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ABSTRACT

The analysis of transmission lines under fault condition represents one of the most important and complex task in Power Engineering.
The studies and detection of these faults is necessary to ensure that the reliability and stability of the power system do not suffer a
decrement as a result of a critical event such a fault. This project conduct a research, analyse and evaluate the behaviour of a transmission
lines under fault conditions and evaluate different scenarios of faults. This was done using ETAP 16. Fault is an abnormal condition
that involves an electrical failure of power system equipment operating at one of primary voltage within the system. It was revealed that
three-phase fault, the voltages at faulted buses phases dropped to zero, voltage at Phase A is equal to zero in single line-to-ground fault
double line-to-ground fault, Phase B and C voltages are equal to zero and this type of fault is the most sever fault on the system. Positive
sequence bus 1, has the lowest resistance of 2.80435 Q and impedance of 12.003 Q, bus 57 has the highest resistance of 63.5967 Q,
with the highest reactance of 59.4 Q in bus 57 and bus 2 has the lowest reactance of 11.296 Q and the highest impedance of 86.99 in
bus 57. Negative sequence, bus 1 has the lowest resistance of 3.24 Q, lowest reactance of 11.161 Q and lowest impedance of 11.622
and bus 57 has the highest resistance of 63.95 Q, highest reactance and impedance of 57.4 Q and 85.92 Q respectively.

For zero sequence impedance, the lowest resistance is in bus 1 with the value of 1.076 Q, the lowest reactance of 3.41 Q and the lowest
impedance of 3.541 Q. The highest resistance is bus 3 with the values of 117.65 Q, the highest reactance is bus 57 with the value of
85.89 Q and the highest impedance in bus 3 with the value of 122.16 Q.
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1.0 INTRODUCTION

Electrical power is generated from power plants which there are differs sources. The energy is transmit from the generating points
through a lines which is the transmission to the distribution of which the users are tapped into it. There are voltages difference from the
generation to the consumer points. This voltage level depends on the usage.[1]The change in the voltage level is done with the help of
a transformer, and high voltage transmission help reduces losses on the line. [2] The main aim of all power systems is to ensure the
continuity in power flow. But lightning and other natural occurrences such as wind, ice, equipment failure, and other untimely events
may cause a fault between the phase’s wires of the transmission line and to ground [4]. This fault currents are caused by short circuits
on the lines can be determined by the impedance of the system between the fault and generator voltages, which may be higher in
magnitude than the normal operating currents. Thus, fault persistence, may results to damage of the equipment and lead to long-term
power loss. For prevention purpose of such accident, one should disconnect the faulted part from the entire system temporarily as soon
as possible.[3] the occurrence of fault in power systems result in losing the system stability and cause damages in faulted equipment or
close healthy devices.[5,7,9] stability modelling is responsible as an important component in energy management, planning and
optimization of power systems network [10] the system will draws a large current at a starting period, which causes a voltage drop of
system and set a disturbances to the uniform operation of other loads. A transient fault, by instantly tripping of one or several circuit
breakers in order isolate the fault, faults are cleared and which does not recur when the line is re-energized.[14] Lightning is one of the
most common cause of transient faults, which is as a result of insulator flashover that is from the high transient voltages induced by this
lightning. Others such as swinging wires and non-constant contact with foreign objects. The transient faults can be cleared by instant of
de-energizing the line, which will allow the fault to clear. [15, 16, 17, 18]
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2.0 MODELLING Single Line —to- Ground Faults
Assume that the phase a is shorted to ground at the fault point F, Phase b and c currents are assumed to be

negligible, we write I, =1, =0
Obtained sequence currents as follows:

Positive sequence value we use

Iy =5 (g + aly + a*1,) 1)
This gives
Iy == )
The negative sequence current
Iy =5 (g + a2l + al,) 3)
This gives
log == @)
Likewise for the zero sequence current we get

lq
IaO = ? (5)
We conclude that for a single line-to-ground fault, the sequence currents are equal, thus
lgg =gy = lgo = 1?(1 (6)
Producing balanced three phase voltages from generator, which are positive sequence only, we can write
Ey =E,
E,=0
E, =0

