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CHAPTER 4 Cont'd 

Unsymmetrical Components 



Unsymmetrical Components  

■ Most faults are unsymmetrical faults, which result in unbalanced currents. 

■ Require symmetrical components to solve for the voltages and currents during 

the faults. 

■ Three major types are: 

1. Single line-to-ground 

2. Line-to-line 

3. Double-line-to-ground 
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The symmetrical components of the unbalanced three-

phase voltage can be expressed as 
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Symmetrical components of an unbalanced three-phase current 
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IA = I1+I2+I0 

IC = IC1+IC2+IC0 

IC = aI1+a2I2+I0 

IB= IB1+IB2+IB0 

IB = a2I1+aI2+I0 
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 The following equations will be used in the analysis: 
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Thevenin equivalents of the sequence networks as seen from the fault point F 



Unloaded generator with single line-to-ground fault 
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Unloaded generator grounded through a reactor (impedance ZN) 



When the fault occur 
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Symmetrical components of the fault  currents can be found from 
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However                          hence Z1 

EA 
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+ 
 - 
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3ZN 

This is equivalent to connecting the three sequence 

networks in series 



Example 

■ A 150 MVA, 13.8 kV, Y connected synchronous generator has a synchronous, 

negative and zero sequence reactances 20%, 10%, and 5% respectively.  The 

neutral of the generator is solidly grounded. Generator is connected to short 

transmission line with positive and negative sequence reactances of 10%, and 

zero sequence impedance of 30%. The generator was unloaded when a single-

line-to-ground fault occurs on phase a at the end of the line. Find the fault 

currents and the voltage at fault point and at the generator terminals. 

Solution 
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150 MVA, 

13.8 kV 

Xs=0.20 pu 

X2 = 0.10 pu 

X0= 0.05 pu 

line 

 

 

X1=X2 = 0.10 pu 

X0= 0.30 pu 

F 

One line diagram 



Draw positive sequence network 
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Connection for single-line-to-ground fault 

Positive sequence n/w 

Negative sequence n/w 

Zero sequence n/w 
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Voltage at the terminals of the generator (symmetrical components) 
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Phase voltage (line to ground) at the terminals 
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Line-to-line fault on an unloaded generator 
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As, 

The symmetrical components of current 
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so, 00 =I
The zero sequence network is unconnected: 12 II −=
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But, 

The positive and negative sequence networks are connected in parallel: 
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Example 

■ A 150 MVA, 13.8 kV, Y connected synchronous generator has a synchronous 

reactance, negative sequence reactance and zero sequence reactance 20%, 10%, 

and 5% respectively.  The neutral of the generator is solidly grounded.  

■ Generator is connected to short transmission line with positive and negative 

sequence reactance of 10%, and zero sequence impedance of 30%. 

■ The generator was unloaded when a line-to-line fault occurs on phase b and c at 

the end of the line. Find the voltages and fault currents at the fault point and at 

the generator terminals. 

Solution 
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150 MVA, 13.8 Kv, Xs=0.20 pu, X2 = 0.10 pu, X0= 0.05 pu 

X1 = X2 = 0.10 pu 

X0 = 0.30 pu Line  
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Positive sequence n/w 

Negative sequence n/w 
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Phase terminal voltages 
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Phase terminal voltages 
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Symmetrical components becomes: 
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Double line-to-ground fault of an unloaded generator 

 

 
At the fault location: 
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Solving the equation gives: 
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Networks connection becomes: 
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Example  

A 20 MVA, 13.8 kV, undamped salient pole synchronous generator, has  the  

following data: Xd”=0.25 pu.   X2  =0.35 pu,  X0=0.10 pu 

Neutral is solidly grounded.  

Calculate  subtransient fault current and line voltages when a double-line-to fault 

occurs at its terminal. 

Solution 
Sequence networks for the generator: 
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■ Power system operates under balanced steady-state conditions before fault. 

■ Pre fault load current is neglected.  Pre fault voltage at each bus in the positive-

sequence network equals V0. 

■  transformer winding resistance and shunt admittances are neglected. 

■ Transmission-line series resistance and shunt admittances are neglected. 

■  synchronous machine armature resistance, saliency and saturation are 

neglected. 

