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Abstract: The present work is relating to the development
and the Inclusion of the statics converters to supply the
multi-machines systems, in the electric traction field.

To minimize the size and the number of power converters
then to use two machines in series in an electric traction
system. We have integrated a single three to five phase
matrix converter, rather than use a five-phase inverter, to
supply two five-phase wheel motors (2 PMSM), for driving
an electric traction system.

A three to five phase matrix converter is most easily
provides five variable voltages, is controlled to supply by
five alternating currents, which they interact to cause the
two series connected five-phase PMSM to rotate.

This study shows the functionality of the proposed matrix
converter, which it is the same as the inverter, by providing
the current required for the vector control and the pilotage
of the two five phases PMSM at different loading
conditions of the electric traction drive system.

Keywords: Matrix converter, wheel motors, five-phase
permanent magnet synchronous machines (PMSM),
Electric traction system, and vector control.

1. Introduction.

During the last years, the electric traction drive
systems are among the most commonly used topics;
they became indispensable, as they have attracted the
attention of many researchers in industry and
scientific research. Moreover, due to the accelerated
development of power electronics and electrical
networks, which led to open a large field to introduce
several types of machinery and power converters, all
depends on the kind of traction system, location, and
available technology. Due to the importance of more
power density, the power factor and the efficiency of
permanent magnet synchronous machines, they have
been are used as direct drive systems [1], even more,
if they are polyphase. For all these reasons, they are
interested in reducing the stress applied to the
switches and coils. [2]

It has also found that the five-phase PMSM with a
distributed winding is the best suited for high-speed
applications, as in high speed and range torque of
electric traction systems drive. [3], [4].

However, The serial connection becomes possible
between the five-phase PMSMs; it is also examined
under the acceptance of the sinusoidal magneto-
motive force and becomes possible to control the two

machines in a single group independently, [5]
Although the single five-phase matrix converter can
power the drive system. It also ensures the control of
bidirectional flow power, by using the AC-AC
conversion using semiconductor switches.

The development concentration focused on new
power converter topologies in one single step to
produce more than three phases. [6], [7].

In this Paper, the power supply topology of the matrix
converter circuit figure 1, which proposed in the
electric traction drive system, on the way to
transmuting the electrical energy to the two series-
connected five-phase PMSM.
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Fig. 1. Five phase matrix converter feeds two five-
phase PMSM in an electric traction system.

1. Three to five phase matrix converter.
The used three to five phase matrix converter that
its basic diagram given by figure 2.
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Fig.2.Three-to-five phase matrix converter’s basic diagram.



This converter characterized by the matrix topology
of fifteen bidirectional switches S;.
The input voltages are given by:
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Such as w=2xnfi: the pulsation of the input voltages.
The desired output voltages when the fundamental
pulsation @, = 2xf, and the amplitude vom = q.Vim (q 18
the amplitude conversion ratio) given by:
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Each waveform of the desired output voltage v; (j=a,
b, ¢, d, e; the previous system considers only the
fundamental) it is synthesized by hashing the three
input voltages v; (i=A, B, C), means of the switches
Sii. The waveform of the output voltage of one phase
is, therefore, a set of portions taken input voltages.
The switches for synthesizing the same output phase
are actuated in sequence and cyclically such that the
sum of their intervals conduction time during a
sequence k is constant and equal to T figure 3 [8] [9].
Ts~=1/f; is the time sequential.

Saa=1 Sza~1 Sca=1

-+ T ‘;I: 8 =I~: tca >
) Sap=1 L Sep=1 L Scp=1 -
T ota t8b i tcw i
B Sac=1 L Se=1 L Sce=1 N
) tae R tBe A tce ]
B Sag=1 ) See=1 o Sce=1 .
) tag i tBd i tcd !
’ Sae~=1 L Spe~1 . Sce=1 .

tae | tBe i tce -

Ts

Fig. 3. Period of the switches conduction.

The m®;; are duty cycles (coefficients utilization) of
the switches S; during the k'™ sequence.

tij of the kth sequence

ny* = 3)

Ty

With the following restrictions (i=A, B, C and j=a, b,
c,d, e)
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mean values of the five output voltages at the k'

sequence are:
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2. Matrix converter control.

