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ABSTRACT

Electricity has huge impact on country’s economywanted outages(faults) results loss of economypr&eent loss an
accurate techniques are need to restore systenotmal condition. it is necessary to differentiatee talgorithms on
efficiency in classifying faults, so this study fesrcomparison of two techniques for classifyinglt&in transmission
lines. One is build on current phasors and anotlerworks on wavelet analysis. Wavelet analysis atkthses
swt(standard wavelet transform) that has an advgataver discrete wavelet transform to processenrsignals. while
phasor based method which develops to overcomeadimplications faced by older methods using phasorslassify.
current phasor method measures phase angle aroegdesice component currents. The two algorithmssardied with
both matlab and simulink model at various faultdtien, inception and resistance for multiple faultudies shows that

wavelet analysis method has a head over the phzesserd method.
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INTRODUCTION

The main objective of protection is to detach fagittion from the normal section of the systemrav@nt damage due to
the fault, transmission line plays a key role iec#fical system and its protection is prime fos thurpose most often used
relays are distance relays. One of them is impezlaglay there are different new algorithms for akdting impedance in
transmission line [1]. Accurate fault classificatiis necessary for tripping faulted phase in [2Jves the use of polarizing
voltage and fault type selection by torque comparidviost of fault classification techniques faitshigh fault resistance
cases, so in [3] a classification is done by usieactive power along with its symmetrical composernd it also
overcome difficulty in setting threshold by usingnstant thresholds (1&0). All the fault classificat algorithms so far
developed based on steady state system behavigun B}] they use digital fault recorders (DFR)assess both normal
and pg disturbance data, however because of imnaatseat DFR results failure of DWT & ANN techniqter fault
detection, clearing & classification at some camdt classification and detection is achieveddegision tree (DT) [5,6]
where a differential feature of power & differemtEhase angle of superimposed currents are usgdrterate thresholds

by DT results in accurate classification at différfault situations.
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Fault classification algorithms mostly uses highkegfiency or low frequency components results in
misclassification at low and high impedance fdul&sHIF], so in[7] author encompass high and lovedquency
components to differentiate LIF &HIF. To achievelfeclassification, detection within a quarter eyel wavelet alienation
approach used in [8], and also fault is locatectipety by ANN with its input. Another applicatior wavelet transform
which uses maximum wavelet singular value for dfgisg) faults through dwt [9]where mwsyv is attainby sliding and
sequential updating of data window. In order toiewd better performance and accuracy in fault @laafon needs
synchronizing of sampling signals at two terminatsich is achieved by global positioning satellidgng with wavelet
transforms, ANN was used for classification and atmn of faults [10]. most of the intelligence
techniques(SVM,ANN,FUZZY) integrate with waveletutisforms for extraction of transient signal feasuresults in
greater precision in classification of faults [1112]. In [13] proposed a deterministic wavelet hoat using discrete
wavelet transmission for fault classification. Raelcorders and monitoring devices plays a key imlevaluating power
system performances, so an accurate fault claasdit technique should required to increase thaluitity of system even
in typical fault conditions, [14] proposed an algfom of sequence components current phasors fdir dessification. As
high frequency transient information contains a k&grmation, which helps for classifying differefdults, in [15] it

come up with a procedure of power spectral demsityne &frequency domain for fault detection arddssification.

This paper presents a review of techniques in [[l4] with an interconnected power system and tesafl two

techniques are compared to know the better techrfmpfault classification type which resists atatise fault condition.
CURRENT PHASOR BASED METHOD

Mostly fault classification algorithms designed pgerform categorization of faults when fault happéngransmission
system .we have to develop an algorithm that litegitvork for a specific three phase transmissioa &r for fault recorder.
Fault recorder and protective relay have distiacige of protection. Fault classification algorithilke under-impedance,
torque, over-current techniques are affected bl &twations such a fault resistance & incidenegl@e. The phasor based
algorithm explained in this thesis is for fault @eder whose range of protection is infinite, so dhgorithm engage for this

work should resist all abnormal conditions like gowystems operating condition, fault conditiorts, et

