Tournal of Engineering and Applied Sciences 14 (6): 1729-1742, 2019
ISSN: 1816-949X
© Medwell Journals, 2019

Multiple Fault Detection and Diagnosis in Electric Power Transmission Lines
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Abstract: One of the most difficult problems in solving faulted networks involves two or more faults which
occur simultaneously in power systems. Abnormal conditions in short circuit and open conductor faults been
analyzed. The mam objectives of multiple fault detection and diagnosis are to satisfy the power supply
continuity, maintains system, stability, decrease repair times and high reliability degree. This study presents
an approach for detection and diagnosis of multiple faults in transmission lines. Voltage and current
measurement method is adapted in the fault detection and classification, reactance based method in the fault
location for different types of fault and places were to an estimate of the distance the fault on the transmission
line from the point measurement by analyzing the data available after the beginmng of disturbance. All
programs were written in MATLAB environment. The programs were test on IEEE-14 bus bar network. The
results clarified that the voltage and current measurement method and impedance method is very effective for
multiple fault detection, classification and location.
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INTRODUCTION

Electric power system 1s a mam pillar in the nation’s
progress. Power transmission lines represents lifeblood in
electric power system and the function is to supply
electric energy to customers as reliable and economical as
possible. Power transmission lines are routinely subjected
to unexpected disturbances by environmental impacts
such as lighting, short circuit, faulty equipment’s, human
errors, overload, ..., ete. Such fault result in mechanical
damage and also affect the power supply continuity,
hence its reliability. A fault on transmission lines 1s an
abnormal circuit condition that result in energy dissipated.
Multiple fault of particular interest is frequently occurring
in a power system which mixed of the series and parallel
faults. Multiple faults may consist of two different types
of fault at the same location or at different locations. The
parallel faults are: three phase fault through three phase
fault impedance, line to line fault, line to ground and
double line to ground through fault impedance. The
series faults are: one open phase and two open phases
(Grainger and Stevenson, 1994).

Detecting multiple faults and disconnecting the
faulted transmission as quickly as possible are the main
important roles of protection system, after estimating the
location of the fault with acceptable accuracy comes into
VIeWw,

A multiple fault detection and diagnosis scheme is a
process aimed at verifying, if a fault event did occur,
analysis of certain parameters to determine the type of the

fault, phase (s) affected by the fault, the faulted line
section and also estimate the distance to the fault with the
highest accuracy possible. Generally, electric power fault
diagnosis comprises of the following phases.

Detection of multiple fault event: Tt is the classical task in
any protection scheme. The undesired change is detected
in system parameters that degrade of performance by
monitoring current and voltage signals of the phases.

Moultiple fault type/phase (s) classification: Multiple fault
type classification is an essential protective relaying
feature due to its significant effect on the enhancement of
relaying scheme operation. Fault classification is the
ability to correctly identify the type of fault on buses or
transmission lines irespective of where the fault 1s
located along the line.

MATERIALS AND METHODS

Multiple fault location in kilometer: Multiple fault
location on transmission lines is performed by computes
an estimate of distance of the fault on the transmission
line from the point of measurement. The point of
measurement is often taken at one end of the line.

Multiple fault detection and diagnosis helps utility
engineers clearly have to be able to quickly detect and
repair the faulty lines. However, to do so they first must
reliably identify and analyze these faults. Several
investigations have examined the fault detection and
diagnosis in power transmission line.
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Han (1982) describes two methods to analyze any
combination of simultaneous balanced and unbalanced
faults in a power system. The first method can be used to
calculate the symmetrical components and phase
components for any bus voltage and branch current of a
faulted power system. Using the second method, an
equivalent network connected to the positive sequence
network can be obtained.

Huang et al (1999) proposed a technique for
detection and localization of different kinds of power
system disturbances. Takagi ef al. (1982) proposed a fault
locator which has been developed that calculates the
reactance of a faulty line with a micro-processor using the
one terminal voltage and current data measurements of
the transmission line. Girgis and Johnes (1989) presented
a Hybrid-Expert system for fault detection, classification
and fault selection location algorithms. Krishnanand ez al.
(2015) proposed scheme is
differential protection of a transmission line fed from both
ends for a vanety of faults for help of the new formulation
to provide fault detection, classification and location with
significant accuracy. Othman et al. (2004) proposed
selection in the wavelet domam and supervised neural
network-fault classifier 15 developed. An output signal of
the speed deviations of each generator of the multi-area
multi machines system is taken as the input for the
wavelet analysis. The “oscillation signature” for each of
the 4 machines in a ‘no fault condition’, ‘fault’” with the
PSS and without the PSS 1s recorded at various fault
locations for fault detection using multi resolution
analysis (MU) different resolutions allowing a detailed
analysis of its energy wavelet transforms.

