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Fig.1 Topology of assembly DC load switch
based on pre-charged capacitors
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Fig.2 Control sequence of proposed DC load switch
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Fig.4 Load switch charging equivalent circuit of line 1

Uy = - Ui (3)
G.+ G, + NG, +6Gy)
A6 (=1,2,- ,N) NG j ZR IR B fr ]
FRIBC SR L o
T G R T HAl S vl 5, 3@ id 20 (3) W] LA
B AQL s ER LB ES B RS
HUE ORI . (ERY R ZR B N DL G722
A, W2 B RE L i e oy 1 PR IE T 70 HE
FEIE IS AT NS FL I BELR TR 8 SCHEAE T, 00 ™ 4%
IR il i 2 R B 1) B 25 0
TERWT Q J& , I Aar 2 [8] 5 B0 A0 B g, I Ak
TRIAE CIE L pRAS, HAF RO B AN 181 5 s o
HL B AR I RS IS HON «
ue(ty) =U,
{iLss(tZ) =1,

A e, N CPIATHL S 5 6, O LR LR U

(4)

5 BMEFFREEHERE

Fig.5 Equivalent circuit of source side capacitor charging
£, P 22 5000 P, 25 L s 4 A B AT FEL O
i8] 5 5RA%

qu<t) = Udc +

[Aleﬁm—m _ Azeﬁz(l-'z)]

,81 _ﬁz
(5)
A
R, R\’ 1
B =- I
2Las 2Lss Lsscs
5 R, 01
T (ZL) L.C
ss ss ss s (6)

[dc
A, =E - (U, - Us)Bs

s

de

1
A, =E - (U, - Udn)Bl

2487 i H BRI, B fif ) RLC H, 4 5 BHL
JEARAS A BYTBOR B A2 AN 1 3 (b) iz I B R
T A B RLC L%, B g7 FE R -

? dug

d ug,
LLCL?-'-RLICL?-FU‘CL:O (7)

g o € P o X3 (7) SR A AT 4%

g (1) "z _B4[A3eﬁ3“_'2) - AP ] 0 (8)
it'flj

w5

oL, 2L, L.C,

Ry R 1

sl cne

A =- NZ, VB

As=- Na - Ubs

497 fiy LB/, B faf ) RLC R AL 1 X B
JEARZS, Tfar ] i BRR 7 , 7 ot s S i) Js Dy,
i, 5 LRy, CA OB Y RLC S BHE R 4L, A 3
(e) o, B o F2 5 20 (8) A ), e Ak A 1
Bk

H1 T B AHRE I, i RLC WL i) A



127 PR 25 385 T B O R A A5 e A R B R ST T

ARZESAME — o {H 25 18 51 43 2% I FL 4 3% 114 572 s 2 Ao
AEST, Al i e HARXERZS o 18 Ry, RN 205 9 B
FRER I I i R 2347 FEL B, JUU A5

R, =2 Ly 10
=20 (10)

UZ
=— (11)
Py

K Uy, Py 05l A 40 B Hs AT 300 A 20

MR >R, YA RE b far O H B AR AE
PEPHJEIRAS 24 Ry v = R, I, 7 M0 Hi, 6 AR 7E Il 5
BHIEAR A 24 Ry y <Ry I, £ L % AR AE K B R
RS — MR DT R, RV TAETE RS
FHIBARAS .
22 HHEKA

ML ST S HE B AT I, 2R S B
Taf HLIAL , 2507 R T P B A B B A FL AR 1, BIRR TR
HER, BRI AR A LS SR L e
J , B S IGBT 7R 32 1) F, Y 1oz il A2 -

Loy = 1.5k, (12)

B A O A i B v, T D, 8 H 3L
JIAT LAl A (5) A (8) SRR AT . A,
LI BAT FE ORAUH T S T 7 AT F O, %ok G HL 3 DG
REJT ISR i, R 28 S TP 1Y IGBT R bk
FIFIBRIE L,
23 HENA

