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Abstract: A notable facility for producing renewable and clean bulk power for utility grids

) are wind power turbines. Variable speed wind power generation now commonly uses double
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2023,V0l 1, Isuse 1. fed induction generators (DFIG) with partial size back-to-back converters. How to get power

at maximum value with different wind speeds is the biggest issue with the wind energy sys-
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tem. Tracking involves a variety of techniques and understanding of mechanic sensors and
system characteristics in order to attain the maximum output power. Prices will rise as a result
of these techniques in order to improve the maximum power point tracking. This research

suggests utilizing an MPPT control strategy that is based on a sensor-less scheme to harvest
the highest power possible from wind turbines with DFIGs. In MATLAB/ SIMULINK, com-
prehensive models of various DFIG system configurations are completed.
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1. Introduction

The utilisation of renewable forms of energy has been strongly influenced by the increasing demand for electric energy around
the world. Wind energy appears to play a significant role in the near future among the unconventional renewable-based energy
sources that have undergone extensive study. The capacity of the world's wind farms has grown significantly over the past 10
years, making it the renewable energy source with the quickest rate of development. In essence, there are numerous benefits to
incorporating additional wind energy into electricity infrastructures. For instance, wind energy is a clean, renewable source that
requires little maintenance [1]. By carefully controlling the shaft speed during variable-speed operation, the wind turbine can be
run at Maximum Power Point Tracking (MPPT) over a large speed range.

Due to their abilities to regulate the exchange of active and reactive electricity within the network, DFIG-based wind turbines
have long been regarded as the best solution for big capacity wind farms. Due to the DFIG's capacity to operate in variable speed
modes, smooth operation and a power increase over other conventional generators can be accomplished. Because of its distinct
qualities, including high efficiency, cheap cost, and flexible control, DFIG is growing in popularity among the various technol-
ogies used to construct wind producing systems [2]. The wound rotor induction generator that makes up the DFIG has its stator
connected to the grid directly and its rotor connected via an electronic power converter. The rotor frequency and rotor speed are
both managed by the power converter. Depending on the size of the frequency converter, this design enables a broad speed range
of operation. The variable speed range usually revolves around the synchronous speed by around 30%. Power electronic con-
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verters can operate at varied speeds across a wide but constrained range because their rating is only 25-30% of generator capac-
ity. In most cases, the rotor of a DFIG is connected via a B2B converter set, while the stator is connected directly to the grid.
The two converters are connected using a shunt capacitor for dc purposes. In order to create the switching signals for converter
switches, pulse width modulation (PWM) is used. For rotor and grid side converters, two control strategies are created. MPPT
and reactive power regulation are goals of the rotor converter's control system. A path for rotor power to and from the grid with
a unity power factor is provided by grid side converter control, whose tasks are to maintain the level of the dc bus voltage [3].
DFIG was often utilised to generate them in order to generate enormous amounts of electric power.

The output power of wind turbines varies depending on the operating conditions, and several control techniques are used to
achieve MPPT [4]. Different control techniques are utilised to obtain MPPT in order to boost the effectiveness of WES. Numer-
ous studies have been conducted with the goal of determining the wind energy's maximum output power. Generally speaking,
MPPT approaches can be broadly divided into those that use sensors and those that don't. By observing the change in power, the
scheme without sensors is utilised to track the MPPT. This technique can be broadly divided into two categories: perturbation
and observation (P&O) methods and incremental conductance approaches [5]. The technique makes use of sensors to monitor
the MPPT while adjusting torque and rotor speed. Tip Speed Ratio (TSR) Control is the name of this technique. Research has
been done on a few control approaches to implement the MPPT control. Optimal torque, TSR, power signal feedback control,
fuzzy logic control, and hill climb control are examples of patterns for these schemes [6-7].

In this article, complete models of DFIG-based grid-connected wind turbines are realised. The MATLAB/SIMULINK environ-
ment is used to simulate the dynamics of the system and control operations using a detailed model. The major goal of the project
is to use a sensor-less approach to maximise the capacity of DFIG-based wind turbines operating at changing speeds. The struc-
ture of this essay is as follows. The system configuration comes first, followed by the wind energy conversion mechanism.
Thirdly, the converter control system is discussed, and then the simulation results.

2. System Configuration

Wind energy conversion systems use the rotor blades of wind turbines to convert the kinetic energy of the wind to mechanical
energy. The generator then changes the mechanical energy into electrical energy, which is delivered into the grid via power
electronic converters. The system under investigation, shown in Fig. 1,
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Figure 1. DFIG-based wind turbine setup.
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3. System Description
3.1. Wind Turbine Model

It is commonly known that the aerodynamic rotor converts available wind power through the wind turbine at the shaft into

mechanical power.

The mechanical power available increases as the cube of the wind speed, according to [8]:

= :%pﬂRZVSC

o(2.B)

The tip-speed ratio, on the other hand, is described as [9]:

a1 orR
\Y
The mechanical input torque, T, is given as follows:
T = Pu
m a)r

Wind

The block diagram, which describes the mechanical model of WTS, is shown in Fig. 2. On the other hand.
— orR A C
. A= Cp =111 =
. — B

Fig. 3 depicts a typical Cp-characteristic for various values of the pitch angle. Assumed maximum value of Cp is Cp-max = 0.48.
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Figure 2. System configuration of wind turbine.

This result is obtained for both p = 0 degree and A = 8.1.

