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Fig.1 Topology structure of the hybrid UHVDC
transmission system
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Fig.4 Structure of VSC-UHVDC valve group controller



& AH) ALK 158

{ONERYAAERS

FELIAL VOB 0 o) R 47 o) B0 7 B IAL F AL A A% i
RESS A5 2l , 80 B I BRI i ) RE AT i
FIE AR S o A e A A9 R R LA I LU O
IR T B8 WA, 5 4 o v 5 ok 2 A ARG ek ] o o
% R FIE ] RGP AR A PR, o R 2
HORPBAA R DIFEHIR 10 kHz i, B
R JEE (R e s 300 Hz 245738 o

RGN 5% e 5 v U 77 HH B E SR Y IE L 1
)5 2 i EL L PR A R T B L, RS AIE A R
ALK I B 5E 1 SIE I Ji5 6 H 0 O 55 0T K div o T
KOPTVIG , RIS RIVHS 28 0 A T I 38 904 81 o) J3E 4R
ZJa, G e MMC B3 8 il B2 #5 R R e T 2=
TS AR Em , RATER B A SR TE . fads H bz
(L P L DRV 1 38 T B O B 300 A 3l Y A A A
EHHE AR E s 5 17Ny Uy BIFRRBUA E ,
H Ny AR S PRis AT i IR R . 3R T A R
JE B R 2 H IR TE R ASE R A DA S

(R AMMC 1 2 % B 14 1 A

JA B 5% BT R L A RS
) A ) 5 B T 5% L U

JA B LR B ] B A
D55 BT R e S i S A

I3 IT 55 BETT R IFAL TR 3
BN WAL 55 B] T 9 73 I

}
FLI A AT
T2 £ F R

S

E5 #HeERERATELBANTRRE

Fig.5 Entry processof VSC-UHVDC valve group

XTI HAELR AR AT FE 24 R AR
P AR A4 T A ), SR P A 00 5 SCHR [ 13— 14 JAH W],
RITEATART IS 2210, B N AS S [l I AR 7E TE A AR
ALY, SO XS SCHR L 14 ] vh Br 32 5w 2847
TAAL, FE T R TR R A R R T 5 —
HEFFFEM] 48 0 T2 B TR AR 236 1, HA
SEAF AR HEOR , RSN IA 6 FR

@ﬁ@

MCHRIRE P 225 {8 B PR i 4 o s )
S 2 ) AR e ATV

¢ 1=}
<ﬂﬁﬂﬂ"E
% ERREE
W R
th 25 T

o

IEBAN IEBAN || BN ik NI
AN HL R A ANFLE e | (AN LR A A HL Rt
{Iib R T T | e A IR 224

S B TR TR

E 6 TFHERERBEHERME
Fig.6 Voltage balancing strategy for
the sub-module capacitors

AT i L PR N O IE (R, AR SRR T
B 2 5 IE B A R RO U
i, AT et TR S 50, LR BA R T4
AR A 6 Fh et A TR U A R RS R
S R o

3 MERZKEISRHIE

31 FERSEL

R T IRAIE S b A R T U R R Y R
T 20 L W A T R 5 A SR, B T S I 00 47 L
(real time digital simulator, RTDS) | SZBR¥E il AR i
RIS IR R G TR T B Rk, w5k
KL —IKRGEG5H . 2R R IR A B RS AE
AP Ry q sl LCC Fs thil L3 T 2R/ HL I 3
ARt MMC 2 1] T 0 F, Hs 5 XU B 3 480 ) 38 Oy
3 000 MW ; B jiit & & HL T2 £800 kV 5 B 45 E HiL Uit
1875 A, el FESEUNER | PR,

x1 RE&E MMC iS4

Table 1 Parameters of the hybrid MMC converter
SR HfH SR HufE
Pl AL A AUE A i MMC 537t 48 AE

290 780

i/ (MV-A)
B i/ mH 55
PRI/ mQ 50
FHTHRBEA/mF 12
Wi tf PR 140
Wt FAL A4 60
JF A8 T8 HL B/ mO 1

(HAINLRLL) /(MV-A)
AR R G R A E U /KV 525
A5 R R R/ KV 220
WA GRAHEL A YOy
B AUE KV 400
BERAE /A 1875
FHIT G EME/mQ 1
FHORAERE/KY 2.1




