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ABSTRACT:

In this paper, a topology using a Dual-stator Winding Induction Generator (DWIG) and a boost
converter is proposed for the variable speed wind power application. At low rotor speeds, the
generator saturation limits the voltage of the DWIG. Using a boost converter, higher DC voltage
can be produced while the DWIG operates at Maximum Power Point Tracking (MPPT) even at
low speed and low voltage conditions. Semiconductor Excitation Controller (SEC) of the DWIG
utilizes Control-Winding Voltage Oriented Control (CWVOC) method to adjust the voltage,
considering V/f characteristics. For the proposed topology, the SEC capacity and the excitation
capacitor is optimized by analyzing the SEC reactive current considering wind turbine power-
speed curve, V/f strategy, and the generator parameters. The method shows that the per-unit
capacity of the SEC can be limited to the inverse of DWIG magnetizing reactance per-unit value.
The topology is simulated in MATLAB/Simulink platform and experimented with a scaled 1 kW
prototype. Both simulation and experimental results demonstrate wide variable speed operation
range of the DWIG and verify the optimization..

Keywords - Boost converter, control-winding voltage oriented control, dual-stator winding
induction generator (DWIG), Wind power, Variable speed operation

I INTRODUCTION
Wind power is a clean source of energy. It is capture still quite complex. At the
a ‘"renewable" energy, non-degraded, beginning, it was exploited in mechanical
geographically widespread and mainly applications. Thereafter, it has been used to
seasonal correlation. Moreover, it is an produce electricity. The wind turbine
energy that produces no atmospheric manufacturing  technology has  been
emissions or radioactive waste [1, 2]. improved during the 1st and 2nd world wars.
However, it is random in time and its The oil crisis of 1974 revived again the
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studies on the wind turbines. Since the years
1990, the improvement of the technology of
the wind turbines made it possible to build
aero generators of more than 5 MW [3].

Several technologies are used to capture the
energy of the wind (vertical and horizontal
axis turbines) and the capture structures are
becoming more efficient [4]. Furthermore,
the speed of the wind is very important. The
integration of wind energy systems requires
the reduction of operating costs and
maintenance, as well as increasing the
power captured from the wind [5]. Many
devices exist and, mostly, they use
synchronous and asynchronous machines.
The control strategies of these machines and
their possible network connection interfaces
must be able to capture maximum energy
over a wider range of variation of wind
speeds, to improve the profitability of wind
turbines [6]. The studied system here
consists of an aero generator three-bladed,
with horizontal axis, connected to the
network by the dual stator induction
generator (DSIG). This type of multiphase
machines has some advantages compared to
other types of induction machines, such as
power segmentation, minimizing torque
ripples, reducing the rotor harmonic currents
and the use of this machine in wind projects
of which powers are of a few MW. It has
two fixed three-phase stator windings
displaced with an electrical angle a fed by
two voltage source inverters [7-9]. By
simulating the entire wind conversion chain
with different electrical angles, the objective
of this work is to define the optimal angle
which reduces the total harmonic distortion
(THD). In what follows, we perform a
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quantitative analysis that will give the
necessary conclusions about the effect that
can have such angle on the reduction of
harmonics. A high performance control
device requires in general a good response
in regulation and must be not very sensitive
to the variations of operating conditions and
system parameter [10]. Techniques of
conventional control of PI type cover a
broad range in the industrial applications.
These techniques present a simplicity of
implementation interest and a facility of the
regulators gains synthesis [11].
II. WIND POWER CONVERSION
MODELLING

Wind power conversion chain studied
includes, besides the DSIG, the inverters 1,2
the DC link voltage, the inverter 3 and the
connation to the network through a filter.
The inverters 1 and 2 are used to control the
speed and flux of the generator. This control
is based on the MPPT algorithm. The
inverter 3 controls the DC link voltage, the
active and the reactive powers exchanged
with the network and establishes current to

the proper frequency by PI controllers. Fig.1
shows the synoptic scheme of the studied
system. Each function of this control device
will be detailed.

Figure 1. Block diagram of the wind power
system based on DSIG.
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IIT WIND TURBINE AND
GEARBOX MODELLING

The transmitted power, Pt , captured by
the wind turbine, is given by expression (1)
[12,13].

Pr = 0.5C,(1)pSV?
Where Cpis the power coefficient, S the
surface swept by the blades, p the air density
and V the wind velocity. The torque of the
turbine is the ratio of the transmitted power
to the shaft speed, Q . It is given by

P

T, = {T‘:
The gearbox adapts the generator to the
turbine. The generator torque Tgand the
speed Qtare given by

Pl g e

6 YT 6
The mechanical equation can be expressed
as:

fpﬂmec = Tg - Tem _Jr'ﬂ'me:

The power coefficient Cpis the aerodynamic
efficiency of a wind turbine and its
evolution is specific to each turbine and
wind speed. It depends on the blade pitch
angle B and the speed ratio A which is
expressed by [10]:

_ R

A
v

Where R is the blade radius.

