HVDC circuit breakers[J]. IEEE Transactions on
Power Delivery, 2017, 32(1): 285-293.

XIU S, LONG Z, QINK, et al. Synthetic test circuit with two-level voltage source for HVDC
circuit breakers[J]. IET Generation Transmission & Distribution, 2023, 17(8): 1857-1869.

JIA Shenli, TANG Qiang, XIU Shixin, et al. Current interruption tests of HVDC circuit-
breakers: Requirements, methods and a testing case[J]. IET Generation Transmission & Distri-
bution, 2022, 16(14): 2939-2946.

ZHAO Shuzhen, ZHANG lJinxiang, LI Zhendong, et al. Research on short-circuit test of 500

15



SEERERETHEERSEE

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

kV hybrid HVDC circuit breaker[C]//2017 International Conference on Smart Grid and Electrical
Automation (ICSGEA). [S.L]: IEEE, 2017: 126-130.

i AR, BB, TR, 5535 kVAREG TR E WS G L O T RS S (0]
JEFEAR, 2019, 45(8): 2451-2458.

ZHANG Meng, ZHAO Yang, WANG Guojin, et al. Research on short-circuit current breaking
test of 535 kV DC circuit breakers based on coupled negative voltage commutation[J]. High Volt-
age Technology, 2019, 45(8): 2451-2458.

Anon. D10.7: Full Test Setup and Documentation[EB/OL]. 2025-10-13. [https: //www.
promotion-offshore.net/results/deliverables/.

BOHA, BB, JeaiAh, SF . — i e H TR A U B A S U ] i K 7
202011435858.2[P]. 2021-04-09.

JIAN Shenli, XIU Shixin, LONG Zhisong, et al. DC circuit breaker synthesis test loop and
method of two-level voltage source: 202011435858.2[P]. 2021-04-09.

ANGQUIST L, NEE S, MODEER T, et al. Design and test of VSC assisted resonant current
(VARC) DC circuit breaker[C]//15th IET International Conference on AC and DC Power Trans-
mission (ACDC 2019). [S.1.]: IET, 2019: 1-6.

TANG G F, WEI X G, ZHOU W D, et al. Research and development of a full-bridge cas-
caded hybrid HVDC breaker for VSC-HVDC applications[C]//CIGRE Session. Paris: CIGRE,
2016: A3-All7.

HINRICHSEN V. Metal-oxide surge arresters in high-voltage power systems[M]. 3rd ed. Erlan-
gen, Germany: Siemens AG, 2012.

TOKOYODA S, INAGAKI T, SADAKUNI H, et al. Development and testing of EHV me-
chanical DC circuit breaker[C]//2019 5th International Conference on Electric Power Equipment
- Switching Technology (ICEPE-ST). [S.l.]: IEEE, 2019: 329-334.

TANG G, ZHOU W, HE Z, et al. Development of 500 kV modular cascaded hybrid HVDC
breaker for DC grid applications[C]//CIGRE 2018 Session.Paris: CIGRE, 2018: 1-15.
VITHAYATHIL J J, COURTS AL, PETERSON W G, et al. HVDC circuit breaker develop-
ment and field tests[J]. IEEE Transactions on Power Apparatus and Systems, 1985, PAS-104
(10): 2692-2705.

LEISHI Xiao, CHAO Sheng, QIFU Lu. Research on Short-Circuit test and simulation of CSG
first mechanical HVDC circuit breaker in VSC-HVDCJ[C]//2018 International Conference on
Power System Technology (POWERCON). [S.1.]: IEEE, 2018: 2764-2769.

HOFMANN G A, LABARBERA G L, REED N E, et al. Field test of HVDC circuit breaker:
Load break and fault clearing on the Pacific intertie[J]. IEEE Transactions on Power Apparatus
and Systems, 1976, 95(3): 829-838.

EEE N
#HIAH(1993—), B, M, TAEIF, KF LRSS KA % (B-mail: peng.

16



HkAR HFF R FLE B T

zhaowei(@jibei.sgcc.com.cn),

FFF1996—), B, AL, TAIM, AFE LR BE S LKL (E-mail:
huang.shiyang@jibei.sgcc.com.cn),

R OMG(1982—), B, tHd, HRAFZERIAAN, KFEHEFREENEKFR
(E-mail: song.p@jibei.sgcc.com.cn)o

AT £(1989—), B, M+, TAET, AEF# L£EE&RBHE AR L (E-mail: i
yamei.a@jibei.sgcc.com.cn)o

st B (1974—), B, M, EHBIAN, KFF X EL LA N K RE-
mail: xu.dangguo@jibei.sgcc.com.cn)o 2

THA(1994—), |, M, TAEF, MFF XKLL SN H K% (E-mail: ning.

linru@jibei.sgce.com.cn),

17