Singh et al. (2011) presents a techmque to detect and
classify the different shunt faults on a transmission lines
for quick and reliable operation of protection schemes.
Discrimination among different types of faults on the
transmission lines 1s achieved by application of
evolutionary programming tools. Silva et al. (2006)
proposed a novel method for transmission line fault
detection and classification using oscillographic data. The
fault detection and its clearing time are determined based
on a set of rules obtained from the current waveform
analysis in time and wavelet domains. The method is
able to single out faults from other power-quality
disturbances such as voltage sags and oscillatory
transients which are common in power systems operation.
Gopakumar et al. (2015) proposed a novel support vector
machine-based fault localization methodology to
precisely identify and localize all types of transmission
line faults occurring at any location in the power
grid based on Phasor Measurement Unit (PMU)
Imeasurements.
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Fig. 1: Two-port network
Table 1: Two-port network pararneters
Designation (parameters) Equations
7 (impedance) (v, ] _ r“ 7 ]In } 1)
:VQ, Zn Ip :Iz
Y (admittance) L }: P’n le} Y } (2)
L Ya ¥Yu V2
H (hybrid) Vi]_ |:h11 b L } 3)
,Iz hy  hy ,Vz
G (inverse hybrid) L {511 81z Vl} )
LV gy Sx | L

Multiple fault analysis by two port network: Two- port
network 13 best m analysis because it relies on simplifying
large and complex networks into small, streamlined
networks.

The concept of a two-port network has two pairs of
terminals and the current of each pair of terminal 1solated
from the other pair. The direction of the current flow of
each pair from one side towards the other shown on the
network of Fig. 1 (Guillemin, 1935).

Maintain non-overlapping cuwrents (I1, 12) are
developed by (1:1) to the ends of the network to prevent
interference also between networks group and maintain
the currents to facilitate the analysis of these networks.
Passive two-port networks are commonly specified in
terms of the network parameters defined in Table 1
(Atabekov, 1960).

The two-port impedance parameters above are the
two-port Thevenin equivalent impedances. In general, the
two-port Thevenin equivalent impedance 1s given by

Eq. 5
ZThevenin _ Uij Uinjn _ ZH Zlmjn (5)
v oumn |z oz
where, Eq. 6 and 7:
urt =g -ETT (6)

et =2 Ll A )

The term E™ represents the voltage at node 1 when
1 pu current 1s ijected between nodes m and n and the
term E™" represents the voltage at node j when 1 pu
current is injected between nodes m and n. The term
(U™ =E™ -E™") is the voltage difference between nodes
1and j when 1 pu current 1s injected between nodes m and
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n. The Z terms in Eq. 5-7 represent the respective bus
impedance matrix elements. In general, the bus impedance
matrix element represents the voltage measured at node i
when 1 pu current 13 injected at node m. Note that if nodes
] and n are 0, representing the reference bus, we have the
result shown in Eq. &

Urnt=Er =27, (&)

To obtain the two-port Y-equivalent sequence
netwarks from the two-port Z™*" sequence equivalents.
Several methods are available for obtaining the two-port
Y-equivalent sequence networks. We can use the
two-port Y-equivalent sequence networks to calculate the
fault currents at intermediate points along a transmission
line (Tziouvaras, 2008).

Tt is necessary not to interfere between the currents
and voltages of the relay networks in the multiple faults.
This 1s done by placing the phase shuft on the connection
of sequence network (Atabekov, 1960, Tziouvaras, 2008).
The multiple faults problems to be solved can be
generalized by three forms:

* A series fault at 1 and a series fault at j
* A shunt fault at 1 and a shunt fault at j
* A shunt faultat1 and a series fault at j
¢ A series fault at i and a shunt fault at j

Actually, we can view this as only three different
fault configurations, since, situations 3 and 4 require
exactly the same computation scheme.

RESULTS AND DISCUSSION

A series fault-a series fault (Z type faults): A
series-series connection of two-port sequence networks
to study the following fault types:

¢ Multiple single line to ground faults at i and j

¢ A single line to ground fault and two line open fault
at i and j, respectively

+  Two line open fault and a single line to ground fault
at 1and J, respectively

»  Multiple Two line open fault at 1 and j, respectively

Figure 2 shows the series-series (Z-type faults) two-port
sequence network interconnection. We use Eq. 9 to
calculate port 1 and port j positive-sequence voltages:

{Vl(l)} _ |:E1(1) j|_|:Zu(1) Zl_](l) }|:I1(1) ‘|
VJU) EJ(l) Zn(l) ZJJ(l) IJ(l)
From Fig. 2, we can also write Eq. 9 and 10 where, k=0, 1
and 2:

©)

L(1): 1
o—" ——0—
Positive s
sequence vi(h v, (1)
network + +
—_
b
5,(2): 1
Negative
sequence Vi Vo
network v,
+ +
O
— >
b +
o 0x1
Zero -
sequence Vi Vo
network
+ +
€ Iie L&
e
— —>
Sequence v b
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+
—>
b

Fig. 2: Sequence network connection for multiple Z-type faults
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Mgy = Ve Vi) = Legy iy (10)
iy = Vo Vi = LT (1)
Z, My Ziy
11
{an}{“m)Eqn}_ i {Ix} (12)
Voo | (BB | BoZin 5 ;
. #i(1)

To calculate the negative sequence network at port
1 and port j, we write Eq. 13:

Zo o) Zig)
uf2
Pxﬂ _ e r} (13)
Vil | Mertse L
n il2)

