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Abstract— An electrical power system is expected to deliedistorted sinusoidal rated voltage continuouslyated frequency to the end
users. A PQ problem can be defined as “any probtanifested in voltage, current, or frequency déwet that results in failure or mal-
operation of utility or end user equipment.”[12]oltage Dip (Sag) is a power quality problem thatrisvalent in any power system. It is said to
be one of the main problems of power quality. TrEmtauses of voltage dip are due to faults angklaating induction motor starting.
Modern power electronic equipment is sensitivedtiage variation and it is also the source of disnces for other customers. This increased
sensitivity of the equipments to voltage dips highlighted the importance of quality of power, #iectric utilities and customers have become
much more concerned about the quality of elecmiwgr service.
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1. INTRODUCTION

Over the last ten years, voltage dips have becaree 0 RMS voltage at a power frequency for duration fr8m
of the main topics concerning power quality amotitities, ~ seconds to 1 minute.
customers and equipment manufacturers. Voltagasdgmort
duration reduction in rms voltage. Typical causew f
generation of voltage dips are short circuit fauteitching
operations and starting of large rating inductiostors. 110%

Voltage dips occur during faults in a wide partloé
power system. Disruptive voltage dips are mainlysea by
short-circuit faults. Voltage dip can occur duestwmrt circuit
fault located hundreds of kilometers away from #ifected
area. This makes it much more complicated thanrgihever T
quality problems.

Voltage dip can cause induction motors which
constitute a large portion of the loads in indastppower
systems to trip by protection relays to protect ri@tor from Fig. 1. Voltage Magnitude Events as used in IEEE Std. 11935
any possible damage.

The large interest in voltage dip is due to theB. Voltage Dip Characteristics
problems they cause on several types of equiprispecially 1. Magnitude
computers, adjustable-speed drives and processstont 2, Duration
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equipment are notorious for their sensitivity. 3. Phase Angle Jump
2. BACKGROUND 3. SYSTEM UNDER STUDY
A. Voltage Dip Classification Fig.2 showsmodified IEEE distribution test feeder.

The voltage sag as defined by IEEE, Standard 189%;1 The system data is given in circuit parameters. dljective
and IEEE Recommended Practice for Monitoring Electr IS t0 discriminate the voltage dips due to faufisai power
Power Quality is a decrease in root mean square RM SYStem. This information may be used to take proper
voltage at the power frequency for durations frafcgcles to ~ Countermeasures to maintain the bus voltage dwsysgem
1 minute. The magnitude of voltage sag lies betwhero0%  faults within specified limits.
to 10% of nominal voltage.

Momentary voltage sag is defined as the decreaBMi§
voltage at a power frequency for duration from €ybles to 3
seconds. Temporary voltage sag is defined as ttreatse in
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Fig.2 The modified |IEEE distribution test fee
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Fig. 3: Single-line diagram of the systaimulated in PSCAD Softwe for LG
fault

The voltage waveform on 4 buses are plotted bu
study has been conducted on bus 1 and presentegh#s
obtained particularly for voltage dips due to diéfet faults.
At bus 1 voltmeter Eis connected for measuring the |
voltage. The other buses i.e. bus no.2, bus nad3bas no.«
are also affected.

The voltage dips are observed in the system vo
due to the creation of different faults like LG, ULLG, LLL,
and LLLG. The faults arereated in the circuit by using tim
fault logic for specifying the instant of fault atite duration
The sampling frequency to extract the data is 1Q.

The signals obtained from PSCAD are furt
analyzed using wavelet transform. The wavelet form
decomposed the signal up to six decomposition &by using
Daubachies Db4 wavelet. The decomposition ¢
approximations and detailed coefficients. The diedk
coefficients at level 4 obtained from DWT are fent
subjected to various statisticparameters for increasing the
detection accuracy.

Then these extracted features are provided aspaih
to ANN for classification of voltage ps due to faults.

