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ABSTRACT-  
The variations in the load and in the speed of wind give fluctuations in the voltage generated by the squirrel 

cage Induction generator and hence in grid voltage also. In this paper the effect of real power supplied, reactive 

power consumed due to variation and fluctuation of load and wind speed has been discussed, the effect on grid 

voltage due to variation is extensively considered. The variation in the voltage of grid is controlled by SVC 

which is shunt connected Thyristor control Reactor (TCR) and Fixed Capacitor. TCR is automatically operated 

by fuzzy logic controller. Results are produced in MATLAB and considerable improvement in grid voltage is 

achieved by compensating the reactive power. 

KEYWORDS: SVC: Static Var compensator; TCR: Thyristor controlled Reactor. 

I. INTRODUCTION 

The present power trend shows that demand of electrical power is continuously and conventional 

energy sources are not available for the long time. Recent studies indicate that there are substantial 

improvements in the utilization of renewable energy sources especially in developing countries. The 

reason is technological developments and social considerations. Wind energy is  a very good mean 

and got lot of concentration due to renewed public affection and advancement in turbine technology 

and so a considerable growth seen in last decade. Mostly in wind turbines squirrel cage induction 

generator are used to produce electricity. These generators allow small variations in rotor speed 

causes reducing torque shocks by wind gusts [2]. But they cause voltage stability problems on grid 

because of absorption of high reactive power. The traditional shunt compensator with fixed capacitor 

sometimes leads to large voltage fluctuations in the grid as the reactive power consumed by wind 

energy generator varies widely because of varying load and sudden wind gust. So the FACTS devices 

are the most suitable source to support reactive power within reach. These devices not only provide 

continuously variable susceptances but also ability to react fast.[3].The work comprises in this paper 

reports the voltage fluctuations on wind farms connected to grid due to variations in wind speed and 

load .The proposed voltage regulation scheme uses a Static VAR Compensator (SVC). The SVC 

comprises a fixed capacitor in parallel with a Thyristor Controlled Reactor (TCR) which in turn 

consists of a reactor in series with a pair of anti-parallel thyristors, in each of the three phases. By 

varying the firing angle of the thyristor, the fundamental reactive current drawn by the TCR and 

thereby the net reactive power contributed by the SVC is controlled. 

II. WIND ELECTRIC GENERATOR            

The wind turbine converts the kinetic energy of moving molecules of wind into the rotational energy. 

This rotational energy in turn is converted into electrical energy by electrical generator with the help 

of wind turbine. The amount of power transferred from wind turbine to the rotor of generator depends 

on the density of air, wind speed and rotor area. The power contained in the wind is given as [1] 

  

P = 0.5(air mass flow rate) (wind velocity) 2 

   = 0.5x (ρAV) (V) 2 
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P =0.5ρAV3  

where, 

P = power contained in the wind (W) 

ρ = air density (kg/m3) 

A = rotor area (m2) 

V = wind velocity before rotor interference (m/s) 

  The power coefficient (Cp) describes the efficiency of a turbine that converts the kinetic energy in 

the wind into rotational power. Therefore, power output of the turbine is given by 

 

P0 = 0.5 ρAV3Cp                                                                                (2.1) 

 

The tip speed ratio of the wind turbine is defined as 

𝜆 =  
𝜔𝑅

𝑉
                                                                   (2.2) 

Where 

R = radius of the swept area in meters 

ω= angular speed in revolutions per second. 

Cp varies with change in λ. Cp-  characteristics of a turbine are very necessary to develop the 

turbine model. The common machine used with the wind turbines in the world is three phase 

asynchronous machine to connect the grid because it is very reliable and less expensive. The power is 

transferred from wind turbine rotor to generator through the low speed turbine shaft, the gearbox and 

the high-speed generator shaft. Power curves are available with WEG which indicates the electrical 

power outputs at different speeds. 

III. STATIC VAR COMPENSATOR 

The SVC is a widely used FACTS controller, it is a shunt connected absorber or generator which 

exchange capacitive or inductive current to maintain/control specific parameter of power system.fig 1 

shows SVC having controllable variable inductor with switchable capacitance. 

