
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 05, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 950 

Mitigation of Voltage Sag in Grid Connected Wind System by using 

STATCOM 
N. V. Khalkar1 N. N. Jangle2  

1PG Student 2Assistant Professor 

1,2Department of Electrical Engineering 
1,2K. K. Wagh I.E.E. & R., Nasik, India

Abstract— Renewable sources often produce power and 

voltage varying with natural conditions. In that wind power 

generation having much important role in power system 

especially under integration of high penetration level of wind 

energy to grid, but grid connection bring problem of voltage 

sag, swell, voltage fluctuation. Most of the wind generator are 

use induction generator (IG), therefore it requires more VArs 

from grid side, so voltage stability problem take place. In this 

paper according to voltage fluctuation caused by 

aerodynamic aspects of wind farm, the practical solution 

provide by using STATCOM. Also STATCOM is used as a 

dynamic reactive power compensator to stable the voltage at 

PCC. Wind turbine connected to squirrel cage induction 

generator is modelled using MATLAB simulation software 

to analyze the power quality problem where STATCOM is 

introduced as an active voltage and reactive power supporter 

to increase the power system stability. 
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I. INTRODUCTION 

As the wind power penetration into the grid is increasing 

quickly, the influence of wind turbine on the power quality is 

becoming an important issue. Wind power penetration is the 

impact on power system stability. To facilitate the 

investigation of the impact of a wind farm on the dynamics of 

the power system to which it is connected, an adequate model 

is required. In order to avoid the necessity of developing a 

detailed model of a wind farm with tens or hundreds of wind 

turbines and their interconnections, aggregated wind farm 

models are needed [1].From each generating station the 

probability of the total generating capacity not exceeding a 

given power level. This gives a measure of the reliability of 

the system [2].If the network is weak this situation will cause 

a voltage collapse to occur in the transmission system. 

Since the active power generated by constant-speed 

wind turbines are fluctuated due to the effects of turbulence, 

the wind gradient and the tower shadow, the reactive power 

demand of these squirrel-cage induction generators are also 

fluctuated. Consequently, the active and reactive power 

variations can cause fluctuation of the voltage at the point of 

common coupling (PCC). Therefore, fixed speed wind 

turbines introduce challenging impacts on the grid 

performance. 

The process can be dynamically supported by a 

STATCOM to improve voltage stability and to improve 

recovery from network faults and mitigate voltage flicker [3]. 

Reactive power is the most important aspect in today’s 

condition. Reactive power consumption in a Wind farm is 

mainly due to the use of induction generators for energy 

conversion. The basic principle of induction generator is that 

they consume reactive power in order to generate real power. 

The magnetizing currents drawn by step up transformers also 

contribute to reactive power consumption to some extent. 

This reactive power consumption leads to increased T & D 

losses, poor voltage profile over loading of T & D equipment 

and blocked capacity and over loading and reduction in life 

of T & D equipment [4]. Issue related to fixed speed wind 

turbine equipped with squirrel cage induction generators is 

the fault ride through capability. When connected to a weak 

power grid and during a grid fault, the over speeding of the 

wind turbines can cause voltage instability. As a result, 

utilities typically disconnect the wind turbines immediately 

from the grid when such a contingency occurs. With the rapid 

increase in penetration of wind power in power grids, tripping 

of many turbines in a large wind farm during grid faults may 

begin to influence the overall power system stability. 

This paper studies the static synchronous 

compensator implementation in order to address the issue of 

voltage stability in wind farms connected to the distribution 

network. STATCOM is used as a dynamic reactive power 

compensator to stable the voltage at the point of common 

coupling [5]. 

A. Power Coefficient and Max. Output Power 

This wind speed variation not only can make it difficult to 

ensure good power quality but also implies in a variation of 

the power coefficient Cp. The power coefficient is the ratio 

of the mechanical power obtained by the wind turbine and the 

mechanical power related to the wind. 

windmech p
P C P

         (1) 

The power coefficient is not a constant; it depends 

on the wind speed, aerodynamic factors and possibly on the 

blade pitch angle if the wind turbine is pitch-controlled. For 

most turbines the power coefficient is zero for low wind 

speeds, which make wind turbine control even more difficult. 

Wind’s mechanical power may be defined as: 
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Along with the wind speed variation comes the 

tower shadow effect, which is a consequence from the spatial 

distribution of the horizontal axis wind turbine. The tower 

shadow effect introduces more uncertainty into the power 

coefficient [6]. 

Since one blade will eventually be shaded by the 

wind turbine tower, it will not transfer as much power as it 

would on other positions. This wind power variation can 

affect the active power output, reactive power consumption 

and voltage output of an induction machine. It will also affect 

the power and voltage output of a synchronous generator. 

When the wind speed varies, there is also a change in the 

power coefficient. It is of our interest to keep the power 

coefficient as high as possible (unless under extremely high 
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wind speeds that can damage the turbine or the electric 

machine connected to it). 

II. UTILIZING STATCOM FOR VOLTAGE SAG IMPROVEMENT 

A. STATCOM Technology and Principle 

The STATCOM operates according to the voltage source 

converter principle (VSC), which together with PWM 

(Pulsed Width Modulation) switching of IGBTs (Insulated 

Gate Bipolar Transistors) gives it unequalled performance in 

terms of effective rating and response speed [7]. 

 
Fig. 1: Single line STATCOM power circuit 

 
Fig. 2: Schematic Diagram of STATCOM Voltages 

When the voltage of the VSC (red) is less than the 

system voltage (blue) as in the top graph, then the VSC will 

be absorbing reactive power (i.e. operating inductively) as the 

current is phase shifted, lagging, compared to the voltage as 

per fig.3(a) 

 

 

 
Fig. 3(a): STATCOM Operation of Inductive Mode 

On the other hand, when the VSC voltage is higher 

than the system voltage as in the bottom graph, the VSC will 

be supplying reactive power (i.e. operating capacitive as the 

current is phase shifted, leading, compared to the voltage as 

per fig. 5. 

