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Abstract-Wind Energy has been the most widely used non-conventional, renewable energy source. The technological advancements 

in the area of Wind Energy Conversion Systems (WECS) has led to a number of environmental, social and economic benefits. 

Variable-speed WECS provides lot of advantages when compared with Constant-speed WECS, which includes an increase in power 

output, reduction in mechanical stress and an improvement in power quality and system efficiency. In recent years, many power 

converter are being developed for operating wind turbines at variable speed, to maximize the power extraction. In this paper a three 

phase back to back converter has been designed and simulated using PSIM software. The converter has been designed to transform the 

variable voltage, variable frequency input into a constant voltage, constant frequency output. A PI controller has been used to control 

the output voltage. The output voltage is maintained at 60V while output frequency is maintained at 50 Hz. 

 
Index Terms— Back to back converter, constant voltage constant frequency supply, Permanent magnet synchronous generator, 

Variable voltage variable frequency supply, Wind energy conversion system. 

 

I. INTRODUCTION 

A basic understanding of wind power and the existing 

conversion technology is important for the design of WECS. 

The effective utilization of wind power and the different 

technologies for wind power extraction are explained in [1]-

[2]. The details of a wind turbine regarding its structure, 

control and the control loops are explained in [1]. Reference 

[1] points that generator torque and blade pitch control system 

as areas where significant performance improvements and 

achievements are possible. Reference [1] also describes the 

recent controllers that have been developed for wind turbines. 
The calculation of power available in wind and the mechanical 

power extracted by the turbine is given in [2]-[3].  

The mechanical power output from a wind turbine can be 
calculated by- 

Power = air density x swept area of turbine blade x velocity 

cubed x coefficient of power 

P = ½.ρ.A.V3.                                                              (1)                                                                                                

  Where, P is power in watts (W) 

 ρ is the air density  (kg/m3).  

A is the swept rotor area  (m2). 

V is the wind speed  (m/s). 

 is the capacity factor of turbine. (max value is 

16/25) 

A generator is used to convert the rotational power output 

of the turbine into electrical power. The various types of 

generators available for WECS and their characteristics are 

given in [4]-[5]. The types of generators used in WECS 

includes SCIG, DFIG and PMSG. Methods to control the 

generators and the steady state analysis of those machines are 

given in [5]. 

During variable wind speed conditions, the PMSG 

connected to a wind turbine will have a variable voltage and 

variable frequency output. We use power electronics 

converters, which help in converting power into a constant 

voltage and frequency. The various configuration of power 

converters available for WECS and their control methods are 

given in [5]-[6]. AC Voltage Controllers, Interleaved Boost 

converters, Two Level Voltage Source Converters and PWM 

Current source Converters have been listed as the commonly 

used converters in [5]. Among them, Back-to-back PWM-

VSC is the most widely used. The dc-link capacitor in the 

configuration provides an isolation between the two converters 

and thereby separating the controls of the two converters. It 

also allows the compensation of asymmetry of both on the 

generator side and on the load side. The drawbacks of this 

topology includes heating caused by large no of switches and 

Electromagnetic Interference (EMI) created by the PWM 

control.  Besides reference [6] gives details of probable 

converter topologies and power semiconductor devices that 

are likely to be used in wind power application in the 

upcoming future. It includes their advantages and drawbacks. 

The main topology that has been explained is Two Level 

Converters. The other technologies include Multi-Level 

Converters and Multi Cell Converters. The different 

semiconductor technologies that are used in wind power 

application include, module packed Insulated Gate Bipolar 

Transistor (IGBT), press-packed packaging IGBT and the 

press-packed Integrated Gate Commutated Thyristor (IGCT). 

Reference [6] also explains about the designing of a back to 

back converters that are useful for variable-speed WECS. 

II. BACK TO BACK CONVERTER 

Back to back converter is a two stage converter, first it 

converts the variable frequency, variable voltage  AC to a 

fixed DC voltage and then inverts it back to an AC voltage of 

required frequency and voltage. The back to back converter 

can be split into converter 1 (generator side converter), a dc 

link and converter 2 (load side converter). The converter 1 

converts AC to DC, while converter 2 converts DC to AC. The 

dc link helps in maintaining a constant DC voltage in between 

the two converters. Fig. 1 shows the basic block diagram 

WECS with a back to back converter. 
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Fig. 1. Block diagram of a WECS with a Back to Back converter 

 

 

Fig. 2 Circuit for converter integrated with PMSG 

 

The gating pulse generator identifies the input frequency 

and provides the gating pulses for the converter 1 to convert 

the three phase AC to DC. The controller checks the output 

voltage and then it provides suitable gating pulses to converter 

2 so that a constant voltage, constant frequency output is 

obtained.  

