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 Abstract  
For clean generation of electricity, wind energy has been used as an 

important source in recent years. Due to this, demand for wind turbines in an 

electrical power system is increasing day by day which can also influence the 

overall behavior of the system. The variable nature of wind results in many 

technical issues that affect the quality of power flows in the system and also 

limit their expansion. An attempt has been made in this paper to know how 

the operational wind conditions affect the quality of power in the system. 

Analysis of output power of wind turbine versus speed of rotor for different 

wind speeds has been presented in the form of a graph in this paper. Rotor 

speed and wind speed under different seasons have also been analyzed to 

know the impact of it for extracting power from wind energy conversion 

system 
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1 Introduction 

As per the boost in the demand for electricity, with the dependent supply 

mainly on fossil fuels as well as a few hydropower and formerly nuclear 

energy, focuses arose around releases of carbon dioxide is the cause to likely 

global warming and their depletion [1]. In nature consideration again curved 

to the massive energy sources of surging around us– sun, seas, and wind 

specifically. As per these extents, no uncertainty was there, the challenge was 

continuously in connection with them in the case as to achieve request. 

Nowadays we are finely progressive in meeting the task, while also 

challenging the practical boundaries of responsibility so from adjustable 

renewable energy. The comparatively mitigate wind nature and solar means 

that connecting them is very much dependent on the high quality of 

materials– several times that from the sources of energy-dense [2]. 

Renewable energy sources are having a variable character and their process 

in the power system requires extra balancing movements, a function of the 

existing measures in the country of source, and net transfer dimensions with 

the neighbouring countries. To alleviate the variance between the generation 

of power, renewable energy utilization as power sources gives the 

explanation and demand by capitalizing on the electrical power supply. 

Power transferred from one end to other suffers impressively from power 

quality, shadowed up by large voltage and frequency differences, power cuts, 

and capacity shedding. Despite that Renewable resources are gaining 

significance due to skyrocketing prices of fossil [3]. 

Fuels and energy crisis: Being monitored with Kyoto protocol signed 

year in 1997, some countries signed an agreement to decrease the degree of 

Green House Gas (GHG) releases responsible for climate variation as well as 

global warming. The viability of the isolated system is dependent on rules 

and stimulation processes. The increase in the part of renewable sources of 

energy in the overall energy mix can have significant impacts on power 

systems procedure, its level is determined by: 

 The operating features of sources and their generated power 

 The features of the electrical grid where these sources are 

connected; 

 The operating features of the traditional fuelled plants. 

For unlimited power resources, wind power is the primary contender for 

electrical energy production due to the reduced investment decision ask for 

of its as well as well-developed technology in producing high power Wind 

Turbines (WTs). Wind power is effective as well as persuading inexhaustible 

power resources on the planet and that is continually expanding with the 

progress of electric energy needs as well as the reduction in standard electric 

generation online resources. Today, the wind turbines generators would be 

synchronous generators, everlasting magnet synchronous generators, as well 

as induction generators.  
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The wind being a source of electricity has two i.e. non-pollution and 

economical attributes. Although wind farms limited control, the 

unpredictability of power complicates their widespread application as an 

electricity resource [4]. 
 

2  Wind Turbine Control 

Controlling of wind turbines fixed-pitch variable speed in the system of 

fractional load typically strives for regulating the energy gathered from 

blowing wind by adapting the electric turbine speed; for certain, the 

management objective could be capturing the highest energy readily 

available from the blowing wind. For every wind velocity, there's a certain 

rotational speed at that the power curve of a certain wind generator gets to 

the intensity of its. Pitch perspective regulation is crucial for cases overhead 

ranked wind speed if the rotating speed is maintained regularly. Alterations 

that are small in pitch perspective can have a remarkable impact on the 

energy output. Thus, regulator systems for adjustable speed wind turbines 

should go on to evolve towards increasingly effective and advanced 

solutions, based mostly on soft computing methodologies, for example, 

hereditary algorithms along with genetic intelligence. 

The following equation gives the output power of the turbine: 

Pa =                   (1) 

Where air density is represented by ρ, A represents the swept area of the 

turbine,  indicates the wind speed, also the power coefficient by Cp. The 

power coefficient derived as non-linear purpose liable over tip speed ratio λ 

and β is the blade pitch angle. 

λ  defined as:  

                                     (2) 

Where the rotor‟s rotation speed is indicated by ΩT, the rotor radius is 

indicated through R and wind speed is indicated byVwind. 