To calculate the zero sequence network at port 1 and
port j, we write Eq. 14

But from Fig. 2, we observe that, for a series-series
connection (Eq. 15 and 16):

(v (v (v
{VX } _| =0 }+ %(2) }r X(D)} _ {0} (15)
VY _Vy(l) VY(Z) VY(“) o
Fx{lxm {Ix(z) {Ix(n)} 16)
LI Lol (Bel (B

Performmg the addition indicated by Eq. 15 and
making the substitution Eq. 12-14, we get the resultin

:(]. i
|: y} 1(1). 1(1) { u ljj|{ 3‘} ( )
](1)'EJ(1) Z]1 Z]] I

(18)

Where:

le - Z11(1)+Zu(2)+z11(ﬂ)

n
7, = nl“) Zu +n1(2) Zo Lo (19)
in) i2)
n n
z. =Mz + W7 7 (20)
ij 1. (1 n {2) Ji(0)
if1) i(2)
25 = Loy Ly o 2D

A shunt fault-a shunt fault (parallel type): A parallel-
parallel comnection of two-port networks 1s required to
represent the following multiple fault conditions:

»  Multiple double line to ground faults at 1 and ;

» A double line to ground fault and one line open fault
at i and j, respectively

»  One line open fault and a double line to ground fault
at 1and J, respectively

¢ One line open fault and one line open fault at i and j,
respectively

The sequence network connection with parallel-
parallel termmation 13 shown m Fig. 3 where the ideal
transformations are phase shifters with voltage and
current relations.

For parallel-parallel sequence network connections,
we work with the two-port admittance parameters (Y-
parameters). We calculate the Y-parameters by inverting
the two-port sequence network impedance parameters (Z-
parameters). We use Eq. 22 to calculate port 1 and port ]
positive-sequence currents:

{11(1)} _ |:IS1(1)j|_|:Y11(1) Yu(l) }|:vv1(l)} (22)
o [ow ] [ Y Yo || Vi

Where I, the ndependent source term viewed from the 1
and j ports. From Fig. 3, we can also write Eq. 23 and 24

wherek =0, 1 and 2:

(23)

= VoV =Ll 24
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Fig. 3: Sequence network connection for multiple Y-type faults

To calculate the negative sequence network at port
1 and port j, we write Eq. 26:

Y, Dy Vi)
12
Ly |_ ) {V} (26)
Lol |NeYam v
n ii2)

To calculate the zero sequence network at port 1 and
port j, we write Eq. 27:

Vo o) Vi)
I (0 n.
Lxﬂ - i) {V} (27)
¥[0) ey i) 5
n YJJ(U)

which transformers, since, n;g 1y = 1, we get Eq. 28:

Fx(n)}_rum Yu(n)}{vx} (28)
Lol [ Vi LY

But, from Fig. 6, we observe that for a series-series
connection Eq. 29 and 30:

R o
Vol Vo] [Ya] Voo

Performing the addition indicated in Eq. 29 and
making the substitution, Eq. 25-27, we get the result

inEq. 31:
rx}z n1(1)'151(1) _|:-Y11 YZJ}|:VX} (31)
IY nJ(1)'IsJ(1) YJl YJJ VY
Where:
Y, = Yu(1)+Yu(z)+Yu(n) (32)
Y, = me 1)+MY11(2)+Y11(0) (33)
) itz)
Y, = m\(ﬁ(1 N icl VitV (34)
Ty Digz)
Y]] - YJJ +YJJ +YJ (35)
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Fig. 4: Sequence network connection for multiple H-type

A series fault and a shunt fault (H type faults): We use
the series-parallel connection of the two-port sequence
networks to study the following type of faults:

* A single line to ground fault and double line to
ground fault at i and j, respectively

+ A single line to ground fault and one line open fault
at 1 and j, respectively

*  Two line open fault and two line open fault at 1 and j,
respectively

*  Twoline open fault and one line open fault at 1 and j,
respectively

But from Fig. 4, we observe that for a series-parallel
connection:

Performmg the addition indicated in Eq. 36 and
making the substitution, we get the result in Eq. 38:

{VX} iy Eigy {hu hlﬂlx}
Iy n3(1)'1s1(1) hji hjj VY

(38)

faults

We use Eq. 39 to calculate the hybrid parameter
matrices (H-parameters) from the two-port Z-parameter

matrices (Anderson, 1971):

detZyyy  Zyy
z z
el (39)
i 1
2 z

k)

(k)

Where det Z , the determinant of matrix Z y, ,, k the
0, 1 and 2 represent the zero, positive and negative-
sequence network, respectively.

