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Abstract: Matrix converter is well known for its advantages over two stage ac-dc-ac converters. Though matrix
converter is very popular, due to the limitations like commutation of bidirectional switches and generation of many
number of switching pulses, the market penetration is very slow. For a three phase direct matrix converter eighteen
number of gate pulses are to be produced and hence FPGA or Digital Signal Processor interfaced with
Programmable Logic Devices is mandatory and hence implementation becomes difficult. In this paper modeling
and simulation of three phase direct matrix converter using LabVIEW software is presented. LabVIEW provides
visual modeling platform and software tools that can be directly integrated to FPGA for the real time implementation
of modulation methods, voltage and current measurement based commutation logics to produce eighteen number
of gate pulses to the bidirectional switches of matrix converter and advanced control algorithms.
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I. INTRODUCTION

Matrix converter is a direct AC-AC single stage power converter. The theory, performance and analysis of
matrix converter as a static power frequency converter was proposed in [1]. The topology and Venturini modulation
algorithm for matrix converter with sinusoidal input and output waveforms is presented in [2-5]. Review of matrix
converter technology [6] and a detailed review of different topologies of matrix converter is presented in [7].
Industrial applications of matrix converter are discussed in [8-9]. Space vector modulation method for matrix
converter is presented in [10-12]. Carrier based modulation techniques and sampling issues are presented in [13-
14]. A detailed review of different modulation methods are presented in [15]. The disturbance in the input voltage
if any will directly appear in the load side as there is no energy storage elements in the matrix converter.
Compensation strategies of matrix converter under input voltage disturbances are presented in [16-17].
Mathematical modeling, simulation and analysis of matrix converter using Matlab software is presented in [18-21].
In this paper modeling and simulation of matrix converter using LabVIEW software is presented. LabVIEW
modules can be directly integrated to FPGA boards to produce eighteen number of gate pulses for the
implementation of matrix converter in real time applications.

II. MODELING OF THREE-TO-THREE-PHASE DIRECT MATRIX CONVERTER

Conventional AC-AC frequency converters are two stage (AC-DC-AC) converters but the matrix converter
is a direct (AC-AC) frequency converter with very less reactive elements for input and output filters and not for
energy storage. The general power circuit topology of a three-to-three-phase direct matrix converter is illustrated in
Figure 1.There are three legs, where each leg has three bidirectional power switches with antiparallel connected

[Ponmani C, Vol. (1), No. (2): Dec 2016 Page]



ISSN: 2455-5797 International Journal of Innovative Works in Engineering and Technology (IJTWET)

insulated-gate bipolar transistors (IGBTs) and diodes. In matrix converter, the input is considered is a voltage source
and, inductive nature of the load in most cases, the output terminals are considered as current sources. The desired
amplitude and frequency of output voltage, are achieved through piecewise sampling of the input voltages without
the need of energy storage elements as in conventional frequency converters. The instantaneous value of the input
power is always equal to the instantaneous value of the output power in an ideal direct frequency converter because
of the absence of energy storage elements.
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Fig.1 Topology of three-to-three-phase direct matrix converter

The input and the output voltages of three —to-three-phase direct matrix converter can be expressed as
vectors defined as follows.

Let [V;] is the vector of the input voltages represented as,
[ cos w;t

V] = Vi [C08@it 2T/3)1 ()
| cos(w;t 4”/3)

and [V,] is the vector of output voltages represented as,
[ coswyt

1) = Vom | 0500t T/5| (@)
coswg t 4”/3

The problem consists in finding a matrix M, known as the modulation matrix, such that

[Vol=[M]. [V{] 3)
While, input current [Ii] and output current are related as
[L:1=[M]" [1o] “4)

where [M]7 represents the transposed matrix of [M].

ITII. VENTURINI CONTROL ALGORITHM
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Basic configuration of Direct Matrix Converter without dc link energy storage elements and a conversion
technique named as Venturini Algorithm to produce a variable frequency sine wave output from the fixed frequency
sine wave input was proposed by Venturini [2], with a limitation on voltage transfer ratio of 0.5 and a restriction in
the input power factor control. An enhanced modulation method for direct Matrix Converter which can produce
optimum voltage transfer ratio of 0.866 was presented by Alesina and Venturini [4]. In enhanced modulation
method the voltage transfer ratio is raised to 0.866 by injecting third-harmonic of the input frequency to the input-
phase voltages and by subtracting the third harmonic of the output frequency from the desired output phase voltages.
Fig.2 shows the LabVIEW simulation result obtained for the envelope of input and output voltage with 86.6 %
voltage transfer ratio for three-to-three phase direct matrix converter. The time axis is floating point representation
in Fig.2.
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Fig.2. Envelope of Input and output voltages for 86.6 % voltage transfer ratio in three-to-three phase direct matrix
converter

