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ABSTRACT

This paper presents conventional inverters, voltage source inverter (VSI), current source inverter (CSI) and

impedance source inverter (ZSI). The drawbacks of VSI and CSI during shooting through state, advantage of ZSI as

booster during shooting through is presented. Different types of impedance sources and their output equations are

also indicated. Step by step proofs of mathematical relations is presented for the proposed impedance source

inverters.
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INTRODUCTION

DC-AC converters /inverter is used to converter dc
input into ac output. Different types of inverter
topologies are used to convert dc into ac. However,
the size of the converter, switching circuit,
efficiency and the cost of the converters must be
considered to design suitable converter. Voltage
source inverters and current source inverters are
ordinary inverters used either as buck or boost

converter due to shooting through problem.
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Figure 1: Conventional inverter systems: a) VSI; b) CSI

Impedance source inverters are designed to boost
the output during shooting through. A - Source

inverter is an impedance source inverter used auto

http://xisdxjxsu.asia

VOLUME 17 ISSUE 07

transformer proposed to solve the drawbacks of
other impedance source inverters. In this paper,
different types of impedance source inverter, the
comparisons of voltage source inverters, current
source inverters and impedance source inverters is
presented.

INVERTERS

Inverter circuits converts direct current in to
alternating current (DC to AC) by the switching
operations of electronic devices and components.
Depending on the switching circuits and different
topologies, inverters are available with increasing
efficiency and compatibly to their industrial and
commercial applications.

PWM DC-AC converters

The switching operation of PWM DC-AC depends
on pulse width modulated signal fed to switching
circuit. DC- AC converters broadly classified as
voltage source converter and current source
converter based on their specific characteristics [1].
Converter design improvements are continued with
technology demand grows. Conventional inverters
are as shown in Figure 1 (conventional voltage
source in Figure la and conventional current
source inverter in Figure 1b). According to the
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Author, the main disadvantage in case of voltage
source inverter is the output voltage is only
decreasing (V<VDC/1.73) and problems in short
circuit branches. In case of current source inverter,
the output voltage is only increasing (Um>
UDC/1.73), this leads difficulty in using IGBT in
module.  Open  circuit  problemoccurs.EMI
distortion damages inverters due to open circuit
and short circuit in branches of conventional

inverters.

The range of voltage regulation can be increased
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Fig 1.a:Conventional inverter systems: a) VSI

using output transformer or DC/DC converter to
improve regulation problems of conventional
converters. The addition of output transformer’s
problem is increased overall dimension; heavy
weight and transformer’s ratio limits range of
regulation.

DC/DC converter used to increase the range of
voltage regulation range additionally in
conventional inverter has its own disadvantage:

two stage of energy conversion, increased cost due
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Fig 1.b:Conventional inverter systems: b) CSI

to two-stage conversion circuit and additional
overall circuit, voltage source inverter and current
source inverter cannot replace one another and vice
versa. This leads to further adjustment.

Figure 2 below shows the topology of inverters

with increased range of regulation [2].
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Figure 2: The inverter systems with increased
range of regulation

Z-source inverters (ZSI)

Converters generally used as buck, boost or buck-
boost converters. The impedance source inverters
have various topologies. Z- Source inverters
designed mainly for buck-boost DC-AC conversion
[71[9].Z- Source inverter as shown in Figure 3 [2]
inductors and capacitors connected in X-shape.
According to the author, Z- source converter has
higher efficiency when compared to other
electronic converters in using less number of
components. Considering shoot through zero state
to increase boosting [2] is also important in
improving the reliability. Another benefits of Z-

_ Diode source inverter is reduced number of components
( close decreases cost and volume of the converter.  Z-
: 3 1. N Source, buck-boost converter has operation mode
v with PWM of bucks and boost operation[2]
Ve va C1 X C2 C‘) i The fuel cells, wind turbines, photovoltaic (PV)
http = Ly = VOLUME 17 ISSUE 07 124-131
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arrays are the power generation topologies,plays a

prominent
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Figure 3: Equivalent circuit when short-circuited from dc
point of view

role and hence its topologies had gained much
importance[4][7].Z-Source circuit is a buck-boost
and it operates as boost or conventional converters.
When short circuit occurs on the same legs
between two switches, the Z-source converter
operates as boost converter since it boosts the input
voltage VVdc. However, it operates as conventional
converter or buck converter at the absence of short
circuit.Using equivalent circuits shown in Figure 3
the author proved boost and buck operation of the
Z-source converter. On the other hand, during the
conventional  operation (tN), yields the average

inductor  voltage will be increased.

