Performance Analysis of a Matrix Converter under unbalanced Load
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Abstract— Matrix converter is a kind of power converter, which is different from traditional conventional or
multi-level converters because it can directly perform a power conversion without intermediate capacitors. The
typical design of a matrix converter includes nine switches. It allows a bi-directional power conversion between
the grid and the load and through control of the switching matrix, the amplitude and frequency of the output
voltage can also be controlled. The aim of this study is to design a matrix converter using SVM method and test
its performance on RL load under distorted input voltage. The simulation results at the level of currents and
voltages at the output are presented and discussed. The second objective of this research is to design a fuzzy logic
controller to control the RL load currents in the different conditions.
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1. Introduction

The matrix converter (MC) is a direct frequency converter. It generates three-phase AC voltages variable in
amplitude and frequency from AC voltages constant at its input. A continuous intermediate DC capacitor voltage
is not necessary [1, 2]. The matrix converter is a single stage (AC/AC) converter which has an array of 3x3
bidirectional switches to connect, directly an input voltage (Van) to an Output voltage (Vasc), as shown in the
diagram in figure 1.
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Figure 1 Topology Circuit of Matrix converter

This type of converter has several advantages compared to the traditional conventional, it‘s a direct frequency
converter, the continuous intermediate circuit characterizing conventional converters is not necessary. The passive
energy storage elements that form the intermediate circuit are eliminated. It is thus possible to considerably reduce
the construction effort and the volume of the converter. However, the main disadvantage is that it generates large
harmonic currents at the input as well as harmonic voltages at the output which cannot be eliminated easily by
filters. This problem was solved by Venturini in 1980 who proposed a new algorithm with PWM control. This
algorithm makes it possible to have sinusoidal input currents and output voltages. The disadvantage of this
algorithm is that the output voltage ratio is limited to 0.5. In 1989, Venturini published a mathematical
demonstration concerning the improvement of the voltage transfer ratio after modifying the original algorithm
[3-5]. The input passive filter is used to eliminate harmonics distortion and to improve input voltage and currents
waveforms [6-8]. The problem of controlling the matrix converter is to find the pulse sequences so that the moving
averages of the phase voltages at the output are sinusoidal modulated. The amplitude and frequency of the
fundamental wave of the voltages must be variable. Space vector modulation (SVM) is very often used in variable
output frequency. The objective of this control strategy is to synthesize the output voltages by input voltages and
the input currents by output currents [9-10]. In this study, we will present a detailed study of the matrix converter
concerning its constitution and its principle of operation as well as its representation. We have realized some
simulation tests under different conditions. Fuzzy logic controller is to regulate the transfer ratio voltage for
different values, which performs close loop control of the output current waveforms. The proposed system is
verified by both simulation results.



2. Theory of matrix converter
The balanced input voltages are expressed by the following equations:

V(t) = Vi, cos(wjt)
2
VABC (t) = qv(t) = Vi, cos(wjt — ?ﬂ) ©
4
v(t) = Vim COS(C()it - ?)

On the other hand, the balanced three-phase input currents are expressed by the following expression:

i(t) = ijy, cos(w;t + ;)
. . . 27 (2)
iABC (t) =<i(t) = iy cos(wjt —?+ ?i)
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q(k) :isthe transfer ratio voltage between the output voltage and the input voltage is given by [11-12, 13]:

a(k) = R’/‘:“

The balanced three-phase output voltages can be expressed by the following equations:

@)
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Where, the balanced three-phase input currents are given by :
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3. SVM technique
The space vector modulation based on the three phase input current and output voltages as given as :

Vo=V, et (6)
I, = I, - eJhit @)
Where:

V, And T, are amplitude of ¥, and I,),
a,: Angle between the middle of the section current.
B;: Angle between the middle of the section voltage.
A. Representation of converter states in SVM
The 27 possible states of the converter can be broken down into three groups:
Group I: made up of 18 combinations; this group creates vectors with a fixed direction but with an amplitude that
varies with input voltages and/or output currents. These combinations result from the use of a single
phase-to-phase input voltage.
Group 11: made up of 3 states; this group creates a free wheel on the load. These combinations are generated by
the connection of the three output phases on the same input phase resulting in zero output voltages and zero input

currents.



