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Abstract— short circuit analysis are also termed as fault 

calculation of the system. This paper presents the load flow 

analysis and short circuit analysis for electric distribution 

system of metro rail way station. 33kV distribution system 
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condition, load flow and short circuit analysis are carried 

out. Short circuit analysis of theoretical and software 

generated results are compared. 
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I. INTRODUCTION 

Low impedance abnormal contact between two points of 

different potentials is identified as short circuit fault. Short 

circuit faults are classified as:  

A. Symmetrical fault-  

That fault on the power system which results in equal fault 

currents in the electrical lines with 120 degrees 

displacement is known as a symmetrical fault e.g., triple line 

fault or triple line to ground fault. Triple line fault can 

happen during switching ON of the circuit breaker when the 

earthing switch is unintentionally kept ON. In practice, the 

symmetrical fault seldom occurs but is the most severe and 

establishes more heavy duty on the circuit breaker.  

Symmetrical fault can be solved by direct method/ 

impedance method or component short circuit current 

method. Impedance method is mostly utilized due to its high 

degree of accuracy in low voltage networks. 

B. Asymmetrical fault-  

That fault on the power system which results in unequal 

fault currents in the electrical lines with out of balance phase 

displacement is known as unsymmetrical fault e.g., single 

line to ground fault, double line to ground fault and double 

line fault. Line to ground fault is the commonest fault and 

can happen because of flashover across line insulators, 

failure of line insulators, lightning or switching overvoltage 

or defective insulators. LG fault can occur in electrical 

machines and transformers as well. Asymmetrical fault can 

be solved by symmetrical components method or 

Kirchhoff’s Law. Symmetrical components method is 

mostly utilized as it is an uncomplicated method, provides 

greater specific details to fault performance studies and 

gives a beneficial tool for the protection engineers, 

especially in tracking out of fault currents. The term 

‘symmetrical’ is suitable because the unbalanced 3-phase 

system has been resolved into three numbers of balanced 

sets. 

II. 33KV ELECTRICAL DISTRIBUTION SYSTEM DESIGN  

1) Electrical load calculation  

Metro rail way station load calculation are done with based 

on practical original data, the result are below: 

Load type = 20% constant Z and 80% constant KVA 

System voltage = 33kv  

Power factor of the system = 0.85 

Total load of the system = 6.32 MW 

2) Electrical distribution system  

After the load consumption analysis network is design for 

metro rail way station in ETAP software  

 
Fig. 1: electrical distribution system design for metro rail 

way station in ETAP software 

 
Fig. 2: distribution system block diagram 

The distribution system is design 3-Ø, 50 Hz, 33kV 

incoming supply from the grid or a substation. From the 

33kV indoor high tension panel supply goes to transformer. 

Here two transformers are used for reliability purpose. 

Transformers are used for step down the power. This power 

flow in low tension panel and then bus-bar here number of 
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feeder are connected. Through feeder power meet the load. 

Here two transformers are used in supply system. Two 

transformer are gives the power two different network. 

Through feeder power fed to PCC and then MCC. And 

finally reaches to load.  

3) Load flow analysis  

Load flow analysis is very important tool in power system. 

After performing the load flow we can know the value of 

bus voltages their angles and active and reactive power of 

the branches. 

Performing the load flow analysis in ETAP 

software results are generated that is below. This model is 

design in IEC standard. Voltage profile graph are plotted in 

per unit system. Here high voltage is 33kV and low voltage 

is 0.433kV in the system as a base voltage.  

 
Fig. 3: load flow analysis of distribution system 

 
Fig. 4: distribution system voltage profile 

After the performing the load flow analysis, we can observe 

that the voltage and power factor are maintain their limits. 

The system is healthy because their limits are maintained. 

Load flow analysis is performing with the help of NR 

method. This process is done in 3 iterations. 

4) Short circuit analysis  

After the performing the load flow analysis in ETAP 

software the analysis are switched on short circuit analysis. 

This process are study the impact of short circuit fault 

current on the system. The symmetrical and asymmetrical 

faults are injected in the system. From the short circuit 

calculation all electrical equipment are designed. In ETAP 

software, selecting the edit mode for short circuit analysis 

required bus select as a fault, symmetrical and a 

symmetrical fault and output reports. This analysis is done 

in ANSI standard. Six bus are selected as faulted bus for 

short circuit analysis. 

