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Abstract 

This paper is an economic study plan of switches, the switches should be participates in a switch advancement 

plan, based on the results of reconfiguration. The problem of traditional reconfiguration is considers only one loading 

condition in order to meet the optimum reconfiguration. But the distribution loading condition has hourly and daily 

deviation, so that the optimum configuration continuously changes. Subsequently, considering only one loading 

condition leads   to be inefficiency of the results. In this thesis, daily load curves of different types of distribution 

customers, during in various types of days and seasons, are used to get the good reconfiguration hours during a day. 

Then, genetic algorithm (GA) is used to get the optimum configuration during each time period. The objective 

function applied to GA consists of loss and energy not supplied. The switches that subsidize to reconfiguration should 

be remotely controlled in order to have the ability of instant mode alteration. In order to evaluate the possibility of 

automatic switch installation, the benefit- to-cost ratio is evaluated. 
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Introduction 

 A huge amount of electrical power is dissipated 

in distribution systems, so that the reductions of these 

losses are one of the primary issues for economical 

operation of these systems. We have a  solutions 

which is proposed in order to decrease these loss, that 

is feeder reconfiguration, which is implemented by 

closing a number of normally open switches are 

closed and same number of normally closed switches, 

are open so that the radial structure of the distribution 

system is preserved. Since distribution feeders are 

consist of different types of customers and the daily 

load curves of these types of by transferred customers 

are different from each other, and losses are reduced 

the load from heavily loaded feeders to other feeders 

and balanced feeders’ load Most of the thesis on 

distribution reconfiguration has neglected load 

changes in its studies. However, this issue seems to 

be important, as distribution loads experience daily 

and seasonal changes. 

        In this article, we took daily load patterns of 

different types of customers in order to find 

reconfiguration hours in a day. By using different 

types of days, those are, summer week-days, summer 

holidays, winter weekdays, and winter holidays we 

can find the switches those are contribute to 

reconfiguration in each of these typical days. The 

objective function is used to finding the optimum 

configuration is consist of loss and energy not 

supplied from the outputs of reconfiguration, the 
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switches that should contribute to reconfiguration are 

found. Finally, by using cost -benefit analysis we can  

find out whether the benefits of installing remotely 

controlled switches can substantiate its cost or not. It 

is assumed that the system is not automated and is to 

study the possibility of automating some of the 

switches. Moreover, in this study, the evaluations are 

made from offline method. By using time-varying 

load model and the proposed technique we can find 

reconfiguration hours. In Section III the objective 

functions for reconfiguration, including loss and 

reliability. Section IV explains about genetic 

algorithm (GA) and benefit-cost analysis. In Section 

V, the method is applied to a distribution test system 

and the results are discussed. Finally, the final part 

presents the evaluating remarks.  

Time-varying load model 

       Low In this topic, various kinds of distribution 

customers were taken. Furthermore, the days of the 

year were divided into four types they are:  

Summer weekday; Summer holiday;  

Winter weekday; and winter holiday. 

      Since the daily load patterns of distribution loads 

have time changes so that, the best configuration of 

the distribution system constantly varies. However, 

reconfiguring the system depends on an hourly 

schedule might not be logical since, it requires large 

number of switches which are remotely controlled, 

and it is not economical; Life time of switches will be 

decrease due to frequent operation of switches during 

its life time;  

Fig. 1. Typical scaled daily load curve 

 

short period of load interruption takes place for every 

reconfiguration the distribution loads are neglected 

for this short  interruption; however, some industrial 

loads are not tolerate for this short interruption. Due 

to this we face a transient problem. Infrequent 

reconfigurations are experience by the systems which 

are mainly work far from their optimum state. To find 

the best time of reconfiguration in a day, assume that 

the scaled daily load curve of a distribution system is 

represented by the solid lines as shown in figure 1. 

To reconfigure the system less than 24 times a day, 

by dividing the 24 hrs period is into a two intervals. 

After execution of benefit- cost analysis the optimum 

reconfiguration and the number of switching’s, 

changes. Based on the figure we divide the 24 hrs 

period into two intervals as represent by a Hours  

and  are evaluate so that the term  is maximize 

where  and  are the average of load values during 

the first and second time interval, respectively. When 

the daily load curve of the distribution system has a 

maximum changes occurs then only we can apply this 

technique. It is worth mentioning that in this study, 

the average of the load values is only used for 

obtaining the reconfiguration hours. To obtain the 
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best configuration during each time interval, by using 

the exact load patterns. We get the best configuration 

in an each time interval. 