When we can multiple faults occur in different
phases, we can use ideal phase-shifting transformers to
shift the phases of the sequence network currents and
voltages in order to meet the appropriate these boundary
conditions (Han, 1982). The sequence network voltages
and currents in Fig. 2-4 between the isolation transformers
are all referenced to A-phase of the power system. The
other of the 1solation
transformers represent the boundary conditions for the

comnections on the side
series or shunt unbalance of the particular phases
involved. The isolation transformer ratios are all 1:1 and
may include a phase shift equal to a* = ¢**". This isclation
transformer ratios depends on the types of shunt and
series faults, specific faulted phase and sequence network

as shown in Table 2 (Anderson, 1971).
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Table 2: Tsolation transformer ratio

Fault type Zero seq. Pos. seq. Neg. seq.
A-G 1 1 1
B-G 1 a? a
C-G 1 a at
B-C-G 1 1 1
C-A-G 1 a? a
A-B-G 1 a a*
A-phase open 1 1 1
B-phase open 1 a’ a
C-phase open 1 a a
B&C-phases open 1 1 1
Cé&A-phases open 1 a? a
A&B-phases open 1 a a
e 2y o ___; >

e g s e e A B
K'."’C T

o

Fig. 6: Transmission line during fault

Representation of fault on the transmission lines: The
system has a bus impedance/admittance matrix of
dimension nxn. The bus admittance matrix before fault

takes the form:

YII YIk YIU
[ o, DEfOre fault] =] . . . . (40)
Ya o Y Y
_Ynl ynk ynn_

where, (Y, before fault) 1s the bus admittance before fault
matrix, k is one of busses and n is number of busses in the
system. Fig. 5 shows a transmission line supplied from
both ends.

If fault occurs on the line that commect two buses k
and n, an imaginary bus will be generated to be. Remove
all link between bus k and bus n. Figure 6 shows that the

fault point is congidered as a third bus (imaginary bus) in
the system. The bus admittance matrix after fault takes the
form Eq. 41:

YII YIk YIn YIf

[Y,, after fault]=| 7 T Yo Y4
Ynl ynk Ynn Ynf
L¥s - Y& ¥a Y|

where, (Y., after fault) is the bus admittance matrix after
fault:

Yo = ykk_(z'1-1lnskn)+( 11nekn/m1)

m, = Lengths from each bus (K) to the fault pomt (f):

Vi =Ya =0

= (Lo,
Yo =it =0
Yo = Y = (Ziese /M, )

m, = Lengths from each bus (n) to the fault point
(D) =(1-m,:

Yff - (Z'i1111ekn/ml)+((Zi11nehﬁ/m2))+(z'i1lxaelm)

Mathematical model

Fault detection: Fault detection enables faults to be
sensed on buses or transmission lines by monitoring the
phase impedances and/or phase-current amplitudes
and/or phase-voltage amplitudes and/or zero-sequence
current amplitude. The fault current magnitude may be
any-where from 10-30 times the full-load or rated current
of the equipment (Saadat, 1999) and the voltage
magnitude 18 reduced down to 60-70% of the normal
value. It 13 difference between pre-fault measurement and
fault measurement as shown: it is difference between
pre-fault measurement and fault measurement as shown:
IfEq. 42:

Vi(0)

v(0)
v,(0) e

v, (0

bus (0) -
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where, V. (0) is the prefault voltages obtained from
power flow solution and Eq. 43:

vV,
Vv,

VV,, =] ) (43)
\A
vV,

n

where, AV, is the bus voltage changes caused by the
fault. Then, Eq. 44:

Vbus (f) = Vbus ( 0)+vaus (44)

Vi () 18 the voltages during the fault. Which lead to:

I =Y (45)

bus*

V,

tus bus

where, I, 18 the bus current entering the bus and Y, 1s
the bus admittance matrix:

i 0 1 7Y11 Yh lej Ylni_nvl_
: M M M M M M :
LYy | Y o Y Yy LY, |av,
L) Y, .. Y, Y .. Y,|nv
M M M. M M M :
L O Y, L ¥, Y, Y, L0V, ]

(46)

where, I, () and I (f) 15 the fault cumrent at bus
1andj, respectively” or:

Ihus (f) - Yhus'vv‘hus (47)
Solving AV, we have:
vaus = Z'bus 'Ibus (f) (48)

where, 7,,, = Y,,.' is knowing as the bus impedance

matrix. Substituting Eq. 48 into Eq. 44:

VbUS ( f) = Vbus (0 )+Zbus'lbus (D (49)

Writing above matrix equation in terms of its
elements, we have Eq. 50:

VO] [0 [Z o 2 2w 2T 0]
: M M M. M M
V: (f) _ V; (0) n Z11 Z'ii Zu L Zm 11 (f)
V](f) V](O) Z]l Zji ij Zm Ij(f)
: : M M M. M MM :

VL (F)] [ V.(0) Zy L Zy Zy o Z,| O]

(50)
Multiple fault classification: Fault classification

technique used in electric power system is vital for secure
operation of power systems and has to be accurate to
facilitate quick repair of the system. Fault classification
that used to define the fault type and i1dentify the faulty
phases. The fault classification is based on detecting
distinct magnitude of current phase, voltage phase, zero
component current, the nature of the power system and
fault conditions (Saadat, 1999). Table 3 show current and
voltage conditions for different types of faults.

