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Abstract— This paper presents a maximum power point tracking
(MPPT) applied to Dual Star Induction Machine supplied by
photovoltaic solar panel. The indirect field oriented control with
PI speed controller is used for the control of this machine fed by
two PWM voltage source inverter. The simulation results using
Matlab/Simulink environment prove the efficiency of the
proposed method.
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[. INTRODUCTION

Electrical energy results from the transformation of natural
fossil resources. However, this transformation is accompanied
with an emission of polluting gas. In this way, production of
electricity via renewable energies becomes more and more
employed in order to vouch for protection of environment and
durable development.

Photovoltaic energy is a renewable energy source,
inexhaustible and non-polluting. To be used for different
applications and to meet the economic constraints, the design
and implementation of PV systems are necessary and
currently facing many problems. The PV system must be
made robust, reliable and with high efficiency [1].

In the industrial applications that high reliability is
demanded, multi-phase induction machine instead of
traditional three-phase induction machine is used. The
advantages of multi-phase drive systems over conventional
three-phase drives are: total rating of system is multiplied, the
torque pulsations will be smoothed, the rotor harmonic losses
as well as the harmonics content of the DC link current will be
reduced and the loss of one machine phase, does not prevent
the machine working, so improving the system reliability [2].
A common type of multiphase machine is the dual star
induction machine (DSIM), is also known as the six phase
induction machine, these machines have been used in many
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applications (water pumping system, fans, compressors,
rolling mills, cement mills, mine hoists...etc.) for their
advantages in power segmentation, reliability, and minimized
torque pulsations [3].

Field Oriented Control (FOC) is theoretically a
nonlinear control technique that linearizes the complex
dynamics of the induction motor. Rotor flux indirect FOC,
which is the more simplest decoupling scheme, is widely used
in many industrial applications [4].

The Indirect Rotor Field Oriented Control (IRFOC) with
PI speed regulator for the Dual Star Induction Machine fed by
MPPT photovoltaic generator is elaborate in this work.

II. SYSTEM MODELING

The figure 1 shows the proposed structure of the MPPT
photovoltaic generator fed the DSIM using direct rotor field
oriented control.

A. Modeling of the photovoltaic generator PVG

The direct conversion of the solar energy into electrical
power is obtained by solar cells [7]. The cells are connected in
series and in parallel combinations in order to form an array of
the desired voltage and power levels. The figure 2 shows the
equivalent circuit of a PVG, from which non linear I-V
characteristic can be deduced [1], [8], [9].
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Fig. 1 Direct method speed regulation of DSIM fed by PVG with MPPT
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Fig. 2 Equivalent circuit of a PV module
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Where:

Ipp: is the photocurrent

I4: is the junction diode current

Iy: is the reverse saturation current
R: is the series resistance

Rgp: is the parallel resistance

A is the diode factor

k: is the Boltzmann’s constant

T: is the cell temperature

q: is the electron charge

© Copyright 2024
ISSN: 2961-6603

(M

2

(€)

The figure 3 represents the experiment characteristics of P-
V and I-V characteristics of the solar-cell generator for several
insulation levels.
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Fig. 3 Influence of radiation

B. Modeling of the DC-DC Boost Converter

To extract at each moment the maximum power available
at the terminals of the PV and transfer it to the load, the
technique conventionally used is to use a stage adaptation
between the PV and the load. In our study we use a boost
converter, as voltages elevators, are also used in photovoltaic
applications, especially in photovoltaic pumping system.

This converter plays the role of an interface between the
two elements ensuring through control action, the transfer of
maximum power supplied by the generator to make it as close
as possible to PMAX.

MPPT is the maximum power point tracking which is
essential for optimizing the array operation and the system
performance. Several techniques have been proposed to
achieve this goal, among them we can mention perturb and
observe and incremental conductance [10]. Figure 4 shows the
flowchart of this algorithm.
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D. Modeling of the DSIM

A schematic of the stator and rotor windings for a dual star

induction machine is given in Figure 6. The six stator phases

Plg=V (eIl are divided into two wyes-connected three phase sets labelled

AP()=P()-P(e1) Ay, Bg, Cq and Ay, By, Cy, whose magnetic axes are

displaced by an angle 0=30°. The windings of each three

L phase set are uniformly distributed and have axes that are

AP(k)>0 displaced 120° apart. The three phase rotor windings A,, B,, C;

l l are also sinusoidally distributed and have axes that are
l_ D(k-1)>D(k) l l Dike-1)<D(k) _l displaced apart by 120° [13].