SVC may have:  

(a): Thyristor control Reactor (TCR) , 

(b) :Thyristor Switched Capacitor , 

(c): combination of (a) and (b),  

(d): Fixed capacitor-TCR and  

(e): TCR-Mechanically witched Capacitor (TCR- MCR) [2]. 

  The high voltage at system bus is measured, filtered and compared with reference voltage and the 

error voltage is processed through gain time constant controller to provide a desired susceptance for 

SVC. This susceptance is now implemented by logic control to select number of TSCs or to determine 

firing angle for the TCR. 
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Figure 1. SVC having controllable variable inductor 

The modeling and simulation of TSC based SVC and TCR based SVC are investigated using Matlab 

fuzzy logic controller[64].Effect of both Thyristor switched Capacitor and Thyristor Controlled 

Reactor VAR compensator on load voltage in a single machine infinite bus system are analyzed. 

The three modeling of SVC generator fixed susceptance model, total susceptance model and firing 

model are compared [65].The dimension under which voltage comparison is done at regulated bus are 

equivalent susceptance of SVC at the fundamental frequency and load flow convergence rate when 

SVC is operating both with in and on the limit. Two modified models are also proposed to improve 

SVC regulated voltage under static condition and better convergence rate has been achieved. 

A. Thyristor Controlled Reactor(TCR) 

Figure (2) shows the TCR having a shunt connected inductor whose effective reactance is varied 

continuously with partial conduction control of thyristor. TCR is also a subset of SVC in which 

conduction time and hence the current in a shunt reactance is controlled by a thyristor based AC 

switch using firing angle control. For three phase networks three inductors can be connected in star 

with each anti parallel thyristor. 

 

 
 

Fig. 2.Thyristor Controlled Reactor 

There are two thyristors connected in anti parallel which conduct during alternate half cycles of the 

supply voltage, if the thyristors are gated into conduction. Precisely at the peak of the supply voltage, 
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a full conduction results in the reactor and the current is the same as though the thyristor controller 

were short circuited. The current is essentially reactive, lagging behind the voltage by nearly 90º. It 

contains a small in phase component due to power loss in the reactor, which may be of the order of 

0.5- 2% of the reactive power. Full conduction is obtained with a gating angle of 90º. Partial 

conduction is obtained with gating angle between 90º and 180º.  The effect of increasing the gating 

angle is to reduce the fundamental harmonic component of the current. This is equivalent to an 

increase in the inductance of the reactor, reducing its reactive power as well as its current. So far as 

the fundamental component of current is concerned, the thyristor-controlled reactor has a controllable 

susceptance and can therefore be applied as a static compensator. The instantaneous current is given 

by 

i  =  
2V.(cos α – sin ωt) 

𝑋𝐿
  for  α < ωt < (α+σ) 

i  = 0 for  (α+σ) < ωt < (α+π) 

   where,  

V is the r.m.s. value of voltage; 

XL = ωL is the fundamental frequency reactance of the reactor;  

ω = 2πf; and α is the gating delay angle.  

   The time origin is chosen to coincide with a positive-going zero crossing of the voltage. The 

fundamental component is found by Fourier analysis and is given by: 

I1 (rms)   =  
( σ – sin σ).V 

𝜋𝑋𝐿
 , Where (α + σ/2) = π 

Hence I1 = BL(σ).V,  

where, BL(σ) is an adjustable fundamental frequency susceptance controlled by the conduction angle. 

The maximum value of BL is 1/X L, obtained with σ = π or 180°, that is, full conduction in the 

thyristor controller. The minimum value of BL is zero obtained with σ = 0° (α = 180°). This control 

principle is called phase control. 

B  Fixed Capacitor 

A capacitor of fixed value is connected in parallel to the network whose value depends upon the total 

reactive power that has to be supplied. In general instead of a single capacitor, a capacitor bank is 

employed so that the size of inductor can be smaller, reactive power injected can be regulated 

smoothly and the amount of ohmic power loss can be reduced. 

C    Combined Fixed Capacitor and TCR 

The fixed capacitor always supplies a constant reactive power (which is equal to the maximum 

reactive power consumed by the load) to the network. If the reactive power required in the network is 

lesser than the TCR is made to absorb the extra reactive power by reducing the firing angle of the 

TCR. And if the reactive power required is higher, the TCR is made to absorb less by increasing the 

firing angle. 

