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ABSTRACT Wind energy is characterized by irregularity, instability & unpredictability. Normally, rotational turbulence 
of blade and wind parameters viz, speed , density etc. produces unwanted fluctuation. Power output of wind turbine is 
a function of wind speed. Wind turbine known as source of fluctuated power because it depends on wind speed. This 
fluctuating power will have its impact on power balance and voltage at the point of common coupling. Small variation in 
wind speed causes big variation in power output. Consequently, big voltage fluctuation pruduces very large variation in 
voltage at load side which is out of control. In this paper a method has been developed by which fluctuation in output power 
of wind turbine can be reduced. A DSP Controller is using for this purpose. The developed method has been tested using a 
Sim Power System tools of MATLAB and simulated for operation.

1 INTRODUCTION
Renewable energy resources are known as a means of prom-
ising power provider because these are having low cost , ad-
vance technology and eco friendly. Renewable energy sourc-
es are wind, solar, biomass. Amongst them, wind energy are 
strongly considered alternative power. The range of advance 
turbine technology is now reached upto Multi megawatt. 
Multi megawatt generation capability of wind turbine now 
comes with better control which is increasing the contribu-
tion of renewable energy in power grid. Wind energy sources 
are characterized by irregularity , unpredictability. Wind pow-
er is the function of wind speed and wind speed’s behavior 
is random.

Furthermore, normally, blade rotational turbulence and tow-
er shadow also produces fluctuation on mechanical torque. 
These all reason make the wind turbine as a source of fluctu-
ating torque which responsible of unwanted power fluctua-
tion . wind power generation system always connected with 
weak grid. It is poorly interconnected. It is either very far or 
isolated from main generation unit. In a weak or isolated grid, 
the response of system voltage or frequency is very sensi-
tive for power generation or power consumption. Fluctuated 
power also causes the unnecessary start stop of secondary 
power generator. The wind power inertia compensate certain 
amount of fluctuation . Though if wind turbine feeds power 
to load or small grid than this fluctuated power can create a 
severe problem for system stability. Energy storage device 
can reduce the power fluctuation as well as power flickering. 

A lot of wind generation technology are available in market. 
Amongst them , DFIG is an attractive option because it can 
work under variable speed operation , real and reactive pow-
er control and with low rating convertor. The main improve-
ment of a recent configuration with a storage system in the 
DC link is providing an extra spinning reserve facility for the 
wind system which can be used for sink or source of active 
power . theoretically , storage system has the capability by 
which enough real power can compensate so that instantane-
ous fluctuation can be made smooth. 

In this paper , that key elements has been discussed and 
identified who is responsible for power fluctuation . Also sys-
tem has been simulated and results are discussed here.

2 Theory
In normal operation condition random properties of wind , 
tower shadow and blade rotational turbulence produces un-
wanted fluctuation on mechanical torque . this real power is 
a function of mechanical torque . in a weak system positive 

feedback occurs between the power fluctuation and the volt-
age fluctuation with respect to the same input torque and 
so the power fluctuation may also increase the fluctuation 
comes in this torque increases the problem. When appropri-
ate compensator is unavailable in a stand alone system of 
a load or weak grid , the power variation or fluctuation is 
proportional to the rate of change on wind speed . The total 
output of wind generator can be expressed as:

P = Pbase + dal P …….(1)

The total power of wind turbine is a combination of base 
power and fluctuated power . Equation 1 is showing Total 
Power where Pbase is a fluctuation free power and dal p is 
fluctuated power. Fluctuated power can be explained as:

According to the equation 2 fluctuating torque and fluctu-
ating slip is main component to produce unwanted power 
fluctuation . fluctuated power has its own magnitude and fre-
quency which depends on the rate of change of wind speed.

3 Modeling of system
Our system consists of a DFIG with DC-AC and AC-DC con-
vertor battery storage , load and grid. Generator uses wound 
rotor induction machine whwere rotor terminal are fed via a 
back to back PWM voltage source convertor. Control system 
is capable to control the real power and active power inde-
pendently. Rotor side convertor controls the generator speed 
and reactive power of stator while stator side convertor con-
trols the fluctuating power as well as it supplies the reactive 
power to the system 
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Figure 1. Wind turbine with storage System
Figure 1 shows the typical arrangement of a DFIG equipped 
with a wind turbine and battery storage system connected 
to the DC link of the back to back PWM convertor. A DSP 
controller has designed for this system . Stator side convertor 
controls the exchange of instantaneous power between sta-
tor and storage system.

Storage controllers receive signal from wind energy and grid 
system. The storage system provides instantaneous active 
power compensation through the stator side convertor to 
the turbine output power as well as the DC link voltage sta-
bilization.

4 Wind Turbine Model
Wind turbine is a nonlinear system whose different output 
depends on optimal values of different parameters. The total 
power of wind turbine is:

where ρ is the air density [kg/2m ], Ar is the area swept by 
the rotor and V is the wind speed. The wind power output 
is given by the power curve, depending on the wind speed, 
which is expressed as

where Vi ,Vr and Vo are the cut-in, rated and cutoff wind 
speed, respectively. The function, P(v) , describes the wind 
power between cut-in wind speed and rated wind speed. 
The mechanical power of wind turbine can be determined by,

Cp is the performance coefficient. It is the function of Tip 
speed Ratio and Pitch Angle. Tip speed ratio is a ratio of 
speed at the Tip of the blade and speed of the wind. It de-
scribed as 

Figure 2. shows a typical power curve of commercially 
available wind turbine
Figure 3 depicts the performance coefficient of different wind 
speeds . According to the figure , initially , as the wind speed 
increases Cp also increases . Further Cp decreases with in-
creasing of wind speed . This characteristic makes the wind 
turbine output self regulating by operating itself in lower ef-
ficiency during high wind speed. It shows the achievement of 
high efficiency also during low wind speed. 

Fig 3 . Performance curve for two different wind speed
Performance coefficient varies with wind speed. Figure 4 
showing the power characteristic curve of wind turbine dur-
ing different wind speed.

Figure 4. Turbine power characteristic

5 Storage System
The motive of the stirage system is to smoothen the wind 
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power variation. The charging and discharging power of 
storage system can calculate as per the availability of wind 
power.

Where Pch, Pdch , Pd , and Pw are the charging, discharg-
ing, desired and actual wind power, Respectively. The energy 
storage system can be characterized by its charging efficien-
cy ηch and discharging efficiency ηdch as follows

Where Ech is th stored energy and Edch is the discharged 
energy. The storage system ratin should be less than conver-
tor’s rating.

Figure 5. Power variation curve 

6 Conclusion
In this paper the discussed method has been developed in 
MATLAB. The proposed arrangement is able to reduce the 
power fluctuation.
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