E35EFE12H
2015 12 B

FE TSR RIS I 2 A5 C-MMC YT fR 176

BRI A g BRE R4S
(1. B FZ2FH AR, LT 102209;2. B M &M 4B NS TH %M 220005;
3MIRY WA TSR, HIT AN 310027)

% 0 6 # & B

Electric Power Automation Equipment

Vol.35 No.12
Dec. 2015

FE., RABKELTSFHRGAE KR T HALRF B a9 B4 £ & F I8 5 (C-MMC) 2 F ok Bk & %8 5%
WBEREZTMEABERE, 43T DA 5P e fT 2 i 0 R AR 09 B AL, B SRR R T e
BRABSAFKEAERELAEAEX HFRTRBIBALEGHEAEE, LR BHTFET LIRS
TFRWEE T EABFALR TR BHEOAGIRIAT R, K5, EE4 T BHRELARE RET —AAT
Gl ey b h) ek A BA R B TR AR P Ak — AR A ad At R B PR AR A AR R A
T A R A S BT K ) R AR A AR PR A R A A AL BT B BRAY  TEL A R ) R R R

BeHew b R M E AL PSCAD/EMTDC 45 Ji 2 R I 3E T F 48 5 % 60 A 2k |
EER, MRS B FHAR, SERTRM, ML, MERm, 2

FESES. TM 46 X EEERIRAD . A

0 51§

FAE TR S =R A R TR
TG IR FE AR 1 B e Ak £ Ha 7 8 3 %% MMC (Modular
Multilevel Converter)E A 18 22 5 #5050, il i e E T
R LB BT o i B R B AT IR RE R AR
K MMC 150 B 25 ¥ 4, B Rk 22 1 1 0 S
ARG B AT

H 32 Pk AR 40 2 2 A XU I R
PRI TG A S A, TE R AR A3 46 7 T A
AR, 3K — 7 T PR R s 2 M DL S5 A% 4 B
AHWERL . BB B AL e e = T ELUR TR v $ % 8 000
MW, i 5 1 75 5 fie K A0 22 1k B0 TR K e
uity 2 ME B TR TLL K vk PG BE 5F 1Y INELFE
I Do TR 0T B 48 3t £ 25 AR 1000 MW, 2
BT P R R RO | AT LR T MMC 1
Ty 2R 75 AL R A5 g (H 23X A 4 48 B R R
£ RN 38 A5 55 1 AR Ry fdl ;) Bk A MMC Y 35 K
kDR AZ W T AR R AR A, S — R
Shy LI 2 % A DA PR b Y R R DTS MMC SR
FH B Ty 53 BTS2 2 1 65 40 19 BB | A I R A
6] 22 i 78 4t 433 1 IGBT S I Bk — W 45 1) i o o
RSt , A LUz AN & 1 32 0 15 5 e v 37 1
E‘E [I()-]]JO

T E R R G E B R RSk
S SCHER (1, 12748t T 2 s SR e kAL
MMC 3 BT R T B A A | B R A 404 s i 2 ok
B Z Ge ik A R LA BT RO B TS R
B we i Fh . FEHPNECE B AT 2Rk angh

K BEHE.2014-10-13;f8E HEH.2015-10-19

DOI: 10.16081/j.issn.1006-6047.2015.12.012

B PIHLCF FIMMC 38 47 47 5 B0 A28 Sl 2 P
e A 31 HNR B G 2 L S e i A 1) SR 4
Br 7 158 e IR A X7 B2 8 CDSM (Clamp  Double
SubModule ) B9 MMC (J5 #& i 8 B C-MMC ) '8-2) ) H
o C-MMC T B A I g8 4F > G847 B FE K 55 F
S B TR B BR

AR50 G A A 2L C-MMC, Hi48 3t 50T
¥ s A A IE 2, £ ool gk 5 s 4T K
RIEZA, AR ASGR 1217, 6 R4
PRI AN E G 4 2R St A SR RO 48 O
JCRRBL /AR HEAT T 00T, R T — B iR
JCA V) 0 W 25 SR B A BT DR B 4 308 52 0T
IR RS Re R a7, &5, 7£ PSCAD/EMTDC
HPE T AR 5 I TR 4 SR s iR AT o A
YGIE

1 AHAEX C-MMC BE#EF R AR RN

1.1 C-MMC #iR 2 THAIMNF=R

C-MMC NS E 1 (a) B B3 3 A HH 5
Jo, B ITH T 2 HRE AL, B E B
N AN G BT 455 B 2 16 1 K [R) B B B 2% op L BT L
DA ) B 37 R e e 3 TR A& 1 (b) BT i
TR 2 A T4 2 DAL R V),
Al — A 829 A 51 S IGBT (Vyo, Vi) HE IR B
FA I, SR i v AR D B3 0 % L 7 A BE T, Sk [ 20
PR T B B I, AR S R [ % AR
RH & FL R, DA B pie P 1 B [ B = AR 1, an&D 1 (e) BT
IR ARSCR AL PR
1.2 C-MMC #iR BT HERIZITHIE

