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Abstract

This paper introduces an artificial neural nork (ANN) approach for fault detection in gas ireged substatio
(GIS). Faults in GIS have to be located and clesbifis soon as possible to start the processescohffiguratior
and restoration of the normal power supply. A pcattcase study is alyzed using Talkha 220KV GIS, whit
represents a critical generation point in the EigypElectric Power Network. Firstly, the layouttbe Talkha 22(
kV GIS is discussed and modeled using ATP/EMTPo8ély, the ANN is built and trained. Finally, throposed
approach is tested using solidly grounded faults laigh impedance faults. The results ensure theesscof the
proposed approach to locate and classify any flaahd/or out the Gl
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Introduction

In power system substations, faults that prodt
load disconnections or emergency situations hay
be located as soon as possible. Faults locatic
necessary to start the substation reconfiguratost
restoringnormal energy supply. Failures in GIS .
known to have occurred both during early year:
operation and during site testing or assemblingtrf
the statistical point of view, problems have oced
at the highest voltage levels rather than the Ic
levd [1]. However, the identification of the fault
points is not always an easy task, delaying
restoration procedures. This usually occurs wher
protection system does not behave as expe
Substation in commissioning phase or even the

alreadyin operation, but with complex constructi
and operational natures, can have high indice
protection system failure. In these substationslt
location can take a long time due to the great a1
of information to be analyzed. The difficulty

identifying the fault points significantly increasas
non-conventional substation, as gasulated one
[2].

In GIS a large number of restrikes occur across
switching contacts when disconnector, bre:
operations, the closing of grounding switch, &y
line-to-ground faults. Each strike leads to genera
of a Very Fast Transient (VFT) [2]. The general
and propagation of VFT from their original locati
throughout a GIS can produce internal and exte
overvoltages. In case of a linegoeund ault, the
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voltage collapse at the fault location occurs i
similar way as in the disconnector gap dui
striking. Stepshaped traveling surges are gener.
and injected to GIS lines connected to the coll:
location [3].

VFT in GIS can be divided intinternal and externe
Internal transients can produce overvoltages bet
inner conductors and the encapsulation, exte
transients can cause stress on secondary and @i
equipment. Breakdown phenomena across
contacts of a disconnector dur a switch operation
or line-to-ground faults generate very short rise ti
traveling waves which propagate in either direc
from the breakdown or fault location. Surg
traveling throughout GIS and to other connec
equipment are reflected and refrd at every
transition point. As a consequence of multi
reflections and refractions, traveling voltages
increase above the original values and very
frequency oscillations occur. An internally genett
VFT propagates throughout the GIS and res the
bushing where it causes a transient enclosurege
and a traveling wave that propagates along
overhead transmission line [2].

In the areas of power systems, problems may
one or more of the following characteristi
dynamic, non-linearlarge scale and random lik
These factors make power system problems 1
difficult to solve. Therefore, computers
extensively applied to power system operat
planning, monitoring and control. Curre
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approaches to power system computation are mainly
based either on developing a mathematical model of
a relevant part of the system or on expert systems.
ANNSs provide a promising and attractive alternative
[4].

ANNs have the inherent capacity of modeling
functional relationships between input and output
data without the explicit knowledge of an analyttica
model. ANNs have a great pattern recognition
capabilities and their ability to handle noisy data
There are widespread applications of ANNs in a
number of different areas of power systems such as:
load forecasting, security assessment, controtesys
identification, protection, fault location, adapiauto
reclosing, operational planning, etc. Matlab/Simikali
has a suite of programs designed to build ANNs
(Neural Networks Toolbox) [5]. There are three step
to using ANNSs; design, training, and testing [6-7].
This paper concerns the fault identification and
detection in GIS. A practical case study is analyze
using Talkha 220 kV GIS. This GIS represents a
critical generation point in the Egyptian Electric
Power Network. Firstly, the layout of the Talkh202

kV GIS is discussed and modeled using ATP/EMTP.
Secondly, the ANN is built and trained. Finallygth
proposed approach is tested using solidly ground
faults and high impedance faults.

