(0) 2321-2004, ISSN (P) 2321-5526
IJIREEICE -

’ International Journal of Innovative Research in
» Electrical, Electronics, Instrumentation and Control Engineering

Vol. 9, Issue 10, October 2021
DOI: 10.17148/1JIREEICE.2021.91017

Design and simulation of Three phase to Three
phase Matrix Converter under Unbalanced
Supply Voltage

Mr.Chandan Kumar?, Dr.Shafali Jain?, Mr Mithlesh Gautam?®
IM.Tech*- Power Electronics, Truba College of Science and Technology, Bhopal, M.P
2Professor& Head, Dept of Electrical & Electronics Engg, TIEIT, Bhopal, M.P
3Assistant Professor, Dept of Electrical & Electronics Engg, TCST, Bhopal, M.P

Abstract: This paper presents a new control method for indirect matrix converter operating under unbalanced supply
voltages. The proposed method aims to achieve balanced output voltages as well as a near unity input power factor
operation. A Feed-Forward compensation method is used to get the balanced output voltage under unbalance supply
voltages. A virtual dc - link voltage is generated by the use of voltage source rectifier then depending on the virtual dc -
link voltage the modulation index of the inverter is adjusted to get the balanced desired magnitude output voltage. A
proportional resonant controller is designed in dq reference frame to calculate the input power factor angle at the matrix
converter input for the unity power factor operation of matrix converter system including the input current filter under
unbalanced grid voltages. The effectiveness of control method to get the balanced output voltage and unity power factor
operation of matrix converter system under unbalanced grid voltage, is verified through simulation study.

Index Terms: Active rectifier, matrix converters, power factor correction, resonant controllers, space vector
modulation (SVPWM), unbalanced grid voltages.

I. INTRODUCTION

Power frequency converter is an essential component in ac drive applications. From power quality point of view, it is
desirable that the frequency changer must provide sinusoidal output voltages with varying amplitude and frequency,
while drawing sinusoidal input currents with controllable displacement factor preferably unity from the ac source. The
matrix converter offers a near ideal solution for AC-AC power conversion, removing the need for reactive energy
storage components used in conventional rectifier-inverter based systems [1].

Basically, the matrix converter is nothing but a three-phase to three-phase forced commutated cyclo-converter. The
matrix converter topology was originally presented in 1976 by Gyugyi-Pelly [1] but it was in 1980 that the basic
configuration and control of three-phase matrix converter were introduced by Venturini in [2] [3].

A three phase to three phase matrix converter consists of nine bidirectional switches which are arranged in such a way

that any of the input phases can be connected directly to the any of the output phases of the converter following a
particular modulation of the duty cycles of the switches. The arrangement of the switches is illustrated in Fig.1.
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Figure 1: Schematic circuit of a three-phase to three-phase matrix converter [5]
I1. EFFECT OF INPUT UNBALANCED VOLTAGE ON MATRIX CONVERTER PERFORMANCE
A three phase to three phase matrix converter, consists of nine bidirectional switches which are arranged in such a way

that any of the input phases can be connected directly to the any of the output phases of the converter, following a
particular modulation of the duty cycles of the switches. The arrangement of the switches is illustrated in Fig. 2.
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Figure 2: Three-phase to Three-phase matrix converter

However, because matrix converter is a direct frequency conversion device without any energy storage components, the
load side of it can be seriously affected by the distorted or unbalanced input voltages which can result in unwanted low-
order harmonics in the input current and output voltages. These abnormal input behaviours deteriorate the working
performances of the load.A phase shift is introduced between line currents and grid voltages due to the presence of
input LC filter between grid and matrix converter, by which power factor decreases [12], [13]. As the power factor at
the grid side decreases due to the presence of input LC fillter then the reactive power demand from the grid increases
which causes increase in distribution and transmission power losses. Hence, the most appropriate operating mode for
matrix converter is the unity input power factor operation