■ All non rotating impedance loads are neglected. 

■ Induction motors are either neglected or represented as synchronous machines. 
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Unsymmetrical Fault in a Power System: the assumptions 
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Terminals abc, denoted the fault terminals, are brought out in order to make external 

connections that represent faults. 
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Sequence networks: 
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Thevenin equivalents as viewed from faults terminals 
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Three phase power system with fault at point P 



Single-line diagram of a balanced power system 

Positive sequence network and thevenin equivalent 
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V2 

I2 I2 

Negative sequence network and thevenin equivalent 



Zero sequence network and thevenin equivalent 

Sequence Voltages for phase a are: 

I0 I0 V0 
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Single line-to-ground Fault: 
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Fault conditions in phase domain: 
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 a 
 b 
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Ic=0 

Ia 
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 g 

Vag 

Vag = ZfIa 
Ib = Ic = 0 
 

The equations can be satisfied by interconnecting the sequence network in series 

at the fault terminals through the impedance 3Zf 

Prove this your self 

47 



Interconnected sequence network 
021 III ==

( )f

a

ZZZZ
E

3
I

210

1
+++

=

( )f

a
a

ZZZZ
E

3
3I

210 +++
=

I2 

reference 

 Z1 

Ea 

I1 

+ 

 - 
reference 

I0 

reference 

Z0 

3Zf 

V0 

V1 

V2 

( ) ( )1210 3 IZVVV f=++
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Example  

■ Calculate the subtransient fault current in per-unit and in kA for a bolted single 

line-to-ground short circuit from phase a to ground at bus 2. 

■ Calculate the per-unit line-to-ground voltages at bus 2 

G M 

1 2 
T1 T2 

Line 

MVA kV X1 X” X2 X0 Xn 

G 100 13.8 0.15 0.17 0.05 

T1 100 13.8/138 0.10 0.10 0.10 

T2 100  138/13.8 0.10 0.10 0.10 

M 100 13.8 0.20 0.21 0.10 0.05 

Line 20Ω 20Ω 60Ω 49 



MVA kV X1 X” X2 X0 Xn 

G 100 13.8 0.15 0.17 0.05 

T1 100 13.8/138 0.10 0.10 0.10 

T2 100  138/13.8 0.10 0.10 0.10 

M 100 13.8 0.20 0.21 0.10 0.05 

Line 20Ω 20Ω 60Ω 

Solution 

Draw positive, negative and zero sequence networks of the given system 

G M 

1 2 
T1 T2 

Line 

50 



Positive sequence network  

 j0.10 

 j0.15 

1 2 

+ + 

j0.20 

 j0.10 

j0.105 

Eg” Em” 

G M 

1 2 
T1 T2 

Line 

51 

Negative sequence network  

G M 

1 2 
T1 T2 

Line 

 j0.10 

 j0.17 

1 2 

j0.21 

 j0.10 j0.105 



Zero sequence network   

j0.10 

 j0.10 

 j0.05 

1 2  j0.10 j0.315 

j0.15 

G M 

1 2 
T1 T2 

Line 

52 

Positive sequence network for fault at bus 2  

G M 

1 2 
T1 T2 

Line 

1 

2 

+ 

 j0.10 

 j0.15 

+ 

j0.20 

 j0.10 j0.105 

Eg”=1.05∠0° Em”=1.05∠0° 
 j0.13893 

VF 

I1 

+  - 
reference 

Vf=1.05∠0° 



Negative sequence network  

 j0.14562 

I2 

reference 

1  j0.10 

 j0.17 

2 

j0.21 

 j0.10 j0.105 
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Zero sequence network   

 j0.05 
j0.10 

j0.15 

 j0.10 1 2  j0.10 j0.315 
I0 

reference 

 j0.25 



Interconnected sequence network 

I2 

reference 

 Z1 

EA 

I1 

+ 

 - 
reference 

I0 

reference 

Z0 021 III ==

( )

puj
j

j

ZZZ
E f

96427.1
53455.0
05.1

14562.013893.025.0
005.1

I
210

1

−==

++
∠

=

++
=
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Interconnected sequence network 

