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ABSTRACT: In the wind energy conversion 

system (WECS) based on the Induction 

Generator, the topology that a wind generator is 

connected to a voltage source inverter through 

a diode rectifier and a boost chopper is widely 

adopted for its low cost and high reliability. 

However, with the increasing power level of the 

WECS, the power switch device of a boost 

chopper in the topology has to endure high 

instantaneous voltage and current stress, thus 

reducing the system reliability. Although the 

traditional multiple boost converter reduces the 

transmission power level of single circuit units 

in terms of structure, it is still limited by narrow 

speed regulation range. Thus, a novel 

switchable-cascaded-mode boost converter  is 

proposed in this paper. At last, the effectiveness 

of the new converter is verified with an 

experimental prototype. The experimental 

results demonstrate that speed range is extended 

by using the new topology as generator-side 

converter in the induction generator wind 

generation system.  

Keywords: induction generator (IG); speed 

range; switchable-cascaded-mode boost 
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1. INTRODUCTION 

 

 Wind power contributes a significant proportion of 

consumers’ increasing electrical power demands. Wind 

power generation has grown at alarming rate in the past 

years and will continue to do so as power electronic 

technology continues to advance. A number of power 

converter techniques have been developed for integrating 

with the electrical grid. The use of power electronic 

converters allows for variable speed operation of the wind 

turbine.  

    Power electronic converters play a vital role in 

obtaining high efficiency and good performance of the 

WECS. Initially, WECS were of the fixed speed type with 

squirrel cage induction generators. In the fixed speed 

type, the speed of the wind turbine is constant irrespective 

of the wind speed and is determined by the frequency of 

the grid. The fixed speed WECS are designed to achieve 

the maximum output only at one speed. Today, variable 

speed wind energy systems are popular with the Induction 

generator (IG)and the doubly-fed induction generator 

(DFIG). Variable speed wind turbines have many 

advantages like increased energy capture, operation at the 

maximum power point, higher efficiency, and improved 

power quality 

 

2. WIND ENERGY CONVERSION SYSTEM  

Fig. 1 shows the block diagram of the WECS with a IG, a 

diode bridge rectifier, a boost converter,  MLI, and a 

three-phase load. The IG converts the wind energy into 

electrical energy, which is fed to the diode bridge 

rectifier. The rectified DC output is given to the boost 

converter, which operates in closed loop to obtain the 

output voltage at the desired value. The output of the 

boost converter is fed to the three-phase five-level CHB 

inverter, which feeds a three-phase load. 

 

 

Figure-1 wind energy conversion system 
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2.1 Wind turbine: 

 The amount of power captured from a wind turbine is 

specific to each turbine and is governed by 

                                  𝑃𝑡=12𝜌𝐴𝐶𝑃𝑣𝑤3                     (1) 

Where 𝑃𝑡 is the turbine power, ρ is the air density, A is 

the swept turbine area, CP is the coefficient of 

performance and υw is the wind speed. 

Aerodynamic torque of the wind turbine is given by 

 

2.2 Induction generators: 

The induction Generator converts the mechanical energy 

of the turbine into electrical energy. The use of induction 

generators (IG) is advantageous since they are relatively 

inexpensive, robust and require low maintenance. 

Induction generator need bi-directional power flow in the 

generator-side converter since it requires external reactive 

power support from the grid. 

2.4   Diode Bridge Rectifier: 

 

The diode rectifier converts the three-phase AC voltage of 

the PMSG into DC voltage. Eqn. (3) gives the average 

output voltage of the rectifier 

 V
mph

is 

the peak value of the phase voltage of IG 

 

2.3. DC-DC boost converter: 

Incorporating an extra DC/DC converter gives the 

following advantages:  

1. Control of generator-side DC-voltage through variation 

of the switching ratio  

2. Maintains appropriate inverter-side DC-voltage, 3. 

Allows for selective harmonic elimination (SHE) 

switching, giving reduced losses,  

4. Inverter no longer needs to control DC-voltage, and has 

more flexible control. 

3. BOOST CONVERTER 

The boost converter converts the rectified DC voltage into 

DC voltage of the desired magnitude. The boost converter 

operates in the continuous conduction mode. Fig. 2 shows 

the circuit of the boost converter. There are two modes of 

operation for the boost converter. In mode 1, the switch is 

ON, the diode is in the OFF condition and the inductor 

stores energy. During this period, the capacitor supplies 

the output current. In mode 2, the switch is in the OFF 

condition, the capacitor stores energy and the energy 

stored in the inductor gets dissipated. Eqn. (4) gives the 

average output voltage of the converter (V
DCB

). Eqns. (5) 

and (6) give the design equations for the boost converter. 

 
Figure-2 circuit of Boost converter in CCM 

 

 
ΔI is the peak to peak ripple current of the inductor, ΔV

c 

is the peak to peak ripple voltage of the  capacitor,  k is 

the duty ratio of the switch S and f
s 

is the switching 

frequency. 

