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Abstract 
Traditional cascade multilevel inverter can only transmit one-direction of energy. This paper 

proposes a new cascade multilevel inverter topology and control strategy based on part units to realize the 
energy feedback. By using PWM converter to replace uncontrollable converter in part units of the 
traditional inverter, and combining the inverter with H-bridge inverter, the two-direction running of the 
cascade inverter is realized. A double closed loop control strategy is used to obtain fine control 
characteristic of input current. The carrier phase-shifted SPWM technology is adopted in the cascade 
inverter to reduce harmonious wave of output voltage and current, meanwhile, a new type of bypass 
control method is proposed to collect all the feedback energy and restore it into the energy feedback units. 
According to the simulation of a three-phase and five-unit cascaded inverter with three energy feedback 
units, the results demonstrate that the proposed inverter can be input near sinusoidal current , and realize 
two-way flow of energy automatically with simplified phase shifting transformer structure, and show its 
feasibility and effectiveness. 
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1. Introduction 
Cascaded multilevel inverter has become increasingly popular in recent years, 

especially in the field of motor speed adjustment in high-voltage with high-power balance 
situations, as it can solve the drive problem in high voltage motor by low voltage, and extend the 
voltage class easily with low harmonic content in output voltage, simple control strategy and 
outstanding energy conservation.  

The traditional topological structure of cascaded multilevel inverter is shown in Figure 1, 
which consists of phase shifting transformer and a number of power units with the same 
structure. The internal structure of the power unit is shown in Figure 2. The input side is the 
uncontrollable three-phase bridge rectifier composed of diodes. When induction motor is in the 
process of braking or downing potential energy load, it will be in renewable state, meanwhile, 
the mechanical energy of transmission system is transformed into electrical energy by 
generator, and then stored into the direct current capacitor through freewheeling diode of the 
power units of each H Bridge in the output side of the inverter. Because of the uncontrollable 
rectifier, energy only flows one-way, and it will lead to the increase of the voltage in the direct 
current side, and the pumping-up voltage [1], which could give rise to the overvoltage protection 
of inverter or even the overvoltage damage to the high-power units in main circuit if the inverter 
fails to release the energy in time [2]. Mass of harmonic wave exist in the input current due to 
uncontrolled rectifier, which pollutes harmonic to the grid enormously [3], and phase-shifting 
transformer could complicate the system design. These issues confine its use in the field which 
requires two-way flow of energy such as rolling mill, electrical traction and so on [4,5]. 

At present, there are several methods to tackle renewable energy: Dissipation in the 
braking resistance with multiple direct current side and capacitor, this method features simple 
structure and easy to perform, but wastes quite a lot of energy and have some side effects 
under some circumstances [6]. Add independent energy feedback bypass in each unit, which 
can save energy enormously, but complicate the system structure at the same time [1, 
7].Topology of main circuit with double PWM, which transforms the uncontrollable diode 
rectifiers into PWM rectifiers [8, 9], which can realize renewable energy feedback to the power 
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grid efficiently, but this method requires more power devices and it is difficult to control and with 
higher costs.  

Based on these issues discussed above, this paper proposes a new cascade multilevel 
inverter topology, which has some uncontrolled diode converters and fully controlled PWM 
converters through which all the regenerated energycan feedback to the power grid. The energy 
flows in two-way automatically and efficiently in a brief structure, and the input/output harmonic 
contents are reduced greatly, which can reduce the pollution to the quality of the electric energy 
in grid and expand the application of cascaded inverter. The result of the simulations 
demonstrates the feasibility of this novel topology and control strategy. 
 