IEF TR C-MMC 52 T2 4 7B 1 MMC



BEHEAR 2, 55T B 4 W 41 25 CMMC e R B @

%128
fil 78 U
N \‘ +

SM,

SM, SM, SM,

SMy SMy

L L L

A .
B N i U«I
C

(b) TR

ViR,
Aa—
+ i + V'l'ZZJ Vl)ZZ
= —C
Vi J VD() Vi d Vi
N Vi R.

(c) BCtEHifh
B 1 C-MMC #i 8T ¥R 5540
Fig.1 Topology of C-MMC unit
TR AR E—E0, M, TR R 5] S IGBT — H &
il E—A CDSM Al BLAFRCK 2 A SR I 4 148
B A A 0.U20(F U 9 TR 75
F)3 B, el 2 o . Xk, BEAFE N A CDSM 1

""" 1y,
P C
[ b
C N
N '—j 0

: —ATFRRER 24
A i 3 Al o
L +

N B S N A TR 2N AL A

2 C-MMC BEEBEITHE
Fig.2 Steady-state operating characteristics of C-MMC

C-MMC 7T B A B 2N A2 0F F AL E i MMC 2
il SR W A% B B H 2 4 O 9% AR Yk A R
B, Fa) B4 378 48 28 ELIA 10 Ak P T R R O | AR R i
HIH R R A R A2 P U R R, RS T MMC
B AT R ) SR W T 2 BESCHR[3-5 ], LA AN PR
W, X EEERIE R A EGE AT 2 Vi Vi
P8I, Vi Vi Voo TR B FBEH LD F 5550 R 3 | ik
B A 1 R R SRy O, S SCHE I ORI v 7 R B X R T
FEHGE TR

C-MMC J& MMC 38 12 2 A5 B P &5 44 it A8
MR, EEXGE T - HEHBE N AHE, 248
BT CDSM X #h 45 350k 7 A HL 2 B A
RT3, MR B R 3 AR 1 5 A R O — B
o B Ha BE AT R 0 ) R A R AR A sl 3
i~ (B R r FRR W) |

Rl HEL 3 1) AN ) AT LRS- 455 B P A 2 43

Vi
}/‘“‘ R:
. V'mj Vou
i, ik +]
C—= ] Vo T
- Vi -
V’rlz"kﬁ Vin
= =5
« Vi
T I
M iE = |A-CDSM
(isi>0) o
g | ?
A- BRI
[ CDSM law>0 V4
A-
CDSM N .
: € 17
i = N A 2N
A-
£ CDSM L

Ae<— C ::_ Voo | jgvm _:: C =
Vo 4 Vor N Vi ! @ Voo
USML [ — 1«

N
B R. v,
TR i
i => |B-CDSM
1su<0 S
j T e
B- R NR¢
|:CDSM <0 2
B-
CDSM N _
: =  2C Ay,
il N
B-
f CDSM L

B 3 C-MMC H iM%
Fig.3 Blocking characteristics of C-MMC



87] ® 0 8 & iR B

£35%

N ABUR B R, AR Uy S8 HLBEL Coy A5
RCHLBE Rey 239 2 (1) — ) B . HIBI TS
MR TARIRASA 3 Al 850 A B B Al c (Wi
W e T S 1 s o I\l D K i
B A G e 2 K T B4 FRL I 5 240 R R O O
E R A0 N AN AL T I B 2 B Y A e 4 16
7 AR P S IR 0 BB A e vl 25 4R A 2 Rl AR —
e 5 B i) S R R T bR D) DAY R O S PR
LT Y A

2UC iSM>O
U= 1
O (1)
C/2 ig>0
Coy= i 2
M0 igy<0 (2)
0 iw>0
Rey= 3
M [051{ in<0 ()

1.3 QHAT?%UIL%%E’]gZK1"]ﬁiﬁ/K

T MMC 25 1 1 1% 50 T Be 3 2R GE SR a4l 15
TR RIS PR RO v R 3, {H
Bifi 2 T >k 1) [R) REAE T AF A6 K& 170 3 38 17 A ag
e, i B ) AIE 1) 5 PR 2 R ST R I — M T ) T
B L 25 F R I B R A THE Y | XS TR H g B 3 5
HEFF s BT H A (] 25 R G I 42 1 R G i R A
R EAR A RR U AR A R R T R A7
il TR AR A B 2 i, IR IR B KA A Bk

