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SUMMARY
In spite of the use of multi-level inverters for industrial high power applications, there has been considerable interest in
the potential benefits of matrix converter technology, especially where size and long-term reliability are important factors.
This paper is proposing a comparative study between a three-phase matrix converter ensuring an AC/AC conversion and
a standard three-level voltage source inverter. The Study is proposed in order to show for the same performance, the merits
and the advantages of the matrix converter with respect to the three-level inverter.
A complete performance study of each converter feeding both a passive R-L load as well as an induction motor is being

carried out and performance results are being obtained.

The work is accomplished by means of the "Matlab®/Simulink'
dynamic systems in a simple way and in a graphical environment.

Ry

software. This last one makes it possible to simulate the
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1. INDRODUCTION

Currently, the majority of the electrical drives are
three-phase AC current. These drives operate with
variable speed where the traction constitutes a good
example. The use of these drives requires variable
speed and variable voltage high power converters.
The interest is oriented towards multi-level
converters (three-, five-, seven-level and more) [1].
But increasing interest is also oriented towards the
potential benefits of new categories of AC/AC
converter (the matrix converter) [2], especially for
high power applications where size, weight, and
long-term reliability are important factors.

In this paper, the authors propose a complete
comparative study between a three-phase three-level
voltage inverter and a three-phase matrix converter
when first feeding a passive R-L load and then a
three phase induction motor.

2. THE MATRIX CONVERTER

The basic matrix converter circuit [3], [4] can be
that represented by figure 2.1.
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Fig. 2.1 Basic matrix converter circuit

The symbol S, represents the ideal bidirectional
switches, where ¥, represents the output voltage and
V; represents the input voltage. Let [V;] be the vector

of the input voltages given as:

cos(w, t)
[V)] =V, | cos(e,1+27/3) (2.1)
cos(w,t +4r/3)

And [V,] the vector of the desired output voltages
given as:

cos(w,t)
cos(w,t+27/3) (2.2)
cos(w,t+4r/3)

.l ="..

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

[Vo]=[M]. [V] (2.3)
and
[11=[M]" . [L] (2.4)

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

The development of equation (2.3) gives:

Voi my my, m 3 Va
Vor |=| M m mos || Vo (2.5)

Vi3 m s m s, mss || Vs

where m;; are the coefficients of modulation.

During commutation, the bidirectional switches
must operate according to the following rules:
> Atevery instant t, only one switch S, (i =1,2,3)
is ON in order to avoid short-circuit between the
phases.
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» At every instant t, at least two switches
S, (=1,2,3) are ON to ensure a closed loop load

current.
> The switching frequency f, =@ /27 must have

a value eight times higher than the maximum of

(fi 1, (f >>8.max(f, 1))

» The sum of the conduction times used to
synthesize the same output phase, must be equal
to Ts known as the sequential period which is

equalto 1/ f, .

The time A known as the modulation time; is defined

as:
t,=m,T, (2.6)

The following solutions for m are proposed by
Venturini [5], [6]:

my = 1/3+a{ cos[(a, 7wi)]+a£ cos[—(w, — w;)]

my, =1/3+a cos[(@, —®,) -2z /3]+a, cos| ~(o, + ®,) — 27 /3]
my =1/3+a,cos[(@, —o,)—4r/3]+ a, cos[—(o, + ®,) — 47 /3]
oy, :1/3+a; cos[( @, —w,)—47r/3]+a'2 cos[—(w, + w;) — 27 /3]
my, =1/3+ a{ cos[(a, —a),.)]+a; cos[—(w, + ;) —4x /3]

my, =1/3+ @, cos[(@, — ) — 27 /3] + a, cos[~(@, + @,)]

my =1/3+ a, cos[(@, — @,) — 27 /3] + &, cos[ —(@, + @,) — 47 /3]
my, =1/3+ @, cos[(w, — »,) - 47 /3] + a, cos[—(®, + @,)]

my, =1/3+a, cos[(w, — w,)]+ &, cos[~(@, + ®,) — 27 /3]

, 4
where @, =a, :?

ol

The average value of the voltage of the first output
phase during the g% sequence is:

(k) (k) (k) (k) (k) (k) (k)
Vi =My Vg tmy Vi Mgz Vi 2.7
that is,

*_ 1 (k) (k) (k) (k) (k) (k)
Vi =T [t v i Vo Hli v ]

2.8)
with
Ts =t + t,, + t3
s 11 12 2.9)

The synthesis of the first output phase will be
done according to the following equation (2.10):

v, 0<t—(k-DT; <nf{'T,
vy (MT; <t—(k=DT; <(f) +nf,)T; (2.10)

vy @+ <t—k=DT5 <ot -+ )T

3. THE THREE-LEVEL INVERTER

3.1. Structure of the three-level inverter

The schematic representation of the three-level
inverter [7], [8] as shown in Fig. 3.1 is composed of
three arms and two d.c voltage sources. Each
inverter arm consists of four pairs of diode-
bidirectional switch and two median diodes allowing
having zero level of the output voltage of the
inverter. The centre point of each arm is connected
to a d.c source.
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Fig. 3.1 Three-level inverter structure

3.2. Inverter arm complementary control

The structure symmetry of the three-level
inverter allows the arm modelling as shown in figure
3.2. One initially defines the global model of an arm,
and then deduces that of the complete inverter.

pl pln
A
Cl1
Ve
C2
— P
Ip

>

Fig. 3.2 Structure of an of inverter arm

To avoid short-circuits of the voltage sources by
conduction, and in order to deliver the three-level of
the desired voltages, then one must make the
inverter work in its commendable mode. A static
converter commendable mode means that the
transitions between its various configurations
depend only on its external and not internal control.

