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Fig.1 Topology of double-input nine-level inverter
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Table 1 Switching logics of nine-level inverter
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Fig.2 Principle diagram of inverter modulation
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Fig.4 Output voltage waveform of nine-level
inverter for positive half-cycle
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Table 2 Comparison among proposed inverter and existing nine-level inverters

Eistin ARCHFN SRR 14 130 F0 SCHik[ 15 134h SCiik[ 16 14 $h Sk 17 3R $h
LR AL 2 1 1 2 1
LS 1 4 3 2 3
TFRAEHL 8 13 19 12 8
TR 3 0 0 2 6
et B 14 18 23 18 18
TFIAE S N g 22V, 25V, 19V, 20V, 22V,
B R Z M R 3V, — — v, 3V,




@ L/ AR {7 G-

HLSF )2 TAE-F, i THD (BN 12.81 %, it HBL L F,
T2 TR 5 B J Hr AH— 2

8 2h Tt AR Ol 50 Haz B L 25 C R HL TR
SISO . AR SR RAE TAE)G , B A AR R I ek
HL 2 YK, L2 HL TR AE 29~30 V 22 a1 % 3l , H 25 H R %
HUNTHE KRR 10%, H TARRSEE .

Ve 25V / div

t:10 ms / div

B8 BABESXWKE

Fig.8 Experimental waveform of capacitor voltage

R T R 35 A 2 ) s 2SI N BE FT, 43 A 1
o M, i AR DL B AR B R, AR A B L T 5
WE AR 2 Y TAEMERE .

P 9 Sy i o b AR Al Bt A o R R L F O DA R LA
H R A S5 98 o 9 (a) R 8 He e 0.95 78 4 0.7
AF A S 56 D i o R R PR OJUH S AR S -E R TR 9
(b) R L 0.7 25K 0.4 B 5236 5 0% i o iU
F & HLSF AR SR P 9 (e) SR L i 0.4 28
0.2 A 1Y S 06 0 T i H F R P E SR Sl = L
P AT, X ] AN TR s 396 A8 2 F e LS5
ORI, FL I sh 2528 (L e 08 1 1 2 fa e
TAERES

M,=095! M=07 M=070=04
Z e B e et ey
N e g ~N
< = < &
N = oo
B R
T T
2§ £]
N : N
e e S
2 Sy 2 SO EEE
= t:10ms / div = t:10 ms / div
(a) M, 10957407 (b) M, 1 0.77Eh 04
I
> M,=0.4M,=0.2
= = T :' 3
N b
< =
ol =
TN
T
-
S8
N~ on
R
O
v : : E
= t:10 ms / div

(¢) M, h 0478302

B9 A% TR Eh A SRR R
Fig.9 Dynamic experimental waveforms with

modulation ratio variations

P10 Ay it A3 3 A8 AR A H R TS L RO A B R
PRSI BIE . i R 2 R AR AR
i L R VR B A AE A, P A R ORI

F£40%5
_ £=50 Hz:foz 100Hz . £=100 HZiﬁ,:ZOO Hz
~N : b B N g 1 :
<z Wiy <z
o= o~ o
=N RN
S > >
58 58
N = N =
> > :
H 2 Ve
= = £:10 ms / div

(a) £, 50 Hz 254 100 Hz (b) £, 100 Hz 284 200 Hz

B 10 HHsmET U AR K
Fig.10 Dynamic experimental waveforms with

output frequency variations

P 11 2 28k L BEL S A s g o R T L R A R
RSP o fr R, 2500 45 1 8 B
AR iy F SO Rt IR AR Ak, R R
HLA R T O sh R AL, I RE L s R AR E AR
Lo

R=50Q 'R =250 R=50 Q! R =100
=304

2 - | LT 2 | L,
S Rrisrahisaisd N Y Y
<z NMARARRARAARE < 2 I |
AT RV VAYYERYY LT

S3 M S AT
Z = [RAOIYRNVENEY Z - ; z
F T me an F e d

(a) R 50Q75H 250 (b) R 50 Q7% 100 Q

Bl fazrE AT USRI

Fig.11 Dynamic experimental waveforms with
load variations
6 it

ARSCHE T — i SR XUy A JUH SR 45
i 24 B A IR S R A B R O I S B L RSP
L s, 5 EA JUR SR SR A L, T A
AR AR T A P AN L AR D B AIR T 30 A g B
Ao AICE TS g A S5 AN AR UL, AR A T
K E TARIRAS, B T L PWM SEms , If 087 1 H
AT G i R X L TR B S . FEBEIE
(4 St L R AT S 00 0 F , 25 LRI T T B AR e K
SR 1) SRS ) A R AT AT

Fif s LA M 25 88 (http : / www.epae.cn) o

Sk

(1] SARAS , MR, 5 XUV . 1T 1) RV A543 48 i 1 /2R i b ] 2
RSe AR R IR AR =g (1], W A sl k4, 2016, 36
(10):94-99.

LUO Linsong, TIAN Huixin, WU Fengjiang. Grid-connected in-
verter system with online variable topology to enhance Euro-
pean efficiency for PV generation[J]. Electric Power Automa-

tion Equipment,2016,36(10):94-99.



54 8

TSR A — Tl B U A U HL P R SR

@

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

RODRIGUEZ J,LAI J,PENG Fangzheng. Multilevel inverters:
a survey of topologies,controls,and applications[J]. IEEE Tran-
sactions on Industrial Electronics,2002,49(4):724-738.

B MR B EESE . R AR AL = 0 R SE X
MR L] ALy Al ,2018,38(8) : 154-158.