I FHLB T O [& A 45 [/ B (8] 47 7E 0.2 ~ 0.3 ms
(3 BEPE ' HURT 56 231 28R — Bt 18] 5 A4 TP U
DRIKT , 12 A 3 B R] PR 28 3t S B8 799 i 114 P, S B e 420
TEAETTOCRE A b, e T aw S U5 i 79 000 ) P 25 P,
JE25 B

LS

Up = Uge ~ Ugy, (13)
MEGEPESABE A, HUBOT G RE IR B B wy R
SRS /N AR, AT 98 /0 O 5G4 41 v /9 TGBT
B o I A B2 M A, w80/ LT O 3 E
MR o e R T — R B, B HLOT 5
TE AL RS J5 e I AE ¢, (G H I 0.5 ms) IR B AT
PRAEOE AR RIS H T, G iR 2V T 4 0 iy O O A
HUAR, XA AT AR RFEA €, 210 2938 AR
PR, 2 ) 07 i 2 o o O A8 2 RS2 Y FL O
Uigpr = ur(t5 +1,) (14)
PRI 0L 97 7 T 56 2 i i bR 4 PR IR IR
R 7 P 70 FL Aok 8 0y 0 P 28 1990 80 R e R R X 2
18, [ AF MU S TE 56 42 O WINPT & 1) Pl T o 22 B
AR

3 SNt

5 Aar 0 FL 25 T BE RO AN E R LAY B B K
AR IR R 545 4 A 32k R BSCRE , TR L S ok
SOPFTIR Al i 2 280k, BA£10 kV R E
TECHL I R B ET T S 503, R, =0.5 Q,L,=0.05
mH AR SCHR[ 171,20 KV 1 B G F ) B oK A 4
2R 12 MW, DL 4 20 B H O i), W) 4 45 46 It
W R 755 3 MW, L, =5 mH,,

i gng REAILME 1445 % far ] RLC v 2o A A
AT S5 0] R 25 17 R PR E LI 97 407 P S 7E 42
AT 7 B PN SR B AILAR T DG 6 W 3 A rp T G 4L
R IR 2 BE . B RLC HL B AT AT,
[e] 5% R BEL A A, L2 L S T e 1, D 28 % 28K A
/N, LR G e T 5% ol 1R B 3 T S 08 V9 ity 7 S g e
Ao BB, A AT LR SRR, N A A
HITRARES BT E AL ON V= RUTAS

FEHRRGE MBS — A GT, R4EX
(13) A5 B S far FF e V) A ik R w55 COF
C IRIE R, WA 6 IR

14 - ;
12} ‘
10}
08}
0.6}

0.4+
02F

0 \\\///
/ 0
c, 2 10 0.5

o

u/kV

6 ur5 CfnCERXR
Fig.6 Relationship between u; and C,,C,

HIP 6 AL, C AT € X wq B IREHON A 2
B C A CRBE R, u B T RS B A RE
5T A2 AL B A7 T O Sl AR 2o A O O A A v s
JIEER HoAT AP AT - 2 v He 1) S 7 A5 1, fEL2
HUZE R BAS ARSI, 82k T 255 ko 2k i 44
B U A P AR AT R A B A 1.3
kV B IEFE. % IGBT 2 {5 A ig J AR BE, W € fR Ik
u 7 0.6 kV 247 BT,

BEAh, 9 T ORUE BT 8 AL B0 467 T SR RE S 7E AT
gy TO0 T SIS , 25 S8 iy A2 A xt € HUfELFY)
SO o AE UL FEAE LI, € X wy B2 IR U 5] 7
e BT npR, COBOR, 4 0 A 3 B 1w, 22 4l
FERERUIN, IF H2Y € g {E , w Bl 00 £ 25 Y 1



2 HEHEAR 128

PN NS

9 \°

7 ur5 R, CLEIMK &R
Fig.7 Relationship between u; and R, ,C,

ZELRTE 6 T BT LA BOSAS (1) 2% R, S
C.,C A MEH 600 wF,200 pF,

4 {HESH

I EE BT $ ELUR B0 4 T 5 B PR RE , £ Matlab/
Simulink F1#& % 12 MW/20 kV R H AR R4
PEATRAIE, RGHUE HIR B E =10 kV, R R
AR 8 frz B E RSN 1 s,

