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Power Systems I 1

Common Unbalanced Network Faults

� Single-line-to-ground faults
� Double-line-to-ground faults
� Line-to-line faults
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Single Line to Ground Fault
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Power Systems I 3

Single Line to Ground Fault
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Double Line to Ground Fault
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Power Systems I 5

Double Line to Ground Fault
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Double Line to Ground Fault
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Power Systems I 7

Line-to-Line Fault

Va

Vb

Vc

Ia

Ib

Ic

















−















=
















−=
=++=

=+
=−

b

b

a

a

a

cbf

aaaa

cb

cb

I

I

aa

aa

I

I

I

III

IIII

II

VV

0

1

1

111

3

1

0

0

0

2

2

2

1

0

210



Power Systems I 8

Line-to-Line Fault
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Line-to-Line Fault
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Power Systems I 10

Line-to-Line Fault
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Power Systems I 11

Example

� The neutral of each generator is grounded through a current 
limiting resistor of 8.333 % on a 100 MVA base

� generators are running at no-load at rated voltage and in phase
� all network data is expressed on a 100 MVA base
� Find the fault current for 3-phs, 1-phs, L-L, L-L-G bolted faults

G1 G2

T1 T2

L 1-2

L 2-3L 1-3

Item V Rating X1 X2 X0

G1 20 kV 15% 15% 5%

G2 20 kV 15% 15% 5%

T1 20/200 kV 10% 10% 10%

T2 20/200 kV 10% 10% 10%

L 1-2 200 kV 12.5% 12.5% 30% 

L 1-3 200 kV 15% 15% 35%

L 2-3 200 kV 25% 25% 71.25%
3

21
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Example
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Example
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Example
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Example

� 3-phase fault

� SLG fault
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Example

� L-L fault
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Example

� DLG fault
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Fault Analysis with Fault Impedances

� Single Line to Ground Fault
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Fault Analysis with Fault Impedances

� Double Line to Ground Fault
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Fault Analysis with Fault Impedances

� Double Line to Ground Fault

( ) ( )

fk

a
kk

a
ka

k

k

a
kk

a
ka

k

kfkkfkk

a
ka

k

ZZ

IZV
I

Z

IZV
I

ZZZZZZZ

V
I

3

33

0

111
0

2

111
2

20201

1
1

+
−−=

−−=

++⋅++
=



Power Systems I 21

Fault Analysis with Fault Impedances

� Line to Line Fault
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Fault Analysis using Z-Bus Matrix

� Form the Positive Sequence and the Zero Sequence bus 
impedance matrices

� The Negative Sequence matrix is the same as the Positive 
Sequence matrix

� Use the diagonal element of the faulted bus with the 
following modified fault equations
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Fault Analysis using Z-Bus Matrix

� Single Line to Ground Fault

� Line to Line Fault
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Fault Analysis using Z-Bus Matrix

� Double Line to Ground Fault
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Fault Analysis using Z-Bus Matrix

� Bus voltages during fault

� Line currents during fault
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