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Abstract: - In present scenario of power quality induction 
generators were well used with wind turbines because of their 
low cost, maintenance and operational performance, but due to 
less efficient or harmonic detection additional or compensatory 
element must be required with this. In this paper various  ranges 
of static  capacitors are employed to improve power quality of 
system and attempt is made to analysis the effect of reactive 
source of system here MATLAB/SIMULINK is used for 
performance analysis and highlighted system output results. 
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I. INTRODUCTION 

In Electrical energy generation field wind power technology 
is known science many centuries .A machine built by 
Charles F. Brush in Cleveland, Ohio in 1888 produced the 
first wind- powered electricity. It had a rated power of 12 
kW direct current [1]. Direct current electricity production 
continued in the form of small scale, stand-alone (not 
connected to a grid) systems until the first large scale AC 
turbine was constructed in the USA in1930’s. There was 
then a general pause in interest until  the  1970's  when  the  
fuel  crises  sparked  a revival in research and development 
work in USA, Canada  and  Europe[2].  Modern  wind  
turbine generators are highly sophisticated machines, taking 
full advantage of state-of-the-art technology, led by 
improvements in aerodynamic and structural design, 
materials technology, mechanical, electrical and control 
engineering and capable of producing several megawatts of 
electricity[3]. 

Installation cost of wind power plants in 1980‘s dropped 
considerably and wind power became an economically 
attractive option for commercial electricity generation[1]. 
Large  wind  farms  or  wind power  stations  have  become  
a common sight  in many western countries. For developing 
countries like India, wind turbines offer an attractive 
source for power production[2]. 

The development of wind power in india began in the 
1990’s and has significantly increase in the last few years. 

Although a relative newcomer to the wind industry 
compared with Denmark or the united states, India has the 
fifth largest installed wind power capacity in the world [4], 
In 2009-10 India growth rate was highest among the other 
top four countries[1]. The installed capacity of india wind 
power reached to 6.270MW by the end of December2006.In 
the past years, the size of wind turbines and the size of wind 
power plants have increased significantly ,A large increase 
in wind generation was witnessed in the year 2006-07.[5] 

As of 31March2014 the installed capacity of wind power 
was 21136.3MW mainly spread across Timal Nadu(7253 
MW) Gujrat (2355MW),Madhya Pradesh (386MW),Andhra 
Pradesh (435MW), Kerala (35.1MW), Orissa (2MW) ,West 
Bengal (1.1 MW) andother states (3.20MW )[5]. IT is 
estimated that 6000MW of additional wind power Capacity 
will be installed in India by 2014 [6]. Wind power accounts 
for 8.5% of Indians total installedpower capacity and it 
generates 1.6% of the country’s power. 

The total wind energy Potential in India has been estimated 
at over 50,000MW [7]. 

The currently installed wind power capacity generates more 
than 1% of the global electricity consumption. Based on the 
accelerated development. WWEA has increased its 
prediction for 2010 and expects now 160,000MW to be 
installed by the end of 2010 [5]. Five countries added more 
than 1000MW. The united state of Anerica (2,454MW), 
Germany (2,194MW), India (1,840MW) and Spain 
(1,587MW) were able to secure their leading market 
positions and China (1,145MW) joined the group of the now 
top five markets and is now number five in terms of added 
capacity[8]. 

Induction generators are increasingly being used in wind 
energy generation systems for energy generation system for 
energy conversion. The advantages of using an induction 
generator. These can be used in stand alone; grid connected 
or  doubly fed modes[9]. The advantages of using induction 
generators are their simple construction ; no brushes ,diode 
or collector rings ,no synchronizing circuit for paralleling to 
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the utility, lower maintenance cost and large power swings 
do not pull the generators out of  synchronization with the 
system [10]. 

 In the recent years SEIG’s have received increased 
attention and they have been extensively utilized as suitable 
isolated power source[11]. The same machine can be 
connected to the grid to work as GCIG with capacitor 
compensation to supply the reactive power [12]. DFIG are 
also extensively used for power generation with the 
development in the power electronics. 