 
2. Cascaded inverter topology with partial units energy feedback  

The new cascade multi-level high voltage inverter proposed in this paper is 
implemented based on the improvement of each power unit in traditional inverter, and its main 
circuit topology is same as Figure 1. The main idea is substituting three-phase PWM Rectifier 
Bridge which is consisted of full-controlled power components for uncontrolled bridge rectifier for 
partial power units, and the H bridge inverter remains unchanged. The topology is shown in 
Figure 3, which consists of filter inductances, PWM Rectifier Bridge, energy storage capacitance 
and H bridge converter, and other components are the same as Figure 2. Based on the 
topology shown in Figure 3 and the control strategy of PWM converter, the outstanding input 
current control characteristics and two-way energy flow of power units can both be achieved. 
Energy feedback inverter is composed of power units with their input end parallel and output 
end cascaded. The number of energy feedback power unit will be determined by the value of 
the feedback energy and the capacity level of power unit. Explaining research chronological, 
including research design, research procedure (in the form of algorithms, Pseudocode or other), 
how to test and data acquisition [1, 9]. The description of the course of research should be 
supported references, so the explanation can be accepted scientifically [9, 10]. 
 
 

 
 

Figure 1.  Topology of traditional cascade 
multi-level inverter 

 
 
 

Figure 2.  Topology of traditional power unit 
 
 

 
 

Figure 3.  Topology of energy feedback power 
unit 

 
 

Figure 4 demonstrates an example of the proposed single-phase topology structure of 
inverter, which is composed of 5 cascade units with 3 feedback units. The input side of the 
middle three units utilize three-phase PWM rectifier, which enables energy feedback, and the 
rest two units still use uncontrolled rectifier bridge composed of diodes. 
When energy flows in the forward direction, not feedback energy unit works in the mode of 
uncontrolled rectifying circuit, while feedback energy unit adopt the control policy of PWM 



         

TELK

496

rectif
contr
the c
rectif
 
 

Figure
level in

 
 
3. Co

invert
them 
 
3.1. I

struct
rectif
voltag
voltag
perm

doub

refere
 is 

、 r
grid c
After 
phase
modu
the co

quite 
trans
the co

 

KOMNIKA V

ier, which en
rary, when th
capacitor of f
ier. The cont

e 4. Topology
nverter with s

ontrol policy
According

ter can be d
can be cont

nput PWM r
As for th

ture and mu
ier, and its p
ge and inpu
ge and cur
anent Two-w

Figure 5 
le-loop contr

In Figure
ence voltage
considered 

respectively,
current, and
the compar

e grid curren
ulated by SP
ontrol of the 

Meanwhi
low, and th

former. Thes
ost. 

0

0

0

15 

15 

ol. 11, No. 1

nables the s
here is energ
feedback po
trol strategy a

 

y of five units
single-phase

unit 

y of cascade
g to the fea
ivided into tw
trolled indepe

rectifier brid
he energy fe
utually indep
purposes are
ut current, a
rent are in 
way energy f
is the frame 
rolstrategy: D
e 5, after co
e , is 
as the given
 which are u
 the instruct
rison of the 
nt, the instruc
PWM, the out

main circuit.
le, the input 
here is no n
se methods 

  

, January 20

stability of vo
y feedback, 

ower unit, an
and the runn

 

s cascade m
e three feedb

e inverter w
atures of cas
wo parts, inp
endently. 

dge control 
eedback uni
pendent, thu
e as follows:I
nd maximum
the same 

low automat
of PWM rec

DC bus volta
mparison of 
transmitted 
 value of grid

unit sine sign
tion values 
instruction v
ction values 
tput of curre
 
current of P

need to shift
can simplify

013 :  494 – 5

oltage and t
some measu

nd finally to 
ning features

ulti-
back 

Fig

ith partial un
scade invert
put PWM rec

it, each inpu
s, it is enou
Input current
m power fac
phase or a
ically. 

ctifier with th
ge outer loop
the direct c

to the PI reg
d current am
nal with the 

、 、
values with t
are transmit
nt PI regulat

PWM rectifie
ft the phase
y the design 

dcV

dcV 

502 

the flow of c
ured must be
the grid acc

s will be deta

gure 5. Contr
P

nit energy fe
ter with part
ctifier and ou

ut end of th
ugh to illustr
t in Sine sha
ctor is the m
anti-phase.Th

ree-phase to
p and input c
current outpu
gulator. The 

mplitude. This
same phase
in three-pha
the feedback
tted to the cu
tor can gene

r has sine s
of seconda
of phase-sh

be

ce

ai

ae
ai


bi


ci


     

current in the
e taken to ga
cording to T
iled in the ne

 
rol strategy o

PWM rectifier

eedback 
tial unit ener
utput H Bridg

he power un
rate only on
ape.The phas
main target, 
he voltage 

opology struc
current inner 
ut voltage 
output of vo

s given value
e as the elec
ase grid curr
k values ，
urrent PI reg
erate control 

hape; the ha
ary side win
hifting transfo

bi ci

V

V

V

 ISSN: 2302

e forward. O
ather the ene
hree-Phase 

ext chapter. 