The operating procedure of current phasor methaigded to overcome the problems faced by othergshas
(under-impedance, torque & over-current) techniquiée following are the requirements for fault sifisation by current

phasor methods.
»  Current samples of three phase transmission line.
» Post-fault phase angles of positive and negatigeesace components of each phase.
* Zero & negative sequence relative magnitudes akotiphasors before as well as after the occurrehfailt.
e Uses current zero sequence to find involvementadigd in fault.

e Zero & negative sequence components are normalizigdpositive sequence current component to sotrttioel

trouble in occurrence of ivhen there is no fault.
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Formulas used in Current Phasor Based Algorithm

Rmop=:j—z (1)
Rmp= )
Rimy=2 ®)
Rmzf::% (4)
A=[angle(ia;()-angleiay)| ()
B=[angle(ibsy)-angle(iby)] (6)
C=[anglg(icy)-angleic,y) | (1)
Where

Rmy,, Ry, Ry, Ry are the negative & zero relative magnitudes ofenis before and after the faults.
iop T1py T2y Tor 115, 127 @re the zero, positive & negative sequence comperaé currents at pre & post faults.

iagf, iaus, iaps are the phase a sequence components, sequencensattgpfor b & ¢ are i ibyy, ibor g iCofiCsHICH

appropriately.
A, B, C represents phase angle difference of sexsguemmponents for each phase.
Fault Classification by Current Phasor Method

The algorithm starts with sampling of three phasgeants originating from source end with a samplirepuency of
0.5kHz.it uses phase angle & relative magnitudeurfent sequence components to develop logic fssdlying faults.

step by step procedure of fault classification athm is listed below.
* Import three phase current sampled signals (i&, i) from simulink to matlab.
»  Compute pre-fault current sequence componentsaivel magnitudegj, iip, izp, Ry, Rmyp).
»  Compute post-fault current sequence componentdadive magnitudeg, ixy, o, Ry Rmyy).
* If Rmg > Rmythen it is single phase to ground fault,go to $tep
* If Rmy > Rmy, & Rmg: < Rimy, then it is double line fault, go to step 9.
* If Rmg > Rmy, & Rmys > Rmy then it is double line to ground fault, go to siép
» If the conditions from step 4-6 was not satisfieert go to step 11
e Compute A, B, C
o if A=0" & B=C=120,then it is a-g fault.

° jfB=0" & A=C=120,then itis b-g fault.

www.iaset.us editor @ aset.us



24 IllaM L Tirupatamma

o if C=0" & A=B=120then itis c-g fault.
« Compute A, B, C
o if A=B=60° & C=180°then it is a-b fault.
o if B=C=60° & A=180°then it is b-c fault.
o if A=C=60° & B=180°,then it is c-a fault.
e Compute A, B,C
o if A=B=60° & C=180°then it is a-b-g fault.
o if B=C=60° & A=180°,then it is b-c-g fault.
o if A=C=60° & B=180°,then it is c-a-g fault.
e A=B=C=0°, then it is three phase or three phaggaand fault.

As the algorithm works for negligible fault resiste the angles in step 8-11 where affected. s@thesmodified

as follows for detecting fault in case of non-ztxolts.
0° as 0°-20°,60° as 30°-90°,120° as 100°-140°,586°150°

WAVELET TRANSFORM BASED METHOD

ia
b — Sampled @fs

l

Calculate
ilp.ilp.ip,
iof i1f 12f

Calculate

Single phaseto
oround fault

phase—phase fault

Double phaseto
ground fault

Faultnot ocoured

Figure 1: Block Diagram of Classification Algorithm.