The amount increase of wind power generation has 
achievement of the capability of the infrastructure for which 
it was designed[13]. Infrastructure of wind generation plant 
plays small role in hole generation. in the past wind power 
plants were so small ,but the relaxation in rules of 
installation of wind power plants to encourage the wind 
power and early the lack of rules, standards and regulations 
is main hurdle in wind power generation [14]. Wind power 
development has proven to be and increasing threat to the 
stability and power quality of the interconnected grid 
[13].Power quality is the term that embraces all aspects 
associated with the amplitude, phase and frequency of the 
voltage and current wave forms existing in the power 
circuit, Electric utilities have the objective to deliver a 
Sinusoidal voltage at a fairly constant magnitude and 
frequency through their system now these day the power 
quality issues is more interest due to the loads that are 
increasingly sensitive to the power quality issues[15] .The 
primary factor in the deterioration of the power quality is 
the voltage quality generated by said wind turbines 
generators. The large reactive current has sufficient time to 
create a brief increase in the voltage drop at the line side 
and hence lead to the disruption of the voltage quality [16].     

 Power quality issues in wind turbines are of 
particular interest for wind electrical generation because; 
the wind turbines are connected to distribution feeders 
rather than to transmission lines[17]. Distribution feeders 
are not electrically “stiff,” and are less able to deal with a 
fluctuating source like a wind turbine[18]. (Stiffness 
refers to  the  ability  of  a feeder to maintain constant 
voltage during periods of  high  current.)  Moreover, utility  
customers  are typically located on the same distribution 
line, sometimes relatively close to the wind turbine(s), 
without intervening substations or transmission lines, the 
customers will be more directly exposed to power quality 
problems if any exists[19]. 

 The variations in output power inherent with wind  turbines 
caused by  changes in  wind  speed, turbulence, wind 

turbine switching events (e.g. starting, stopping, and 
switching speeds), and other phenomena have the potential 
to degrade the power quality of a distribution feeder[18]. 
These power quality disturbances include sags, spikes, or 
transients in supply voltage as well as unbalanced voltages, 
harmonics and flicker. Obviously, not all of the 
disturbances are  present simultaneously[20]. Some  of 
them may be innocent while others may have detrimental 
effects on smooth operation of sensitive equipment. 
Because wind is a time dependent and highly variable 
source, the power quality delivered to the grid must be 
within the desired limits[23]. 

In this paper study of improved power quality of system by 
using different range s of capacitors bank used for 
compensate voltage and harmonics of SEIG. Efforts  are 
made to find sutiable value of capacitor to analysis the 
effect of reactive source of system .here MATLAB 
/SIMUULINK is used for performance analysis. 

II. SYSTEM DESCRIPTION  

The system consists of 480V, 60 Hz, 275-kVA, induction 
generators driven by wind turbine a fixed resistive customer 
load of 200 kW. 

 
       Fig. 1 System Schematic 

The three-phase delta connected capacitor bank is 
connected at the terminals of the induction generator. 

The value of this capacitor bank can be changed to study 
the effect on voltage profile and harmonics. The wind speed 
is kept constant for the study at 10 m/s. The Wind Turbine 
block uses a 2-D Lookup Table to compute the turbine 
torque output (Tm) as a  function  of  wind  speed  
(w_Wind)  and  turbine speed (w_Turb). The Pm (w_Wind, 
w_Turb) characteristic was automatically loaded in the 
workspace (psbwindgen_char array) when we open this 
setup. The turbine characteristics can be displayed  by  
double  click  on  the  block  located below the Wind 
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Turbine block. The asynchronous machine operates in 
generator mode; its speed is slightly above the synchronous 
speed. According to turbine characteristics, for a 10 m/s 
wind speed, the turbine output power is 0.75 p.u. (206 kW). 

Because of the asynchronous machine losses, the wind 
turbine produces 200 kW. Scope 1 is used to record  the  
p.u.  values  of  terminal  voltage  and current of the 
induction generator and Scope-2 records the power at the 
generator terminals, wind speed and the generator speed. 

III. SIMULATION RESULT AND DISCUSSION 

The above said system was simulated in MATLAB using 
the Simpower system toolbox of SIMULINK to study the 
effect of variation in capacitive compensation on voltage 
profile and harmonics. The SIMULINK model of the 
system is shown in fig.1. The simulation time is 30 sec. 
Machine parameters are given in section-5. 

3.1 CAPACITOR BANK VALUE 95 KVAr 

3.1.1 OPERATING WAVE AT 480 Volt. 60Hz  

 
Figure:3.1.1(a) Induction generator terminal Voltage VL, 

and line current IL 

 
Figure:3.1.1(b) Power in kw, wind speed in m/s and 

induction generator speed in p.u. 