Assume sequence impedances to the fault are given by Z1, Z», Zo.
The expressions for sequence voltages as the fault:

Va1 = E1 — 1012, (7)
Var =0 — 1427, (8)
Vao = 0= 1402 )

The fact that phase a is shortened to the ground is used. Thus V, = 0
We also recall that

Va = Val + VaZ + VaO (10)
We conclude

0 = El - IaO(Zl + Zz + Zo) (11)
Or

= E1

a0 =z 47,47,

We can now state that solution in terms of phase currents:
3Et

a= Z1+Z2+Z¢ (13)

Ib =0

I.=0

For phase voltages we have

Ve=0
_ _ Zo+(1+a)Z;,

Vy = Ep(1 —a) [ Z1+Z3+7Z¢ ] (14
_ _ (1=a)Zp+Z,

Ve=E(1-a) Z1+Z5+Z ] (15)

The last two expressions can be derived easily from the basic relations.
For phase b, we have

Vb = anbl + aVbz + ng (16)
Using equations 3.7, 3.8, and 3.9, we find that

Vy = a*(Ey — Ip1Z1) + A0 — 1,Z,) + a(0 — Iy Z,)
Which reduces to

Eq(a?-a)Z,+(a?-1)Zy

Vp = Z1+Z2+Z, (19)
And since
Eb = a2E1 (20)
We obtain

_ _ Zo+(1+a)Z;,
Vo = Ey(1-0a) [ Zo+Zy+2Z5 ] 1)

Similarly, we get the result for phase c.
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2.1 Double Line-to-Ground Faults

In this case, we will consider a general fault condition. We assume that phase b has fault impedance of Zs, phase ¢ has a fault
impedance of Zs; and the common line-to-ground fault impedance is Zg
The boundary conditions are as follows:

I,=0
Vbn = Ib(Zf + Zg) + IcZg (22)
Vo = 1 Zy + (Zs + Z)I. (23)
The potential difference between phase b and c is thus
Vbn - Vcn = Ibe - Ich (24)
Substituting in terms of sequence currents and voltages, we have
(az - a)(Vai - Vaz) = (a2 - a) (Ial - [aZ)Zf (25)
As a result, we get
Va1 — Ialzf =Vg — IaZZf (26)
The sum of the phase voltages is
Vin + Ven = (Ip + Ic)(Zf + ZZg) (27)
In terms of sequence quantities this gives
2VaO - Val - VaZ = (ZIaO - Ial - Iaz)(Zf + ZZg) (28)
Recall that since 1,= 0, we have
Ial + 1(12 + Iao = 0 (29)
We can thus assert that
2Vao — 2Va1 — 2Vqp = 3lgo(Zy = 2Z,) (30)
Substituting for V4 from the equation 3.26, we get
2Vao — 2Vay + 11 Zp + gy + 1a0)Zs = 3lyo(Zf + 2Z,) (31)
The above reduces to
Vao — lao(Zs + 3Z,) = Vay — In Zf (32)
Now we have
Va1 = By — 10124 (33)
Vaz = 1022, (34)
Vao = IaoZo (35)
Consequently,
Ey —101(Zy + Z5) = —155(Z, — Z¢) = —140(Zo + Z; + 3Z,) (36)
It is clear from equation (3.36) that the sequence networks are connected in parallel,
_ Ey
loy = (22+2f)(20+2+3Z5) (37)
Z1tZy Zp+Zo+2Z5+32Zg
The negative sequence current in
_ ZO+Zf+SZg
laz = lax [zz+zo+2zf+3zg] (38)
Finally,
Loy = (a1 + 1a2) (39)
2.3 Line-to-Line Faults

