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Abstract- This paper deals with application of Wavelet
Transform for detection of busbar faults and to discriminate
them from external faults. The detail coefficients of differential
current and those of a source CT current are obtained over a
narrow moving window. The Fault indexes of both current
signals obtained are compared with their respective threshold
values to detect the internal faults. In the event of external
faults the d-coefficients of differential current have a time shift
compared to that of source current due to saturation of CT and
this is used to discriminate the external faults from internal
faults. The scheme is tested for different types of external and
internal faults with variations in incidence angles and fault
impedances. The proposed scheme is proved to be fast, stable
and reliable in detecting the internal faults and discriminating
them from external faults.

I. INTRODUCTION

Busbar is one of the most important elements of a power
system connecting a variety of elements like generators,
transmission lines and loads. A fault on busbar leads to loss
of all the elements connected to it. The protection scheme of
busbar should be fast, reliable and stable. A simple current
differential scheme works satisfactorily for busbar
protection. But this scheme is likely to mal-operate due to
CT errors, ratio mismatches and saturation of one of the CTs
in the event of external fault. A percentage biased differential
scheme can restrain from false tripping but it reduces the
sensitivity of the relay [1]. Failure to trip for an internal fault
or false tripping due to external faults can both have
disastrous effects on the stability of power system and may
even cause a complete blackout [2]. Introduction of
numerical techniques provides new solutions for busbar
protection, thereby improving the operation and stability of
power system [3]. K.Feser et.al, proposed such a numerical
based technique which makes use of ANN for recovering the
original signal from saturated CT current signal thereby
avoiding the false tripping in case of external faults [4].
However the CT error and ratio-mismatch can still cause the
mal-operation of the scheme proposed.

The Wavelet Transforms (WT) has been proposed for busbar
protection, which has feature extraction capabilities due to
their Multi Resolution Analysis [5]. Various WT based
techniques have been proposed in literature for tackling the
problems associated with the busbar protection namely CT
error, CT saturation and ratio-mismatch. A Continuous
Wavelet Transforms (CWT) based method, making use of
operating and restraining signals similar to percentage biased
differential protection scheme was proposed in [6]. M.E.

1-4244-0549-1/06/$20.00 ©2006 IEEE.

Mohammed has proposed a scheme in [7], which makes use
of Wavelet Packet Transforms (WPT). However there is
always a need to develop innovative and efficient method for
busbar protection.

This paper presents a WT based busbar protection scheme
that utilizes detail decomposition of differential current to
detect internal faults. The time shift in transients between the
differential and source currents is used to discriminate
external faults from internal faults. The details of the
proposed scheme are described in the following sections.

II. WAVELET ANALYSIS

Wavelet Transform (WT) is an efficient means of analyzing
transient currents and voltages. Unlike DFT, WT not only
analyzes the signal in frequency bands but also provides non-
uniform division of frequency domain, i.e. WT uses short
window at high frequencies and long window at low
frequencies. This helps to analyze the signal in both
frequency and time domains effectively. A set of basis
functions called Wavelets, are used to decompose the signal
in various frequency bands, which are obtained from a
mother wavelet by dilation and translation. Hence the
amplitude and incidence of each frequency can be found
precisely.

Wavelet Transform is defined as a sequence of a function
{h(n)}(low pass filter) and {g(n)}(high pass filter). The

scaling function @(t) and wavelet y(t) are defined by the
following equations

@(t) =V2X h (n) @(2t-n)

w(H) = V2X g (n) o(2tn)
Where g(n) = (-1)*h(1-n)

A sequence of {h(n)} defines a Wavelet Transform. There
are many types of wavelets such as Haar, Daubachies, and
Symlet etc. The selection of mother wavelet is based on the
type of application.

In the following section a novel method of detection and
discrimination of faults using Multi Resolution Analysis of
the transient currents associated with the fault is discussed.
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III. FAULT DETECTION
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Figure.3. Variation of d1-coefficients for Internal Fault (F)
The variations of Fault Indexes Iy and Ig; of current signals
Iy and I;; are presented along with their threshold values in
Figures 4 & 5 for a 3-phase bus bar fault for different fault
incidence angles.

Figure.1. System considered for Studies

Figure-1 shows a typical system considered for present
studies. The four generators are connected to two 220KV
busbar sections. The busbar has two Zones. The CT ratio is
1250A/1A with knee voltage of 300V. Generators are rated
110MW, 50Hz.

The current signals of Source-1 CT (Iy) and the differential
current (I;) obtained are sampled at a frequency of S5kHz.
Two moving windows of 6-sample length are used to collect
the signal for WT analysis. Detail coefficients of single level
decomposition of these windowed signals are obtained with
Bio6.8 wavelet. The narrow window enhances the speed of
protection scheme. The fault indexes Ig; and Iy of the source
current I and differential current Iy are defined as

Ii = MAX {ABS [d1 L]}
Iy = MAX {ABS [d] L]}

[d1 _I] and [d1_I] are d1-coefficients of current signals Iy
and Iy respectively obtained over a window length. Fault
Indexes Igy and Igg are compared with their Threshold values
Th I and Th_I, respectively to detect the fault.