Wavelet is the waveform whose average value is. 28avelet analysis is the splitting out of a sigiméb scaled
& shifted form of original wavelet. Signals in fawdondition experience sharp change in its wavefesonthese types of
waveforms can be better analysed by using wavdleasisient information is used to diagnosis fatdavelet transform is
one of the tool for extracting features of transistate in time & frequency domains. This inforroatiis key for

identification & classification of faults.
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Stationary Wavelet Transform (SWT)

SWT has an edge over the dwt by having a featur&ramfslation invariance. It is also called undedadawavelet
transform because of neglecting decimation proedtes convolution. It uses up sampling for prodgcicoefficients
length same as input length. It generally applieabla signal whose length is a divisible bf2athematical formulation

of stationary wavelet transform is as follows

swtjp = fg(t)lllj,k(t)dt 8

Where j is the maximum decomposition level of anaigg(n)y is the mother wavelet k is the controlling
parameter of wavelet location. In swt we get edealgth coefficients at same level because k is pgaddent of

j-decomposition in SWT is as follows.
Stationary Wavelet Decomposition

Using swt the input current waveforms of source ésnddecomposed into approximate and detailed aeffis.
Decomposition process draw out the transient featur time and frequency domain. Wavelet coefficeme obtained by
up sampling the signal with a factor of two usiogvI&high pass filters .high pass & low pass filtare obtain from the
mother wavelet & related scaling function respeativApproximation coefficient evolve from the filgvel filter is given
as input to second level filter for continuing deyaosition process up to maximum level and it isspathd on the length
of input signal. Selecting the best mother wavgieés accurate results during fault detection. Hertae algorithm ‘db4’

mother wavelet is used with a maximum decomposigegl of 4.
Fault Detection & Classification by Wavelet Transfam Method

The technique begins with sampling of three phaseent signals with a sampling frequency) @f 8kHz.transient
information obtain from these signals are analyssidg swt. A current signal of full cycle (160 sdeg)processed using
swt with a sliding window of 1 sample and scalectmaximum decomposition level (4).scaling of inputrent signals
gives approximate and detailed coefficients (cA).eBvelet coefficients(cA & cB) of a each phasetisred in a matrix
Wm.1,n). Thus this matrix contain transient information ime & frequency. Matrix is examine by wavelet casace

matrix cV & as follows
V= Wm'wW m )
C\/f(|_+1v|_+1) =WmeT (10)

Power spectral density in time& frequency domaitaoted by the diagonal elements of (9) & (10) resipely

as follows
PSD=diag(cVi ) (11)
PSD=diag(cV +1,+1) (12)
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Input signal g(n) |

[ Do) ] [ |

Figure 2: Decomposition Process.

Condition for checking fault occurrence in the eystis obtained by normalising psd equations in &1)2) as

below
N=(II PSR I)/(sqrt(x)) (13)
Ni=(| PSBI)/(sart(x)) (14)
Where x=|| PSOf+|| PSR |f

The threshold Nt takes value lesser than 0.1 wistem is in normal condition ,if Nt value greatean 0.1 at the
time of fault in system. For ground fault thresheldue greater than 0.2-0.3.The threshold valuexésl with extensive

simulation studies. Classifying faults is done byations in figure.4

ia
ib Sampled @fs(8k)
ic T

Each line current of datalength of 160(N) sample processed using swt.fora
sliding window of 1 sample and scaled upto decomposition level L_
T
Obtain wavelet coefficients(cA,cB)
)
All transient information stored in wavelet matrix Wmg -1 x (for each line

current)
4

Analysing Wavelet matrix by means covariance matrices

|

Obtain psd in time & frequency domain
¥

Normalised psd components (Nt&Nf)

¥ false
Nt=thrashold

true
Detected fault

Figure 3: Flow Chart for Fault Detection.

No fault
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Figure 4: Flow Chart for Fault Classification.
TRANSMISSION LINE MODELLING IN SIMULINK

To implement fault classification algorithm matlabftware is used, and the data required for peifayns yield from
simulink where the power system is simulated. Aritisted transmission line model with of length 206 powered by
two three phase source at sending & receiving éadiae. Line is partitioned into two equal sectiand fault is created in
between using three phase fault block. The paramefesimulated system listed in Table.1 below. Yéha, Z, C;,Co.
are the transmission line positive & zero sequémpedance and capacitance respectively. The cupteagor method &
wavelet method requires three phase current ph&sotsrent sampled signals which were imported froonresponding

subsystem block in simulink model in figure.5

Table 1: Parameters of Simulated System

Parameters Value
Frequency (Hz) 50
Voltage Vs (KV) 400
Voltage Vr (KV) 400
Phase angle of sending end (degrees) 0
Phase angle of receiving end(degrees) 10
Transmission line length(km) 200
Zy, (ohm/km) 0.02+j0.295
Zo . (ohm/km) 0.188+j1.0995
Ci(nF/km) 12
CoL(nF/km) 8.3