The principles of operation, boosting or buck,
efficiency depending on the connection and types
of components , current source inverter (CSl),
voltage source inverter (VSI) and Z-source
inverters are summarize as shown in comparison
table 1 below [6][9][11].
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Current source
inverter

Voltage source
inverter

Z- source inverter

1.High source
impedance due
to the inductor
used in DC link

It behaves as
constant
current
source

Low source
impedance due to
capacitor used in
DC link.

It behaves as
low impedance
voltage source

High impedance
due both
capacitor and
inductor used in
the DC link

It behaves
a constant
high
impedance
VS

2. used only for
buck or boost
operation

used only for buck
or boost operation

used in both buck
and boost operation

3. high power loss
due to filter in the
circuit

High power loss

Low power loss

4. Low efficiency
due to high loss

Efficiency should
be low because of
power loss is high

Higher efficiency

5.Momentary short
circuit on load and
mis- firing of
switches are
acceptable due to
its capabilityof
withstanding short

circuit

Parallel
capacitors feeding
the fault makes
more dangerous
condition

Due to its
combined
effect mis-
firing is
sometimes
acceptable
in ZSI

VOLUME 17 ISSUE 07

Magnetically coupled impedance-sources (MCIS)

Impedance source converters with improved features
are introduced with many functions. Magnetically
coupled impedance source (MCIS) inverters are Z-
source converters with simultaneous buck/boost
operation. A magnetically coupled impedance source
converter has the ability of withstanding disturbances.
Magnetically coupled impedance source converter
control is simple and seamless. Its voltage boost
ability is higher and good in circuit integrity
[5][7].There different types of MCIS such as I'-
source, T-source, and Y-source in which their voltage
gains depends on the turns ratios and also have
distinct voltage boost characteristics. By increasing or

decreasing turns ratio the voltage gain of Y-source is
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increased. The voltage gain of I'-source increases by
decreasing turns ratio while T-source increases by

increasing of the turn’s ratio [3][7].

MCIS networks
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Figure 4: Generic structure of MCIS converters
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Figure 5: PWM Y- source converter with perturbation in the
input voltage duty cycle and the load current

According to [4] there are different types of
magnetically coupled impedance source networks.
Z-Source and Quasi Z-Source Network:

Z-source network (ZSN) and Q- Z-source network
constructed (gZSN) with single and coupled
magnetic components. In ZSN and gZSN core losses
and winding losses are reduced and winding sizes are
minimized in the number of turns as well. Fig 7a and
Fig 7b present ZSN and gZSN topologies. The
arrangements of capacitors and inductors are
different inbothaforementioned topologies and the
boost factor (B) and voltage at each component is
shown in equations (2) - (5) below.
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Figure 6: Z- source and quasi Z- source

Thaboost factor {B) of Z5N and gZ5N schemas:

T, 1 m

L - (ol

Voltazs stress on Z-soues invertsr O and €2 o ba:

S g L )

'1-1

L]

Woltama straes in g-Z-pource invanter O jras (3) and C s an
¥ -L i =r-I #
'1-1D '
Woltaga stress on the semi-conductors:
Lt _® &)

A. EZ-SourceNetwork

Embedded impedance source network topology
shown in Fig 7c has no magnetic component instead
it featured with a multiple independent-voltage
source. It is applicable for photovoltaic panels and
fuel cells. It also can be used as energy storage
however its demerit is asymmetrical working with

asymmetrical input voltage.
L,

o
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< f¢)
Z-source
(a) Figure 7: EZ- Source circuit
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C.T (trans)-Z-Source, T (trans) - gZSN and T(trans) -
gZSN withCCM
Impedance source networks shown in Fig 8d, Fig 8e
and Fig 8f below are T(trans)-Z-source, T(trans)-
quasi-Z-source network, and T(trans)-quasi-Z-source
respectively. The topologies are Continuous
Conduction Mode (CCM) [5][7][11].
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Fig.9: LCCTZ — Source and LCCT Quasi — Z- source
Networks

