	Introduction
The sequence circuits and the sequence networks developed in the previous chapter will now be used for finding out fault current during unsymmetrical faults.
Three Types of Faults
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Calculation of fault currents
Let us make the following assumptions:
· The power system is balanced before the fault occurs such that of the three sequence networks only the positive sequence network is active. Also as the fault occurs, the sequence networks are connected only through the fault location. 
· The fault current is negligible such that the pre-fault positive sequence voltages are same at all nodes and at the fault location. 
· All the network resistances and line charging capacitances are negligible. 
· All loads are passive except the rotating loads which are represented by synchronous machines.
Based on the assumptions stated above, the faulted network will be as shown in Fig. 8.1 where the voltage at the faulted point will be denoted by Vf and current in the three faulted phases are Ifa , I fb and I fc .
We shall now discuss how the three sequence networks are connected when the three types of faults discussed above occur.
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Fig. 8.1 Representation of a faulted segment.

	Single-Line-to-Ground Fault
Let a 1LG fault has occurred at node k of a network. The faulted segment is then as shown in Fig. 8.2 where it is assumed that phase-a has touched the ground through an impedance Zf . Since the system is unloaded before the occurrence of the fault we have
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	(8.1)
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Fig. 8.2 Representation of 1LG fault.
Also the phase-a voltage at the fault point is given by
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From (8.1) we can write
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Solving (8.3) we get
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	(8.4)


 
 
This implies that the three sequence currents are in series for the 1LG fault. Let us denote the zero, positive and negative sequence Thevenin impedance at the faulted point as Z kk0 , Z kk1 and Z kk2 respectively. Also since the Thevenin voltage at the faulted phase is Vf we get three sequence circuits that are similar to the ones shown in Fig. 7.7. We can then write
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Then from (8.4) and (8.5) we can write
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Again since
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We get from (8.6)
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	(8.7)


 
 
The Thevenin equivalent of the sequence network is shown in Fig. 8.3.
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Fig. 8.3 Thevenin equivalent of a 1LG fault.
 
Example 8.1


 Line-to-Line Fault
The faulted segment for an L-L fault is shown in Fig. 8.5 where it is assumed that the fault has occurred at node k of the network. In this the phases b and c got shorted through the impedance Zf . Since the system is unloaded before the occurrence of the fault we have
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Fig. 8.5 Representation of L-L fault.
Also since phases b and c are shorted we have
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Therefore from (8.8) and (8.9) we have
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We can then summarize from (8.10)
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Therefore no zero sequence current is injected into the network at bus k and hence the zero sequence remains a dead network for an L-L fault. The positive and negative sequence currents are negative of each other.
Now from Fig. 8.5 we get the following expression for the voltage at the faulted point
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Again
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Moreover since I fa0 = I fb0 = 0 and I fa1 = - I fb2 , we can write
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Therefore combining (8.12) - (8.14) we get
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Equations (8.12) and (8.15) indicate that the positive and negative sequence networks are in parallel. The sequence network is then as shown in Fig. 8.6. From this network we get
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Fig. 8.6 Thevenin equivalent of an LL fault.
Example 8.2

	
				Double- Line -to Ground Fault
The faulted segment for a 2LG fault is shown in Fig. 8.7 where it is assumed that the fault has occurred at node k of the network. In this the phases b and c got shorted through the impedance Zf to the ground. Since the system is unloaded before the occurrence of the fault we have the same condition as (8.8) for the phase-a current. Therefore
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Fig. 8.7 Representation of 2LG fault.
Also voltages of phases b and c are given by
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Therefore
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We thus get the following two equations from (8.19)
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Substituting (8.18) and (8.20) in (8.21) and rearranging we get
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Also since I fa = 0 we have
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The Thevenin equivalent circuit for 2LG fault is shown in Fig. 8.8. From this figure we get
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The zero and negative sequence currents can be obtained using the current divider principle as
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Fig. 8.8 Thevenin equivalent of a 2LG fault.
 