The aim of the idealized matrix converter control
is to find the pulsation sequences so that the slippery
average of the phase voltages at the output is a
modulated sinusoidal form, the amplitude, and
frequency of the fundamental wave of the output
voltage must be variable, to achieve this there are
mainly two methods:

— Direct method or scalar algorithm (Venturini, Roy ).
— Indirect method (vector modulation) Kastner Rodrigue.

3.1 Scalar algorithm of ROY
Roy algorithm is a typical method among several
methods of developed modulation so that the switches
actuating signals calculated directly from the
measurements of instantaneous input voltages
followed by a comparison of these relative
magnitudes according to the algorithm below [10]:
—The index M to assign one of the three phase
voltages input having a different polarity to the
others;
—The index L to assign the lowest tension in the
absolute value of the others.
—Assign the index K to the third voltage.
For:J={a,b,c,d, e}.
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3.2 Switching angles:

The Fourier spectrum of each signal in principle
depends only on input voltages, frequency fs, and the
sequential time intervals of switches S;j conduction.
The purpose of synthesis the output voltage returns to
formulate the equations of switching angles; so that



the first harmonic of the output voltage have the same
form as the expression (2).
The hash frequency (fs = wy/2x) selected such as that

(fs = 20.max (f; , 1»)).
During the k™ sequence, the output voltages of the
Matrix converter given by:
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ForJ={a, b, c, d, e}.

and

4. Model and layout of the connected machines:

Taking for modeling all the standard assumptions of
the general theory of electrical machines that are
applicable [11] [12], even for to the sinusoidal
distribution of the resulting field in the machine.

The phases of machines offset by a na = 2z, n is the
phase number of the used machine. [2].

According to the connection diagram of figure 4, the
phase voltages of the two machines and the
relationship between the output currents of the matrix
converter and the phase currents of the two machines
given by:
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As n is the number of used machines, in our casen=1, 2
The flow equation is:

[Qabcde sn]: [Lsn] [iabcde sn] + [an]

We denote by:

—Ls the self-inductance coefficient of a stator
winding.

—R The resistance of a stator phase.

—@mn Represents the total flow through the winding.

For a PMSM with decoupled phases, we use the Clark
transformation (C), the expression of the relation
between the new variables (a, B, X, y, 0) and the
primary variables of phases given by:
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Fig. 4. Connection diagram of the two series five phase

PMSM.

For generalizing, the used machines have the same
parameters; the presented electrical circuit model can

be given in the matrix form by:
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To express all the quantities in the same reference
frame. We project the stator magnitudes in a rotating
reference frame (d, q) shifted by ¢ on the fixed
reference frame (0, B),(X, y) of the two machines [13],
we calculate this transformation from the Rotation
matrix D such that:

cos(6)

Dy = | sin(0)

-sin() 11
cos(6) (an

(7

The model equations of the two series connected five-
phase PMSM in the reference frame (d, q) and the
torque relations given respectively by (12) and (13).



@ : Total flux due to the magnets and which closes
on the stator.

mg, : The coefficient of mutual inductance between
the stator phases.

n: is the number of the used machines, in our case n =
1,2

_ MC.MC |5 . .MC
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5. Vector control of the two-five-phase PMSM

In traction systems, two DC motors connected in
series to use only one cutter. The independent torque
control can perform by using the Vector Control [14],

vd

Vg

MC MC 5 d McC d Mc 5 MC
vV =R, +R_,)i +l,+—m —1 +1 5 —i ~w, |, +—m i
d sl s27°d (sl 2 Sljdt d s2 dt d 1\ sl 2 sl |'q
MC _MC 5 d Mmc d MmcC 5 MC /5
v =R_;+R_,)i +l , +—m —1 +1 5 —i tw, |l ,+—m i +,|—w, ¢f
q sl s27°9 (sl 2 Sl)dt q s2 dt q 1\ s/ 2 sl |'d 2 171 (12)
yMC g MO e f, 5 d me LS, Me
X sl s27°x sl dt X 52 2 s2 dt x 2| 's2 2 s2 'y
MC _ MC d MmcC 5 d MmcC 5 .MC | |5 .
Vy " TRy Ry g oy +(ls2+2ms2)dtly Topllsp T yme fix T 59292

[12] and [13].