For line-to-line fault a short circuit occurs between two phases, three-phase system with a line-to-line short circuit between
phases b and c. the boundary conditions are

I,=0
I, =—I, (40)
Vpe = IpZs (42)
The first two conditions yield
Ipo =0
lgn = gy = é(a - az)lb (43)
Or

0
lgg = =gy = zll-q.-ozj-)i-Zf (44)
The voltage conditions give
(@* —a)(Voy — Va2) = Zf(az — @)y (45)
Which gives
Var = Vaz = Zslgy (46)
Or
Va=0
Var = 1.0 —Z;14 (47)
Var = —Z3lap = Zlyy (48)

The equivalent circuit will take on the form shown in figure 3.6. Note that the zero sequence network is not included since I,, = 0.
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2.4 Balanced Three-Phase fault

Let us now consider the situation with a balanced three-phase fault on phases a, b, and c, all through the same fault
impedance Zx. this fault condition. it is clear from inspection of this figure that the phase voltages at the fault are represented by

Vo = 1,2 (49)
Vy = IpZs (50)
V. =1.Z; (51)
The positive sequence voltages are obtained using the following

Var = (Va + aVy + a?V;) (52)
Using equations (49; 50 and 51), it was concluded that

Var =3 (1 + al, + a?1)Z; (53)
However, for currents we get

Var = laa Zf (54)
The negative sequence voltage is similarly given by

Vaz = laaZ¢ (55)
The zero sequence voltage is also

Vao = laoZs s (56)
For a balanced source we have - =N "

Vag = E —lanZ, A= — = sk (57)
Vaz = 0= 1422, LY (58)
Vo = 0 — Ip0Z, V., ' e nh B n ko (59)
Combining equations (3.54 and 3.57),'it was to conclude ‘ {6 5

Vor = E =112y = Ialzf ' ‘ , - ' AN (60)
As a result, y -

la = Y 7. ~al = % (61
Combining equations (3.55 and 3.58) gives '

I, =0 )

Finally equations (3.56 and 3.59) give

I,o=0

3.0 RESULT PRESENTATION

Fig.1: Graph of current (A) against time (sec) Fig.2: Graph of current (A) against time (sec)
for bus 1, 3,10, 27, 28 and 31 for bus 3, 31, 32,35 and 36
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Fig.4.8: Graph of current (A) against Time (sec) Fig.4.9: Graph of current (A) against Time (sec)
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4.0 Result Discussion

The network consist of 27 buses and 15 buses were faulted, the simulation results shows the line to line faults, line to ground faults
and line to line to ground faults. The summary of the simulations shows the three phase faults currents which includes sub-transient,
transient and steady state currents as shown the table below

Table 1.0. 3 phase faults current

Shori-Circuit Sammary BEeport

3-Phase Fault Corrents

Bus Short Circuit Current (loA, rme)

m Py SubrAnsient. Tranzient Steady Stare

Bual, 330,000 12.378 15.183 7.183
Brad 330,000 13.580 11071 6.874
Bnrall 330,000 3.554 3.7E3 3.219
227 330,000 300 B.237 6.338
Bralg 330,000 12.258 .001 6.732
Bnrail 330,000 7400 6.386 5.885
Brail 330,000 6.140 5.163 4.202
Brais 330,000 56820 4.608 3.393
Brads 330,000 8202 7.205 5.958
Brail 330,000 10,452 B.318 6.087
Braia 330,000 6.363 5.332 4.048
Bradd 330.000 5.113 4171 3.247
152 330,000 3.453 2.958 2.497
253 330,000 3.463 2.628 2447
357 330,000 1810 2.457 2.167

It is seen that at sub-transient an transient the currents are high due to the existing of the faults but the steady state happen after the
system has manage to overcome the faults at a particular time intervals..

For line to ground faults, bus 1, V. is zero in magnitude and angle. Thus prove the formulations of the mathematical modelling of the
faults type.