Example 8.3
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FAULT CURRENT COMPUTATION USING SEQUENCE NETWORKS
In this section we shall demonstrate the use of sequence networks in the calculation of fault currents using sequence network through some examples.
	Example 8.4
Consider the network shown in Fig. 8.10. The system parameters are given below
	Generator G : 50 MVA, 20 kV, X" = X1 = X2 = 20%, X0 = 7.5%
	 



	Motor M : 40 MVA, 20 kV, X" = X1 = X2 = 20%, X0 = 10%, Xn = 5%
	 



	Transformer T1 : 50 MVA, 20 kV Δ /110 kVY, X = 10%
	 



	Transformer T2 : 50 MVA, 20 kV Δ /110 kVY, X = 10%
	 



	Transmission line: X1 = X2 = 24.2 Ω , X0 = 60.5 Ω
	 


We shall find the fault current for when a (a) 1LG, (b) LL and (c) 2LG fault occurs at bus-2.
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Fig. 8.10 Radial power system of Example 8.4.
Let us choose a base in the circuit of the generator. Then the per unit impedances of the generator are:
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The per unit impedances of the two transformers are
	[image: http://nptel.ac.in/courses/108104051/chapter_8/images/image148.gif]
	 


The MVA base of the motor is 40, while the base MVA of the total circuit is 50. Therefore the per unit impedances of the motor are
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For the transmission line
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Therefore
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Let us neglect the phase shift associated with the Y/ Δ transformers. Then the positive, negative and zero sequence networks are as shown in Figs. 8.11-8.13.
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Fig. 8.11 Positive sequence network of the power system of Fig. 8.10.
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Fig. 8.12 Negative sequence network of the power system of Fig. 8.10.
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Fig. 8.13 Zero sequence network of the power system of Fig. 8.10.
From Figs. 8.11 and 8.12 we get the following Ybus matrix for both positive and negative sequences
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Inverting the above matrix we get the following Zbus matrix
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Again from Fig. 8.13 we get the following Ybus matrix for the zero sequence
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Inverting the above matrix we get
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Hence for a fault in bus-2, we have the following Thevenin impedances
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Alternatively we find from Figs. 8.11 and 8.12 that
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(a) Single-Line-to-Ground Fault : Let a bolted 1LG fault occurs at bus-2 when the system is unloaded with bus voltages being 1.0 per unit. Then from (8.7) we get
	[image: http://nptel.ac.in/courses/108104051/chapter_8/images/image176.gif]  per unit
	 


Also from (8.4) we get
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Also I fb = I fc = 0. From (8.5) we get the sequence components of the voltages as
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Therefore the voltages at the faulted bus are
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(b) Line-to-Line Fault : For a bolted LL fault, we can write from (8.16)
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Then the fault currents are
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Finally the sequence components of bus-2 voltages are
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Hence faulted bus voltages are
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(c) Double-Line-to-Ground Fault : Let us assumes that a bolted 2LG fault occurs at bus-2. Then
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Hence from (8.24) we get the positive sequence current as
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The zero and negative sequence currents are then computed from (8.25) and (8.26) as
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Therefore the fault currents flowing in the line are
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Furthermore the sequence components of bus-2 voltages are
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Therefore voltages at the faulted bus are
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	Example 8.5
Let us now assume that a 2LG fault has occurred in bus-4 instead of the one in bus-2. Therefore
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Also we have
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Hence
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Also
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Therefore the fault currents flowing in the line are
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We shall now compute the currents contributed by the generator and the motor to the fault. Let us denote the current flowing to the fault from the generator side by Ig , while that flowing from the motor by Im . Then from Fig. 8.11 using the current divider principle, the positive sequence currents contributed by the two buses are
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Similarly from Fig. 8.12, the negative sequence currents are given as
	[image: http://nptel.ac.in/courses/108104051/chapter_8/images/image222.gif] per unit
	 



	[image: http://nptel.ac.in/courses/108104051/chapter_8/images/image224.gif] per unit
	 


Finally notice from Fig. 8.13 that the zero sequence current flowing from the generator to the fault is 0. Then we have
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Therefore the fault currents flowing from the generator side are
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and those flowing from the motor are
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It can be easily verified that adding Ig and Im we get If given above.