B, ékE%l
B, L0
B, ’43‘2' é§3
B, By

8 REMEEETE
Fig.8 Schematic diagram of system simulation model

x1 HEEXESH

Table 1 Main parameters of simulation
e HfH 2R HfH
L./mH  0.05 C./pF 600
R./Q 0.5 C/pF 200
R/Q 100 L,/mH 5
R./Q 100

TER T RESHCE AR 2.1 W0 nl 7, Hi
G IT AR S W A o, iy 00 P g AR AR S —,
B TARLE S BHLCIRAS o 2.5 s Z 17, BLIR FL I 37 38
17, FRL N IF R AR i A AT Bl e, A0k
PIFM AR . 15 2.5 s I (¢, I | BRGENF LK
LR IR YT 48 4, B S0 1SS fi A, 954
M5 ELER 55 a9 R 10 FiR. Ary, Aty Aty

BUEUN 1.2 45 R . B 10 HR iy o 20 ) D 4T I 26
LA 2 LI s we MRS 1 AR C,
P i ) LS

600

< 500

400
600
< 500

=

400
19.78

19.74

uc/kV

~Nl

19.70
160
120

~, 80

3

=40
0

3.

f' 423V
0

2

499 2.500 2.501 2.502 2.503 2.504 2.505
t/s

9 BEMFEKRE

Fig.9 Source side simulation waveforms

u/kV

Ue/kV
- N
(=] =]

2.48 2.52 2.56 2.60 2.64
t/s

10 A ERR
Fig.10 Load side simulation waveforms

H 9 [ 10 43 A mT T, HL AR s A7 I i 2
FFTE 600 A, BEZR AL RAESFTE 19.71 KV, RGAE ¢, 1)
ZIOIR AT , AR e b e 38 T, R 8 S I S KT I
Sr iR BtiiE . T8 o %), W Q, B S Ul
Wi, C 56 e RURAS s ue JTIG BTV, Codiad Dy i,
Ue, TRE, [ @ 2870 D8 2R 2 % 2—4 RYHLIR 2
TE ;N2 R B SO RS e, 45T S Jr il
o S EET E—E W A], 7E ¢, %] S TR 3| %4
TRREI 457 1k 1] T & ik 45 5, o G A H U T 0
FIEW AR DU 7, e 2038 1 4y ) 56 AL R B
FITHE SO SR INAE , T 285 132 ms W% . M ouy



129 PR 25 385 T B O R A A5 e A R B R ST T

BIERTLLE W, 76 0 I 5% 5 3l A 3 18], R M £
FAARAN, O 423 VPSR A i IS fa k. 1Ak, b
P9 R, FE VI D SE B €, W HL T AR5 £ 19.78
kV, BERS SO B R BF A T, MTT PR ek i 2—4 [
IR A . B 10 Al AEZR K 1 b B G4
TP R, 2t 2 BB SR/ N, LT A2
2R 1 YN AR

5 #hig

SO T — Bl 25 H A B LR ST O 5%, R
HAGFIAS R AR DR 4 o SR L S S0t ik
137 007, IRl FLRAIE T Frf i RE S T 5 K
Wit i, 1RIRZSIRINT .

(1) SCHP T B A I R 20 & U4
— 77 1A 38 5 3 T U0 788 i/ 7 A T O B R R
JEAS, 55— T5 T K B 2 B R ) R T g R D A
ARIBAR 114 it ] A8 F0 WA, Wk — AP BRAIR T B IR
A, O 1R CELUR 5T I 5 DR RAS v i 32 2K 4
JUPERYBRRE 3 T B B R 2 1) L
HL R

(2) BUFER AR ST i h RERS SO EOA
BRI, PRUE AR B A IR i A7, Tl & S
FFRIE P R BC G, 72 I G Aif 2 7 2 AU 6 32 4t
AR T 2 HEL UL ) S IR 2% 1, DA TR 55 B 97 47 L 9 119
AR TN .

