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Abstract – Electric energy is one of the fundamental 

resources of modern industrial society. Electric power 
is available to the user instantly, at the correct voltage 
and frequency, and exactly in the amount that is 
needed. This remarkable performance is achieved 
through careful planning, design, installation and 
operation of a very complex network of generators, 
transformers, and transmission and distribution lines. 
We must examine all possible types of fault or 
abnormal conditions which may occur in the power 
system. The analysis of power systems under faulted 
condition provides information regarding circuit 
breaker selection, relay setting, and the stability of the 
systems operation. 

In this study, a balanced three phase fault current at 
a given bus of the system is calculated by using 
different methods. Especially emphasis on the MVA 
method and compared other conventional methods.  

 
Keywords – Fault Calculation, MVA Method, Ohmic 
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1. Introduction 
 

   Electrical energy consumption increases more 
and more on a daily basis. Technological 
development is the reason for the use of electrical 
energy. Therefore, every year many more power 
stations, transmission lines and substations are 
constructed. This situation increases the fault current 
levels in power systems. 

 
   The analysis of power systems under faulted 

conditions provides information regarding circuit 
breaker selection, relay setting and the stability of the 
system operation [1]. It is important to determine the 
values of system voltages and currents during faulted 
conditions, so that protective devices may be set to 
minimize the harmful effects of such contingencies  
[2]. The proper coordination of protective relays and 
the correct specification of circuit breaker rating are 
based on the result of calculations. The performance 
of the power system is simulated in what is called 
transient stability analysis under a variety of 
disturbances, such as short circuits, sudden large load 
changes, and switching operations [3]. Sometimes 
short circuits present a possibility of damage to the 
equipment, and loss of synchronous machines. It is 
an unwanted situation. 

   The short-circuit current levels can be very high. 
The level depends on fault types. There are two 
effects of the magnitude of the short circuit current. 
One of them is thermal and the other one is dynamic. 
No substation equipment, motor control centers, 
breaker panels, etc.., are supposed to be selected 
without the knowledge of the complete short circuit 
information of the entire power distribution system 
[4]. 

 
   There are various methods to determine short 

circuit current values but only one of them is 
discussed and presented in this paper. Some brief 
information is given about the other short circuit 
calculation methods.  
 
 
2. Methods of Symmerrical  Three-Phase Faults 

Calculations 
 
   The normal mode of operation of an AC power 

system is balanced, there-phase. However, there are 
undesirable but unavoidable incidents that may 
temporarily disrupt normal conditions, such as when 
the insulation of the power system fails at any point 
or when a conducting material comes in contact with 
a bare conductor. In such cases a shunt fault has 
occurred. A fault may be caused by lightning, trees 
falling on the electric wires, vehicular collision with 
the poles or towers and so forth. 

 
   Shunt faults may be classified under four types. 

The different types of faults are listed here in order of 
frequency of their occurrence. 

 
1-Single line-to-ground fault (SLG) 
2-Line-to-line fault (L-L) 
3-Double line-to-ground fault (2LG) 
4-Balanced three-phase fault. 
 

2.1. Comparision of Short Circuit Calculation Methods   
 
   Fault calculations provide information on 

currents and voltages of a power system during fault 
conditions. Short-circuit currents are computed for 
each relay and circuit breaker location and for 
various system contingency conditions, such as lines 
or generating units out of service, in order to 
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determine maximum and minimum fault currents. 
This information is useful to the design engineer is 
selecting circuit breakers for fault interruption, 
selecting relays for fault detection, and determining 
the relay settings, which is referred to as relay 
coordination. The proper selection and setting of 
protective devices ensure minimum disruption of the 
electrical service, and limits possible damage to the 
faulted equipment. 

 
  Sufficient accuracy in fault studies can be 

obtained with certain simplifications in the model of 
the power system. These assumptions include the 
following; 

 
1-Shunt elements of the transformer model are 

neglected, that is, magnetizing currents and core 
loses are ignored. 

 
2-Shunt capacitances in the transmission line 

model are neglected. 
 
3-Transformers are assumed to have nominal tap 

positions. 
 