To improve the performance of direct or indirect matrix converter operating under unbalanced grid voltages, several
methods were proposed in the literatures. In [17],a modulation technique is introduced to eliminate the input current
distortion due to unbalanced grid voltage. In [18], a modified space vector modulation strategy is introduced for the
matrix converter operating under unbalanced grid voltage. By using the the instantaneous magnitude and phase angle of
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input voltage space vector, modulation index is recalculated which can give balanced output voltage. In [19], three
modulation strategies for matrix converter based on mathematical construction are proposed under unbalanced grid
voltage. These three modulation strategies are developed based on the construction of the rectifier and inverter
modulation vectors in three different ways. In [20], a feed-forward compensation technique is proposed to prevent the
input voltage harmonics from propagating onto its output characteristics. In [21], a pridictive control technique is
proposed to control the input and output variables. Several methods are also proposed in the literatures to get the unity
power factor operation of matrix converter system under balanced grid voltages [12], [13].

A control method is proposed by Mahmoud Hamouds's paper [23] for the indirect matrix converter operating under
unbalanced grid voltage. The main aim of the proposed control method are:

Output voltage of the converter should be balanced under unbalanced grid voltage.

Grid side power factor should be unity under balanced or unbalanced grid voltage.

Voltage unbalance in AC mains having finite input impedance arises from numerous unsymmetrical conditions, such as
unbalanced three phase loads connected on the lines, transmission line impedance or large single phase loads. Although
the unbalance magnitudes are usually very small, they can develop serious power quality issues [23].

To control the matrix converter, indirect transfer function approach is used. Indirect Transfer Function approach (ITF)
is considered as two steps of input voltage processing. In the first step, three phase input supply voltages are multiplied
with a PWM switching function of the rectifier " to yield a fictitious dc link. In the second step, the fictitious dc link is
multiplied by a PWM switching function of the inverter ™ to yield the final three phase sinusoidal output voltages.

111. SIMULATION RESULT AND DISCUSSION
For the evaluation of the performance of control methodology a MATLAB- simulink model of a matrix converter

connected to unbalanced three-phase voltage sources and feeding a three-phase delta connected RL-load is built.
Table.1: Parameter Settings

Parameter Value
Supply line voltage 230V
Source frequency 50 Hz
Voltage Transfer ratio 0.8

Load frequency 50 Hz

Input filter capacitance | 21.5 uF

Input filter inductance 4mH
Input filter resistance 0.50

Load inductance 8 Mh
Load resistance 10Q
Sampling period 200“3
Grid Voltage ( volt )
40
200
1)
2N /
400
" Grd Current ( Ampere )

Martris Converter Input Voltage ( volt )

200 )'\/\ ,,/\/.\/—\ /\/\ /\/-\\ N _—
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Time(s)

Figure 3: Waveforms of magnitude unbalanced three-phase grid voltages, Grid phase current and Matrix
converter input phase voltages
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Figure 4: Waveforms of a - phase scaled grid voltage (va) and current (ia) under magnitude unbalanced three -
phase grid voltage
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Figure 5: Filtered output line voltage of the matrix converter under magnitude unbalanced three - phase grid
voltage

Output Curvent { Ampere )

|
“o 0.01 0.02 0.03 0.04 0.05 0.06 007 0.08
Time(s)
Figure 6: Filtered output line current of the matrix converter under magnitude unbalanced three - phase grid
voltage
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By observing above simulation results under magnitude unbalanced grid voltages, it can be concluded that the output
voltage and current of the MC system are not balanced as shown in Fig.5 and Fig.6, due to the presence of low-order
harmonics. An inherent phase shift is introduced between line currents and grid voltages as shown in Fig.4, due to the
presence of LC filter between grid and the MC, due to which MC system is not operating at unity power factor

IV.CONCLUSION

The control method proposed in this paper is a very effective solution to remove the problems which occurred in the
matrix converter when it is connected to the magnitude unbalanced grid supply. This method provide approximately
balanced output voltages and achieve a near unity power factor operation of matrix converter under unbalanced grid
voltage. The simulation results showed that by the use of this control topology we achieved balanced output voltage and
near unity power factor operation of matrix converter under magnitude unbalanced grid voltage. The control topology is
also simulated for the performance of the whole system when sudden change in the magnitude unbalanced grid supply
occurs, which shows that the control topology gives good results under this condition also. The system becomes
balanced in approximately 5 ms after the sudden change in the input supply.
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