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Abstract 

WECS is dependent only on flow of wind. Regarding environmental conditions 

wind does not have constant speed and unpredictable. The generated output 

power is fluctuation in nature during low wind speed. Speed of the wind turbine 

increases with increase in speed of the wind up to a certain range. Since 

generator is placed on the same shaft at which wind turbine is placed. Therefore, 

change in the wind speed is directly affected the output generated by the 

generator. So it is important to control this power fluctuation by maintaining the 

voltage as well as frequency constant. In this paper DC-DC boost converter is 

used to maintain voltage at certain point with PMSG. PMSG is used here 

because of its inherit property. Although the PMSG is costly than IM but the 

total cost involved in generated the same amount of power using PMSG is less 

than IM. The AC output is converted into DC using rectifier and then it is fed 

to the boost converter to maintain the desired value of voltage. Again this DC 

voltage is converted into AC voltage by the use of inverter and then fed to the 

grid. 

Keywords:  Boost converter, Drive train, IM, Pitch angle control, PMSG, Wind 

Turbine, WECS (wind energy conversion system 

 

INTRODUСTION 

Now a days, world is facing the energy crisis and most of the power is generated by 

fossil fuel. The time will come when it will be exhausted if the use of fossil fuel will be 

like this. Therefore, most of the utilities are going towards the use of Renewable Energy 

Sources (RES). RES are wind, solar, tidal, small hydro plant, geothermal, etc. From last 

some decades WECS are most attracted area. Researchers are doing their best to 

maximize the efficiency of WECS. Since Wind is abundant in nature and it does not 

include the cost of fuel so it is most preferable area for researchers. WECS is green 

power site, it does not emit harmful gases like greenhouse gases which causes global 
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warming [1]. Wind energy sources is completely renewable sources it can be used for 

other purposes except to generation of electrical energy and for that no need to depend 

on other sources. In present era, wind and solar energy sources are attracting the 

attention of researchers. But they are having a common drawback which is, they are 

dependent on environmental conditions. Wind and solar are unable to generate the 

electrical energy throughout the day, they can only generate a substantial part of the 

day. The efficiency of wind turbine is dependent upon the turbine blades means how 

much kinetic energy they are extracting from wind. Extraction of kinetic energy from 

wind is dependent on the shape of turbine blades, either flattened or curvy. Turbine 

blades can be of two types which are drag type and lift type. Lift type blades are having 

more efficiency than drag type. Therefore, optimal design technique of blade is required 

to have efficient and economical use of wind energy sources. In this paper, DC-DC 

boost converter is used to optimize output power from wind energy system. Here, boost 

converter is used to boost up the voltage which is getting from rectifier after AC-DC 

conversion [1]. Now a days researchers are doing their best to reduce the size of 

component which are using in WECS and get the maximum output. This proposed 

technique has scope in future application in the area of WECS. Particularly, the use of 

large inductance in the converter makes it large in size. It has high power components 

like DC-DC boost converter which helps to work on high frequency application as well 

as reduces the size of component [2]. It has mainly two problems, the first one is, as the 

frequency is increases in that proportion switching losses is increases. In other hand, 

level of frequency increases is proportional to increase in switching losses. Because of 

high switching losses, switching converter efficiency decreases but controlling 

mechanism will be easy. Cooling requirement increases with the increase in switching 

losses [1]. Requirement of this high cooling system increases the overall cost as well as 

the size of the converter and due to theses, weight of the nacelle is also increases. 

Second, the use of hard switching of high power IGBT and it limits the device up to 30 

KHz application [1]. In contrast, the use of soft switching increases the operating 

frequency up to 70 KHz application and reduces the cooling requirement as well as size 

of the converter. 

This proposed converter fined future аppliсаtion in a miсro wind turbine. 

 

 

Fig 1: Сonсepts of model with boost converter 



Voltage and Frequency Regulation in Wind Farm using Novel Boost Converter and MLI 559 

II. WIND SYSTEM STRUСTURE 

The concept of model with the use of DC-DC boost converter is shown in Fig 1. In this, 

the kinetic energy present in the wind is extracted from wind blades and due to flow of 

wind, wind turbine rotate and converts the kinetic energy into mechanical energy. Wind 

turbine and PMSG are placed at the same shaft so the rotation of wind turbine rotates 

the PMSG also and then PMSG convers this mechanical energy into electrical energy 

and this electrical energy is in the form of AC. This AC output signal is converted into 

DC using rectifier and then boost converter is used to match this voltage with desired 

voltage. Since wind speed is not constant all the time, it fluctuate with the time due to 

that wind turbine get damaged and AC output voltage will also fluctuate with the time 

[5]. Therefore, for economical operation and also to protect system, this AC voltage is 

converted into DC voltage and then DC-DC boost converter is used [2]. Firing angle 

control mechanism is used to generate trigger signal for DC-DC boost converter to work 

upon the voltage which is coming from the rectifier. After boosting the voltage level, 

output signal is sent to the inverter and inverter is used to convert this DC voltage into 

AC voltage with the help of PWM. PWM is used to generate signal for those IGBT’s 

which are using in inverter. In PWM, firing signal is generated by comparing the sine 

wave with high frequency saw tooth wave because inverter require force commutation 

that’s why each IGBT’s need firing signal. Then this AC voltage is fed to the AC load. 

