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ABSTRACT 

This project is based on wind frequency regulation with grid frequency. Due to change in 

wind direction and speeds the output frequency of wind will not match with the grid 

frequency so there will be grid failure. In order to avoid this a new configuration is proposed 

in this project, which is the wind AC output is converted into DC using an uncontrolled 

rectifier. The output of rectifier is converted into AC by using an inverter which is given to 

the grid. The controller used is based on parks transformation with PI controller. And can be 

extended by replacing it with fuzzy controller. The project is simulated by using matlab 

simulation software. 
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I. INTRODUCTION 

Energy is main criteria for human development in any country. Any country that can produce 

energy in large scale can become a developed country in a short time. Mainly energy sources can 

be divided into two categories. Renewable energy sources and Non-renewable energy sources. 

Alternatively energy sources are the energy sources different from those in wide spread use at 

the moments (which are referred to as conventional). Alternative energy sources include solar, 

wind, wave, and tidal, hydroelectric and geothermal energy. Although they each have their own 

drawbacks, none of these energy sources produces significant air pollution, unlike conventional 

sources. Fossil fuels are (Carbon or Hydrocarbon) the fuels derived from what was living 

material, and found underground or beneath the sea. The most common forms are coal, oil and 

natural gas. They take millions of years to form. Their energy is only oxygen in air to form 

carbon dioxide or carbon monoxide and water. Other elements within the fuels are also released 

into the air after combining with oxygen causing further pollution with SO2 and nitrogen oxide 

gasses. In the case of coal, ash particles are also a problem.Non-renewable energy sources that 

exist in a limited amount on earth. Thus all available material could eventually be completely 

used up. Coal, Oil and gas are considered as non-renewable energy sources because the rate of 

their formation is so slow on human time scales that they are using them without being replaced. 

Generally wind energy is available in abundance.  
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For conversion of this wind energy into electrical energy and induction generator is coupled with 

a wind mill offers an ideal solution.Wind energy is available in abundance in our environment. 

When compared with the conventional sources of energy, wind energy is clean, efficient, and 

sustainable form of energy. When the cost of supplying electricity to remote locations is 

expensive, wind energy provides a cost effective alternative. So to convert this wind energy into 

electrical energy, an induction generator will offer an ideal solution. 

 

II. CLASSIFICATION OF WIND TURBINES & GENERATORS 

A. Classification of Wind Turbine Concepts 
Wind turbines can either operate at fixed speed or variable speed. For a fixed-speed wind turbine 

the generator is directly connected to the electrical grid. For a variable speed wind turbine the 

generator is controlled by power electronic equipment. There are several reasons for using 

variable-speed operation of wind turbines; among those are possibilities to reduce stresses of the 

mechanical structure, acoustic noise reduction and the possibility to control active and reactive 

power. Most of the major wind turbine manufactures are developing new larger wind turbines in 

the 3-6 MW range. These large wind turbines are all based on variable-speed operation with 

pitch control using a direct-driven synchronous generator (without gear box) or a doubly-fed 

induction generator. Fixed-speed induction generators with stall control are regarded as 

unfeasible for these large wind turbines. Today, variable-slip, i.e., the slip of the induction 

machine is controlled with external rotor resistances, or doubly-fed induction generators are most 

commonly used by the wind turbine industry (year 2002) for larger wind turbines. 

 

Both basic wind turbine concepts have proved their reliability and efficiency in energy 

production wind farms. But, this project is emphasized on wound rotor induction machine, which 

can be used as a Doubly-Fed Induction Generator (DFIG). The major advantage of the doubly 

fed induction generator, which has made it popular, is that the power electronic equipment only 

has to handle a fraction (20-30%) of the total system power. This means that the losses in the 

power electronic equipment can be reduced in comparison to power electronic equipment that 

has to handle the total system power as for a direct-driven synchronous generator, apart from the 

cost saving of using a smaller converter. 