ASCRH LA C-MMC R A 37 598 BCU (Basic
Converter Unit) #E47 8 FF B P B 40 Big 4 & =030 i 4
B 7 %, DASE R 25 o v R A R X AR A
PAET B T TR AN BonT DL PR R AR S
B9 R T 2R g R AR A £ i o 4
C-MMC oo IF A H R e i R A e T
AR T 724 A C-MMC Y 8RR s K

@Eb.ﬁ}”%?ﬁuﬁ”*%ﬁﬁﬁi}]

4 FEATER . (1)H o 4 BCU #ERA AL, W& 4
(a) 7R 5 (2)H n A BCU FFERA B, a0 4(b) BTR
(3)H n > BCU S BCA R S, Bl £ 4552 % T BX
W nx kA~ BCU S IFERE5H , an & 4 (c) s
(4)H nxk A BCU ¥4 A BT 2 i) 0 A 25 44 4n 1]
AR, B—Fh oy T B I RS, A
T2 E T A /0N B AR B ST B V) 2 5 ) K A B
BB TT Il 25 oy SR IR O =X AT (o8 5 B
LRS- STVE ' a7 1 D 8 = L = = 7
NS Gy 2 B R P S R L 6 ) R A R N e % P
WK, =M ERBUESFIF X (HHRER L
% B BT B VR AT) 23 2 W A S B AP O R
MOTHEE T EMIEIE R, E S Y RA KA RS

JiaﬁﬂixﬁLﬁ NRGZMRN,
+
<wmﬁﬁt <mﬁﬁﬁt

%E
@)%#%mﬁ unnmmr

B4 BEX C-MMC BT BAX
Fig.4 Unit patterns of combined C-MMC

2 BrigiBiE TR BB (ER P

2.1 BMFRETEEDE
AT — B LA 2x2 PRS2 A5 c-MMC R
A AT G R A A s ) U RN PR T AR GE S i ds AT A R

&t

iﬁ?ﬁém%‘%ﬁﬁﬁjﬂ}”%ﬁfﬁﬂl’ﬂ 4 0 B s e D — @, K s i (Kt
1 [ e— | | |
of Lol /| 7 A a N
i o C- |, e C- | Cigg G g Cl gy G
MMC MMC e, MMC|  MMC BT WMC] MM MG,
T T
@? @7 N A
> aan C- C- C- - C- 0N C C- ¢ C-
fhdor 3 MM(, S e e 2 |amc 7 e §M1|wc: 7 lumc MMC. %/ MMFC

—> JFRZEHIT B | > BRI IT R

B 5 BAX C-MMC BB ER
Fig.5 Unit on/off types of combined C-MMC



% 128

BEHEAR 2, 55T B 4 W 41 25 CMMC e R B 83}

i B2 G 1) A A R AR AT 2 )2 . 7 v A
A 3

LG i i a0 R R R G A, 3T 4l
AR AR R ER RS T ERUERUE S H
T H A AR B AR T DI RE Y X T U R G
A 2 PR ARRGR O S WP R R g 4
i P AR A [R5 A 8 T S D R R i o O
AR B T EAN IR P R AR R — B
ASC LT 26 #8747 e, X BRLER C-MMC
M, A5 FERABTEA (WA S).: (a) EHiE
115 (b)) A RATCIR 5 ()2 AN n ity (B AR A7 o ) H
JGIR 5 (d) 1 A A ity BT AT 1 AR o PR G R
s (e)3 MR N T (15348 17 5 FERE AL B
14 PR TR S AR PR | AR B AT K (b) R A
Uity 1) 2 AN 4 Y BI04 2 TR Sk R AN it 1) 48 3 B T
() — 2 HoAth g A X 4% BT T 25 40 e i 26 T %
T,

Sk SR AE L AR S8 0 LT E R AR AR LR R (]
Wiz 47, B B oC T B E 2 MG, m
sity (ARG i ) B 5% 8% JF 56 (S,.S,) , T 55 % A 56
I, MRS 55 B T R T AR K R OT BR T =k
2 25 PR AOLRER | WA (a) <> (b) ML
(b)<—>1E 2 (d) B (0)<—> 1K (e) ; PR AICH
BB (b)) <> (¢) A (d) <> (e), H
RS <> R AT I 2 FisE = 8] AH B 5% 46

FREEOT R AR S R A S S ARG H
LR A, O 52 R e sl HGR A AR
T2 . 1) OO 2 G0 W i 1 2R H 90 0 o o0 & Hh DA A
P IGBT fih & 547, FIH A F A AEH 52
PR G 5T AT 5 B9 O R 40 3 PR T SE T A L AT T
T B TN ) B S R S A8 DS B T A8 BT AR 46 )
LB

