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Abstract

Location of fault in a transmission line which includes flexible AC transmission system (FACTS) devices is a difficult task. This paper
comprises of unified power flow controller (UPFC). The implementation control technique for UPFC devices set up dynamic problems
in power system that must be reflecting on issues related to power system protection. The occurrence of a fault in the fault loop contain-
ing a UPFC affects transient and steady-state parameters of voltage and current in the power system. In this paper the identification of
fault section before or after UPFC for a transmission line with wavelet fuzzy logic system discriminator. Wavelet technique e xtracts fea-
tures, and the faulty location is found when the normalized features are fed to the fuzzy logic system. As soon as the fault section is
located, the control shifts to that and is analyzed basing on the representation of the traveling wave theory through wavelet modulus max-
ima. This criterion detects the faulty section with respect to FACTS device very accuratelyin terms of distance from relay point. The
above-said method is simulated for various fault situations and locations with wide changes in the conditions of operation in the presence

of UPFC.
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1. Introduction

In thepresentenvironment, transmission line systems are designed
for extensive power transfer capability. This can increase focus on
constraints of theTransmission line by means of asudden change
in constraint can be reduced.FACTS Device can provide flexible
reinforcement approach.[1] One of the most important and most
versatile devices is unified power flow controller. In this device, it
consists of two voltage sources converters, linked to the main
circuit by means of shunt and series transformers which provides
an exclusive combination of rapid compensation by series &shunt
devices.The UPFC provide new scope for the system parameter
control, like bus voltage, active and reactive power, by the using
this device increases the stability of the system
andimprovestransferring capability of power and other problem
occurred during protection of power system.

Some exploration has been done to decide the fault area utilizing
Kalman channel strategy [2] for FACTS remunerated line utilizes
varieties in current signs amid transient conditions with respect to
issues. This gives the fault area as far as line reactance and protec-
tion. Then again, the Kalman separating approach discovers its
restriction in that fault protection can't be displayed and it requires
an alternate number of channels to accomplish the undertaking.
Then again, this technique has its downside that fault protection
can't be demonstrated and it requires an adjustment in the quantity
of channels to accomplish the assignment. Finding the fault sepa-
ration rapidly and being dependable is as yet a major test. Heading
out waves identified with shortcomings change with time and
recurrence.[3] Unadulterated recurrence space techniques some-
times fall short for those transient signs. Distinguishing the area

and the kind of fault happened on the power framework is a trou-
blesome errand to be proficient both precisely and all the while.
This paper presents fault area utilizing Wavelet Technique, by
utilizing voyaging wave hypothesis and its switch voltage wave
ideas.[4] It additionally demonstrates wavelet method for remove
figuring of different sorts of issues in the transmission framework.
The execution of wavelet modulus maxima system is seen by as-
certaining separation.[5]

2. Wavelet Transform Decomposition

A lot of data in regards to issues is joined with the signs of home-
less people. So these signs are utilized to find the shortcomings of
segments or transmission lines.[6] It additionally manages the sort
of fault and area, arrangement of shortcomings and breaks down
its motivation. In this way it enhances the dependability of the
framework. Transient signs have high-recurrence attributes. Con-
trasted with other scientific flag investigation procedures, the
Wavelet changes more equipped for transient signs.[7] As a rule,
multi-upheaval decay strategy is utilized for wavelet change under
different scales. It channels the flag with a low-pass channel and
high-pass match. The approximations coefficients are the seg-
ments of the low recurrence of the flag created by sifting it by a
low-pass channel and the high-scale,. The points of interest are
high-recurrence, parts of the low recurrence of the flag delivered
by separating the flag by a high-pass channel. Those two channels
have break even with data transmission. After each decay, the
testing recurrence is diminished significantly. At that point recur-
sively disintegrate the low pass channel yields (approximations) to
get the following stage segment [8, 9].
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A discrete signal x (n)is given which is being fast transformed at

instant k and scale j,
Dj(k)coefficient has a high-frequency component
Aj(K) coefficient has a low-frequency component

D;(K):[ 27UV, 27T £]

A;(K):[ 0,27 UV f] 1)

Where frepresents sampling frequency and j=1, 2, 3... m
The main sequence of signal X (n) is the sum of all Dj (k) and
Aj(K).