4-All internal voltage sources are set equal 

to1,0+j0 p.u. terminal voltage. 
 
This set of assumptions is equivalent to neglecting 

prefault load current [3]. 
 
A simple power system are given below in figure 

1. Types or formulas are given for each component 
for various fault calculation methods.  

 

 
Figure 1. One line diagram for the comparison of various 

methods 
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Table 1. Ohmic Conversion 
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Table 2. Per-Unit Conversion 
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Table 3. MVA Conversion 
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Figure 2. a) Ohmic Method Reactance Diagram b) Per-Unit Reactance Diagram c) MVA Diagram 

 
 

Methods Fault  
Condition 

Ohmic 
Method 

Per-Unit 
Method 

MVA 
Method 

Fault @ 2,4 kV Bus 
Witout Motor  Cont. 

77,8 MVA 72,6 MVA 72,6 MVA 

Fault @ 2,4 kV Bus 
With Motor Cont. 

88 MVA 88MVA 88 MVA 

Table 4. Result of the Comparison of Methods 

 
3. Analysis  and Solution of Power Plant 

Symmetrical Three-Phase Faults on MVA 
 
  To design a real power system which consists of 

generators, transformers, transmission lines, 
distribution transformers, switches, circuit breakers, 
reading and  measurement devices. Usually the 
length of he transmission lines is rather long. The 
fault risk ratio increases depending on transmission 
lines length and number of lines. 

 
   The objective is to find how much short circuit 

current flows from the sources to the fault, when a 
symmetrical three-phase short circuit occurs at any 
location (buses or lines) in a power system. As a 
result of the process, the calculations slow us how to 
select circuit breakers, what should be their MVA 
values and current rating (steady state and transient 
state), and voltage ratings as well [5]. 

 
   As an example, an industrial power plant is 

analyzed. The plant has two generators. It is 
connected to the 138 kV system of the power plant.   

All data related to the system connections, generator, 
main and auxiliary transformers, etc.., are available. 
Line-to-line rms voltage levels of the plant are: 138 
kV, 34,5 kV, 13,8 kV, 4,16 kV. All loads are 
ignored. The resistive components of all impedances 
are also ignored. Power plant and data values are 
given in Fig.3. 

 
   Cumpute the three-phase fault MVA’s and fault 

currents (in ampares, rms) for  the following three-
phase locations:  

 
138 kV bus of the plant. 
34,5kV bus of the plant. 
 
  Determine the individual generator and system 

fault contributions is MVA during faults 1,2 and 
determine all transformer and line MVA flows as 
well. 
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Figure 3. An Industrial Power Plant 

3.1.  Analysis And Solution Fault at 138 kV Bus 
 
   Fault at 138 kV bus, all breakers open. Assume 

no load at any of the buses and all “boxed” values are 
in MVA. A “boxed” value of a component is given 
as a short circuit MVA flow from the system if the  

 

 
component is supplied by the system directly, and it 
is short circuited at its terminals. It is equal to its own 
MVA base divided by its own per-unit impedance for 
transformers, generators, motors, etc. 

 
Figure 4. Fault at 138 kV Bus 

 
We must transform the “delta to a wye 

configuration. The a,b,c notations taken from the  
figure above will be used in a delta-wye transform. 
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Figure 5. a) MVA Contributions, Fault at 138 kV Bus  
                b) MVA Contributions, Fault at 34,5 kV Bus 

 
 

 
4. Conclusion 
 

  The MVA method is easier than the other 
methods. There are many reasons why the MVA 
method is recommended for industrial power system 
short circuit calculations 

 
  It does not require a common MVA base as 

required by the per-unit method. It is not necessary to 
convert impedances from one voltage level to 
another as repuired by the ohmic method. 

 
 
 
 

 
 
The conversion formulas as used for both the 

ohmic and the per-unit methods are complex and not 
easy to memorize. 

 
Both the ohmic and the per-unit methods usually 

end up with small decimals resulting from converting 
impedances from one voltage level to another one or 
from converting impedances to the same common 
base. Therefore, one can make mistakes easily [6]. 
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