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ABSTRACT 

 

With the development in Wind Energy Conversion System (WECS), various types of electrical generators 

according to the application along with appropriate power electronic interface has been used to provide 

electrical power to grid/load. The main component of rectifier-inverter interface is inverter, which uses Pulse 

Width Modulation (PWM) for control purpose. Various modulation schemes are used to generate pulses of 

voltage source inverter. In this paper, triangular carrier based pulse width modulation scheme is used and 

simulation results are presented and performance of the system is investigated. The system performance is 

investigated on the basis of voltage and current THD, power factor, and active and reactive power 

consumption. 

Keywords : Wind Energy Conversion System (WECS), Pulse Width Modulation (PWM), Space Vector 

Modulation (SVM), Sinusoidal Pulse Width Modulation (SPWM) 

 

I. INTRODUCTION 

 

The wind turbine generates power at variable 

voltage and frequency due to variability of wind 

speed. Power electronic interface between WECS 

and grid/load resolves this problem to a great extent. 

Generated power is converted into DC by the 

rectifier of power electronic interface. This power of 

DC-link is converted into AC power at rated voltage 

and frequency through inverter of interface, to be 

fed to the grid/load. 

 

  It is essential to observe the impact of power 

output variation on the power quality of stand-alone 

WECS [1]. The impact on power quality is mainly 

observed in terms of  voltage harmonics, current 

harmonics and reactive power consumption. In 

stand-alone WECS, load also shows impact on 

system voltage and power factor, such as at light 

load conditions the voltage may go up and power 

factor become leading.  

 

A review paper by Frede Blaabjerg et al. [2] has 

presented the detailed study of various power 

electronics interface and control system used for 

WECS.  This paper is mainly focused on  triangular 

carrier based space vector modulation used in power 

electronics interface  of stand-alone WECS. PMSG 

based WECS is developed by C. N. Bhende et al. in 

[3] in which a novel control strategy for maximum 

power extraction and output voltage and frequency 

controller is discussed.  

 

 Errami et al. in [4] has proposed a PMSG 

based wind energy conversion system in which 

generator is modelled in synchronous reference 
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frame. MPPT based control is applied to control the 

torque. The speed control is implemented through 

field orientation in which to control the generator 

speed, q-axis current is used and the d-axis current is 

set to zero. Numerous literature is available which is 

mainly based on generator side control, dc-link 

voltage control and controlling of grid side inverter. 

Stand-alone WECS is presented by many authors in 

[5-7] but load side inverter controlling is not 

presented in detail. 

  

 A review paper by Orlando et al. [8] is 

presented the various control issues for small wind 

energy conversion systems. Specific issues for small 

WECS and their universal mode operation are also 

presented which leads such system to work either as 

stand-alone or grid connected system. But 

controlling in stand-alone mode is not covered in 

detail for load side inverter. 

 

 Main objective of this paper is to implement 

the triangular carrier based pulse width modulation 

method used for load side inverter simulated model 

of a wind energy conversion system.  The 

performance of WECS is discussed through analysis 

on factors influencing power quality like %THD in 

voltage and current, power factor and reactive 

power consumption. The detailed mathematical 

modeling of WECS is covered in reference [9] and 

out of the scope for this paper.  

 

 Rectifier-inverter power electronic interface 

is discussed in subsequent section to observe the 

performance of control method used for generating 

gate pulse for inverter by simulation results. 

 

II. WECS WITH RECTIFIER-INVERTER 

INTERFACE 

The rectifier-inverter interface is most commonly 

used power electronic interface in WECS for getting 

constant power and sinusoidal voltage at rated 

frequency as shown in Fig.1. The generator output 

voltage is fed to the three phase rectifier, which 

converts it into the DC voltage. The DC link 

capacitor on the DC side of rectifier regulates this 

voltage and feeds it to the three phase IGBT inverter. 

The 3-phase voltage available lastly at the output of 

the inverter at rated frequency is supplied to the 

grid/load as shown in Fig.1 
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Figure 1. Power Transfer Stages in Wind Energy 

Conversion System 

 

III. LOAD SIDE CONVERTER CONTROL SCHEME 

 In WECS, a control method is used to 

generate gate pulses for inverters to regulate 

frequency and voltage. The dc-link in the middle of 

interface used in WECS provides decoupling 

between rectifier and inverter. The main component 

of interface is inverter, which uses Pulse Width 

Modulation (PWM) for controlling purposes. The 

switching elements are power semiconductors that 

operate at high frequencies. There are various 

methods for controlling converter. 

 

 The voltage source converter must keep 

voltage and frequency constant for different load 

conditions. Hence, in any converter control scheme, 

the main objective is to determine the reference 

signal in the PWM control block to allow the load 

voltage to track the reference. The most commonly 

used PWM methods for 3-  VSIs are carrier-based 

sinusoidal PWM, and space vector PWM. In PWM 

schemes switching instants are selected such as the 

desired output waveform with acceptable harmonic 

limit is obtained. Simulations results are obtained 

using triangular carrier based SVM methods are 

discussed.  

