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ABSTRACT

The network reconfiguration is reshaping of the network
system with supporting of sectionals/tie switches so as to
reduce the power loss and to improve the voltage profile of
the system. This paper presents the reconfiguration of a
network system with location of distributed generation (DG)
is to reduce power loss and in order to improve the voltage
stability of the radial distribution systems (RDS). In this
approach, the objective function is formulated based on the
various technical issues such as power losses, thermal limit,
voltage profile and stability of the system. The network
reconfiguration problem is a nonlinear optimization problem;
a chaotic artificial bee colony (CABC) algorithm is
implemented to find the optimal solution of this approach. It
is one of the enhanced versions of artificial bee colony
algorithm.  Two different cases are considered of this
approach such as (i) only reconfiguration and (ii)
reconfiguration with DGs. The efficiency of the proposed
algorithm is validated by testing it on 33-node and 69-node
radial distribution systems. The simulation results of this
proposed approach are compared with other methods
available in the earlier report.
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1. INTRODUCTION

The radial distribution system is an interconnection between
the customer and transmission network. The various load
models are considered in the distribution systems such as
residential, industrial and commercial. The loading pattern of
these load models varies with wide range according to the
peak hours. During peak load conditions, the voltage
magnitude of some buses exceeds the voltage value of
permissible limit. It affects the voltage stability of the
distribution system. The network reconfiguration of the
distribution system is used to reduce the power loss and to
improve the voltage profile and stability of the system.

Network reconfiguration is altering the topological structure
of distribution feeders by changing the status of sectionalizing
switches, and is usually done for real power loss reduction
and load balancing in the distribution system [1]. The
authors’ presents a maximum load ability index based optimal
network reconfiguration of radial distribution systems [2]. The
quadratic-loss allocation scheme such as branch current flow
and ensures that every consumer has allocated losses at
branches for which current it contributes [3]. The load

balance index based approach the optimal network
reconfiguration of the distribution system using a Plant
Growth Simulation algorithm is reported in [4]. The particle
swarm optimization (PSO) algorithm based approach to
distribution feeder reconfiguration with presence of DG units
[5].The  refined genetic algorithm (RGA) based
reconfiguration of the distribution network in order to
minimize the power loss in the system is reported in [6].

The harmony search algorithm (HSA) based feeder
reconfiguration of the distribution system with the objective
of improving the voltage profile and minimizing real power
loss of the system. The different scenarios such as
reconfiguration and reconfiguration with DG are considered
and satisfied the constraints of the distribution system are
discussed in [7, 8]. The two stage procedure such as power
loss sensitivity information and branch exchanges are in
literature [9] and which has used to improve the solution of
network reconfiguration. In [10], the voltage stability index
(VSI) based reconfiguration of radial distribution systems
using a fuzzy genetic algorithm. The capacitor is mainly used
for reactive power compensation in radial distribution system.
The simultaneously process of network reconfiguration and
location of capacitors is intended to reduce the real power loss
of distribution systems using different soft computing
techniques such as ant colony search (ACS) and improved
binary particle swarm optimization (IBPSO) algorithms in
literatures [11, 12].

DG generally refers to small-scale electric power generators
that produce electricity at a site nearby customers or that are
coupled to an electrical distribution system [13]. The fuzzy-
genetic algorithm (GA) based optimal placement of fixed and
switched capacitors are used to improve the voltage profile of
radial distribution system [14]. The various technical issues
such as power loss, line flow limit and voltage profile are
considered and which are related to the impact indices are
used to obtain the optimal location and sizing of single and
multiple DG units in the distribution system [15 - 17]. The
new voltage stability index is presented in the system and
which is used to identify the most sensitive node of the radial
distribution system [18]. The power flow algorithm method
exploits the radial nature of the network and uses forward and
backward propagation to determine branch currents and node
voltages [19]. A simple and efficient load flow technique for
solving radial distribution system is developed in
[20].Artificial Bee Colony (ABC) algorithm is an
optimization algorithm based on the intelligent foraging
behaviour of honey bee swarm. The ABC algorithm employs
a different selection of operators such as greedy selection,
probabilistic selection and random selection of the food
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sources. The ABC algorithm is a successful tool for solving
large scale optimization problems with constraints in order to
feasible regions of entire search space [21, 22]. The ABC
algorithm is used for solving a large set of numerical test
functions. The optimal results of numerical test function
using ABC algorithm is improved when compared to the
results of other soft computing techniques such as genetic
algorithm, particle swarm optimization algorithm and
differential evolution algorithm [23]. The modification rate
(MR) is one of the additional control parameter and which is
used to modify the ABC algorithm is discussed in [24]. To
improve the local intensification capability of the ABC
algorithm has introduced a self adaptive strategy used for
generating neighboring food sources based on the insert and
swap operators is developed to enable the discrete ABC
algorithm [25]. The local search performance of particle
swarm optimization (PSO) algorithm is improved by
incorporating chaos theory is discussed in [26]. The
weighting factors are selected to the objective function is
important to the objective of the optimization problem and is
not important to the relative magnitudes of the function values
[27].