FR I S AT SR 110 SHL TR A I 00 TR F 5
O 55 A IR HE 0 U A 0T O R L LI R I 0 R 3h
B AR F S ARG HR A E TR, BBk
PG BER A G B AE T ] SF R e R 3 R
WA B R R B B SR BT o6 b, IR A
SRBGE I, HAE A b Ir e X T AR T
DUAH 24 F & A= 7 B0 H 1T % % i EL A YK
A, 1t 2 5 S0 PR O b TR 240 A R S 8%
BEIE IR B LR AR SCIR M T R TR
3 X ) R R 2K T AR R SR | LA — AR Ry 55
Xof [) B P 43 00 s T AELATR R ST R 4R AR B TT PR
5
22 WEEXREEAPEEBESHT

J T P 55 38 X ) PR HER SRS AZ O AR A 6
FEs  A03E 3 BB

a. BrBt—, FOT ORI R b 55— A (LA ¢ A
) b A RIVEE R N BT A TR AL T 55 E R
B COZAR ¢ AL R PR Z S 5538 X)) | [R] i P
FHNMIAE (a b ) B B IR B A O
P50 N HEZR B AR AR

b. BB 55 BE TSR | I 2 U R U e
M2 55 1T K I

c. BrBE = FHATS5 1 T D)4 0 ) U P U e B
PSS S

AP L3R SR, T LS B A R O IR e e 7
BFZFHITC L B Be— 2B Br = J& S A BTl
RHUPOR =l IP 3 5 et i N ok

11 8

(b) BB a5 T L



(84] ® 0 8 & iR B

£35%

SMy SMy SMy
~_|
~, N__

(c) BrBE= MGt
B o BEBIRMTE
Fig.6 Schematic diagram of bypass pair control strategy

IE I 523 2R e it AT 8RB C-MMC it S0 Y
BT AT 3 2%, LA EAVE 0 (il 7 R ) 22 4F
VISP AH (a AR b AHD) A0 (ST R ) 4 Bl B
HQ; &5 — AP (a AHEK b AH) A58 X (¢ HH) &
(B ) B #1142, L AT B A S R R I

- T
1 T — ]

= v %

|:CDSM CDSM| g ¢ 3 14 3) [

B- A- il
o T CDSM CDSM l iy
i3 : L :
}YAF,D_J B- J N K . J " ‘ ,, — J

cpsy| HAEEHD ooy (”ﬁﬁﬁg@r i

mO—\/\/\/x/_|

20y weane
'.\ ;’,
WEERD |,
2 L Lo L)
N NUe R )

o

a b c

E7 #EBNERERARETE
Fig.7 Schematic diagram of arm capacitor
charging after switching on bypass pair

L0 — PR (a AR B b AR FS538 X (¢ #H) b (3]
OB F R B A, B BB L Dt R
TEA 4518 80T P TR R 1A G R W 3 ) 2R AR
B 3 A [l P9 SRR B L 4R (Y S R TSR
24 v T M L e 2 ) ] A A7 e 1o L OB A P 5 ok P4
Bl R

3INU>V3 U, WIEREED (4)
2NU>N3 U, VIEREE Q) (3)
NU:>\/3 U, BIERES (6)

Horr U, A A iR A
AN BIUA, B R R AR B U Uy 2
A 48 U BT B IR A R R U,
2NUex=U, (7)
B 1k R G A AR A o R A e MR
RER L 11200,

p— 2UVIIl
M_iUd <] (8)
TR SEEEE 5% T AR,
U= U 9)

g4 (1) —(6), A B e R BT ] A ol 2
FiiE 5. 24 0<M<\/3 /3 B, 2030 (4)—(6) TE 7
Bk 3 ANWEAE [ % P JE S Bl T 29 \/3 /3< M <
1B 295 (4) (5)TE BT (6) AN 1E a7, BP 1
WHETE M D QA EAE T AE M Q1T BEAFFE, 7E
SEPR R G M — B BUE 0.8 ~0.95 Z [H] | i a5
TR A,

G oM, % T P B R i S R O] REAEAE
2 FHZATARAS RO A 20 B AR B A K ¢, Ak
AR S A RO BR A BT R I A0 s A AV EL 4 K T A8 T
R R A B A RS, M (10)
T 2 AT R A T AR S B, A A T IR IR S
T 2 55 Y AL EE 2 R — R RN RS
AR AR, 55— Rl N R A e L L o, AR IR
4073, DA AFAE 4 Bl sg 8 B8 17 A X
gl 8 Frs , RN v] LA B R A R S
ERL

u.>NU; x=a,b (10)
Hp w o x M —c PRI

B 5% 8 X I AT T AR S 1 R
Aol 75 7 R [ 5 BEL BT s (B2 3R (10) BT ), 2SI &R
G4 38 1 5% 38 X AR R R DAY B AR R A ) 3 K 1) A
AT T ) PR T EL IR R 4R e O BT AT AR /N
SyFREL TR AR B Ry Ak P A A
JIT 4 4L B B2 R AR T A8 T £k R DA AL | I I s A
PR B 200 5 8 R G TR A E