E. I'-Z-SourceNetwork
Impedance network shown in Fig 10 below is

another topology called I'-Z-source network, which

contains transformer instead of inductors[5][7].

m: 1
T-Z-source
(1

Figure 10: I'-Z-Source Network
Leakage inductance in this scheme influences the

voltage and current stress. This is the demerits of
the scheme [3][5][7]

F. FY-Source Network
Y-source network schemes are magnetically
coupled network with three winding inductors as
shown in Fig 13. The boost factor (B4), voltage
stresses on capacitors (VVcl) and voltage stress on
semiconductor are given in equations (13), (14)
and (15)respectively[5][9][11].

http://xisdxjxsu.asia VOLUME 17 ISSUE 07 124-131



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition

B. T-Z-SourceNetwork

T-Z-source network scheme is a topology
containing two winding dual inductor magnetic
components. It has higher boost factor due to the
turn’s ratio of the coupled inductor. Fig 11 below
shows the network[5][7][11].

IC-Z-.\'()HI‘C'.’
i)
Z- Source Impedance network

Impedance network is new type of topology
constructed with autotransformer. The presence of
filter has its own function in filtering the harmonics
during ac-dc conversion. A- Source impedance
network is used for dc-ac (inverter), ac-dc (rectifier),
dc-dc (chopper) and ac- ac (cyclo-converter). Fig.
12(a) shows the circuit of the A-Source impedance
network. In reviewing the source [5-7], the
mathematical proves shown step by step besides to
the equations given reference paper [3][7][9].

)
Fs Wi e

f U] (i

Figure 12: Illustration of (a) A — source impedance
network and its equivalent circuits during
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A. shoot through state:
The analytical parts of shooting state of Z- source

inverter is done using the circuit indicated below.
Switch is ON, Diode D is off, Vom= 0 (short

circuited)

Vi

I+

| Vo0

v t
Loop-1 i .

Figure 13: (a)-Shoot-through state- for the A-source
converter

B. Shoot through state:
The analytical parts of shooting state of Z- source

inverter is done using the circuit indicated below.
Switch is ON, Diode D is off, Vom= 0 (short

circuited)

C.Shoot through state:
The analytical parts of shooting state of Z- source

inverter is done using the circuit indicated below.
Switch is ON, Diode D is off, Vom= 0 (short

circuited).

|
- =

vV +
Loop-1 ] 2

Figure 14: (a)-Shoot-through state- for the A-source
onverter
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D. Non shoot through state: applicable to the complete small-signal model,
: are as follows. Applying KCL at the node
connecting the diode branch, capacitor C1, and
winding L1 gives,

CONCLUSION
According to the proposed converter, A- source

impedance network is a type of impedance

source converter using an autotransformer to

realize a high voltage gain with minimum
number of turn for DC-DC converter. Detail

steady state analysis and the proofs for the

derived equations for A — impedance network is
solved and discussed in detail for shooting
through state and Non- shooting through state.
AC small-signal modeling of the power stage of

the A-source converter is alsoanalyzed.In

addition, the  corresponding  expressions
describing, input and output components, input-
to- output and input-to-capacitor dc voltage
transfer functions, the expressions for the
semiconductor devices and switch stresses

required to ensure the continuous operation of

the desired converter are derived and explained
in detail. To analyze the advantages and
importance of the proposed A-source converter,
different types of converter VSI, CSI, and Z-

source converters are reviewed and the required

E. CONTROL TRANSFER FUNCTION
The controllable switch MOSFET in A-source

impedance network indicated in small signal

parameters, designing system, controlling
scheme, operation system, drawbacks and
converters efficiency are presented. It is

analysis unsing frequency domain and its control

transfer function is given by replacing MOSFET concluded that A — source impedance network

by dependent current source and diode with solves the problem of other impedance source

dependent voltage source. The derivation for the topologies in boosting the output during shooting

s . . . through state and it helps to buck and boost in
quantities is shown using a series of equation

below using period and duty cycles of the both shooting through and non-shooting through
circuit[5][7][9].