1. Fixed-speed wind turbine with an induction generator. 

2. Variable-speed wind turbine equipped with a Doubly-fed inductiongenerator. 

a. Fixed-Speed System 

For the fixed-speed wind turbine the induction generator is directly connected to the electrical 

grid according to Figure 2.1. The rotor speed of the fixed-speed wind turbine is adjusted by a 

gear-box and the pole-pair number of the generator. The fixed-speed   wind turbine system is 

often equipped with two induction generators, one for low wind speeds (with lower synchronous 

speed) and one for high wind speeds. This was the conventional concept used by many Danish 

manufacturers in the 1980s and 1990s. 

 
 



 
International Journal of Advanced Scientific and Technical Research                      Issue 6 volume 1, Jan. –Feb. 2016 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

©2015 RS Publication, rspublicationhouse@gmail.com Page 87 
 

Fig.2.1.Fixed Speed Generating System 

b. Limited Variable-Speed System 
This system, see Figure 2.2.consists of a wind turbine with a variable-speed constant frequency 

induction generator (doubly-fed induction generator). This means that the stator is directly 

connected to the grid while the rotor winding is connected via slip rings to an inverter.  

 

 
  Fig.2.2.Variable Speed Doubly- Fed Induction Generator System 

The inverter is designed so that the induction generator can operate in a limited variable-speed 

range. The gear-box ratio is set so that the nominal speed of the induction generator corresponds 

to the middle value of the rotor-speed range of the wind turbine. This is done in order to 

minimize the size of the inverter, which will vary with the rotor-speed range. With this inverter it 

is possible to control the speed (or the torque) and also the reactive power on the stator side of 

the induction generator. 

 

III. DOUBLY FED INDUCTION GENERATOR 

A. Introduction 

Wind turbines use a doubly-fed induction generator (DFIG) consisting of a wound rotor 

induction generator and an AC/DC/AC IGBT-based PWM converter. The stator winding is 

connected directly to the 50 Hz grid while the rotor is fed at variable frequency through the 

AC/DC/AC converter. The DFIG technology allows extracting maximum energy from the wind 

for low wind speeds by optimizing the turbine speed, while minimizing mechanical stresses on 

the turbine during gusts of wind. The optimum turbine speed producing maximum mechanical 

energy for a given wind speed is proportional to the wind speed. Another advantage of the DFIG 

technology is the ability for power electronic converters to generate or absorb reactive power, 
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thus eliminating the need for installing capacitor banks as in the case of squirrel-cage induction 

generator. 

 

 
Fig.3.1.Basic Diagram of Doubly Fed Induction Generator with Converters 

 

Where Vr is the rotor voltage and Vgc is grid side voltage. The AC/DC/AC converter is basically 

a PWM converter which uses sinusoidal PWM technique to reduce the harmonics present in the 

wind turbine driven DFIG system. Here Crotor is rotor side converter and Cgrid is grid side 

converter. To control the speed of wind turbine gear boxes or electronic control can be used. 

 

B. Operating principle of DFIG: 

The stator is directly connected to the AC mains, whilst the wound rotor is fed from the Power 

Electronics Converter via slip rings to allow DIFG to operate at a variety of speeds in response to 

changing wind speed. Indeed, the basic concept is to interpose a frequency converter between the 

variable frequency induction generator and fixed frequency grid. The DC capacitor linking 

stator- and rotor-side converters allows the storage of power from induction generator for further 

generation. To achieve full control of grid current, the DC-link voltage must be boosted to a level 

higher than the amplitude of grid line-to-line voltage. 
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Fig.3.2.Power Flow Diagram of DFIG 

