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ABSTRACT 

With the confirmed rapid development of electricity supply, grid sub-station play very important role in power 

transmission, interconnecting link between power station and consumer. It can be standardized of their voltage 

and KVA rating arrangement of switching factor. This paper includes the general introduction of grid sub-

station, short description of different equipments in a grid sub-station, the fundamentals of failure prediction 

techniques derived from reliability engineering. It provides ground for treatment of field failure data for 

studying the various performances of the GSS equipment. Some well known failure distributions along with 

mathematical expression also include facilitating the study of equipment failure behavior. The failure curve may 

deviate from that of the mathematical model developed from a particular failure distribution curve due to 

varying nature of physical causes involved with the failure data, still efforts are made in the dissertation to 

predict the failure of GSS equipment. Feeder comprises of many clearly identifiable and independent sub-

systems. Data on failure patterns of the feeders employed in 132 kV grid sub-station in Rajasthan has been 

collected for the three years and classified components wise. Simple graphical technique has been used for 

trend analysis. Exponential distribution has been used for the calculation of reliability analysis, as it is mostly 

suitable for electronics & electrical components. After calculating different reliability parameters in respect of 

varying working hours for each component of all three feeders, the feeder system reliability has been 

determined by using the rule of probability .Graph  for failure distribution  and reliability for the three feeders 

have been drawn showing the  pinpoint critical subsystems/ faults. This part has been mentioned in this paper. 

In many cases break down hours are due to power failure and not from any fault in the sub-system of the feeders 

or in the feeders. A maintainability schedule for feeders as well as their sub-systems in the organization 

concerned has been maintained. In view of reliability of three feeders maintenance aspect can be improved. 

Includes conclusion and also shows the limitations of research. In this chapter suggestion has been given for 

future scope of research. 

Keywords:  KVA, GSS, Feeder, Grid, Sub-Station, Reliability, Break Down. 
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I. INTRODUCTION 

Reliability is a relatively new field whose conception is primarily due to the complexity, Sophistication and 

automation in modern technology. It has acquired importance due to problems of Maintenance, repair and field 

failures. The reliability of device/component/system is defined as the probability that when operating under 

stated environmental conditions, the device/component/system will perform its intended function adequately for 

a specified interval of time. 

 General expression for reliability is:  

            

Failure density function: - The failure density function fd(t) is defined over the time interval ti<t<=ti+∆ti as the 

ratio of number of failures occurring in the interval to the size of original population divided by length of time 

interval.  

 

 

 

Hazard Rate: - The hazard rate over the interval ti<t<=ti+∆ti is defined as ratio of number of failures occurring 

in time interval to the number of survivors at the beginning of time interval, divided by length of the time 

interval.  

 

 

Failure distribution:-The time to failure behaviour of device or component is known as failure distribution. It 

shows the nature of failure behaviour and helps in quantitative analysis of reliability.The distribution which are 

in common use are:  

 Normal distribution 

 Lognormal distribution 

 Binomial distribution 

 Exponential distribution 

 Weibull distribution 

 Poisson distribution 

 Gamma distribution 
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All the above distributions I have used Exponetional distribution which is define as, Exponetional 

distribution function is,                                     ƒ(x) =  λ          0<X>-∞ 

In the present work we have analyzed the reliability of modern 132KV grid sub- station. 

Grid sub-station:- With the confirmed rapid development of electricity supply, grid sub –station play very 

important role in power transmission. The sub-station is the interconnecting link between power station and 

consumer. Sub-Station transmit electric power over appreciable distance at high voltage where as it can be 

economically utilized at comparatively low voltage. 

Data for reliability analysis has been collected from 132KV   GSS (RVPNL), Roon Rajasthan. 

Specifications of High Voltage Grid Sub-Station:-RVPNL is employing following specifications for grid sub- 

station. 

1. Power received through double circuit 132 KV/line. 

2. The station has two numbers of 25 MVA, 132/32 KV power   Transformers. 

3. The fault levels at receiving end are 5000 MV A. 

4. Main and transfer bus-bar scheme is required. 

5. Neutrals of power transformer are solidly grounded. 
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Incoming Power:-At normal condition, the 132KV GSS RVPNL ROON receive its power from 400KV 

RVPNL Merta grid sub-station (Rajasthan), at 132KV, 3 phases, 50Hz from Merta to Roon grid sub-station, 

transmission tower consists of two way of 3-phase conductor (Zebra) from which only one is energized and 

other is kept as stand by. 

Equipments in a Sub-Station:-Following equipments are installed at grid sub-station: 

 Transformers 

 Isolators 

 Bus-bar 

 Circuit Breaker 

 Current Transformers 

 Capacitive Voltage Transformer 

 Potential Transformer 

 Surge Diverter 

 Wave trapper 

 Earthing 

II. CALCULATION OF FAILURE DENSITY FD (T), HAZARD RATE (T), FAILURE      

DISTRIBUTION ZD (T) AND RELIABILITY (T) 

The GSS failure data obtained as mentioned below were used to find out the failure density, hazard rate, failure 

distribution and reliability of over current, earth fault, shutdown, and load shedding for Gowaloo, Indokli and 

Roon feeder. The results have been shown in table 3.1 to 3.12. 