of three-phas
r 

rgy feedbac
ge inverter, b

nit has the 
ne policy of 
se control of
ideally, the 

of DC bus 

cture, which 
loop [11]. 

 and the 
oltage contro
e multiplied
ctromotive fo
rent are obta
， ，  in 
ulator. After 
pulse, and r

armonic cont
ding in inpu
ormer and re

as

bs

cs

L

R

A B

aV 

bV 

cV 

2-4046 

On the 
ergy to 

PWM 

 

se 

k, the 
both of 

same 
PWM 

f input 
input 
keep 

utilize 

given 
ol race 
、

orce of 
ained. 
three-
being 

realize 

tent is 
ut end 
educe 

C

C



TELK
 

Res

3.2. O

casca
triang
and p
gene
overla
equiv
decre
in [5] 

modu
[12], 
oppo
signa
in bot
Acco

times
harm

gathe
feedb
energ

direct
mode
is sh
equiv
store

state 
loop 
capac
whee
thus 
trans
are in
carrie
switc
load 
same

drive
invert
gene
direct
feedb

KOMNIKA  

earch on a N

Output H bri
The tech

aded multi-le
gle carrier an
phase shiftin
rated in eac
ap, so multi-
valent switch
eased withou
with the con

 

 
In order 

ulation strate
which mean
site phase a

als are gener
th left and rig
rding to the m

 

 
The equiv

s that of cas
onic, wave e

Not all th
er the energ
back unit is o
gy in each po

There ar
tion conduct
el of N unit c
own in Figu

valent switch
s the renewa

In Figure
switch . W
 store the r
citor is not c

eling state, a
the power u
formed from
n the energy
er shifting ph
h has the sa
is in electric

e.  
The nove

n normally a
ter when th
ration state, 
t voltage of 
back unit, the

New Type of 

idge inverte
hnology of 
evel inverter[
nd sine wave
g angle exis

ch unit has th
-level voltage
h frequency 
ut increasing
nclusions: 

, whereN is 

or , whe

to obtain 
egy that com
ns each H b
and the sam
rated after re
ght bridge ar
method, the 

 

valent carrie
scade unit c
efficiently, an
he units in t
gy that distri
of vital impor
ower unit, an
re four work
ing, forward 
ascade inve
re 6 (a). A g

hes, and the
able energy [
 6 (a), the fo
When  is
renewable e
connected to
and provide 
units have t

m motoring st
y feedback s
hase theory f
ame fundame
city generati

el control str
and they ar
e generator 
the energy f
five unit are

e control str

IS

Energy Feed

er control 
CPS-SPWM
6]. The pulse

e modulation
ts between t
he same bas
e waveform 
is improved

g switch freq

an even num

ere N is an o

the optimal
mbines the do

bridge invert
e modulation

eversing the 
rms in H brid
number of v

er wave frequ
carrier wave

nd remain the
the proposed
ibutes in the
rtance, and it
nd provide gu
king states 
direction by
rter when its
group of mu
 position sta
[4]. 
our power u
s in the left s
energy to the
o the main o
only one loo
he same re
tate into elec
state simulta
features auto
ental wavean
ion state, th

ategy propo
re working i

is working.
flows from th
e increasing
rategy of non

SSN: 2302-40

dback Casca

M carrier ph
e signal of e
. Each phase
the adjacent 
se wave pha
is obtained a
 greatly. Th
uency. The b