159 UL S LT LR B2 0 R RS A TR

32 HEZRSHN

% 1 AE B LR 400 KV ELIR AL 1 875 A Y
AR PRI 0 5 32 AT 00 T BEAT g e I 2 AE R A A
M, 972w v e MMC A SLBEANTET 7 Firs o 1817
B U,y » Uy 7390 =0 P AW PR TR R
WU FL T P 3065 1m0, U 40 LR T 4 1) 222 X 2
P AL 5 1m0y U gy A0 LI 8D Al JBE 6T IO R TS o

> 4501 20
=4 0
£ 250199
S 0.64 0.68 0.72 0.76
R e T,
0.5 06 0.7 08 09 10 1.1 1.2 13 14 15
15
5 A
S .
z st (B8 17157076 080 084 088
b T
Ol 1 N
ol
0.5 0.6 0.7 0.8 09 1.0 1.1 1.2 1.3 14 1.5
400
Py 2000 F—— 0 Py ——
= 1000p 4005080 084 088
I S e T
[ R Wl i L
-1 000 . . . . . . . . . !
0506 0.7 08 09 1.0 1.1 1.2 131415
< 22007
1800 - T
1400

05 0.6 0.7 0.8 09 1.0 1.1 1.2 13 1415

< 2008-—61*E oM — oy
= -

=2 000 P
05 0.6 0.7 08 09 10 1.1 1.2 13 14 15

> 2600
£ 2200t
D 1800
0.5 0.6 0.7 0.8 0.9 1.0 1.1 12 1.3 1.4 1.5
2 26001 b bl — ol e

22200F !

1800 ———
0.5 0.6 0.7 0.8 09 1.0 1.1 1.2 1.3 1.4 15
V_ENTRY_ORD
DEBLOCKED

BPS_OPEN_ORD

BPS_CLOSE_IND I I I " " " n n n 1

0.5 06 0.7 0.8 09 1.0 1.1 1.2 1.3 14 1.5
t/s

7 FEIRTEHEMMC ELZRNERE
Fig.7 Waveforms for high voltage MMC entry
under rated condition

TERFBOA R e MMC it 8, 2 R LIt A
e Ty AR A TR A0 s T B IR WUE (H

0.6 s IF YL BLA A 4155 (V_ENRTY_ORD)
F3k,10 ms J5 i e MMC RIZH L2 03 9 ] 2 ik 9
(DEBLOCKED ) 3 #E A 2 T it PR 25, 1 2H FL i
T AR B RBR

0.64 s I 5 2l LI L U e A5 4 o 1 56 A2 kL
BB, i e MMC iR 21 i 3 05 O 1) 3 9 o] € LA
IR RS o BEA 55 BT R AL Lopes K9 T
%, S70 16 AL R A PR S T Dk /N , A R I R 58 St
55 % T 5K P Y AR 22 T 2 L U, 7 1) 3 8D A R o

KJEEE{E mgy waﬂﬂﬂ:lﬂﬁﬂfffﬁ(%[ﬁ ch E/:J}—__Elg%o

0.77 s I3 3l B U 38 I 9 7 B 8, st oy
300 Hz , X0 HL HEAEL 14, Uy RO AEL S 10 KV, AE
BRI EEAE T, 5% BT OC f it v o 2R (] 4
FAPE BRI, LR 142 A, 5K (16) 1T
TS 145 A JEAR — 2, 55 BT G LRk 58
BIE fmd

0.8 s i 55 i I 5 H Yt ok 2 R I 58 s &
Gy IF 55 I KA 4 (BPS_OPEN_ORD) , 75 5% P& - %
G055 (BPS_CLOSE_IND ) {H 2K J& , LIt 18 171 il
BER o

1.05 s B J5 2l B I 01 ) B2 LR IE T 7E 1.28 s
B E T 2 HARE, 4 fE L% A R 45
WA RRAE 700 ms NPARTE AL

TEBE T R IC T AT, i, FFEE N E, Uy > Uy
IR 4 i A0 28 427K 5 78 LI R @ T B B
il e He LCC R [R]85 047 il & F IR B2 4551, %
R AE TR ST R BRI L7 —1
/N S T I R ) 2t A, 398 3l v e MMC (1) TS 3
HLZ H R 0T 07 HF B0 56 T A 1) 722 A 7E LI L s
JeF5E WG , A R 230 K-, BiRid 2
PR L 2 H R A R AT

SRy BRI JIT i SR Wt A A ) 28K A3 A A
e 1 B E 400 kV B LHL 500 A T00 F 47
v s IR A AE S AR AR, 2B 0 %) A 9 R O o EE
ZROE HEE TOU T M. algn s SRR, 1K)
BT RAEL A S BRI R R AT, B
PRI BE 77 A= 1) 55 % T O T D H It DR A1 5 A T
LA, 5 2.2 WHHE A R A .