Comparison of reliability of feeders have been shown in graph 

Data for reliability analysis has been taken from 132KV GSS, Roon Rajasthan from July 2008 to July2011and 

has been tabulated as given below: 

Sample calculation- During first 90 days from July 2008 to September2008, Over current fault of Gwaloo 

feeder, the  no of failure is 652.Using reliability models calculation of failure density Fd(t), hazard rate Zd(t), 

failure distribution (t), and the reliability is done as shown below using failure data from table 3.1 to 3.4 

For first 90 days 

fd(t) = 47/(652*90)   = 0.080*10^-3  f/days 

            Zd(t) =47/(652*90)  = 0.080*10^-3  f/days 

            Fd(t) =   0.087*90=0.072 

            Rd(t)   =1-0.072=0.927 

    For next 90 days 
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fd(t) = 35/(652*90)   = 0.059*10^-3  f/days 

            Zd(t) =35/(652*90)  = 0.064*10^-3  f/days 

            Fd(t) =   0.057  + 0.072=0.129 

            Rd(t)   =1-0.129=0.870 

 

 

The results obtained in this manner have been tabulated in table 3.1to3.12 for O/C, E/F, S/D and L/S for 

Gwaloo, Indokli and Roon feeders. 

III. TABLES AND GRAPHS 
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In comparisons graph Series 1, series 2, series 3and series 4 represent curve of reliability of over current fault, 

Earth fault, shudown  and load sheding respectively. 

 

Calculation of GSS Reliability: 

From the above table 

Average Reliability of over current fault of Gwaloo feeder R1=0.486 

  Average Reliability of Earth fault of Gwaloo feeder R2=0.479 

  Average Reliability of shudown of Gwaloo feeder R3=0 .439 

  Average Reliability of load sheding of Gwaloo feeder R4=0.605 

From the series theory of system Reliability, reliability of Gwaloo feeder 

               RG = R1 R2 R3 R4  

   RG =0.486*0.479*0.439*0.605=0.061        ........ (1) 

Similarly, Average Reliability of over current fault of Indokli feeder R5=0.455 

  Average Reliability of Earth fault of Indokli feeder R6=0.362 

  Average Reliability of shudown of Indokli feeder R7=0.451  

  Average Reliability of load sheding of Indokli feeder R8=0.561 

From the series theory of system Reliability, reliability of Indokli feeder 

      RI = R5 R6 R7 R8  

RI = 0.455*0.362*0.451*0.561=0.041       .......... (2) 
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Similarly, Average Reliability of over current fault of Roon feeder R9=0.536 

  Average Reliability of Earth fault of Roon feeder R10=0.547 

  Average Reliability of shudown of Roon feeder R11=0. 418 

  Average Reliability of load sheding of Roon feeder R12=0.507 

From the series theory of system Reliability, reliability of Roon feeder 

         RR = R9 R10 R11 R12  

         RR = 0.536*0.547*0.418*0.507=0.062     ....... (3) 

According to parallel theory of system Reliability, 

   Reliability of GSS=1-[(1- RG)* (1- RI)* (1- RR)] 

   Reliability of GSS=1-[(1- 0.061)* (1- 0.041)* (1- 0.062)]   

   Reliability of GSS=1-0.844=0.156 

From above calculation it is observed that Reliability of indokli feeder is lower in respect of reliability 

Roon and Gwaloo feeder. The overall reliability of grid sub-station is much lower. 

There for it required to improve the reliability of GSS. 

The reliability of GSS can be improved by maintenance of grid equipment and line. 

Maintenance that is performed can be dividing in two parts: 

Corrective maintenance: - Maintenance carried out after fault recognition and intended to put an item into a 

state in which it can perform a required function. This type of maintenance is often called repair and is carried 

out after the failure of a component. 

Preventive maintenance: - Maintenance is carried out at predetermined intervals or according to prescribed 

criteria and intended to reduce the probability of failure or the degradation of functioning of an item. The 

preventive maintenance is performed regularly to postpone failures or to prevent failures from occurring. 

Further preventive maintenance is also divided in two categories: 

Scheduled maintenance: - Preventive maintenance carried out in accordance with an established time schedule 

or established number of units of use .Scheduled maintenance means that preventive maintenance is carried out 

in accordance with an established time schedule. 
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Condition based maintenance:- Preventive maintenance based on performance and/or parameter monitoring 

and the subsequent actions. Performance and parameter monitoring may be scheduled on request or continuous. 

 

 

 

 

 

IV. FUTURE WORKS 

 Reliability study of feeders were carried out by analysis of sub systems wise to failures and time .It can 

be further extended to predict the failure pattern of sub systems from data collected on component wise 

by rigorously examine  the logical manner in which they are connected .This may lead to more accurate 

conclusions. 

 Data were collected for three feeders .The study may be extended for data collection from other few 

grids. This will reflect more accurate failure pattern as data may depend upon working conditions and 

maintenance schedules. 

 In this dissertation, only maintenance schedules for different feeders and their sub systems have been 

mentioned. It is further suggested to analyze the maintainability pattern by taking different models. 

 In the dissertation, only exponationl distribution has been taken. Work may be extended for other 

distributions and different types of test may be done. 

 

V. CONCLUSION 

Several conclusions have been drowning from the study carried out on feeders in following way: 

 Several identifiable system different feeders are arranged in series configuration while three feeders 

seem to be arranged in parallel configuration. 

 During data arrangement, some of failures requiring comparatively very large time to repair have been 

considered as a major repair power failure. This is not taken into consideration while studying the 

reliability. However in this thesis, the time length has been increased for calculation of reliability. 

 Through many distributions are used for reliability calculation, probability of approximating the 

exponential is more suitable. 

 For three feeders Indokli feeder has poor reliability in comparison with Roon and Gwaloo feeders. 

 In four types of faults, shutdown plays vital role in decreasing reliability of feeders. 
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