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Course KEE/PDS  

Transmission and distribution grids 

Short-circuit calculation 

Examples 



EE2 Seminars no. 8 a 9 

Short-circuit calculations 



Calculation procedure 

(Method of equivalent voltage source  
3

c Un
  at the fault location) 

o Identification of  short- circuit sources (upstream networks, generators), fault 
current path locating 

 
o To draw equivalent circuit, elements are replaced by their reactance X. 

In EHV, HV and MV (networks with overhead power lines): R << X     R of 

network elements is neglected for simplified calculations of short circuit currents. 

The equivalent voltage source -cUn/√3 is the only active source in the system. It 
will be applied at the short-circuit location, whereas all other sources in the 
system are ignored (short-circuited). 

 
o Calculation of elements’ reactance.  
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If the voltage level is different from voltage level of short-circuit location, the reactance 
has to be converted to voltage in fault location. 
 

 

 

 

Fault location is in C  
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Example for an upstream network: 
2 22 22

( )2 4 2 4
( ) ( )

1 3 1 3

nS A

S C S A

kS

c UU U U U
X X

U U S U U

      
           

      
 

U1/

U2 

B A C 

U3/

U4 

U

A 
U

B 

U

C 



 

Because   ( ) 1 2 3 4nS A A B CU U U U U U U U            →          
2

( )
C

S C

kS

c U
X

S





 

 
Example:  

Transformer 110/22 kV, 40 MVA, uK= 10,5% 

 

Calculate reactance of the transformer on voltage level 110 kV: 
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Calculate reactance of the transformer on voltage level 22 kV: 
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o To calculate equivalent short-circuit reactance Xk of the upstream grid 
(essentially its Thevenin impedance) at the short-circuit location.  
 

o Calculation of the initial symmetrical current and short-circuit power (level) 
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Examples 
 

 

Example 1: 
 

 

 
 

Upstream network 22 kV (the reactance has to be transferred to voltage level in fault 

location): 
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Transformer 22/6 kV (secondary side has the same voltage like voltage in fault location, 6 kV 

is substituted into formula): 
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Overhead power line 6 kV: 

0,3 2 0,6V VkX X l     

 
Fault position at the beginning of the cable (short circuit at location A):  

Total short-circuit reactance: 

2,4CA S TX X X   

 
 

Short-circuit current and short-circuit power: 
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Fault position at the end of the cable (short circuit at location B):  

Total short-circuit reactance: 

3CB S T VX X X X    

 
or upstream network at node A (22kV network + transformer) is replaced by the reactance   
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Short-circuit current and short-circuit power: 
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Example 2: 
 

 

 

Fault position in A (Un = 110 kV): 

110 kV upstream network: 
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110 kV overhead power line: 
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Total short-circuit reactance: 
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Short-circuit current and short-circuit power: 
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Subtask: 

Calculate the short-circuit ratios at fault position A (Un = 110 kV) if a local generator is 

located behind the transformer (at point B). 

G: UNG = 6 kV, SNG = 10 MVA, xd%
“ = 12% 

 

 
 

Transformer 110/6 kV (primary side has the same voltage like in fault position): 

 
 

Generator 6kV (reactance has to be converted into fault position): 

 

Short-circuit reactance from 110 kV side:

 

1 31,1S VX X X     

Short-circuit reactance from the side of 6 kV generator:
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Sources of the short-circuit currents are radially connected to fault position A. 

Total short-circuit reactance (X1 and X2 in parallel): 
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Short-circuit current and short-circuit power: 
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Other way: 

Sources of the short-circuit currents are radially connected to fault position A →

    
Total short-circuit current at fault position A = the sum of the contributions of both sources  

Short-circuit current from the 110 kV network: 
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Short-circuit current from the 6 kV generator: 
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Short-circuit current and short-circuit power: 
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Fault position in B (Un = 6 kV) – generator G is switched-off: 

 

110 kV upstream network (reactance has to be transferred into the fault position B): 
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110 kV power line (reactance has to be transferred into the fault position B):
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Transformer 110/6 kV (secondary side has the same voltage like the fault position B):  

 

Total short-circuit reactance: 
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or the 110 kV system at the point A (network + power line) is replaced by upstream network 

reactance, but it has to be transferred via transformer to voltage of the fault position (6 kV): 
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Short-circuit current and short-circuit power: 
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Subtask: 

Calculate the fault current in node B (Un = 6 kV) if the group of motors is connected in node 

B.  

M: UMG = 6 kV, PNM = 5 MW, cos n = 0,8,  = 0,9,  ik=5 (the ratio of locked-rotor to rated 

current of the motors). 

 
 

Group of motors:    
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Short-circuit current from the 110 kV upstream network: 

1 0,183S T VX X X X    

 
 

Sources of short-circuit current (110 kV network and motors) are connected to fault position 

B radially (in parallel) →  

 

Short-circuit reactance (reactances in parallel): 
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 Reactance XCB has a lower value than in the case without motors (0,183 ), i.e. the fault 

current will be higher than for case without motors. 

 

Short-circuit current and short-circuit power: 
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Sources of short-circuit current are connected to fault position B radially (in parallel) →  

The total short-circuit current in node B = sum of contributions from both sources. 

Short-circuit current from the 110 kV upstream network: 
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Short-circuit current from the group of motors: 
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Short-circuit current and short-circuit power: 
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Example 3: 

 

 

 
M: UMG = 6 kV, PNM = 5 MW, cos n = 0,8,  = 0,9, ik=5 

 

Upstream network 22 kV (reactance has to be transferred to 6 kV): 
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Transformer 110/6 kV (secondary side has voltage 6 kV): 
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Power line 6 kV: 

0,3 2 0,6V VkX X l       
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Sources of short-circuit current (network and motors) are NOT connected to fault position B 

radially (they are connected via reactance Xv) → total fault current IS NOT SUM of 

contributions from both sources. 

 

The total short-circuit reactance has to be calculated as a series-parallel combination of 

reactances: 

1

1
2 1

1

2

2,4

// 0,723

1,323

S T

M
M

M

CB V

X X X

X X
X X X

X X

X X X

   


   



     

 

Short-circuit current and short-circuit power: 
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 Example 4: 

 

Calculate the initial symmetrical current and the short-circuit power (level) at fault 

location B. 
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Equivalent circuit: 
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    73,94 44,36 16,5 33,28 
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Example  

 

 
 

 

Parameters of network elements: 

ES:   SK
''= 10 GVA 

G:  SN= 55 MVA  xd% = 12%  UN = 15kV 

T1 + T2:  SN= 200 MVA uk% = 11% 

T3:  SN= 40 MVA  uk% = 10% 

T5:  SN= 63 MVA  uk% = 10% 

V1:  XK= 0,4 Ω/km  l = 60 km 

V2:  XK= 0,4 Ω/km  l = 30 km 

V3:  XK= 0,4 Ω/km  l = 40 km 

 

 

Variants of calculation: 

a.  fault in node A, only T1 in operation (respectively parallel operation T1+T2),             

G disconnected 

b.  fault in node B, only T1 in operation, G disconnected, V3 disconnected (radial 

network) 

c.  fault in node B, only T1 in operation, G disconnected, V3 in operation (ring network) 

d.  fault in node C, only T1 in operation, G disconnected, V3 disconnected 

e.  fault in node D, only T1 in operation, G disconnected, V3 disconnected 

f.  fault in node D, only T1 in operation, G in operation, V3 disconnected (respectively in 

operation) 

g. fault in node B, only T1 in operation, G in operation, V3 in operation 

 

 