BEHEAR 2, 55T B 4 W 41 25 CMMC e R B (85}

NU; P & ’(..lﬂh}- w ’(..—.. = ’(..—.
0 Ny 3 \\ /('1\ /;\ i \\ /("\ /;\ / \\

il

—NU, \"<l., \I
a Ml i
Wi
b M
Wi
i : : |
wE DG @ ! !
W7 s A5 2 o P DA S B, O AR

i EED) s ML W RE S, b L P B8
o M1 AR AT S5t

B BE@) s b 1 B B4 T BB B A R B 4 5
e

B s HT L T A BRE5 Bb A 1 F B R
o M LRI 4L T 35T M

B EE @ a b AR L BRI AL T ITBEBER o 4 L RAT 40 T 350 M

8 WEBMNEMEETEXTE
Fig.8 Schematic diagram of arm operation mode
after switching on bypass pair

Ohy AR NT P S LR B A B TC 800 I 7 [ A
oy A s A AR A7, DA T [ 42 0 2> 7 L I ] ] Bf
H Bk R ek 3k LA CDSM, BIVREL @ S i | 8 2B e
HLRHL, T A 20k 78 H FL VAL
23 EBREREBITIRIBRE SR ER i it

A 2.2 95 JT 4 1 A 5 55 30 X SR | 0l 5t
HR IR S A 37 B TC 1938 H AT AR R |

LTS 1= 92 VB 0 5 11

a. [0 P 1718 B oT R A5 5 | BEAHH L Y 55
X, BRGEHE A RIS AT, B LA 55 X K

b. P AR S B 55 % O 5% | B 23 B H WAL 4 7% 2
ST K Bk

c. [ P 3 155 3R ) U BT K Y A A S B
JE AT 1GBT filh & A5 5, R A A8 i 2 A 1, 52 B EA
B, L R U A R AR B 55 BT O I

d. BRI SO0 AL T e i, FT T 1 S 1) B
T, 100 i e T 58 LW 2% 49 ) ) i 0 4

e. M FH T G B A A PR BHL | LS B B oL % i
L, I AT AT R S

£, FCIR i 45

PO A BT

a. A SCHR [26 ] 97 i 1 52 30 00 1905 Fi SR e
TR A ST A 70 A BB IR A | P B R 0T

b. P& 15 5 A ST B R BTG

. BEAGFIXS  HARHHE AT PR 455 P BICIR 2 3
LI HL RN 55 B 0T 5% P B R B 55 X I

d. FTIFSRBETTOC B HL AL 4 B e A% 3 55 a0

e. BRI 2 R U B IE W s AT
AR EGE B HIER ), REB LK E B EUE 21T

£, BITH A Y

3 FESHSWIE
RS IE L ST A BT R 4 T TR W B AT R0
P 7E RGBT S B PSCAD / EMTDC Hh 44 8 AH W Y
FERR FENESEIE 1 s,
*1 BHZRGHEEABRSY

Table 1 Main circuit parameters of simulation system

Xt 4 EX R
. UE B R () 250 kV
LA U 2R (AT 250 MW
RENESE 33 500 kV
P AE FE AR AR L 500 kV/250 kV
T ARG 37 R A 2 350 MV-A
e G AE R 25 L 0.1 p.u.
F 9 i 0.816
B M R L AR 40
[ R H T P 2 8000 wF
A L2 HL R 6.25kV
i ] SR ms I 30T HL T
sk [N 1150 km

Ko 251 T R M T QR 38 17 1 i 45
. VIR B, R H L TR 500 MW, 1.0s 1%
il 22 4 1) 19 3 A R S BT R AR S 8 AR N Y 55
308 0T [ B A 0 0 s AT R 5 LU PR R RIS R Gk
AR R Gk 0 R YR IR IR A
KRG R A R BRI 4 (H
PR35 53 i TEURAR R 5 F 25 Fh A 43 5 30 i 2 ) i v 72
H . 20 ms Ji 557 B OGP BLI HE IR R 5% I O RN
530 %t HL A A 40 ms J5, FFIR H O 58 4 P B
LU H U A R AR RS B 55 BT O L | R G ik Uy R 4k
FETE 250 MW, 1B H 360 0 50 50 19 FL 25 L R DR R FEL ZE

= 600

—

2

5 400

PS

200 f
< 2
=
S
ES ] \
= "
@
500

=

% 350

=
200

> 6.6 [

< AANAARARAT A

= A AR

) 6.4

o PN

2 62 : : : -

0.8 0.9 1.0 1.1 1.2
t/s

Bo BEEETRHEBSITHESER
Fig.9 Simulative results of series-type unit switch-off
K10 g3 i T $ RS T A s 17 W7 FL45
Rz by R ROTIR RS R, WA BB,



