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Abstract— This paper presents the short circuit Analysis of a 

Power System by Conventional methods and also presents 

review of the research work which had been done in field of 

Short Circuit Analysis. Short Circuit studies done on any of 

the power systems gives us the results about the faulted 

MVA and Fault Currents and according to the achieved 

results the design of an effective protective system can be 

worked out. The paper shows the complete study work and 

literature survey of Conventional Short Circuit Analysis 

methods, Different elements of the power system network, 

Different Faults occurring in Power System and severity of 

various Power System Faults. For Short Circuit analysis Mi-

power software is utilized which is highly featured and 

highly interactive. 
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I. INTRODUCTION 

A short circuit i.e. abbreviated to short or s/c which is 

an electrical circuit that allows a current to travel along an 

unintended path, often where essentially no  or a very 

low  electrical impedance is encountered[1]. The electrical 

opposite of a short circuit is an "open circuit", which is an 

infinite resistance between two nodes. It is common to 

misuse "short circuit" to describe any electrical malfunction, 

regardless of the actual problem.  

Short circuit studies is done for calculating the 

withstanding capability of the switchgears like fuse, circuit 

breaker during the normal operation (load flow) and 

abnormal operation (fault conditions) Mi-Power software is 

used for performing this study. Mi-Power is a highly 

interactive, user-friendly windows based Power system 

analysis package. Short circuit studies, transient analysis can 

be done with very high accuracy and tolerance. We will use 

this software to design the system and then we will simulate 

Symmetrical Faults or Three Phase to Ground Fault.  

We choose the three phase to ground fault for our 

studies as this fault is the most severe among the faults and 

provides the worst case for the calculation of the circuit 

breaker ratings. When a fault occurs in the system very high 

level of current flows in the system making it very 

dangerous for the system and if adequate protection is not 

taken at correct time then the results will severe both for the 

system and the consumers. Symmetrical Faults or Three 

Phase to Ground Fault, refers to those conditions when all 

the three phases of the system are grounded at the same 

time.[2]  

These types of faults are mainly caused due to 

insulation failure and lightning stroke. Though symmetrical 

faults are rare, it leads to most severe fault current to flow in 

the system and may cause heavy damages to equipment. 

Therefore, short circuit analysis is performed to protect the 

system from any damage and limit the flow of current in the 

system. Short circuit analysis is done to determine the 

proper choice of protective devices, select efficient 

interrupting equipment and verify the adequacy of the 

existing interrupting equipment. [3] 

II. LITERATURE SURVEY 

This research paper  is published  for finding the maximum 

fault current for enhancement of power system by using Mi-

Power. In this paper we solve the LLG fault (Line to Line 

Ground fault) for the undertaking circuit. This circuit has 10 

bus, 3 single phase transformer, 3 single phase generator and 

4 load is connected to the different buses, this system is used 

for converting the11KV to 132 KV.  

During this condition very high current flow 

through the system which damage the equipment. It also 

causes the interruption in the supply provided to the 

customers. Initially load flow analysis is done to obtain the 

power flow in the complete system which id followed by 

short circuit studies[4]. In this paper short circuit studies 

done on the system which gives us the maximum fault 

current and fault MVA rating which helps in relay setting, 

co-ordination and setting up the overall protection system. 

This is published paper for the topic of Short  

Circuit  Analysis  of a Power   Grid [5] where this paper 

describes the system characteristics during short circuit 

condition and will act as a path to design the protective 

scheme for the undertaken circuit. The most severe short 

circuit condition i.e. 3 phase to ground fault is tested on 

actual 72 bus system considering a 220 KV Masudpur 

substation as the test system.  

During this condition very high current flows 

through the system which damages the equipment. It also 

causes the interruption in the supply provided to the 

customers. Initially load flow analysis is done to obtain the 

power flow in the complete system which is followed by 

short circuit studies. In this paper short circuit studies done 

on the system gives us the maximum fault current and fault 

MVA rating which helps in relay setting, coordination and 

setting up the overall protection system. 

This published research paper  shows the power 

system studies[6] which is required to evaluate the 

performance of the system at planning stage as well as 

running conditions. This paper presents short circuit analysis 

of an industrial electrical power distribution system in 

compliance to IEC 60909. Short circuit studies can be 

performed at the planning and design stage in order to help 

finalize the system layout, determine voltage levels, 

protection equipments, switchgears, and cables size, 

transformers, grounding and earthing. The industrial 

distribution system is simulated on ETAP software and 

different fault study is performed. 

