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ABSTRACT

The Protection scheme is suggested for the deteofizvarious faults in the Distributed Generatiopst&m and also for
the detection of various faults in the interconeéchetwork at different locations. In this methpdsitive components of
currents are retrieved at fault location and arecdmposed to get detailed coefficients of waveletsfiorms. The
concerned singular value matrices, and expectetbpytvalues are calculated. Based on the Wavelah&n Entropy
calculated. Indexes are defined to detect the fddldar Wavelet Transform is used for the extraatiof frequency
components. The major priority of the protectiomesne proposed is to reduce the tripping time to sl@ram the
inception of fault occurrence. The proposed schéonethe detection of various faults is investigated MATLAB-
SIMULINK software environment.
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INTRODUCTION
Power grids protection is an important issue thattle to detect fault and isolate the fault part.

Different methods for fault detection and classifiocn have been recently reported. For all algor#hextracting
the features of fault signal is importance. Fawtedtion based upon the Rate of Change of FrequROLCOF) is
proposed in [1]. The Vector Surge (VS) techniqusuggested in [2], [3] while High Impedance teclueids introduced in
[4]. Authors of [5] presented Under/Over Voltagd@V¥) relay. The Wavelet Singular Entropy Index (WBtechnique is
proposed in [6] for islanding detection. An effeeti feature extraction method using wavelet tramsfdiVT) is
investigated in [7]. Ref. [8] suggests WTs suiteddnalysis of non-stationary signals measuredrbteption devices. In
this paper, a protection scheme supported a mixtdrevavelet Transform and Shannon entropy is preskifior
distribution lines in the presence of DG which e&x is in a position to take advantage of in islagcdcondition. Relay
performance is investigated in different locatidas the detection of various faults. Wavelet sirsgubntropy (WSE) is
used in [9] for fault detection and classificatiortransmission lines. In this paper, system islisth without the presence

of Distributed Generator, in which with respecthe uses of these units in recent years, it isggag to consider these
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resources. The ability of wavelet singular entropyletect the fault at high speed is proven undeious conditions such
as fault resistance, fault distance and fault tyfjree Wavelet Singular entropy technique, which cim@b applications and
benefits of Haar wavelet transform [10], Singulaalde Decomposition (SVD) [11, 12], and spectrunray [13], is
proposed to detect the various faults in this paphis method is effective and has a high speefult detection and
classification in distribution lines in the preseraf distributed generations. Three phase curigntls are retrieved at the
point where the relay is placed; in the next steppositive component of current signals is catedlathen analysed by
Haar wavelet transform; and the detailed coefficigitl be retrieved. The SVD technique is used eanpute the singular
value from the detailed coefficient matrix, whiabnegputes WSE of the positive component and thresegpharrent signals
to detect the fault. In this paper, wavelet Shanaotmopy concept with ‘haar’ wavelets is implemeinfer detection of

various faults.
WAVELET ENTROPY CONCEPT FOR FAULT DETECTION

Wavelet transform (WT) is a powerful tool in theadysis of transient phenomena of the electricahaligy during fault
conditions in power systems. It has an ability nalgse the signals in frequency domain which caatly facilitate the
detection of signal features that are useful iratierizing the transient fault or the state oftlest disturbance electrical
system. The recorded transient waveforms in powstemn may contain unigue signatures revealing theses of the
corresponding transient events. To automaticalblyae those recorded waveforms, an important stép find out those
signatures. The transient signals have a non-gtatjoproperty where traditional analysis methodshsas Fourier
Transform are not very suitable for this task. WmliFourier Transform, Wavelet Transforms use fastagling kernel
functions, which may better represent and analgseransient signals. The suitability of applicatwf Discreet Wavelet

Transform (DWT) for fault detection and classificatprocess is already available in [4] and itipressed as,
Wy(a,b) = [, S(). @op(8).dt (1)

Where S(t)is the signal which is to be transformedand ¢, ; (t)is the transformation function (mother wavelet
function). In this paper, ten level one dimensiodabomposition using ‘Haar’ wavelet family is uséd.this paper,
Wavelet Shannon entropy is calculated after calitgahe SVD)[11, 12] of the detailed coefficierstad obtaining the
probability [14] of each signal

WSE= Z{:l P,: * lnPi (2)
SYSTEM STUDIED FOR FAULT DETECTION

In this study, Two Power System Models were chofenfault Detection using Shannon wavelet Entrofytially,

Primary System Model was chosen which is a distedbunetwork connected to the load, at the poirtomfimon coupling,
through the Transformer and Distribution line. Holematic diagram of Primary System Model was shiowfig. 1. The
relay will be placed at the end of the DG unit whadlows the CB to trip when fault occurs in thetdbuted line or at the

point of common coupling (PCC).