The slip power can flow in both directions, i.e. to the rotor from the supply and from supply to 

the rotor and hence the speed of the machine can be controlled from either rotor- or stator-side 

converter in both super and sub-synchronous speed ranges. As a result, the machine can be 

controlled as a generator or a motor in both super and sub-synchronous operating modes 

realizing four operating modes. Below the synchronous speed in the motoring mode and above 

the synchronous speed in the generating mode, rotor-side converter operates as a rectifier and 

stator-side converter as an inverter, where slip power is returned to the stator. Below the 

synchronous speed in the generating mode and above the synchronous speed in the motoring 

mode, rotor-side converter operates as an inverter and stator-side converter as a rectifier, where 

slip power is supplied to the rotor. At the synchronous speed, slip power is taken from supply to 

excite the rotor windings and in this case machine behaves as a synchronous machine. 

The mechanical power and the stator electric power output are computed as follows 

                      Pr=Tm*ωr    -- (3.1) 

           Ps=Tem*ωs   -- (3.2)     

For a loss less generator the mechanical equation is 

   J (dωr/dt) =Tm-Tem – (3.3) 

In steady-state at fixed speed for a loss less generator 

  Tm=Tem and Pm=Ps+Pr -- (3.4) 

And it follows that: 

Pr=Pm-Ps=Tm ωr- Tem*ωs =-S Ps 

Where 

S= (ωs- ωr)/ ωs is defines as the slip of the generator. 

Generally the absolute value of slip is much lower than 1 and, consequently, Pr is only a fraction 

of Ps. Since Tm is positive for power generation and since ωsis positive and constant for a 

constant frequency grid voltage, the sign of Pr is a function of the slip sign. Pr is positive for 

negative slip (speed greater than synchronous speed) and it is negative for positive slip (speed 

lower than synchronous speed). For super-synchronous speed operation, Pr is transmitted to DC 

bus capacitor and tends to rise the DC voltage. For sub-synchronous speed operation, Pr is taken 

out of DC bus capacitor and tends to decrease the DC voltage. Cgrid is used to generate or 

absorb the power Pgc in order to keep the DC voltage constant. In steady-state for a lossless 
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AC/DC/AC converter Pgc is equal to Pr and the speed of the wind turbine is determined by the 

power Pr absorbed or generated by Crotor. The phase-sequence of the AC voltage generated by 

Crotor is positive for sub-synchronous speed and negative for super-synchronous speed. The 

frequency of this voltage is equal to the product of the grid frequency and the absolute value of 

the slip. Crotor and Cgrid have the capability for generating or absorbing reactive power and 

could be used to control the reactive power or the voltage at the grid terminals 

 

IV. FUZZY CONTROLLER DESIGN 

A. Introduction 

The main use of fuzzy control system is based on empirical rules is more effective. Fuzzy systems are 

easily upgraded by adding new rules or new features to improve performance. Fuzzy control can be 

used to improve existing traditional control systems by adding a layer of intelligence to the current 

control method [7]. The fuzzy logic controller consists of Fuzzy Inference System Editor. The 

simulation of soft switching circuit is developed in this FIS editor. VCr and ICr are the inputs of the 

fuzzy controller. The output of the controller is crisp value. This Graphical User Interface consists of 

FIS Editor, Membership function Editor, Rule Editor, Rule Viewer and Surface Viewer. 

 

B. Fuzzy Inference Diagram 

The fuzzy inference diagram is the composite of all the smaller diagrams we’ve been looking at 

so far in this section. It simultaneously displays all parts of the fuzzy inference process we’ve 

examined. Information flows through the fuzzy inference diagram. Fuzzy inference is the process 

of formulating the mapping from a given input to an output using fuzzy logic. The mapping then 

provides a basis from which decisions can be made, or patterns discerned. The process of fuzzy 

inference involves all of the pieces that are described in the previous sections:membership 

functions, fuzzy logic operators, and if-then rules.  
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Fig.4.1: Fuzzy Inference Diagram 

Fuzzy inference systems have been successfully applied in fields such as automatic control, data 

classification, decision analysis, expert systems, and computer vision. Because of its 

multidisciplinary nature, fuzzy inference systems are associated with a number of names, such as 

fuzzy-rule-based systems, fuzzy expert systems, fuzzy modeling, fuzzy associative 

memory,fuzzy logic controllers, and simply (andambiguously) fuzzy systems.  

