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ABSTRACT
The authors compare two control strategies for direct AC-AC matrix converters; namely the Venturini method and the scalar
strategy control method. The performance comparison of the two strategies is made under unbalanced distorted torque, rotor speed

and stator current operation.

The simulation of the three-phase matrix converter feeding an induction motor was accomplished by means of the
"Matlab®/Simulink®" software. This package makes it possible to simulate the dynamic systems in a simple way and in graphic

environment.
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1. INTRODUCTION

The performances of an induction motor drive fed by a
conventional inverter are similar to those of a matrix
converter but the main advantages of the last one are:

e Elimination of the intermediate stage (rectifier,
DC-link capacitor)

e Bi-directional power flow capability

e Sinusoidal input/output current and adjustable
input power factor.

Furthermore, because of a high integration capability
and higher reliability of the semiconductor structures, the
matrix converter topology is recommended for extreme
temperatures and critical volume/weight applications.
Various techniques of modulation have been developed to
be applied to the matrix converter control [1,4]. Some of
these techniques make use of the scalar approach
(Venturini and Roy), others are based on the vector
approach such as the direct and indirect space vector
modulation (SVM and ISVM) [7,8].

The aim of this paper is to present a detailed
comparative study between the two different scalar
approaches namely, Venturini and Roy, when applied to
the control of an induction motor. The study deals with the
motor ‘(current, speed and torque) performance response
with respect to both techniques. This will enable us to
identify the merits of each of them in order to make a
judicious choice for their use in matrix converter control
applications.

2. THEORY OF THE MATRIX CONVERTER

The basic diagram of a matrix converter can be that
represented by Fig. 1.
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Fig. 1 Basic circuit of a matrix converter

The symbol S; represents the ideal bidirectional
switches, where i represents the index of the output
voltage and j represents the index of the input voltage.

Let [V;] be the vector of the input voltages given as:
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and the vector [V,] of the desired output voltages.
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The problem consists in finding a matrix M known as
the modulation matrix, such that

[Vo] = [M]. [V] 3)
and
(1] =[M]". [1] “4)
[M]" represents the transposed matrix of [M].
The development of the equation (3) gives:

Vol my  my myg |V

Vi [ myy my  myy |V, 5)

Vs Lmy my,  myy | Vg

where m;; are the modulation coefficients.

During commutation, the bidirectional switches must
function according to the following rules:
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> At every instant ¢, only one switch S;; (i = 1,2,3)
works in order to avoid short-circuit between the
phase.

> At every instant ¢, at least two switches S ; (j =
1,2,3) works to ensure a closed loop load
current.

» The switching frequency fi=wy/27 must have a
value twenty times higher to the maximum of
Jifo (fs >>> 20max (£,15)).

» During the period 7, known as sequential period
which is equal to 1/f;, the sum of the time of
conduction being used to synthesize the same
output phase, must be equal to T

Now a time #; ; called time of modulation, can be
defined as:
t,'j: mj;. T S

Q)

3. VENTURINI METHOD

For a set of three-phase input voltages with constant
amplitude and frequency f; = w2z, 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 /; and angular frequency w; should be in-phase
with the input voltages.

To attain the above features, a mathematical approach
is employed. The relationship between the input and
output voltages and that of the output and input currents
are written respectively as:

V,.(®) my (&) my () mu@) ||V, @)
V() | = my(t) my(t) my(2) || V,,(2) )
V5 (0) my, (1) my, (1) my(2) || Vis(0)

where m(t) (ij=1,2,3) 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< my;(t) <1 and

S =1 (=123 (®)

To obtain maximum output to input voltage ratio, a
reference three phase voltage is defined as

V..(®) cos(w,t) cos(3a,t)
V,(@)|=V,,| cos(wt—2r/3)|——2| cos(3m,t)
V(1) cos(w,t)—4rx /3 cos(Ba,t)
cos(3w;,t)
+—"| cos(3w,t) ©)
cos(3w;t)

where V,,, and V;, are the magnitudes of output and
input fundamental voltages, respectively, and @, and o,
correspond, to the output and input angular frequencies.

When V,, < ( V3 /2)V;, the functional solutions for the
duty cycles m(t) can be determined and the general
formula is given as:

my = ;{1 +2Qcos(wt —2(j — 1)%){005(@(} -2(-1 %)

—é cos(3m,t) + L cos(3a)l.t)}

243
20

-—— [cos(4a)it -2(j-1 %)

343
—cosayt —2(1- j) ZH (10)

where i, j=1,2,3 and O = Vou/ Vim.

Commutation of my(t) is carried out at a sample
frequency f; wich also defines the converter switching
frequency[1], [2], [3].