Proposed algorithm: Objective function 

         Usually a day is to be divided into a set of 1-h 

periods, of time interval. By using   following 

objective function we can obtain the best 

configuration during this time interval is evaluated 

for different radial configurations of the system and 

among them we choose minimum objective function 

of radial configuration:

 

i , winter weekday, winter holiday} 

d  

          ELossh energy loss of total distribution from 

beginning to end of lines in hour; Eh is the price of 

energy in this hour  nd is total no of time intervals in 

a day, which is evaluated by using the technique 

previously given; VOLL  and lost load average value. 

WL and Wr are the weighting factors given to energy 

loss and reliability index, which make it feasible to 

give priority to one of them over the other. If the loss 

optimization is greater important than the reliability 

improvement to the system operator, Wr should be 

greater than WL. Otherwise, WL should be grater. 

They are obtained by using the analytical hierarchy 

process. In which energy not supplied, energy not 

supplied is given by the fallowing equation 

   

       Where PDh is the active power load point active 

power in hour and Ud is the outage time load point 

outage time to hourly. This optimization is clearly 

done for all of the usual day types they are summer 

weekday, summer holiday. Since the search space for 

finding the radial con figuration that minimizes the 

mentioned objective function is large and the 

problem is nonlinear and non-convex, heuristic 

methods should be applied. In this paper, binary 

genetic algorithm is used; the energy loss taken from 

the equation (1) is the proportional to technical 

distribution energy loss, which is obtained from 

distribution lines. Now it is evaluated as fallow the 

equation                                          

          

Where, Rb is the branch resistance; is the Ibh rms 

value of the current from beginning to end branch in 

hour obtained from the running power flow; and B is 

all of the distribution set of system branches. 

Reliability assessment                                                                                                                                               

     State and path enumeration methods, failure-

mode-and-effect analysis (FMEA), minimal cut-set 

method, and Monte Carlo, are developed so far for 

evaluating the reliability. In this thesis, a combination 

of the minimal cutest method and FMEA are used for 

reliability calculation of radial distribution systems, 

which gives us the chance to easily model the 

performance of the tie switches, when faults occur, 

and considers the stuck possibility of switches as 

well. The following three steps give information 

about the reliability calculation   methods used in this 

paper. 
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Minimal Cutest Determination 

         The path between load points, and the upstream 

node will give us the minimal path. The radial 

configuration of each distribution system consists of 

a node which has only one upstream node. By using 

recursive graph search algorithm we can obtain the 

minimal paths. For simplicity, each minimal path 

should be consists its switches. By using this process 

we find the load points those are disturbed by the 

operation of a switch, those are the load points 

consist of a switch in its minimal path.  

Fig. 2. One the feeders of bus2 of RBTS test system 

and the minimal path of LP20 and the island 

corresponding to S1 

 

Each minimal cutset is nothing but system 

components, which has the following two 

specifications: All components of the cutset are in 

outage then only a load point failure occurs and load 

point failure does not occur, At least one of the cutset 

components is operating then there is no load point 

failure. To find the recoverable loads for each fault, a 

technique is used which is discussed earlier for the 

shortest path between each tie switch and load point. 

By using any tie switch, we can restored each load 

point and there is a switch does not consist of any 

generally closed switches or faulty components. In 

above diagram LP20 is B2, S1, S2,and F5 is the 

minimal path of load point Considering S2 is a 

normally closed switch,LP20, LP21, and LP22are 

maneuverable load points operates by this tie 

switch.LP20, LP21, and LP22 fond by finding the 

shortest path between S2 and the load points 

Finding reliability and network equivalent 

       In this method, by converting a part of the 

system to an equivalent component then the numbers 

of system components are reduced. The island is 

nothing but, outage of element due to the function of 

the same protection device. Island elements are taken 

as an equivalent element, and their corresponding 

reliability parameters are obtained. By obtain system 

islands decreases the evaluation time of the next step, 

that is, FMEA, by reducing the size of the system. In 

figure 2, L29, L30, L31, and L32 make an island, due 

to the outage of any of them by opening S1. 

Table 1. Different chromosome structure and 

assigned stages 

 

Failure mode and effect analysis 

  Failure mode and effect analysis is going to be 

done by all possible failure modes and the system 

effects on possible failure modes. The failure mode 
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effects are found by using minimal cutest. Static 

components outages are three, which are: 1) active; 

2) outage for preventive maintenance; and 3) 

transient. 

