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Single phase neutral-point-clamped switched-capacitor multilevel inverter
and its control
WANG Yaoqiang, WANG Kaige,ZHOU Chenglong, YUAN Yisen, LI Zhongwen

(School of Electrical Engineering,Zhengzhou University,Zhengzhou 450001, China)
Abstract: A single phase voltage source neutral-point-clamped multilevel inverter with switched capacitors
is proposed. The DC bus clamped capacitors are configured to segment the power supply voltage, and the
multilevel voltage output can be achieved by controlling the connection of power supply and capacitors in
series or parallel. In addition,the output level quantity and voltage gain of the inverter can be further
increased through an expansion mechanism. In order to achieve the voltage balance of the capacitors and
reduce their voltage ripples,the redundant switch states of the inverter are considered during the modulation
process. The switches work in a complementary way,and therefore,the modulation strategy is simple to imple-
ment. The working principle, modulation strategy, capacitor voltage and related parameters of the proposed
inverter are analyzed, and the topology extension mechanism is given. Finally, the steady performance and
dynamic performance of the proposed inverter are verified by simulation and experiment.

Key words:electric inverters ; multilevel ; neutral-point-clamped ; switched capacitor;voltage balance
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Topology structure of direct AC / AC converter adapted to voltage amplitude
bipolar regulation

CAI Guowei, WANG Yibo,GUO Dongbo,LIU Chuang, WANG Peng,ZHU Bingda
(Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Northeast Electric Power University, Jilin 132012, China)

Abstract:In order to solve the problem of voltage amplitude fluctuation caused by uncertain events in power
grid, a topology structure of direct AC / AC converter adapted to voltage amplitude bipolar regulation is
proposed. The topology is an H-bridge structure composed of two non-differential PWM (Pulse Width Modu-
lation) AC chopper legs. It maintains the characteristics of input and output “common-ground” feature,two
degrees of freedom, bipolar regulation and no commutation problem. The composition of topology and PWM
principle of the converter are analyzed in detail,and its working mode is revealed through the analysis of
the positive-negative polarity scenes. Based on the parameter design,the prototype of the converter is deve-
loped and the dynamic voltage restorer system is built. The experimental results under different working
conditions show that the proposed direct AC / AC converter can effectively suppress the voltage amplitude
fluctuation.

Key words:AC / AC converter;two degrees of freedom;bipolarity; “common-ground” feature; commutation pro-

blem;dynamic voltage restorer



Bt SR

TR RURR

@
TER —— e

(©)
Al AC/AC T xItb FiLE

Fig.A1 Radar map of AC/AC converters

SN/ o

U 0

B H 4
) ()

Heit
1; % 0)

1)

&
e

A/

Fis:1)

Rl E0)

RS 5
M

(b)

1

AN/
b

O&: 1 &

0)

AILAC-ACEH: 8
SCHR[23) A He 2
SCHR[2412 #e 8%

SCHR[25) 4 4 2

T T N
AP AL Y s, SV Y+ ALY S5
Figh o S S o iy
Uin C Li Ci Ui C L C
@ £ A{ Une B @ £ A' Use B
§1c Sl_c!' §1c Sicp
Ua Ug Ua Us
Sac = — Socp! Sz = - Sacpt
G—_— P-Leg N-Leg G—_— P-Leg N-Leg
= (@) - (b)
A2 a—b I (c—dd72) BRERKREE
Fig.A2 Diagram of current loop a—b (c—d)
ig ig
S¥ - -l Vs, SV Y- ALY S5
i & ]Sy SN aram i R
Uin C Li Ci Ui C L C
@ £ A{ Une B @ £ A' Use B
§1c Sl;“-' §1c Sicp
Ua Ug Ua Us
Sac = — Socps Sz = — Sacpt
G: P-Leg N-Leg G: P-Leg N-Leg
= (@) - (b)
B A3 boc IEHERERREE
Fig.A3 Diagram of current loop b—c
F— e
Sz = — Sz Sz = — Sap
St o Sy St o oy
Uin iC. L Ci: Uiy iC. L C,
@ : A U B @ : A U B
}7510 Sl_c!‘ }_Sm Sjp
Ua Ug Ua Us
SV Y - Sacp S2x¥ N =L I So
Gj P-Leg N-Leg Gj P-Leg N-Leg
N (@) (b)
B A4 d—a dREERERREE

Fig.A4 Diagram of current loop d—a




RAL BHERE. BRNAE

Table Al Table of voltage and current stresses on elements
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