 

 

 
Fig. 3(b): STATCOM Operation of Capacitive Mode 

III. VOLTAGE SOURCE CONVERTER (VSC) 

A voltage-source converter is a power electronic based 

device, which is capable of generating   sinusoidal voltage 

with any desired frequency magnitude and phase angle. Also, 

they can be used as widely in adjustable-speed drives, but can 

also be used to correct voltage dips. VSC can either 

completely supplant the voltage or to inject the lost voltage. 

The lost voltage is the difference between the actual voltage 

and the nominal. It is normally based on some type of energy 

storage, which will provide the converter with a DC voltage. 

The Switches in the converter is then switched to get the 

required output voltage. Normally the VSC is not only used 

for voltage sag mitigation, but also for other power quality 

issues, e.g. flicker and harmonics. 

 
Fig. 4: Power circuit of STATCOM. 

The STATCOM based current control voltage 

source inverter injects the current into the grid in such a way 

that the source current are harmonic free and their phase-

angle with respect to source voltage has a desired value. The 

injected current will cancel out the reactive part and harmonic 

part of the load and induction generator current, thus it 

improves the power factor and the power quality 

IV. SIMULATIONS OF A SIMPLE POWER SYSTEM 

The case study in this paper consists of a wind farm having 

six 1.5-MW wind turbines connected to a 25-kV distribution 

system as shown Fig. 2. The distribution system further 

delivers power to a 120- kV grid through a 25-km 25-kV 

feeder. All wind turbines use squirrel-cage induction 

generators (IG). The pitch angle is controlled in order to limit 

the generator output power at its nominal value for winds 

exceeding the nominal speed. Each wind turbine has a 

protection system monitoring voltage, current and machine 

speed. Reactive power absorbed by the IGs is partly 

compensated by capacitor banks connected at each wind 

turbine low voltage bus. The rest of reactive power required 

to maintain the 25-kV voltage at bus B25 close to 1pu is 

provided by a 3-Mvar STATCOM with a 3% droop setting. 

The MATLAB/Simulink block diagram is shown in Fig.6. 
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As shown in Fig.8, at t=9.2 s, the voltage bus 25 

drops to 0.91 pu, due to insufficient reactive power and 

consequently the protection circuit of wind turbine 1 

disconnects it due to under voltage. After turbine 1 has 

tripped, turbines 2 and 3 continue to generate 3 MW each. 

The turbine mechanical power as function of turbine 

speed is displayed for wind speeds ranging from 4 m/s to 10 

m/s. The nominal wind speed yielding the nominal 

mechanical power (1pu=3 MW) is 9 m/s. 

 
Fig. 5: Wind Turbine Power V.S. turbine Speed 

Reactive power absorbed by the IGs is partly 

compensated by capacitor banks connected at each wind 

turbine low voltage bus (400kvar for each pair of 1.5 MW 

turbines). The rest of reactive power required to maintain the 

25kV voltage at bus B25 close to 1pu is provided by a 3Mvar 

STATCOM with a 3% droop setting. 

 
Fig. 6: MATLAB/Simulink model of overall system 

V. SIMULATION RESULTS 

At first, without using STATCOM and by observing the 

signals on the "Wind Turbines" scope monitoring active and 

reactive power, generator speed, wind speed and pitch angle 

for each turbine. 

 
Fig. 7: Active power, reactive power at buses B575 (1, 2, 3), 

Speed of SCIGs and pitch angles without STATCOM 

For each pair of turbine the generated active power 

starts Increasing smoothly (together with the wind speed) to 

reach its rated value of 3 MW in approximately 8s. Over that 

time frame the turbine speed will have increased from 1.0028 

pu to 1.0047 pu. 

Initially, the pitch angle of the turbine blades is zero 

degree. When the output power exceed 3 MW, the pitch angle 

is increased from 0 deg to 8 deg in order to bring output power 

back to its nominal value. Observe that the absorbed reactive 

power increases as the generated active. 

Observe on “B25 Bus" scope that because of the lack 

of reactive power support, the voltage at bus "B25" now drops 

to 0.91pu.This low voltage condition results in an overload of 

the IG of "Wind Turbine 1". "Wind Turbine 1" is tripped at 

t=13.43 s. 

 
Fig. 8: The voltage, the current, active power and reactive 

power at bus B25 without using STATCOM 

Now, observing the same scope monitoring by 

connecting STATCOM, for a 11m/s wind speed, the total 

exported power measured at the B25 bus is 9 MW and the 

STATCOM maintains voltage at 0.984 pu by generating 1.62 

Mvar. 
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Fig. 9: Voltage (p.u) and generated reactive power at 

STATCOM scope 

 

 
Fig. 10: The voltage, the current, active power and reactive 

power at bus B25 after using STATCOM 

By utilizing STATCOM, all turbines will be stable 

as, 

 
Fig. 11: Active power, reactive power at buses B575 (1, 2, 

3) Speed of SCIGs and pitch angles after using STATCOM 

VI. CONCLUSION 

In this paper we considered a system with static synchronous 

compensator (STATCOM) and without it and have compared 

the results. The simulation results show that STATCOM has 

compensated reactive power in the best manner and has 

provided voltage stability when the wind farm is acting as a 

supplier of energy to the consumers and the voltage profile 

has been improved well. Also, it should be noted that the 

existence of fixed capacitor banks allows reducing the rating 

of STATCOM with considerable decrease in device cost. 
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