image6.gif




image7.gif
Iﬁﬂ

Iﬁ-\

In=




image8.gif




image9.gif
a0+ Vit Vi
¥, —(Zuo + Zea + Zaa M s





image10.gif
L = ol g+ L g + L g )= 32 1L g




image11.gif
s
R S—
Zuot Zim +Zgat 32,




image12.jpeg




image13.gif




image14.jpeg




image15.gif




image16.gif




image17.gif




image18.gif
ZIIﬂ




image19.gif
oo T Vi1 e = Vi
Vin = Vi) + Viea

o Vi





image20.gif




image21.gif




image22.gif




image23.jpeg
L,

7





image24.gif
1 1
ljo =5l 1) 505 1)

3, = 1+,




image25.jpeg




image26.gif




image27.gif




image28.gif




image29.gif
Vg = Vg T 2F = Frog TV TFn T2V




image30.gif




image31.gif
Lo Fign tigg="U




image32.gif
- Vi

[ = i

o B Bl ), Tl )
"

Zga + g +32,




image33.gif
Zua
L Zua+ Lo +32,





image34.gif
-t

Zyo +3Z,

Zua +Zgs + 32,





image35.jpeg
24 - Luot{fi




image36.gif
4| Previous




image37.gif
Next [[p




image38.jpeg




image39.gif
Am=dAg, =02, Az =0.0/D





image40.gif




image1.gif
Type of Faults

Single-Line-to-Ground
(1LG) Fault

Line-to-Line (LL) Fault

Double-line-to-Graund
(2LG) Fault





image41.gif
U U U
Kon = Xyp = 02X = =025 X =0.1x2==0.125 X, =0.05%—=0.0625
o1 = %o x2S ) X = 01x L Xy xos




image42.gif
*
ERILPYIYS
50

s




image43.gif




image44.jpeg




image45.jpeg
©u® 0 @@

' ’%ﬂ”’ :




image46.jpeg




image47.gif
-15
10
0
0

10
-20

10

0

0 0
0 0
-20 10
10 14




image48.gif
0.1200
0.1800
0.1400
0.1000

0.0933
0.1400
0.1867
0.1333

0.0667
0.1000
01333
0.1667




image49.gif
-13.3333
0
0
0

0
-1
4
0

0
4
-14
0

0

0

0
-32




image50.gif
0075 0 0 0
0 00778 0022 0
0 00222 00778 0
0 0 0 03125

Zouso =




image2.jpeg
a




image51.gif




image52.gif
7,=2,=j0.3fj045= j0.18




image53.gif
7, = 0.1 j0.35= j0.0778




image54.gif
1
%018+ 0.0778)





image55.gif




image56.gif
Vaan = — VU 0L gy
V= 1= 0181 = 0.5889
g = —j0.181 5y = —0.4111




image57.gif
0
0.9061£-107.11°
0.90612107.11°




image58.gif




image59.gif
Iy 0 0
In|=C7 L |=|-48113
I I 48113

” 2




image60.gif
"2 = U
V=1 01814 = 0.5
s = —J0.181,, = 0.5




image3.gif




image61.gif




image62.gif




image63.gif
=~ j4.2676

Joi8+z,




image64.gif
I S LS R—Y ]
184 0.0778) 2 97





image65.gif
_ JOOTIS  _ qom
184 0.0778) 0 79





image66.gif
In Lo 0

In|=C I |=| 66572137100

1, I | | 665724289




image67.gif
Vaan = — VU 0L gy
V= 1= 0181, = 0.2318
s = — 0,181, = 0.2318




image68.gif




image69.gif
L= 01067, A,





image70.gif
0.1667[ j0.3125= j0.1087





image4.jpeg
Tl 7

p —————————




image71.gif
[ E—
Toteerrz, - 6
-





image72.gif
JU.1667
~lp o2 = 12631
1667+ 03125) °





image73.gif
JU.3125
22— 23678
1667 +03125) 2





image74.gif
In Lo 0

In|= 0 L |=| 552982150 96°

1, I | | 55208220040




image75.gif




image76.gif




image77.gif




image78.gif
= L X
== J1.5786

a2




image79.gif




image80.gif
Loy = J1.2051




image5.gif




image81.gif
I I | [ 0.4210£-50°
I |= €Y Iy |=[174452173.07°

1, 1, 1.744526.93°

o gy




image82.gif
L 14 0.4210£30%
Iy |27 1 |=| 385122154.07°

1 1 3.8512225.93°

wa

0