 
Fig. 5: short circuit analysis of distribution system 

By using software, short circuit analysis result are generated 

In software general setting for alert view is if protective 

device exceed the 95% the software give the marginal alert 

and exceed the 100% give the critical alert. And for buses 

exceed the 95% gives the marginal alert and exceed the 

100% gives the critical alert. There are no any equipment 

are in alert view that means the equipment are properly 

designed. 
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Table 1: short circuit analysis results 

 
Fig. 6: analysis report in ETAP software 

a) Short circuit calculation using available data for 

metro railway station. 

Percentage short circuit impedance  

  %ZGRID= [(%RGRID)2+(%XGRID)2]1/2 

 %RCABLE= (MVAB* RCABLE* LCABLE*100)/( 

VCABLE
2* NCABLE) 

%XCABLE= (MVAB* XCABLE* LCABLE*100)/( 

VCABLE
2* NCABLE) 

%ZCABLE= [(%RCABLE)2+(%XCABLE)2]1/2 

%ZXMER= 

(MVAB*[(%RXMER)2+(%XXMER)2]1/2)/(MVAXMER*

NXMER) 

Where, 

%R = percentage resistance 

%X = percentage reactance  

%Z = percentage impedance 

MVAB = base power 

MVAXMER = transformer rated power 

N = no of parallel path  

L = length of cable  

V = devices rated voltage  

b) 3-Ø fault current (Symmetrical) 

IK= Vn/Z = (MVAB*100)/(%Z*1.732*Vn) 

Line to ground fault  

IK = 3Vn / (Z1 + Z2 + Z0) 

Where, 

Vn= e.m.f. per phase  

Z = impedance  

Z1,Z2 and Z3 = positive, negative and zero sequence 

impedance  

Base MVA select as a 100MVA, calculating the 

short circuit fault current results is below: 

NODE ID 
CALCULATED FAULT 

CURRENT VALUE 

SOFTWARE GENERATED 

FAULT CURRENT VALUE 

BUS 1 

(33kV) 

LLL FAULT- 

24.98 RMS kA 

LLL FAULT- 

25.215 RMS kA 

BUS 2 

(33kV) 

LLL FAULT- 

24.983 RMS kA 

LLL FAULT- 

25.214 RMS kA 

BUS 3 

(33kV) 

LLL FAULT- 

24.98 RMS kA 

LLL FAULT- 

25.214 RMS kA 

BUS 4 

(33kV) 

LLL FAULT- 

24.98 RMS kA 

LLL FAULT- 

25.214 RMS kA 

BUS 5 

(0.433kV) 

LLL FAULT 

91.398- RMS kA 

LLL FAULT- 

71.955 RMS kA 

BUS 6 

(0.433kV) 

LLL FAULT- 

91.398 RMS kA 

LLL FAULT- 

72.844 RMS kA 

BUS 1 

(33kV) 

LG FAULT- 

24.98 RMS kA 

LG FAULT- 

25.137 RMS kA 

BUS 2 

(33kV) 

LG FAULT- 

24.983 RMS kA 

LG FAULT- 

25.137 RMS kA 

BUS 3 

(33kV) 

LG FAULT- 

24.98 RMS kA 

LG FAULT- 

25.136 RMS kA 

BUS 4 

(33kV) 

LG FAULT- 

24.9996 RMS kA 

LG FAULT- 

25.136 RMS kA 

BUS 5 LG FAULT- LG FAULT- 
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(0.433kV) 61.924 RMS kA 69.101 RMS kA 

BUS 6 

(0.433kV) 

LG FAULT- 

61.924 RMS kA 

LG FAULT- 

69.646 RMS kA 

Table 2: calculated short circuit analysis results 

III. RESULTS 

Symmetrical and asymmetrical fault currents for the system 

are below. Here calculated results of fault current are 

comparing with software generated results 

 

 
Fig. 7: comparison of short circuit analysis 

From the short circuit analysis:  

 Short circuit analysis calculated values are less compare 

to software generated value in every point and more 

nearer to software value. 

 Difference of software and calculated results of short 

circuit analysis is going to increasing from the source to 

load. 

 Calculated results of short circuit analysis are right but 

software generated results are more accurate. 

IV. CONCLUSION 

The distribution system for metro rail way station has been 

designed and analyzed using ETAP software. Performing 

the load flow analysis, we can understand the distribution 

system has low voltage drop, less losses and high power 

factor and therefore improve the voltage profile in electrical 

system. And from the short circuit analysis considering 

symmetrical and asymmetrical faults in the system, we can 

observe that the software results promising and helpful to 

understand short circuit current wave shape and their nature. 

Depending upon the results protective electrical equipments 

are designed. 
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