 

For simulation studies for a 10 KVA system are as 

follows- 

   = 3- , 400V,   = 50 Hz, 

  DC link capacitance -     = 2200 µF, 

 Snubber circuit values -    = 0.1  F, 
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     = 100 , 

  PI controller -   = 0.02,   = 20 

 

IV. TRIANGULAR CARRIER BASED PULSE 

WIDTH MODULATION 

 

 An appropriate control scheme is needed to 

cope up with uncertainties in the network different 

operating conditions due to the load/ parameters 

variations. Space Vector Modulation (SVM) was 

formerly evolved as vector approach to PWM for 

three phase inverters. Triangular carrier pulse width 

modulation is an advanced and more revolutionary 

approach for generating sinusoidal waveform that 

offers a higher voltage to the load with lower THD 

[10]. The main objective of any modulation method 

is to get variable output having maximum value of 

fundamental component along with desired 

harmonics. The triangular carrier based SVM 

method is implemented by user defined subsystems. 

These are shown in Fig.2.  

 

 In triangular carrier based pulse width 

modulation, rather than using a separate modulator 

for each of the phases, the complex reference voltage 

vector is processed as a whole. Space vector PWM 

can be easily implemented in digital signal processor 

[11] which has increased its uses in the last decade. 

In conventional SVM, synthesis of the output 

voltage is achieved by chosen the appropriate states 

of VSI switches and their time slot in such a way 

that the output voltage is best approximated. Quick 

implementation of SVM is possible by using 

triangular carrier based pulse width modulation. It is 

easy in implementation as sector determination is 

not required in carrier based PWM. The pulses can 

be generated by comparing duty ratio profile with 

high frequency triangular carrier similar to 

sinusoidal pulse width modulation. 

 

 

 
(a) 

 
   (b) 

Figure 2. (a) Simulation block diagram for SVM to 

generate gate pulse (b) SVM control signal generator 

for triangular carrier based SVM 

 

V. RESULTS AND DISCUSSIONS 

 

 Simulation results for WECS in steady state 

condition are shown in Fig.3 (a)-(e). Generator voltage 

(  ), generator current (  ), DC-link voltage (   ), 

source current (  ) and load current (  ) waveforms 

for „A‟ phase are shown in Fig.3 at steady state 

condition. Various voltage and current waveforms and 

their frequency spectrums are shown in Fig.4 Total 

harmonic distortions in voltage waveform are reduced 

from 29.46 % on generator side to 0.86 % on power 

electronic (rectifier-inverter) interface output after 

filter, while the current output from the generator 

having THD of 22.51% improves to the current at 

power electronic interface output after filter with 

THD 3.35 %. The notches in current waveform are 

the result of creeping in DC-link voltage which may 

be further reduced by advanced tuning of controller 

parameters.   

 

 Fig.5 (a)-(c) represents instantaneous active 

power (P), reactive power (Q), and at WECS output at 

steady state. It is found that rectifier-inverter interface 

with active filter makes the power flow smooth by 
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reducing the generator voltage harmonics. Hence, 

fulfills the requirement of IEEE Standards. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

 
(e) 

 

Figure 3. (a) Generator voltage    (b) generator 

current    (c) DC-link voltage     (d) inverter current 

   (e) load current    

 
(a) 

 

 
(b) 

Figure 4. Frequency spectrum of (a) generator voltage 

Vg (b) generator current Ig 

 

 
(c) 
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(d) 

Fig. 4(c) source voltage    and (d) source current    at 

WECS 

 

(a) 

 
(b) 

 

 
(c) 

 

Figure 5. (a) Instantaneous active power P, (b) reactive 

power Q and (c) source voltage    and source current 

   at WECS 

 

 Table 1 enlists the performance of switching 

scheme used for generating pulses for voltage source 

inverters to provide controlled output. The 

performance of WECS is better in triangular carrier 

based SVM in terms of %THD in source current and 

source voltage, both are under the limits in both 

methods. 

 

Table 1 Summary of various components for WECS in 

RII with triangular carrier based SVM switching 

scheme 

 

Component Triangular Carrier 

based SVM 

%THD of Source voltage 0.86 

%THD of Source current 3.34 

Active Power (W) 9775 

Reactive Power (VAr) 129 

DC-link voltage variation 

(V) 

625 - 630 

Power factor 0.9999 

 

VI.CONCLUSION 

Use of power electronics interface is essential between 

the generator and grid/load to convert the variable 

generated output to constant voltage and frequency to 

feed to grid/load. This paper presents the performance 

of a WECS with RII connected to a stand-alone load. 

The effectiveness of applied modulation method is 

discussed on the basis of total harmonic distortion in 

voltage and current waveforms, variation in dc–link 

voltage, reactive power compensation and power 

factor of the system. It is observed that triangular 

carrier PWM have better utilization of the dc-link 

voltage, low current ripple and relatively easy to 

implement in hardware. It is concluded that triangular 

carrier pulse width modulation control method works 

well in stand-alone WECS. Triangular carrier pulse 

width modulation is more sophisticated, and it gives 

more voltage output.  Thus, DC voltage utilization is 

increased by using above method. 
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