The capacitor bank value when fixed at 95 KVAr shows that 
the voltage profile becomes smooth (fig.3.1.1a) .There are 
very small variation at the start during the instant (0sec to 1 
sec) the voltage drop to very low value of 1p.u. after 
1second. Voltage started increasing and reached up to 2.2 

p.u. momentarily then after going a low value of 1.7p.u., it 
finally settles to 1.5 p.u. .Similar, kinds of variations are 
also recorded in the current, during the instant (0sec to 1 
sec)  current reaches to very low value of 1p.u. after 1sec. 
The current started increasing and reached up to 2.2 p.u. 
momentarily then after going a low value of 1.7p.u. it finally 
settles to 1.5 p.u.  

Variations in the power and generator speed are very slow. 
With this value of capacitor the parameter under 
consideration i.e. voltage profile and generator speed are 
within limits. at 480V,60Hz the best results are found motor 
runs very smoothly. 

3.1.2 OPERATING WAVE AT 230 Volt, 50 Hz, 

 
Figure:3.1.2(a) Induction generator terminal Voltage VL, 

and line current IL 

 
Figure:3.1.2(b) Power in kw, wind speed in m/s and 

induction generator speed in p.u. 

Large variation in the voltage profile are recorded when the 
value of capacitor bank at the terminal of induction 
generator is 95KVAr (fig.3.1.2a)at the starting i.e. during 
the instant (2sec to 9 sec) the voltage drop to very low value 
of 1.5p.u. after 10sec. the voltage started increasing and 
reached up to 1.8 p.u. momentarily then after going a low 
value of 1p.u. it finally settles to 1.3 p.u. similar kinds of 
variations are also recorded in the current. during the instant 
(2sec to 9 sec) the current reaches to very low value of 
1.5p.u. after 10sec. the current started increasing and 
reached up to 1.8 p.u. momentarily then after going a low 
value of 1p.u. it finally settles to 1.3 p.u.   
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The Power output is reduced to zero during the large dip in 
the voltage (fig3.1.2b). Power reaches its maximum value at 
the instant t=17sec. reduces to a value as low as 550kw and 
then finally settles to 298kw. The wind speed is shown 
constant at 10m/s. the generator speed is reached up to 
1.6p.u. after variation from 1.8p.u. at 13 sec. and 1.6p.u. at 
17 sec. 

3.2 CAPACITOR BANK VALUE 115KVAr. 

3.2.1 OPERATING WAVE AT 480Volt. 60Hz 

 

Figure:3.2.1(a) Induction generator terminal Voltage VL, 
and line current IL 

 

Figure:3.2.1(b) Power in kw, wind speed in m/s and 
induction generator speed in p.u. 

Fig.3.2.1(a) and fig.3.2.1(b) shows the performance of SEIG 
with a capacitor bank rated as 115KVAr. An increase in the 
voltage is observed when the capacitor bank value is 
changed to 115 KVAr. during the instant (0sec to 1 sec) the 
voltage drop to very low value of 1p.u. after 1sec. the 
voltage started increasing and reached up to 2.2 p.u. 
momentarily then after going a low value of 1.7p.u. it finally 
settles to 1.5 p.u. similar kinds of variations are also 
recorded in the current. during the instant (0sec to 1 sec) the 
current reach to very low value of 1p.u. after 1sec. the 
current started increasing and reached up to 2.2 p.u. 
momentarily then after going a low value of 1.7p.u. it finally 
settles to 1.5 p.u.  

The voltage rises to 2.2p.u. and then drops back to 1.5 p.u. 
the decrease in the generator speed is also observed. The 
speed is reduced to a value of 0.9 p.u. The wind speed is 
shown constant at 10m/s. 

3.2.2 OPERATING WAVE AT 230Volt. 50Hz  

 

Figure:3.2.2(a) Induction generator terminal  Voltage VL, 
and line current IL 

 

Figure:3.2.2(b) Power in kw, wind speed in m/s and 
induction generator speed in p.u. 

When the value of capacitor bank is changed to 115 KVAr 
the improvement in the voltage profile is seen. during the 
instant (2sec to 9 sec) the voltage drop to very low value of 
1.5p.u. After 10sec. the voltage started increasing and 
reached up to 2.2 p.u. momentarily then after going a low 
value of 1.7p.u. it finally settles to 1.5 p.u.  