Die+1)=D(k)4(k)| | Dike+1)=Dfk)-4(%) || DOs+1)=Dl)-4(k)| | Ds+1)=Dk+4(%)
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Fig. 4 Flowchart of the P&O algorithm
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C. Modeling of the PWM Voltage Source Inverter

The three-phase inverter consists of three independent arms.
Each one includes two switches which are complementary and
controlled by the Pulse Width Modulation PWM, [11], [12].
The induction motor stator voltages (V,, Vi, Vi) are
expressed in terms of the upper switches as follows:

v Uv(z 1 —1Tf 7

| sa | || 11 | Fig. 6 Windings of the dual star induction machine
L Ve J —1 2 Sz )
R
Vsc L— 1 1 2 Lf 13 The voltage equations of the DSIM are as follow [14]:

U,,: The photovoltaic voltage [Vsalﬂ d
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(8) Dsia= Lsilsia+L,, (Istd + Is2d + Ira)
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The expressions for star and rotor flux are [14]:  @sta = Lsilsig+L,, (Ista+ Is2q + Irq)

[[cbgl]] ||_[Ls1s1] [Lsis2] [ler]—‘ [LI]‘I

[(D:,Z] [L§251] [Lszsz] [LsZr] [I%Z] | (9) (DSZd = Ls2Is2d +L (Isld —+ Is2d —+ Ird) (12)
L[cbr] J L[Lm] [Li2]  [Lu] J L[L] ]
Where: CI)szq = Ls2Is2q +Lm (Islq =+ Is2q =+ Irq)

[Lsis1]: Inductance matrix of the star 1.

[Ls2s2]: Inductance matrix of the star 2.

[L,]: Inductance matrix of the rotor.

[Ls1s2]: Mutual inductance matrix between star 1 and star 2.
[Lgs1]: Mutual inductance matrix between star 2 and star 1. Drq = Lilrg + Lm(Is1q + Is2q + Irq)
[Lsi.]: Mutual inductance matrix between star 1 and rotor.
[Ls2c]: Mutual inductance matrix between star 2 and rotor.

Drd = Lilva +L, (Istd + Is2d + Ird)

L,: Cyclic mutual inductance between star 1, star 2 and rotor.
The glfihamcal equation is given by:

[Lis1]: Mutual inductance matrix between rotor and star 1. J=° =T _T _FO (13)
[L.s2]: Mutual inductance matrix between rotor and star 2. dt em Lo
The expression of the electromagnetic torque is then as With: L [ ]
follows f14 15] [{P] Tem = P " (Drd(Islq + Iqu) - (qu(Isld + Ide) (14)
TemzﬂgM A e g+ ]— [L 100} ao Lo+ Lo
s2r T
2 J
L A a0

E. Field Oriented Control
The Park model of the DSIM in the references frame at the
rotating field (d, ¢), is defined by the following equations
system (11) [17].

The figure 7 represents the model of the DSIM in the Park
frame.

The objective of space vector control is to assimilate the
operating mode of the asynchronous machine at the one of a
DC machine with separated excitation, by decoupling the
torque and the flux control. The IRFOC consists in making

d r@e‘i’ergn&: & Fll%,rf)ﬁr direct flux g, converges to the
R Ar By applying this principle (CD :0 and CD :(D *) to
52 € uations (11) (12) and 1 the fi (rilals expresswns of the
As w electromagnetic ‘torque and slip speed are:
v\ a L * * *
. T =p m—aOP: (I +1 ) (15)
~ em slq s2q
Vs1 isquSZ iqu Lm + Lr
- w = R:L I "+1 9 (16)
sr oy sl s2
q L, +LH)do" ° a
Fig. 7 Representation of Di{M in the Park frame The stators Voltaga equatlons are:
Vsid = Railsia + Ds1d- ©sDsiq Vad" = Ralsa+ Lo Lie—0 " (Lalsig+T @ *w ")
((ilt %t S r T sr
Vslq = RS]ISIQ + dt (Dslq + s Dsi14 |Vslq = Rlelq + le_qu + w (lele _|_(D )
d dr (17)
Vis2d = Rs2Is2a + dt Ds2d — s (DSZq (1 1) Vde* = Rolad + LSzaISZd P * (Lszlszq AT (DT*W”*)

v d Ds2q+ s D
s. - Rs Is + — s2q s s2d * d % *
> 2 dt [Vﬁq = Ralog+ Lo afIs2q+ o, (Lolod+®. )