mber 

odd number

 harmonic 
ouble chang
ter use two 
n wave to ge
waves, and 

dge inverter, 
oltage level o

uency of the 
e, which can
e amplitude.
d inverter ca
e direct volt
t is necessar
uidance for th
in the circu
pass and rev

s load is in th
utually isolate
ate of switch

nits in each 
side, direct c
e capacitor, 
output loop, 
op. The outp
newable cur

ctricity gener
aneously. Me
omatic energ
nd has the s

he renewable

sed in this p
n the same
 When the 

he motor sid
g [9]. In orde
n-feedback u

046

ade Multileve

hase shifting
ach SPWM i
e adopted th
carrier wave

ase and amp
after superpo
us, the outp
best phase s

eliminate ef
e and level 
road triang

enerate PW
they can be 
and achieve
output from i

output volta
n reduce the

an realize e
age of each
ry to researc
he system de

uit: forward 
verse directio
he state of re
ed direct ca
h determines

H bridge inv
capacitor is 

and when
and the H 

put end of th
rrent at the 
ration state, w
eanwhile, th
gy balance [
same duty ra
e energy sto

paper is that
 mode as t
generator is
e to direct cu
er to gather 
unit H Bridge

el Inverter Sy

g is particu
is generated

he same sine
e, which ena
plitude, but t
osition of eac
put of harmo
shift angle h

ffect, this p
carrier shift 
le carrier wa
M waveform
used to con

e the output o
inverter is: 

age of the en
e output vo

energy feedb
h cascade u
h the distribu
esign. 
direction co
on bypass. T
enewable ele
pacitors are 
s whether th

verter are re
connected to

 is in the
bridge inver

he power un
same time 

which mean
e PWM tech
[13]. Becaus
atio in a switc
ored in each

t all the inve
traditional ca
s in the ren
urrent side in
all the ene

e should be 

 

ystem (Wang

ularly suitab
d by comparis
e wave modu
ables SPWM 
the pulse do
ch phase, an
onic wave c
as been ana

paper adopt
phase modu
ave ，

m. Four road 
trol the powe
of tri-level vo

ntire inverter 
ltage and c

back, thus h
unit to the e
ution of rene

onducting, re
The concise 
ectricity gene

cascaded w
he direct cap

eplaced with 
o the main o

e right side, 
rter is in the
nits are casc

when the lo
s each powe
hnology bas
e each equiv
ch cycle whe
h capacitor 

rter unit IGB
ascade mult
newable elec
n inverter, an
rgy to the e
modified, an

g Pan) 

497

le for 
son of 
ulation 
pulse 

oes no 
nd the 
an be 
alyzed 

ts the 
ulation 

 with 
PWM 

er unit 
oltage. 

is 2N 
current 

ow to 
energy 
wable 

everse 
circuit 

eration 
with N 
pacitor 

a two 
output 
direct 

e free-
caded, 
oad is 
er unit 
ed on 
valent 
en the 
is the 

BT are 
ti-level 
ctricity 
nd the 
energy 
nd the 



         

TELK

498

modif
surpa
feedb
feedb
 
 

a  The

 

circui
powe
worki

when
feedb

4. Sim

a sim
with 
contr

input 
voltag
curre
of n

logar

invert
trans
powe
powe

obser
proce
the fi

 

KOMNIKA V

fied strategy
asses the giv
back unit H B
back power u

e traditional c
equivalent 

The princ
it [7] is that t

er unit, the up
ing condition

. 
Figure 6 

n energy bac
back. 

 
 

mulation res
In order t

mulation mod
three phase

rol of motor s
The para

wire
ge value of 

ent filter capa
non feedba

;
rithm: 

Figure 7 
ter. A、 、B C
former and 

er units with 
er units with i

Simulatio
rve the feat
ess of freque
rst second, t

ol. 11, No. 1

y is checking
ven valu
Bridge is in t
unit, and fina

 
control lower
simplificatio

Figure 6. C

ciple of calcu
he pumping 
pper bound i
n, thus volta

(b) shows th
ck feeds. The

sults 
to verify the f
del is establi
e five unit ca
speed of 6KV
ameters in th

power unit 
acitor:
ack unit 

; H bridge 
; nominal lin
. 
(a) is the si

C are three 
five power u
inner struct

nner structu
on is conduct
tures of trad
ency convers
then, it becom

1S

SN

2S

Nu

  