This paper investigates the planning issues for the main
concern of network reconfiguration and DG placement
problems in the radial distribution systems using CABC
algorithm. The local search capability of an optimization
problem is improved using a chaos theory and is combined
with ABC algorithm called CABC. The multi objective
performance index (MOPI) is formed by using the various
impact indices reported in [17]. To assess the proposed
approach up to two cases and which can affect the planning
issues in the distribution system has been investigated.
Simulation results proved the potential of this algorithm for
identifying the optimal network reconfiguration and
placement and sizing of DGs in the radial distribution
systems.

This article is organized as follows. Section 2 discusses with
the various impact indices, which are related to the technical
issues of the radial distribution system. Section 3 extends the
impact indices which are associated to form the MOPI and is
used to propose the planning issues of the distribution system.
The important power flow model is given in section 4. The
chaotic artificial bee colony algorithm is completely described
in Section 5. Section 6 gives the implementation details and
the results. Section 7 presents important conclusions.

2. IMPACT INDICES

First of all, the two optimal cases are considered of this
approach and to study the superiority of the proposed method.

Case |: The system is optimized with the network
reconfigured condition.

Case Il: The system is optimized with simultaneously the
process of network reconfigured, location and sizing of DGs.

In this approach, the indices are considered with various
technical issues and which are associated to form the MOPI.
These impact indices are defined as follows,
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2.1.Real and Reactive Power Loss Index
(ILP and ILQ)

The reasonable reduction of real and reactive power losses in
the distribution system which results of system operates in
maximum benefit. These power loss indices are define as
[17],

|LP:[Pop[nFTal]caeJ .
ILQ :pof(ﬁgmimj o

where, Popimaicase aNd Qqprimalcase are the total real and reactive
power loss of the distribution system according to the case
condition. P, and Q, are the total real and reactive power loss
of the distribution system for the base case condition.

2.2. Voltage Stability Index (VSI)

The VSI gives the information about whether the system
operates in secure or insecure condition. It is taken as the
important factor and which is a variation of this value
indicating that the system voltage stability due to the optimal
case. The VSI can be defined as [18],

Vst (m2)= (m1)* - 4.0 {P(m2) x(ii)-Qm2)r(ii)i* ()
—4.0 {P(m2) r(jj)+Q(m2) x(jj )}V (ma)*

where,
NN - total number of nodes
jj - branch number
VSI(m2) - voltage stability index of
node m2, (m2=2,3 NN) r(jj) - resistance
of branch jj
x(j) - reactance of branch jj
V(m1) - voltage at node ml
V(m2) - voltage at node m2
P(m2) - real power load fed through node m2
Q(2m2) - reactive power load fed through node
m2.

When the system operates in secure condition the determined
value of VSl is greater than zero, otherwise insecure occurs.

2.3.Current Capacity Index (CC)

During the optimal case condition, the system significantly
changes the current flow in various branches of the network.
According to these flows is within limit means which
represents that the feeder is kept away from overloading. The
value of this index is less than unity indicates that the
permissible limits of current flow and to avoid overloading of
the feeder.
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i=1

cc:m“;x[ [ j @

‘Tmax ij‘
where,

Tij - current flows of branch i and j

I mxij - maximum current carrying capacity of
branchiand j

NB - number of branches.