The details of the generator, transformer, distidvuline and load for Primary System Model aresidered as

follows:
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» Distributed Generation: Diesel generator, 9.0 MW, 400 V, 60 Hz.

e Transformer: 10 MVA, f = 60 Hz, Rated kV = 400 V/20 kVjase= 20 kV,R1 = 0.00375 p.uxX1 = 0.1 p.u.Rm
=500 p.u.Xm= 500 p.u.

» Distribution Line : Pl-section, 5 km, rated kV = 20, rated MVA = 20Q4.= 20 kV, R0 = 0.1948X/km, R1 =
0.027X/km, CO = 9e 9 F/kmC1 = 12.7e9 F/kml.0 = 2.067e3 H/kmi_1 = 0.88586e3 H/km.

e Load:3 MW.

Fault
PCC

Transformer

— »
i—{ DL .

CB

Load ¢

Figure 1: Test System (Model 1, Primary System Modgfor
Studying the Proposed Scheme.

The secondary system Model consists of two DisteiduGeneration units connected to the main supytem
through the Point of Common coupling (PCC) is shawhRig. 2. Each Distributed Generator unit is pldat a distance of
25 km from the point connected to the main supphere will be a relay placed at each end of theud{ to collect the
current and voltage signals in different conditidos each Distributed Generator unit. Also, The rPaf common
coupling (PCC) circuit breaker CB2 is setup to fripresponse to any kind of faults from the utilgpd will make the

micro-grid to disconnect instantaneously from ttiktyiand allow it to work under islanding mode.
The fault locations studied for the Secondary Sydtodel are as follows:
* The fault location at point A which is close to fheint of Common coupling (PCC).
* The fault location at point B which is in the middine between DG1 and DG2.
Details of the Utility generator, DGs, transformatistribution lines and loads are considered Hgvis:
e Utility: Rated short circuit MVA = 1000,= 60 Hz, rated kV = 66ybase = 66 kV.
» Distributed Generations (DGs):DG1, DG2: Diesel generator, 9.0 MW, 400 V, 60 Hz.

e Transformer: TR3: Rated MVA = 50f = 60 Hz, rated kV = 66/20/pase= 20 kV,R1 = 0.00375 p.ux1 =0.1
p.u.,Rm= 500 p.u.Xm= 500 p.u.

 TR1, TR2: rated MVA = 10f = 60 Hz, rated kV = 400 V/20 kWase= 20 kV,R1 = 0.00375 p.uX;= 0.1 p.u.,
R+= 500 p.u.X,= 500 p.u.

e Distribution Line (DL): DL1, DL2: Pl-section, 25 km, rated kV = 20, rated/M = 20, Vpase = 20 kV, Ry =
0.1948X/km, R; = 0.027X/km, Cy = 9e9 F/kmC; = 12.7e9 F/kmlLo = 2.067e3 H/kml.1 = 0.88586e3 H/km.

* Load: L2, L3:3 MW,L1 =6 MW, 2 MVAR.
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Figure 2: Test System (Model 2, Secondary System Mel) for Studying the Proposed Scheme.
FAULT DETECTION PROCEDURE USING WAVELET SHANNON ENT ROPY
The step by step procedure for calculation of WetvBhannon Entropy of the signal is as follows:

* The signal S (t) which is analysed using Waveletrigform is taken from the location where the rétaplaced,
where the ‘db10’ Haar wavelet was selected forymigl Then, a 10n Wavelet Transform coefficient matrix Jg

can be calculated by the coefficient of WT.

e Then the Matrix g is decomposed by Singular Value Decomposition (BthBory and the singular-value array is

retrieved.

» For the calculation of entropy of the singular \lthe probability must be obtained as follows

O;
hi=sr 5
Jj=1%]

» Finally, the Wavelet Shannon Entropy of S (t) isaited as follows
WSE = Z;;:l Pi * lnP,:
SIMULATION RESULTS

In this study, the positive component of curreginals is retrieved from the location where theyeataplaced and the
analysis of the signal for the fault detection gshannon Wavelet Entropy is done according the-wstse procedure
mentioned above.

Types of faults for which System is studied
* SPTG fault (fault occurs between phase ‘a’ andytioeind)
e DPTG fault (fault occurs between phases ‘a’ anddtthe ground)
e TPTG fault (which occurs between phases ‘a’, ‘b’,to the ground)

e PTP fault (which occurs between phase ‘a’ and pHaje
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For Primary System Model

The study is done for the different types of faiteentioned above) occurred at the end of theibliggd line i.e. at the
point of common coupling (PCC).The value of theltfaesistance at the point of occurrence of fasiRi=1e-3). The

fault Occurs at time of 1sec. The tripping of thi#edent phases of the line for some faults arenshin Fig. 3, Fig. 5 and
Fig. 7 and the corresponding tripping time for exdjve faults were shown in Fig. 4, Fig. 6, Fig-T8e tripping time for

every fault is tabulated in the table. 1.
For Secondary System Model
e Fault in point ‘A’

