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Fig.9 System of hybrid MMC control
with decoupling control
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Table 1 Hybrid MMC simulation parameters
A &/ MW 500 HBSM 4% 100
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Cyp/mF 6.654 C/mF 6.654
Cy/mF 0.623
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Fig.10 Hybrid MMC simulation waveforms with m=1.7
MIE10Ca) Hrl LA, kI8 )5 528
PATFRRLE AP AR 42 55 B ) DX (] 0/ )N , 25 Wi 4
HIJF e, R4 ABB 5SNA 1500E330300 i

AFPFEET AR AR SARE DL 0 2.276% , X 451 KE
SR

MIE10(b) Fra] DIE H EARBEA AT 1Y
[X[&], FBSM 5 HBSM [y L7 i s ANF 7, A A BRI
FAH LEBA YR TS, HBSM HL 75 i [ T4 BRI
TR P o HBSM HLUA L AR A B, R IZ ik
FIREAS . i 10(a) it L 4L -2
TR eR BT LI, 0 1 X 24 B R 4L
TP SR pRBGHAT T 0, SEBL T AL R4 1

Oy S U AR B S R I AR e A T TR AR, LA
m=1.7 Jg {5, {45 T MMC & GEHHE v R s it /e i
FBSM 5 HBSM -1 25 HL e 152 B oL 2 #1114
11 FiR o

— FBSM — HBSM

1700 243V
S 1600} /
<1500

Uctger™ -
1651V Uehda™
1569 V

1400

0.20 0.22 0.24 0.26 0.28 0.30
t/s

(a) LG IFBSM A HBSM - 34 FL 28 FiL I

0.20 0.22 0.24 0.26 0.28 0.30
t/s

(b) £ HEF FIFBSM J2 HBSM S bk FL 75 L [T

18001 ppgM — HBSM  etea™
1592V
1700+,
Z 1600 ft-- /2
38
1 500

1400 ) )
0.20 0.22 0.24 0.26 0.28 0.30

t/s
(c) fAFBALAL IFBSM X HBSM- T~ 1] B %5 FL I

0.20 0.22 0.24 0.26 0.28 0.30
t/s

(d) AR AFIFBSM J HBSM SE B FL 75 Ft [T

1 m=1.7 E5HF SRBALHFRREFTRE
Fig.11 The capacitor voltage of sub-module traditional
sequencing and decoupling optimization with m=1.7

BT, g gor s g 20 90 0 AR SEHE T T B9
FBSM & HBSM EBE %E%E%ﬁﬁia Uer dez ~ Wen a2
S35 R LAY FBSM J2 HBSM H 725 ¥ He 1) B VAL



155 PIbR S TR ) ) A ] EETR 5 28 MMC i BRI s vk

grie. ME 11 (a) ATLLE L RRHT T Au, g, =
243 V,e,=7.6%, 5 ¥ 5 A —5, {H FBSM 5
HBSM HL %5 HL s I LI 70 i 25 (B 82 V, 22 A K
HE 11 (e) ATRVE ) RIS At T AL,
HA 5N 207 V,e,=6.5%, H. FBSM 5 HBSM Hi
BHEER T EEMEMCN TV, 258/, HTT
B 75 T[] 1) 22 Sk, S PR ABE 4 P 25 P TR I T8
RS KT HAREFHEN %, nE 11(b) |
BI11(d) s o ABGEHET FIERR ALY Aw, g, 533
316 V FI315 V, SEBRGEL L2 L % 3l 530 R
9.9% F1 9.8% , H. 15 P vy 75 Wy s I 2l 78 /i
FlZ M.

gi b, e R LA I FERE AR HBSM H 75
E A [FRIEFRUE T FBSM 5 HBSM HEL 25 Hi e () % 8l %
MBS . AL LG HBSM B 25 (i M 1% i HE
J¥ N HBSM HLZSME Y 9.4% , 518 7(¢) Hrita 45 5%
HA—F,

