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Abstract-This paper a novel single Z-source based seven ieuktilevel inverter. In this topology single Z-
source impedance network is used to boost up ttmubuoltage using shoot through state control.etviPWM
technique is implemented by using three referemgeakts and a triangular carrier signal which areduso
generate the PWM signals for inverter switches, #red shoot through state for Z-network is achietgd
inserting DC reference signal. The advantage ogb@sed topology makes reduction in number of swiched
this new configuration is suitable for applicatiomsrking at lower and medium power levels.

Index Terms- PWMTechnique, Z-network, VSI, Mulitilevel Inverter

Impedance source (Z-source) coupling the converter
1. INTRODUCTION (or inverter) to the dc source, load, or another
Authors are encouraged To overcome theonverter. The dc source/or load can be either a
above problems of the traditional V-source and Ivoltage or a current source/or load. Therefore,dbe
source converters, this paper presents an impedanseurce can be a battery, diode rectifier, thyristor
source (or impedance-fed) power convertegonverter, fuel cell, an inductor, a capacitor, ar
(abbreviated as Z-source converter) and its contrépmbination of those. Switches used in the conwverte
method for implementing dc-to-ac, ac-to-dc, acdp-a can be a combination of switching devices and diode
and dc-to-dc power conversion. Fig.1.shows theuch as the ant parallel combination as showngriLFi
general Z-source converter structure proposed. the series combination as shown in Fig.2,. The
employs a unique impedance network (or circuit) tinductance and can be provided through a split
couple the converter main circuit to the power seur inductor or two separate inductors. The Z-source
load, or another converter, for providing uniqueconcept can be applied to all dc-to-ac, ac-to-detpoa
features that cannot be observed in the traditiddal ac, and dc-to-dc power conversion. To describe the
and l-source converters where a capacitor and toduc operating principle and control, this paper focuses
are used, respectively. The Z-source convert@n application example of the Z-source convertet: a
overcomes the above-mentioned conceptual source inverter for dc-ac power conversion needed f
~ DC (voltage or fuel-cell applications.
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Fig. 1. General structure of the Z-source converter

) ) L. ) ®)
Theoretical barriers and limitations of the Fig. 2. The basic two equivalent operation modagsiioot-

traditional V-source converter and I-source corefert through State
and provides a novel power conversion concept. In

Fig. 1., a two-port network that consists of a tspli

inductor Lland L2and capacitors Cl1 and C2

connected in X shape is employed to provide an
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2. L LITERATURE SURVEY

Recent advances in the power-handling
capabilities of static switch devices such as IGBTs
with voltage rating up to 4.5 kV commercially
available, has made the use of the voltage source
inverters  (VSI) feasible for high-power
applications. High power and high-voltage
conversion systems have become very important
issues for the power electronic industry handling
the large ac drive and electrical power applicaion
at both the transmission and distribution levets. F
these reasons, a new family of multilevel inverters
has emerged as the solution for working with
higher voltage levels. Multilevel inverters include
an array of power semiconductors and capacitor
voltage sources, the output of which generate
voltages with stepped waveforms. Capacitors,
batteries, and renewable energy voltage sources
can be used as the multiple dc voltage sources. The
commutation of the power switches aggregate
these multiple dc sources in order to achieve high
voltage at the output; however, the rated voltage o
the power semiconductor switches depends only
upon the rating of the dc voltage sources to which
they are connected. Switch-mode dc-to-ac
inverters used in ac power supplies and ac motor
drives where the objective is to produce a
sinusoidal ac output whose magnitude and
frequency can both be controlled. Practically, we
use an inverter in both single-phase and three
phase ac systems. A half-bridge is the simplest
topology, which is used to produce a two level
square-wave output waveform. A center-tapped
voltage source supply is needed in such a
topology. It may be possible to use a simple supply
with two well-matched capacitors in series to
provide the center tap. Today, multilevel inverters
are extensively used in high-power applications
with medium voltage levels. The field applications
include use in laminators, mills, conveyors, pumps,
fans, blowers, compressors, and so on

3. PROPOSED CONCEPT

In Recent years,

TABLE I

COMPARITION OF MULTILEVEL INVERTER.
Multilevel ‘ill:;;‘hdi Dhiode Capacitor Asymmetric
Inverter type - Clamped Clamped Cascade
switch
Main switch 4 36 36 36
Required
blocking W2 WslT WslT WslT
voltage
Antiparallel
diodes 8 36 36 36
Au}_uhﬁry 2 36 _ _
switches
Required
blocking Vsi3 - - -
voltage
Anxiliary a
diodes - - -
Switches 36 36 36
total
Diodes total 12 72 36 36
Capacitors 3 7 17 9

Vdela ==

Vde/3 —

Lz
Fig.3. Proposed single Z-source based multilewedriter

They offer improved output waveforms,
smaller filter size, lower EMI and lower total
harmonic distortion (THD). This paper recounts the
development of a novel modified H-bridge single-
phase multilevel inverter that has two diode emleeldd
bidirectional switches and a novel pulse width
modulated (PWM) technique

3.1. PROPOSED TOPOLOGY

3.1.1Z-source network

Fig. 3. Shows the suggested basic unit for a peghos

Z-source topology. This consists of a DC voltage
source, Z impedance with one switch S7 and Diode
DS. It can operate in two modes: non shoot-through
and shoot-through state. In the shoot-through state
switch S7 is on and diode DS off output voltagez-of

due to energy crisispetwork is zero. The shoot-through pulse is gepdrat

renewable energy resource, such as wind turbinky comparing a dc reference line with the triangula

photovoltaic (PV) cell, and fuel cell are becomingcarrier wave.