4. RESULTS AND DISSCUSSIONS
Time domain approach

Voltage dips due to faults

The voltage dipssiobserved in the system voltage
to the creation of different faults like LG, LL, G, LLL and
LLLG. The faults are created in the circuit by wsitimed
fault logic for specifying the instant of fault atite duration
The study has been conductedbus no.1. At bus 1 voltmeter
E, is connected for measuring the bus voltage. It hesn
observed that the voltage dip occurs between the & fauli
initiates. It can be seen from the simulated wawafothe
magnitude of voltage at bus no.1 is reduce. voltage dip is
obtained. The voltage dip remains same till recpwdrfault.
After recovery of fault, normal value of voltage dbtained
The other buses i.e. bus no.2, bus no.3 and ddsane als:
affected.

[A] LG fault

volage @y

wotage qany voliage o

vo tage @pay

Fig.4: Voltage dip du& LG fault (simulation)

From fig.4 showswvaveforms for voltage dip due
LG fault. In this case fault is created in phag®e ground. I
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has been observed there is dip in only one phasén. phast
c). It can be seen from the simulated waveforn magnitude

of voltage is reduced i.e. voltage dip is obtai

[B] LL fault

From fig.5,it has been observed there is dip in -
phases i.e. phase B and phase C. Due to LL falét
magnitudes of the voltages of the three phasexaegual
After recovey of fault, normal value of voltage is obtain
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ig.5: LL fault (simulatic
[C] LLG fault

In this case fault is created in phase A and Ca
with the ground. From fig.Gt has been observed there is
in two phase and magnde of voltage magnitude is reduc
i.e. voltage dip is obtained.
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The LLL fault is created in all the three phases®/
and C respectivelyt lhas been observed there is dip in tt
phase and magnitude of voltage is reduced i.eageltdip
obtained.

[E] LLLG fault
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Fig.8 Voltage dip due to LLLG fault (simulatio

A voltage dip due t&.LLG fault as shown in fig. .It
has beerobserved there is dip in three phases A, B ar
along with the ground. The magnitude of voltageeducec
i.e. voltage dip obtained.

Wavelet transform approach

The signals obtained from PSCAD are furt
analyzed using wavelet transform. The wavetransform
decomposed the signal up to six decomposition $eusing
db4 wavelet.The decomposition gives approximations .
detailed coefficients.

The decomposed signal for voltage dips are du
different faults like LG, LL, LLG, LLL, LLLG are & shwn
below.

[1] Wavelet decomposition of signal for voltage sligue tc
LG faults

WAVELET DECOMPOSITION OF SIGNAL
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Fig.9Wavelet decomposition of signal of voltage
due to LG fault

Fig.9. shows the original signal and wave
decomposition of waveforms of voltage signal upstgth
level of LG fault i.e. (phase ¢ to ground faultherT original
signal shows the voltage dip due to LG fault. Tfieat of LG
fault can be more clearly visuald in D4 level.

Statistical parameters approach (simulation)

The detailed coefficient at level 4 obtained fronWD is
further subjected to various statistical parametdos
increasingthedetectionaccure

The statistical parameter such as max. value,
deviation, variance, skewness, kurtosis and eneagy
calculated with the help of MATLAB programmi.

1. When 6 parameters(max. value, std. devial
variance, skewness, kurtosis, and enerre given
as input to Generalized feed forward neural netv

Table 1 -The variation in correct classification with respte
number of processing element for 6 parameters uSIRYN
(Simulation ).

No. LG% | LL% | LLG% | LLL% | LLLG%
of PE

1 0 100 | 10C 100 100

2 0 100 | 10cC 100 33.33
3 0 100 | 10cC 100 100

4 100 100 | 10C 100 100
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5. CONCLUSION

classification of voltage dip due to In this paper the modified IEEE distribution test
faults feeder System is simulated in PSCAD. The data oéthfrom
100 — 5LG simulation is in time domain. With the help of magde of
> 80 voltage and duration of events, the cause of veltdgps
2 mLL cannot discriminate properly. Hence in order tcagbtorrect
% 60 classification the Wavelet approach is used.
O A By using Generalized feed forward neural network
O 40 LLG ) .
< (GFNN) for six parameters such as maximum valuendsrd
£ 20 mLLL deviation, variance, skewness, kurtosis and enginggs 100%
o H results by simulation analysis i.e. 100% classiiora of
1 2 3 4 voltage dips due to various types of faults.
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