, January 20

g the direct 
ue, the drive
the bypass s

ally to the grid

 

r league inve
on model 

Cascade inve

ulation and s
voltage mus
s about
age in 

he H Bridge 
e inverter has

feasibility of 
shed in Mat
ascade and 
V high power
e simulation

; t
input wire 

, 
bypass is
inverter carr
ne voltage 

mulation of 
phase modu
units, as sho
ture shown 
re shown in 
ted to analyz
ditional inve
sion braking. 
mes linear fr

013 :  494 – 5

bus voltage
en informatio
state, then th
d via PWM re

erter b

erter equivale
 
 

selection of p
st lower than

, wher
non-feedbac

inverter side
s 5 cascade 

the propose
tlab/Simulink
three unit f

r motor. 
ns are: the ef
the input vo

bus bar vol

rier frequenc

the structure
ule and eac
own in Figur
in Figure 7(
Figure 7 (d).
ze the perfor
rter from th
The motor is

requency red

502 

e of non-feed
on should be
he energy ca
ectifier.  

b  A new cont
equivalen

ent simplifica

parameter in 
 that of the m

re  is the
ck unit bypa

e of the nov
units, and th

d topology o
k, and the m
feedback tha

ffective volta
ltage freque
; filtering in

ltage 
; PWM 

y:
; nominal 

e of 6KV cas
h module is
re 7 (b), wh
c), and A2，
 

rmance of tra
e state of e
s working in 
duction brake

     

dback unit. W
e modified an
an flow to the

 
trol lower lea
t simplificatio

ation model 

pumping vo
main circuit c
 voltage of c

ass selected

el cascade m
he middle 3 c

of inverter an
multi-level hig
at is applied

age value of 
ncy
ductances: 

;
rectifier ca

; nomin
frequency:

scade multi-
s composed 
ere A1，A5 

，A3 A4 are

aditional casc
electricity re
rated speed

e, and the sp

1S

2S

3S

4S

5S

Nu

 ISSN: 2302

When the vo
nd make the
e direct volta

 

ague inverter
on model 

oltage suppre
capacitor and
capacitor in n
d in this pap

multi-level in
can realize e

d control stra
gh voltage in
 in the freq

three phase
; the eff

; 
; the upper b
arrier frequ
nal power of 

;

-level high vo
of phase-s

are non-fee
 energy fee

cade inverte
generation 
 from beginn

peed adjustm

2-4046 

oltage 
e non-
age of 

r 

ession 
d high 

normal 
per is 

nverter 
energy 

ategy, 
nverter 
uency 

e main 
fective 
direct 

bound 
uency:
motor 
; Pole 

oltage 
hifting 
dback 
dback 

er, and 
in the 

ning to 
ment is 



TELKOMNIKA  ISSN: 2302-4046  
 

Research on a New Type of Energy Feedback Cascade Multilevel Inverter System (Wang Pan) 

499

constant V/F control. The frequency reduces to 0 at 9 second, which is the end of the speed 
reduction, and the simulation lasts 10 seconds. 

 
 

 
 

a  New cascade multilevel high voltage inverter 
simulation overall structure 

 
 

b  New cascade inverter single-phase module 
simulation model 

 
 

 
 

c  Non-feedback of the power unit interior 
structure 

 
 

d  The power unit energy feedback internal 
structure 

 
Figure 7.  New cascade multilevel inverter simulation structure 

 
 