www.iaset.us editor @ aset.us



28

SIMULATION RESULTS AND COMPARISON OF TWO TECHNIQUES
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To test the performance of the current phasor dlgorthe data generated in simulink is importec imatlab. The

outcome of the algorithm is shown in Table.2, whidre interconnected system is tested with chanfanod type, fault

resistance to see its consequence on the algorbhowing results are taken at fault inception26ms ,at a distance of

100km & with fault resistance ranging from (10-1@¥ms. Analysis reveals that the current phasohoaktlassify the

faults exactly only at some fault resistance jisfto classify if the line distance between twetgms was unequal. Double
phase fault (a-b) at;Rf 40 ohms with line length of 100km classify ethabut fails if length changes to 50km.

Table 2: Results of Current Phasor Algorithm

Actual Fault
Sr. . Current
No. 5.3;2 Resi:‘?f#r:li ® Phasor Method
1 a-g 10 a-g
2 b-g 20 b-g
3 c-g 30 c-g
4 a-b 40 a-b
5 b-c 60 b-c
c-a-
6 ca 100 g(misclassified)
7 a-b-g 50 a-b-g
8 b-c-g 70 b-c-g
9 c-a-g 80 c-a-g
10 a-b-c 90 a-b-c
40(at unequal
1 ab line length) a-b-g
Table 3: Results of Wavelet Transform Method
Fault Fault | Fault Inception Wavelet
Type Resistance(R)i Angle ¢; in Transform
n ohms Degrees (°) Method
a-g 10 0 a-g
b-g 20 15 b-g
c-g 30 30 c-g
a-b 40 45 a-b
b-c 60 60 b-c
c-a 100 75 c-a
a-b-g 50 90 a-b-g
b-c-g 70 105 b-c-g
c-a-g 80 120 c-a-g
a-b-c 90 135 a-b-c
a-b 40 45 a-b

Table.3.shows the results of wavelet transform oudkthoy testing the interconnected system at teh fgpes,

fault resistance (10-100)ohms &fault inception as¢0°-180°) with varying different.
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Figure 5: Simulink Model of a Power System.
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Figure 6(a): System with no Fault.
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Figure 6(c): 2F-g Fault with R =20.
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Figure: 6(d): 3F Fault with R; =50.
Different section length of transmission lines. &Resconcluded that the wavelet based algorithrssifia the
fault precisely at various fault conditions. Thetglshown in figure 5.a is the threshold limitgtod three phases & ground

when system is under normal state. Below plots shibe different faults at various fault resistances

Results from two algorithm shown that the wavetansform method classify the faults precise tharecu
phasor method at varying fault conditions. The mégphe used in protection system in practical shdwdde pass through
all the possible cases effectively, in this notevelet method is efficient than former algorithm.bl&4 presents the

outline of comparison techniques.

Table 4: Comparison of Two Techniques

Current Phasor Method Wavelet Transform Method
Requires three phase current samples Requirespghese current samples
Analysing Steady state data Analysing Transierestata

Fourier transform is used to calculate current phasSwt is used to for feature extraction
Classification based on phase angle between phaiassification based on threshold limit

Can be used for fault recorder Used for speciingmission line protection
Accurate only for some fault condition Preciselgsdified at diverse fault conditionsg(&)
Generalised approach Performance depends on typetber wavelet used
Simple algorithm Little complex algorithm

CONCLUSIONS

Techniques which classify faults based on transiesteady state data is presented. Two methodstadeed in simulation

and matlab software by using Fourier & wavelet $farm for extracting the features required for falihgnosis. Studies
from the simulation conclude that the wavelet tfama method accurately classify at all fault comdis. comparison of
these techniques also listed by examine the teabnigeven the phasor method is used in fault recdrdt there is a
chance of misclassification for different faultistance and inception angles. Wide range of futxtension is possible by

using wavelet transform with artificial intelligem¢echniques.
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