SRy S b Bk S T R s R e 43 Skt
m=1.5fl m=1.6 1745 FIUE, 5 F i IE K 12
Fime AHEEER 1 i 0 S AL F R A S 4
A5H, M m=1.5 i, C,=4.597 mF .C,;=0.999 mF; 4
m=1.6 i}, C, =5.633 mF .C,,=0.844 mF

1 800
1700

Uetaer™

— FBSM — HBSM | 534 v

1400 Uepge2™ 237V

. 1576V , ,

020 022 024 026 028 030
t/s

(a) m=1.5fF5AL AL FIFBSM A HBSMF- 4 Fi 75 Ht [T

1800 Upger™

1700 |,
; 1600 b [N N
< 1500

1400 |

15856V

0.20 0.22 0.24 0.26 0.28 0.30
t/s

(b) m=1.6/AFLALIFIFBSM M HBSM-F- 1) Hi 25 Hi

B 12 m=1.55 m=1.6 B MANLHFESR
EHEFEERE
Fig.12 Decoupled optimized sub-module average ca-
pacitor voltage waveform with m=1.5 and m=1.6

MIE 12 Hal LU Y #0459 FBSM &
HBSM H 25 L s O B Bl SR BEAR — B, 2 m= 1.5 1)
Au, 100 =237 V, ey =7.4%; 5 m=1.6 B} Au, . =
224V ,e,=7.0%, FBSM 5 HBSM i 25 3 J& 1) B iR
Iy ZESFRUN AR A R .

RE 2.2 75 B i) AL RCR S s AT A
] LU ) AL , X B, D) SR PR 18 AN [R] 381 i L T
DLHEATT H o R AEE AL A(E AT, HoAl 7 B2 UL
1o Hr HBSM 5 FBSM HL 2 {(H I B AR 1L
Ja ew=ep =%Vt MBI T HATRILE 2.
®2 FREIAGLE THBBRLTESER

Table 2 Simulation results decoupling
optimization under different m

m Cy/mF  Cy/mF ey/% Cy/Cy
1.50 4.597 0.999 7.4 0.220
1.55 5.117 0.932 6.9 0.180
1.60 5.633 0.844 7.0 0.150
1.65 6.146 0.739 6.8 0.120
1.70 6.654 0.623 6.5 0.094
1.75 7.158 0.501 6.9 0.070
1.80 7.658  0.376 6.6 0.049
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Module decoupling control based capacitance optimization for hybrid

modular multi-level converter with high modulation index
SUN Biao, LU Maozeng, ZHANG Cunshan, MA Xinxi, ZHOU Linzhi
(School of Electrical and Electronic Engineering, Shandong University of Technology,Zibo 255049, China)

Abstract ;: Hybrid modular multi-level converter (MMC) consisting can operate with a high modulation index ,and it borrows the
capacitor voltage balance method from half-bridge MMC. Thus,a strong coupling effect occurs in the charging behaviours of full
bridge sub-modules (FBSMs) and half bridge sub-modules ( HBSMs) , which causes a low volatility of the ripple voltage of
HBSMs' capacitors and challenges for its capacitance optimization. To address this issue, the ripple coefficients of HBSMs’ and
FBSMs' capacitor voltages are calculated for MMC operating with a high modulation index quantitatively. The optimize of
HBSMs' capacitance can be clarified . Then,design principles of the optimal HBSMs’ and FBSMs' average switching functions
are explored. Hence, the optimization of HBSMs' capacitance is achieved with the constraint of the maximal value of sub-
modules’ instantaneous capacitor voltages. Further, under the conventional basic control framework of MMC, a control strategy
based on module decoupling control which can regulate the dynamics of capacitor voltage accurately is proposed. Finally, hybrid
MMC operating is modeled with MATLAB/Simulink. The proposed capacitor optimization method is verified. The simulation
results show that the DC component and ripple component of capacitors’ voltages can be regulated accurately, and the
capacitance of HBSMs can be reduced effectively.

Keywords : hybrid modular multi-level converter (MMC) ; high modulation index ;ripple voltage ; decoupling control ; capacitance

optimization ;module average switching function
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