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ABSTRACT 

 

In recent times grid connected wind electric generation shows the highest rate of growth achieving global annual growth rates in order of 
20-28% .  Wind turbine generators with this capability can support the frequency stability of the grid. The use of Fixed speed Induction 

Generators (FSIG) is simple and most commonly used for its simple structure and low cost.  These development has been driven by the 

cost reduction as well as the low-loss generation of Insulated Gate Bipolar Transistors (IGBT). According to new grid code requirements, 
wind turbines must remain connected to the grid during grid disturbances and to voltage support during and after grid faults. The 

contribution of Static Synchronous Compensator STATCOM to support the fixed-speed wind farm interconnected electric grid during 

different fault locations and different fault duration times are investigated. The conventional STATCOM device incorporated with 5-Level 
cascaded H-bridge inverter in order to provide reactive power requirements during asymmetrical faults in grid. Here comparison is made 

between the grid connected FSIG with and without the control of STATCOM it is made to stress importance  of STATCOM operation 

under various faults. 
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INTRODUCTION 
 

 Renewable energy sources presently provides 

significant amount of energy in many countries. 

Renewable energy sources currently supplies 10% of 

world energy demand. These energy sources will 

become increasingly important in future. In Indian 

government is looking to set a target of 100 GW 

under its national wind energy mission. The 

renewable energy is environmental friendly 

compared to the current level of CO2 emission 

associated to electricity generation. Renewable 

energy sources by the year of 2020 could reduce 

emission of CO2. Such a contribution from 

renewable energy system could also substantially 

reduce the low level of other pollutants that causes 

acid rain, smog and other local environmental 

hazards. Wind power is the conversion of wind 

energy into a suitable form of energy, such as using 

wind turbines to generate electricity.  

 The total amount of economically extractable 

power available from the wind is considerably more 

than present human power use from all sources. 

Wind power, as an alternative to fossil fuels, is 

abundant, renewable, widely spread, clean, and 

produces no greenhouse gas emissions during 

operation. Wind power is the world„s rapid growing 

source of energy. The fixed-speed wind turbines that 

they are equipped with an induction generator that is 

directly connected to the grid, with a soft-starter and 

a capacitor bank for reducing reactive power 

compensation. They are designed to achieve 

maximum efficiency at one particular wind speed. In 

order to increase power production, the generator of 



7                                      J.S. Sathiyanarayanan et al, 2015 /Journal Of Applied Sciences Research 11(8), May, Pages: 6-12 

 

some fixed-speed wind turbines has two winding 

sets. The fixed-speed wind turbine has the advantage 

of being simple, robust and reliable and well - 

proven. And the cost of its electrical parts is low. Its 

disadvantages are an uncontrollable reactive power 

consumption, mechanical stress and limited power 

quality control. 

 Owing to its fixed- speed operation, all 

fluctuations in the wind speed are further transmitted 

as fluctuations in the mechanical torque and then as 

fluctuations in the electrical power on the grid.With 

the advancement in power electronics technology, 

FACTS devices have improved dynamic responses 

that are technically and economically feasible, 

required for power system applications. In this paper, 

under various asymmetrical fault condition reactive 

power compensation is accomplished by using 

STATCOM with 5-level CASCADED H-BRIDGE 

INVERTER at  the PCC is presented to enhance the 

reactive power capability and voltage controllability 

of the FSIG wind turbine system for improving 

dynamic and steady state stability of wind turbine 

system. 

 Additionally series and shunt compensation of 

Transmission line helps in steady state voltage 

regulation and improves transmission line power 

carrying capability. This paper insists the importance 

of STATCOM with 5 levels Cascaded H Bridge 

Inverter under various fault condition. 

 

II.STATCOM  With Grid Connected System: 

 The basic model of a STATCOM which is 

connected to the wind farm bus through a coupling 

transformer. The STATCOM is designed using a 

power electronic Voltage Source Converter VSC. 

The function of the VSC is a fully controllable 

voltage source matching the system voltage in phase, 

frequency, and with amplitude which can be 

continuously and rapidly controlled, so as to be used 

as the tool for reactive power control. The VSC can 

inject or absorb reactive power to/from the bus where 

it is connected via a coupling transformer. The output 

of the controller Qc is proportional to the voltage 

magnitude difference (Vc – V) and is given by the 

following equation 

                                (1) 

 
 

Fig. 1: Basic model of a STATCOM. 

 

III.Fixed Speed Grid Connected Wind Turbine 

Generator: 

 Fixed-speed WECS operate at constant speed. 

That means that, regardless of the wind speed, the 

wind turbine rotor speed is fixed and determined by 

the grid frequency. Fixed-speed WECS are typically 

equipped with squirrel-cage induction generators 

(SCIG), soft starter and capacitor bank and they are 

connected directly to the grid, as shown in Figure. 

This WECS configuration is also known as the 

“Danish concept” because it was developed and 

widely used in Denmark (Hansen and Hansen 2007). 

The total amount of economically extractable power 

available from the wind is considerably more than 

present human power use from all sources. 