Talkha220kV GIS

Talkha 220 kV GIS is an important generation busbar
in the north of Egypt. The fault in GIS at this pioin

the Egyptian power network may lead to severe
stability events that may result in a complete or
partial blackout. So, attention must be given to
prevent or limit fault consequences. A typical 220
GIS installation of a one-and-half circuit breaker
arrangement is used in this paper as a case dtudy.
consists of circuit breakers, disconnectors, busbar
surge arresters, transmission lines, transformers,
generators, coupling feeders, earthing switches.

Fig. 1 illustrates the construction of Talkha 220 k
GIS. It consists of eight bays; each with threeugtr
breakers, six disconectors, six current transfosmer
and eight earthing switches. The GIS system cogitain
two busbars which are supplied from seven
generation sources using two 150 MVA delta/star
11.5/220 kV transformers, two 200 MVA star/star
11.5/220 kV transformers, and three 320 MVA
delta/star 16.5/220 kV transformers which suppties
66 kV substation through five 125 MVA, 220/70 kV
star/star transformers, and six transmission lines
which connect the GIS to the surrounding
substations.

. Modeling of Talkha 220 kV GIS
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Due to the traveling wave nature of the VFT, th& Gl
elements are modeled as electrical equivalentitsrcu
composed of distributed parameter lines (defined by
surge impedance and traveling times) as well as
lumped elements. In order to achieve reliable
simulation results the GIS is subdivided into saler
shorter sections. Table 1 gives the GIS components
and how to be modeled [2], [8].

The GIS installation is regarded as series of
distributed parameters transmission lines and lampe
capacitor elements. The values of each GIS section
are calculated from the standard formula of
capacitance. The Capacitance is calculated with the
assumption that the conductors are cylindrical [9].
Capacitance is calculated by the following [3],]f10

C=2rz,¢1/2.3nD)
M

where b is the outer cylinder radius, a is the tinne
cylinder radius, and is the length of the section.
Spacers are used for supporting the inner conductor
with reference to the outer enclosure. They areamad
with Alumina filled epoxy material whose relative
permittivity, €, is 4. The thickness of the spacer is

assumed to be the length of the capacitor which is
taken as 15~1000 pF.

The gas insulated busbar is represented by the surg
impedance, the velocity of surge propagation, &ed t
length. The surge impedance of a gas insulated bus
bar is calculated from the relation [9]:

Z =60xIn(B/A) @)
where Ais the diameter of the bus andiBBthe inner
diameter of the enclosure. The surge impedance of
the 220 kV busbar is taken as @0and the surge
velocity is assumed be the velocity of light.
Fig. 2 illustrates the ATP/EMTP model of the 220 kV
TALKHA GIS. In this model each Bay consists of
three partitions and each partition has six sesti&o
the fault can be applied at eighteen points foheac
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Fig. 1. A typical single line diagram of Talkha 220kV GIS
Table 1. Models of GIS Components

GIS Component Equivalent Circuit
Open Distributed parameters transmission line inesewith grading
Circuit Breaker| Cjose Distributed parameters transmission line
Busbar Distributed parameters transmission line
Earthing Switch Lumped capacitor to earth
Disconnector Open Distributed parameters transonidgie in series with capacitor
Close Distributed parameters transmission line

4. Simulation of Faultsin GIS 1=
Faults in GIS are modeled using single-line-to- éjr_%

ground fault with two types; solidly to ground (S)L.G
and high impedance fault (HIF). The arc of HIF is
modeled ) LS in combination with TACS
in ATP/EM™ 1e arc model is based on the
energy balance of the arc and describes an arit in a
by a differential equation of the arc conductange (
[12]. Fig. 3 illustrates the main components of the
HIF arc model using ATP/EMTP.