4 #hig

ST IR 2 H IR AR Y R e I R P LI R R
BRI HIRAT HAAELBARRET . X
R, SO R TR T AL 9 R R e s 2R L
AR B AN, 8 5 I 8 i 5 AR 5 2 MMC iy
LB BRI B, SR LR S A B A R
PFEEER T AR B IN T 4518

(1) EERMAERARZS T, R TP 24
RELE ) b 2 B VR 1 2, TR 8 MMIC iR 20 T <2 B
T L AR AR

(2) AR TR AR MMC 3l 1 % H 67 ik B
R , P A S B FELIAL R O o 557 B T O ] 480 3 4 14 DR
HEH

(3) 368 o 7 T A A B L e O D 9
JEE , AT 55 BT 5 R I ™ AR AR B i RO SE B



2 HEHEAR 160

TSR0 T 5 I3 W o R [ — 2L L 9L 9B 3 o 2
SR AT 3 AN [ ) B R 3K
JE S AE S PR A Ui R 2R 0 B %o ST 4 A Y OR

W AT B T A BRI o
S & 30k -

(1] 3RS, TR, 2960, % R R E BRI [T]. P E
B L TR 224 ,2007,27(22) :1-7.

ZHANG Wenliang, YU Yongging, LI Guangfan, et al. Resear-
ches on UHVDC technology [ J]. Proceedings of the CSEE,
2007,27(22) :1-7.

[2] SUN Xin,LIU Zehong,GAO Liying,et al. Practice and innova-
tion in the +800 kV UHVDC demonstration project[ J]. Pro-
ceedings of the CSEE,2009,29(22) .35-45.

(3] Pk, A, 20, 45 v I AE 0 il o TR R 45 U 8

FRIRAUR AR & B IR s R AR TR LT]. W R

PRI 5¥:,2020,48(15) :92-101.

LU Dongbin, TIAN Jie, LI Haiying, et al. Control and protection

of series hybrid DC converters with a line-commutated converter

and a voltage source converter[ J |. Power System Protection and

Control ,2020,48(15) :92-101.

e VRIS, AR o 45 R SR B S L SRR AT

[J]. o H M A ,2017,11(7) . 1-4,67.

RAO Hong, XU Shukai,ZHOU Yuebin,et al. Research on main

circuit scheme of VSC-UHVDC [ J]. Southern Power System

Technology ,2017,11(7) :1-4,67.

(5] 2504, 20, B8 K, 45, 1 880U LI i 1R IR v
TR A ) BOB R AT [T]. R EBAR, 2011,37(5) -
1232-1238.

LI Xinnian, LI Tao,LYU Pengfei,et al. Analysis on the strategy

[4

[

of converter entry/exit for Xiangjiaba to Shanghai UHVDC
project[ J]. High Voltage Engineering, 2011, 37 (5): 1232-
1238.

FRDRE, EACE  BR/INEE 4. iR R B P R PR R G B
S KLT]. B RS ASh1E,2013,37(21) :88-93.

ZHANG Qingwu, WANG Yongping, CHEN Xiaojun, et al. De-

—
=)}
[t}

sign and development of control and protection system for
UHVDC[ J]. Automation of Electric Power Systems, 2013, 37
(21) .88-93.

