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ECL 4340

POWER SYSTEMS

LECTURE 16
SYMMETRICAL FAULTS, FAULT CURRENT

ANNOUNCEMENTS

 Be reading Chapter 7.

 HW 9 is uploaded, due November 11, Friday.  

 Exam II is on November 8, Tuesday.

GENERATOR MODELING
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THREE-PHASE SHORT CIRCUIT

THREE-PHASE SHORT CIRCUIT

THREE-PHASE SHORT CIRCUIT
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GENERATOR SHORT CIRCUIT

EXAMPLE

 A 500 MVA, 20 kV, 3 is operated with an internal 
voltage of 1.05 pu.  Assume a solid 3 fault occurs 
on the generator's terminal and that the circuit 
breaker operates after three cycles.  Determine the 
fault current.  Assume

" '

" '

A

0.15,     0.24,     1.1  (all per unit)

0.035 seconds, 2.0 seconds

T 0.2 seconds

d d d

d d

X X X

T T

  

 


GENERATOR S.C. EXAMPLE, CONT'D

2.0

ac
0.035

ac

6

base ac3

0.2
DC

Substituting in the values

1 1 1
1.1 0.24 1.1

( ) 1.05
1 1

0.15 0.24

1.05(0) 7 p.u.0.15

500 10
I 14,433 A    (0) 101,000 A

3 20 10

I (0) 101 kA 2 143 k 

t

t

t

e

I t

e

I

I

e





         
      

 


  



   RMSA    I (0) 175 kA

GENERATOR S.C. EXAMPLE, CONT'D

0.05
2.0

ac 0.05
0.035

ac

0.05
0.2

DC

RMS

Evaluating at t = 0.05 seconds for breaker opening

1 1 1
1.1 0.24 1.1

(0.05) 1.05
1 1

0.15 0.24

(0.05) 70.8 kA

I (0.05) 143  kA 111 k A    

I (0.05

e

I

e

I

e







         
      



  
2 2) 70.8 111 132 kA  
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NETWORK FAULT ANALYSIS SIMPLIFICATIONS

 To simplify analysis of fault currents in networks 
we'll make several simplifications:

1. Transmission lines are represented by their series 
reactance

2. Transformers are represented by their leakage reactances

3. Synchronous machines are modeled as a constant voltage 
behind direct-axis subtransient reactance

4. Induction motors are ignored or treated as synchronous 
machines

5. Other (nonspinning) loads are ignored

NETWORK FAULT EXAMPLE

For the following network assume a fault on the terminal of the 
generator; all data is per unit except for the transmission line reactance

2

19.5
Convert to per unit:    0.1 per unit

138
100

lineX  

generator has 1.05
terminal voltage &
supplies 100 MVA
with 0.95 lag pf

To determine the fault current, we need to first estimate

the internal voltages for the Generator and Motor.

For the generator 1.05,   1.0 18.2T GV S   
*1.0 18.2

0.952 18.2 0.9044 -  0.2973    
1.05

E 1.05 0 (0.9044 -  0.2973) 0.15 1.103 7.1

Gen

g

I j

j j
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NETWORK FAULT EXAMPLE, CONT'D

The motor's terminal voltage is then 

1.05 0 - (0.9044 -  0.2973) 0.3 1.00 15.8

The motor's internal voltage is

E 1.00 15.8 (0.9044 -  0.2973) 0.2

1.008 26.6

We can then solve as a linear circ

m

m

V j j

j j

     

      

  

f

uit:

1.103 7.1 1.008 26.6
I

0.15 0.5

7.353 82.9 2.016 116.6 9.09

g mI I
j j

j

      

      

FAULT ANALYSIS SOLUTION TECHNIQUES

 Circuit models used during the fault allow the 
network to be represented as a linear circuit

 There are two main methods for solving for fault 
currents:
1. Direct method: Use pre-fault conditions to solve for the 

internal machine voltages; then apply fault and solve 
directly

2. Superposition: Fault is represented by two opposing 
voltage sources; solve system by superposition

 first voltage just represents the prefault operating point

 second system only has a single voltage source

SUPERPOSITION APPROACH

Faulted Condition

Exact Equivalent to Faulted Condition
Fault is represented
by two equal and
opposite voltage 
sources, each with
a magnitude equal
to the pre-fault voltage
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SUPERPOSITION APPROACH, CONT’D

Since this is now a linear network, the faulted voltages
and currents are just the sum of the pre-fault conditions
[the (1) component] and the conditions with just a single
voltage source at the fault location [the (2) component]

Pre-fault (1) component equal to the pre-fault 
power flow solution

Obviously the 
pre-fault 
“fault current”
is zero!

SUPERPOSITION APPROACH, 
CONT’D

Fault (2) component due to a single voltage source
at the fault location, with a magnitude equal to the
negative of the pre-fault voltage at the fault location.

