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Double Boost Nine-level Inverter with Hybrid Structure
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(School of Electrical and Electronic Engineering, Hubei University of Technology, Wuhan 430068, China)

Abstract: A novel nine-level inverter topology with double boost and reduced components is proposed by
combining the voltage boost capacity of switched capacitors with the voltage halving characteristics of a coupling
inductor. This inverter consists of 12 switches, 2 switched capacitors and 1 reverse polarity coupling inductor. The
charging and discharging of each capacitor in the inverter can maintain a self-balance, so the additional balance circuit
is not needed. Compared with the topologies of most of the existing nine-level inverters that are based on switched
capacitors, the proposed topology has a smaller capacity of switched capacitor. The output voltage levels are greatly
increased by the adoption of the reverse polarity coupling inductor, and the current stresses on some switches are
reduced by half, which can further reduce the switching loss. The working modes, modulation strategy, design of
switched capacitors and loss analysis of the proposed topology are discussed in detail. In addition, the proposed
topology is compared with those of other nine-level inverters, and its advantages are introduced. Finally, simulation and

experimental results verified the effectiveness of the proposed topology.

Keywords: Switched capacitor; nine-level inverter; coupling inductor; double boost

ZH AR g MLI(multilevel inverter) 51545
PP A L, o S P IR SRR TR
AT DAY/ NG B S B AE 28 THD(total harmonic

WS HHEA: 2021-08-14; fEEIAHA: 2021-09-20, 2021-10-22,
2021-11-24; FABEH: 2021-12-06; MEEEZ BH:
2022-03-08

EE®THE: KHBE R KA REZ AT Hh] )68 R 52
502 L 4 9 Bh I H (HBSEES201902)

This work is supported by Open Fund of Hubei Key Labo-
ratory for High-efficiency Utilization of Solar Energy and
Operation Control of Energy Storage System under the grant
HBSEES201902

distortion)!™, EF14 H L AERREL, BT T XTI
MK, IFH ML b BA e D AL+
PAEDLH, Wz TR F A A CRE IR R S
HLHLIREH FI A X B 25 AT 848 MILT 4hiF s
P45 H #7%) CHB(cascaded H-bridge) P!,
PE 83 % NPC(neutral point clamped ) 1 K5 Hy
751 FC(flying capacitance)®, 7EJGIR . XU & H
SERREIEIT M RGN G, 4858 MLT ¥R
BA&AFEFERRT), FILTEIERTEIEmA
B, XA SRR, A S [RIE,



70 i, T

E 4 %22 %

1&458 MLI BT {t T2 R0 23 Bl 2 F T 5 1 3
TR IIE 0, HLIR SR w AL AR A5 50N 52 44 . i,
CHB %y H L -85k Hh I 25 T F R R Bl e
X 2R HN ¥4 . FC A NPC 45H i3 s 22
A7 FE B R A i 1) 4 ) SRR SR A R FELA AR Y HL R
AT, LSS ML AEAERIAN A, FE AMIFSE
HIATT — RN R TRME G U AR e
(IR, SCHR[8-1017E NPC My JEnt H 4%
3 PG LR AR N, 30 T oo R (X 3
FOU AR ER I AR RAE S MLI A H A THERE AR
A, HSCHR[S]T i AR 48 A BE R AR &, AN AT
R ETHE IR OER . BB RE IR I M R 5¢
N