Three complementary controls can be applied to
the three-level inverter arm as follows:
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Gy, =G> Gy, =Gxks Gy, =Gk
Gy G Gis Gy Vio
0 0 1 1 Ve
0 1 0 1 unknown
1 0 1 0 0
1 1 0 0 Vi

Tab. 3.1 The switches excitation

with Gy the trigger control of the Tks switch of the

arm K.

In order to have the total commendable mode of
the three-level inverter, one must eliminate the case
which gives an unknown answer.

By translating this complementary control using the
connection functions of the switches of arm K, one
finds:

{E(IZI_EM 3.1)

F,=1-F,

One defines the connection function of the half-
arms noted as F, with:

|1 for the higher half - arm composed of TDy; and TD,,
|0 for the lower half-armcomposed of TD,; andTD,

The connection functions of the half-arms are
expressed by means of the connection functions of
the switches as follows:

{F,ﬁ =FyFs 52)

F;cbo =F,F,
The nodal potentials a,b,c of the three-phase

three-level inverter compared to the medium point,
are given by the following equations system:

Voo = FF vy — 3By,
Vi = F5 Fp v — Fy oy, (3.3)
vco = F;IEZVCI _F;3F;4v02

By introducing the connection functions of the
half-arms, one will obtain:

b b
Vao = Filvcl _FiOVCZ

b b
Voo = E91Ve1 = FaoVea (34

b b
Veo = F‘Slvcl _FI“&Och

The inverter output phase voltages are deduced
in terms of the nodal potentials compared to the
medium point by the following relation:

v, = —(—vao + 2V, = Ve ) (3.5)

From the relation (3.4) and (3.5), one obtains the
matrix system linking the functions of the inverter
half-arms to the phase voltages at the load terminals
given as:

21 Rl | Fo
v, :g -1 2 -1 Fzﬁ Vi Fﬁ) Ve2 (3.6)
v Tl 2]l B

Va

V
In the case where v, =v,, :Tf’ the relation (3.5)

is reduced to

RS Ri-Fq y
v
V=51 2 -1 21_F§bo B} 3.7
v -1 -1 2 _
¢ 31 30

The three-level inverter control strategy used in
this work is based on the sinusoidal PWM technique.

4. SIMULATION RESULTS

The three-level inverter and the matrix converter
described above were simulated for three different
desired output frequencies (f, = 25 Hz, 50 Hz and
100 Hz), with a switching frequency f; = SKHz. Both
converters are first feeding a passive R-L load
(Rs=20Q and Lr=0.04H) and then a 50HP, 460V
induction motor driving a 200 N.m resistive torque.

Fig. 4.1 and Fig. 4.2 show the output voltages for
both converters, while Fig. 4.3 and Fig. 4.4 show the
passive R-L load as an illustrative example where
one can see clearly the impact of the output
frequency variation on the R-L load current. The
results are almost the same for both converters.

Fig. 4.5 and Fig. 4.6 show the induction motor
performance when fed from both converters. These
figures show clearly that the current, speed and
torque characteristics are normal and almost similar
for both the three-level inverter and the matrix
converter.
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4.1. The three-level inverter output voltage
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Fig. 4.1 Three-level inverter output voltage and its
spectrum for f,= 25 Hz, 50 Hz and 100 Hz

4.2. The matrix converter output voltage
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Fig. 4.2 Matrix converter output voltage and its
spectrum for f,= 25 Hz, 50 Hz and 100 Hz
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4.3. The three-level inverter R-L load current 4.4. The matrix converter R-L load current
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Fig. 4.3 Three-level inverter R-L load current Fig. 4.4 Matrix converter R-L load current
and its spectrum for f,= 25 Hz, 50 Hz and and its spectrum for f,= 25 Hz, 50 Hz and
100 Hz 100 Hz
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4.5. The three-level inverter fed induction motor

performance for f=50Hz
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Fig. 4.5 Stator current, rotor speed, and torque
of a three-level inverter fed induction motor

4.6. The matrix converter fed induction motor
performance for f=50Hz
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Fig. 4.6 Stator current, rotor speed, and torque
for a matrix converter fed induction motor

4.7. Matlab/Simulink diagrams and blocks

Fig. 4.7.1 The matrix converter simulink™/Matlab
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A

diagram

In this section are presented both the converters
functional diagrams as well as the R-L passive load
and induction motor functional diagrams used for
the simulation work.

o
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References o
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Fig. 4.7.2 The 3-level inverter simulink®/Matlab
diagram
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Fig. 4.7.3 Block Simulink® of the induction motor
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Fig. 4.7.4 Block Simulink® of the passive R-L load

5. CONCLUSION

The performance results obtained from both
matrix converter and three-level inverter are shown
to be almost similar, either for the passive R-L load
case or the induction motor case. From this fact, one
can conclude that the matrix converters can easily
replace the three-level inverter in all industrial
applications.

The merits of the matrix converter become more
tangible and more visible in comparison to the
multi-level inverter particularly for high power, high
voltage applications. The matrix converter allows a
direct synthesizing of the desired voltage and
therefore presents a technical-economic advantage
due to the elimination of the intermediate stage and
the output filter used in three-level inverters.
Another advantage for the matrix converter is that
the number of switches reduces from 30 components
(12 bidirectional inverter switches, 6 blocking
diodes and 12 rectifier diodes) in the three-level
inverter to nine components only in the matrix
converter resulting in a less complicated system.
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