151 -18.4
Cp = ID.?S (T) - 0.0028 - 13.2] exp (1—)

For the valuep=0, the graph ofCp(}L), given
in Fig. 2, is plotted using expression (6).The
conversion device extracts a power less than
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the theoretically recoverable power due to
non-zero speed of air masses upstream of
the turbine. This presents a theoretical limit
called the Betz limit which corresponds to a
Cpmax [10,14].

0.6
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o

=
ey
T

=

Power coefficient C
=
i

=
=2

2 4_ 6 8 10 1
Tip speed ratio 1

Figure 2. The graph of Cp function .

The maximum power point tracking (MPPT)
algorithm permits to maximize the electric
power extracted from the wind energy [15].
The tip speed ratio should be kept around its
optimal value, Aopt. The reference speed
Qmec * can be written as:

Hﬁ-opr
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Qe = ( ). G
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Figure 3. The block diagram of the turbine
model with variable speed control.
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IV . PROPOSED TOPOLOGY

In the wind power application, to ensure
that the wind turbine tracks the maximum
power point (MPP), variable speed operation
is required. Particularly, in low wind speed
condition, to increase the output power, the
generator must work at low speed, to
increase the blade aerodynamic efficiency.
This operation increases the annual energy
output and decreases the time period of
investment return [34]. Fig. 1 shows the
wind turbine power-speed curves for various
wind speeds in which each curve has its
MPP at a specified speed. So, one of the
main objectives of the control system is to
adjust the generator speed at the optimal
value.

Figure 4. Wind turbine power-speed curve at
different wind speeds (vw).

Wind Turbine

Gnd 1.I:|LI':;I'3\E|:I|!|':

AC
network

)

Lanverier

Figure 5. Proposed topology

In the control-winding side, a voltage source
converter, named SEC, is connected to the
winding via a coupling inductor (LSEC).
Also, a low voltage battery with a series
diode is connected to DC side of SEC to
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charge the capacitor for the system start-up.
At normal operation, SEC regulates its
DClink voltage (Vdc) to a specific reference
value, which is more than the battery
voltage, so the diode is reverse biased. The
main role of SEC is regulation of the
control-winding voltage.
V. MODELLING OF THE DSGI

The dual stator induction generator (DSIG)
consists of a mobile rotor winding and two
fixed three-phase stator windings displaced
with an electrical anglea. The windings axes
of each star are displaced with an electrical
angle 2m/3 and fed by a balanced voltages
system, creating a slipping magnetic field in
the air-gap. The rotor is a squirrel cage
consisting of conducting bars short-circuited
by a conductive ring at each end Fig.4
shows schematically the windings of the
DSIG. The 6r and (6r — a)angles indicate
respectively the rotor position of aslphase
(star 1) and as2 phase (star 2). The
quantities relating to the two stars (1 and 2)
will be denoted by sl and s2 respectively
[7,8,16].

Figure 6. Schematic of dual stator induction
generator
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The electrical equations in matrix form for
the star 1, the star 2 and the rotor are given
respectively by:

[vy] = [351][[1'51]+:—I o]

[ra) = Ralllial [0
] = (R Lo

Vasi Vasa Var
With: [vg;] = |Vost [; [vea] = |Vosa|; [vy) = |Vir
Ves Vesa Ver

The flux expressions (for starl, star 2 and
the rotor) in function of the currents are
given by:

Ps1
['Psz

@r

[Ln.sl] [L.rl.‘z] [le.r] Iy
= [L.(Z.sl] [L.tz.tz] [Lsz.r] [l_nl
[Lesa]  [Lesz]l  [Er]

b

Where:
2m 4
L cos{a) L cos (a + ?) L cos (a + ?)

2m 2m
[Lsisz] = | Lms ms(a—?) Ly cos{a) Lins €OS (a+?)
dm 2m
Lins cas(c( - ?) Ly COS (a - ?) Ly cos(a)
2m 4m
Lo cos(B, —a) Locos(8, —a + ?} Lgcos(8, —a+ ?)

2r, n
[l‘_ﬂﬂ =|Lgcos(fr —a — ?) Lorcos(fy — a) Lgrcos(fy —a + ?)

A, 2m
L,cos(f, —a — ?) Lecos(8, —a — ?} Lg.cos(f, —a)

Ps1 [Ln‘sl] [L.n..rz] [Ln.r] [
l'pﬂ = (L] [Las] [ [‘ll
SRR {1 11 B P

Where:

2 4w
Ly cos(a) — (a + T) Ly COS (a + ?)

2n 2m
[Lsisz] = L cos(a—?) Lyns cos{a) Lins cos(a+?)

i 2
Lins cos(a - ?) L s COS (a - T) Lyys cos(a)

2m 4m
Lecos(f, — ) Lgcos(f, —a+ ?) L cos(f, —a + ?)
n in
[L,z,r] = |Lgpcos(fy —a — ?) Lepcos(8y — ) Locos(fy —a + ?)

