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Abstract: Because of the mtermittent nature of wind, its mtegration to the power system 1s still promising under
fault condition with respect to power quality and stability. For the large penetration of wind energy, this study
using an embedded time-frequency localization features in wavelet, provides deep insight to the character of
transient signals for a proposed test system comprising 1 thermal plant and 3 DFIG-based wind plants. The test
system results are analyzed onto the wavelet format for accurate detection and better resolution of the
characters of transients. This is found that the presence of lower frequency bandwidth signals and larger
magnitude wavelet coefficients are the root cause information for the stability and quality.

Key words: DFIG, fault, wavelet, time-frequency, frequency bandwidth and transients

INTRODUCTION

Wind generation i1s one of the mature and cost
effective resowrces among different renewable energy
technologies (Srivastava and Chauhan, 2006). The
increasing wide spread use of wind generation on power
system networks imposes the requirement that wind farms
should be able to contribute to the network support and
operation as do conventional generating stations based
on synchronous generators (Bhadra et al., 2005).

For the large penetration of wind energy, an
mternationally recognized tool wavelet transform
approach 1s proposed for the condition momtoring of the
test system, comprises 1 thermal plant and 3 DFIG-based
wind plants. This study explams, a novel approach 1.e.,
wavelet for fault detection and its analysis.

As analyzed from theory point of view, the wavelet
can be formulated via a family of basis functions such
that the signals can be described m a localized time and
frequency format. Hence, by employing the long windows
at low frequency and short windows at high frequencies,
the wavelet transform will be capable of comprehending
the time and frequency information simultaneously. For
those transients m time-varying signals, they would be
supervised more effectively, thereby encouraging the
application of such method to enhance the detection
capabilities.

In area of DFIG-based wind energy, limited numbers
of wavelet-based research papers are available
(Douglas et al., 2005) made a comparative analysis of the

approaches, MCSA, EPVA and DWT to detect the
interturn fault  in Doubly-Fed Induction Generator
(DFIG). CWT-based approach 1s proposed in
(Chin-Shun Tsai et af., 2006) for the enhancement of
damage detection of wind turbine blades. Wavelet-based
ARMA model is presented in CAO Lei and Ran (2008) for
the short-term wind speed forecasting. But, the affect of
fault on the integrated system with respect to stability 1s
not yet addressed, which is utmost important for large
penetration of wind energy. In this connection, this study
comes out with proposal of fault detection and its effect
on the stability of the integrated system through novel
wavelet techmque.

MATERIALS AND METHODS

Doubly-fed induction generator: Power captured by
the wind turbine is converted into electrical power by
DFIG- based wind farm 1s shown in the Fig. 1. The
generator assures efficient power production at variable
speed. The speed variability is made possible by
directionally dependent transfer of slip power via
converters. In sub synchronous speed the stator of
DIFG feeds all the generating electrical power to the grid
and additional makes slip/rotor power Pr available which
is fed from converter to the rotor via slip rings. However,
in the super synchronous mode total power consists of
the components fed by stator of DFIG plus rotor power
Pr, which is fed from the rotor to grid via converter.
The control system generates pitch angle and the voltage

Corresponding Author: Bhola Tha, Department of EEE, KI.CE, Guntur Andhra Pradesh-522502, India



Int. J. Elec. Power Eng., 3 (3): 150-153, 2009

Turbine ACDCIAC converter ¢
- ac &= pe &= ¢
— EEEIT=
Rotor ry T
— Drive i !
Wind ,  train mﬁ‘ﬂfm AL it 3-ph
o i oy
Pitch angle
Fig. 1: Doubly-fed induction generating system
command signal Vr and Vge for C,,,, and C_,,, respectively

in order to decouple the active and reactive power, C,
and C_,; have the capability for generating power and
could be used to control the flat voltage at grid.

Overview of the test system: To demonstrate the results,
a test system, shown in Fig. 2 13 selected based on
(Changling Luo and Boon-Teck, 2006). Total 27 MW
DFIG-Based wind farms are integrated to 500 MVA
thermal power plants through 120 KM ring distribution
feeder. Three Wind Power, each 9 MW at 575V and 1
Thermal Power Plant at 22 KV are stepped up to Grid
voltage of 120 KV through a step-up Transformer,
600 MVA, 22 KV/120 KV (delta-star). After integration,
Total Harmonic Distortions (THD) 15 measured and
eliminated (3rd and 5th order) by three phase harmonic
filter having quality factor 20.

Fault is created near the wind power plant 2 for the
duration 1.66 ms. A capacitor of 0.6 F 13 comnected in
between the rotor side converter and grid side converter.
DC link voltage is made almost 1200 V for bidirectional
power flow m the rotor of DFIG. Slew rate of wind speed
are different for the different wind farms.

Wavelet analysis: The ability to provide variable
time-frequency resolution is hallmarks
transform (Rghuveer et al, 2005; (http://fwww/engin-
eering . rowarn.edu/polikar/ WAVELETS/W Ttutoria/ hitm ).
Wavelet transform is relatively new mathematical
technique, which is used to analyze signal in nature. Tt is
becoming the focus point of much science and 1s fondly
delighted tool by scientists. It plays a very unportant role
in sighal and information processing.

of wavelet

Discrete Wavelet Transform (DWT): The wavelet
transformation 1s a process of determming how well a
series of wavelet functions represent the signal being
analyzed. The goodness of fitting of the function to the
signal 1s described by the wavelet coefficients. The result
15 a bank of coefficients associated with 2 independent
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Fig. 2: Test system

variables, dilation and translation. Translation typically
represents time, while scale is a way of viewing the
frequency content. Larger scale corresponds to lower
frequency meamng thereby better resolution. The most
efficient and compact form of the wavelet analysis is
accomplished by the decomposing a signal into a subset
of translated and dilated parent wavelets, where these
various scales and shifts in the parent wavelet are related
based on powers of two.