I2 

reference 

 Z1 

EA 

I1 

+ 

 - 
reference 

I0 

reference 

Z0 ( )
puj

ja

8928.5
96427.13I

−=
−=

kA

Ibase

1837.4
8.133

100

=
×

=

kA
ja

65.24
1837.48928.5I

=
×−=
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pu

j
j
j

















−

−
=

















−
−
−
















−
















∠=

















28604.0
77710.0
49107.0

96427.1
96427.1
96427.1

j0.1456200
0j0.138930
00j0.25

0
005.1

0

V
V
V

2

1

0

The sequence components of the voltages at the fault are 

pu
aa
aa

















∠
∠=

















−

−
















=

















7.128179.1
3.231179.1

0

28604.0
77710.0
49107.0

1
1

111

V
V
V

2

2

cg

bg

ag

The line-to-ground voltage at faulted 

bus 2 are 
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Line-to- line Fault: Fault conditions in phase domain: 

( )
( )

pu

Iaa

Iaa
I

I
aa
aa

b

b

b

b























−

−=
















−














=

















2

2

2

2

2

1

0

3
1
3
1

00

1
1

111

3
1

I
I
I

Ib = -Ic  
 
Ia = 0 
Vbg- Vcg = ZfIb 

 a 

 b 

 c 

Ia=0 

Ic 

Zf 

Ib 

 ground 

Vcg 

Vbg 
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( ) ( ) ( )21
2

02
2

1021
2

0 aIIaIZVaaVVaVVaV F ++=++−++

Vbg- Vcg = ZfIb 

I0 = 0 I2= - I1 

Simplifies to 

( ) ( ) ( ) 1
2

2
2

1
2 IaaZVaaVaa F −=−−−

121 IZVV F=−

Ib Vcg  Vbg 

 a 

 b 

 c 

Ia=0 

Ic 

Zf 

Ib 

 ground 

Vag 
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I0 

reference 

Z0 

Fault conditions in sequence domain 

00 =I 121 IZVV F=−12 II −=

( )F

F

ZZZ
VII

++
=−=

21
21

I2 

reference 

 Z1 

VF 

I1 

+ 

 - 

 Zf 

 Z2 

These equations are satisfied by connecting the positive sequence and negative 

sequence networks in parallel at the fault terminals through the fault impedance 

Zf  
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Example  

■ Calculate the subtransient fault current in per-unit and kA for a bolted line-

to-line fault from phase b to c at bus 2 

G M 

1 2 
T1 T2 

Line 

60 

Fault conditions in sequence domain 

I2 

reference 

 Z1 

I1 

+ 

 - 

 Z2 

Vf=1.05∠0° 

00 =I

( )

( )
90690.3

14562.013893.0
005.1
21

21

−∠=
+
∠

=

++
=−=

j

ZZZ
VII

F

F

0" =aI kA
puIb

74.26
180391.6"

=
∠=

kA
puIc

74.26
0391.6"

=
∠=



Sequence networks: 

 Z1 

EA 

I1 

+ 
 - reference 

I0 

reference 

Z0 

I2 

reference 

 Z2 

Thevenin equivalents as viewed from faults terminals 
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0
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2

1

0

I

I

Z00
0Z0
00Z

0
E
0

V

V
IV
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c

b

a

2

2

2

1

0 I

aa1
aa1
111

3
1

I
I

I
I
I
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2

1

0

2

2

c

b

a

aa1
aa1
111I

I
I
I

I
I
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c

b

a

2

2

2

1

0 V

aa1
aa1
111

3
1

V
V

V
V
V
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2

1

0

2

2

c

b

a

aa1
aa1
111V

V
V
V

V
V
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Revision  
1. Write equation expressing phase and sequence voltages 

2. Write equation expressing sequence and phase voltages 
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c

b

a

2

2

2

1

0 V

aa1
aa1
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3
1
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V
V
V
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1

0

2

2

c

b

a

aa1
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111V

V
V
V

V
V
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Revision  
1. Write equation expressing phase and sequence currents 

2. Write equation expressing sequence and phase currents 
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c

b

a

2

2

2

1

0 I

aa1
aa1
111

3
1

I
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I
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2

1

0

2

2

c

b

a

aa1
aa1
111I

I
I
I

I
I
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Revision  
1. Write equation expressing sequence networks 

2. Draw sequence networks 

 Z1 

EA 

I1 

+ 
 - reference 

I2 

reference 

I0 

reference 

Z0 
































−
















=

















2

1

0

2

1

0

a

2

1

0

I

I

Z00
0Z0
00Z

0
E
0

V

V
IV
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Revision 

 a 
 b 

 
c 

Ic=? 