The torque Tt produced by the turbine could be initiated from                         

                                       (3) 

 

3  Literature Review 

Wind energy removal utilizes numerous kinds of wind turbines and also 

for transforming mechanical energy into electrical energy utilizing induction 

generators as SEIG, DFIG, and SCIG. Numerous small wind turbines exist 

that produce less than 5kW as well as some large utility-scale units produce 

over 1 MW. Wind power generators operate at variable speeds due to wide 

dynamic fluctuations in wind speed. You will find two trends related to wind 

energy.  

 



 

 
 

 

 

 

                      

 

The very initial one would be the introduction of irreversible magnetized 

immediate driven devices as well as subsequently you are wind farm with 

DC interconnections. In the situation of irreversible magnetic direct driven 

devices, the building becomes made simple while lowering rotor losses [5], 

[6]. As per the interconnection necessity, reactive resources need to be 

modified frequently to keep the electrical power element when blowing wind 

fluctuates. In training, nonetheless, many wind farms set up fixed capacitor 

banks to satisfy the reactive energy compensation necessity at their optimum 

result amount. Power control techniques like PPET, SVC compensation have 

also been proposed with off-grid and on-grid, applications. Zero-emission 

energy is the source of Wind energy. Being one of the fastest-growing 

sectors in renewable energy it is freely available throughout the world. 

Mainly for two purposes wind energy is used i.e. for irrigation and electricity 

generation. Due to the environmental circumstances of India, plenty of 

renewable energy sources such as biomass, the solar, wind, hydro as well as 

tidal are available to it.  

Offshore wind power generation is higher as compared to onshore wind 

power plants at available high wind speed. The estimated price of offshore 

wind energy varies widely according to the task, though several scientific 

studies suggest that offshore tasks cost much more than land-based turbine 

methods. If a wind turbine uses this mechanical energy directly, it is referred 

to as windmill otherwise it is referred to as Wind Turbine Generator (WTG). 

Wind turbines could be categorized based on their locations of installation as 

follows [7], [8] 

Onshore wind farms: Installed midland normally in a hilly or craggy 

region having favorable wind speeds. 

Offshore wind farms: Constructed in the sea, 10 km away from land as 

high wind speeds are present oversea but it incurs a very high cost for 

foundations, cables of power collection, installation along with maintenance  

As per the nature of the variable wind and lack of date and control structure, 

researchers found many problems in optimizing, designing, and in the 

modeling of the Wind Energy Conversion System (WECS). This poses 

challenging tasks while integrating WECS with utility and requires a 

controller to manage the output of WTG.  
 

4  Wind Energy Conversion System 

Wind turbines, interconnection devices, generators, management 

methods, are included by the Wind Energy Conversion System (WECS). 

Wind Turbines are primarily categorized into Horizontal Axis Wind Turbines 

(Vertical Axis as well as Horizontal Axis) Wind Turbines (VAWT). Modern 

wind turbines make usage of HAWT with 2 or maybe 3 cutting blades and 

run whether upwind setup or downwind.  
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This particular HAWT may be made for a continuous speed program or 

even for the adjustable speed performance. Among these two types, the 

variable speed wind turbine has high efficiency with reduced mechanical 

stress and less noise [9].  

Horizontal Axis Wind Turbine: To drive the electrical generator to obtain 

the suitable speed gearbox is used in most of WECS. An electric generator is 

placed at the top of the tower in HAWTs. HAWT configuration produces the 

maximum volume of energy associated with the other form owing to its tall 

tower base. If the 10% height of the WT tower is increased, it is observed 

that speed increases by 20% and as a result of this generated output power 

increase by 34%.  

Vertical Axis Wind Turbine [10]: The blades of wind are perpendicular 

all the time is the main advantage of Vertical-Axis Wind Turbines (VAWTs). 

The blades of vertical-axis wind turbines (VAWTs) are rotated around a 

vertically arranged shaft to the ground. Due to this no additional controller is 

required as in the case of HAWTs type.  
 

5  Classification of WECS 

As per the scope of valuable electrical power output: 

 Small size (up to 2kW): For relatively low power and for remote 

applications, these sizes can be used.  

 Medium Size (2-100 kW): For supplying less than 1100 kW valued 

capacity, to numerous residences 1or for local use these turbines can 

be used. 

 Large Size (more than 100 kW): For dispersal in central power grids 

they are used. 

According to the rotating speed of aero turbines: 

 

5.1 Fixed Speed Generators 

 For the transformation of wind energy into an electrical simple squirrel 

cage induction, the instrument is used in Fixed speed generators. The 

performance and construction of these turbines much dependent on the 

mechanical sub circuits characteristics e.g. circuit breaker switching circuit, 

pitch control time constants, etc. With a fixed-ratio gearbox, the rotor of a 

wind turbine is attached to the generator shaft. In this type of generator, 

response time is in the tens of milliseconds range. Due to this fast variation 

as well as strong electrical output power could be experiential. To reduce this 

exclusive mechanical construction, particularly at high rated power is 

required. 

