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Abstract: A novel method is used to do power quality analysis in non-stationary nature of voltage distortions
require some precise and powerful analytical techniques. However, the generated wind energy power is
evermore fluctuating due to ecological conditions. In similar way, the transfer of wind power energy into an
electric grid affects the power quality due to the external distortions and disturbances. The electrical powers
generated out of the wind turbine are connected to a grid system concerning the different power quality
measurements, such as active power, reactive power and the different distortions. S-transform (ST) and discrete
wavelet transform (DWT) is used to detect the various wind energy with gird connected system power quality
distortions, disturbances and its characteristics. The wind energy voltage signal at a point of common coupling
is used to detect the disturbances. The case study consider in this method is rapid, highly sensitive and well
located detection and identification of wind power quality disturbances. The grid connected wind energy
system is implemented and the results are simulated using Matlab SIMULINK in power system block set.
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INTRODUCTION [4]. In principle, wind energy can be considered as

Wind power distributed generation (WPDG) is the with grid power, quality seems to be a difficult issue
most recent and popular system in the generation of which highly depends on the interaction between the grid
electrical energy. In recent days, the electrical energy and the wind turbines [5]. The main characteristics in the
requirements promote wind power awareness for clean grid that is consider to ascertain the quality of power
environments [1-2]. However, worldwide they are used in generated by the wind turbine are voltage changes and
the WPDG systems are used in different kind of fluctuations, harmonic content, power peaks and flicker.
applications. But in this system there are many issues to The disturbances are determined always different output
be considered with WPDG and with grid connected power due to wind shear. In a Power quality, disturbances
system. There are various types of issues that need to and distractions arise due to the presence of non-linear
consider in a generation system but the main issue is loads and unbalanced power in distributed power system
power quality. Therefore, the electric power generated is and semiconductor equipments. The point of common
as it is used also usually generated from the remote coupling (PCC) is not effective and the power generators
source to the customers [3]. The generated power system with connected loads might have many problems with
is very difficult to control and assure the quality of respect  to  the  power quality. The combined method for
electric power generated, but there is no process or s-transform and wavelet transform is used to detect the
method to remove the poor electric power. As a result it is different power quality disturbances. The major
necessary to follow the protective and monitoring advantage over the wavelet transform is to detect the
procedure that requires a minimum level of power quality power  quality in noisy conditions. The voltage signals at

difficult source to generate power quality. Wind turbine
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PCC are used as the input signals and the filters of The reactive power interactions between the wind
different cut-off frequencies are used to analyze in turbine and the grid network are more essential
different scales. The signals are classified into low characteristic of wind generation system. The fixed
frequencies and high frequencies and they are capacitor is equipped in the induction generator for
decomposed  in  approximation  level and detail level [6]. reactive  compensation  then  the  risk of self excitation
It is necessary to know the sources of wind power system may occur during off grid operation. It can be consider to
disturbances  and  discover  remedies  to  sensible them. the  lower/higher  voltage or frequency operation and
In this method, S-Transform and Discrete wavelet other safety aspect disadvantages. To improve and
transform are more attractive and very effective stabilize the power quality of the grid, it should be
candidates for detecting several power quality maintain the reactive power to zero at point of common
disturbances. Discrete wavelet transform is most powerful connection (PCC). Fig. 2 shows that the SIMULINK
method for detecting and extracting disturbance features blocks  10MVA   short   circuit   through   the  rated
of power quality disturbances [7-8]. But the main voltage 10/0.4kV and the rated capacity 100kVA. The
disadvantage of discrete wavelet transform is a set of impedance of the transformer and the load connected to
processing step which results in more delay. In addition sense the load RL capacity 50kVA and the power factor is
an S-transform [9], is used to convert the varying and 0.9.
scalable localizing Gaussian window and is fully
convertible from the time domain to two-dimensional (2-D) Disturbance Detection Methods in Wind Energy
frequency domain. The phase correction of the modified Discrete Wavelet Transform (DWT): Wavelets have
wavelet transform in the form of S-transform can provide been  used  in various research areas to obtain the
major advantage to the detection and localization of effective results, Such as signal processing, image
power quality disturbances[10]. Any change that occurs processing, data compression, de-noising and numerical
in the distributed power signal would be successfully solution of differential equations. The discrete wavelet
caught, hence needs to improve the reliability of techniques are used as a new tool for expected results in
detection. fault detection and various power systems. The DWT to

Wind Energy with Grid Connected System (WEGCS): In at various input signal levels in terms of the coefficients
the recent years, the power requirement is very high all are
over the world. The most powerful and efficient alternate
method to reduced the power requirement is wind power C  = [A |D |D |---- D ] (1)
energy sources which is connected to the grid and some
disturbances occur in nature of the energy sources in where, A, D is representing the approximate and detailed
generators. However in a reliable source operation, coefficients at various input signal levels. The
several technical and physical issues are correlated to convolution and decimation can be achieved by Wavelet
power quality analysis. transform and it is used to achieve a better performance

