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ABSTRACT. Simulation of single phase buck boost matrix converter without commutation issues
is presented in this paper. The proposed converter is capable to operate inverting as well as
non-inverting operation. Generally, AC to AC converters are designed by using thyristors and
it will produce more harmonics with lower power factor. To overcome the drawbacks of the
AC-AC voltage controller, buck —boost based inverting and non-inverting converter have been
introduced. In this topology, six numbers of unidirectional current flowing and voltage
blocking switches are used. The proposed topology can be applied for both step down and step
up applications with non-inverting modes of operations and inverting operations suitable for
dynamic voltage restorer (DVR) applications. The main feature of this topology is buck —boost
with inverting and buck-boost with non-inverting capability with a topology. The performances
of the proposed work will be analyzed through MATLAB/Simulink.

RESUME. Cet article pré&ente une simulation du convertisseur matriciel buck boost monophasé
sans problémes de commutation. Le convertisseur propose€est capable d'opéer des opé&ations
d'inversion et non d'inversion. Géné&alement, les convertisseurs alternatif &alternatif sont
congus en utilisant des thyristors et produisent plus d’harmoniques avec un facteur de
puissance plus faible. Pour surmonter les inconvénients du contrdeur de tension AC-AC, un
convertisseur inverseur et non inverseur basésur un Buck-Boost a &€&introduit. Dans cette
topologie, six numéros de commutateurs de blocage de courant et de tension unidirectionnels
sont utilisés. La topologie proposee peut &re appliqués ala fois aux applications de réluction
et d'augmentation avec des modes de fonctionnement non inversés et aux opé&ations d'inversion
adaptées aux applications de restauration dynamique de la tension (DVR). La principale
caractéristique de cette topologie est buck —boost avec inversion et buck-boost avec capacité
non-inversion avec topologie. Les performances des travaux proposés seront analysées par
MATLAB / Simulink.
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1. Introduction

In many applications, an AC-AC conversion is important. In past, thyristor based
AC voltage controller have been used for conversion of AC quantity into AC quantity
as in Fundamental of power electronics. In the method of conversion, AC-AC
converter produce distorted electrical waveforms and operate at lower power factor
as described by Batarseh (2004). To avoid these drawbacks, AC voltage controller has
been replaced by matrix converter as demonstrated by Hart (2011). There are many
advantages are associated with AC-AC converter such as ideally no power losses
while during power conversion processor and not required for dc link filter and
harmonics of the system can be decided by switching frequency of the converter as in
Rashid (2010). The many researchers propose new family of AC-AC converter using
PWM with reduced switches count. First stage is current-fed Z-source converter and
second stage is voltage-fed Z-source converter. This paper uses reduced number of
switches compared to the compared to the existing PWM based AC-AC converter
(Fang et al., 2005). The three phase bidirectional direct ac-ac converter based
switched capacitor concepts, with only switches and capacitor. This converter
operates at constant gain, output and input frequency is same as shown in T.B.
Lazzarin et al. (2015). For controlling of the low power three phase induction motors
drives, single phase to three phase PWM converter introduced by Lee et al. (2007).
This converter is constructed connecting two parallel three-phase to three-phase dc-
link converters without usage of isolation transformers. This type of converter
topology is highly suitable for high power applications and also verified through
practical way by Santos et al. (2011). New topologies designed for three phase PWM
AC-AC converter system. Basically they used, space vector modulation for current
and voltage source inverter in Kolar et al. (2011). A single-phase quasi-Z-source AC—
AC converter has been proposed. This topology offers lower input current THD and
higher input power factor compared to the conventional proposed by Nguyen et al.
(2010). For obtaining higher efficiency, low power level MOSFET based transformer
less photo voltaic system have designed using super junction MOSFETS. It will offer
good efficiency even though, this topology suffers from many drawbacks; produce
more conduction losses due the presence of more power devices, low magnetics
utilization problems and MOSFET failure risk identified by Chen et al. (2015). Non
inverting buck boost an inverting buck boost have been presented in this paper along
with high quality waveforms as shown by Ahmed et al. (2015) and this paper solves
commutation problems without other components similar to H.F. Ahmed et al. (2015).
The proposed systems have simulated using MATLAB / Simulation and their results
are verified.
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2. Proposed systems

The proposed topology consists of six bidirectional switches, one inductor and two
capacitors are used. The bidirectional switches namely, S; to Se. The proposed
topology has been introduced already in literature. In this topology, conventional
boost, buck, and buck boost with inverting operation with gain of 1/(1-D), D and
—D/(1-D) have been proposed. In this proposed topology, buck and boost modes of
operation can be eliminated completely and introduced buck boost operation with
non-inverting and voltage gain of D/(1-D) is introduced. The proposed topology is
capable to operate variable frequency operation and variable output voltage along with
operation of buck-boost capability of input voltage and without shoot through
problems of voltage source.

1) Path containing input voltage source and switches Sy, Sp.
2) Path containing output voltage VVoand switches Ss, Se.

Path containing input and output voltage and switches Ss, Ss. However, all the
three paths contain two unidirectional switches in opposite (anti-series) direction, and,
therefore, the current cannot flow in these close paths. Therefore, shoot through can
be avoided in the proposed circuits.