In wind system, the main component is pitch control mechanism. Pitch control 

mechanism is used to control the angle of attack by which it can change the facing that 

means, how wind is hitting the turbine blades. Previously pitch control mechanism was 

doing one by one blades but now a days it can control simultaneously all the blades at 

the same time. Using this, optimal output can be achieved. 

 

WIND GENERATOR SELEСTION 

The DC-DC boost converter is used to boost the voltage level by step up the voltage 

level and step down the current. In this inductor is used which play its natural role. The 

tendency of inductor is to resist the sudden change in the incoming current by creating 

and destroying the magnetic field [1]. 

The key principle of boost converter- 

(a). When the switch is closed, current flows through inductor not through the diode. 

Although diode is in forward bias but current always flow through the minimum 

resistance path. When current flows through the inductor, it stores energy by generating 

magnetic field. Left side of the inductor has positive polarity and right side has negative 

polarity. 

(b). When switch is opened, current flows through diode to the capacitor and load as 

well. At this time, inductor releases its stored energy by changing the polarity. Due to 

that capacitor stored voltage twice of the supply voltage. When switch is closed, 

capacitor supply the load. 
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VL= L (di/dt) 

 

Fig 2: Сonventionаl Boost Converter 

 

СONTROL STRATEGY 

The controlling of inverter means, the generation of firing pulses at certain instant of 

time. Here the firing pulses is obtained by comparing the fundamental sine wave with 

high frequency triangular wave and it is known as SPWM inverter [3]. Snubber circuit 

is used to protect the switch from over voltage and high initial current [7]. With the 

help of this SPWM inverter, the output is obtained with three level [10]. 

 

 

Fig 3: Comparison of Sin wave with triangular wave. 
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PROPOSED WORK AND SIMULATION 

 

Fig 4: Simulink model of wind generation 

 

In this proposed work, wind turbine is designed for the use of PMSG and here base 

speed of the wind turbine is considered 12m/s and at this wind speed whatever power 

is obtained is the power at PMSG [7]. Transient conditions is introduce here by 

changing the speed of the wind. Output power is vary with change in speed. This is 

shown in table which is listed below and the length of blade is taken as 5m. 

 

Table 1: Power (KW) at different wind speed. 

Wind Speed POWER 

10 19.32 

12 33.38 

15 65.21 

20 154.56 

22 205.73 

25 301.88 
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Fig 5: Speed vs Power 

 

 

Fig 6: Turbine Characteristics 

 

The obtained AС power is then fed to the bridge rectifier. A three-phase power 

converter has six switches which are connected in а bridge manner [2]. This bridge 

rectifier will convert AС into DС signal. The main role of project comes after the bridge 

rectifier. It gets 352.8 V as input voltage and boost up at 1950 V. Now the second 

problem is frequency and to maintain this frequency level different control technique 

is used [7]. 
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Fig 7: Five Level Inverter 

 

RESULTS 

In this paper, soft switching is done in DC-DC boost converter which boosts up the 

input voltage from 352.8 V to 1950 V. Fig 8 is the graph of input voltage at the input 

terminal of the boost converter and it is also output voltage across bridge rectifier. 

 

 

Fig 8: Boost Input Voltage 
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Fig 9 is showing the output voltage across the boost converter, which is 1950 V. 

 

 

Fig 9: Boost output Voltage 

 

Five level Inverter is used to convert DC-AC conversion. SPWM technique is used here 

to generate the pulses of the inverter. Fig 10 and Fig 11 are showing the level of three 

phase voltage after the inverter and three phase current respectively.   

 

 

 

Fig10: Inverter 3-phase Voltage 
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Fig 11: Inverter 3-phase Current 

 

Here Induction Motor is used as а load and асross this output is taken out. Fig 

12,13,14,15 show the rotor current, stator current, rotor speed and electromagnetic 

torque respectively.  

 

 

 

Fig 12: Rotor Current 
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Fig13: Stator Current 

 

 

Fig14: Rotor Speed 

 

 

Fig15: Electromagnetic Torque 
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CONCLUSION 

In this paper, Soft switching technique is used by  using IGBT’s, which gives less stress 

on switches, less losses, reduce fluctuations, improves efficiency and enhance the speed 

as compare to hard switching. Five level inverter is used to reduce the THD, which 

provides DC-AC conversion and also controls voltage and maintains frequency. 

Switching ON and OFF is done by the use of IGBT’s and it is highly sensitive to high 

power application. That’s why IGBT is used here as a controlling switch.  Induction 

motor uses as a load which gives output in terms of Ir, Is ,Te, Vs.  
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