4 Im
Lecos(f, —a - ?) Lgcos(f, —a— ?) Lgcos(f, —a)

The mathematical model of the DSIG is
derived from the PARK theory in order to
simplify the differential equations as shown
in Fig

www.ijiemr.org
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Figure 7. Representation of the DSIG model
along the axes (d, q)
(1] = (L1181 - wy, (117 - (DI}
Where:
Wyl = Ws — Wy , W =P * Lec

U] = [Vas1vgs1 Pas2Vgsz Var “ll?r.ir]r

t
[fl = [!aniqn ldasz Igsz Lir iqr]

o d
f=2m
(Bl =diag[111100]
00 0 0 0 0
0 0 0 o0 0 0
00 0 0 0 0
€=y o o o 0 0
D 71‘"’\ 0 71‘]’" 0 7(1‘1’ +Lﬂt)
L, 0 L, 0 L+4L, 0
(Lsy+Ly) 0 Ly 0 L 0
0 @ath) O I 0 Ln
o 0 atl.) O T 0
0 L 0 (atlw) O Ln
Ly 0 Ly 0 (Le+Ly) 0
Ly 0 i 0 (Lp+Ly).
Ry mag(lathn) 0 A R
Oylatly) R el 0 oy 0
D] = 0 —slm Res —ws(LeatLlm) 0 — sl
Wyl 0 @g(Lsp+Llm) Rg; WLy 0
0 0 0 0 R, 0
0 0 0 0 0 R

The electromagnetic torque is expressed by:

Lin
Tem = P(L +L J[(‘qn i ‘qsz)‘Par = (tger + lasz)lﬂqr]
m + Ly,

The active and reactive power are described by:

{’Ps = Vastlast + Vgsilgs1HPdsaldsz + Vgsaigsz
Qs = Ygsatuer — Vasalgss + Vgsalasz — Vasalys

BOOST

CONTROL
As the excitation control regulates the
DWIG voltages, the boost converter controls
the generator active power based on MPPT.
The boost converter provides a wide speed

CONVERTER MPPT

range of operation, including low-speed
condition, where the DWIG voltage is
reduced according to V/f strategy. Boost

Vol 08 Issuel2, Dec 2019

ISSN 2456 - 5083

Page 97



International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

converter accommodates the increase in the
output voltage and connects the generator to
a higher voltage level. For MPPT, the
control strategy presented in [32] is
employed. The control scheme for the boost
converter is shown in Fig.

-]
E"l-
=

L
O+ }=0—=F}p

P
Figure 8. Boost Control strategy for MPPT
operation.
To achieve MPPT, the controller uses a

look-up table, which is obtained from the
power-speed curves presented in Fig. 1. In
the look-up table, for any given DWIG
speed (wr), the optimum power (Pout * ) is
stored.

T —_ r
*F.",_-L- =if;1‘r£r] —'mlrm

VBI1 can be written as a constant ratio of
power-winding voltage if the diode rectifier
voltage drop is ignored. Since the DWIG
control and power windings experience the
same air gap flux, controlling the voltage of
control-winding leads to regulation of
power-winding voltage. Therefore, the
power winding voltage can be replaced by
the control-winding voltage considering the
voltage drop across the  generator
impedance.
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P, _i\T' :?TP{ —AU(I,,U.) }.!m
Where Up and Uc denote the line voltage of
power-winding and control-winding
respectively; AU is the voltage drop across
control-winding and power-winding; np/nc
is the turn ratio of the windings. Since Uc is
regulated by the excitation control to its
reference value, Pout - given in (13)- can be
controlled by IBl1. So in the power
regulation loop, Pout is compared with its
reference value and using a PI controller, the
reference value of IB1 is obtained. In the
current regulation loop, IB1 is compared
with its reference value and the output error
is passed through another PI controller to
determine the duty cycle (D) of the boost
converter. Finally, using PWM technique
with saw-tooth carrier waveform, the duty
cycle is converted to the switch drive signal.
VI.RESULTS

Using MATLAB/Simulink organize, DWIG
system is reproduced to evaluate its display
and concentrate the effect of perfect
excitation capacitor. Amusement results are
gotten for the 2.3MW DWIG structure
displayed in fragment V. In the system, the
lift converter yield is related with the
network by methods for a 3-pahase voltage
source converter. Cexc is set to 0.15 p.u., as
obtained in the past territory.
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Fig. 10. Sumlation result of 2 IMW DWIG

Figure 9: shows the entertainment eventual
outcome of the DWIG structure. Att=0.1s,
VII.CONCLUSION

This paper proposes a topology for variable
speed wind control application using
twofold stator-winding acknowledgment
generator. A lift converter is utilized for
MPPT and wide range variable speed
movement, especially at  low-speed
condition is obtained. At low speeds, DWIG
voltage is dropped in light of V/f philosophy
and a lift converter is used to extend the
voltage level to meet the higher and
relentless voltage essential, for instance, in
voltage source converter DC link or toward
the ocean DC sort out applications. In the
proposed topology, by picking the perfect
excitation  capacitor, the point of
confinement of the semiconductor excitation
controller is restricted. Finally, to check the
right movement of the proposed system,
amusement and test outcomes are presented
which support the wide-speed broaden
action of the structure and the excitation
capacitor improvement procedure.
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