Figure 8 (a) is the wave form of motor speed, and the horizontal ordinate is time axis 
with second as unit, and the vertical ordinate is rotate speed with round per minute. At 
beginning, the motor is working with nominal speed 3000r/min, and brake 1 second later, the 
motor is in the state of electricity regeneration. Figure 8 (b) shows the waveform of bus bar 
voltage of power unit, and the horizontal ordinate is time axis with second as unit, and the 
vertical ordinate is voltage amplitude with voltage as unit. The energy cannot be fed back to grid 
when the motor is braking and bus bar voltage is pumping more than 70% in 0.3 second. Figure 
8(c) and (d) are the output voltage of H Bridge inverter in power unit and phase voltage of 5 unit 
inverter respectively, and have the same axis as Figure 8(b). It can be learned from Figure 8(c) 
and (d) that inverter cannot work normally as the pumping of bus bar. Figure 8 (e) shows the 
unit input electricity of inverter (amplified 10 times), and the horizontal ordinate is time axis with 
second as unit, and the vertical ordinate is voltage amplitude with voltage as unit. The frequency 
analysis of electricity is shown in Figure 8(f), and the horizontal ordinate is frequency with HZ as 
unit, and vertical ordinate is the content of each harmonic wave, and it can be learned from the 
graph that the input current wave form is distorted greatly in uncontrollable diode rectification, 
and have rich low order harmonics, among which 5 harmonic wave is 74.9% of basic wave, and 
the ratio of total harmonic distortion THD is 101.13%, which would pollute the grid enormously. 
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a  Motor speed 

 
b  The power unit dc voltage 

c  The power unit H bridge converter output 
voltage 

d  Five unit inverter output phase voltage 

e  The power unit to the input current (enlarge 
10 times) 

f  Input current harmonic 

 
Figure 8  Simulation waveforms of traditional cascaded inverter 

 
 

Aiming at the shortcomings of traditional inverter, the performance features of the 
cascade multi-level inverter with novel partial unit feedback structure is compared carefully; both 
the novel and traditional inverter have the same regeneration state. The simulation wave form of 
the power unit in the proposed inverter is shown in Figure 9, and Figure 9 (a) demonstrates the 
voltage wave form of direct bus bar in non-feedback unit. It can be learned from the figure that 
the energy back feed and the direct voltage increase quickly when the motor is braking. The 
modulation wave of H Bridge in the inverter side is adjusted when the voltage is 1800V, and the 
output voltage is 0, which means the non-feedback unit are bypassed and the energy flow to the 
middle three energy feedback units. During this process, the voltage is approximately the same, 
and has little loss. Figure 9(b) shows the voltage waveform of direct bus bar in energy feedback 
unit, and the scheme of full commutation control of rectifier with direct voltage out race is 
performed, the voltage of bus bar can stabilize at the set value quickly when its load is in 
electricity generation state, thus it has excellent dynamic response. The voltage waveform of H 
Bridge inverter with non-feedback unit and feedback unit are shown in Figure 9(c) and Figure 
9(d) respectively. The ordinates in Figure 9 have the same meaning as the former one. 
 
 

 
a  Not with dc bus voltage feedback unit 

 
b  Energy feedback unit dc bus voltage 

 
c Do not feedback unit H bridge converter 

output voltage 

 
d Energy feedback unit H bridge converter 

output voltage 
 

Figure 9.  Simulation waveforms of new units 
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The main simulation waveform of the novel inverter is shown in Figure 10, and Figure 
10 (a) is the phase voltage waveform of five power units. It can be learned that the output 
voltage amplitude is 5 times more than power unit amplitude in motor state, which is 11 
electrical level output. Two non-control units are bypassed and only three energy feedback units 
are working after regeneration braking, and the output voltage is 7 electrical level with three 
times amplitude that of power unit. Under this circumstance, it is necessary to compensate the 
output voltage via increase the modulation ration. Figure 10(b) is the analysis of frequency of 
output phase voltage, and the main distortion ratio of harmonic wave is 2.17%, and the effective 
voltage value is 4014V, and the line voltage is 6935V, thus the voltage amplitude and harmonic 
wave content can meet the load of motor. The main output phase voltage, phase electricity 
waveform (amplified 20 times) and electricity frequency analysis are shown in Figure 10(c) and 
Figure 10 (d) respectively. It can be learned that the electricity reverse and energy flows from 
load to grid when motor is in electricity generation state, and the waveform of input current is in 
fine sine shape, and it is the unit power factor of grid voltage approximately. The main distortion 
ratio is 1.27%, and the harmonic content is low. The electricity control loop has quick dynamic 
response and high control accuracy. Figure 10 (e) shows the waveform of motor speed with the 
proposed inverter. 
 
