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Abstract: In this paper, the dynamic modeling of the double-star generator is presented, then its adaptation in
an electromechanical conversion. We reported all torque production to the first equivalent submachine to
minimize losses. The model implementation is done under the Matlab/Simulink environment. The DC bus current
and voltage control loops have been realized by synthesizing a PI controller. The results obtained are consistent
with a good followup of the imposed references..
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. tion) converter. With this classic architecture, a defect in one
Introduction element of the energy conversion chain alone can cause the
actuator to loose total or partial control. Therefore, to increase
the reliability of the energy conversion chain, the use of two
machines for the redundancy problem often creates difficulties
related to comanagement. Recently [1][2] the use of double
stator machines was proposed, allowing to integrate two
In this context the demand for electromechanical converters machines in one, with two independent windings connected in
is increasing. Often the architecture of an electromechanical stars.
energy conversion consists in adding a three-phase alterna-
ting machine to a three-phase PWM (Pulse Width Modula-

Faced with the global demand for nature conservation and
the maintenance of natural biodiversity, the world is moving
to wards renewable energies to generate electricity.

Studies carried out on double star machines show that in
addition to reducing the pulsation amplitudes of the torque by
using a large number of phases, a good choice of the phase
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shift angle between the two stator stars, in this case an
electrical angle of 30 degrees, further reduces these pulsa-
tions, making them even more attractive [3][4].

This configuration has been applied to asynchronous ma-
chines [5][6][7][8] and to permanent magnet synchronous
machines in motor operation[9]. We propose to replace
conventional machines (three-phase) by synchronous
double-star permanent magnet machines in generator
operation connected to a continuous bus.

In this paper, first we present the modeling of the perma-
nent magnet FEM double star generator. The PI controller
and the description of the machine control are the second
part.

Third, we present the simulation results performed under
the Matlab/Simulink environment.

Dynamic modeling of the generator

The topology DS-PMSG -Converter-Bus Continuous can be
done using several structures of converters. We are inte-
rested in this study to the structure with three-phase con
verters because it is the most used in the industry. In this
case the converters can be:

-Independent: each of the stars is connected to its own
source of DC voltage via a three-phase converters.

-In parallel: all the stars are connected to the same DC
voltage source via the three-phase converters. From these
two topologies, we will choose the topology to a single
continuous capacitor bus C which is less cumbersome and
reduces the cost of installation. The load is represented by a
resistive load R.

Assumptions

The modeling of a DS-PMSG is based on the following main
assumptions:

eMagneto-motive forces have a sinusoidal distribution.

eMutual inductance are characterized only by their funda-
mental.

eMagnetic saturation is neglected.

eThe two stars are strictly identical and shifted up by an
angle n/6.

DS-SPMG modeling in abc frame

As shown in figure 1, the DS-SPMG is represented

the stator structure is described as follows

Two three-phase windings (al,bl,cl; a2,b2,c2) offset by an
angle of 30 degrees. © gives the rotor position.

Figure 1: DS-SPMG in abc frame

This allowed to consider and to modeling the DS-SPMG as a
six-phase generator. The stator voltage equation for the six
phases is given by equation (1) as follow:

W.1=—[RellIs] - L [LIL1+ [e.] (1)

DS-SPMG model in (a; B, z1; z2; o1; 02) frame

in the (a; B) frame, all axes are projected to pass from a
three-phase to a two-phase frame.

Figure 2: Projection in a, B frame

In order to minimize the coupling between the state variables,
we can rewrite the model of the machine in the orthonormal
Frame a, B, z1; z2; o1; 02, applying the transformation matrix
T6 [11].

[ia; iB; iz1; iz2; icl; ic2]= [T6] [is]
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After calculation, the model given by equation (1) becomes:

only a seat of losses.The Park transform is applied only pri-

mary submachine. The model is given by equation (3):
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Controller design principe

N S, i . " To prevent the second submachine to generate losses without

fg =V Pi dt sin{wt) producing torque, its currents are imposed null. Always with

the aim of minimising losses, the id current of the primary
submachine is imposed at zero. This allows the torque to be

& . pulsation linearized at the same time

@; | magnetic flow Simulation results

Applying this basis change, the obtained model is composed

of two fully decoupled submachines: The control block shema is represented by figure 3. We have

two control loops: an external loop that controls the DC bus
voltage; an internal loop (in red color in figure 3) to regulate
the currents in the dq mark. In the simulator, the converters
are replaced by a gain G. We synthesized PI regulators for
currents and voltage using. the pole compensation method. In
the following, we have substituted the indices d, q, z1, z2
respectively to dp, gp, ds, gs so that the indices refer to the
primary and secondary submachine.

*The primary submachine, expressed in the reference a; B,
contributes to the generation of electromechanical torque.

eThe secondary submachine expressed in the reference z1;
z2; 01; 02 not participate in the generation of the electro-
magnetic torque.

DS-PMSG Modeling in Park frame

Only the primary submachine contributes to the electroma-

gnetic conversion of the torque. The second submachine is Reg: regulation block containing four PI for regulation of four

current.
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Dec: decoupling block

DS-PMSG: this block represents the machine and contains

its dynamic model

Calcul.power: power -calculation block based on the

voltages in the dq frame

Calcul.Uc2: block for calculating the DC bus voltage Uc

from the power.

Calcul.igref: block for calculating the igref current, which is
the only non-zero current of the machine.

Calcul.
Uc2

| )
! i
: - wd :
|| iaret wd —| i
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Figure 3: Synoptic of regulation
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Figure .4. Simulation results

In Figure 4, we have the four currents (id, iq, izl, iz2) that
exactly follow the imposed references.

The simulation results show that only the first submachine
participates to the production of torque as seen in the mo-
delling.

Therefore, it is the only one to produce the full power of the
dual generator. This result not only validates the modeling of
the generator but also minimizes losses. These results also
allow industries to increase the reliability of operation while
remaining in the classic electronic power point of view,

Conclusion

In this paper, a dynamic modeling approach to the double star
generator was developed. Then we implemented the model on
a simulator developed in Matlab / Simulink envi- ronment. We
used the PI regulator. The simulation results

show a good follow-up of the imposed references and allows to
validate the model.

In the following we think about regulate the dynamic model of
the generator in degraded mode.
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