This published paper is published where the 

information of power flow Analysis [7] is to find the 

magnitude and phase angle of voltage at each bus and the 

real and reactive power flowing in each transmission lines. 

Load flow study is a technique that provides basic 

https://en.wikipedia.org/wiki/Electrical_network
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Electrical_impedance
https://en.wikipedia.org/wiki/Open-circuit_voltage
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calculation procedure in order to determine the 

characteristics of power system under steady state condition.  

In this thesis load flow study for 48 bus system is 

carried by using ETAP simulation software. A 400/220KV 

substation real time data is collected for the month of June- 

July 11. The transient characteristic of the power   system is 

analyzed using short circuit analysis. A short circuit analysis 

is done to find the rating of circuit breakers.  

In this thesis symmetrical three-phase fault is 

considered. Short circuit analysis gives the DC offset 

current, circuit breaker making and breaking currents. The 

suitability of CB connected to existing system is observed 

using this technique. It is observed that CB near to fault trips 

the CB and protect the system from instability. In this thesis 

there is a scope to analysis the unsymmetrical faults on 

power system during short circuit. 

This paper is published on the topic of short circuit 

fault analysis of electrical power system using MATLAB 

[8]. The objective of the present study is to simulate short 

circuit faults on different buses of a power system network 

and to estimate the state of the power system before and 

after a fault, which includes various bus voltages and current 

flow on various transmission lines.  

The analysis before the fault is carried out by 

solving non-linear load flow problem by using numerical 

iterative technique of Newton-Raphson method. State 

estimation after short circuit fault is carried by using 

algorithm of short circuit current computation. The short 

circuit currents dictate the rating of circuit breakers to be 

employed at various buses and in various lines of the 

network.  

The effect of three phase short circuit faults on 

power system has been studied in terms of post-fault 

conditions and pre-fault conditions. In this paper, three 

phase short circuit fault is simulated on the standard IEEE 

11bus and IEEE 30 bus system and fault current level is 

calculated and short circuit MVA rating for the circuit 

breaker has been chosen. The analysis of power system 

under faulty conditions 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. 

A. Survey of Books for Research Work 

The book name is “Electric Power Systems a Conceptual 

Introduction”[9] where the system component and 

description is given in keen manner and also precisely 

elaborated the analysis of power system small signals and 

large signal disturbances. This book is intended to bridge the 

gap between formal engineering texts and more popularly 

accessible descriptions of electric power technology. The 

first consists of students and researchers who are learning 

about electric circuits and power system engineering in an 

academic setting, and who feel that their understanding 

would be enhanced by a qualitative, conceptual emphasis to 

complement the quantitative methods stressed in technical 

courses. 

Another book I have gone through is Electrical 

Power Systems [10] which covers literature about the Power 

System components and Power System Analysis where 

Load Flow Short circuit analysis is defined. Different types 

of Faults associated in power system, circuit breakers and 

their characteristics, symmetrical components and fault 

calculation which are considered in this research work. 

The published book on  „Electrical Power 

System‟[11] where discussion on the Structure of Power 

System their Component in brief and characteristics and 

performance of Transmission Lines Load flow studies and 

studies of symmetrical and unsymmetrical faults and 

calculation of symmetrical components of all type of faults 

which are encountered during System Analysis and 

encompasses the unbalance fault analysis. 

Book on  „Power System Dynamics:-Stability and 

Control‟ [12] where the literature searched about Power 

System Dynamics: Stability and Control, reflects the fact 

that a large part of the new material concerns power system 

control: flexible AC transmission systems (FACTS), wide 

area measurement systems (WAMS), frequency control, 

voltage control, etc. The new title also reflects a slight shift 

in focus from solely describing power system dynamics to 

the means of dealing with them. 

III. SYSTEM EQUIPMENTS 

A. Buses 

The term bus is very important in the analysis of power 

systems. Derived from the Latin omnibus (for all) the bus-

bar is literally a bar of metal to which all the appropriate 

incoming and outgoing conductors are connected. To be 

more precise, the busbar consists of three separate bars, one 

for each phase. Called bus for short, it provides a reference 

point for measurements of voltage, current, and power 

flows. Various factors affect the reliability of a substation or 

switchyard, one of which is the arrangement of the buses 

and switching devices[13]. In addition to reliability, 

arrangement of the buses/switching devices will impact 

maintenance, protection, initial substation development, and 

cost. For load flow studies it is assumed that the loads are 

constant and they are defined by their real and reactive 

power consumption. It is further assumed that the generator 

terminal voltages are tightly regulated and therefore are 

constant. The main objective of the load flow is to find the 

voltage magnitude of each bus and its angle when the 

powers generated and loads are pre-specified. To facilitate 

this here classification of different buses [14] of the power 

system is shown in the chart below. 