LUO Deng, LIN Hongjian, SHU Zeliang. Dead time compensa-
tion technology of single-phase diode-clamped three-level in-
verter[J]. Electric Power Automation Equipment,2018,38(8):
154-158.

SMIDA M B,AMMAR F B. Modeling and DBC-PSC-PWM
control of a three-phase flying-capacitor stacked multilevel
voltage source inverter[J]. IEEE Transactions on Industrial
Electronics,2010,57(7) :2231-2239.

AJAMI A,JANNATI OSKUEE M R,MOKHBERDORAN A, et
al. Developed cascaded multilevel inverter topology to mini-
mise the number of circuit devices and voltage stresses of
switches[J]. IET Power Electronics,2014,7(2):459-466.

ZREN I, S, 22 AR, AT A R 22 e T R R b B
el o LA L TR B IR LD ] L R SRR, 2009, 24(7)
110-119.

LI Guoli, SHI Xiaofeng, JIANG Weidong, et al. Unbalancing
capacitor voltage for diode clamped multi-level inverter[]].
Transactions of China Electrotechnical Society, 2009, 24 (7) :
110-119.

Kz AN s, A IR HAR TR 22 -5 L 45 A SR
PLAetsHILI]. W A kB #,2010,30(5).63-66.

ZHANG Yun, SUN Li,ZHAO Ke,et al. Optimized control of
modulation strategy for hybrid H-bridge cascaded multilevel
inverter[J]. Electric Power Automation Equipment,2010,30(5):
63-66.

ST, S5 . XU M8 R L G A4 i O o 0 A
L. My ABhibB s, 2013,33(3) :40-45.

WU Fengjiang, PENG Haorong. Grid-connected inverter with
digital dual-polar frequency-limited current hysteresis control
[J]. Electric Power Automation Equipment,2013,33(3):40—45.
MEYSAM S,MEHDI H S,JAFAR A. Step-up switched-capa-
citor module for cascaded MLI topologies[J]. IET Power Elec-
tronics,2018,11(7) : 1286-1296.

IR, TR0, B, 45 DI A SR U P SR
[J]. PR LT R4 ,2017,37(8) : 197-207.

TAN Guojun, ZHANG Xu, XUE Yingxia, et al. Research of

[11]

[12]

[13]

[14]

[15]

[16]

[17]

swilch capacitor single-phase nine-level inverter [J]. Procee-
dings of the CSEE,2017,37(8):197-207.

LIU Junfeng, WU Jialei, ZENG Jun,et al. A novel nine-level
inverter employing one voltage source and reduced components
as high-frequency AC power source [J]. IEEE Transactions on
Power Electronics,2017,32(4):2939-2947.

BAC-BIEN N, MINH-KHAI N, JAE-HONG K,et al. Single-
phase multilevel inverter based on switched-capacitor structure
[J]. IET Power Electronics,2018,11(11):1858-1865

F, AW A3 A RO L R R I A R PR
(3. L FRGEA 3h1K,2010,34(2) :10-14.

WANG Chengshan, LI Peng. Development and challenges of
distributed generation,the micro-grid and smart distribution sys-
tem[J]. Automation of Electric Power Systems, 2010, 34(2) :
10-14.

HINAGO Y,KOIZUMI H. A switched-capacitor inverter using
series / parallel conversion with inductive load[J]. IEEE Tran-
sactions on Industrial Electronics,2011,59(2):878-887.
TAGHVAIE A, ADABI J,REZANEJAD M. A self-balanced
step-up multilevel inverter based on switched-capacitor structure
[J]. IEEE Transactions on Power Electronics, 2017, 33 (1) :
199-209.

BABAEI E,GOWGANI S S. Hybrid multilevel inverter using
switched capacitor units[J]. IEEE Transactions on Industrial
Electronics,2014,61(9) :4614-4621.

YE Yuanmao, CHENG K W E,LIU Junfeng,et al. A step-up
switched-capacitor multilevel inverter with self-voltage balancing
[J]. IEEE Transactions on Industrial Electronics,2014,61(12):
6672-6680.

EEEN:

E£®(1982—), B, oA M A, &l
I, ML, E 2RO T LR
L b BAR LT HAERBEE XALR
FEmY ALK S S 7 @ 69 A (E-mail :
WangyqEE@163.com) ;

E (1994 —), B, Ta A NA, M
AR A, BRIy A WA 5 AT Ak
B A 8 F K (E-mail : wzgl40@163.com) .

(8 )

E 3

Single-phase double-input nine-level inverter and its modulation strategy
WANG Yaoqiang, WANG Zhe,ZHOU Chenglong, KU Ruohan,DONG Lianghui
(School of Electrical Engineering,Zhengzhou University,Zhengzhou 450001, China)

Abstract: Due to the disadvantages of traditional multi-level inverter, such as complex circuit structure,

numerous power devices and complicated control strategies, a single-phase double-input nine-level inverter

is proposed, which can output nine voltage levels through series and parallel connection of two DC input

sources and a capacitor. The proposed inverter can generate desired voltage levels with lower number of

power devices and capacitors,and has low harmonic contents. The multi-input inverter structure is suitable

for distributed generation and microgrid. The topological structure and operation principle of the proposed

inverter are given,and its pulse width modulation strategy is designed. Moreover, the processes of capacitor

charging and discharging, and their inflences on voltage fluctuation are analyzed. Experimental results vali-

date the effectiveness and feasibility of the proposed nine-level inverter and its modulation strategy.

Key words: multi-level inverter;double-input;switched-capacitor;pulse width modulation
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Fig.A1 Equivalent circuits of nine-level inverter under various operation states

Fig.A2 Experimental platform
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