The fundamental state equations, which are

states. Finally this paper is very helpful to

understand principles of operation A — source
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impedance  network and  observe  the
functionalities and working principles of
different ordinary and impedance source

converters.

REFERENCES

1.EuzeliCipriano Dos Santos, Edison Roberto Cabral da Silva.
"ADVANCED POWER ELECTRONICS CONVERTERS", Wiley,
2014.

2.robertw.ericson,draganmaksimovic,”fundamentalsofpowerelectro
nics,,”,universityof colorado boulder, colorado, 2nded, 2004.

3.vignans institute of information technology, visakhapatnam, barla
pavanil, kanuri venkatesh2, pudi sekhar3, ch. anandbabu, “a review
on z-source inverter topologies”,

4.International Journal of Pure and Applied Mathematics Volume 114
No. 8 2017, 201-210 [4].Forouzesh, M., Siwakoti, Y. P., Blaabjerg,
F., &Hasanpour, S. (2016). “Small SignalModeling and
Comprehensive Analysis of Magnetically Coupled Impedance Source
Converters.” I E EE Transactions on Power Electronics,

5.Tatiana E. Shults, Oleksandr O. Husev, Janis G. Zakis. "Overview
of impedance source networks for voltage source inverters", 2015
16th International Conference of Young Specialists on
Micro/Nanotechnologies and Electron Devices, 2015

https://www.scribd.com/doc/72461503/z-Source-Inverter

6.. Yam P. Siwakoti, FredeBlaabjerg, Veda PrakashGaligekere,
AgasthyaAyachit, Marian K. Kazimierczuk. "A-Source Impedance
Network", IEEE Transactions on Power Electronics, 2016

7.AgasthyaAyachit, Yam P. Siwakoti, Veda
PrakashNagabhushanaGaligekere, = Marian K.  Kazimierczuk,
FredeBlaabjerg. "Steady-State and Small-Signal Analysis of A-
Source Converter", IEEE Transactions on Power Electronics, 2017

8. MojtabaForouzesh, Yam P. Siwakoti, FredeBlaabjerg, Sara
Hasanpour. "Small-Signal Modeling and Comprehensive Analysis
of Magnetically Coupled Impedance-Source Converters”, IEEE
Transactions on Power Electronics, 2016

9. Ryszard Strzelecki, Genady S. Zinoviev. "Chapter 3 verview of
Power Electronics Converters and Controls", Springer Science and
Business Media LLC, 2008

10.AgasthyaAyachit, Yam P. Siwakoti, Veda
PrakashNagabhushanaGaligekere, Marian K. Kazimierczuk,
FredeBlaabjerg. "Steady-State and Small-Signal Analysis of A-
Source Converter", IEEE Transactions on Power Electronics, 2018

11. OleksandrHusev, FredeBlaabjerg, Carlos Roncero Clemente,
Enrique Romero Cadaval, Dmitri Vinnikov, Yam Siwakoti, Ryszard
Strzelecki. "Comparison of the Impedance- Source Networks for Two
and Multilevel Buck- Boost Inverter Applications”, IEEE
Transactions on Power Electronics, 2016

12. HanyunShen, Bo Zhang, DongyuanQiu. "Hybrid Z-Source Boost
DC-DC Converters",IEEE Transactions on Industrial Electronics,
2017

13. Ane M. Florez-Tapia, Javier Vadillo, Ander Martin-Villate, Jose
M. Echeverria. "Transient analysis of a trans quasi-Z-source inverter
working in discontinuous conduction mode", Electric Power
Systems Research, 2017

http://xisdxjxsu.asia VOLUME 17 ISSUE 07

ISSN : 1673-064X

124-131


http://xisdxjxsu.asia/
https://www.scribd.com/doc/72461503/z-Source-Inverter