Issues in Power Quality: The variations of voltages in signals are used in different cut-off frequencies and used
wind generators connected to the grid during the at different scales are analyzed. The input signal is
transmission having some issues in their result. The processed through two different ways to implement the
results are directly related to the generator torque and the wavelet transform. First one should consider the high
wind turbine velocity and also the variations in real and frequency feed through a series connected high pass
reactive power. The variations in voltage regulation are filters and second one should consider the lower
classified into voltage sag, voltage dips, voltage swells frequency feed through a series connected low pass
and short interruptions. To vary the loads in a network is filters. Hence the input signal H(s) is reconstructed into
called as voltage flicker. The results in harmonic distortion two types of components-approximated signal A(s) and
are  depends  on  the converters used in the generators detailed signal D(s). The approximated signal A(s) is a
(i.e. power electronic components). This kind of high  level,  low-frequency  component  of   the  signal.
distraction  should  be reduced to minimum level when the The detail (D) is the low level, high-frequency
generators are connected to the network. The distortion components.  The  reconstructed  output   time signal is
is defined as a variable speed turbine with a converter at R (n) in terms of approximated and detailed output
the point of common connection. signal is given by:

represent the time domain signal S (t) can be represented

s 0 0 1 f-n

using the Haar wavelet transform. The input voltages

C0



0 0( ) ( 2 ) ( )c
l

a n x l n R l= −∑

0 0( ) ( 2 ) ( )c
l

d n y l n R l= −∑

21

0

1 [ ]
j xix

X

i

xH h iT e
XT X

−

=

  =   ∑

21

0
, ( , )

j xiX
X

l

x l xS jT H K l x e
XT XT

−

=

+   =      ∑

2 2 2

2
2( , ) lK l x e

x
−=

( , ) ( ) ( , )w a h t t a
∞

−∞

= −∫

Middle-East J. Sci. Res., 23 (3): 499-505, 2015

501

Fig. 1: A Configuration of Wind energy with grid connected conversion system

Fig. 2: A Simulink Model for Wind Energy System with Grid Connected

shifted Gaussian windows. Using (3), S-transform of a

And to x/(XT) and  tending to jT. Thus discrete S-transform

(2)

where, x(n) has a low frequency response and y(n) has a
high frequency response. At each level, the number of the where
DWT coefficients of the resulting output signals is half of
the reconstructed signal (e.g. R  (n)). (5)C0

S- Transform: The discrete S-transform is defined as and N = total number of samples. For low frequencies, a
follows. Let h[XT], i = 0,1,…….,n-1 denote a discrete time high value of b is chosen and for high frequencies, lower
series  corresponding to h(t) with a time sampling interval value of b is chosen to provide suitable frequency
of T. The discrete Fourier transform of h[kT] is obtained resolutions. In continues wavelet transform the
as: information is about the phase of the spectrum and also

(3) the continuous wavelet transform (CWT). The CWT ( ,a)

where n = 0, 1… N-1. Each basis vector is divided into N (6)
localized vectors by an element by its product with N

discrete time series h[xT] is obtained by letting f tending

is given by:

(4)

the amplitude. The input signal phase can be obtaining in

of a function h (t) is defined as:
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where, W (a) is a measured model of the fundamental
wavelet transform. The S–transform is obtained by (9)
multiplying the CWT with a phase factor as:

(7)

where, the wavelet for this particular case is defined as: non linear  load in various power quality disturbances

(8) The different parameters of the wind energy system used

In this equation the just dilation factor is the inverse the wavelet transform and S-transform to detect the
of the input signal frequency. Thus, the final form of the disturbances. The simulated graphical results are
continuous S–transform is obtained as: discussed in both SIMULINK and MATLAB simulation.

RESULTS

The simulated result analyses are discussed using

with  gird  connected  wind  energy generating system.

to simulate the voltage signal are captured at the point of
common coupling (PCC). The input signal is fed through

Fig. 3: Input voltage with harmonic noise distraction

Fig. 4: (a) Source current (b) Harmonic with Load current (c) Wind generator current
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Fig. 5: The various types of disturbances in a wind power generation system

Fig. 6: Voltage Sag signal detect and reduced using S-transform

Fig. 7: Voltage swell signal detect and reduced using S-transform.
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Fig. 8: Voltage Harmonics signal detect and reduced using S-transform

Fig. 9: Voltage Spike & notch signal detect and reduced using S-transform

Fig. 10: The different Detailed & Approximation level
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The noise signal (30dB) is commonly set at all the 4. Manel, J., 2006. Power electronic system for grid
disturbances to simulate the Matlab program. integration of renewable energy source: A survey,

CONCLUSION 5. Mohod, S.W and M.V. Aware, 2008. Power quality

This  paper  has  considered the study about the conversion. IEEE Int. Conf. Quality Power &
detection and reduction of the various power quality Harmonic, Wollongong, pp: 1-6.
disturbances (PQD) in wind energy system. The two 6. Prakash, K., Harish Ray and C. Dubey, 2010. Power
different methods (wavelet & S-transform) are used to Quality Disturbance Detection in Grid-Connected
detect  and  reduce  the  power   quality  disturbances Wind Energy System Using Wavelet and S-
when connected with grid in a wind energy system with Transform, IEEE trans. on Power, Control and
non-linear  load.  The  input  voltage  signal  is  fed Embedded Systems (ICPCES), pp: 1-4.
through both the systems in various conditions to prove 7. Cheng Tao, Hsieh, Lin Jeu-Min and Huang Shyh-Jier,
S-transform over the wavelet transform in various 2008. Enhancement of islanding-detection of
disturbances under 30dB noise condition. MATLAB is distributed generation systems via wavelet
used to simulate results are compared and verified in both transform-based approaches. Electr. Power and
systems. Energy Syst., ELSEVIER, pp: 575-580.
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