For line to line faults, bus 1, has currents of zero for both magnitude and angle at .. For line to line to ground faults Vs, V¢ and la are
zero for both magnitude and angles. In all the simulation results 3 phase faults has the highest magnitude, thus reveal the effects of three
phase faults on the network.
Table 1.0, the table of summary of sequence impedance of the faulted buses. These sequence impedance include the following (a).
Positive sequence impedance (b) Negative sequence impedance and (c.) Zero sequence impedance.
For positive sequence impedance, bus 1, has the lowest resistance of 2.80435 Q and bus 57 has the highest resistance of 63.5967 Q,
with the highest reactance of 59.4 Q in bus 57 and bud 2 has the lowest reactance of 11.296 Q. But bus 1 with the lowest impedance of
12.003 Q and the highest impedance of 86.99 in bus 57.
For negative sequence, bus 1 has the lowest resistance of 3.24 Q, lowest reactance of 11.161 Q and lowest impedance of 11.622 and bus
57 has the highest resistance of 63.95 Q, highest reactance and impedance of 57.4 Q and 85.92 Q respectively.

For zero sequence impedance, the lowest resistance is in bus 1 with the value of 1.076 Q, the lowest reactance of 3.41 Q and the lowest
impedance of 3.541 Q. The highest resistance is bus 3 with the values of 117.65 Q, the highest reactance is bus 57 with the value of
85.89 Q and the highest impedance in bus 3 with the value of 122.16 Q.

Fig.1, the amplitude of the total faults current was occurred at the time 0.01sec with the value of 39.8 amp with the smallest trough of
-2amp at time 0.005sec.

Fig. 2 have the highest amplitude of 19.85amp at time 0.01sec at bus 3A and the smallest amplitude of 5.75amp at time 0.04sec at bus
35C. the highest trough of -20 amp at the time 0.01sec at bus 36B, smallest trough of 2.0amp at time 0.002sec at bus 35A.

Fig. 3 have the highest amplitude of 20.0 amp at time 0.008sec at bus 36b and the smallest amplitude of 5.0 amp at time 0.04sec at bus
43C. The highest trough of -20 amp at the time 0.01sec at bus 43A, smallest trough of -2.0amp at time 0.001sec at bus 43A

Fig. 4. Have the highest amplitude of 9.0 amp at time 0.012sec at bus 43C and the smallest amplitude of 6.0 amp at time 0.004sec at
bus 57C. The highest trough of -8.5 amp at the time 0.008sec at bus 43B, smallest trough of -1.5.0amp at time 0.001sec at bus 53A
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5.0 CONCLUSION

Fault analysis was done for a 27-bus system where 15 buses was faulted and the report of the faults LL, LG,and LLG

1 three-phase fault, the voltages at faulted buses phases reduces to zero during fault. The faulted buses are Phase A, Phase B and Phase
C has a zero voltage potential.

2 moreover only voltage at Phase A is zero for single line-to-ground fault. In addition, only Phase A has current since it is the faulted
phase in this type of fault as we assumed earlier in the mathematical model. This current is the second highest fault currents of all types.

3 Since Phase B and Phase C are in contact in line-to-line fault, the voltages at both phases are equal. The fault current are passing from
B to C. in Phase A, the current is equal to zero compared to the fault current.

4 In double line-to-ground fault, Phase B and C voltages are equal to zero. The faulted current is flowing through both phases only. In
addition, this type of fault is the most sever fault on the system which can be seen from its current value.

This work is strongly recommended to the power system planning, management and optimization engineers to absorbed this work and
acts fast in order to reduce losses both in capital expenses and energy users. The cost of transmission and protection of the network will
also reduce. This is so because high energy losses result to high tariff and when there is a lower losses on the network, the reliability of
the network will be improved, stability is attained and optimum dispatch on the network is guarantee. The transmission company of
Nigeria should do something about the losses in order to reduce it. This could be done by involving of professionals, technical teams of
engineers in the field of power system and some technical government officials since transmission is manage by the government.
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