
International Journal of Engineering Research and General Science Volume 5, Issue 3, May-June, 2017                                                                                   
ISSN 2091-2730 

150                                                                                           www.ijergs.org 

Application of FACTS devices in wind farm 

Nancy1, Nitin Goel2 

1(Research scholar, YMCA university of Science and Technology, Faridabad, India) 

2(Associate Professor, YMCA University of Science and Technology, Faridabad, India)  

 

Abstract- The problem of voltage dip due to load is common in the system where wind farm based on SCIG is connected to a weak 

network and  the main reason of problem , reactive power capability  of network is insufficient to meet the demand of  wind farm. 

Now a days power electronics based FACTS devices are more popular for reactive power compensation in power system network to 

provide voltage stability. This paper analysis the application of FACTS devices  in wind farm using squirrel cage induction generator. 

FACTS devices are used to enhance the voltage stability of wind farm based on squirrel cage induction generator and thereby 

protecting SCIG-based wind farm interconnected to the power system from isolating during and after disturbances. Here we are using 

STATCOM and SVC to provide reactive compensation for maintaining voltage stability in power system having wind farm connected 

to a grid system. The power system model is simulated in MATLAB / SIMULINK. 
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I. INTRODUCTION 

 

The concept of wind farm is based on fixed speed wind turbine. A squirrel cage induction generator  (SCIG) based wind farm is used 

.Only very small rotational speed variation is accepted by this generator; therefore these wind turbines are considered to operate at 

fixed speed .Here we are analyzing a Wind Farm based on squirrel cage induction generator  (SCIG) connected to a grid and effect of  

load that create  the problem of voltage stability . Because this generator type can’t provide adjustable Reactive power control it can’t 

fulfill the demanding grid code requirements [1] without additional devices. During voltage dips the induction generators may 

consume a large amount of reactive power as their speed deviates from the synchronous speed, which can lead to a voltage collapse in 

the network. Due to advance technology in power electronics FACTS devices are invented. FACTS devices used to mitigate the 

problem of voltage stability and help to protect SCIG based wind farm from tripping due to disturbances. Here we are using FACTS 

devices like STATCOM and SVC. STATCOM is a type of FACTS device that  provide reactive power compensation and improve 

voltage stability [2] and also help in transient stability. SVC is also a FACTS device that provide reactive power compensation and 

improve system voltages but STATCOM response to problem faster than SVC. 

 

II. STATIC COMPENSATOR (STATCOM) 

 

STATCOM systems essentially consist of a DC voltage source behind self commutated inverters using insulated gate bipolar 

transistor (IGBT), gate turn-off (GTO), or gate commutated turn-off (GCT)  thyristors and an interconnecting transformer. The voltage 

source inverter set connects to the power system via a multi-winding or two winding inverter transformer, depending upon the 

application. The figure here shows the basic STATCOM configuration. An inductor representing the leakage reactance of the 

transformer connects the two voltage sources. The output voltage phase of the thyristor-based inverter, Vi is controlled in the same 

way as the system voltage, Vs 

 

The STATCOM is a static var generator whose output can be varied so as to maintain or control certain specific parameters of the 

electric power system. The STATCOM is capable of generating continuously variable inductive or capacitive shunt compensation at a 

level up its maximum MVA rating. It is a power electronic component that can be applied to the dynamic control of the reactive 

power. The reactive output power of the compensator is varied to control the voltage at given transmission network terminals, thus 

maintaining the desired power flows during possible system disturbances and contingencies. 
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                                              Fig.2.1 Basic arrangement of STATCOM in circuit 

 

 

 

 

VI characteristic of STATCOM 

 

Fig.2.2 VI characteristics of STATCOM 

III. STATIC VAR COMPENSATOR (SVC) 

 

A static VAR compensator is a set of electrical devices for providing fast-acting reactive power on high- voltage electricity 

transmission  networks . SVCs are part of the Flexible AC transmission system device family, regulating voltage, power factor, 

harmonics and stabilizing the system. Unlike a synchronous condenser which is a rotating electrical machine, a static VAR 

compensator has no significant moving parts (other than internal switchgear). Prior to the invention of the SVC, power factor 

compensation was the preserve of large rotating machines such as synchronous condenser or switched capacitor banks.  The SVC is an 

automated impedance matching device, designed to bring the system closer to unity power factor 
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                                                       Fig. 3.1 Static Var compensator 

 

 

VI characteristics of SVC 

 

 

 
 

 

Fig. 3.2 VI Static Var compensator 

IV. SINGLE LINE DIAGRAM OF TEST SYSTEM         

A 9 MW wind farm is connected to Grid through a 30km line and Grid voltage 132KV is step down to 33KV  using transformer of 

62.5 MVA rating . Two loads are connected at bus 1 and bus 2. Here we are checking the application of FACTS device STATCOM 

and SVC in voltage stability and its improvement during different load conditions. 
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                                       Fig 4.1 Single line diagram of test system 

 

V. SIMULATION RESULTS WITHOUT FACTS DEVICE 

 

 

                                          Fig.5.1 Voltage at bus 1 and bus 2 without FACTS device  

Output waveform shows when there is no FACTS device is the system then voltage at bus 1 and bus 2  in (pu) respectively are  0.9537 

and .88852   
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                  Fig.5.2 Active power, reactive power, rotor speed and wind speed without FACTS device   
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VI. SIMULATION RESULTS WITH STATCOM  

Output waveforms of voltages at bus 1 and bus 2 with STATCOM are observed as 

 

 
                                    Fig.6.1 Voltage at bus 1 and bus 2 with STATCOM 

 

Output waveform shows Effect of STATCOM in the system. The voltage at bus 1 and bus 2  in (pu) respectively are  0.9711 and 

.9743. This can be compared to voltage of system without FACTS device and we can see voltage at both bus 1 and bus 2 is improved 

 

 

  Wind farm  output Active power , Reactive power , rotor speed and wind speed 
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                               Fig.6.2 Active power, reactive power, rotor speed and wind speed with STATCOM 

 

Output waveform shows when STATCOM is used in system then Active and reactive power of  wind farm in (pu) respectively are  3 

.0 and 1.486. 
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VII. SIMULATION RESULTS WITH SVC 

 
                                             Fig.6.1 Voltage at bus 1 and bus 2 with SVC 

 

Output waveform shows Effect of SVC on the system voltage at bus 1 and bus 2  .Results shows that initially fluctuation in voltages is 

more compared to STATCOM effect but voltage level improved as compared to without FACTS device.  
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                                  Fig.6.1 Active power, reactive power, rotor speed and wind speed with SVC 

 

 

VII. CONCLUSION 

 

Simulation results without FACTS device and with FACTS device is presented in this paper. When a wind farm is connected to a 

weak power grid, it is necessary to provide efficient power and voltage control during normal operating  conditions and enhanced 

support during load changes. FACTS devices are very advantageous in Wind Farm consists of SCIG that operate at fixed wind speed 

connected to a Grid system to improve voltage stability at bus bar. There is need to study the system during different loads condition 

.Study includes the FACTS devices that are used in this paper are STATCOM and SVC .Output waveforms  for voltages , active 

power reactive power ,rotor speed and wind speed are shown without FACTS devices and with FACTS devices . Voltage profile at 

bus 1and 2 is observed and Active power, reactive  power , rotor speed and wind speed are observed for wind farm and waveform 

clearly shows that FACTS device help in maintaining voltage stability at the bus 1 and 2  and provide reactive support to the wind 

farm .Model is simulated in MATLAB/SIMULINK 
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