 
Fig. 1: Classification of Busses. 

B. Transmission Line 

Transmission Lines and distribution lines typically consist 

of aluminum, which is lightweight and relatively 
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inexpensive, and are often reinforced with steel for strength. 

Stranded cable is often used, which, as the name suggests, is 

twisted from many individual strands. At the same diameter 

or gauge, stranded cable is much easier to bend and 

manipulate. For underground lines, cables with insulation 

are used. Here heat dissipation is more of an issue, whereas 

weight is not. Copper is the material of choice for 

underground cables because, while it is more expensive, it 

has a lower resistance than aluminum. Low resistance is 

generally desirable for power lines to minimize energy 

losses, but also because heating limits the conductor‟s 

ability to carry current. 

C. Transformers 

A transformer is a device for changing the voltage level in 

an a.c. circuit with constant frequency. It basically consists 

of two conductor coils that are connected not electrically but 

through magnetic flux. As a result of electromagnetic 

induction, an alternating current in one coil will set up an 

alternating current in the other. However, the comparative 

magnitude of the current and voltage on each side will differ 

according to the geometry, that is  the number of turns or 

loops in each coil. Transformers are of basically two types 

1st. Step-Up (Voltage increases on secondary side) and 2nd. 

Step-Down (Voltage Decreases on Secondary Side) 

D. Generator 

An electric generator is a device designed to take advantage 

of electromagnetic induction in order to convert movement 

into electricity. The electric generators can be classified in 

D.C Generators and A.C Generators. A.C generators are of 

two types Synchronous Generators and Induction. Of These 

types generators synchronous generators are highly 

recommended generators.   

E. Synchronous Generators  

Synchronous Generators converts mechanical power to ac 

electric power with constant speed and hence frequency is 

constant. The source of mechanical power, the prime mover, 

may be a diesel engine, a steam turbine, a water turbine, or 

any similar device. Synchronous generators are built in large 

units, their rating ranging from tens to hundreds of 

megawatts.  

F. Circuit Breakers 

A circuit breaker is defined as “a mechanical switching 

device capable of making, carrying and breaking currents 

under normal circuit conditions and also making, carrying 

and breaking for a specified time, and breaking currents 

under specified abnormal circuit conditions such as a short 

circuit”. Circuit breakers are generally classified according 

to the interrupting medium used to cool and elongate the 

electrical arc permitting interruption. The types are Air 

magnetic, oil, air blast, vacuum and SF6 Gas. 

IV. DEFINITIONS 

A. Short Circuit Analysis 

A short circuit sometimes abbreviated to short or s/c is 

an electrical circuit that allows a current to travel along an 

unintended path, often where essentially no or a very 

low electrical impedance is encountered. The electrical 

opposite of a short circuit is an "open circuit", which is an 

infinite resistance between two nodes. It is common to 

misuse "short circuit" to describe any electrical malfunction, 

regardless of the actual problem. 

B. Load Flow Analsysis 

Power flow analysis is concerned with describing the 

operating state of an entire power system, by which we 

mean a network of generators, transmission lines, and loads 

that could represent an area as small as a municipality or as 

large as several states. Given certain known quantities, 

typically, the amount of power generated and consumed at 

different locations, power flow analysis allows one to 

determine other quantities (i.e. bus Voltage Magnitude „|V|’, 

Power Angle „δ‟, Real Power Flow „P‟ and Reactive Power 

Flow „Q‟). 

C. Contingency Analysis 

Contingency Analysis actually provides and prioritizes the 

impacts on an electric power system when problems occur. 

A contingency is the loss or failure of a small part of the 

power system e.g. a transmission line, or a individual 

equipment failure such as a generator or transformer. This is 

also called an unplanned "outage".  

Contingency analysis is a computer application that 

uses a simulated model of the power system, to evaluate the 

effects, and calculate any overloads resulting from each 

outage event. In other word, Contingency Analysis is 

essentially a "preview" analysis tool that simulates and 

quantifies the results of problems that could occur in the 

power system in the immediate future. 