Impedance based multiple fault location: An accurate fault
location is an important requirement that computes an
estimate of the distance the fault on the transmission line
from the pomnt measurement. Determination of the point at
which a fault occurs m an electric power transmission line
1s vital for economic operation of power systems. The
faults are in the form of short circuit between the
conductors or to the ground. Fault locating can be viewed
as a process that analyzes available data after inception of
a disturbance providing more accurate mformation about
the location, possible cause and phases of the line
wvolved m the fault. The impedance based methods can
be classified into two types: one-end data methods and
two-end data methods. One-end data algorithms is known
that one end impedance based fault locaters calculate the
measured the voltage and current and the line parameters
1n order to calculate the apparent impedance, hence, to the
distance to the fault One-end data algorithms can be
classified into four types: reactance based method; takagi
method; modified talkagi method. In the research, one-end
data methods are adopted to find multiple fault location.
Single-line diagram of fault on transmission lines between
two buses 1s shown in Fig. 7 where V, refers to sending
end bus-bar voltage, V_ refers to receiving end voltage, Iy,
and Ty, refer to fault cuwrents from sending end and
receiving end respectively and 7, represents the entire
line impedance. Figure & illustrates the equivalent circuit
for a fault on transmission line. The voltage drop from bus
k can be written easily along with the per unit fault
location (m,):

V=7, 1, R, (51)
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Table 3: Curent and voltage conditions for different types of faults

Types of fault/Specific phase Current condition

Voltage condition Boundary condition

Single line to ground

A-G I =L=1 ViV + V=0 L=L=0
B-G L=a%L=al Vit+a? Vytav =0 L=L=0
C-G I =al,=a’]; VitaVytal V=0 L.=L=0
Double line to ground fault
B-C-G I+L+L =0 Vi=V,=V, L=1,L=0V,=V,=0
A-C-G I+a* L+al, =0 V=2 Vy=av, L="L.L=0V,=V,=0
A-B-G I+al+a, I, =0 Vi=av,=at 'V, L=-L,1L=0V,=V,=0
Line te Line Fault
B-C I;=L,I,=0 V=V, L=1,1,=0 V=V,
A-C L=-aL,L=0 Vi=a 'V, L=-LL=0V, =V,
A-B Ii=-aL,I,=0 V,=aV, L=-LL=0V,=V,
Three Phase fault
(A-B-C-G) I,=1,=0 Ve=V,=0 L=L=LV.=V,=V,=0
One line open fault
A-O I+L+,, =0 Vi=V,=V, I.=0, WtLZ =0, VALZ=0
B-O I+a* L+al, =0 V=2 Vy=av, L =0, VALZ=0 VAZ=0
C-0 I+al,+a? T, =0 Vi=aV,=a,V, I,=0, VALZ=0, \+LZ =0
Two line open Fanlt
B-C-O I =L=1 VatVaotVy =0 Ib=Ic=0, V,+LZ=0
A-C-0 L=a’l,=al Vata?VgtaVy =0 L=L=0 VytLZ=0
A-B-O I =al,=a’]; VytaVralVy =0 L=L=0,V.+LZ=0
z, Table 4: Selected voltage and current for various fault types
§ """""""""""""""""""""""" > v Fault type Veekora Lojecten
. ' A-g V., (L+k 3L)
e Ve L. ! B-G v, (L.k.3L)
g ———-——- €--——-—-—-- 1 c-G V., (L.k.31)
1 A-B or A-B-G Va I,
€= i > B-C or B-C-G Vie L.
mZ, mZ, C-A or C-A-G Ve L.

Fig. 7. One-line diagram and equivalent circuit of fault on
transmission lines between two buses

Vi Kk L A
; mIZL

nZ=(m)% o

Fig. 8: Equivalent circuit for a fault on transmission line

The value of the impedance measured at terminal k
may be found by dividing Eq. 51 by the measured current
(L mo):

Ze :iimIZLJrRFI—F (52)
IFk IFk

here (7.5 is the apparent impedance to the fault measured
at termmal (k). For other types of faults, V_ i Ligeas:

A-B-C Vg or Vior Vo, Ipork, or I,

values are presented in table in Table 4 to calculate
apparent mmpedance which to lead to estimate fault
location. Where:

K =(Zy2y)/ 32,

7. = The positive-sequence line impedance
Zy = The Zero-sequence line impedance

I, = The zero-sequence fault current

Zy = Apparent impedance = V ...0/ oue

The structure of the proposed diagram: A program was
written in MATLAB environment for the detection and
classification. The input data was calculated by a
Newton-Raphson load flow program and considered as
the initials values. The proposed method is described as
follows Algorithm 1. Figure 9 show the flow chart of
multiple fault detection and diagnosis.

Algorithm 1; Newton-Raphson load flow program:

Step 1: Tnput data of power transmission systern including all the line
data, bus data a, G&T data, input number of buses and location of two bus
bar fault i and j

Step 2: Run the load flow program to calculate the initial values of
currents and voltages and store the current and voltage before fault

Step 3: Formulate Z, Y bus matrices for all three sequence networks
(Z0, Z1, 22, Y0, Y1, Y2)

Step 4: input types of faults if:
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a- Series-series connection (Z-type faults)
1.8LG at i-8LG at j
281G ati-2LO atj
3.2LOati-SLGatj
4. 210 at i-21.0 at. j
b- Parallel-parallel connection (Y-type faults)
1. DLG at i-DLG at j
2. DLG ati-1LO atj
3110 at i-DLG at j
4. 1L0O ati-1LO at j
- Series-parallel connection (H- type faults)
1. 8LG ati-DLG at j
2. 8L.G ati-11.0 at j
3.2L0 at i-DLG at j
4. 200 at i-1LO at j
Step 5: Form fault port matrices for all sequence network and open
circuit voltage for positive sequence network is calculated
Step 6: Solve boundary (conditions) the voltage and current

