€
AX]CSE International Journal of Computer Sciences and Engineering [pen Access

Research Paper Vol.-6, Issue-12, Dec 2018 E-ISSN: 2347-2693

Dynamic behavior of DFIG based wind turbine under fixed and variable
wind speed

Jignesh B Bhati®, Chirag T Patel’

'Electrical Engineering Department, R.C.Technical Institute, Ahmedabad, India
*Electrical Engineering Department, R.C.Technical Institute, Ahmedabad, India

“Corresponding Author: jigneshbhati52@gmail.com, Tel.: +91-94273-55379
Available online at: www.ijcseonline.org

Accepted: 24/Dec/2018, Published: 31/Dec/20188
Abstract— The global wind energy capacity has increased rapidly and became the fastest developing renewable energy
technology. But unbalances in wind energy are highly impacting the energy conversion and this problem can be overcome by
using variable speed wind turbines. Doubly Fed Induction Generator (DFIG) based Wind Energy Conversion Systems (WECS)
are gaining tremendous attention nowadays. In this paper the mathematical modeling of wind turbine is simulated in MATLAB
and the results are analyzed for both fixed and variable wind speed. Also dynamic modeling of DFIG has been simulated using

MATLAB/SIMULINK and the dynamic behavior of DFIG driven by wind turbine is simulated for variable wind speed.
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l. INTRODUCTION

The renewable energy systems have attracted the great
interest because conventional sources of energy are limited
and a number of problems associated with their use, like
environment pollution, large grid requirements etc.
Government of the whole world is forced for the alternative
energy sources such as wind power, solar energy and small
hydro-electric power [1]. Among the above given choices,
wind energy is a realistic way of harnessing the natural
energy. Wind energy has been intensively investigated in
recent years in many different countries, which resulted in
several different configurations like fixed speed system with
a SCIG, the variable speed system with permanent magnet
synchronous generator (PMSG) and the variable speed
system with a DFIG to improve the efficiency, power rating,
cost benefit effectiveness etc [2].

Wind is highly variable in nature, so variable speed Doubly
Fed Induction Generator based WECS offers many
advantages compared to the fixed speed squirrel cage
induction generators, such as reduced converter rating, cost,
losses in result of that an improved efficiency, easy
implementation of power factor correction, variable speed
operation and four quadrants active and reactive power
control capabilities . Due to variable speed operation, total
energy output is much more in case of DFIG-based WECS,
so capacity utilization factor is improved and cost of per unit
energy is reduced [3].

A DFIG based wind energy conversion system is shown in
Fig.1. Here stator of the DFIG is directly connected to the
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grid and the rotor is connected to the grid via a back to back
PWM Voltage Source Converter (VSC). There are a lot of
advantages of using DFIG in wind energy conversion
system. The main advantage is the ability of generator to
supply power both at lagging and leading power factors. The
other advantage is the control of the rotor voltages and
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Figurel DFIG based WECS
currents enable the induction machine to remain

synchronized with the grid while the wind turbine speed
varies. The main reason for the popularity of the doubly fed
wind induction generators is their ability to supply power at
constant voltage and frequency while the rotor speed varies.
Hence DFIG became more popular in wind power
applications. Again controlling the DFIG from the rotor side
makes the control process more cost effective as the rotor
converters have to deal with comparatively less power when
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connected at the rotor side than when connected at the stator
side.

In this paper a mathematical modeling of wind turbine has
been simulated using MATLAB/SIMULINK and the results
are analyzed for fixed and variable wind speed. Also
modeling and simulation of DFIG is done in
MATLAB/SIMULINK platform and the dynamic behavior
of DFIG driven by wind turbine is simulated for variable
wind speed.

1. WIND TURBINE MODELING

The possible amount of wind power, which can be harvested
by a wind turbine, is limited theoretically to 58% of total
power content of the wind, considering Betz limit [4-5]. The
wind turbine power coefficient is typically lower than
0.45.The generalized mechanical equation of the wind
turbine is given as

dor
Js ;‘i + Bsw, =Ty — T (1)

In which, Js is total inertia of the shaft, Bs is friction
coefficient, Ty, is the torque with wind origin and T, is the
electromagnetic torque produced by the generator. The
generated torque is given by

Pm
Tn = o (2
P, is the amount of mechanical power generated from the
wind turbine.
P,=0.5pAC,(LB)V’ (3)
p is the air density, A is the swept area, Cp is the coefficient
of performance, A is the Tip speed ratio.

mR
A==E 4)

There are a number of approximations available for
Coefficient of Performance (Cp).

21
C, = 05176 [% — 0.4B — 5] ex + 0.006795%  (5)
The Cp for constant wind is 0.48. Fig.2 shows the
SIMULINK model of wind turbine.