(1) (2) (1) (2)

(1) (2) (2)

I

0

gg g m m m

f f f f

I I I I I

I I I I

   

   

SUPERPOSITION

f

(1) (1)

Before the fault we had E 1.05 0 ,

0.952 18.2  and 0.952 18.2
g mI I

  

      

This matches
what we
calculated
earlier

(2) f

(2) f

(2)

Solving for the (2) network we get

E 1.05 0
7

j0.15 j0.15

E 1.05 0
2.1

j0.5 j0.5

7 2.1 9.1

0.952 18.2 7 7.35 82.9

g

m

f

g

I j

I j

I j j j

I j
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EXTENSION TO LARGER SYSTEMS

bus

bus

The superposition approach can be easily extended

to larger systems.  Using the  we have  

For the second (2) system there is only one voltage

source so  is all zeros except at the fault loca



Y

Y V I

I tion

0

0

fI

 
 
 
 
 
 
  

I





However to use this
approach we need to
first determine If

DETERMINATION OF FAULT CURRENT

bus

1
bus bus

(2)
1

(2)
11 1 2

(2)
1 1

(2)

(1)

Define the bus impedance matrix  as

0

Then

0

For a fault at bus i we get -

bus

n

f

n nn n

n

f ii f i

V

VZ Z

I

Z Z V

V

I Z V V





 

                               

   

Z

Z Y V Z I




  


i‐th

DETERMINATION OF FAULT CURRENT

(1)
(2) (1)

f

ii

ij

(1) (2) (1)
i

Hence 

I         ( )

Where

Z driving point impedance

Z ( ) transfer point imepdance

Voltages during the fault are also found by superposition

V  are pr

iji
j ji f i

ii ii

i i i

ZV
V Z I V

Z Z

i j

V V V

    


 

  efault values

19

20

21



10/27/2022

8

THREE-GEN SYSTEM FAULT EXAMPLE

g1 2 3

For simplicity assume the system is unloaded 

before the fault with

E 1.05 0

Hence all the prefault currents are zero.  

g gE E    

THREE-GEN EXAMPLE, CONT’D

15 10 0

10 20 5

0 5 9
bus j

 
   

  

Y

115 10 0

10 20 5

0 5 9

0.1088 0.0632 0.0351

0.0632 0.0947 0.0526

0.0351 0.0526 0.1409

busZ j

j

 
   

  
 
   
  

THREE-GEN EXAMPLE, CONT’D

1

(2)

1.05
For a fault at bus 1 we get I 9.6

0.1088

0.1088 0.0632 0.0351 9.6

0.0632 0.0947 0.0526 0

0.0351 0.0526 0.1409 0

1.05 0

0.60 0

0.337 0

fj I
j

j

j

   

   
       
      
   

     
    

V
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THREE-GEN EXAMPLE, CONT’D

1.05 0 1.05 0 0 0

1.05 0 0.606 0 0.444 0

1.05 0 0.337 0 0.713 0

           
                   

                

V

POWERWORLD EXAMPLE 7.5: BUS-2 FAULT

slack

One

Two

ThreeFourFive

0.724 pu 0.579 pu

 0.000 pu

0.687 pu

0.798 pu
 0.000 deg  0.000 deg

 0.000 deg

 0.000 deg

 0.000 deg

   7 pu   11 pu

PROBLEM 7.28

slack

SLACK345

SLACK138

RAY345

RAY138

RAY69

FERNA69

DEMAR69

BLT69

BLT138

BOB138

BOB69

WOLEN69

SHIMKO69

ROGER69

UIUC69

PETE69

HISKY69

TIM69

TIM138

TIM345

PAI69

GROSS69

HANNAH69

AMANDA69
HOMER69

LAUF69

MORO138

LAUF138

HALE69

PATTEN69

WEBER69

BUCKY138
SAVOY69

SAVOY138

JO138 JO345

0.79 pu

0.70 pu

0.79 pu

0.83 pu

0.50 pu

0.59 pu
0.52 pu

0.43 pu
0.50 pu

0.61 pu

0.61 pu

0.32 pu
0.24 pu

0.58 pu
0.56 pu

0.78 pu

0.61 pu

0.64 pu

0.52 pu

0.564 pu

0.56 pu

0.62 pu

0.68 pu

0.70 pu
0.75 pu

0.64 pu

0.35 pu 0.62 pu

0.77 pu

0.77 pu 0.77 pu

0.84 pu 0.91 pu

0.64 pu

LYNN138

0.82 pu

0.00 pu

   5 pu

   9 pu

   3 pu

   2 pu

   0 pu
   3 pu

   9 pu

   3 pu

   0 pu

25

26

27



10/27/2022

10

EXAMPLE 7.3

EXAMPLE 7.3, CONTINUED

EXAMPLE 7.3, CONTINUED
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EXAMPLE 7.3, CONTINUED

EXAMPLE 7.3, CONTINUED

EXAMPLE 7.3, CONTINUED

IF

Ig1 Im1
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POWER SYSTEM 3-PHASE SHORT CIRCUITS

Ig1 Im1

PROBLEM 7.11

PROBLEM 7.11
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BUS IMPEDANCE MATRIX

bus

1
bus bus,  bus





 

Y V I

V Z I Z Y

busI Y V

1
bus bus

Z Y

11 12 13 14

21 22 23 24
bus

31 32 33 34

41 42 43 44

Z Z Z Z

Z Z Z Z

Z Z Z Z

Z Z Z Z

 
 
 
 
 
 

Z
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1
bus bus

Z Y
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RAKE EQUIVALENT

EXAMPLE – 5-BUS
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