Ia 

Zf 

Ib=? 

 
g 

Vag=? 

Vag = ZfIa 
Ib = Ic = 0 

Interconnected sequence network 

I2 

reference 

 Z1 

EA 

I1 

+ 

 - 
reference 

I0 

reference 

Z0 

65 

I2 

reference 

 Z1 

VF 

I1 

+ 

 - 

 Zf 

 Z2 



 a 

 b 

 c 

Ia=0 

Ic 

Double Line-to- Ground Fault: 

Zf 
Ib 

Fault conditions in phase domain: 
 

 g 

Vag 

( ) ( )2
2

1021
2

0 VaaVVaVVaV ++=++

( ) ( ) 1
2

2
2 VaaVaa +−=+−

12 VV =

Ia = 0 

Vbg= Vcg = Zf(Ib + Ic ) 

Vbg= Vcg  ? ? 
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( )cbFbg IIZV +=

( ) ( )2
2

1021
2

021
2

0 IaaIIaIIaIZaVVaV F +++++=++

( ) ( )21010 2 IIIZVV F −−=−

( ) 010 3 IZVV F=−

Ia = 0 
 
Vbg= Vcg = Zf(Ib + Ic ) 
 

? 
? 

( )
( )210

210 0
III

III
+−=

=++
Ia = 0 

( ) 12 −=+ aa

67 

( ) 12 −=+ aa

( ) 010 3 IZVV F=−
































−
















=

















2

1

0

2

1

0

2

1

0

00
00
00

0

0

I
I
I

Z
Z

Z
V

V
V
V

f

( ) 0210 =++ III

( ) ( ) 01100 3 IZZIVIZ Ff =−−−

f

F

ZZ
IZVI

30

11
0 +

−
−= ? 

( ) 1122

12

IZVZI
VV

f −=−
=

2

11
2 Z

IZVI F −−= ? 



12 VV =

( ) 010 3 IZVV F=−

( )[ ] ( )








++
+

+
=

++
=

F

F

F

F

F

ZZZ
ZZZZ

V
ZZZZ

VI

3
33

02

02
1

021
1

 
a 

 
b 

 
c 

Ia=0 

Ic 

Zf Ib 

 
g 

Vag 

( ) 0210 =++ III

f

F

ZZ
IZVI

30

11
0 +

−
−=

2

11
2 Z

IZVI F −−=

Substituting 
for I0 and I2 
and solving 
for I1 gives 
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0
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00

0

0

I
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Z
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V

V
V
V

f

? 
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( )[ ] ( )
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=
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F
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F

F

F

ZZZ
ZZZZ

V
ZZZZ

VI

3
33

02

02
1

021
1

( ) ( )
F

F

ZZZ
ZZII
3

3

02

0
12 ++

+
−= ( )

FZZZ
ZII

302

2
10 ++

−=

I0 

reference 

Z0 

I2 

reference 

 Z1 

VF 

I1 

+ 

 - 

3ZF 

Z2 

? 

? 
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Exercise 

■ Calculate the subtransient fault current in each phase, in per-unit and kA, 

for a bolted double line-to-ground fault from phase b to c in the middle  of 

transmission line 

■ Neutral fault current 

■ Contribution to the fault current from the motor and the generator 

G M 
1 2 

T1 T2 

Line 

70 

 j0.10 

 j0.15 

1 
2 

+ + 
j0.20 

 j0.10 j0.105 

Eg”=1.05∠0° 
Em”=1.05∠0° 

VF 

I1 

+ 
 - 

reference 

 j0.1628 



Negative sequence network 

 j0.10 

 j0.17 

1 2 

j0.21 

 j0.10 j0.105 

  