X(m) = Dy(n) + A (n)
=D;(n) + D,(n) + A,m
=D1(n) + D,(n) + D3(n) + A3(n)

After decomposition, coefficient wavelet modulus Maxima
(WMM) is defined as the absolute local maximum values of wave-
let coefficients. The WMM is noticeably at a point of the
TimeAmplitude response; the amplitude indicates thechange in
edge intensity whichindicates thefrequencyof the contentsignal.

3. Test System

A typical transmission system is shown in the Figure. The test
system is a two area system. In this two three-phase sources are
used,and five loads are used on the system model. One fault
blocks are used on this model to observe the fault location with
wavelet modulus maxima technique and differential equation
based algorithm methods.

Loat1 FACTS teice
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Fig. 1. UPFC compensafed transmission line model

The test system parameters are at areal source rated voltage of
13.8 kV and its short circuit capacity 21,000 MVA similarly at
area 2 source having rated voltage of 735 kV and its SC capacity
30,000 MVA.These two areas are connected with atransmission
line having resistance 0.001 p.u. and reactance: 0.0195 p.u. Send-
ing end transformer (D/Y) connected rated voltage 13.8/735 kV,
rated power 2100 MVA, leakage resistance 0.002 p.u. and leakage
reactance 0.08Similarly receiving end transformer (Y/Y) rated
voltage 735/230 kV, rated power 300 MVA, leakage resistance
0.002 p.u. leakage reactance 0.15 p.u.The test system is consisting
of five loads at different places 100 MW load 1 is connected at
bus 1, three loads are connectedat bus 3, those loads 2 and 3 are
1.32 MW, 330MVAR and load 5 having 300MW. Load 4 is con-
nected near to bus 5 having capacity 250MW. UPFC device ishav-
ing twocontrollers linked to the main circuit through theshunt and
series transformers which offer an exclusive combination of fast
compensation by SSSC and STATCOM devices each one rated
power 100 MVA, Nominal DC voltage 20 kV and Nominal AC
voltage 13.8 kV.

4. Feature Extraction

Fault section identification before and after UPFC can be done by
using feature extraction of thewavelet transform; the current wave
occurred for fault (post-fault current with half cycle) is processed
by WT and Yl,and Y2 are found as features of coefficients of

wavelets. As this transform is the best tool for analysis of fault
transient and extraction of the feature is done by pre-processing
the signal of current through WT.
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Fig.2. Wavelet Decomposition Concept

The Daubechies wavelets 4 is selected for thetransient signal for
this analysis. The given signal is decomposed into three
levels.This consequences in level 1 approximation Al (0 — 500 Hz)
and detail D1 (500 — 1000 Hz), similarly in level 2
approximation A2 (0 — 250 Hz) and detail D2 (250 — 500 Hz),
and in level 3 approximation A3 (0 — 125 Hz) and detail D3 (125 —
250 Hz).

The value of Y1 is calculated theratio of detailed coefficients en-
ergy (D2) to the approximate coefficients energy (A3). The value
of Y2 is calculated theratio of detailed coefficients energy (D1) to
the approximate coefficients energy (A3). Hence, Y1 and Y2 are
evidence for the component harmonic concerning fundamental
components.

Fig. 3. Three phase current Wavefofmé dﬁring LG fault before the UPFC.
The above waveform shows the line-to-ground fault on a trans-
mission line. Moreover, it happened before the FACTS device.
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Fig. 4. Approximate and detailed coefficients of three-phase currentwave-
forms during LG fault before theUPFC.

Fig. 5. Three phase current waveforms during LL fault before the UPFC.

The transmission line with UPFC, have high harmonic compo-
nents like the 35" and 7" are highly pronounced and hence
for fault section identification, thisabove feature extraction of
wavelet transform are extracted for ultimate categorization by
using thefuzzy logic system. The particular values of Y1 and Y2
are normalizedand given to the fuzzy logic system to obtain the
fault section identification. From table 1 shows the values of Y1
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andY?2 for different types of afault such as AG, AB, ABG, ABC
and ABCG faults taking place before and after the UPFC.
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Fig. 6. Approximate and detailed coefficients of three-phase current
waveforms during LL fault before theUPFC

Fig. 7. Three phase current waveforms during LLG fault before the UPFC.
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Fig. 8. Approximate and detailed coefficients of three-phasewaveforms of
current during LLG fault after the UPFC