4. THE SCALAR CONTROL STRATEGY

As stated in [4], a straightforward approach to generate
the active and zero states of matrix switches in Fig. 1
consists of using the instantaneous voltage ratio of
specific input phase voltages. Let us define the following
phase voltages present at input port:

V, =V, cos@!)

11
Vi =V costoi =25 o

im

V.=V, cos(wt —4%)

At the output port of the converter, the value of any
instantaneous output phase voltage may be expressed by
the eql2, where K-L-M are variable subscripts, any of
which may be assigned A, B or C according to the rules
below.

(12)

o

1
Y =T—[t,<vk +t,v, +t,v,,]

ty +t,+t, =T, (13)

Rule 1: At any instant, the input phase voltage which
has a polarity different from both others is assigned to
GGM”.

Rule 2: The two input phase voltages which share the
same polarity, are assigned to K and L, the smallest one of
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the two, in absolute value, being “K”. Then #x and ¢, are

chosen such that:
tL = V—K = pKL (14)
tL VL

for the interval where:

(15)

Expressions given in eql2 and 13 are similar to that
ones originally proposed by [1]. Eql4 defines the active
time ratio between two out of the three switches, in one
commutating leg of the output port (see Fig. 1); this time
ratio (fg#;) is proportional to the instantaneous voltage
ratio (vg/vy) of their associated input phases. The ratio
must be established with the smaller instantaneous voltage
divided by the larger one, as stated in eql5.

The converter switching pattern depends only on the
SCALAR comparison of input phase voltages and the
instantaneous value (v,) of the desired output voltage. The
following gives the proper procedure to obtain the
respective values of #, t; and ¢y, during one period Ty of
the sequence (or the carrier) frequency f;.

For a specific interval where 0 < vg / v, < I, the
instantaneous phase voltage ratio py; is:

v
_ Yk

pKL_
Vi

(16)

And the active times for three switches associated with
the desired output voltage v, become:

;= L, =) (17
L=
Pruvi +vp =L+ pg vy
Iy = Prily (18)
ty =T, =1+ p )1, (19)
Using again the current value of px . Eql7 can be
further developed such as:
Tx (Vo “Vu )vl_ (20)

L [V12< +Vi +V1%4 —(vg +v, vy vy

In a balanced three phase system, the summation of the
three instantaneous phase voltage is zero. So the following
relationships can be obtained:

I (v, =v)Vve _ (v, =v)ve @21

T vi+v,+vi, 1,577

s

Tk _ (v, =V Vi (22)
T, 1,5v}

e _q_ktl (23)
T T

The duty cycle of commutators K and L is
proportional to the instantaneous value of the
corresponding input phase voltage v and v; multiplied by
the voltage difference between the desired output voltage
v, and the input phase voltage vy, . It should be noted at
this point that the output voltage v, , (i.e v,, v, v.), can be
any kind of waveform, including DC values...

Solving Eq21, 22 and 23 for a given voltage ratio.
VordVim = Q < 0.5, will yield positive value for times #, ¢,
and #, as in the case of Venturini control algorithm.

For a higher voltage transfer ratio, some negative time
values start to appear because of the instantaneous voltage
limitation at the input port of the DFC. However,
modulation techniques proposed by Maytum [6] work
well with the scalar strategy.

Hence, by modifying the switching times of the basic
scalar control law, it is possible to add both the supply
neutral point modulation at 3w; and the load neutral point
modulation at 3w, to obtain an overall voltage transfer
ratio of Q= 3/2. Eq20 is then modified by changing the
term v, by the following expression:

v, =v, + i v, cos(3w,t) — é v, cos(3m,t) (24)

5. SSIMULATIONSRESULTS

Simulation was carried out, by keeping fixed the
supply voltage of the induction motor (the output of the
matrix converter) and varying only the frequency f, in
order to be able to compare the motor performance for
both strategies presented above.

The matrix converter described above is simulated for
three different desired output frequencies (fo = 25 Hz, 50
Hz and 100 Hz), with a switching frequency fs = SKHz.
Both converters are first feeding a S0HP, 460V induction
motor driving a 200 N.m resistive torque.