A doubly-fed induction generator is as a standard wound
rotor induction generator with its stator windings directly
connected to the power grid and rotor connected to the power
grid through a frequency converter [6-7]. The operation of
DFIG can be analyzed using the classic theory of rotating
fields and well known d-q model, as well as both three-to-
two and two-to-three axes transformations.

The dynamic modeling of doubly-fed induction generator in
synchronously rotating reference frame de—qe
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Figure 2: Simulink model of Wind Turbine involves the
following equations.

Vea = Rylsq + 28— o, )
Vig = Rylsq + 7222 — by )
Via = Relg + 252 — 00,9, ®)
Vig = Rlrg + 2 — 0,y ©)

The stator and rotor fluxes can be expressed as

q)sd = lesd + erd (10)
Gsq = Lslsq + Mlq (11)
q)rd = Lrlrd + MIsd (12)
Grq = Lelpg + Mlgg (13)
The electromagnetic torque is expressed as

Tem = pM(IrdIsq - Irqlsd) (14)

The active and reactive power taken by the machine can be
represented by the following equations.

3
P = 3 (Vgslgs + Vqqus) (15)

Qs = %(Vdslds - Vqslqs) (16)
Where d and g subscripts stand for the d-axis and g-axis
components, r and s subscripts stand for rotor and stator, V
stands for the constant grid voltage ¢ stands for flux, R
stands for resistance, | stands for current, ® stands for the
utility frequency, p stands for the number of pole pairs, o,
stands for the rotational speed of the generator rotor,

. digr . .
Vqr = erqr + Ger_qt — Wyg] (GLrldr + Lolms) (17)

1. SIMULATION RESULTS AND DISCUSSION

A 30kW wind turbine is simulated using MATLAB and the
results are analyzed for fixed and variable wind speed in per
unit basis. Fig.3 (a) shows the mechanical torque generated
for constant wind speed of 12m/s and Fig.3 (b) shows the
mechanical torque generated for variable wind speed. In
order to analyze the performance of the wind turbine wind
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Figure 3. Mechanical torque and coefficient of performance

for fixed and variable wind speed
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(e) Stator Voltage

(f) Variable Wind Speed

(g) Generator Speed

(h) Electromagnetic Torqt;e

Figure 4 Stator voltage, wind speed, generator speed and
electromagnetic torque.

speed is varied at 0, 3, 5 and 7seconds and the corresponding
mechanical torque generated is shown in Fig.3 (b).

Fig.3 (c) shows the coefficient of performance (Cp) for
constant wind speed in per unit and Fig.3 (d) shows the Cp
for variable wind speed. The wind speed is varied at 0, 3, 5
and 7 seconds.

Fig.4 to Fig.5 show the simulation results of Doubly Fed
Induction Generator driven by wind turbine for variable wind
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speed. The DFIG based wind turbine is simulated using

Tiwers)

(i) Stator Current

Tirmeis)

() Rotor Current

(k) stip

(1) Rotor Angle Tkcta
Figure 5 Stator current, rotor current, slip and rotor angle
theta
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MATLAB/Simulink. The stator of the DFIG is having three
phase supply. Fig.4 (e) shows the stator voltage.

The response of the DFIG system is simulated for the case of
step changes in the wind speed as shown in Fig.4(f). The
variation of wind speed at 0, 0.5 and 1 sec is shown in Fig.
4(f). From 0 to 0.5 wind speed is 4m/s, from 0.5 to 1 it is
8m/s and beyond 1 it is 10m/s

After the cut in speed the turbine starts generating power.
When the wind speed increases the generator speed also
increases [19-20]. When the wind speed is less than the rated
speed rotor rotates at a speed less than the synchronous speed
i.e. sub synchronous generating mode.

Fig.4 (g) shows the sub synchronous generating mode of
DFIG for variable wind speed. Fig.4 (h) shows that when
wind speed increases the torque increases and as it is a
generator the torque is negative.

As the wind speed increases stator current and rotor current
increases. The simulation results are shown in Fig.5 (i) and
Fig.5 (j). Also when the speed of the generator rotor is less
than the synchronous speed, the corresponding slip will be
positive as shown in Fig.5 (k). The rotor angle theta in
electrical degrees is shown in Fig. 5(1).

The machine details used for simulation are power=30KW,
voltage=415V, current=100A, no. of  poles=4,
frequency=50Hz, speed=1500rpm and torque= 191Nm.

IV. CONCLUSIONS

In this paper mathematical modeling of wind turbine has
been simulated using MATLAB and the results are analyzed
for both fixed and variable wind speed. Also the dynamic
modeling of DFIG has been simulated and the results are
analyzed for variable wind speed. The results show that the
variation of wind speed induces variation in the performance
of the machine.
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