In the event of an internal fault (at F), there will be a sudden
change in the source current I;; and differential current I; as
shown in Figure.2. Hence the detail coefficients appear in
both the windows simultaneously. This is illustrated in
Figure.3 When Fault indexes of these two signals exceed
their respective thresholds a trip signal is given to all circuit
breakers.
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Figure.4. Variation of fault Indexes of three phase differential currents for a
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Figure.5. Variation of fault Indexes of three phase source currents fora 3-

phase busbar fault (F)

Since this scheme is based on the transient features of
differential current its performance is not affected by fault
impedance. Figures 6 and 7 show the performance of the
scheme for a 3-phase busbar fault with a fault impedance of

100 Q.
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Figure.2. Current signals for a fault at F
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Figure.7. Variation in fault index of Iy for Z; =100 Ohms



IV. FAULT DISCRIMINATION 0.04

In the event of external faults i.e. feeder faults (at Fy) and E o.o0 A h A h
Zone-2 faults (at F,) the differential current should remain =
zero since the sum of in coming currents is equal to sum of -0.04 - -
outgoing currents. However a feeder fault (at Fy) causes total o =0 40 &0
fault current to flow through CT-1, resulting in saturation. 0.01
This causes a change in differential current from its null - h
value and this in turn makes differential current fault index = .00
Ig to reach its threshold. The same is valid for a Zone-2 fault
also. The variation of Fault Index Iy of differential current I4 =[. 0L ' '
for feeder fault and Zone-2 fault is shown in Figures 8 and 9 . 20 Titde it m54n o
respectively for various incidence angles. Figure.11. Time shift in windows for feeder fault
The transients associated with the source current I;; and the 0.0 n L
fault index Iy are independent of location of fault (internal or E 000 h A
external). Hence I reaches its threshold value as in the case e
of internal fault. This leads to maloperation of the protection -0.05 T 1 T T T
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TRgpeh R Ofthirﬁsiggzzzsa%iems fox feler Sanlt wih Sy Thus the scheme effectively discriminates external faults
1.0000 from internal faults. Since the proposed method is based on
==kl =S L the changes in differential current, its operation is not
% oA N ! affected by th§ problems associated with th.e copventional
5 /' : busbar protection such as CT errors and ratio-mismatches.
ERT . The flow chart for the proposed algorithm is shown in
. Figure. 13.
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Figure.9. Variation in Iy of three phases currents for Zone-2 fault with fault
incidence angle
As the components connected to busbar i.e. generators, Updae Moving windows of difierental Curment v,
transmission lines etc. are highly inductive in nature, the and Source Cument W, [BSampe:)
differential current cannot reach its saturation level ¥
instantaneously. Hence the change in differential current I ©bain d1-Coefficient of sngle
MR g . d decomposition wih EioE B Waeket
appears with a delay compared to change in source current ¥
I5; as shown in the Figur.10. This leads to a time shift in the .
instants where the individual Fault Indexes I, and Iy reach SaleiiEe Irhocid Ly eninsa M
their thresholds.
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Figure.10. Variation in source current and differential current for a
Feeder fault (at Fy) Ves
Since the scheme is designed to derive trip signal if the Fault Give TRIF Sigral
Indexes Iy and Ig; reach their threshold values during the ) ]
same window, tripping is blocked. This is illustrated in Figure.13. Flow Chart of Proposed Protection Scheme

Figures 11 and 12.
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The proposed scheme is tested for various types of busbar
faults and the corresponding Fault Indexes are plotted in the
Figures 14 and 15. It can be seen that the faulty phases have
their Fault Indexes greater than or equal to their Threshold
values. The same can be used to classify the type of fault

also.
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Figurel4. Variation of fault Index with type of busbar fault (F)
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V. CONCLUSIONS

The proposed Wavelet Transforms based scheme is effective
in detecting busbar faults and to discriminate the same from
external faults. CT error and ratio-mismatch have no effect
on the proposed scheme. The proposed scheme is proved to
be simple, fast, reliable and stable under various conditions.

REFERENCES

[11 T B Royle, A Hill “Low Impedance Differential Bus Bar Protection
For Application To Bus Bars Of Widely Differing Configuration”,
Proc. of Fourth International Conference on Developments in Power
System Protection, April 11-13, 1989, pp. 40-44.

[2] Horowitz S.H., Phadke A.G., “Power System Relaying”, John Wiley
and sons, New York, 1992

[3] R Hughes, E Legrand “Numerical Bus Bar Protection Benefits of
Numerical Technology in Electrical Substation”, Proc. of IEE
conference on Developments in Power System Protection, 9-12 April
2001No0.479, pp. 463-466.

[4] K. Feser, U. Braun, F. Engler, A. Maier, “Application of Neural
Networks in Numerical Busbar Protection Systems”, Proc. of First
International Forum on Application of Neural Networks to Power
System, 23-26 July 1991, pp. 117-121.

[5] F.Jiang, Z.Q. Bo, M.A. Redfern, G. Weller, Z. Chen, Dong Xinzhou,
“Application of Wavelet Transform in Transient Protection-Case
Study: Busbar Protection” , Proc. of IEE conference on Developments
in Power System Protection, 9-12 April 2001, No.479, pp. 197-200.

[6] M.M. Fissa, “ A Novel Wavelet Approach to Busbar Protection during
CT Saturation and Ratio-Mismatch”, Electrical Power System
Research, 72(2004), pp. 41-48.

[71 M.E. Mohammed, “High-Speed Differential Busbar Protection Using
Wavelet Packet Transform”, IEE Proc. Generation, Transmission and
Distribution, Vol. 152, No.6, November 2005.

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY WARANGAL. Downloaded on November 19,2024 at 04:10:34 UTC from IEEE Xplore. Restrictions apply.