SE WK

(1] Z5E2hk, w007, s, 4. B IR AC L RS AT 48 i DG BERORBIF 5
ZR[T]. B ER A ,2019,45(10) :3039-3049.

LI Xialin,GUO Li, HUANG Di,et al. Research review on opera-
tion and control of DC distribution networks[ J]. High Voltage
Engineering,2019,45(10) :3039-3049.
2L, A7 W, 2, A SR P L DB 2R 4 19 LU E
HL R R B R ZEAR [ T]. WU R S8 A 31k, 2020,44(5)
101-113.

LI Botong, YANG Xinlu, LI Bin, et al. Overview on fault pro-

(2

[}

cessing technology for DC distribution network based on fault
blocking converter[ J]. Automation of Electric Power Systems,
2020,44(5) :101-113.

EAFAH, XS, B 4F . ORI R G S IR P U IR 56
RS JEERLT]. I RG A S ,2019,43(23) :23-30.
WANG Shouxiang, LIU Qi,XUE Shimin,et al. Key technologies

[3

[

and prospect for coordinated control and protection in DC distri-
bution system[ J]. Automation of Electric Power Systems,2019,
43(23) .23-30.

[4] B, F30k, XKA, 5. & T B R 9 B 22 AR 4P 1Y
R W) TR R ,2020,39(4) :28-33.
ZENG Xianfeng, WANG Wenlong, LIU Yongsheng, et al. Im-

proved method for busbar protection in DC distribution network

[J]. Electric Power Engineering Technology, 2020, 39 (4) .
28-33.

(5] BRivede , wh/NSC, 20Kk, 6. 36 T MMC B L 19 g5 358

A AR W s [1]. b EE LT AR 2, 2021 ,41
(S1) :155-166.
CHEN Xiaolong, HAN Xiaowen, LI Yongli, et al. Source-net-
work coordination type DC circuit breaker based on pre-charged
capacitors for MMC DC grid [ J ]. Proceedings of the CSEE,
2021,41(S1) :155-166.

(6] P2, SJ858, EITis , &5, JET L IR AAR” AL B BT
A TR S FRPERT S [T ]. e vl %, 2021, 57 (12) ¢ 10-
16,24.

CHENG Xian, WU Qiliang, FENG Yuanhao, et al. Study on die-
lectric recovery characteristic of mechanical HVDC circuit brea-

ker based on '

" zero-voltage" principle[ J]. High Voltage Appa-
ratus,2021,57(12) :10-16,24.

[7] XIANG B,LUO J H,GAO L,et al. Study on the parameter re-
quirements for resistive-type superconducting fault current limi-
ters combined with mechanical DC circuit breakers in hybrid
AC/DC transmission grids[ J ]. IEEE Transactions on Power De-
livery,2020,35(6) :2865-2875.

[8] KHAN W A,RAZA A,USMAN M R, et al. Fault interruption
scheme for HVDC system using SiC-MESFET and VCB based
hybrid circuit breaker [ J]. IEEE Access, 2021, 9. 157371-
157383.

[9] PENG Z D,LI B,SHA X L,et al. Post-arc transient characteris-
tics for DC vacuum circuit breaker with diode connected in
series| C]//2020 IEEE 4th Conference on Energy Internet and
Energy System Integration. Wuhan, China. IEEE, 2020 3785-
3790.

[10] s, S8 PMEAR. ST IS ) o S TT I A
TSR], BORSE A 81K, 2017,41(12) :238-247.
XIANG Xuewei, CHAI Jianyun, SUN Xudong. Medium-voltage
arcless DC circuit breaker based on arc suppression[ J]. Auto-
mation of Electric Power Systems,2017,41(12) :238-247.

(117 PRI, ZE4RET , Bk B 35T Fh R4 00 B FR A BDR &

T A% (1], b E AL TR 24 4, 2019, 39(20) : 6159-
6168,6197.
LAN Tongkun, LI Yinhong, DUAN Xianzhong. A novel voltage
clamp type hybrid direct current circuit breaker based on thy-
ristors[ J |. Proceedings of the CSEE, 2019,39(20):6159-
6168,6197.