In Venturini enhanced modulation method for direct Matrix Converter [24], for a set of three-phase input
voltages with constant amplitude and frequency fi, this method calculates the duty cycle of each of the nine
bidirectional switches. The result when implemented allows the generation of a set of three-phase output voltages
by sequential piecewise sampling of the input waveforms. The three phase output voltage thus obtained should
desirably track a predefined reference waveform and when a three phase load is connected, the input currents of
magnitude [i and angular frequency wi should be in phase with the input voltages. To attain the above features, a
mathematical approach is employed [22]. The relationship between the input and output voltages and that of the
output and input currents are written respectively as:
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V()a (t) maA maB maC I/iA
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(7)
where mij(t) represents the duty cycles of a switch connecting output phase i to input phase j within one
switching sample interval. At any time t, 0 < mij(t) < 1 and

C
2 mij =1

/=4 . (iFab.c) and (=A,B.C) (®)
To obtain maximum output to input voltage ratio, a reference three phase voltage is defined as
V..(1) cos(a)at% cos(3w, 1) cos(3w,t)
V,@) =V, |cos(w,t— Tﬂ) — 21 cos(3w,t) |+ —| cos(3w,?)
V..(t) 47 cos(3m,t) cos(3w,t)
cos(w,t — T)

- - ©)

where Vom and Vim are the magnitudes of output and input fundamental voltages, respectively, and @,

and ; corresponds to the output and input angular frequencies. When Vom < 11% Vi »the functional solutions

for the duty cycles m;; (t) can be determined and the general formula is given as,

my = % {1 +2Qcos(w, — @){cos(wot - @ - % cosBam,t) + Lcos(3a)l.t)}

23
—E[cos@a)it _@) —cosQat — 2(1 —3]')72'} }

3.3 ’

(10)

where 1, j = 1,2,3 and Q =V, / Vi, Commutation of m;; (t) is carried out at a sample frequency f; which
also defines the converter switching frequency [23].

IV. RESULTS AND DISCUSSION

Mathematical modeling of three phase matrix converter with Venturini modulation algorithm is performed
in LabVIEW software. The validity of the proposed algorithm using Venturini enhanced approach for three phase
matrix converter is verified through modeling and simulation result analysis. The maximum value of input voltage
is 1 pu and input frequency is 50 Hz with a switching frequency of 5 kHz is taken in LabVIEW simulation. In
LabVIEW the time format is in floating point representation. The simulation results obtained for line to line output
voltages of all the three phases with different output frequencies using LabVIEW are shown in figures (3) — (5).
The simulation results obtained for three phase output voltages of all the three phases with different output
frequencies using LabVIEW are shown in figures (6) — (8).
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FIG.3 Line to line voltages with input and output frequencies of 50 and 40 Hz,
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FIG.4 Line to line voltages with input and output frequencies of 50 and 50 Hz,

Vab_Voc Ve

2-
o_

_2-
2

O_

-2
2=

0-

=275 1
550000 554000
Time

FIG.5 Line to line voltages with input and output frequencies of 50 and 60 Hz
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FIG.6 Phase voltages with input and output frequencies of 50 and 40 Hz
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FIG.7 Phase voltages with input and output frequencies of 50 and 50 Hz
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FIG.8 Phase voltages with input and output frequencies of 50 and 60 Hz
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Fig.9. Magnitudes of amplitude spectrum (a) Input voltage (b) Output voltage

The amplitude and phase spectrum block of LabVIEW software is used to verify the voltage transfer ratio
of three-to-three phase matrix converter using the proposed algorithm. The maximum value of input voltage is 1
pu. An output voltage magnitude of 0.866 pu is obtained for three-to-three phase matrix converter as shown in
figure 9. Hence the maximum input to output voltage transfer ratio of 86.6% for three-to-three phase matrix
converter using the proposed algorithm is validated. This model can be directly integrated to LabVIEW-FPGA
modules through LabVIEW software to produce eighteen number of gate pulses for the implementation of matrix
converter in real time applications with commutation algorithm.

V. CONCLUSION

In this paper mathematical modeling of Venturini modulation technique which is less complex to implement
than the Space Vector Modulation technique of comparable performance is realized using LabVIEW software
program for three-to-five phase matrix converter. The maximum voltage transfer ratio of 86.6% for three-to-three
phase matrix converter is validated through the result. Implementation of the prosed algorithm with commutation
and control techniques using LabVIEW-FPGA is the future work.
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