Fig. 3. Sample feeder 

 

They are: active; transient; outage for preventive 

maintenance; and passive. The passive failure and 

maintenance outage both are same and generally the 

switches are open when they are closed with no 

reason. Remaining three failure types are related with 

the switches, they are modeled by their possibility: 1) 

possibility of failure to close a switch when gives a 

command; 2) possibility of failure to open a switch 

when gives a command; and 3) false operation , and 

each switch, has seven failure types are evaluated 

individually, and time takes very high.  

When a fault occurs, faulty part gets isolated by the 

protection system which consists of circuit breakers 

(CBs) or fuses. Downstream users are interrupted by 

opening CBs in radial distribution system isolate the 

faulted components. The unfaulty parts give supply 

when closing the CBs and closing open switches. The 

outage of each load point should be evaluated by 

each static component has three types.

Table 2. Maximum active and reactive power and percentage of the different load types at each node 

 

Healthy points 

The load points are not affected due to fault since 

which are up stream nodes and they have their own 

protection devices.  

Maneuverable points 

The load points which are disturbed by the protection 

system operation. But restore the supply due to 

separation of the faulty island and by using tie 

switches we reconfigure the system. 

Damaged points 

Faulty Island consists of load points. Which are 

disturbed until the repair the faulty element. If faulty 

islands does not contain any load points and cannot 

be gives supply by maneuver actions. 
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Fig. 4. Daily load profile of different consumer types for different typical days of the year 

 

Solution method: Genetic Algorithm (GA) 

The radial configurations of the distribution 

system are very large. Now, GA is applied to find the 

best configuration in each time interval, because GA 

is taken as an efficient method for large-scale 

combinatorial optimization problems. A technique 

which is used for finds a status of switches on system 

by assign an each chromosome (0or1) to switches and 

this is used for applying GA. In this thesis we use 

binary GA Nonracial topologies, and are infeasible 

solutions are obtained by assign a large objective to 

chromosomes. In this paper, a by using a table 

chromosomes are assign to radial configuration. The 

number of bits per chromosome is selects for a 

number of bits so that the radial configurations are 

covered by number of chromosomes Let us Assume 

the radial configurations number is . Binary GA has 

a chromosome and which have  bits, here  is the 

minimum number of integer that satisfies .assume the 

chromosome binary value is . In this paper GA, this 
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chromosome is assigned to the configuration 

equivalent to  , where  is the 

dividing residue  by  . Let us, consider the 

sample feeder which is shown in Fig. 3. Now the 

system consists of five radial configurations. State 1 

in which switch1 get open that is first configuration, , 

and state 5 in which switch 5 get open that is fifth 

configuration.., in order to get information about five 

states, we are having 3 b are required  

.subsequently, there is three extra chromosomes are 

determined (8-5). Convergence problem is getting 

when large objective function. Three different states 

are assigned by three extra chromosomes so that we 

overcome convergence problem. 

B. Benefit-Cost Analysis: Reconfigure the system in 

various time intervals should be controlled by 

contribution of switches instantly, following benefit 

to the distribution operator benefit, over N years is, 

 benefit=                                                

I                                                                   

d                                                                                                                                              

Where  is the number of days of the typical day i 

;  is the value of objective function in case no 

reconfiguration is performed,  and wR are equal to 

1;  is the value of the optimum objective 

function in case reconfiguration is performed and are 

set to 1; and IR is the interest rate. The mentioned 

benefit should justify the remotely controlled 

switches cost is, 

 

SC is the capital cost of a remotely controlled switch 

considering the communication and measurement 

devices; NS is remotely controlled switches number; 

and MCK is the switch maintenance cost during year, 

which increases as the number of switching’s of the 

switch increases and, now, is not equal for different 

switches of the system. The benefit-to-cost ratio is 

simply obtained by, BCR = benefit/cost. Assume is 

the maximum number of allowable switching 

operations during the lifetime of a remotely  

controlled switch; and is the number of yearly 

switching’s of the switch, obtained based on GA 

results.  

Conclusion 

In this project, daily reconfiguration is assumed 

to be done for loss reduction and reliability 

improvement. Optimum system configuration is 

finding by applying a GA in every time interval. 

From the out puts of reconfiguration, is to reduce the 

switching time for daily reconfiguration we can 

control the switches remotely. Finally, benefit to cost 

ratio analysis was applied to scrutinize whether 

switch upgrade is benefitable or not. The procedure is 

applied offline from the results. Of load expectation 

now, there is no restriction on the evaluation time. 

The successful execution of the method on a test 

system was shown. The method will be extended to 

scrutinize the effect of uncertainty in load forecast.               
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