Fig. 4 shows the single-line diagram of Bay#1 and
the fault scenarios at three points; node 1, noda@
node 3, respectively. Fig. 5 illustrates the curren
waveforms of phase A of BB#1 for SLG in Bay#1. It
is clear that the closer the fault point to BB#& th
higher the peak fault current. The figure showd tha
the first peak of the monitoring current at nodes 1
4492 A, at node 2 is -4669 A, and at node 3 is 6641 R .
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Fig. 6 illustrates the current waveforms of phasefA Fig. 2. ATP/EMTP model of Talkha 220 kV GIS
BB#1 for SLG in Bay#7. It is clear that the cloglee
fault point to BB#1 the higher the peak fault catre Simulation
The figure shows that the first peak of the mofitgr \Z:m:" L 2
current at node 1 is 12648 A, at node 2 is 13049 A, Current—>
and at node 3 is 15767 A. A
. . Inputs CTR —» £ Outputs
Fig. 7 illustrates the current waveforms of phasef A MODELS
BB#1 for HIF in Bay#1. It is clear that the cloghe RES —>|
fault point to BB#1 the higher the monitoring peak j g
current. The figure shows that the first peak af th
monitoring current at node 1 is 8 A and at nods 2 i Feedback
17 A

Fig. 8 illustrates the current waveforms of phasefA Fig. 3. The ATPIEMTP HIF Arc Model

BB#1 for HIF in Bay#7. It is clear that the closbe
fault point to BB#1 the higher the monitoring peak
current. The figure shows that the first peak af th
monitoring current at node 1 is 29 A and at nodg 2

35A
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The current is measured in the middle of BB#1 near
the bus tie. The most of generation units are émtat
in the upper part of GIS; as shown in Fig. 2. It is
noted that for the fault on Bay#7, all the generati
units fed this fault, so the monitoring fault curret
measuring point at the middle of BB#1 for both HIF
and SLG is greater than that measured for Bay#1

current (A)

The Proposed ANN-Based Classifier
ANN have demonstrated the special capability of

L L L L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

time(sec) mapping the very complicated relationships between

Fig. 5. Current waveforms of phase A of BB#1 at SLG the inputs and the outputs and of revealing subtle
fault on Bay#7 differences in features between ill-defined pagern

— particularly of the aforementioned types associated

solidbay7node1

sodbayTnode? with wideband fault generated noise.

A large number of simulations are performed to

generate a good representative data set for trainin

and testing ANN. Once sets of training/testing

patterns have been generated, the appropriate ANN
¥ g architecture and associated parameters are chosen.

ool ¥ e | The task of ANN is to learn to capture the faufigy

: g and location.
T A Multilayer feed forward network is the most widely
el e as o4 a8 T8 o7 e o8 1 used [13-14]. The back propagation algorithm is the

x10°

Fig. 6. Current waveforms of phase A of BB#1 at SLG most commor_wly _USEd proc_e_c_iure yiel(_jing usually
fault on Bay#7 good generalization capabilities. Multilayer Feed

forward networks consist of a series of layers. The

HiFbay nodel first layer has a connection from the network input
""" MR Each subsequent layer has a connection from the
previous layer. The final layer produces the
network's output. Feed forward networks can be
used for any kind of input to output. A feed fordar
network with hidden layer can fit any finite input-
output mapping problem.
Various combinations of number of hidden layers
and numbers of units are tested. The chosen ANN
consists of one input layer with 144 neurons, glsin
By T T a— hidden layer with 72 neurons, and only one output
_ fimetsec) x10° layer with one neuron; 1 for solidly to ground faul
Fig. 7. Current waveforms of phase A of BB#1 at HIF and 2 for high impedance to ground arc fault, as

on Bay#1 P

‘ ‘ shown in Fig. 9.

e The second step is to identify the fault locatién.