Read bus data, line data, G.&T. data, input number
and locate of two bus bar fault, n = No., of buses

v

Runload flow (for calculate voltage for each bus bar and
calculate line current before fault) and store voltage in
matrix V and store current in a matrix in Q

v

| Form Z, Y bus matrics for all three sequence networks |

v

| Specified types of faults and choose model Z, Y, H types

|<—

Step 7: Bus voltages and currents of the buses atfected by occurrence
of the fault are calculated

Step 8: the next fault anatysis it ves goes to step 4 else go to

Step 9: Store the line current fault and voltage for each bus bar

Step 10: compare fault current and voltage with pre-fault current and
voltage for each bus bar

Step 11: detect of the fault

Step 12: specify number of phase fault: one phase fault, two phase fault
and three phase fault

Step 13: if one phase fault is single line to ground, if two phase fault
is double line to ground when Ty = 0 or line to line fault when T, = 0 and if’
three phase fault is three phase to ground

Stepl4: speify type fault phase according to fault condition
Step 15:calculation of Zy (R, Xor), Zin(Ryr, Xi1)
Step 16: Determine the fault type. The fault type is determined of subroutine
multiple fault classification
Step 17: Calculation of Apparent Impedance for various fault conditions
Step 18: compute m to find fault distance on transimission line
Step 19: end

(b) |

Phase P}Ese Phase
A c
fault? fault? fault?

No. of phase fault |

A4
v

v

Series-series

(Z type)

v

Parallel-parallel
(Y type)

Series-parallel

(H type)

v

v

| One phase fault | |

Two phase

| Three phase fault

2

v

Vi

Form fault port matrices for all
sequence network and open circuit
voltage for positive sequence network

7

| Solve for the boundary currrents and voltages |

v

| Determine of current and voltage for bus bar fault i and j

Next fault
analysis

4

Store the voltage for each bus in matrix V,

and line current fault in matrix W

No

Compare fault
current and voltage
with pre-fault current
and voltage

Detect the fault

A4

No Yes

Single line to
ground

Three phase
fault to ground

Fig. 9: a, b) Flow chart of multiple fault detection and diagnosis
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Double line to
ground

Line to line
fault

v

‘1’ A4

Specify type of phase fault
according the condition fault

v

Calculation of Z, and Z,,

v

Calculation of apparent
impedance for various fault

v

| Calculation fault distance m |

I
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@ Generators @ Generators
© Synchronous © Synchronous
compensators Compensators

Gen. 1 Gen. 1

Fig. 11:Single line diagram of multiple faults of

Fig. 10: Single lme diagram of 14-bus power system tramsmission lines

Table 5: Bus-data for 14-line network (Saadat, 1999)