 Initially, the induction machine is connected in 

motoring regime such that it generates 

electromagnetic torque in the same direction as the 
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wind torque. In steady-state, the rotational speed 

exceeds the synchronous speed and the 

electromagnetic torque is negative. This corresponds 

to the squirrel-cage induction machine operation in 

generation mode . As it is directly connected to the 

grid, the SCIG works on its natural mechanical 

characteristic having an accentuated slope 

(corresponding to a small slip) given by the rotor 

resistance. Therefore, the SCIG rotational speed is 

very close to the synchronous speed imposed by the 

grid frequency. Furthermore, the wind velocity 

variations will induce only small variations in the 

generator speed. As the power varies proportionally 

with the wind speed cubed, the associated 

electromagnetic variations are important. SCIG are 

preferred because they are mechanically simple, have 

high efficiency and low maintenance cost. 

Furthermore, they are very robust and stable. The 

reaction time of these mechanical circuits may lie in 

the range of tens of milliseconds. As a result, each 

time a burst of wind hits the turbine, a rapid variation 

of electrical output power can be observed. The soft 

starter‟s role is to smooth the inrush currents during 

the grid connection . SCIG-based WECS are 

designed to achieve maximum power efficiency at a 

unique wind speed. Fixed-speed WECS have the 

advantage of being simple, robust and reliable, with 

simple and inexpensive electric systems and well 

proven operation. 

 

 
Fig. 2: Fixed speed wind turbine with directly grid connected squirrel-cage induction generator. 

 

III.Wind System With Grid Connection: 

 The block diagram of FSIG based wind farm 

connected to the grid is shown in following diagram. 

It consist of  50 MW FSIG based wind farm 

connected to the grid .A statcom is connected to the 

grid at PCC to compensate reactive power .When 

wind farm are connected to a strong grid that is 

closer to a stiff sources voltage and frequency can be 

quickly re established after a disturbance with the 

support of the power grid itself. To wait for the 

voltage to re established  after a disturbance with the 

support of the power grid itself. 

 
Fig. 3: Block diagram of the proposed system. 

 

 The  FACTS devices is compared with  the  

factors is load flow ,voltage control transient 

stability. The STATCOM is very convenient 

compared to other devices. 

 
S. 
No 

FACTS Devices Load flow Voltage control Transient 
Stability 

1 UPFC High High Medium 

2 TCSC Medium Low High 

3 STATCOM High High Medium 

4 SVC Low High Low 

5 SSSC Low High Medium 

 

IV. Simulation Work For Circuit Without STATCOM: 

 The above simulink diagram states that FSIG 

wind turbine connected to the grid  without the 

STATCOM and its influences in the system under 

asymmetrical faults on the grid.During these type of 

fault real power, reactive power, torque, speed, 
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current and voltage waveforms are shown in below. 

The following figure shows the voltage waveform of 

grid which is subjected to asymmetrical grid faults of 

fixed speed generating system without the use of 

STATCOM. The graph values are shown for Per 

Unit values[10]. 

 

 
Fig. 4.1: Circuit Without Statcom. 

 
Fig. 4.2: Respective Waveforms Of Wind Turbine. 

 

V. Simulation Work For Grid Connected FSIG with 

STATCOM: 

 The simulink diagram of grid connected FSIG 

with STATCOM control under asymmetrical grid 

fault for duration of time .6-.7 sec states that 

operation of FSIG and power carried over by  grid is 

controlled by FACTS device STATCOM –Multilevel 

CASCADED H-BRIGDE inverter for better 

efficiency .Here the STATCOM is controlled by PI 

controller[2]-[4] and the firing pulse provided by 

pwm method[6]. With the usage of STATCOM 

device can be analysed the following changes in 

parameters of FSIG and voltage ,current  of grid 

which is subjected to fault for the time period of 0.6-
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0.7 sec. Thus the following graph states the 

comparisons between operation of FSIG with and 

without STATCOM. 

 

 
Fig. 4.2: (a) current waveform of grid without STATCOM under asymmetrical grid fault. 

 
Fig. 5: 1simulation Work For Grid Connected FSIG With STATCOM. 

 

 
Fig. 5.2: Respective Waveforms Of Wind Turbine. 
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Fig. 5.2: (a) current waveform of grid with STATCOM under asymmetrical grid fault. 

 

VI. Conclusion: 

 This paper proposes a coordinated control 

strategy to improve the operation and capability of 

grid connected FSIG wind turbine with STATCOM 

control. Its basic idea is the optimal coordination of 

the FSIG under asymmetrical fault through a PI 

controller. The results shows that using the proposed 

control system, the FSIG under in the control of 

STATCOM can successfully operates even in the 

case of fault .The power quality problem in voltages 

and current are effectively eliminated and the FSIG 

can continuously supply the electrical system with 

reactive power during and after the fault, 

contributing to support the AC voltage with 

minimum cost and less complexity. 

 

VII. Future Work: 

 Instead of fixed speed induction generator wind  

turbine doubly fed induction generator can be 

evaluated under asymmetric grid faults .instead of 

statcom DVR,UPQC can be used to attenuate the 

asymmetric faults in wind turbine fed FSIG and 

DFIG as both DVR and UPQC have the fault 

mitigation capability instead of PI,FUZZY controller 

can be implemented and evaluated. 
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