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Fig. 2 Modulation waves of CPS-PWM
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Fig.3 Control strategy of capacitor voltage balance
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Fig.4 Control diagram of CPS-PWM
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Fig.5 Simulation waves of unbalanced capacitor voltage




5 118 T IR, 55 MMC HL 7 H R P s ] SR s 103

6 SR T HL A L B4 A SR Pk P 07 LR, e () (b) 23531 D8 MIMC. St A0 4 AH R A AH
FL I, FEL R P U T R, JH o b R I8 53658 21.229% , LA IR A8 580 1.47% , A LE T 0T A il /)8 5
() (d) 2 AAH BNV L 25 IR L b T 08 sl 0 L SR 1 i 2 H P R4 4 o SR s, Pl 25 F PR /e AR
RS, SRR Z A A 2N A PR , R IHAS SO B H 2 PR A R RS IR Y AT
AR o

0.5
2
S =0
) }
: . : -0.5 L
0.15 0.2 0.25 0.15 0.2 0.25
t/s t/s
(a) (b)

08015 02 0.25 03 035 0.4 045 08015 02 0.25 03 035 0.4 045
t/s t/s
(¢) (d)

6 FBAEEFEROHERY
Fig.6 Simulation waves of balanced capacitor voltage
5 B&

MMC 7E FAREHA BN AR Z BT , — BN T 204, ZB B ARl 2 v e i R e i i 42 i O i, 7
B 9 T S0 5585 AR5 A (], 51 %) 28 B A0 % ] LA R REAIR TG BT A T S8 %, A 1) F I
AR T SCARAE 5 [t 1 e ipz i R 5 W S I ) B A 56, 5 3R AR J0 ¢ , I HLAS A0 M B S BB E
Fb, SERGE I B R A R TR AR T, A H R A A R MMC TE R TAE BRI, A Gt T H
ZEH R g A RO T A RN

5% ik

(1] VT . P IR0 28 1) P A P B AR (M. A 3 v [ v g B, 2009:21-25.

[2] B 2R ) 1A SR 2 PR R 0 23 A1 2R F R e AR BT[] L R 2011,35(7):42-47.

[3] ARV 5,25 2 T2, 6, 55 BT e BB U TR T A 22 ST 2 PR I 1 SR . H 4R, 2013,37(4):1012-1018.

(4] F I 2205 37 AR, 5 28 it HL 3 XAk 22 L SP480 3E #% HV DC IS A TR A2 1] HL R ,2011,35(2):17-24.

(5] B4, E B0 R 22 0. = A0 PWM B3R R GRS AR 4R A0 T8 K2 41,2012,29(6):40-44.

[6] HAGIWARA M, AKAGI H.Control and experiment of pulse width—modulated modular multilevel converters[J].IEEE Transac-
tions on Power Electronics,2009,24(7):1737-1745.

7] I SRS AT RS AL 2 P R DR B E AR . AL TR 412,2011,31(24):1-8.

8] BRI, AR B 55, 5 i Ho ST T VR 04 R R R A BT . R R R ,2010,36(5):1327-1332.

9] B UM, ZRELMMC 2 VSC-HVDC R 48 HL 75 f R AL P il [J]. P B AL TR 2% 412,2011,31(12):9-14.

[
[
[
(10] FIWHLJE 205 00 48, 55 AL 2 i P4t g HVDC LA XU S % AR it 23 A (1] 7 B F L AR 22 412,201,311,



N

104 S N BN e 20144

1-7.

[11] FLBH, L0858 2 UK, 55 ARk 22 H S Q2 P e i L J60 37 4 1) T 7 2 ol SRS ) ] H O R, 2011,35(11):67-73.

(12] J 0 BB R, S8 ARHLA 2 -4 e R B R L PR BRI HT (0], e HELU TR £ AR, 2010,36(2):547-552.

[13] LI ZIXIN, WANG PING, ZHU HAIBIN, et al. An improved pulse width modulation method for chopper—cell-based modular
multilevel converters[]]. IEEE Transactions on Power Electronics,2012,27(8):3472-3481.

[14] TU QINGRUI, XU ZHENG, XU LIE. Reduced switching frequency modulation and circulating current suppression for modular
multilevel cConverters|J]. IEEE Transactions on Power Delivery, 2011,26(3): 2009-2017.

[15] 25 A2 ARV, F LI, 55 . — T AL 22 it V- i e i R R N 7 YR ] AR ARSI R 27 27:412,2013,30(2):37-41.

Control Strategy for Capacitor Voltage Balance of MMC

Jiang Lang, Song Pinggang, Li Yunfeng, Duan Chengting

(School of Electrical and Electronic Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract:Capacitor voltage balancing is the premise for modular multi-level converter’ s normal operation, which
is a fundamental issue for all control algorithms. This paper describes the basic operating principles of modular
multilevel converter and researches carrier phase shift in the modular multi—level application. To suppress the ca-
pacitor voltage imbalance, the paper designs the capacitor voltage balancing controller, building a simulation mod-
el in the MATLAB/Simulink. The results indicate that the designed controller can stabilize the capacitor voltage
well.

Key words: modular multi-level converter; high voltage direct current; carrier phase shift; balanced control