WEG Model Development: 

The Power Curve of a Wind Turbine : 

The power curve of a wind turbine is a graph that indicates how much electrical power output will be 

for the turbine at different wind speeds. 
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Fig 3 Power output at different wind speed 

The graph shows a power curve for a typical 600 kW wind turbine. Power curves are found by field 

measurements, where an anemometer is placed on a mast reasonably close to the wind turbine (not on 

the turbine itself or too close to it, since the turbine rotor may create turbulence, and make wind speed 

measurement unreliable).  

The Power Coefficient:    The power coefficient tells you how efficiently a turbine converts the 

energy in the wind to electricity. We just divide the electrical power output by the wind energy input 

to measure how technically efficient a wind turbine is. In other words, we take the power curve, and 

divide it by the area of the rotor to get the power output per square meter of rotor area. For each wind 

speed, we then divide the result by the amount of power in the wind per square meter.  

The graph shows a power coefficient curve for a typical wind turbine. Although the average efficiency 

for these turbines is somewhat above 20 per cent, the efficiency varies very much with the wind 

speed. (If there are small kinks in the curve, they are usually due to measurement errors). As we can 

see, the mechanical efficiency of the turbine is largest (in this case 44 per cent) at a wind speed around 

some 9 m/s. This is a deliberate choice by the engineers who designed the turbine. At low wind 

speeds efficiency is not so important, because there is not much energy to harvest. 

 

 

Fig:4 Efficiency vs speed curve of WTG 

 

http://guidedtour.windpower.org/en/tour/wres/wndspeed.htm
http://guidedtour.windpower.org/en/tour/wres/pwr.htm
http://guidedtour.windpower.org/en/tour/wres/enrspeed.htm
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At high wind speeds the turbine must waste any excess energy above what the generator was designed 

for. Efficiency therefore matters most in the region of wind speeds where most of the energy is to be 

found.  

Fig 4a shows the extrapolated graph of Cp vs  λ. using curve fitting method expression of Cp in terms 

of λ obtained and also used in developing a simulation model of the wind turbine. 

Cp = 0.0017 λ10- 0.00033 λ9- 0.00066 λ8 + 0.025 λ7- 0.044λ6 - 0.097λ5 + 0.021λ4 + 0.088λ3 - 0.043 λ2+ 

0.04λ+0.4                  4.1 

IV. DETAILS OF SIMULATION STUDY 

Fig. 6 shows the system under consideration for the simulation study. The WEG is connected to the 

power grid through a transmission line feeding RL load. It is to be observed that the maximum 

variations in P,Q and V are respectively 0.862 pu, 0.373 pu and 0.021 pu between 7 m/s and 23 m/s. 

Grid voltage varies from 387 V to 378.6V.P and Q vary from 31.95kW to 230.8kW and 61.78kVAR 

to 98.58kVAR respectively. It is found that the maximum reactive power absorbed by the WEG is 

1pu (98.58kVAR) at 14 m/s. This is supplied by the reactive power source at the sending end. 

A. Reactive Power Compensation 

Due to the absorption of reactive power by the WEG, the grid voltage has dropped from 400V to 

378.8V .To prevent this, reactive power has to be compensated at the WEG end. So a fixed capacitor 

is designed for supplying reactive power to the WEG (as well as to the load) and it 
 

 
 

 

Fig. 5. Simulink model of wind turbine 

 

1

Out1

14.25

radius

lamda1

lamda

Product1

Product

P(u)

O(P) = 10

Polynomial

u
v

Math

Function

40

Gain1

1

Gain

10

Constant1

3

Constant

1

In1



International Journal of Advances in Engineering & Technology, Nov., 2014. 

©IJAET  ISSN: 22311963 

1503 Vol. 7, Issue 5, pp. 1497-1506 
 

 

Fig 6. Block Diagram of Wind Electric Generator connected to Grid 

is connected at the point of common coupling(PCC) at the receiving end of the transmission  line. It is 

to be noted that the maximum variations in P,Q and V are respectively 0.862 pu, 0.326 pu and 0.018 

pu between 7 m/s and 23 m/s. Grid voltage varies from 406.8 V to399.7 V. Real and reactive power 

vary from 31.95kW to 230.7kW and 68.12kVAR to 101.1 kVAR respectively. The improvement in 

grid voltage at PCC with the fixed capacitor compensation is evident  It is observed that there is a 

substantial change of 0.051 pu in grid voltage for the load change from 35% to 115%.Grid voltage 

varies from 414.7 V to 394.5 V. Although the results of the study made so far expresses that Fixed 

Capacitor (FC) compensation improves grid voltage substantially, yet it cannot maintain a constant 

grid voltage when there is a variation in either wind speed or in the load demand .The use of TCR 

along with FC can regulate grid voltage more precisely. 