 

 
a  Five unit total output phase voltage 

 
 

b  New type inverter five unit inverter output 
phase voltage harmonic 

 
c  Five unit total feedback voltage, current 
waveform(current amplification 20 times) 

 

 
d  Five unit total feedback current waveform 

harmonic 

 
e  Motor speed 

 

Figure 10.  Simulation waveforms of new cascaded inverter 
 
 

The simulation results have verified the correctness and feasibility of the topology and 
control strategy of the proposed partial energy feedback cascade multi-level inverter. 
 
 
5. Conclusion 

Traditional high-power cascade multi-level inverter cannot transmit energy in two-ways, 
which would limit its application enormously. A novel partial unit energy feedback multi-level 
inverter is proposed in this paper, which replaces uncontrollable diode Rectifier Bridge in partial 
units with three phase PWM rectifier. The energy can be transmitted in two-way by frequency 
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converter, and the energy feedback is realized. Meanwhile, in order to gather the energy to the 
feedback unit, the control policy in inverter side should be modified: checking the direct voltage 
in non-feedback unit separately, and when it surpasses the set value, and then modulate it to 
the bypass state. The feasibility of the policy has been verified by the simulations, and the 
results demonstrates that this topology and control policy can not only feedback regeneration 
energy efficiently by power factor unit, but also stabilize the voltage of direct current in bus bar 
effectively and ensure the quality of the output voltage in inverter. Practically, the number of 
IGBT can be decreased greatly, and reduce the complication of the isolation transformer, and 
save investment effectively. 

 
 

Acknowledgment 
This paper was supported by the National Natural Science Foundation of China (No. 

51107091). 
 
 
References 
[1]  Wang Shihu, Xi Qingwang, Zhang Xinrong. Inverter pump up voltage control circuit design. Power 

electronics. 2002; 4 (6): 64-66.  
[2]  SS Tadtfeid. Braking Methods for Inverter Fed Induction Motors. Antriebctechnik. 1993; (32): 726-731.  
[3]  Wilsun Xu. A three-phase converter, model for harmonic control and reactive power compensation. 

Beijing: mechanical industry press. 1998: 13-21. 
[4]  Wu Fengjiang. Four quadrant cascade type the multilevel inverter topology and the control strategy of 

the research. Harbin: Harbin industrial university, 2007.  
[5]  Huang Chao. A has the function of energy feedback cascade type converter simulation research. 

Hunan: HuNan University, 2009.  
[6]  Xu Liang, Song Liwei, Li Zijian, et.al. Energy-saving energy feedback type electric motor vehicle to 

drag test system. Journal of electrical technology. 2007; (8): 161-165.  
[7]  Li Wangda, DengYunxiao. A kind of energy feedback in the application of inverter braking mode. 

Science, technology and engineering. 2008; 8(21): 5808-5811.  
[8]  Wu Fengjiang, Zhao Ke, Sun Li, Rakwar J. A new type of four quadrant cascade type the multilevel 

inverter topology. Journal of electrical technology. 2008; (4): 81-86.  
[9]  Luwen Sheng. Can feed cascade type of high voltage inverter running characteristics. Power 

electronic technology. 2008; (2): 62-64.  
[10]  Wang Jian, Li Yongdong. Four quadrant cascade type of multi-lever converter control PWM converter. 

Electric power new technology. 2009; 28 (2):41-45.  
[11]  Mou Wei. Cascade multilevel inverter phase displacement carrier SPWM modulation method. 

Chengdu: southwest JiaoTong University, 2006.  
[12]  Li Jianlin, Wang Liqiao. Carrier phase modulation technology and its application in high power 

converter. Beijing: mechanical industry press. 2004.  
[13]  Jiang Youhua, Cao Yilong, Gong Youmin. Based on the carrier phase Angle cascade type of 

multilevel inverter output performance study. Journal of Chinese electrical engineering. 2007; 27 (1): 
76-81.  

 