LA B, sk, 5. A5 IR B o2 He AT T IR LTE
LHNKMOIFLT]. B TR, 2020,39(5) :92-98.
GU Xianghong, DENG Kai, SHI Lin, et al. Online deblocking

[7

[}

strategies of valve group for UHVDC system under hierarchical
connection mode[ J]. Electric Power Engineering Technology,
2020,39(5) :92-98.
BRS04, 4K, 5. VSC-LCC BUR A B i R 4¢
JA SR SRR FE [ T]. %808 J7,2020,48(11) :62-67.
CHEN Haoze , FAN Ruoxuan, WANG Jinyu, et al. Research on
startup control strategy for VSC-LCC hybrid HVDC system[ ] ].
Smart Power,2020,48(11) :62-67.
(9] Wi, Ehfh, Bibh, 5. 2k BV L R GEAC I £ e A
PRyERAERTFE[T]. B R J7,2020,48(4) - 1-8.

—
o0
()

XIAO Chao,HAN Wei, LI Qionglin, et al. Adaptability of MMC-
HVDC system on relay protection of AC transmission lines[ J].
Smart Power,2020,48(4) :1-8.

[10] ARUTHE, K5, T E M, 55 A XU A & 5 IR RS

KA A PER T 1], W R B h1k,2019,43(17)
109-116.
YU Xinyue, YUAN Zhichang, TIAN Baoye, et al. Control
method of maximum transmission power for hybrid dual-infeed
HVDC system [ J ]. Automation of Electric Power Systems,
2019,43(17) :109-116.

[11] A58, Uz, e 60, 4. R o O 2 Mk LV R 2 45 A A v

IRAR MMC J33hserskng [ J]. )1 R 48 A 3hifk,2018,42
(24) :113-119.
MEI Yong, SHI Youjie, ZHOU Jian, et al. Start-up charging
strategy for hybrid MMC in valve switching-on process of VSC-
UHVDC system [ J ]. Automation of Electric Power Systems,
2018,42(24) :113-119.

[12] Bt W IE, RE e, 55 e iy FE R IE B R S0 R IR 4

AR R SR C /7 2Bk AR TR LI 9 4 J A1 41
GUANAR A R/ I B v BOR 2 BOE U (2
RE U ELIGE 9 ) 447K , 2018 :83-90.
YANG Meijuan, YAO Weizheng, WU Jinlong, et al. Start-up
and charging control for input of VSC-UHVDC single converter
group[ C]//Global Energy Interconnection and College Inno-
vative Development Forum, Shandong University , Editorial de-
partment of Global Energy Interconnection,2018:83-90.

[13] ZENG R,XU L,YAO L Z,et al. Design and operation of a hy-

brid modular multilevel converter[ J]. IEEE Transactions on

Power Electronics,2015,30(3) :1137-1146.

B, WA, MR TR, 4 TR R AL 20 v P S U A0S A

Prti 5T X R T[] W R4 A 3k, 2018,

42(7) :76-84.

LU Xiaojun,XIANG Wang, LIN Weixing, et al. Analysis on an-

[14

—

alytical modeling and power operating zone of hybrid modular
multilevel converter [ J]. Automation of Electric Power Sys-
tems,2018,42(7) .76-84.

[15] ZRFRAT AR, SR, 55 26T LCC AR & 7 MMC [1iR-&
U R GAE R T]. TR J1,2018,31(9) : 13-25.
XU Yuzhe,XU Zheng,ZHANG Zheren, et al. Control strategy
for hybrid HVDC transmission system based on LCC and hybrid
MMC[ J]. Guangdong Electric Power,2018,31(9) :13-25.

(161 W, e, ok KL, 2. XU 23R 4 A MMC-HVDC Jf ¥ 1

AR S ROR N (1], 00 R G A Sk, 2018,42(7)

37-43,49.

CAO Shuai, XIANG Wang, YAO Liangzhong, et al. AC and DC

fault ride-through strategies for wind power integration via

hybrid MMC-HVDC [ J]. Automation of Electric Power Sys-

tems,2018,42(7) :37-43,49.

Vike AR ST LCC A1 FHMMC B9 IR 4 780 B 4 R 46

[J]. B EH A ,2014,40(8) :2520-2530.

XU Feng,XU Zheng. Hybrid HVDC system based on LCC and

FHMMC[J]. High Voltage Engineering,2014,40(8) :2520-

[17

[



UL S LT LR B2 0 R RS A TR

—

2530.

A E T, A, A RGN MMC B H B 0 2
FMEALLT]. P AL TR 40 ,2016,36(7) : 1849-1858.
LI Shaohua, WANG Xiuli, LI Tai,et al. Optimal design for hy-
brid MMC and its DC fault ride-through strategy[ J]. Proceed-
ings of the CSEE,2016,36(7) :1849-1858.

