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current will flow in the protection relay. The differential current analysis-based DWT for three
phases are shown in Figure 13, its clear to show the energy of D4 and D5 coefficients. During
the single phase to ground fault condition, the transient condition with high frequency is
generated in the fault current. The Transient spike occurrence and then decay rapidly is noticed
in about a cycle and less than in the inrush current condition duration time. The energies of D5
and D4 are calculated as in the case 1, and shown in Figure 14 (a) and (b) respectively. It clears
the energies contents is very little and less than the threshold value of the ANFIS controller and
generates only in high-frequency transient edge. Figure 15 shows the response of the ANFIS
controller and gives a trip signal on an internal fault condition the ANFIS output changes from
Zero to One level.
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Figure 12. SLG internal fault
Decomposition at level 5: s = a5 + d5 + d4 + d3 + d2 + d1
= T ANE/ANEANAY T =
s 0fF— — ~ — — — —
-0 | | I \/y | I L *
10F T T T T T T T =
\ \
/
a, of——-— — — -
5 0 \ / / \
-0 L I L I I L I |
o0 T T T T 1 T T T .
d. o- A . u
_ | | I | I I L
< 0af T T T T T T T 3
€, 0.05 8
2 d 0 4 s
3 -oost | | I | | I L |
0.04F T T T T T T T =
0.02 - -
d; "o - l ]
-0.02 - q
-0.04 L L L L L L L 1
T T T T T T T
0.01 8
d, ol | i
-0.01 | | | | | | | |
U
F T T T T T T T ]
d ;0 8
S L L L L L L 1 |
2000 4000 6000 8000 10000 12000 14000

Time (mseconds)

Figure 13. SLG fault DWT analysis
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Figure 14. SLG fault energy coefficients (a) D5 (b) D4
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Figure 15. The responses of the ANFIS (Trip)
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c. Case 3: Line to Line Fault:

The test carried out through Connecting two phases phase “a and phase b” as shown in
Figure 16. The fault current will flow in the differential path of the differential relay. The
differential current analysis-based on DWT for the three-phase is shown in Figure 17. As in
case 2, During the transient condition, the spike generated the details coefficients D4 and D5
shown that signals approximate a zero, the energies contents of D5 and D4 are shown in Figure
18 (a) and (b) respectively. From Figure, it’s clear the energies are about zero. The trip signal
representing ANFIS based DWT response was zero until the fault occur then the level had
become One as shown in figure 19.
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Figure 16. LL internal fault
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Figure 17. LL fault DWT analysis
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Figure 19. ANFIS responses (Trip)

5. Lab Test

The lab model used in this study includes, the host computer that was interfaced with
microcontroller (Arduino type mega 2560) the signals from the three phase line currents of
differential current detect by using current sensor (ACS712). The controller algorithm is
developed in MATLAB (Figure 7). The prototype model of power circuit consists of three
phase supply of 400V, 1KW load and power transformer with 100KVA (Y-A) the connection
diagram shown in Appendix A. The sampling frequency of the input signal is fs=5SKHz or
t=0.2 msec, the measured values of differential current taken through microcontroller and
stored in M-file of Matlab (workspace). To validate the protection designed two cases were
implemented inrush magnetizing current and single-phase to ground fault current. First case,
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the power transformer is starting with no-load, inrush transient current is shown in Figure 20
and DWT analysis is shown in Figure 21.
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Figure 20. Measured inrush magnetizing current

The energy level in D4 and D5 are shown in Figures 22 a and b respectively. The output
controller shown in Figure 23. Second case is single-line to ground fault current this test is
done by connected one of the phases to ground (with small limiter current resister). Figure 24
shows the single line to ground SLG fault (internal fault).
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Figure 21. DWT of the inrush magnetizing current
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Figure 24. SLG internal fault test

Differential current analysis-based DWT for three phases is shown in Figure 25. The
energies of D5 and D4 are shown in Figure 26 (a) and (b) respectively, energies are very small
and generates only in high-frequency transient edge. Figure 27 shows the response of the
ANFIS controller and gives a trip signal on an internal fault condition. Figure 28 shows the
prototype lab experiments. The practical results showed that they matched the results obtained
from the simulation analysis for inrush current case and fault current case.
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Figure 25. DWT analysis of the measured SLG fault
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Figure 27. The responses of ANFIS (TRIP)

6. Conclusion
DWT is an appropriate approach for waveform analysis. A new algorithm technique was

proposed for discrimination between magnetizing inrush and internal fault currents. The
previous approach used the harmonic restraint differential relay takes at least one cycle to
operate for internal faults but DWT identifies an internal fault immediately after the fault
inception. The controller algorithm is developed in the Matlab. A new approach ANFIS based
DWT presents the discrimination depends on two parameters: the energy contained in D4 and
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D5 detail coefficients. To validate the new algorithm simulation and lab tests have been
implemented, for simulation results the experiments for different fault cases show that the
proposed approach provides an adequate performance to discriminate the magnetizing inrush
current (no fault) from other internal faults, where the energy level in D4 is Spu and D5 is 7pu
(inrush current case), while in the other types of faults the energies levels were about Zero.
Experimental results for inrush and also line to ground fault approved the scheme provides an
adequate in achievement into discrimination. The practical results showed that they matched
the results obtained from the simulation analysis for inrush current case and fault current case.

Figure 28. The practical prototype
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Appendix A
Prototype connection diagram:
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