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Table 2 MMC system parameters

S8 45 MMC TRAT MMC
HH /Y 24 24
Ugy =2 kV,
TR E HUE Ug=2kV U= 05 kV
FHRIAEL 12 12
A R R R/ kV 10 10
WiE hR/kW 3 000 3 000
C,=0.6 mF,
FAEZHE Cy=1.15 mF C,=2.2 mF
LA BARE pau. 1.00 0.65

T, T,
FF450R33T3E3_BS,

IGBT k% FF450R33T3E3_B5
T, T,
FF200R12KE4P

15 R 4 1 7Y " T720N

sn

4 G
£ —G
=3y G,
K 1
= - ===

%0 350 400 450 500 550 600
AUV

5 ZEBFBERINIMERBEIRE CHRI
Fig.5 Influence of support capacitor voltage ripple on C,

Ky S MMC 8 & R RS E,, o8 BT L )
Ret I KAE ; £, A T A AR g fE e/ IMEL
XS R MMC 5145 %L MMC, 17 RE
DA RREAN S B0 (1) H iy 43F AR ) T 5 K
fEAFRE = AN, BI BT . [ 6 o 2 B MMC
KAGAERER X B, AT DA TR A MMC 117 BE
HALFAL S MMC, BIX (11) P B8/, MR
(1) A AZ il 48 MMC 53R 47 MMC 1 /E
BAF KL, K 7 i, ol LA, R AW
MMC ) i 25 B 0 A A e ot 1 F 15 58 MMC, DA
AU, =400 V Jy i, ot B (4 £5 5 MMC FilTE & 7
MMC e R 2R 350y 18% F1 28% , 1% &k %
TRA T MMC A IRBUR 55 MMC (1) 65%
EAF A, /7 P Rg & R R IE AU, =
1200 VA ik F U F, IRt —F R B Py 358 A Fr) i 25 A A
e/, BN ERE E A S e 2 AR, (EL LB (Y b
Pt A R A AR F] T 1200 V3 B S
Bider IGBT DA B Jf- 3K i [ 457 1 W 1R 46 0 2 i T
1R, TRBEERL I A e DR 8, B 2 A AT R AT 4
FREH I MR, G, 5 % H-SM I A
AR RSB B o A R N %A BT R, LA

3000
L
g — _fEgiMMC
& 200 A HMMC
=

1500 |

1000 . . : . : )

300 350 400 450 500 550 600

AUV

6 &5 MMC 5B &8 MMC &R KfifTFat EXTLL
Fig.6 Comparison of maximum storage energy
between conventional MMC and hybrid MMC

601

(1200 ,50)
50
_ 40
X
=50l — —fE5MMC
A ZIMMC

300 500 700 900 1100 1300 1500
AUV
7 f£% MMC 5B & & MMC gt 27 B RaxTLL

Fig.7 Comparison of energy utilization ratio
between conventional MMC and hybrid MMC

SEBUAN I B R RS T I AR AR R AR AR Y
R

SCHPTER R A5 T MMC i 7 221 = & IGBT
ANECH 2N AR T IGBT N80 2N, R FRL s fh ) 4
ANBCH N3 SCRR[27 T 7 %8 v, e L [ IGBT 4
N (2+L) N A L g SO, AR A2 L> 1. fiit
FRAE Y, SCHR [ 27 1w B B9 1GBT RAR I 5
ST H-SM AYIRA B MMC,

P S—I& 7 hishe By SCRE R A L R IS T LA
300~600 V., ifif 21 it Hs 35 Bl 1 FBHR Ik, AR
BB IGBT H e BB 2 B e, AR 2480,
JH S A H 2 PR P90 Bl L 204 T R

3 Xt S5IIE

3.1 ttbSHF

DA 2 gy I BB AT X0 HE A o MRS
R R MMC 1 A28 R A A | (A
I E O R, R 1.0, AR TR 52 R R
Hh B K A STk Y, TR bR e 455 IGBT 11y
JH—fLFR N 3 FiR .

TEAR G R MMC i, N SAS F1 FE R, A
H 30% 72547 (R 0.3) 404 IGBT LK ik B 16
A A At 2 5 e 70% A2 47 (DR 0.7) 5 MR TR
B, LA e 70% 247 (Bl 0.7) , f14% IGBT 1A
Je B CHS E 7E P  HLAU R B HE 30% 25 47 (B



219 fLHEF 55 T A RS AMA IR & L 2 v A e

*3 FE¥EHE MMC SRR E MMC XfLL 547
Table 3 Comparative analysis of conventional half-bridge
SM-based MMC and proposed hybrid MMC
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A hybrid modular multi-level converter based on capacitor voltage ripple compensation
KONG Xiangping', BIN Zijun', ZHANG Yaqian®, DENG Fujin®, ZHANG Jianzhong’, LI Peng'
(1. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China;
2. School of Electrical Engineering, Southeast University , Nanjing 210096, China)

Abstract: In order to reduce the capacitor volume of the modular multi-level converter,a modular multi-level converter with the
hybrid submodule based on capacitor voltage ripple compensation is proposed. Firstly, the system structure of the proposed
hybrid modular multi-level converter and the mechanism of reducing the capacitor volume are introduced, and the switching
principle of the hybrid submodule is analyzed in detail. Secondly, the energy fluctuation of capacitors is analyzed to size the
capacitance of all capacitors, and the overall capacitor volume is evaluated and compared with the conventional half-bridge
modular multi-level converter. Finally, the effectiveness of the proposed structure and control is verified by simulation and
experimental results. The results show that the proposed structure in this paper can greatly enhance the energy utilization ratio of
the capacitors in the modular multi-level converter with lower switching device cost, thus, reducing the capacitor volume and
improving the system power density.

Keywords : modular multi-level converter; hybrid submodule ; capacitor volume ; voltage ripple compensation ; energy utilization

ratio ; energy variation
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