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ABSTRACT 

Wind energy is among the most sophisticated and rapidly growing 
renewable energy sources. This thesis presents a comprehensive 
investigation of Doubly Fed Induction Generator (DFIG) 
photovoltaic (PV) and wind energy generators, including system 
designs, power converters, control strategies, and the dynamic and 
steady-state performance of real Wind Energy Conversion Systems 
(WECS). The emphasis is on a technique for regulating the DC link 
voltage and attaining Maximum Power Point Tracking (MPPT) in a 
hybrid photovoltaic-wind turbine system. The examined system is a 
modified PV-DFIG configuration, whereby the photovoltaic output 
power is fed into the grid via both the grid-side and rotor-side 
converters of the DFIG. The suggested control technique 
concurrently regulates the DC-link voltage and the maximum power 
point tracking (MPPT) of the photovoltaic (PV) system. This method 
is economically reasonable since it eliminates the need for a 
specialized PV converter, resulting in more efficient integration of 
PV output electricity into the grid. The results are generated via 
MATLAB/SIMULINK. The dynamic model is constructed with the 
machine's equivalent circuit, articulated in fixed, rotor, and 
synchronous reference frames to assess performance. The stator of 
the DFIG is directly linked to the grid, and grid synchronization and 
power regulation are accomplished by managing the rotor voltage via 
a two-level back-to-back converter. The Grid-Side Converter (GSC) 
is designed to provide regulated power to the grid, while the Rotor-
Side Converter (RSC) is managed to attain Maximum Power Point 
Tracking (MPPT) and Unity Power Factor (UPF). Simulations, 
executed with and without the photovoltaic system, provide outcomes 
for voltage, current, and both real and reactive power, using 
MATLAB. 
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I. INTRODUCTION 

Renewable energy is obtained from natural resources, 
including solar, wind, wave, or geothermal energy. 
These materials are renewable and can be organically 
recycled. Consequently, in contrast to the exhaustion 
of conventional fossil fuels [1], these information 
sources are seen as endless. The global energy crisis 
catalyzes the development or refinement of clean or 
renewable energy sources. [2]. Alongside the global 
reduction in fossil fuel transportation, a significant 
factor for the ineffectiveness of fossil fuels is the 
pollution generated from their combustion. 
Conversely, it is widely recognized that renewable  

 
energy sources are cleaner than conventional energy 
sources, since their production does not contribute to 
pollution. 

Solar cell or panel consists of a configuration of solar 
cells interconnected in series or parallel to provide the 
necessary currents and energy. Solar intertie 
photovoltaic (PV) systems are quite simple. Initially, 
there are panels that capture sunlight and convert it 
into power. The DC signals are input into an inverter, 
which transforms the DC into grid-compatible AC 
power, suitable for residential usage. Multiple switch 
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boxes are included for safety purposes, and the whole 
system is interconnected by cables and pipes. 

Storage batteries may provide protective energy 
during times of abundant sunshine by storing excess 
or a portion of the electricity generated by solar 
panels. Solar power generating systems are used for 
private energy consumption, meteorological stations, 
broadcasting facilities, entertainment venues including 
theaters, hotels, restaurants, as well as communities 
and islands. The conventional p-n junction solar cell 
represents the most sophisticated technique for solar 
energy gathering. The underlying physics of energy 
input and carrier output governs the physical qualities 
and the corresponding electrical characteristics (i.e., 
the band gap). 

The electron must possess energy exceeding the 
bandgap to promote electrons from the valence band 
to the conduction band. An optimal solar cell has a 
straight band gap of 1.4 eV to maximize photon 
absorption from solar radiation. The ostensibly 
boundless lattice generates bands of permissible 
energy levels; silicon forms a band gap devoid of 
electrons, measuring 1.1 eV in width. Nevertheless, 
the sun's radius approximates the black body spectrum 
of around 6000 K. Consequently, the majority of solar 
rays reaching Earth has an energy source beyond the 
radius of the silicon group of the sun. High-energy 
phonons will be mitigated by solar cells. The gap 
between the phonons and the silicon band will be 
dissipated as heat via a process known as phonon 
overflow, rather of being transformed into useable 
energy. This will provide a maximum efficiency of 
around 20% for an individual meeting cell. 
Contemporary research methodologies for executing 
multi-node photovoltaic design to surmount efficiency 
constraints seem to be a cost-effective option. A built-
in photovoltaic device is only operational during 

daylight and requires direct sunlight for optimal 
efficiency. 

