E355F 18
2015 % 1 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.35 No.1

Jan. 2015 @

BRI 2 Pt S BT U TRALRC L5 i

xR BAE,H &
(Ao k& RAIEFK IR @% 210096)

E, AP S b P HIA R (MMC) R B — AR TR KILERE Tk Z 7 2L IRRHEATER
Fo AT AR AR EATR Y TAFEEBZTEXIABAFEL, 23 % 8 HARLDH 6 REFER
HTTAFERKF, 24T MMC 93630 E M AL TS 09 TAERE AR TARY 5 Ee A b #
s AR A KALEE k0 BRI FH LB A B TR LR PRI, BAEREWAZ T ETHE
HAWEE TAFTRERBF ERIERATEZATOW LT | T RA BIET X5 68 2ok fo 7T 470
FEIF, BRI B THRAE, B TA, KL, SRR, RAR

FESES. TM 46 XERFRINAD. A

0 3l=s

PTARR LA 2 v - BOR SRR HAE 22 L P 455K
B RS TR L R H AT T bR X 1A 58
P T BRI, 5 ) 7 vog e 78 W 50 AT 6 T I 1)
PR, TR w TRAS AU AL 58 A S R 2
SRR Bt ST RCAR SE0 AR AE R K CR
S IO LA R ) 4 A o DR SR R
17 L 247 0 8 22 1 1 SR A7 78 28 LAY ) &8T5 H AR
R AL 22 P ROR Y SR S B A g ] ok 45 45 ) A2
G PO N EPRM N 4 /A AU R R 22 S E 2B o
Z T MR SR AR FVRE L 48 A IS a4 R R R I
UL FEL TS o0 AP T 75 2 ) A A R R A ke
e Z B EHOR 0 R AL WA S | TUR T
] B, TG o 2 AR A AL e i | MR B/ 13
PRERFIEE & | FEAR T A FIBARE . NI BB fb 2
PR AHOR B2 B AT G TE | AR AR 2 N 8 R 78
WA ) SRR A DA

Bl HL I AR RN T | D R AR KRR T
KIWIB AT OUT | Dy A B g 2 A ] sl 1, g il
T R R G IE W I8 AT, T AL IO AR R R 8
ERR (R0 0 AN ISy R EMIIP (821
PR B R TAF  RIIE R G % 2 AT5Eis1T, BHxt
TUAR T RIS B0 B2 | RG] S by | (H
AR, HIUA TR A R B, A2 5F Bl &
A AR B (HRE R G 10 T SR RS AN B AR Bt
e, A B A O RC B TR R s, (H
&, AR A TUAR TR E R T 5

SCHR[9 142 T TUAY BE 5 Tk i ME & | (EL 2

Wim B E.2014-03-07; €@ B H.2014-11-18
EE£WB./zrhaAHFEEF R A (BK20130627)
Project supported by the Natural Science Foundation of Jiangsu

Province (BK20130627)

DOI: 10.16081/].issn.1006-6047.2015.01.003

Z X TR TR E T ST . SCHR[ 10 18 IT A
TAEGAIIE B T W H RS T IR T
R E B 1) RV 1], A i — AP W 5 e A OU A T4
Bl R MR B T AR N BRI S PR T AR 2 e
Frikst, TR A EZNRG AT FENE T
R T REHAT A IR A TCAR TR X 3 4 AR
W P il —Fp T 2 AR AL AR B4 22 L P-4 i
i (MMC) BEHRITUA LA E & 0 v JF VR 45 13207
LI SR BR AR e R FE R ) TR S PR o 2R AT
M, SRR T %07k A R E A A4

1 MMC T{ERIE

K102 = A0 MMC #h 5 R s iy 6 M A
W, bR 2 RS A B R N+
AR (SM) A 1 A R g LGB s,

e
| | |
sM, | ] sm, | M, |
SM, | ’E] SM, | SM,
|

SMy., |

g/ 2

SMy., | SMy,

Oa

1o o b

Oc
L, L, L.
SM, | s, | SM, |

wy./2
SM, | ’E] SM, | SM, |
;:l SMy., | \Fl SMy.. | ‘Fl M. |
e}

B 1 =48 MMC 58
Fig.1 Topological structure of three-phase MMC
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Fig.2 Topological structure of sub-module
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Fig.3 Flowchart of optimal modular redundancy configuration
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Table 1 Relationship between optimal quantity of
redundant sub-module and N

N n Ty Ry
50 5 0.8209 0.9952
100 7 0.8416 0.9914
150 9 0.8531 0.9912
200 11 0.8610 0.9925
250 12 0.8675 0.9840
300 14 0.8731 0.9886
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Table 2 Relationship between optimal quantity of

redundant sub-module and N

N n Ty Ry
50 5 0.5595 0.9952
100 7 0.6170 0.9914
150 9 0.6458 0.9912
200 11 0.6636 0.9925
250 13 0.6758 0.9942
300 15 0.6846 0.9956
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n o Ry n o Ry
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Table 4 Ty for different n values

n Ty n Ty

1 0.3599 5 0.8209
2 0.6177 6 0.8129
3 0.7791 7 0.8045
4 0.8208
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Fig.8 Simulative voltage waveforms
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Optimal configuration of modular redundancy for MMC
WANG Baoan,TAN Fenglei,SHANG Jiao
(School of Electrical Engineering,Southeast University, Nanjing 210096, China)
Abstract: A method of optimal configuration for modular redundancy of MMC(Modular Multilevel Converter)
is proposed ,which establishes a multi-objective optimization function and obtains the optimal quantity of
redundant sub-module to increase its utilization rate and enhance system reliability. The topological structure
of MMC and the operation mechanism of its sub-module are analyzed. The protection schemes of study of
module redundancy are studied and the specific steps of its optimal configuration are given,which are
analyzed for engineering application. Simulative results show that,the optimal redundant sub-module
configuration is simply and effectively obtained,which ensures the reliable system operation while reduces
the costs,verifying the validity and feasibility of the proposed method.
Key words: module redundancy; multi-objective; electric

modular multilevel converter; optimization ;

converters
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