FF AR Z AR 4 SCMLI(switched capa-
citor multilevel inverter)$fiFh!" B & T HAE S &
L2 LS AT RE ), RS AR LR A ¢
H1,Z% SC(switched capacitor)- 5% A H TR HEA T HIBEEY
FRECSC L S AR B OR TR, DA A 22 H
Vo T SCMLI WY TARSER, Bt
RIVA] i 1 5 22 00 S HLELA TR RE T B K
N T BT, SCBR[TT-12042 8 2 RhITCHR AL
LA F AR LA TR BB AT 2 L R A S AT B
I, AR TEZMFFC. SC F4iF; SCk[13]
P 1 FPICER R EECE D 1R AR LRSI G
HLAS ISR SS, ST RS L A, SR T XA
FhEs Y 51550 CHB #METERFERI AR, B
B2 ANEBEAIR, Bz EE A B
SR T VR BRI BB R R AR R 1Y)
THERES), SCHR[14-16142H1 3 FhHA AT £5 1Y
FHLELH RSN, 3X 3 FRREMUEE T 1A B
i A P Y BT S DO R R £, (R R
TIF G HL A A L R AR [ R, BB 43I ¢
P, 2 e i M e e RS TR S R HAR 48 T/ A
BHRFECE, JF A A R R EL BRI 5
e HH D)3

25 FRR, A% SCMLI H 25 22 AR 0
[P, AR SORE G HE 25 T E 5 R R PR 5 L T
PR AR SgLE G HR i 1 RRIRA S5 A U

AR, SCE L 2R AR I T AR AR AR TARRLS
PRFFFHL, AP T FL SRR BRI A Il R, %4
FNEERAAE T 1 A R IR A D28, SEBL A
FE3E 35 P A LR A, H 4 G TARIRES
AN, BEACT RIS 0 E AR . AR,
SRR FL BT 25 R B AR T34 Fe i A LI
PR, RGN A P . RIS, RO G b
BT IS 7538 43 DG AR A2 1) R TR 1 ) S BE 2K R U
NEJTEY 50%, FEAR T I OCHIAE

1 BEGHWABELETEEHFNTIE
JRIE

1.1 HEBEEH
RA U AR SR RN 1 PR, %3
I MRABEREIR Ve, 2 MFRHEECL G, 14
PR A RS T 12 NP6 Si~Sp 4k, H
AR A BB T X Vi BT, HHFE S,
5 Sy IRl FHm ey, {15
1

VGF :VFE :EVCD (1)
Gl
C
Sg Sg |

Si S3
| s o
Vin .rwv]- E’)S
| S2 G TF A
S
SE@ZZCI

1 RAGHABRFRELRAH
Fig. 1 Topology of nine-level inverter with hybrid structure
WA K S, 5 Sy [FHf @R, (1

1
VGF :VFE = _EVCD (2)

MRS 5 Syl S, 5 Sy FEEF, Vi Al
Ve 1 12

Vo V. 0 3)

A S5 B 598 RS L4 0



56

i, AR —FRELH AR TR U AR g 71

ABETREE Vino 2 RRMHE S B PTA BRI A
1 ) 45 S TN B Q i R /IR 0RO
e ) B R AR A s N AL, PR % A
NS O 748 W 1 A R R | 22 e e R
WORF|—REMER, SARPEREG PTG ST iR i
A, Rl LRI S R I, T e AR L e £ T
s, EURMEREB R, 5B TAEAIER .
P, FEBETT L A ke G AR AR BUAY H B

1 AT AR g A R U RAR R I T ARAR
A&, AR WS SR AR TSRS o i

HAMUEER BN Vap, BERHLA fpuso THAFITE
BRZE, i 5 S S35 Siy S5 5 Se. Su 5 Sk
A 4 X RA EAMBERIFG, HILREME i1
FEdl, Hd Sy 5 S TAEFERMIT, FFCHiEZ
BEANTE . SRR G BT 1 S AR A5 H (75
AT Si(1=1,2,3,4 ) B HL IR ACh Fan B2 L T
1 50%, #E—DREART IFCHIFE. 5 3CHk[14-16]
ANE I, A RN TP T A SC JorEA
B2 A TAEBS TR i nfE o0, PRI AT Ry
/N SC B

x1 ABFEERHTERS
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Fig. 2 Working states of nine-level inverter
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Fig. 3 Voltage stress of switches
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Tab. 2 Comparison of topology of the nine-level inverter in this paper with those of other nine-level inverterswhich have

been proposed recently
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Fig. 6 Steady-state simulation results of nine-level inverter

with hybrid structure
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