 

 

 
 



 

 
 

 

 

 

                      

 

5.2 Adjustable Speed Generators 

The majority of the contemporary high-power wind turbines are 

proficient in adaptable pace functioning. Vital benefits of adaptable speed 

generators as associated with fixed quickness generators are discussed as 

follows: 

 They provide simple pitch control as well as cost-effective. 

 Gusts of wind can be absorbed  

 Mechanical stresses are reduced. 

 They compensate for torque as well as power pulsations 

dynamically. 

 Because of the elasticity of wind turbine system torque pulsations 

can be reduced. 

 System efficiency can improve. 

 Reduce acoustic noise. 

 

5.3 Speed Generator Adjustable Schemes 

(a) Direct inline ASG system: To generate variable-frequency ac power 

synchronous generator is used. These systems have been constructed up to 

MW with numerous drawbacks given as: 

 Total system power is expensive with a power converter valued at 

1p.u. 

 For the output power of 1 p.u., filter design is problematic as well as 

expensive. 

 Less efficiency of conversion. 

 

(b) (DFIG): Doubly Fed Induction Generator ASG system:  

In these systems Wound Rotor Induction Generator (WRIG) by typical DFIG 

configuration is utilized. DFIG proposes the following advantages as 

associated with direct-inline systems: 

 Inverter cost is reduced 

 Inverter filter cost is reduced. 

 Improved system efficiency. 

 At lower cost power factor control could be implemented. 

Permanent Magnet Synchronous Generator (PMSG) is used nowadays for its 

inherent advantages compared to electrically excited machines as given 

below 

 Sustained Technology 

 Self-Excited 

 High efficiency and more production of energy 

 Reduced cost and low maintenance 

 Lighter in weight. 
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6  Analysis of Turbine Power Characteristics  

Fig. 1a,b,c illustrates the mechanical power of 33KW wind rotor Vs rotor 

speed at dissimilar pitch angles at different wind speeds. Wind speed rises, 

the turbine pickup power increases. At rated wind speed, power produced 

produces the rated power of the turbine. As wind speed remains to increase, 

so does the output power, a control system needed to remain power steady 

over design range. The turbine is closed at speeds raising the cut-out wind 

speed for safety considerations. However, the max coefficient of 

performance is only offered at the given wind speed. The lowest coefficient 

of performance is found for all other wind speeds, which decrease energy 

output usual from variable speed function. 
 

 
(a)  

 

 
(b) 

 

 

 

 

 



 

 
 

 

 

 

                      

 

 
(c) 

Figure 1 Analysis of Wind turbine output Power vs. Rotor speed for different wind 

speeds  (4, 5, 6, 7, 8, 9 and 10 m/s) with Pitch angle (a) 0º (b) 5º (c) 10º 
 

6.1  Analysis of Wind Speed under Different Climatic 
Conditions  

As shown in Fig. 2 (a) and (b), rotor speed and wind speed measured 

with different seasons were accurately estimated using the proposed method. 

Therefore, the proposed speed-adaptive low-order observer is a very robust 

approach to sensorless vector control SEIG-based erratic speed wind 

turbines. In Fig. 2 (c), the performance analysis of the proposed ANFIS 

training data and output is illustrated. 

 

 
 

 
Figure 2 (a) Analysis of Different Seasons in Rotor Speed 
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Figure 2 (b) Analysis of Different Seasons in Wind Speeds 

 

Figure 2 (c) Analysis of Different Seasons in ANFIS Outputs 

 

7 Conclusion 

This paper describes the assessment of wind speed under different 

seasons and the impact of pitch angle on turbine output power. Results 

clearly show that by increasing the pitch angle the turbine output power 

decreases. Also, when wind speed increases output power increases but the 

increase or decrease in power output should be in specified limits otherwise 

it affects the quality of power. The maximum wind speed is in the autumn 

season, a little lesser in winter then less than almost 30% in summer as 

compared to the winter season, and during spring wind speed is lowest i.e. 8 

m/s. Therefore, we can get the maximum efficiency of wind power plants 

either during the spring season or autumn season as wind speed is constant 

during the two seasons. The same analysis has also been done with rotor 

speed. 

 

 

 

 



 

 
 

 
 

                      

 

8   Future Scope 

The system can be connected with the grid to show the performance of 

wind power plants during the faults. While connecting with a grid the impact 

of different wind speeds on the grid-connected system can be calculated and 

a better system can be proposed. Also, some techniques or controllers can be 

implemented to decrease the impact of variable wind speed on the power 

system. 
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