1 ¥y

Figure 1. Circuit operation and Switching Strategies for variable frequency
operation 60-Hz (Same Frequency, fo= fin) Non-inverting Buck—-Boost Operation

Non inverting buck —boost operation and 60Hz and their waveforms are shown in
the Figure 2. From figure 2 it is clearly seen that, switches S;, Ss and Se are turned
ON and switch Sy is completely turned OFF. ON and OFF of high frequency switches
Sy, Ss are depends on the intervals DT and (1-D)T, respectively. The equivalent circuit
of non-inverting buck boost operation of AC to AC converter is shown in the Figure
3. The circuit operation interval is DT and input energy is stored in inductor. Switches



208 EJJE. Volume 20 — n=2/2018

Si1 and Sg are reverse biased, it is used to preventing from conducting the current. We
apply KVL, then

V=V 1)

The non-inverting buck-boost mode operation with input voltage is greater than
zero with duty duration of DT.
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Figure 2. Switching scheme and waveforms for non-inverting and inverting buck—
boost operation
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Figure 3. Non-inverting buck—boost operation when Vin>0. (a) During DT
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Cin - Vo

Figure 4. Non-inverting buck—boost operation when Vin>0. During(l1 —D)T

The equivalent circuit of non-inverting buck boost operation of AC to AC
converter is shown in the Figure 4. The circuit operation interval is (1-D) T and input
energy is stored in inductor. Switches S; and Se are forward biased, it is used to
provide freewheeling path to inductors. S;, Ss are turned OFF during this interval.
During this period, energy stored in the inductor is released to load side. We apply
KVL, then

V==V 3

The non-inverting buck-boost mode operation with input voltage is greater than
zero with duty duration of (1-D) T.

Ss

Figure 5. Noninverting buck—boost operation when vin<0. (a) During DT and (b)
during (1-D)T
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During the negative half cycle of supply voltage, switches S;, S, and Ss are ON
and switch Sz is OFF completely. Non inverting buck-boost operation with interval of
DT and (1-D)T respectively. The circuit operation for Vin<0 is similar to that for
Vin>0, with only difference that now switches Si, Sg act same as S, Ss (for Vin>0),
and vice versa.

Sz

Figure 6. Non-inverting buck—boost operation when vin<0. (a) During DT and (b)
during (1 — D)T

Now, flux balance (volt-sec) balance condition on inductor L using (1) and (2)
gives
A D

Vo 1-D
From equation, the voltage gain of the proposed converter for this non-inverting
buck-boost mode is D/(1-D) having voltage buck operation for D <0.5 and boost
operation for D >0.5, with same phase and frequency of output voltage as that of input
voltage.

3. Simulation result and discussion

The simulation results of the proposed system are presented in this section. The
proposed system is simulated through MATLAB / Simulink and tested. AC-AC
converter is cable to operate buck mode and boost mode. In the boost mode duty cycle
is more than 0.5. The presented results with duty cycle of 0.8.
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3.1. Simulation results: Duty cycle at 0.8 with different frequencies: Boost operation

The input voltage, load voltage and load current of the proposed system is shown
in the Figure 8. The results is obtained with duty ratio of 0.8 and frequency of 25Hz.
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Figure 7. Input voltage, load voltage and load current for 0.8 duty cycle and
frequency of 25Hz
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Figure 8. Inductor current for 0.8 duty cycle and frequency of 25Hz

The inductor current of the proposed system is shown in the Figure 8. The results
are obtained with duty ratio of 0.8 and frequency of 25Hz.
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Figure 9. Switching Pulses for 0.8 Duty cycle and Frequency of 25Hz

The switching pulses of the proposed system are shown in the Figure 9. The
switching pluses results are obtained with duty ratio of 0.8 and frequency of 25Hz.

3.2. Simulation results: Duty cycle at 0.4 with different frequencies: Buck operation

The boost operation of AC to AC converter is discussed in this section. AC-AC
converter is cable to operate buck mode and boost mode. In the buck mode duty cycle
is less than 0.5. The presented results with duty cycle of 0.4 and 25Hzfrequency. The
Simulink model of AC to AC converter is shown in the Figure 10.
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Figure 10. Input voltage, load voltage and load current for 0.4 duty cycle and
frequency of 25Hz
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The input voltage, load voltage and load current of the proposed system is shown
in the Figure 10. The results are obtained with duty ratio of 0.8 and frequency of 25
Hz.
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Figure 11. Inductor current for 0.4 duty cycle and frequency of 25 Hz

The inductor current of the proposed system is shown in the Figure 11. The results
are obtained with duty ratio of 0.4 and frequency of 25 Hz.
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Figure 12. Switching pulses for 0.4 duty cycle and frequency of 25 Hz

The switching pulse of the proposed system is shown in the Figure 12. The
switching pluses results are obtained with duty ratio of 0.4 and frequency of 25 Hz.

4. Conclusions

Design and simulation of buck —boost AC to AC matrix converter with non-
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inverting and inverting operation and without commutation problems has been
presented in this paper. For getting AC-AC conversion, AC voltage regulators are
used. This is constructed by thyristors. The control technique may be ether integral or
phase control applied. The proposed converter topology uses six unidirectional current
flowing and bidirectional voltage blocking switches, implemented by six reverse
blocking insulated-gate bipolar transistors (IGBTs) or series MOSFET—diode pairs,
two input and output filter capacitors, and one inductor. The proposed work simulated
with different input frequency and results are validated with theoretical results. The
simulation results have been obtained with different operating frequency and different
duty cycle. The performances of the proposed work will be analyzed through
MATLAB/Simulink.
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