Bus Type [V] Angle Pl Ql Pg Qg Qmin Qmax Q Table 6: Line-Data of the 14-Line network
No. pw ) (pw puw (@ e pu @u inject From To RO X0 R1 X1 B
1 1 1.060 0O 00 00 0 0.0 0 0 0 bus bus (p) (p.u) (pan) (pan) (p.w) Tap
22 lms o 217127 40 424 40 50 0 1 2 0038383 0117189 001938 0.05917 0.0528 1
i 3 }-8(‘33 g 3‘7‘-3 12.2 8 23-3 g 48 8 1 5 0107000 0441742 0.05403 022304 00492 1
5 0 1'000 o 7.6 -1.6 0 0'0 0 0 0 2 3 0.093066 039209  0.04699 019797 0.0438 1
6 2 1'070 0 11'2 7'5 0 12'2 6 24 0 2 4 0.11509  0.349211 0.05811 0.17632 0.034 1
70 1.000 0 0.0 00 0 0.0 0 0 0 2 5 0112792 0.344378 0.05695 0.17388 0.0346 1
g 2 1.090 0 0.0 00 0 17.4 6 24 0 3 4 0.132717 0.338734 0.06701 0.17103 0.0128 1
O 0 1000 0 205166 0 00 0 o0 0 4 5 00264 0083401 0.01335 0.4211 0 1
10 0 1.000 O 90 S8 0 0.0 0 0 0 4 T 0 0.414173 O 020012 0 0.978
11 0 1.000 O 35 18 0 0.0 v} 0 0 4 9 0 1.101543 0O 0.55618 0 0.969
12 0 1.000 O 61 16 0 0.0 0 0 0 5 6 0 0.499138 0O 025202 0 0.932
13 0 1.000 0O 135 58 0 0.0 0 0 0 6 11 0188113 0.393932 0.09498 0.1989 0 1
14 0 1.000 0O 149 50 0 0.0 0 0 0 6 12 0.24343 0.506645 0.12291 025581 0O 1
6 13 0.131013 0.258006 0.06615 0.13027 0 1
o - 7 8 0 0.348874 0O 0.17615 0 1
Case study: To verification of ﬂle proposed program 5 o o 021788 0 011001 0 )
accuracy and methodology are an important task in order ¢ 10 0063001 0.167357 ©0.03181 00845 0 1
to create a reliable tool for calculation, the program was @ 14 0251748 0.535501 0.12711 027038 0 1
applied on the IEEE 14-bus test system. The system ig i; g-}gi:ﬁ‘; g-igggg‘; g-ggzg; g-ig;g; 8 i
consists of 14-bus IEEE.test systt.am and 20-.11ne. The 13 14 0338536 0.689771 0.17003 034802 0 1
parameter of the system in per-unit and the single line
dlagram of thl_s Sys.tem is shown m Flg. 107 and its Table 7: Power flow solution by Newton-Raphson method
data are explained in the Table 5 and 6. Table 7 shows Load Generation
power flow solution by newton-raphson program. Bus Volt.  Angle Injected
Table 7 shows Power Flow Solution by Newton-Raphson =~ Mo (Mag) Deg) MW Mvar Mvar Mvar Mvar
I — 1 1.06 0 0 0 221.265 -285.91 0
program. o 2 L065 -0572 217 127 40 46325 )
When two faults occur on transmission lines to make 3 1.06 -1.242 942 10 0 74373 0
sure the accuracy of the program, single line to ground 4 1.065 -1.091 478 -39 0 0 0
(A-G) fault on transmission line (I1.2-3) and double line to 5 1.064 -095 7.6 1.6 0 0 0
d (AB O) i .o 1 (L9 10) Th ol 4] 1.12  -1.597 11.2 7.5 0 -1.096 0
grounc (AB-O) on ansmission line -10). The single - 1004 1280 o 0 o 0 o
line diagram of multiple fault of transmission lines is 8 1.00 -128 0 0 0 22378 0
shown in “Fig. 117 (Table 8-10). e 1.098 -1.393 295 166 0 0 0
Table 8 shows value of fault current on fault ﬂ) H?z igg 25 f'g g 8 g
location (point 15, 16) at transmission lines (L2-3) 12 L117 -1666 61 L6 0 0 0
and (L9-10). 13 1115 -1.636 135 5.8 0 0 0
Table 9 and 10 shows comparisons of bus bar 14 1104 -1.585 149 3§ 0 0 0
Total - - 259 73.5 261.265 -430.08 0

voltages (amplitude and phase) and transmission line
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Table 8: Fault current on fault location at transmission lines (1.2-3) and (1.9-10)

Bus current fault

a b c
Current Angle Current Angle Current Angle
Bus No. (Mag.) © (Mag.) ©) (Mag. ) )
15 11.4287 -1.3567 0 0 0 0
16 0 0 0 0 9.6125 0.8830
Table 9: Comparison of voltages of an unsymmetrical fault on transmission line (1.2-3) and series fault on (1.9-10)
When fault at two transmission lines (1.2-3) and (1.9-10) (after fault)

Before fault a b c

Voltage Angle Voltage Angle Voltage Angle Voltage Angle
BusNo.  (Mag) ) (Mag,) ] (Mag,) ) (Mag,) )
1 1.06 0 1.051032 -0.05585 1.058648 -119.995 1.052001 119.8092
2 1.065 -0.572 0.992128 0.51676 1.062517 -119.459 1.039493 120.1461
3 1.06 -1.242 0.667492 0.186066 1.069027 -119.415 0.974487 120.7961
4 1.065 -1.091 0.953509 -2.20264 1.091468 -117.192 0.739989 120.3095
5 1.064 -0.95 0.978823 -1.17771 1.077601 -117.931 0.812288 119.2111
6 1.12 -1.597 1.07667 1.743974 1.109428 -118.534 0.764473 1084141
7 1.094 -1.289 1.105073 -1.7532 1.155424 -112.597 0.308692 91.95632
8 1.09 -1.289 1.065097 1.080343 1.09095 -118.627 0.847229 1181423
9 1.098 -1.393 1.204635 -9.09568 1.228199 -107.04 0.455266 -19.2293
10 1.102 -1.445 1.245969 -11.7513 1.287057 -105.232 0.678312 -38.1136
11 1.1 -1.522 1.166383 -5.91818 1.194424 -110.63 0.201976 38.40054
12 1.117 -1.666 1.099573 -0.50842 1.132307 -116.152 0.66071 104.97
13 1.115 -1.636 1.116844 -1.59066 1.140669 -114.771 0.5734 102.4315
14 1.104 -1.585 1.144788 -4.86094 1.1706 -111.254 0.246256 46.04452
15 - - 0.005064 1384217 1.108771 -128.958 1.054013 1284025
16 - - 1.182023 -15.2431 1.20437 -103.804 0.925361 -40.9438
Table 10: Comparison of currents of a unsymmetrical faults on transmission Table 10: Continue

line (I.2-3) and series fault on (L9-10) Line current before fault

Line current before fault

a b c

Bus Bus Current Angle Current  Angle Current  Angle Bus Bus Current  Angle Current  Angle Current.  Angle