With the five-phase PMSM by serially connecting the
stator windings in an appropriate manner figure 4, it
becomes possible to control the two machines in a
drive system (traction system) independently (vector
control principles).

Among the control strategies, the polyphase machines
require only two currents to control the flow and
torque. Both equations (Vg V:) are completely
independent; we can control each machine with its
vector control dedicated figure 5. We often use that
which consists in keeping the component i and ix in
zero values, the torques controlled by the components
iq and iy only, even for speed control [15], [16].
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Fig. 5. Vector control Diagram Block of two five-phase PMSM supplied by a single five-matrix converter

6. Simulation results and discussion
6.1 Matrix Converter Output Voltage

The output voltage of the 3-to-5 phase matrix
converter Va [V] and its harmonic spectrum
(f=f,=50Hz) presented in figure 6.

6.2 Decoupling test

We have tested by simulation the vector control rule
(Decoupling) of the two five-phase series PMSM
supplied by a five-phase matrix converter, with the
application of two different setpoints of speed.
Where the first machine runs according to the

setpoint 1500 rpm; with a load torque applied at t =
0.5s (Tl= 5N.m), on the other hand, the second
machine runs according to the setpoint 750 rpm
without applying a load torque, then we replicate the
same test between the two machines figures 7-14.
From the obtained results, we note after the
decoupling test that:

The speed curve perfectly follows its reference and
which reached it very quickly with a standards
response time. The effect of the disturbance is
removed (due to the load torque), and the
electromagnetic torque stabilizes at the value of five



N.m, the response of the two currents components
clearly shows the decoupling introduced by the
vector control of the two series connected five-phase
PMSM. The currents id and i, are with zero values;
the current iq is the image of the couple Teiand iy is
the image of the couple Te.

As can be seen, the excitation of both machines is
independent. All amounts remain undisturbed in both
machines during the torque transients. Moreover, the
application of the load torque to one of the machines
does not have any impact on the torque in the other
motor, and vice versa. According to these results, we
have obtained the completely decoupled control.
According to the simulation results, concerning the
performance achieved by the association of a single
Matrix converter-two five-phase series PMSM, has
the same performance as the association of a single
Inverter-two five-phase series PMSM.

6.3 Traction System application

For this test, we used by simulation the vector
control law of the two five-phase series PMSM fed
by a single five phase matrix converter, with the
application of the one-speed setpoint for the whole
system. We supposed that our set of Machines-single
converter is one of electric traction system part,
which integrates two wheels motors (two PMSM)
supplied by a five-phase matrix converter, the
setpoint of control for this system is a speed test
profile, which expresses the evolution of the traction
vehicle speed.
According to the results of simulation of the last test,
the two machines have the same performances; they
turn at the same rate during all the time of test profile.
From the obtained results it is suitable to add the
application (two PMSM in series) to the electric
traction vehicles figures 15 and 16.
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Fig. 16. Speed developed by the two machines in rpm.

7. Conclusion

Our work is to improve the performance and to drive
the multi-machines system (two five-phase series
connected PMSM) with a three-to-five phase matrix
converter, we have selected this set (multi-machine-
single converter) because it is an essential element in
electric traction system.

We have briefly seen the modeling of the used
converter and one of its control algorithms, then the
model of the two five-phase series connected PMSM,
we have based in this modeling on the general theory
of electrical machines and the d-q axis model.

After that, we have tested the decoupled vector
control of that system, by using a single five-phase
matrix converter.

We have obtained a completely decoupled control by
the independent vector control, which allowed
decoupling the flux control and the torque for the two
machines, which leads to control several machines in
series and with different types of polyphase
machines.

The performance obtained from the association of a
single Matrix converter-two five-phase series
connected PMSM has the same performance as the
association of a single Inverter-two five-phase series
PMSM.

Moreover, we can reduce the size of the converter,
Matrix converter (AC-AC) instead of the inverter.
As an Outlook to use this system (matrix converter-
SMM) in the hybrid electric traction vehicle by the
study of power management in real time.
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