In this section, the system is studied for varitusdts occurred at point A (between CB1 and CB2)cWhs close to the
PCC. The positive component of the current sigealetrieved at the CB1 and CB2 places and the \Wa&hannon
Entropy of the positive component is calculatede TWSE technique detects the change in the signahgldault

conditions. Thus, the circuit breaker will discoonthe Utility and the micro-grid will go to theléding mode The value

of the fault resistance at the point of occurresiciult isRy=1e-3). The fault Occurs at time of 0.4sec
* Fault in point ‘B’

In this section, the system is studied for varifagts occurred at point B (between CB2, CB3 and4CBhe WSE
technique is able to detect the fault at CB2, CB@ @B4 and the circuit breaker will disconnect ¢élaeh DG and each DG
goes to islanding mode separately. As a result) €48 produces the power to feed the local loaglending mode. The

value of the fault resistance at the point of oomace of fault iRRi=1e-3). The fault Occurs at time of 0.4sec.
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Figure 3: Detection Results of AG Fault for A, B ad C Phases Respectively for Model 1.

Figure 4: Circuit Breaker Tripping Time Recorded as 8 Milliseconds for AG Fault.

www.iaset.us editor @ aset.us



Hrlllm

If ““ N
OB
I ‘l|||m:‘|“r|||||‘ii|‘l‘| ‘J‘|““|l|\' I Nu““ ‘H;

V R. Sai Kumar Sripadanna & B. Venkata Krishna

Figure 5: Detection Results of ABG Fault for A, Band C Phases Respectively for Model 1.

Figure 6: Circuit Breaker Tripping Time Recorded as 6.5 Milliseconds for ABG Fault.

Figure 7: Detection Results of AB Fault for A, B, ad C Phases Respectively for Model 1.

Figure 8: Circuit Breaker Tripping Time Recorded as 6.6 Milliseconds for AB Fault.

Impact Factor (JCC): 6.3625

NAAS Rating 2.96
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Figure 9: Detection Results of AG Fault at Point Aor A, B, C Phases Respectively for Model 2.

Figure 10: Circuit Breaker Tripping Time Recorded as 7.0 Milliseconds for AG Fault.
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Figure 11: Detection Results of ABG Fault at PoinA for A, B and C Phases Respectively for Model 2.

Figure 12: Circuit Breaker Tripping Time Recorded as 9.1 Milliseconds for ABG Fault.

www.iaset.us editor @ aset.us



8 V R. Sai Kumar Sripadanna & B. Venkata Krishna

AR AAAAD
¥ w'\‘l‘;\"‘"
| T
i1 I

Figure 13: Detection Results of AB Fault at Point Aor A, B and C Phases Respectively for Model 2.

Figure 14: Circuit Breaker Tripping Time Recorded as 11.0 Milliseconds for AB Fault.

Table for Simulation Results

Table 1: Tripping Time for Various Faults in the Different Models Considered

MODEL 1 AT'1 SEC’ MODEL 2 AT POINT ‘A’ MODEL 2 AT POINT ‘B’

EAULT TRIPPING TIME TRIPPING TIME TRIPPING TIME

(MILLISECONDS) (MILLISECONDS) (MILLISECONDS)
PHASE AG 8.0 ms 7.0 ms 7.4 ms
PHASE BG 7.0 ms 8.5 ms 8.8 ms
PHASE CG 6.5 ms 51ms 5.0 ms
PHASE AB 6.6 ms 11 ms 10.7 ms
PHASE BC 6.6 ms 7.4 ms 7.2 ms
PHASE AC 6.7 ms 4.5 ms 4.6 ms
PHASE ABG 6.5 ms 9.1 ms 8.8 ms
PHASE BCG 6.5 ms 9.2 ms 8.85 ms
PHASE ACG 6.7 ms 5.1ms 4,95 ms
PHASE ABC 6.5 ms 9.1 ms 7.2 ms
PHASE ABCG 6.6 ms 9.1 ms 8.85 ms

CONCLUSIONS

In this paper, Shannon Wavelet Entropy based f#titction procedure was used to detect the faultbe Distributed
Network (Primary System Model) and Interconnectedwérk (Secondary System Model) of Power Systene Wavelet
Shannon Entropy method uses Wavelet Transformukingalue decomposition (SVD) and Shannon Enti@alculation

of a signal to detect the fault. This method id,fasmple and reliable for the detection of all dénof faults. Also, the

Impact Factor (JCC): 6.3625 NAAS Rating 2.96
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tripping time of the circuit Breaker is less thad rilliseconds (near to one half cycle) from theeption of fault. The

minimum Tripping Time is obtained due the charastiexs of the Wavelet Shannon Entropy for the sadcleange in the

input Signal which is retrieved from the point atift location.
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