(6] ® 0 8 & iR B

£35%

w8

H R /kV

S HWHBR/KA = o o
S 3

- s 3

Y%/ MW
L2
(=] SO

(3]
(=]
S

~
n

AL HL TR /kV
o
W

55
0.5 1.0 1.5 2.0

t/s
B 10 BEEBTRANETHESER
Fig.10 Simulative results of series-type unit switch-on

ARG ik 1R 250 MW ; R A BT B 28 5T
LS8 I, Ab T AT BICIR S o 1.0 s 2281 28 ¢ 1) 79 3 5 45
ABITCR AR S B HH DL 14 55 38 X7 [+ I 24 45 90 42
PRAFATE R ) AL AR | I IS VAL F, 3 o 55 6 T S R
SEAl T LR R 20 ms J5 57 HEIF RWTIT | B HL R
IR R B SFE XS b, 40 ms 5, P FF B BRLIT R
B a4 38 1 A G TR HL TR )
PR LA 9 465 1 B 5 A | L HRL L A D R B i
PR 1.8 s |5 REIEAFTIZBET,

BT 0 T e 38055 38 X 1A] (BR TR ) INF B
T VLU 5 55 O O HL WAL 2 % e R R A L TR SRR R
B, M 1 (a)F(b) AT 3555 8 ) 1 18] 4 H
TARIE , BEORE A BN L ReAt TR i g B Al
BEAEC TSR IE 1 ESCry 0 #r, B 11 (a)—(c)
AR 258 X B AT R FE TR O AE 2 AR
R T ERIRA gL B2 X RG] T RS
el T
BHIETT

WA
EHEAT BRI

=

N b #H a #H

B0

=

Z o

¥ 538 % A B A R 90

4 5 . ¢ Af . . .
0.98 1.00 1.02 1.04 1.06

t/s
(a) LW IR

< 1

< bhH atf

B0 RO

pe

£

- 53 % Y 1R A R 90

e 5 . ¢ Af . . ‘
0.98 1.00 1.02 1.04 1.06

t/s
(b) T LI

25 SEEEIT H A

[ 3 b 8 :
» | KO BISHOEX L
_\‘ﬁ I T
g 10
i 3 1 % ific

-0.5 - . . ,
0.98 1.00 1.02 1.04 1.06
t/s
(¢) ML

0.98 1.00 1.02 1.04 1.06
t/s
(d) AHE

B 1l REEMHEHRRSEENERBEREBTE
Fig.11 Schematic diagram of converter charging and
DC transferring during bypass pair switch-on

W 2% A 2R AE L FEL U M BRAR T (E S i AR e 5 55 i
TR AT, T — 5820 LI LI R 0 ; 2 5% 3 X
B IS | LI FR I 4 AR A B ) 55 B 0T 6 ok, i A
11(d) AT RARITE | 5538 X 48 A 309 18] | A/ A e e o Ak
T M AT | F A A A R
AT H R TR LA AE T b T AR N
A BITIH AR A LU T R B R A A
kWA RE B R A T S8 4 P B H A R R AR

FrEE
4 H5iE

T C-MMC 21 & 23 Ui i 1Y U 45 44 I XY
F Mk B AR G e KA E T RE NS S BT SRR A T
PA] I e ok H a2 28 4k KR & (W) 517 ) X R T
ZRE B FNGE F RN ) 2R e A X 4 e S B
T TCIE B PR R PR & M a5 A SCEE AT 3 BT
B BEAR o B AR PE AT T A, IR T — B iR
BT HE V) R W I 28 S A BE & B )3 | DL AR B 460 i 2R
JCAR IR I R GE AR RS B AT 5 R 00 B X ER B S d 3
BOCREIR | BT — ol 3 T 45 5 3 X 1 4 ) SR | S
PR L P HL O A M DA 3 B TR R B S T G L B
J& , 7€ PSCAD / EMTDC 44 &t A1 i EAL A X fr
BETH ) 5 s A7 20 BT B E

SE .

(1] FRm, B s A5 8o, 45, M R g (M. dbat AL T
Al R 20120 1-25.

[2] WA Weud MREER RS IAR 55, BIERAE 5 2 8 46 3 1 BF 9T 250k
[J]. HEAHLT ¥R, 2013,33(6) : 1-14.
YANG Xiaofeng,LIN Zhiqin,ZHENG Qionglin,et al. A review
of modular multilevel converters[J]. Proceedings of the CSEE,
2013,33(6):1-14.



% 128

BEHEAR 2, 55T B 4 W 41 25 CMMC e R B @

(3] S4HNL X 5. BEH Al 2 v -4 iat i 284 e VA i el AR e A
PRAPRZHELL[]]. W7 A B ki 4% ,2013,33(9) : 157-163.