Similar kinds of variations are also recorded in the current. 
During the instant (2sec to 9 sec) the current reach to very 
low value of 1.5p.u. After 10sec. the current started 
increasing and reached up to 2.2 p.u. momentarily then after 
going a low value of 1.7p.u. it finally settles to 1.5 p.u. the 
duration of dip in the voltage and magnitude is reduced and 
becomes stable at value nearly 1.5 p.u. at a faster rate(fig 
3.2.2 a). 
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Variations in the output power are shown in the figure 
3.2.2(b). a variation is from 190kw to 750kw and becomes 
steady at 380kw. The wind speed is constant at 10m/s. the 
generator speed variations are also reduced. 

 
3.3 COMPARISON BETWEEN DIFFERENT 
OPERATING WAVES 

S. 
No. 

Reactive 
Power 

Component 
Comparison 

Operating 
Value 

Operating 
Value 

480V,60Hz 230V,50Hz 

1 95KVAr 

Similarities 

Wind 
speed 

constant at 
10m/s 

Wind 
speed 

constant at 
10m/s 

P.u. values 
of voltage, 
current and 

input 
power are 
constant 

P.u. values 
of voltage, 
current and 

input 
power are 
constant 

Dissimilarities 

P.u. value 
of 

generator 
speed is 

1.05 

P.u. value 
of 

generator 
speed is 

1.6. 

Output 
Output 

Power is 
380kw 

Output 
Power is 
280kw 

2 115KVAr 

Similarities 

Wind 
speed 

constant at 
10m/s 

Wind 
speed 

constant at 
10m/s 

P.u. values 
of voltage, 
current and 

input 
power are 
constant 

P.u. values 
of voltage, 
current and 

input 
power are 
constant 

Dissimilarities 

P.u. value 
of 

generator 
speed is 

0.91 

P.u. value 
of 

generator 
speed is 1.4 

Output 
Output 

Power is 
390kw 

Output 
Power is 
400kw 

 
IV. CONCLUSION 

In  this  paper  an  attempt  is  made  to  use  the 
MATLAB/SIMULINK to investigate the effects of 
selection of three-phase capacitor bank/reactive power 
source, on the performance predicting characteristics of 
SEIG. Simulation results as observed indicate the 
importance of such selection and for a specific machine 
(used for simulation),reactive power source with 115 
kVAR gives smooth voltage profile and best results. Also it 

is observed that reactive power source with 115kVAR gives 
lowest value of 5th, 9th and 12th harmonic. The possible 
source of harmonics in this setup is due to magnetic  
saturation  of  the  iron  core.  The  tap changer, the power 
factor, and the level of generation of the wind turbine affect 
the level of saturation, and thus, the nature of the harmonic 
source. This emphasize for the need of appropriate 
technique to select the optimum rating of capacitor bank 
that results quality output of the generator. 

V. SYSTEM PARAMETERS 

5.1(a) Three Phase Induction Generator 

Rotor type Squirrel cage 
Reference frame Rotor 
Nominal Power Nominal Power 
Voltage (line to line) 480V or 230V 
Frequency 60Hz or 50Hz 
Stator resistance (pu) 0.016 
Stator Inductance (pu) 0.06 
Rotor resistance (pu) 0.015 
Rotor Inductance (pu) 0.06 
Mutual Inductance (pu) 3.5 
Inertial constant 2 
Fraction factor 0 
Pair of poles 2 

 
5.1(b) Three phase load  

Nominal Power 200KW 
Voltage (line to line) 480V or 230V 
Frequency 60Hz or 50Hz 
Configuration Y grounded 

 
5.1(c) Power factor correction capacitor 

Pf correction capacitor case1 95 KVAr 
Pf correction capacitor case2 115 KVAr 
Configuration Delta 
Nominal Voltage 480V or 230V 
Frequency 60Hz or 50Hz 

 

5.1(d) 

1. Scope 1: 

1.1  The Induction generator terminal voltage VL  was 
recorded 

1.2  The Induction generator terminal current IL was 
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recorded 

   

2. Scope 1: 

2.1 The Induction Generator Power in KW  was recorded 

2.2 The wind speed in m/s was recorded 

2.3 The generator speed in pu was recorded 
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