more and more popular in industrial and residentia) Shoot-through state:

applications [1]. Photo-Voltaic (PV) sources aredis The equivalent circuit of shoot-trough state isvghan Fig.
today in many app“cations as they have thé(a) With the analysis of circuit’s f|g4 (b) it mabe
advantages of being maintenance and pollution fre@XPressed as:

Solar-electric-energy demand has grown consistently V. =V

by 20%—-25% per annum over the past 20 years, which L C

is mainly due to the decreasing costs and prichis T

decline has been driven by the following factosai V. =0
increasing efficiency of solar cells 2) manufaatgri m
technology improvements and 3) economics of scale
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ii. Non Shoot-through state: G Ve
in —T
The equivalent circuit in non shoot-through statstiown in 1-2 '_i_h
Fig. 4(c). Inductors voltage and output of LC netivoan be 4
calculated as: et
£ 12| T:h J
VL = Ve~ Ve ke
Where T is period of switching and B is boost facto
: — Vc o, v and itis clear that B 1.
m L TABLE Il
z =2%. A SWITCHES STATES AND Vo VALUE
1-"'Ij.t:l. Ve - e
~ r I' ~ .
Sate | Output Voltage(Vy) Switches
T "y al T
- . l Viy(Non Shoot-through) § OFF, D ON
+¥ i ¥+
[‘" | | ) ((Shoot-through) § 0N, D5 OFF
i P 7 -
ol I | o
’_‘ | | 3.1.2Multilevel inverter topology
_+ .
@ The proposed single-phase seven-level
u inverter was developed from the five-level inveriter
AN T It consist of a single-phase conventional H-bridge
| inverter, two bidirectional switches, and a capacit
L 1; l voltage divider formed b1, C2, andC3, as shown
B Ve ‘;° in (Fig. 3.1). The modified H-bridge topology is
| —| I significantly advantageous over other topologies, i
' ¥ less power switch, power diodes, and less capacitor
= or inverters of the same number of levels. Photaiol
L O (PV) arrays were connected to the inverter vianglsi
2a8a! z-source converter. Proper switching of the inverte
+ Wi can produce seven output-voltage levéidd 2Vdd/3,
“ Vdd/3, 0, —-Vdc, —2vdd3, -Vdd3) from the dc supply
L o _JI - - voltage.
1 TABLENI
= 1l SWITCHING STATES OF PROPOSED INWVERTER
Vo sS1 s2 53 54 S5 S6
Vac On Off Off On Off Off
LAMJ 2WVa/3 Off Off Off On On Off
= Va3 Off Off Off On Off On
(© 0 Off Off On On Off off
Fig.4.Circuit diagram of (a) single phase propdsasic unit, (b) or On On OofF Off Ooff Off
basic unit in shoot through state, (c) basic unitén shoot through Va3 | O On of o On of
state 2“,;(..,3 Off On Off Off Off On
It is assumed that average voltage of inductoei®z | Y« | ©F | ©= On ofF | of biid

so relation between capacitor and output voltage is

found as:
4. NOVEL PWM MODULATION
1v:: Tns o )
- PWM switching signals are generated by a
T"in Ths 'T_f_,h novel PWM modulation technique. Three reference

Where Tsh is the total shoot-through state periudi a Signals (Vrefl, Vref2, and Vref3) were comparedhwit
Tns is the total non shoot-through state periodndur & carrier signal (Varie)-The reference signals had the
all period of switching. Substituting (8) in to (7)same frequency and amplitude and were in phase with

during non shoot through state Vin is obtained as ~ an offset value that was equivalent to the ampéitafi
the carrier signal. The reference signals were each

compared with the carrier signal. If Vrefl had
exceeded the peak amplitude ef\., Vref2 was
compared with V,er until it had exceeded the peak
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amplitude of \amier Then, onward, Vref3 would take
charge and would be compared with, ¥ until it Fundamental (50Hz) = 264.6 , THD= 24.92%
reached zero. Once Vref3 had reached zero, Vre 1} ]
would be compared until it reached zero. Therz 2
onward, Vrefl would be compared with.Ve- The
shoot-through pulse for Z-source network is germerat
by comparing dc reference line with the carrienaig
Shoot-through time varies depending on the
magnitude level of dc reference line as comparad wi

Vcarrier. 0 2000 4000 5000 5000 10000
T I g | e - Frequency (Hz)

i B . ; Fig8. Z-source inverter for using PWM-voltage wédwen
il { N | : without filter

Mag (% of Fundame
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Selected signal: 50 cycles. FFT window (in red): 1 cycles
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Fig.5. PWM Modulation
5. SIMULATION RESULTS -200 H
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Time (3)

Fig9..Z-source inverter for using PWM-Second orsletem
voltage wave form

Fundamental (50Hz} = 264 2 . THD= 0.51%
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Fig6.Z-source inverter for using PWM

Fig10.Z-source inverter for using PWM-Second oslatem
voltage wave form with filter

Selected signal: 50 cycles. FFT window (in red): 1 cycles
20 6. CONCLUSION
In this paper the modeling and simulation of
novel single Z-source based multilevel inverter ehav
been shown. The PWM switching signals are
generated by comparing three reference signalsistgai
-200 I a triangular carrier signal. The voltage level lué PV
panel is improved using Z-source network &
0 02 04 06 08 1 multilevel inverter. The proposed multilevel invaris
Time (s) to reduce both voltage & current THD of the inverte
.The proposed topology has minimum number of
Fig7.Z-source inverter for using PWM-voltage wageni switches compare than other configuration.
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