B. Firing Pulse Generation for TCR 

From the above results, it is observed that due to variations in the wind speed and the load, the 

reactive power consumption and therefore the grid voltage varies. For complete and smooth 

compensation of the reactive power supplied should vary as the Q demand. But the reactive power 

supplied by FC cannot vary. Therefore a three phase star connected Thyristor Controlled Reactor 

(TCR) is designed and connected at PCC. TCR absorbs the excessive reactive power supplied by the 

Fixed Capacitor (FC). Figure 10 shows the block diagram of WEG connected to Grid with FC and 

TCR.  

 

Fig 7. Block Diagram of Wind Electric Generator connected to Grid with FC and TCR 

Whenever there is a change in the Q demand, the firing angle of the TCR is varied accordingly in 

order to maintain the grid voltage constant. To achieve this automatically, Fuzzy Logic Controller 

(FLC) is implemented. The controller needs to have only one input which is the grid voltage and the 

single output, which is the firing angle of TCR. Figure 11 and Figure 12 show the membership 

functions of the input and output of Fuzzy Logic Controller (FLC). 

Table 1: relation between grid voltage and change in firing angle of tcr 

Grid voltage  Change in firing 

(Per Unit)    angle of TCR 

   (Degrees) 

0.968   +20 

0.979     +7 

0.989     +3.5 
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1     0 

1.009     -3 

1.022     -7 

1.029     -9 

The rules for the fuzzy logic controller are written using the results from Table 1 . All values are 

entered in per unit in FLC. Fig. 9 shows the simulation circuit of the complete system with fixed 

capacitor, TCR and Fuzzy Logic Controller.  

 

 

Fig. 11 Input membership function for fuzzy logic controller 

 

Fig. 8 Output membership function for fuzzy logic controller 

 

 

Fig 9. Simulation circuit of Grid connected to and fuzzy controller TCR 
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Fig. 10 gives it for different wind speeds. In both cases performances with and without Fuzzy Logic 

Controller (FLC) are shown separately. It is noted that the grid voltage is maintained around 0.994 pu 

(397.7 V) for load variations from 35% to 115% and around 0.992 pu (396.8V) for wind speed 

variations from 7 m/sec to 23 m/sec. 

 

 

Fig. 10  Variations in Grid voltage for changes in   wind speed without and with Fuzzy Logic Controller 

V. CONCLUSIONS 

The reactive power absorbed is found to be increasing with increase in the wind speed .A fixed 

capacitor is designed to provide reactive power compensation in WEG. Grid voltage drop by wind 

speed variation in Q demand of the load. Therefore a smooth and continuously varying compensation 

scheme using FC-TCR scheme is incorporated .A three phase star connected TCR is designed and 

added to regulate the reactive power supplied by the capacitor for variations in load and wind speed 

together. Smooth control of voltage is achieved with the FC - TCR combination. An automatic control 

is provided by using fuzzy logic control and the result is compared with and without fuzzy logic 

control. 

VI. APPENDIX 

Details of WEG used for simulation study:  

Squirrel cage induction generator: 

Nominal power    250 KW 

Voltage (line-line)   400 V 

Rotor type    Squirrel cage 

Stator Resistance   0.01379 Ω 

Stator inductance   0.152 mH 

Rotor resistance   0.007728 Ω 

Rotor inductance   0.152 mH 

Mutual inductance   7.69 mH 

Inertia     2.9 kg.m2 

Friction Factor ƒ                      0.05658 N- m.s                            

Pairs of poles    2 

Wind Turbine: 

Rotor radius    14.25 m 

Rotor swept area   638 m2 

Speed (Rated)    39.8 rpm 

Cut in wind speed   3.5 m/s 

Rated wind speed   14 m/s 
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Cut off wind speed   23m/s 

Gear  ratio :    40 
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