Fuzzy logic controllers usually outperform other controllers in complex, nonlinear, or 

undefinedsystems for which a good practical knowledge exists. Fuzzy logic controllers are based 

on fuzzy sets, i.e., classes of objects in which the transition from membership to nonmembership 

is smooth rather than abrupt. Therefore, boundaries of fuzzy sets can be vague and ambiguous, 

making them usefulfor approximation systems. The first step in the fuzzy controller synthesis 

procedure is to define the input and output variables of the fuzzy controller. This is done 

accordingly with the expected function of the controller. There are not any general rules to select 

those variables, although typically the variables chosen are the states  of the controlled system, 

their errors, error variation, and=orerror accumulation. 

There are five primary GUI tools for building, editing [3, 7], and observing fuzzy inference 

systems in the Fuzzy Logic Toolbox: the Fuzzy Inference System or FIS Editor, the Membership 
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Function Editor, the Rule Editor, the Rule Viewer, the Surface Viewer.The FIS Editor handles 

the high-level issues for the system: The Fuzzy Logic Toolbox doesn’t limit the number of 

inputs. However, the number of inputs may be limited by the available memory of the machine. 

If the number of inputs is too large, or the number of membership functions is too big, then it 

may also be difficult to analyze the FIS using the other GUI tools 

V. SIMLATION RESLTS 

A. Base System 

 

 
Fig 5.1: The block diagram of the proposed fuzzy based AC/DC GVSC usedin Wind power 

generationSystem 

 

 
Fig 5.2: Subsystem of Current Regulator with PI 
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Fig 5.3: Subsystem of Current Regulator with Fuzzy Controller 

 

 
Fig 5.4: Fuzzy Inference System 

 

 
Fig 5.5: Input Variable1 
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Fig 5.6: Input Variable2 

 
Fig 5.7: Output Variable 

 

 
Fig 5.8: Rule View 

 

 



 
International Journal of Advanced Scientific and Technical Research                      Issue 6 volume 1, Jan. –Feb. 2016 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

©2015 RS Publication, rspublicationhouse@gmail.com Page 95 
 

Fig 5.9: Surface View 

 
Fig 5.10: Inverter input voltage with PI controller 

 

 
Fig 5.11: Inverter input voltage with fuzzy controller 

 

 
Fig 5.12: Grid voltage with PI controllers 
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Fig 5.13: Grid Voltage with Fuzzy Controller 

 

 
Fig 5.14: Grid current with PI controllers 

 

 
Fig 5.15: Grid Current with Fuzzy Controller 

 
Fig 5.16: Direct axes voltage with PI controller 
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Fig 5.17: Direct axis Voltage with Fuzzy Controller 

 
Fig 5.18: Quadrature axes voltage with PI controller 

 

 
Fig 5.19: Quadrature axis Voltage with Fuzzy Controller 

 

 
Fig 5.20: Real power at grid side with PI controller 
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Fig 5.21: Real power at grid side with Fuzzy Controller 

 
Fig 5.22: Reactive power at grid with PI controllers 

 

 
Fig 5.23: Reactive power at grid side with Fuzzy Controller 

VI. CONCLUSION 

The detailed modeling and control of grid side VSC has been carried out for a wind power 

generation system. A configuration of a grid side VSC in the dc link has been proposed with a 

control strategy to maintain the grid power constant. The simulation results shows the proposed 

system is how the performance will vary of Grid current, dc-link voltage, dc-link voltage with 

grid sag and swell, active power, reactive power, direct-axis voltage of grid, quadratureaxis 

voltage of grid are how improved by using fuzzy logic controller. 
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