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Abstract — In high power applications, power division
methods for AC high power converters and machines
are used. The rated power of the elementary converters
and/or machines becomes lower when the number of
converters and/or machines increases. Therefore, power
switches with high switching frequency can be used.
Then, the current and torque ripples would have
theoretically lower amplitude. Tow strategies in
supplying a double stator synchronous machine, which
is an application of power division, are studied in this
paper. In the first strategy, two independent voltage
source inverters supply this machine. In the second
strategy, one five legs voltage source inverter is used to
supply this machine. A comparison between these two
power supply strategies is finally discussed.
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1. INTRODUCTION

Electrical propulsion in embarked applications like
ships and aircraft requires high power machines with
variable speed drives. In this field, AC machines are
increasingly used. These machines can be supplied
by GTO Voltage-Source Inverter (VSI). The
disadvantage is the low commutation frequency of
the GTO and consequently the important current and
torque ripples. In order to reduce these ripples, it is
necessary to use high commutation frequency semi-
conductor devices [1],[2]. Several solutions based on
power division can be envisaged [3].

Actually, in high power applications, association of
multi-converters with multi-machines is developed.
For economic reasons, these electric systems may
share some resources in the energizing chain which
imply some couplings between the various
components [4]. Taking into account these couplings,
the system passes by a global approach of the set of
the electric components connected to a same
supplying source. The global system is defined then
by the denomination ‘Multi-converter Multi-machine
System (MMS)’ [2],[4]. It is composed of coupled

subsystems which are going to interact between
them.

This paper treats the case of a Double Stator
Synchronous Machine (DSSM) supplied by two
independent VSI or by one five legs VSI. This paper
is organized as follows. Section 2 is devoted to
review the modelling of the DSSM. Section 3
presents the simulation results when this machine is
supplied by two independent VSI. In the fourth
section, the functioning of a five legs VSI connected
to a DSSM is given.

In section 5, a comparison between these two types
of power supply strategies is discussed. Finally,
conclusions are given in section 6.

2. DOUBLE STATOR SYNCHRONOUS
MACHINE

The studied machine is composed of two stars; each
one is formed of three Y connected windings. These
stars can be shifted from each other by an electrical
angle equal to y (Fig. 1). The rotor contains
permanent magnets [5].
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Fig. 1 - Double stator of the studied machine.
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To simplify this study, it should be supposed that:

- The used machine is not saturated,

- Iron and all types of losses are neglected,

- The inductances of the machine are constant,
- The coils distributions are sinusoidal.

For the studied machine:

iy and i are the currents flowing the k and k' phases
of the two stators, with k=1, 2 or 3,

vi and Vv'y are the voltage across the k and k' phases of
the two stators,

e, and e'y are the emf of the k and k' phases of the
two three phase windings, these emf are supposed to
be sinusoidal,

p is the number of pair of poles,

I, is the coil inductance,

r is the winding resistance,

m.cos & is the mutual inductance between two
windings delayed by an electric angle of &. The
coefficient m is positive, [m;; = m.cos (y)].

The expressions of the voltage vy and V', are:
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where ¢ and ¢'y are the generated flux in k and k'
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The electromotive force e, and €'y take the form:

e =E.\/E.sin(wt—(k—l),2Tnj
5 3)
e, =E. 2.sin(cot—(k—l),?n—yj

where o is the electric speed.

The torque expression of the studied machine is:

F:B.[i(ek.ik +e‘k.i'k)} (4)

O | k=1

3. DSSM SUPPLIED BY TWO INDEPENDENT
PWM VSI

As mentioned in the above section, the DSSM is
composed of two star windings. These stars can be
shifted from each other by an electrical angle equal to
y. Each star is supplied by its own PWM VSI (Fig. 2).

Fig. 3 and Fig. 4 show the influence of the shifted
angle on the current wave form. In fact, if the two
stars are shifted (Fig. 4), current ripples appear and
can be dangerous for the two inverters and for the
machine. These ripples, which appear only on the
currents, do not affect the machine torque (Fig. 5 and
Fig. 6).

The power division by using multi-star machines
supplied by independent PWM VSI can not be
applied except if the magnetic coupling between stars
is weak [6],[7]. Or in other case, the applied voltages
to the homologous phases of the star windings should
be instantaneously the same (inverters should be
controlled by master-slave control strategy), and the
star windings should not be shifted [8],[9].
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Fig. 2 - DSSM supplied by two independent VSI.
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Fig. 3 - Machine first phase current of the first star
windings for non shifted stars.
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Fig. 4 - Machine first phase current of the first star
windings for stars shifted by 30 degrees.
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Fig. 5 - Machine torque for non shifted stars.
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Fig. 6 - Machine torque for stars shifted by 30 degrees.

4. DSSM SUPPLIED BY A FIVE LEGS VSI

An example of electrical and magnetic couplings is
presented in figure 7. This system is composed of one
double stator synchronous permanent magnets
machine (magnetic coupling) supplied by a five legs
VSI (electric coupling) [4],[9].
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Fig. 7 - DSSM supplied by a five leg VSI.

As the two stars are not shifted, the currents wave
forms are ripples free (Fig. 8). In this figure, the two
stars are supposed to have different rated currents.
The inverter common leg should contain components
of high power rating compared to those placed in the
other legs (Fig. 9). The developed motor torque of
the studied machine is presented in figure 10.
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Fig. 9 - The third phase and the common leg currents.
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Fig. 10 - Machine torque.

. COMPARISON BETWEEN TWO THREE
HASE VSI AND ONE FIVE LEG VSI

As presented in the previous sections, the two
independent three phase VSI contain components of
same power ratings. The number of these controlled
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components is equal to six per inverter. This means
that it is necessary to use twelve controlled
components to supply the studied DSSM. By using
the five legs VSI, the number of the controlled
components is equal to ten. Two components, which
are placed in the common leg, should be of high
power rating compared to those of the other
components.

By applying a current controller to the DSSM
supplied by two independent VSI, the current and the
torque waveforms are illustrated in figure 11 and 12.

The current and torque waveforms for a current
control applied to the five legs VSI supplying the
DSSM are presented in figure 13 and figure 14.
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Fig. 11 - Phase current of the DSSM after control —
1st strategy.
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Fig. 12 - Machine torque after control - 1 strategy.
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Fig. 13 - Phase current of the DSSM after control —
2" strategy.

By using the current control, the two strategies in
supplying the DSSM give approximately the same
current and torque waveforms.
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Fig. 14 - Machine torque after control - 2" strategy.

For these two strategies, some problem occurs if one
transistor for example is damaged or opened after 1.1
second of normal functioning. For this, the torque
ripples that appear in figure 16, where the DSSM is
supplied by the five legs VSI, are more significant
than those in figure 15, where the DSSM is supplied
by the two independent VSI.
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Fig. 15 - One open transistor at 1.1 second — 1*
strategy.
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Fig. 16 - One open transistor at 1.1 second — 2™
strategy.

5. CONCLUSION

In this paper, power division in high power
application is discussed. The treated example was the
case of a double stator synchronous machine supplied
firstly by two independent voltage source inverters
and secondly by one five legs voltage source inverter.
In the first strategy, the two independent VSI needs
two more controlled components than those used in
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the five legs VSI. In the second strategy, the common
leg controlled components should have high rated
power than the other components used in this
converter or those used in the two independent VSI
of the first strategy. In addition, if one controlled
component is damaged and opened, the torque
behaviour is more critical if the five legs VSI is used
to supply the studied machine than the two
independent VSI. For these reasons, it is preferred to
supply a DSSM by two independent VSI.
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