] two parallel extended ANNs are designed to do the
second function; one for the HIF and the other for
the solidly fault to ground. Each of the two extedd
ANNSs consists of one input layer with 72 neurons, a
single hidden layer with 47 neurons, and only one
output layer with one neuron (1 ~ 8 : code of fadlt
bay), as shown in Fig. 9. The proposed ANN is
trained using part of the simulation results (270
inputs). The performance of the training is shomwn

14000

s solidbay 7node3

12000

100001

current(A)

8000}~

6000 i

2000

current(A)

current(A)

S e T Ty = s 2T S a— Fig. 10. It is shown that the maximum proposed
fme(see) x10° error is 0.001
Fig. 8. Current wavefor ms of phase A of BB#1 at HIF
on Bay#7
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Input layer
(144 neurons)

Hidden layer
(72 neurons)

inputs

Solidly fault and HIF
current waveforms
from ATP program
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Output layer
(One neuron)

output ( Type of fault)

» 1: solid fault
2: arc fault (HIF)

Solidl

fault o Input Hidden  Output

ground layer layer layer
—» O
— .iv

inputs
Solidly fault to ground
current waveforms

Qutput
layer

HIF Input Hidden

layer

Fig. 9. Structure of the proposed multi-stage feed-forwAxiN

6. Test Results

Following the training of ANN, a separate set of th
simulation results (18 inputs) is supplied to tHeM

in order to evaluate the validity of the proposed
technique. Table 2 gives some examples of the
results. The left column of the table is the fayfie
and the second column is the fault location. Then t
last three columns are the desired outputs, theahct
outputs, and the percentage error for fault typeé an
fault location.

Besi Training Perforance is Nall af epoch 1376

aw

Mezn Squared Errr (mse)

600
1376 Epochs

Fig. 10. Performance of the proposed ANN

It is evident from the results that, the proposed
approach succeeds in detecting the fault in anyolbay
the GIS. The proposed approach depends on the
measurement of only the current of one point in the
GIS. The measurement point is selected in thisystud
at the middle of BB#1; between Bay#4 and Bay#5. It
is shown in Table 2 that the closer the fault paoant
the measuring point, the less the percentage error.

Table 2. The proposed ANN-Classifier Test Results
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Fault Desired Output Actual Outputs % Errol

Type Locatior Type Locatior Type Locatior [Type Locatior
Bay#1 1.C 1.C 1.015¢ 0.949: 1.5¢ 5.0€
Bay#:z 1.C 2.C 1.004: 1.934. 0.41 3.2¢
Bay#: 1.C 3.C 1.002( 2.989¢ 0.2C 0.340(
Bay#< 1.C 4.C 1.004¢ 3.976¢ 0.4€ 0.331:

SLG Bay#Et 1.C 5.C 1.004¢ 4.989¢ 0.4€ 0.212
Bay#€ 1.C 6.C 1.000¢ 5.984¢ 0.0t 0.256¢
Bay#i 1.C 7.C 0.998¢ 6.978:¢ 0.11 0.308¢
Bay#¢ 1.C 8.C 1.003¢ 7.910¢ 0.3 1.118°
Bay#1 2.C 1.C 1.987( 1.024¢ 0.6% 2.480(
Bay#: 2.C 2.C 2.020¢ 2.038( 1.04 1.90(C
Bay#: 2.C 3.C 1.975¢ 2.991° 1.21 0.276°
Bay#< 2.C 4.C 2.025! 3.999¢ 1.26¢ 0.000¢

HIF Bay#t 5 ¢ 5.C 1093 b.o0o7¢ 034t .15
Bay#€ 2.C 6.C 2.020¢ 6.009¢ 1.02¢ 0.16¢
Bay#i 2.C 7.C 1.926" 6.988¢ 3.66¢ 0.16¢
Bay#¢ 2.C 8.C 2.023¢ 7.970: 1.1¢ 0.371

Conclusions

In this paper, an ANN-based approach is proposed
and designed to detect and classify faults in Talkh
220 kV GIS. The presented approach has the ability
to detect the fault, classify the fault type, addritify

the fault point. The layout of the Talkha GIS is
modeled using ATP/EMTP. A multi-stages ANN of
multilayer feed-forward network is designed, traine
and tested. The proposed approach accurately
discriminates between the bolt ground faults ared th
high impedance faults, and identifies the faultey.B
The proposed approach has distinct advantages; firs
of all, the high speed detection of the fault, athe
accurate identification of the fault point. The lhig
speed of this approach is important in GIS which is
considered critical in the electric power networlda
the accurate fault type classification leads tetdie
right protective actions
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