Table 1. Y1 and Y2 values before after UPFC

Fault location

Length in % Fault Rf(Q) | Angle 8° M W

10 AG 5 20 0.3067 | 0.4286
30 AG 5 20 0.3252 | 0.4489
45 AG 5 20 0.2972 | 0.4168
70 AG 5 20 0.7931 | 0.8113
10 AB 10 30 0.3652 | 0.4258
30 AB 10 30 0.2565 | 0.3547
45 AB 10 30 0.2256 | 0.2687
70 AB 10 30 0.6588 | 0.7412
10 ABG 15 40 0.3422 | 0.3856
30 ABG 15 40 0.2456 | 0.2113
45 ABG 15 40 0.1986 | 0.2078
70 ABG 15 40 0.7122 | 0.8257
10 ABC 10 20 0.3564 | 0.4569
30 ABC 10 20 0.3478 | 0.4325
45 ABC 10 20 0.2985 | 0.3547
70 ABC 10 20 0.7812 | 0.8012
10 ABCG 15 30 0.3685 | 0.5644
30 ABCG 15 30 0.3547 | 0.4578
45 ABCG 15 30 0.2588 | 0.3458
70 ABCG 15 30 0.7458 | 0.8214

Fig. 9. Three phase current waveforms during LLL fault after the UPFC.

Different fault conditions at 10%, 30%, 50% & 70% length of the
transmission line distances, 20°, 30° & 40° of load angles and
fault resistances at 5Q, 10Q and 15Q are tested. For an AG fault
at 50% of thedistance of theline, the values of Y1 and Y2 are
0.2972 and 0.4168, correspondingly. For fault occurring at 70% of
the considered line, the respective values are 0.7931 and 0.8113.
Similar observations are made for an AB, ABG, ABC and ABCG
fault which occurs prior and after the UPFC. The values of Y1 and
Y2 are higher for faults after the UPFC compared to those for
faults before the UPFC. After completion of extraction of feature
by using a wavelet transform, the automatic fault section identifier
is designed using a fuzzy logic system.
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Fig. 10. Approximate and detailed coefficients of three-phase waveforms
of current during LLL fault after the UPFC.

The fuzzy logic system is designed using the information of
AG,AB, ABG, ABC and ABCG conditions of fault. Next, a fuzzy
IF-THEN rule base is made for fault section identification. The
fuzzy logic system has been designed as follows. For an ‘M’ class
categorization with ‘n’ feature vectors, the rule is Lj, If Y1 is Pj
and Yn is Pj, then the class is Mj, where j=1, 2, 3 Nand Y= (Y1,
Y2,,Yn). Here, Pj is the linguistic value, ‘M’ is the class and ‘N’
is the fuzzy IF-THEN rules. The gradation of the rule Lj is deter-
mined by the following operation
W) = min {u1(x1), wj2(x2), ,wn(xn)}

where pji(xi) represents membership function of the linguistic
value Pji. Without a certainty grade [13], the respective pattern
can be classified by the single winner rule Ljp, defined as

Y(x) = max {yj (x),j = 1,2,3,....N}

The features Y1 and Y2 are fuzzified with a triangular member-
ship function. The triangular membership function forY1 is shown
in Fig. 3, where the input is done into three levels, low (L), medi-
um (M) and high (H). Similar membership is defined for Y2. The
fuzzified inputs are given to a fuzzy rule base having nine rules.
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Fig .11. Triangular membership function

Table 2. Fuzzy rules

Classes
Y1

Rule

>
o
N

Fault occurs before the UPFC

Fault occurs before the UPFC

Fault occurs before the UPFC

Fault occurs before the UPFC

Fault occurs after the UPFC

Fault occurs after the UPFC

Fault occurs before the UPFC

Fault occurs after the UPFC

o|o|~N|o|a|s|w|d|k| »
T ITTILZZZ|10 ||
I Zr|TZr|(TIZ|Ir|<

Fault occurs after the UPFC

Table 3. Fuzzy logic system output for DFT and wavelet

4.1. Fault Distance Based On Wmma

The test system is tested for AG fault at a distance of 100 km from
the relay point. The test system simulating for AG line fault is
shown in Fig. 2.3. The fault voltage waves and current waves of
an AG line fault are shown in Fig. 4.6 & 4.7. The reverse voltage
traveling wave for the AC fault line is done by equation 4.1.

