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Received:10 January 2019 This paper investigates a dual star synchronous machine powered by two independe
Accepted: 22 April 2019 level voltage sourcmverters integrated in a wind turbine system (@fégl). The dual star
synchronous machine is used in areas of high power industrial applications such a
propulsion, traction systems and renewable energy. This use is motivated by
important @vantages compared to classical thpease machine.

In this work, the machine side converters control the dq component current
conventional method based PI regulator, and then the load side converters control
bus voltage using sliding mode appch and the RMS voltage load.

The validity of the proposed control technique is verified by Matlab/Simulink. Simulz
results presented in this paper confirm the validity and feasibility of the proposed ¢
approach, and can be tested on experiatesgtup.
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1. INTRODUCTION coupled between the rotor flux and the electromagnetic torque,
which makes its control very difficult. Several control
Sustainable electrical energy israjor concern of modern  strategies hae been proposed in the literature;14]. In our
society. Wind power represents a renewable and cédrben case, the machine side converters controldifpeomponent
energy resource, which can be made available on a large scaleurrent by a conventional method based PI regulator, and then
by wind energy conversion systems (WECSSs). During the lastthe load side converters control the DC bus voltage using
two decades, electricity generation by wind power sliding mode approach arlde RMS voltage load.
experienced a vast expansion leading to a global cumulative The structure of the presented work is organized as follow:
installed generation capacity-P1. The description of the proposed approach is set in section 2.
The electrical AC machines drives have a very important The physical modeling and control of different part of our
role in the operation of industrial systems. The performancessystem with their equations model is set in sectioi I8
requested from these machines are constamtteasing from simulations results of the studied are presented in section 4.
the point of view of the delivered torque waveform and Section 5 summarizes the work done in the conclusion.
dynamics speed quality [3].
The progress achieved in the domain of the power
electronics permitted to construct some static converters at2. SYSTEM DESCRIPTION
variable frequency. For high powers, the ueé the
synchronous machines associated multilevel inverters The considered wind energy conversion system is shown in
especially finds its application in the naval propulsion, electric Figure 1 and represents a state of thedECS: a variable
traction and the renewable energy conversied][1 speed, variablgitch, three bladed, horizontal axes and lift
The major disadvantage of the conventional power supply turbine in upwind position. Only a single wind turbine is
of the synchronous nohaines based converters with thyristor considered, without aerodynamical interaction between
is that it generates a high waveform of the electromagnetic multiple turbines as described by the wake effect. Regarding
torque. To solve the problem, we proceed to an MSSD whosethe type of generator (in our case Dual Star Synchronous
windings are shifted by 30 degrees by another powered byMachine (DSSM)), the WECS might or might not comprise a
multilevel converters [5]. gear between turbine and generator. The generator feeds the
The evolutionof high power electronic components has converted power through a fidtale backo-back converter
contributed to power segmentation by controlling the and loadside filter.
switching of these components. In addition, at low and Thetransformer is not explicitly modeled, but could easily
medium power, twdevel inverters generally provide the be added. The grid is assumed symmetrical and stiff, so that
power supply of these machines. However, for highvers, the gridside voltage source inverter (VSI) operates in-grid
this power supply often requires multilevel inverters [6]. feeding mode. So, an electrical interaction between multiple
We know that the machine model is Aarear and strongly WECS is not condered.
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Three Lo oiond.  Three Lovel machine (1) .Wmd spe_ed that determines the primary energy to the
side-converter side-converter admission of turbine.

(2) Tip-Speed ratio (T.S.R) defined by the ratio of the
linear speed in tip of blades of the turbine on the instantaneous

Figure 1. Schematic diagram of the proposed WECS wind speed, and given by the following expression [15].
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3.1Model of dual star synchronous machine
) o ) The fundamental equation of dynamics permits to
The studied machine is a double star synchronous machingjetermine the mechanical speed evolution from the total
(DSSM) with stator is made up of two thrphasewindings  mechanical torque applied to the rotor thathis sum of all
shifted between them of an touedapptied dnhl fdtdr: and an excitir
winding shifted compared to the axis of the stator phase of an  The mechanical power that wind turbine can extract from