(12] JfG, 22301 PR TR, 55 Ht 840 Ui Y L U0 A e s B LT
MR LT]. o AL AR 2 4R, 2017, 37 (4)
1045-1053.

ZHOU Meng, ZUO Wenping, LIN Weixing, et al. Capacitor
commutated DC circuit breaker and its application in DC grid
[J]. Proceedings of the CSEE,2017,37(4) :1045-1053.

[13] ZHANG S,Z0U G B,WEI X Y, et al. Multiport hybrid DC cir-
cuit breaker with reduced fault isolation time and soft reclosing
capability [ J ]. IEEE Transactions on Industrial Electronics,
2022,69(4) :3776-3786.



2 HEHEAR 130

(147 AT, VRRE ARG, 6. 16T T B0 i i 4 s TR

W AR T]. EFEIA,2016,40(1) :70-77.

LIU Gaoren, XU Feng, XU Zheng, et al. An assembled HVDC
breaker for HVDC grid[ J]. Power System Technology,2016,
40(1) :70-77.

(1] BuHs , 22, SRk T, 45, 38 T T UL HhL 190 R 0 s £ 484

328 MMCLT]. B 71 &4 A 4hi1k,2020,44(5) :60-67.

circuit breaker[ J]. High Voltage Apparatus,2015,51(11) .
41-46.

(17] P g Ak B4 25 T/CEC 107—2016 B 3 AL Hi HL JE

[S]. dtat: H EARE L pAt , 2017

China Electric Power Enterprises Association. T/CEC 107-
2016 DC distribution voltage[ S]. Beijing: Standards Press of
China,2017.

ZHAO Chengyong, LI Shuai, ZHANG Jiyuan, et al. An aug-
mented modular multilevel converter for clearing fault in DC
erid[ J]. Automation of Electric Power Systems,2020,44(5) .
60-67.

[16] A3, 5243, O, 45, —Fhopr B A 22 v QUIR A 9 JE B
TR B S B LT ] W R R AR, 2015, 51 (1)
41-46.

ZHAO Wenting, YUAN Zhao, FANG Shuai, et al. Design and

WRE(1995) , 55 WL AE 32, BF5E 0 0] 52
M B IR BC 32 R (E-mail ; chen_zhengl1222@
163.com) ;

PRIR(1981) 55, Wik, 4%, WH5E 7 1)
Dy e T AL B R ol R U

THEZE(1992) 35, L, YU, BT 58 J5 1)
HERBCRE S HR R

simulation of a new type of capacitance buffering hybrid HVDC

Assembly DC load switch based on pre-charged capacitors

suitable for DC distribution network
CHEN Zheng', CHEN Wu', MA Jianjun®
(1. Center for Advanced Power-conversion Technology and Equipment, Southeast University,
Nanjing 210096, China;2. Key Laboratory of Control of Power Transmission and Conversion,
Ministry of Education,Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract : The direct current (DC) load switch is the key equipment for constructing the DC distribution network. Aiming at the
shortcomings of the existing DC load switch, such as much additional equipment,large size and complex control,an assembly DC
load switch topology based on pre-charged capacitors is proposed. The working principle, control strategy and parameter design
of the proposed topology are analyzed. The load switch utilizes pre-charged capacitors to form a source side part and a load side
part. The load switches on the outgoing lines of multiple DC buses share the source side part,which reduces the size and cost of
the equipment. In the process of load shedding, through the cooperation of source and load side capacitors,a low voltage and
zero current breaking condition is provided for the mechanical switch. Finally,a simulation model is built in Matlab/Simulink to
verify the feasibility and effectiveness of the proposed topology. The results show that the proposed DC load switch can reliably
turn off the load current without arc which ensures the safe operation of DC distribution network. The cost of equipment required
is low,which improves the economic efficiency of DC distribution network.
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