CAI Xinhong,ZHAO Chengyong. Framework of control and
protection system for MMC-HVDC transmission system[] ].
Electric Power Automation Equipment,2013,33(9):157-163.

o R, S0, Al 2 v - AT i A B 4 o RR A [T ).
W0 A 3 B4 ,2012,32(4) :63-66.

HE Daqing,CAI Xu. Limitation control and hybrid modulation

[4

[

of modularized multilevel converter [J]. Electric Power Auto-

mation Equipment,2012,32(4):63-66.

L7 IRTTD I I e I 8= 7 A IR - & N ERT TR TR

UR A S O5 FUEER [J]. W) A S ki % ,2013,33(9) :68-73,

80.

LIU Dong,TANG Guangfu,HE Zhiyuan,et al. Hybrid real-time

simulation technology for MMC-HVDC[]J]. Electric Power Auto-

mation Equipment,2013,33(9):68-73,80.

[6] LSS, ke, FhEIs 45, —FoBr 8L o JE E i R ——

MMC-HVDC[J]. 1 Ak #,2012,32(7):1-9.

WEI Yanfang, WEI Zhinong,SUN Guogiang,et al. New HVDC

power transmission technology: MMC-HVDC[J]. Electric Power

Automation Equipment,2012,32(7):1-9.

TR, B M. K 2010 B BR A H 1o 23 O EL AL R B R 1Y

RIEF B[], w i EHE A, 2010,36(12) :3070-3077.

XU  Zheng,TU Qingrui,QIU Peng. New trends in HVDC

technology viewed through CIGRE 2010[J]. High Voltage

Engineering,2010,36(12) :3070-3077.

(8] AR BeAA  AB L 55, EOT T RO i He A K B I S 1 R

GEARMESI BT (1], BT RS A F16,2013,37(15) . 15-19.
ZHENG Chao,TENG Song,SONG Xinli,et al.
system characteristic after incorporation of 320 kV/1 000 MW
VSC-HVDC into Dalian Power Grid[J]. Automation of Electric
Power Systems,2013,37(15):15-19.

[9] PERALTA J,SAAD H,DENNETIERE S,et al. Detailed and
averaged models for a 401-level MMC-HVDC system[J]. IEEE
Transactions on Power Delivery,2012,27(3):1501-1508.

(107 BB T BRI W &N, 45, B b2 i 4% HVDC B
D e e R e mi ()], L JT AR B8 A 3K, 2011,35(23) :82-87.
ZHAO Chengyong,CHEN Xiaofang,CAO Chungang,et al. Control
and protection strategies for MMC-HVDC under DC faults[J].
Automation of Electric Power Systems,2011,35(23):82-87.

[11] B, R 245 70 4, 4. Bl 2 -0 4% HVDC B
WU S it T AR e WU 2 A (], P DB C AR A= 42011, 31
(1):1-7.

WANG Shanshan,ZHOU Xiaoxin, TANG Guangfu,et al. Analysis

—
W
[

[7

[

Analysis  on

of submodule overcurrent caused by DC pole-to-pole fault in
modular multilevel converter HVDC system[J]. Proceedings of
the CSEE,2011,31(1):1-7.
[12] TR JEBE, Wakis 5. I M 2 BT A TR) ALY P R £ AR [T
HITT MR 2013,7(1):6-14.
XU Zheng,TANG Geng,HUANG Hongyang,et al. Two new
technology for eliminating the problems with multiple HVDC
infeeds[J]. Southern Power System Technology,2013,7(1):6-14.
[13] TRAINER D R,DAVIDSON C C,O0ATES C D M,et al. A new

hybrid voltage-sourced converter for HVDC power transmission

[C]//CIGRE Session. Paris,France:CIGRE,2010:1-12.

[14] BESEbk, B, B MG 45, MFH 208 50l £ i 4% L A0
JEFERE I 000 A Sk 2012,32(11) :60-64.
XUE  Yinglin,XU Zheng,TU Qingrui,et al. Capacitor voltage
balancing control for alternate-arm multilevel ~converter [J ].
Electric Power Automation Equipment,2012,32(11):60-64.

[15] MERLIN M M C,GREEN T C,MITCHESON P D,et al. A
new hybrid multi-level voltage-source converter with DC fault
blocking capability [C] //9th TET International Conference on
AC and DC Power Transmission. London,UK:[s.n.],2010:1-5.

[16] XUE Y L,XU Z,TU Q R. Modulation and control for a new
hybrid cascaded multilevel converter with DC blocking capability
[J]. IEEE Transactions on Power Delivery,2012,27 (4):2227-
2237.

(170 B 9T VPR 2248, A B MMC-MTDC L3 e 27 i i

ST [T]. R HOR R 2013,43(1) :106-114.