0 16*% 23455 -53.7316 23171 -175.03 4.737432 6249462
0.1934  -131.865 0.1927 -113.292 1.236683 -115.791
10 11 0.0644 1354472 0.0546 -44.3459 2.463806 -120.761

No. No  (Mag) () (Mag) (%) (Mag) () No. No (Mag) (°) (Mag) () Mag) ()
1 2 16589 1631876 16589 431875 16589 768104 1 5 03859 -91.773 00595 136312 0.859325 4877983
1 5 1.6088 179.0794 1.6088 59.079 1.6088  -60.9206 23 - - - - - -
2 3 0.1028 -154079 0.1028 859211 0.1028 -34.0789 2 15% 7.675 -76.4255 0.7569  161.655 1.0040687 62.85553
2 15% - - - - - - 3 15% 49781 -75.6782 0.5869 -159.702 0.223523 36.90916
30 15% - - - - - - 2 4 03365 -83.194 0.0669 -170.144 1.28453 S0.31337
24 0059 -177.193 0.05947 62.8070 0.05%4  -57.193 25 02009 901196 0.0772 -146.876 0.995129 53.03558
2 5 0.0753 -167741 00753 72.2591 0.0753  -47.7409 3 4 116121 113.2343 0.2518 -76.1042 0.879944 40.66695
i ‘5‘ g-gfg; 75-;’;;75 8-8?3; "1‘;0825 8‘8f§§7 '111611-0%%23 4 5 05963 1056935 0.1275 -86.4222 1.297649 -130354
: e - - : : 4 7 02880 113.9795 0.20087 -66.9015 1.760783 47.04129
4 7 01428 111.9341 01428 -8.0658 0.1428 -128066 1 9 00088 129080 01033 755770 1536388 4543201
4 9 01838 119.0987 01838 -00012 0.1838 -120.901 : ‘ : e . .
S 6 03152 12764 03152 17363 03151 118264 5 6 02981 1269641 0.2763 -64.2199 0.467201 94.21144
6 11 0.0536 -58521 00536 -178521 00536 6147897 6 11 00670 -44.067 0.0554 138219 2.466087 59.26817
5 12 0.0721 -95.9944 0.072 144.0056 0.07211 24.0056 4] 12 0.05113 3646034 00596 629709 0.272293 6614916
6 13 00220 -974879 0.022§ 142.5121 0.0228 225121 6 13 011509 4613534 0.14885 79.6908 0.985886 62.27155
7 8  0.0065 -887109 0.0065 151.2891 0.0065 31.289 7 8 02663 9347177 0.0255 94.0954 2.553307 -137.151
79 00207 1136388 0.0207 -636118 0.0207 -126.361 7 9 015327 -130.106 0.1561 -97.2255 4.422769 44.21419
9 10 00147 134.9320 0.0147 14.932 0.0147  -105.067 o 10 - . . . . .
?0 }g:: - - - - - - 9 16% 22312 -544574 22602 -173.117 9.3938  52.00866
- - 1
9

14 0.0238 150.2688 0.0238 30.2688 0.0238 -89.7312
10 11 0.0605 128.0533 0.0605 8.0532 0.0605 -111.947
12 13 0.0110 -70417 0.0110 169583 0.0110  49.583

=]
—
I~

13 14 01018 833651 01018 156636 01018  36.6345 1213 0.0609 399212 00542 540410 0.268736 6821167
Line current after fault(on (I.2-3) and (L9-10)) 13 14 01813 463369 01985 70.2745 1.245193 63.72594
12 08332 -852255 0.2635 856036 0.M43397 5644626 *Significant values
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Fig. 12: Results given by MATLAB program

currents, respectively, before and after the occurrence of
the unsymmetrical fault on transmission line (I1.2-3) and
series fault on transmission line (1.9-10).

Figure 12 show the results given by a MATLAB
simulation from the fault detection, classification and
location on transmission line (L2-3) and (L9-10).

Multiple fault detection, classification fault A-G on
transmission line (L2-3) and (AB-O ) on transmission line
(1.9-10) and location on transmission line (1.2-3) and
(L8-10). The actual location on transmission line (L2-3)
and (L9-10) 1s 0.5 and 0.5, respectively. The estimation
location (m 1, m 2) 1s 0.4981 and 0.4296, respectively. The
error of fault location (erl, er2) is -0.001890 and 0. 070412,
respectively:

%oError =
n actual fault location-estimated fault locati onn 10 0(53)
Total system length

Before fault not connected between (buses 2 and
imaginary bus (13)), (buses (3) and imaginary bus (15)),
(buses (9) and imaginary bus (16)) and (buses (10) and
immaginary bus (16)). Assumed imaginary bus bar to
calculate fault in transmission lines.

CONCLUSION

The problem of multiple fault detection, classification
and location in power system great importance for the

§ kR Lrcelabme 3
M LIHYE 1

AITRIED

T

economics and power quality of the power systems. It
provides the essential continuity of service for reliable
transmission. The importance of accurate fault location 1s
increasing for fast repair and power system restoration. In
this research, a conventional method using current and
voltage values comparisons has been presented. The
obtained results show the effectiveness and the accuracy
of this method for multiple fault detection, classification
and location.
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