III. SIMULATION  

The WECS using back to back converter has been simulated 

using PSIM software. The three phase back to back converter 

has been designed using IGBT switches. The variable speed 

WECS has been simulated by integrating the wind turbine 

model with the PMSG model. The parameters used in 

designing the generator and turbine are given is table 1 and 

table 2.  A constant integer value is given as wind speed input 

to the turbine [9] model to generate a constant speed 

condition, while a variable value is given as wind speed input 

to generate a variable wind speed condition. 

The circuit diagram for WECS integrated with back to back 

converter has been presented in fig. 2. Here the WECS 

provides a variable voltage, variable frequency supply to the 

converter. The converter converts it to a constant voltage, 

constant frequency supply. The gating pulse generator detects 

the frequency of supply and provides suitable SPWM gating 

pulses to the converter 1. The carrier frequency of the SPWM 

is taken as 900 Hz. The circuit diagram for the gating pulse 

generator has been shown in fig. 3. The converter 1 converts 

the 3 phase AC supply from the generator to a DC output. The 

converter 2 converts the DC back to a 3 phase AC of required 

frequency and voltage. 

 

Table 1 Generator parameters (non-salient pole PMSG 

0.5kw) 

 
 

Table 2 Turbine parameters 

 
 

The converter output is fed to a balanced three phase 

resistive load of 10 ohm/ phase. The controller controls the 

SPWM pulse to the load side converter. It is a PI controller 

which controls the output voltage and frequency and maintains 
it as a constant of 60 V, 50 Hz. The value for the parameters 

of PI controller has been given in table 3. The output line 
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voltage is measured and fed back to the controller. The 

measured value is equated with the reference value (60 V) 

using a comparator. The difference between two value is the 

error, which is fed as input to the PI controller. The PI 

controller generates a corresponding control output, which is 

fed to the gating pulse generator. Any changes in the output is 
controlled and output voltage is brought back to reference 

value. The circuit diagram for the controller is shown in fig. 4. 

 

Table 3. PI Controller Parameters 

 
 

 

 
 

Fig. 3 Circuit for gating pulse generator 

 

The PMSG is connected to a back to back converter. The 

output the system is simulated for constant and variable 

wind speed conditions. Fig. 5 shows the waveforms of the 
system during a constant wind speed condition. During 

this condition the wind speed is considered to be at the 

rated speed of the system at 12 m/sec. By observing fig. 4 

– 10 we can see that during constant wind speed condition 

the power generated from the generator has a constant 

voltage and constant frequency. Also the power coming 

out from the converter has a constant voltage of 60V, 50 

Hz. 

 

 
Fig. 4. Controller circuit 

 

 
Fig. 5 Wind speed 

 
Fig. 6 Rotor speed 

 

 
Fig. 7 Output voltage of generator 

 

 
Fig. 8 DC link voltage 

 

 
Fig. 9 Output voltage of converter 

 

 

 
Fig. 10 Output voltage of converter (enlarged view) 
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Fig. 11 - 16 shows the waveforms of the system at variable 

speed condition. At the starting the turbine is given a wind 

speed of 6 m/sec. At time, T = 2 sec the wind speed is 

increased to 12 m/sec, and at time, T = 4 sec the wind speed is 

increased to 14 m/sec. Fig 11 and 12 shows the  variation in 

wind speed and rotor speed of generator respectively. By 

observing fig. 13 we can see that the generator output voltage 

and frequency (input to converter) varies with variations in 

wind speed. Fig. 15 shows the output of back to back 

converter which has a constant voltage and constant 

frequency. Fig 16 shows the enlarged view of input voltage 

and output voltage of the converter. We can observe that the 

output frequency is 50 Hz. 

 

 
Fig. 11 Wind speed 

 
Fig. 12 Rotor speed 

 
Fig. 13 Output voltage of generator 

 
Fig. 14 DC link voltage 

 
Fig. 15 Output voltage of converter 

 

 
Fig. 16 Input and Output voltage of converter (enlarged 

view) 

 

 

From fig. 10 to 16 we can observe that although there is a 

variation in output voltage of generator the converter controls 

it and gives a constant output voltage. Thus we can see that 

even at variable speed conditions the system can give a 

constant voltage, constant frequency output. 

IV. RESULT 

Table 4 shows the output parameters of WECS using the 

back to back converter at various wind speeds. By observing 

table 4 we can observe that when wind speed is varying the 

output voltage and frequency from the generator will vary. 

The back to back converter helps the output voltage and 

frequency to be maintained at a constant value.  

 

Table 4. Output values WECS integrated with back to 

back converter 
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V. CONCLUSION 

The simulation of a PMSG based WECS using a back to 

back converter has be done using PSIM software. It has been 

observed that during a variable wind speed operation the 

closed loop operation of the system helps in maintaining the 

output voltage and frequency at constant value of 60 V and 50 

Hz. 
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