4. CIRCUIT CONFIGURATION 

Fig.3 shows a proposed system consisting of a  phase 

shifting transformer, diode-rectifier, DC-DC boost 

converter connected to inverter containing grid side The 

power-factor also improved by using the combined 

system. 
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Figure 3: IG-WECS system with multi channel boost 

converter 

Multi-pulse rectifier is applied to the IG-based WECS, 

which not only improves the stator current and reduces 

torque ripple, but also redistributes the whole 

transmission power of the system and reduces the power 

level of each boost chopper unit through the secondary 

windings of the transformer Wind Turbine model block in 

MATLAB implements a variable pitch wind turbine 

model. The performance coefficient Cp of the turbine is 

the mechanical output power of the turbine divided by 

wind power and a function of wind speed, rotational 

speed, and pitch angle (beta). Cp reaches its maximum 

value at zero beta. Select the wind-turbine power 

characteristics display to plot the turbine characteristics at 

the specified pitch angle. 

The first input is the generator speed in per unit of the 

generator base speed. For a synchronous or asynchronous 

generator, the base speed is the synchronous speed. For a 

induction generator, the base speed is defined as the speed 

producing nominal voltage at no load. The second input is 

the blade pitch angle (beta) in degrees. The third input is 

the wind speed in m/s. The output is the torque applied to 

the generator shaft in per unit of the generator ratings. 

The turbine inertia must be added to the generator inertia. 

 

 

5. SIMULATION RESULTS 

The model FOR IG-WECS based boost converter has 

been successfully modeled and tested using 

MATLAB/SIMULINK toolbox.  

 
Figure 4: Simulation model of proposed work 

 

Figure 5: Simulation model of Wind energy  

generation system 

 

 
Figure 6: waveforms of instantaneous power 

containing P& Q component 
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Figure 7:  waveform of voltage and current across 

load  

 
 

Figure 8: waveforms of wind speed 

(wm/sec),torque(Tm),speed of rotor, pitch angle 

 

7. CONCLUSION 

In the wind energy conversion system (WECS) based 

on the induction  generator, the topology that a wind 

generator is connected to a boost inverter through a diode 

rectifier and a boost chopper is widely adopted for its low 

cost and high reliability The wind energy system is modeled 

with the IG in MATLAB/ Simulink. A boost converter is 

designed to step up or step down the voltage for decreasing 

or increasing wind speeds. 

8. REFERENCES 

[1] L. Gertmar, L. Liljestrand, and H. Lendenmann, 

“Wind energy powersthat- be successor generation in 

globalization,” IEEE Trans. Energy Convers., vol. 22, no. 

1, pp. 13–28, Mar. 2007. 

 

[2] C. L. Xia, X. Gu, and Y. Yan, “Neutral-Point potential 

balancing of three level inverters in direct-driven wind 

energy conversion system,” IEEE Trans. Energy 

Convers., vol. 26, no. 1, pp. 18–29, Mar. 2011. [3] C. L. 

Xia and Z. F. Song, “Wind energy in China: current 

scenario and future perspectives,” Renew. Sustain. Energy 

Rev., vol. 13, pp. 1966–1974, Oct. 2009. 

 

[4] D. Yao and R. G. Harley, “Present and future Trends 

in wind turbine generator designs,” in Proc. IEEE Power 

Electron. Machines Wind Appl. Conf., 2009, pp. 1–6. 

 

[5] J. M.Carrasco, L. G. Franquelo, and J. T. 

Bialasiewicz, “Power-Electronic systems for the grid 

integration of renewable energy sources: A Survey,” 

IEEE Trans. Ind. Electron., vol. 53, no. 4, pp. 1002–1016, 

Aug. 2006. 

 

[6] Y. K. Tan and S. K. Panda, “Optimized wind energy 

harvesting system using resistance emulator and active 

rectifier for wireless sensor nodes,” IEEE Trans. Power 

Electron., vol. 26, no. 1, pp. 38–50, Jan. 2011. 

 

[7] H. Polinder, F. F .A. van der Pijl, G.-J. de Vilder, and 

P. J. Tavner, “Comparison of direct-drive and geared 

generator concepts for wind turbines,” IEEE Trans. 

Energy Convers., vol. 21, no. 3, pp. 725–733, Sep. 2006. 

 

 [8] M. Chinchilla, S. Arnaltes, and J. C. Burgos, “Control 

of permanentmagnet generators applied to variable-speed 

wind energy systems connected to the grid,” IEEE Trans. 

Energy Convers., vol. 21, no. 1, pp. 130– 135, Mar. 2006. 

 

[9] G. Shrestha, H. Polinder, D. Bang, and J. A. Ferreira, 

“Structural flexibility: A solution for weight reduction of 

large direct-drive wind-turbine generators,” IEEE Trans. 

Energy Convers., vol. 25, no. 3, pp. 732–740, Sep. 2010. 

 

[10] B. Kroposki, C. Pink, R. DeBlasio, H. Thomas, G. 

M. Sim˜oes, and P. K. Sen, “Benefits of power electronic 

interfaces for distributed energy systems,” IEEE Trans. 

Energy Convers., vol. 25, no. 3, pp. 901–908, Apr. 2010. 

 