Induction Motor Cremux
50 HP £ 480
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A iz_abe
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Fig. 2 Block Simulink® of the induction motor
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Fig. 4 Stator current, rotor speed, and torque for a matrix
converter fed induction motor (f,=25 Hz)
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Fig. 3 The matrix converter simulink®/Matlab diagram
(Venturini method)

Results of Venturini method (f, = 25 Hz)
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Fig. 5 The matrix converter simulink®/Matlab diagram

(Scalar strategy control)

5.2. Resultsof Scalar control strategy (fo =25 Hz)
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Fig. 6 Stator current, rotor speed, and torque for a matrix
converter fed induction motor (f,=25 Hz)
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5.3. Resultsof Venturini method (f, = 50 Hz)
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7 Stator current, rotor speed, and torque for a matrix
converter fed induction motor (f,=50 Hz)

5.4. Resultsof Venturini method (f, = 100 HZ)
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8 Stator current, rotor speed, and torque for a matrix
converter fed induction motor (f,=100 Hz)

5.5.
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Results of Scalar control strategy (f, = 50 HZ)
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9 Stator current, rotor speed, and torque for a matrix
converter fed induction motor (f,=50 Hz)

Results of Scalar control strategy (f, = 100 Hz)
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10 Stator current, rotor speed, and torque for a matrix
converter fed induction motor (f,=100 Hz)
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6. CONCLUSION

In this article, a comparative study of two different
control strategies is presented; the Venturini’s and the
Roy’s strategies. Both techniques were applied to a three-
phase matrix converter fed induction motor in the purpose
to illustrate the performance of each one, and point out to
the similarities and differences between them.

From the simulation results, with reference to the
stator current, rotor speed and torque patterns obtained for
the various values of frequency, one can deduce that
choice of the strategy to use is predetermined by the
comparison between the input supply frequency and the
output (or desired) frequency of the matrix converter. If
the input supply frequency is equal to the output
frequency of the matrix converter, one can generally
conclude that both techniques give almost similarly
results. However, if the output frequency is lower than the
supply network frequency, the choice is for the Venturini
strategy and if the output frequency is superior to the
supply network frequency, the Roy’s strategy is preferred.

REFERENCES

[1] Venturini, M :A New Sine Wave in Sine Wave Out,
Technical Conversion Which Eliminates Reactive
Elements. Proceedings Powercon 7, pp.E3_1-E3 15,
198019thAnnual IEEE,11-14 Apr 1988.vol.2.

[2] Azeddine,Bendiabdellah — Ghanem Bachir: A
comparative performances study between a matrix
converter and a three level inverter fed induction
motor. acta Electrotechnica & informatica N°2, vol
06, 2006.

[3] L,Zhang — C,watthanasarm — W,Shepherd : Analysis
and comparaison of control techniques for AC-AC
converter. IEE Proc-Electr. Power Appl.Vol 145,
J1998.

[4] G,Roy—L,Duguay — S,Manias — G.A,April.:
Asynchronous Operation of Cycloconverter with
Improvd Voltage Gain by Employing a Scalar
Control Algorithm.. Proc. §7CH2499-2. IEEE-IAS

22nd annual meeting. Atlanta. Oct.18-23. 1987. pp.
891-898.

[51 G,Roy and G.E,April : Cycloconverter operation
under a new scalar control algorithm. in Proc. IEEE
PESC’89, 1989, pp. 368-375.

[6] M.J,Maytum — D,Colman : The Implementation and
Future Potential of the Venturini Converter. Proc. Of
Drives, Motors and Controls, 1983, pp. 108-117.

[7] Yanhui,Xie — Yongde,Ren: Implementation of DSP
Based Three-Phase Ac-Ac Matrix Converter. (C)
2004 IEEE. pp. 843- 847.

[8] E.H,Miliani — D,Depernet — J.M,Kauffmann: DSP
Implementation of a Naturally Commutated Matrix
Converter Open Loop Control. IEEE ISIE 2005,
June 20-23, 2005, Dubrovnik, Croatia pp. 1191-
1196.

Received Jun 11, 2008, accepted April 2, 2009

BIOGRAPHIES

Ghalem BACHIR was born on January, 26, 1969 in Oran
Algeria. He received his Engineering Degree and Master
Degree from University of (USTO), Algeria in 1995 and
2002 respectively. He is currently a lecturer and is
preparing  his  Doctorate  thesis on  Matrix
Converters.

Azeddine BENDIABDEL L AH was born on January, 10,
1958 in Saida Algeria. He received his Bachelor
Engineering degree with honors and his Ph.D degree from
the University of Sheffield, England, in 1980, and 1985
respectively. From 1990 to 1991 he was a visiting
professor at Tokyo Institute of Technology (T.1.T), Japan.
He is currently Professor of Electrical Engineering at the
University of Sciences and Technology of Oran, (USTO)
Algeria. His research interests include: Electrical
machines Design and Drives Control and Converters;
Numerical Methods for Field Calculations, as well as
Electrical machines Faults Diagnosis.

ISSN 1335-8243 © 2009 FEI TUKE