Group I11: the last six combinations are produced by connecting each of the output phases to a separate input
phase. These states generate the creation of rotating vectors of constant amplitude. The control of these vectors is
more complex than those of the first two groups. They are not used in the modulation [14-17].

B. Representation of stationary vectors

Figure 2 shows the output voltage and input current hexagons. Six sections are obtained, each having an angle of
60°. They are identified by six switch configurations.

1P, 2P, 3P Reél

Figure 2 Output Voltage and Input Current Hexagons
C. Duty cycles
The duty cycles §; are defined by::

T
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With:

n,,: Number of section where the phase of the reference output voltage is located.
n;: Number of the section where the phase of the reference input current is located.
g: Voltage transfer ratio .

@;: Input current phase shift.

It is then necessary to define the duty cycle §, as given as:

5O=1_(6A+63+6C+5D) (9)

D. Determination of the cyclic ratios mij of the switches

From the duty cycles §; it is necessary to calculate the duty cycles m;j; of the switches. The simplest method to
carry out consists in summing the four duty cycles §; four configurations selected during a sampling step, and to
introduce, if necessary, the configuration of the zero vectors chosen.

t21 + tzz + t23 =T (10)

{tll + tlz + t13 =T
t31 + t32 + t33 =T

3. Fuzzy logic controlled magnitude output current
The output current is given by:

. 2.2 .2 .2
‘Iabc‘z\/g(la +ip +ic ) (11)



The error and its variation are given by :

e) = o ref ~'abe (12)
Ae(k) = (e(k) —e(k —2) (13)
The voltage transfer ratio q(k) is limited between 0<q(K)<0.86. It’s expressed by the following equation
[19-20]:
a(k) = q(k —1) +Aq(k) (14)

The fuzzy logic controller based matrix converter is designed to obtain a fixe transfer ratio voltage q(k) as shown in
figure 3.
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Figure 3 Fuzzy logic controller diagrams
Five linguistic variables of the input and output variables are given in table 1.
Table 4 Inference rules

(k) BN MN z MP  BP
Ae(

BN BP MP MP SM MN
BN PBE MP SP SM MN
BN MP  MP 4 MN BN
BN MP SP  SM MN BN
BN MP SP MN MN BN

The input and output triangular forms function as shown in figure.4.
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Figure 4 memberships function of fuzzy logic controller
4. Simulation results
In order to evaluate the performance and efficiency of the proposed system, we have realized some simulation
tests. In the first case, the matrix converter fed RL Load under normal condition. In the second case, the input
voltage was distorted with 5™ and 7" harmonics. In the last case, the matrix converter fed unbalanced Load. Figure
5 represents the block diagram of matrix converter under Simulink/Matlab.
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Figure 5 Simulation block
The Simulation parameters are shown in table 2.

Table 2 System parameters

Load R=10Q, L=30mH;
Input voltage 600V, 50Hz
Input filter 0.1 Q, 0.5mH; 35uF

Frequency cycle 10Khz

4.1 In the normal condition
Figure 6, 7 and 8 shows respectively the input, simple output voltage and line to line output voltage.
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current value follows up its reference.
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Figure 11 Simple Output voltages
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Figure 10 Amplitude output current and its reference
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For the last case, the matrix converter fed unbalanced load, the figures 11, 12, 13 and 14 shows successfully the
waveforms of simple output voltage, line to line Output voltage, Output currents and the amplitude output currents
and its reference. We can see in this case that the same simulation results are obtained. The waveforms output

currents are nearly sinusoidal and the output amplitude currents follow-up perfectly its reference.

4.2 Under unbalanced Load

time (s)

Figure 12 Line to line Output voltage
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Figure 14 Amplitude output currents and its reference

5. Conclusion

In this work, the matrix converter powered by different types of load using a fuzzy logic controller is
studied; the mathematical model is given. The overall objective of the proposed system is to design a
fuzzy logic controller capable of generating a sinusoidal output current regardless of the degree of
disturbance of the input voltages and unbalanced load. It appears from the simulation results that
proposed fuzzy logic controller based on SVM technique can achieve all the desired output

performances.
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