ZHAO Chengyong,XU Jianzhong,LI Tan. DC faults ride-through

capability analysis of full-bridge MMC-MTDC system[J]. Sci

China Tech Sci,2013,43(1):106-114.

MARQUARDT R. Modular multilevel converter:an universal con-

cept for HVDC-networks and extended DC-bus-applications[C]//

[18

—

2010 International Power Electronics Conference(IPEC). Sapporo,
Japan:IEEE,2010:502-507.

MARQUARDT R. Modular multilevel converter topologies with
de-short circuit current limitation[C] //2011 TEEE 8th Inter-

[19

[}

national Conference on Power Electronics and ECCE Asia
(ICPE & ECCE). Jeju,Korea:IEEE,2011:1425-1431.

[20] MESEM R, C-MMC B3 S KE 2 8 AL ER R etk 4 40y %8 (1]
s E LT AR 4R, 2013,33(21) :63-70.

XUE Yinglin,XU Zheng. DC fault ride-through mechanism and
improved topology scheme of the C-MMC[J]. Proceedings of
the CSEE,2013,33(21):63-70.

[21] BEICM BRI, SRETAT, 45, SRR T A9 MMC-HVDC 19
BUEE T H Ik ()], B A k4 ,2015,35(1) :20-29.
XUE Yinglin,XU Zheng,ZHANG Zheren,et al. General method
of valve loss calculation for MMC-HVDC with different
submodules[J]. Electric Power Automation Equipment,2015,35
(1):20-29.

[22] BESCMR IR, SKRITAL 45, TR T C-MMC 2 & 1 B &

SRR AP BT R BRI ()], B0 A A B4 ,2014,34(8)
89-97.
XUE Yinglin,XU Zheng,ZHANG Zheren,et al. Protection design
and fault-tolerant control of C-MMC based HVDC system under
sub-module failure condition [J]. Electric Power Automation
Equipment,2014,34(8) :89-97.

(23] S E e o, ol i | A, R S B0 O B 09 R e R L

WA ICBOR R T[], BIMEIA 2007,31(21):5-10.
MA Yulong,TAO Yu,ZHOU Jing,et al. Analysis on deblocking
and blocking characteristics of UHVDC commutation units
based on real-time simulator[J]. Power System Technology,2007,
31(21):5-10.

(247 skaltde BT, MMC-HVDC ELUE M S B R P 5 #4011, e
T B % 2014,34(7) :32-37.



R R 835 %

ZHANG Jianpo,ZHAO Chengyong. Simulation and analysis of XUE Yinglin,XU Zheng. Start control for the MMC-HVDC
DC-link fault characteristics for MMC-HVDC[J]. Electric Power system based on clamp double submodule[J]. Power System
Automation Equipment,2014,34(7):32-37. Protection and Control ,2013,41(11):1-7.

[25] L JH2105 %) fa, 55. BEHUE 2 PRI 2% HVDC B
XU S I 1 LR AL S T L) ], P B AL PL TR SRR 201131 EER .
(1):1-7.

WANG Shanshan,ZHOU Xiaoxin, TANG Guangfu,et al. Analysis

of submodule overcurrent caused by DC pole-to-pole fault in

-y B A (1986 — ), B T BB AH
L L AEMAF AN AAN S RN AR

I % (E-mail : yinglinxue@gmail.com) ,
OA

Converter unit on/off control based on bypass pairs
for combined C-MMC system
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(1. State Power Economic Research Institute,Beijing 102209, China;
2. State Grid Xuzhou Power Supply Company,Xuzhou 220005, China;
3. College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China)
Abstract: The combined C-MMC (Modular Multilevel Converter applying Clamp double submodule) with

converter units connected in series and parallel is adopted to achieve the high-voltage and large-capacity

modular multilevel converter HVDC system [J]. Proceedings of
the CSEE,2011,31(1):1-7.
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power transmission. Two basic patterns,series-type and parallel-type,are classified for the switch-on/off
process of converter unit in the practical project and the technical difficulties of each type are analyzed.
The configuration scheme of bypass/disconnecting switches and the current limiting scheme of series
resistors in clamp double submodule are designed. A strategy based on the bypass pair control is proposed
for the series-type unit switch-on/off ,which takes the arms of one phase as the bypass pair while blocks
the arms of other phases during the unit switch-on/off to smoothly transfer the direct current between the
converter unit and the bypass switch. For the blocked arms,the resistor connected to the clamping diode in
series effectively suppresses the charging current and damps the increase of module capacitor voltage. The
effectiveness and feasibility of the proposed strategy are verified by the results of PSCAD/EMTDC
simulation.

Key words: modular multilevel converter; clamp double submodule; arm blocking; damping resistor; control