The output voltage and the reverse voltage traveling wave for the
faulty line is done by using

Vr =[Vac -Zc * iac]/2

Where,

Vr = voltage reverse travelling wave.

Vac = voltage obtained during normal operation
lac = current obtained during normal operation
Zc =surge impedance of the transmission line.

RV traveling wave appears in the line only when,

Zc>Zt or Ze<Zt

Zc denotes characteristic impedance of the transmission line.
Zt is the terminating impedance of the transmission line.

So by using the wavelet toolbox we analyzed the reverse voltage
traveling wave and by taking details and approximations, we ana-

Fault location fuzzy logic system lyzed d1, and by using the respective formulae, we calculated the
Length in % Fault Rf(Q) Angle 5° DFT wavelet fault distance.

10 AG 5 20 0 0 T

30 AG 5 20 0 0

45 AG 5 20 0 0

70 AG 5 20 1 1

10 AB 10 30 0 0

30 AB 10 30 0 0 - - S—

45 AB 10 30 0 0 Fig.12. Current signal during single LG fault
70 AB 10 30 1 1

10 ABG 15 40 0 0 ;

30 ABG 15 40 0 0 | fop

45 ABG 15 40 0 0 M

70 ABG 15 40 0 1 RV

10 ABC 10 20 0 0

30 ABC 10 20 0 0 | ‘ .
45 ABC 10 20 0 0 Fig.13. Voltage signal during single line to ground fault
70 ABC 10 20 0 1

10 ABCG | 15 30 0 0 !

30 ABCG | 15 30 0 0 °

45 ABCG | 15 30 0 0 =

70 ABCG | 15 30 0 1

The obtained results from table 2,when input data is given to
thefuzzy logic expert system, for each input set, one of the nine
rules are fired. The resultant output is one for fault after compen-
sation device and zeroes for afault before fault compensation de-
vice. For AG fault resistance 5ohms and delta=20 degrees at 10%,
30% and 45% of the line. The fuzzy logic system provides zero
output and indicates that the fault appeared prior the UPFC. Simi-
larly, the fault resistance 5 ohms and delta =20 degrees at 705 of
the line, the fuzzy logic system provides one as the output. This
indicates the fault appeared after UPFC. The projected fuzzy logic
system has been tested for AB, ABG, ABC,and ABCG at 10%,
30%, 45% and 70% of the total line length with the load angles of
10 degrees, 30 degrees,and 40 degrees. The test system is tested
for extreme cases,and it provides accurate results. The above sys-
tem is also tested for discrete Fourier transform system and fuzzy
logic system for fault location identification. The results obtained
by DFT are compared with theproposed wavelet transform,and
thefuzzy logic system is shown in table 2. In comparison, it is
found that DFT cannot locatefaulty section for FACTS compen-
sated transmission line.
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Fig.14. Reverse Voltage Wave during Single Phase Short Circﬁit

The fault takes place at 100km from the three-phase source from
0.6 to 0.65 seconds for 0.05 seconds. In the simulation diagram,
the block parameters and the breaker’s switching times are kept
between 0.6 to 0.65 seconds. The wavelet modulus maxima which
are obtained for faulted signal in a single LG fault are shown.
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Fig. 15. Wavelet modulus maxima signal for line to ground fault
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m) m) m)
LG 289.7 -34 208.1 -1.9 | 299.75 -0.079
LL 297.7 2.3 298.3 -1.7 | 299.82 -0.173
LLL | 302.1 2.1 3014 14 300.134 0.1034
LLG 299.33 -0.67

From the table 4, it is clear that wavelet transform gives tto detect,
locate the location a fault. WT technique can assist to the
conventional wave analyzers used in the power transmission lines
to denoise the transmitted signals. This method is a better one to
detect the presence of faults in the networks.

5. Conclusion

In this paper, the location of fault for transmission lines FACTs
device, aFuzzy logic system with Wavelet transformwere
introduced. In the above one can observe that the fault occurred
before the facts device or after the facts device is verified with
DFT technique,but wallet transforms identified very accurately
where it happened whether after or before the FACTSs
device.Moreover, the wavelet modulus maxima calculate the exact
fault distance form the source side.
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