From (1), the wind generator must run at a specific speed that corresponds to WS in order to track the MPP displayed in Fig. 4.
This is necessary to extract the maximum amount of power at the available wind speed. Maximizing power extraction at low to
medium wind speeds is the goal of operating in the MPPT mode. This is achieved by adhering to the wind power coefficient's

maximum value (Cp_max), as seen in Fig. 4.
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Figure 3. Cp -\ characteristics, for various values of the f3.
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Figure 4. Wind turbine characteristics.

3.2. DFIG Modeling
The most popular type of electrical motor, with a wide range of ratings and configurations, is the asynchronous machine. It is
frequently utilized in wind generation systems because of its speed flexibility. Fig. 5 depicts the d-q equivalent circuit schematic
of a DFIG. Has the electrical equations for the DFIG based on the analogous circuit.are found in [10-11].
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Figure 5. d-q equivalent circuit of DFIG.

4. Sensor-Less MPPT Scheme
Figure 6 depicts the schematic diagram of a sensor-less WES. In this method, the link between the MPP of the turbine
and the generator rotor speed is established using lookup tables. The MPP curves of the wind turbines must be
understood in order to use the PSF control technique to track the MPP. Additionally, the power curves must be
determined through simulation on a single wind turbine or from the wind turbine's data sheet [12]. In this method,
reference power is produced either by using a maximum power curve that has been recorded or by applying the
mechanical power equation for a wind turbine, where the input is rotor speed. This approach is generally easy, quick,
and effective. However, because it is not directly monitor wind speed, it is less efficient than TSR control method

because wind changes do not reflect instantly and strongly on the reference signal.
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Figure 6. The schematic block of a WTS with the Sensor-Less control strategy. 110
111
5. Simulation Results of Performance Converter Control of DFIG-Based WTS 112

Two case studies that take into account various fluctuations in WS have been done in order to assess the effectiveness of the 113
control schemes that have been devised for DFIG-based wind turbines. The appendix contains a definition of the system's pa- 114
rameter. 115

5.1. Case (1) Step Change in WSP 116

With a mean WS of 10 m/s and a time span of 5 sec, it is believed that the WS profile ranges up and down as a step function. 117
Figures 7(b) and 7(c) show the change in rotational speed and mechanical torque over time. The system's responses were shown 118
in the following Figures. The generator's rotational speed is depicted in Fig. 7(b), with the exception of rapid changes brought 119
on by the existence of rotor inertia, which follows the same WS profile. As seen in Fig. 7(c), as WS rises, mechanical input 120

torque rises as well, and the torque becomes negative to produce power. 121
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Figure 7. Simulation results of WECS under RSC case (1): (a) WS variation in m/s, (b) generator speed (pu), and (c) Mechani-
cal torque (pu).
In order to maintain tip speed ratio at the ideal level and guarantee the highest possible value of the power coefficient Cp, the
controller modifies the rotational speed in response to variations in WS. As a result, as shown in Figs. 8(a) and 8(b), the MPPT

is accomplished. These numbers clearly show that Cp and are kept at their target values over the simulation duration. The abrupt
change in the wind speed profile causes mild spikes to be visible at 1 second, 2.5 seconds, and 4 seconds.
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Figure 8. Turbine output (a) change of TSR, and (b) Cp.

Figure 9 shows the dc link voltage variation, active power, and reactive power to demonstrate the viability of the GSC. The real
dc voltage remains nearly constant over the course of the whole research window, as shown in Fig. 9(a), since the controller
provides a strong agreement between actual and reference values of the dc link voltage. The reactive power fed to the grid in

Fig. 9(b) is roughly zero, indicating that the generator is operating at a unity p.f.
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Figure 9. (a) DC- link voltage (volt), and (b) Reactive power (MVar).

o
=
o
-
-
o
N

5.2. Case (2) Random Change in WSP
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In instance 2, the WS profile depicted in Figure 10(a), which fluctuates randomly, has an average WS of 10 m/s and a turbulence 150

intensity of 12%. According to the equivalent wind speed model offered in the WT blockset, MATLAB/SIMULINK [13], wind 151

speed time series are provided. The X and Cp are shown in Fig. 10(b) and (c), respectively. These Figures make it clear that A-gpt 152

and C,_max are nearly constant for the duration of the simulation. 153
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Figure 10. Simulation results of WECS under RSC, case (2), (a) WS variation in m/s, (b) A, and (c) Cp. 160
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The performance of the GSC controller under a random change in the WS profile is exposed in Fig. 11. The dc link voltage is
fixed during the entire period, as presented in Fig. 11(a). Figure 11(b) depicts the active power fed to the grid, whereas Figure

11(c) depicts the reactive power fed to the grid.
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Figure 11. Simulation results of WECS under GSC: (a) dc link voltage, (b) active power, and (c) reactive power.

6. Conclusions

In the Matlab/Simulink environment, this work gives thorough modelling of a grid-connected DFIG wind turbine together with
the control strategies of the interface converters. The RSC and GSC converters in this setup are built with two different control
methods. The MPPT scheme is based on the sensor-less methodology; as a result, the sensor-less approach increases system
stability by removing schemes involving mechanical sensors and lowers system costs. The resilience and viability of the DFIG
suggested schemes are demonstrated by the simulation results. The designed control system of DFIG provides the MPPT scheme,
which is based on the sensor-less technique, under various wind speed situations. This control strategy can also be utilized to
deliver an electrical network with a unity P.F (i.e. Q ~0). The results of the simulation show good tracking capabilities, and the
system'’s reaction is judged to be satisfactory under various operating situations.
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