V. CONVENTIONAL PROCESS OF SHORT CIRCUIT ANALYSIS 

Here Short Circuit study for  large power system network is 

extended, figure No.2 shows the Schematic diagram of an  

n-bus power system[15],  the  first step in short circuit 

analysis is to obtain prefault bus voltage and line currents 

using load flow study. Pre-Fault bus voltages can be 

Defined as: 
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                                        … (1 1) 

Where   
 ,   

 ,……   
   are the default bus voltages. 

 
Fig. 2: n-Bus power System 

Let bus r is Faulted bus and Zf   is fault impedance. 

The post Fault bus voltage vector is given by 

    
 
  =     

 + ∆V            …(1.2) 

https://en.wikipedia.org/wiki/Electrical_network
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Electrical_impedance
https://en.wikipedia.org/wiki/Open-circuit_voltage


Review of Short Circuit Analysis in Power System 

 (IJSRD/Vol. 3/Issue 05/2015/084) 

 

 All rights reserved by www.ijsrd.com 361 

Where ∆V (vector) is changes in bus voltages 

caused by the fault and is given by:- 

   

[
 
 
 
 
   
   
 
 

          ]
 
 
 
 

                                   … (1.2) 

Figure No.3 shows Thevenin network of the system 

with generators replaced by transient / sub transient 

reactance‟s with their Emfs  shorted. 

 
Fig. 3:  Thevenin network of Figure 2 with −  

   is in series 

with Zf 

In figure No.3 we excite the passive Thevenin 

network with     
   is in series with Zf. 

Now       

∆V = ZBUS* Cf               … (1.2) 

ZBUS is the bus impedance matrix of passive 

Thevenin network and is given by  
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      … (1.3) 

And Cf is the Bus current injection vector. The 

network is injected with current     only at the r
th

 bus, we 

have 

Cf  =  

[
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             …(1.4) 

From equation1.2 and 1.4 we obtained  

∆Vr = −Zrr* If                 … (1.5) 

The voltage at the r
th 

bus under fault is:  

Vrf   =    
 +∆Vr =    

 −Zrr* If         … (1.6) 

Also 

Vrf  =  Zf* If            … (1.7) 

From equation1.6 and 1.7 we get: 

Zf* If=  
 −Zrr* If 

Therefore  

If  = 
  
 

      
        …(1.8) 

using equation 1.5  at the i
th

 Bus (r=i)  
∆Vi =−Zii* If          … (1.9) 

Therefore, using equation 1.6 at i
th 

bus (r=i) 

Vif  =    
 −Zir* If         …(1.10) 

From equations 1.10 and 1.8, we obtain, 

Vif=    
  

  
 

      
   
     … (1.11) 

For i=r, equation 1.11 becomes  

Vrf  =    
  

   
      

   
         

Therefore, 

Vrf  = 
  

      
   
             … (1.12) 

Note that    
 ‟s are prefault Bus voltages and can be 

obtained from load flow study. ZBUS  matrix for SC studycan 

be obtained by inverting YBUS matrix. Also note that 

synchronous motors must be included in ZBUS formation for 

SC study. However, in formulating SC study network, Load 

impedances are ignored, because these are very much larger 

than the impedances of generators and transmission lines. 

Fault current flowing from Bus i to Bus j is given by  

If,ij = Yij ( Vif−  Vjf )          … (1.13) 

Post Fault Generator current for ith generator is given by :- 

If,gj = 
   
 
    

    
 

          … (1.14) 

VI. CONCLUSION  

This paper presents the Research literature work and the 

Review about the Short Circuit Analysis of a large Power 

System Network. Survey and lot of research papers have 

been presented for the improvement and new methods to 

analyse the Short Circuit Calculation in a Power System. 

The Aim of this Review Paper is to propose a calculation 

method in effortless technique for Short Circuit Analysis. 

The analysis of the most serious short-circuit fault provides 

a very high inrush current which is very dangerous for the 

system so to chop-out  this heavy current, a suitable step 

should be taken so that the dangerous effects of symmetrical 

faults can diminish and making the system more reliable. 

For such system switch gears equipments like circuit 

breakers, fuses and other protective devices must be rated in 

a way that can handle these types of heavy current due to 

symmetrical faults in Power System and can save it from 

being destroyed. To find the ratings of the switch gear 

equipments which will make the system robust, must be 

calculated previously this is done in a simplest manner with 

the help of Mi-Power which have highly intuitive features 

for solving the very large Power System Network. 
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