The turbine comprises the blades, rotor hub, and other 
components. The drive train comprises the turbine 
rotor, low-speed shaft, gearbox, high-speed shaft, and 
generator rotor. It transmits mechanical output power 
from the turbine to the generator rotor, where it is 
turned into electrical power. The wind impacts the 
rotor of the horizontal-axis turbine, inducing rotation. 
The low-speed shaft transmits energy to the gearbox, 
which increases the speed and drives the high-speed 
shaft. The high-speed shaft induces rotation in the 
generator, so producing electricity. The yaw 
mechanism is used to orient the nacelle so that the 
rotor aligns with the wind direction. The low-speed 
shaft houses pipes for the hydraulic system that 
activates the aerodynamic brake. The high-speed shaft 
has an emergency mechanical brake used in the event 
of aerodynamic brake failure [12]. 

The generator transforms the mechanical energy of 
wind into electrical energy. The generator typically 
generates electricity at a low voltage, whereas the 
transformer elevates the generator's output voltage to 
match the grid voltage. 

The transformer may be positioned at the base of the 
tower [4] or inside the nacelle to minimize losses [13]. 
Additional components of a wind turbine system 
include an anemometer for measuring wind speed and 
a wind vane for determining wind direction. Wind 
speed data is utilized to ascertain the conditions for 
turbine activation and the necessity for shutdown 
during high winds for safety, while wind direction 
measurement informs the yaw-control mechanism, 
which aligns the rotor with the wind direction [14]. 
Electric fans and oil coolers are used to dissipate heat 
from the gearbox and generator. 

II. PROPOSED SYSTEM 

This research proposes a grid-interfaced DFIG-based wind energy conversion system for power smoothing. The 
rotor position calculation technique is used for rotor position estimate [24]. The work's distinctiveness arises from 
the regulation of the Grid Side Converter (GSC). The authors have clearly shown the control algorithm for 
delivering regulated power to the grid. An further critical aspect of DFIG-based WECS for power smoothing is 
the selection of BESS. The disparities in power output between the conventional DFIG and the proposed DFIG 
are shown as wind speeds increase. The system's operation has been empirically validated for regulating DFIG 
power under variable wind speed conditions. The Simulink design in this proposed DFIG system, both with and 
without solar integration. 
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Figure 1: Proposed Simulink Model 

This study presents a grid-connected DFIG-based wind energy conversion system for power smoothing. The rotor 
position estimate technique is used for calculating rotor position [25]. The innovation of the project is in the 
regulation of the Grid Side Converter (GSC). The authors have well shown the control algorithm for supplying 
regulated electricity to the grid. The selection of Battery Energy Storage Systems (BESS) is another critical 
feature of Doubly Fed Induction Generator (DFIG) based Wind Energy Conversion Systems (WECS) for power 
smoothing. The differences in power output with increasing wind speeds are shown by comparing the existing 
DFIG with the suggested DFIG. The system's functioning is experimentally confirmed for adjusting the power of 
DFIG, even under fluctuating wind speed situations. 

III. SIMULATION RESULT 

The specifications of the photovoltaic panel, wind turbine, and doubly-fed induction generator (DFIG) were 
simulated using MATLAB 2019b, with results shown below. The generated voltage of the solar photovoltaic 
system is inadequate due to the use of a boost converter for voltage elevation. A comprehensive 
electromechanical model of a DFIG-based wind turbine, both connected to the power grid and functioning as an 
autonomous system with integrated battery energy storage, is developed in the MATLAB/Simulink 
environment, along with its corresponding generator and turbine control structure. An exhaustive elucidation of 
this control mechanism and the steady-state behavior of the whole wind turbine system is provided. The 
consistent reactive power capacity of the DFIG. 

 
Figure 2: Input Voltage and Current 
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Figure 3: Grid Voltage and Current 

Figure 4 showing the Grid Voltage and Current waveform, during simulation grid voltage generate 230v 

 
Figure 4: Battery Output 

Figure 5: Battery Output showing with soc and battery voltage and current waveform, battery charge upto 97 % 
at discharge after 97%, State of charge (SoC) is the level of charge of an electric battery relative to its 

capacity. The units of SoC are percentage points (0% = empty; 100% = full). 

 
Figure 5: DC Machine Output 
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Figure 6: DC Machine Output rpm, armature current and load voltage, the stator consists of field windings while 
the rotor (also called the armature) consists of an armature winding. When both the armature and the field 
windings are excited by a DC supply, current flows through the windings and a magnetic flux proportional to the 
current is produced. 