Full representation of signal can be achieved using a
vector coefficients the same length as the original signal.

The forward wavelet transform determines the
wavelet coefficients C,, of b wavelet at each level a. For
the signal f (n),

Ch=2f(m¥P,, )

Continuous Wavelet Transform (CWT): The DWT 1s
most efficient and compact; its power of two relationships
in scale fixes its frequency resolution. Often it is recuired
to differentiate between smaller frequency bands than
DWT allows. This is possible by using scales that are
more closely spaced together than the power of 2
relationships and is the basis for Continuous Wavelet
Transform.

For a signal f (t), CWT determines the coefficients as:

C,, = [ftuiab,ndt

Here, a and b represent the dilation and translation.
The number of coefficients necessary to describe the
signal may be larger than the signal strength, as the
wavelet over samples the signals as the CWT over
samples the signal.

In this study, the wavelet coefficients 1s used to
provide the scalogram, which describes the signal energy
on time-scale domain. This facilitates identification of time
varying energy flux spectral evolution and transient
bursts not readily discermible usingtime or frequency
domam method.
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Fig. 3: Fault detection
RESULTS AND DISCUSSION

Dubieties waveletis applied in one dimensional CWT
for scalogram which reveds much information about the
nature of non-stationary processes that was hidden
Scalogram is usefil for the diagnosis of special events in
the structurd behavior, Any change in frequency content
e.g, initiaton of stiffness degradaion can easily be
identified by the scaogram.

Scalogramis aplot of coefficients on time-gcale plane,
Each point on this plane represents wavelet coefficients.
The wavelet coefficients are well suited for andyzing
flofl-stationary events such as transient and evolutionarsy
phenomena There are 2 coefficients to describe the
energy at the ith frequency band, fori=0, 1, 2
where, the signal consists of 2¥ data points. The
coefficients in a parficular band represent the energy at
that interval equally spaced over the duration of the
signal. Whery, the squared coefficients are plotted on a
time-scdl e grid, the transfer of energy from one band to
fiext would be observed dong the time scale This is
caled the scalogram. In this stdy, the signal consists
10286 data points whereas, the coefficients generated at
the & lewels are 10323, This happens because the CWT
over samples the signal and so wavelet coefficients
cottaing partial redundancies of information. Line-Ground
fault occurs on the ring distribution feeder near by the
witid plant 2 iz clearly detected, can be zeen in Fig 3.
Discrete Wavelet Transform (DWT) is used to decompose
the fanlt signal a d1 (low fegquency) level for intensifring
the high frequency oscillations present at the instant of
falt. Decomposition at low frequency (d1) lesel is hawing
better resolution iz observed in Fig 4. These oscillations
are divided in frequencies bandwidth, the scalogram
format to extract the root cavse information There are
g energy bands except Fig. 3 and 4. Horizonta awis
represents time whereas vertical axs, scale increasing
from bottom to top. Higher scae corresponds to low
frequency. Volume bounded by the surface decreases
fromupper frequency to lower frequency band. Therefore,
the energy strength ofthe fanlty signal decreases tovwards
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Fig 4: Presence of oscillations at the time of fault
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Fig 5 Gcalogram of wind plant 1 af the time of fanlt

Fig & dcalogram of wind plant 2 af the time of fanlt

lovwrer frequency e, higher frequency bandwidth, Thisis
cleatly obzerved in Fig 5-7 for the wind plant 1, wind
plant 2 and wind plant 3, respectively, Transfer of energy
for aparticul ar band is also clearly seen, but its resolution
iy more in the upper fregquency band i e, low fequency
bandwridth. This is how the wavelet is superior to Fourier
Transform and Short Term Fourier Transform. Low
frequency bandwidth signd caries more energy and
perssts relatively for alonger duration on the svstemis
to be taten care of Since, the fault ocours on the ring
distribution feeder near by the wind plant 2, so its effect
on wind plant 2 is relatively more, dearly seen in Fig é.
Ho special events or change in frequency or stiffness
degradation is diagonized by the scalogram before and
after the ewvent of fault This wverifies the concrete
modeling of test systerm.
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s Scalogram of wind plant 3 at the time of fault
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For discoiminating the effect of fault on
oridfdternator, Warelet coefficients are plotted, shownin
Fig & and 9. To hawve the better resolution, ondy D§ level
coefficierds. The occumrence of larger magmtude
coefficients in the wawvelet domain is used toidentify
the impulsive ewverts. This iz clearly observed from
Fig & and 9 that the mambers of impl sive events are more
after ocourrence of faslt.

CONCLUSION

LG fault on interconnected distribation feeder is
detected clearly Impact of the fault on an alternator and
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the 3 wind plants are exhibited through wavelet
coefficients and scalogram, respectively. The presence of
lower frequency bandeidth signals carries more energy
relatively is the root caase information for the stability
and guality of the system .

The occurrence of larger magnitude wavelet
coefficients iz the identification of impolsive
response. The abzence of stiffness degradation before
angd after fault werifies the concrete modeling of test

syEtett.
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