W3R, £ WO IE, %, 5 R 52X MMC {2 AfF BT
FCT S PGB A R A IR I [T ] R ERAE I IR,
2018,1(5) :603-610.

YANG Meijuan, WANG Xianwei, YAO Weizheng, et al. Volta-
ge balancing control of hybrid MMC with low ratio of FBSM in
UHVDC during group entry/exit process[ J]. Journal of Global
Energy Interconnection,2018,1(5) :603-610.

PRI, 2 g, AN R B R M. L st ALK
ol L, 2013:65-95.

XU Zheng, TU Qingrui, GUAN Minyuan. Voltage source con-

verter based high voltage direct current transmission system

[

(I

2020,44(23) :109-116.

CAO Yagian,ZHENG Xiaodong, CONG Xinpeng, et al. Protec-
tion scheme for MMC-HVDC transmission line based on virtual
energy regulation deviation[ J]. Automation of Electric Power
Systems,2020,44(23) .109-116.

BORSE, A, BT R, S G T R RO B MMC-
HVDC RSO TT A 5 2 IR Pl SR [T ] o [l v
HLLRRA4] ,2017,37(5) :1341-1351.

LUO Yongjie, LI Yaohua,LlI Zixin,et al. An improved reduced
switching frequency voltage balancing control strategy for bulk
power MMC-HVDC systems [ J ]. Proceedings of the CSEE,
2017,37(5) :1341-1351.

AT, VR, ZRHE. 4RI MMC-MTDC. T 3 i i 25 ik
RESI T[], P EREE:  BORB:,2013,43(1) :106-114.
ZHAO Chengyong, XU Jianzhong, LI Tan. DC faults ride-
through capability analysis of full-bridge MMC-MTDC System
[J]. Scientia Sinica Technologica,2013,43(1) :106-114.

[ M]. Beijing:China Machine Press,2013:65-95.
IREOR A L AEMS, 45 e e TRIR & 20 o B R R AL
Hh R IR I ) 201 17 Y e T Y R SR [T ] R
2019,43(9) .3408-3414.

ZHENG Anran,GUO Chunyi, CUI Peng, et al. Voltage balan-

—
[\
—_

[

BAL(1979) , 55, WL, A LA, A
e S L i P M S P LU R BOR A (-
mail ; luj@ nrec.com) ;

Hn I (1977) 55 8L R L i L
YN S S R 1 A S Yl = BT N
HARTAM;

TR (1982) , 55, Wit PS5 BL s 9 T
PRI, AT i I B i BR AR .

cing control strategy of series-connected converter valve groups
in hybrid multi-terminal UHVDC transmission system [ J ].
Power System Technology,2019,43(9) :3408-3414.

BV, KRR 2, BT, 5. 56 T i 40U AE 1k 01 fi 22 1Y
MMC-HVDC i £ PR 9 05 2 (). i R 48 A Sh ik,

[22

[

Valve group online entry strategy for VSC-UHVDC system

based on DC modulation degree
LU Jiang', DONG Yunlong', ZHANG Qingwu', GAN Zongyue’, LU Yu', TIAN Jie'
(1. NR Electric Co.,Ltd.,Nanjing 211102, China;2. EHV Power Transmission Company,
China Southern Power Grid, Co.,Ltd. , Guangzhou 510663, China)
Abstract: To simplify the sequence control process, voltage source converter based high voltage direct current transmission
system requires that VSC valve group has the ability to complete online entry process when direct current (DC) side is on the
short-circuit condition. For this requirement,the key points of online entry for voltage source converter based high voltage direct
current valve group based on hybrid MMC are described firstly. Secondly, the key strategies of valve group online entry are
analyzed by the control characteristics and DC side equivalent circuit of hybrid MMC, and an implemental scheme based on DC
modulation degree is proposed. On the short-circuit condition of DC side, control objectives can be realized including smooth
converter deblock , fast DC current transfer, reliable bypass switch breaking and effective sub-module voltage balance. Finally,
the effecs of valve group online entry strategies are verified by real-time digital simulations.
Keywords : voltage source converter based high voltage direct current; hybrid modular multi-level converter;valve group online

entry ;dual converter in series; DC modulation degree
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