I2 

reference 

 j0.1707 

71 

Zero sequence network 

 j0.10 

 j0.05 

1 2 

j0.10 

 j0.10 j0.315 

j0.15 

I0 

reference 

 j0.1295 



Example  

Q3. Explain how methods of symmetrical components is used to analyze 

       unbalanced power systems.(5 marks) 

What are symmetrical components?  Why are they used? (5 marks) 

Q4.  Show that the fault currents in a single line-to-ground fault of an unloaded  

generator can be calculated by connecting the three sequence networks in series  

so that IA1 = IA2 = IA0.  Where IA1, IA2, and IA0 are the positive, negative and  

zero sequence currents respectively. (6 marks) 
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Figure Q3(a) shows a line to line fault at F in a power system on phases b and c 

through a fault impedance Z f. Assume that the system is operating at no load 

before the occurrence of the fault. Show that the fault current can be calculated by 

connecting the positive sequence network and negative sequence network in 

parallel through a series impedance Z f. [10 Marks] 
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Synchronous generators 
G1 100 

MVA 
25 kV X1 = X2 = 

0.2 
X0 = 0.05 

G2 100 
MVA 

13.8 kV X1 = X2 = 
0.2 

X0 = 0.05 

        
Transformers 

T1 100 
MVA 

25/230 
kV 

X1 = X2 = X0 = 0.05 

T2 100 
MVA 

13.8/230 
kV 

X1 = X2 = X0 = 0.05 

TL12 X1 = X2 = 0.1 X0 = 0.3 
TL13 X1 = X2 = 0.1 X0 = 0.3 
TL23 X1 = X2 = 0.1 X0 = 0.3 

All the reactances are based 
on 100 MVA and 230 kV at 
the transmission lines. 
Compute fault current and 
voltages for double line to 
ground fault at the midpoint 
of transmission line TL12. 
  [20 marks] 
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Synchronous generators 
G1 100 

MVA 
25 kV X1 = X2 = 

0.2 
X0 = 0.05 

G2 100 
MVA 

13.8 kV X1 = X2 = 
0.2 

X0 = 0.05 

        
Transformers 

T1 100 
MVA 

25/230 
kV 

X1 = X2 = X0 = 0.05 

T2 100 
MVA 

13.8/230 
kV 

X1 = X2 = X0 = 0.05 

TL12 X1 = X2 = 
0.1 

X0 = 
0.3 

TL13 X1 = X2 = 
0.1 

X0 = 
0.3 

TL23 X1 = X2 = 
0.1 

X0 = 
0.3 

Draw positive, negative and 
zero sequence network 

All the reactances are based 
on 100 MVA and 230 kV at 
the transmission lines.  
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Synchronous generators 
G1 100 MVA 25 kV X1 = X2 = 

0.2 
X0 = 0.05 

G2 100 MVA 13.8 kV X1 = X2 = 
0.2 

X0 = 0.05 

        Transformers 
T1 100 MVA 25/230 kV X1 = X2 = X0 = 0.05 
T2 100 MVA 13.8/230 

kV 
X1 = X2 = X0 = 0.05 

TL12 X1 = X2 = 0.1 X0 = 0.3 
TL13 X1 = X2 = 0.1 X0 = 0.3 
TL23 X1 = X2 = 0.1 X0 = 0.3 

All the reactances are based 
on 100 MVA and 230 kV at 
the transmission lines. 
Draw positive, 
negative and zero 
sequence network 
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Positive sequence network 

4 1 

3 

2 5 

 j0.2 
 j0.2 

 j0.05 
 j0.05 

 j0.1 

 j0.1  j0.1 

 
1∠0 

 
1∠0 
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Negative sequence network 

 j0.2 
 j0.2 

 j0.05 
 j0.05 

 j0.1  j0.1 

4 1 

3 

2 5  j0.1 



Zero sequence network 

4 1 

3 

2 5 

 
j0.0
5 

 j0.05 

 j0.05 
 j0.05 

 j0.3 

 j0.3  j0.3 

 j0.09  j0.09 

78 

 Reduce the networks to their Thevenin equivalents looking at bus 1 

 Neglect phase shifts, compute: 

 Fault currents for a double line to earth fault at bus 1 



INSPIRING CREATIVE AND INNOVATIVE MINDS 
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