angle measuring the position of the rotor [3]. the wind is calculated by:
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0 " 7 n — nr. 3.3 Three-levelinverter modeling
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o n 1 T =0 A threelevel inverter differs from a conventional tvievel
o o ) inverter in that it is capable of producing three different levels
The rotor excitation circuit is written as of output phase voltage. The structure of a theeel neutral
point clamped inverter is shown in figure 2. When switches 1
Vi =R | dy @) and 2are on, the output is connected to the positive supply rail.
f f dt When switches 3 and 4 are on, the output is connected to the
negative supply rail. When switches 2 and 3 are on, the output
and the corresponding flux relations are given by: is connected to the supply neutral point via one of the two
clamping dodes [1617].
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The electromagnetic torque developed by the machine is:
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dt 9) Figure 2. Threelevel inverter k =1 for first inverter andk =2

for second inverter)



The functions of connection are given by: and:
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The phase voltagd O RO hcan be written as: i=1: first stator,
i=2: second stator.
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) o Figure 3. Sliding mode contol scheme for the load side
Choice of the sliding surface
The quantity to be set is the average vallie, & of the 3.5 Genaator side control

two input voltageso andw of the two threghase

inverters. For this, we choose the sliding surface for each Tne psSM is multivariable, nonlinear and highly coupled.

inverter as follows: The principle of vector control is to bring the coupled
nonlinear model of the DSSM to that of a DC machine, which
S = Verer ~Mic (16) has a torque and flux independently controlled in order to

obtain the desired Performances. The main objective is to
decouple the electromagnetic torque from the direct
components of stator flux. As a result, to control the torque it
. . is necessary to impose the components of the two stator
3= Ve (17) currentsQ ,"Q,"Q,Q.
The electromagnetic torque is optimal for a decoupled

Condition of attractiveness adétermination of the control:  control strategy withQ ~ mandQ  1[18, 20].

The conditior3 @3 @ 1 ensures the attractiveness of Based on the relations (3) to (8) and supposing that the two
the trajectory towards the sliding surface. To do so, simply inverters provide equitably half of the consumption by the

The derivative of this surface is

choose: machine. The tomg is written as:
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with k; andk; positive constants. After this choice, we then obtain a model where the

We then deduce the magnitude of the command, which is componenté&n and’Q are the only commands of the pait
the effective value of the reference currents of the load:

-
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Note that this command™Q consists of the equivalent .
commandQ , which allows the convergence towards the Ty
point of equilibrium on the sliding surface, and the attractive iqo = 2_
commandQ which depends on the surface and ensures the 'd2 :0, PM gy (24)

attractiveness of the trajectory towards the latter.
For a fixed excitation rotor curreff, the electromagnetic

ideq = N oad torque is proportional to tH& component of the stator current
et (20) if however its'Q component is maintained constant. Thus, it is

possible to impose by the means of tecomponent an
operating at optimal torque and stator flux constant.
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Figure 4. Block diagram the generator side control

Figure 4 illustrates the scheme of vector corbD8ISM The first load is an inductive load in the periodvien 7 and
powered by two three level inversgrthe decoupled control 8 s and the second is a capacitive load introduced in the period
strategy of the machine is ensured by the decoupling blockof 15 to 20 s. For the reference speed of 75 rad/s, 104 rad/s and
obtained by the model of the machine. 55 rad/s was imposed in moments 9, 13.5 and 25 s respectively.

Figure 5 illustrates the speed of the generatachvfollows
well their reference as well as, the electromagnetic torque

4. SIMULATION RESULTS A ND DISCUSSION which has a slight fluctuation which depends on the variation
of the load in the instants [7s, 8s] and [8s, 15s]
To verify the validity of the proposezbntroller, the system Figure 6 shows the voltage of the DC bus vcl and vc2 of the

was simulated with Matlab SimPowerSystem using the DSSM first converter, is well kept constant at the specified value
powered with two three level invertéebits in a permanent  (2500V) which constitutes an important advantage and proves
active load and two other charges insertedifierent periods. the effectiveness of the proposed structure.
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Figure 5. Speed andbrque responses of DSSM
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Figure 6. DC voltage of one converter
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Figure 7. The stator current of the DSSNM, ixy;)
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Figure 8. Active and reactive power responses of the load
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Figure 9. Current and power excitation

Figure 10.Load current and the output voltage of the inverter

Figure 11.Zoom of the load current and the output voltage of the inverter