do:
0 =Rlwa+ ¢ @sr Drq The torque expression shows that the reference fluxes
and stator currents in quadrate are not perfectly
0= Rilrq + d®r + e Drd independents, for this, it is necessary to decouple torque
dt
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and flux control of this machine by introducing new III. SIMULATION RESULTS
variables:
Vsia = Rsilsia—+ Ls1 d ) In order to demonstrate the robustness and the efficiency
de of the proposed scheme applied to the DTPIM using
Vsia = Rsilsiqg—+ Ls1 ) S (18) photovoltaic system, some simulations have been carried out.
<{ (ilt The design which is described by Figure 1 is implemented in
Vsza = Rs2Tsz2a—+ L.s> Taza Matlab/Simulink using parameters given in appendix.
dt
Viezg = Razlezg+ Lez T 1, 1000
dt
The equation system (18) shows that stator voltages
(Vs1d> Vsigr Vs2as Viog) are directly related to stator currents 900
(Is14> Ts1gp 5205 Is2q). To compensate the error introduced at
decoupling time, the voltage references (V g4, V oq » Vg ]
Vg ) at constant flux are given by: £ 800
3
\/Sld>l< - Vsld—Vsldc w
Vslg™ — Vslq+ Vslqc (19) 700
| Ved = Vea— Vizae
V * —_— Vs —+ Vs Cc 600
L ¥s2a * 9 0 2 4 6 8 10
With: Time(s)
Visiae = @s™ (Lsilsia +T . D" Wsr*) Fig.9 : Solar irradiation
J Vslqc = (,Os* (leIsld +®r* ) (20)
v . - « 800
| s2dc = s (Ls2Is2q +Tr D, W )
|\V52qc = s *(LSZ Ide —|—(Dr)’< )
. . —~ 600
For a perfect decoupling, we add stator currents regulation S (
loops (Isig, Lsigs Is2a» Is2q) and we obtain at their output stator o
voltages (Vgd, Viigs Vsaa Vsg)-The decoupling bloc S 400
scheme in voltage modified (Modified Field Oriented ‘>3
Control) is given in Figure 8. g
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IV. RESULTS DISCUSSION

We chose to vary the irradiation E between 700W/m’,
800W/m*, 1000W/m’ and 600W/m* (Fig.9), the voltage and
the power of photovoltaic generator are varied with the
variation of irradiation (Fig.10, Fig.11).

The speed reaches its reference values without overtaking
(Fig.12). The machine develops an electromagnetic torque to
compensate the load torque by calling of stator current
(Fig.13, Fig.14).

The electrical part (the current iy,) is insensitive to the load
torque variation, only the mechanical part (the current iyy),
will react (Fig.15). So, we can say that there is a good
decoupling.

The direct rotor field (Phird) follows the reference value
(IWb) and the quadrature component (Phirg) is null (Fig.16).
Thus, the orientation is assured.
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V. CONCLUSION

In this paper, the indirect field oriented control of dual star
induction machine with photovoltaic generator using MPPT is
presented.

The simulation results prove the efficiency and the utility of
the MPPT algorithm to make the system operates at its
optimal conditions, by maintenance of the power at its
maximum value with each value of irradiation E, whatever the
climatic conditions.

The simulation results show the robustness, the
effectiveness and the good dynamic performances (speed
response without overshoot, zero state error,...etc) of IRFOC
with PI regulator.
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APPENDIX
TABLE I
Dual Star Induction Machine parameters
P, R,
b | 45 Lo | 212 | Ilkent] 0.0625
Vi 20 | =] 002 |k [Nms/rd] | 0.001
[V] [I{'I] ‘ ! '
s2
LIA] | 65 | gy | 0022 f[ Hz] 50
Rsl Lr
3.72 0.006 1
[Q] [H] P
RSZ Lm
[Q] 3.72 [H] 0.367 Cos @ 0.8
TABLE II
Photovoltaic model characteristics
Electrical Characteristics
Maximum Power (Pmax) 150w
Voltage at Pmax (Vmp) 34.5V
Current at Pmax (Imp) 4.354
Open-circuit voltage (Voc) 43.5
Short-circuit current (Isc) 4.754
Temperature coefficient of Voc -160 20 mV/°C
Temperature coefficient of Isc 0.065 +0.015 %/°C
Temperature coefficient of power | -0.5 £ 0.05 %/°C