 
Figure 6: Battery Charging and Discharging States 

Figure 7 showing the Battery Charging and Discharging States, battery discharge at 0% and charging at 100%, 
The direction of current through the battery determines whether it is charging or discharging. The battery is 
trying to push current in a particular direction. If the current flows in that direction, the battery is discharging. If 
the current flows in the other direction, the battery is charging. 

 
Figure 7: Inverter Current and Voltage 

Figure 8 showing the three phase Inverter Current and Voltage, A three-phase inverter converts a DC input into a 
three-phase AC output. Its three arms are normally delayed by an angle of 120° so as to generate three-phase AC 
supply. The inverter switches each has a ratio of 50% the maximum power point tracker is an electronic DC to DC 
converter that optimizes the match between the solar array (PV panels), and the battery bank or utility grid. 
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Simulation Result with Solar and DFIG 

 
Figure 8: MPPT Control 

 

Figure 9: Input Voltage and Current 

 
Figure 10: Load Voltage and Current 
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the amount of current" drawn by the thing that is connected to the output of the circuit. The actual power 
supply voltage that can be used when switching a load or continuously in an OFF state. The actual power 
supply voltage that can be used when switching a load or continuously in an OFF state. 

 
Figure 11: Battery Output 

Fig 11 showing the battery output, Power capacity is how much energy is stored in the battery. 

 
Figure 12: Real Power and Reactive Power 

The active power is the real power consumes by the load. Whereas, the reactive power is the useless power. The 
active power is the product of the voltage, current and the cosine of the angle between them. Whereas, the 
reactive power is the product of voltage and current and the sine of the angle between them. 
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Figure 13: Phase Instantaneous Active and Reactive Power 

 
Figure 14: Grid Voltage and Current 
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Figure 14: DFIG Voltage and Current 

The DFIG consists of a 3 phase wound rotor and a 3 phase wound stator. The rotor is fed with a 3 phase AC 
signal which induces an ac current in the rotor windings. 

 
Figure 16: Bidirectional Inverter Current and Voltage 

The bidirectional DC-AC inverter transfers power from the DC stage to the connected AC grid while the DC 
loading requirement is small. Or, the inverter transfers the power from the connected AC grid to the DC stage if 
the DC energy is insufficient for the DC loading requirement. 
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Figure 17: with solar thd 

 
Figure 18: Without solar THD 

Table 1 showing the comparison result in between proposed wok and exiting work, solar irradiance and grid 
power compare with the existing work, in the proposed work grid power showing higher as compare to existing 
work 

Table 1 Power comparison with existing work 

 Technique Solar Irradiance Grid power 
Proposed system MPPT, P& O 1000 rad/S 20 KW 
Existing system Predictive MPPT 1000 rad/S 15 W 

Table 2 THD comparison With Solar and without solar 

MODEL THD 
With Solar 1.01 

Without Solar 1.32 

Table 2 Showing The THD Comparison With And Without Solar, In The Proposed System Two Model 
Designed As DFIG With Solar And DFIG Without Solar, With Solar THD Showing Better As Compare To 
Without Solar. 
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CONCLUSION 

This research presents a novel way for regulating the 
frequency of a microgrid using a Doubly Fed 
Induction Generator (DFIG). The droop control, 
executed in the Grid-Side Converter (GSC) in 
conjunction with a Battery Energy Storage System 
(BESS) linked to the DC bus of the DFIG's back-to-
back converter, effectively managed the microgrid's 
frequency during disruptions. By implementing droop 
control on the GSC of the DFIG, the wind turbine 
consistently operated at the maximum power 
extraction point, while the BESS supplied the 
necessary power for frequency regulation. The droop 
control exhibited superior performance in frequency 
regulation, effectively lowering reaction time and 
enhancing the frequency nadir in both super-
synchronous and sub-synchronous modes, compared 
to a microgrid without DFIG intervention. 
Furthermore, the use of BESS enhanced the 
operational efficiency of the wind system. When the 
DFIG is integrated with the grid and functions in 
super-synchronous mode, the battery may be charged 
while the BESS regulates the DC link voltage to 
preserve stored energy for frequency stabilization. 
During sub-synchronous operation, the Battery 
Energy Storage System (BESS) drains the battery to 
regulate the DC connection voltage. 
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