2.4.Voltage Profile Index (IVD)

The voltage profile related to the IVD index can be defined as
follows [17],
] ©)

IVD = rﬁgx[wm' -V
i=2

nominal

where,

V =1.00 p.u.

nominal
NN - number of nodes.

The value of this index is normally small and which is
represented that the voltage limit is properly maintained and
voltage profile of the system is greatly improved.

3. PROBLEM FORMULATION

The MOPI is a several impact indices and it is used to propose
the network reconfiguration with optimal placement and
sizing of DG units in order to reduce the power loss of the
radial distribution systems. The major value of VSI is to
improve the voltage stability of the distribution system and
the minor values of ILP, ILQ, CC and IVD are to minimize
the power losses, current flows are within limit and to
improve the voltage profile of the distribution system
respectively. For superior performance of the distribution
system, the separate indices (except VSI) are normalized
between zero and one. The separate indices are combined
with help of weighting factor to form the MOPI.

The chaotic artificial bee colony algorithm based multi
objective performance index (MOPI) is given by,

MOPI = @,.ILP + @,.ILQ + a)3(é) +@,.CC + a,.IVD (6)

5
Where, 3, =10 A w, €[0,1]
P=1

The weighted sum method is used to design the multi
objective optimization problem.  The various objective
functions are to multiply the weighting factors and summing
the results to form the aggregated objective function. The
value of weighting factors is decided according to the network
designer. In this approach, the first part of the objective
function is considered as a real power loss index and is
receiving a weight factor is 0.35. The second part of the
objective function is the reactive power loss index and has
received 0.15 as a weight factor. The VSI receives 0.10, gives
the information of voltage stability of the radial distribution
system. The CC index receives 0.25 gives the details about
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line upgrading. The latter IVD index receives a weight factor
of 0.15.

The network reconfiguration is the process of changing the
structure of the distribution system with help of sectionals/tie
switches. For changing this way of structure is to maintain
the radial structure of the network and should be satisfied the
constraints. These constraints are discussed as follows.

3.1.Power - Conservation Limits

The algebraic sum of all receiving and sending powers with
line losses over the entire radial distribution system and power
produced from the DG unit should be equal to zero.

Pss :zpo(i)"‘zpk,ss(j)— ZPDG(k) O]
i=2 j=1 k=1

Qss = ZQD () + ZQmss(j) ®)

where,

Pss - real power conservation by the system (MW)
Pp - total system real power demand (MW)

Pioss - total system real power loss (MW)

Ppc - total real power generated by DG (MW)

Qss - reactive power conservation by the

system (MVAr)

Qp - total system reactive power

demand (MVAr)

Qioss - total system reactive power loss (MVVAr)
NDG - number of DG.

The power conservation limits of the network reconfiguration
case, the above equation (7) in absents of Ppg.

3.2.DG Real Power Generation Limits
The real power generated by each DG (Ppg) is limited by its
boundary limits as,

Poa’ < Pog < PR o)

3.3.Voltage Profile Limits
The voltage magnitude at each node of the radial distribution
system is defined as,

(VALEQVAES VAL (10)

0.90<V, <1.00 (Both test systems).

where,
Vi - voltage magnitude of node i
Viins Vinaxe - minimum and maximum node voltage

magnitude limits.

The voltage at each node of the radial distribution system
should be maintained within the permissible limits.

28



3.4. Line Thermal Limits
The current flows in the branches should not go beyond the
thermal capacity of the line.

lij) < I(f}“jx) (11)

where,

I(i i) I(’;‘ajx) - current magnitude and maximum current limit
of branch (i,j).After connecting of tie lines, the committed
nodes are to maintain the radial nature of the system and to
satisfy the constraints, the network reconfiguration allows for
next generation of population. Otherwise, rejects the network

reconfiguration in the next generation.

4. POWER FLOW ALGORITHM

The Power flow plays an important role of network
reconfiguration of distribution systems. It is assumed that the
three-phase radial distribution networks are balanced and can
be represented by their equivalent single line diagrams [20].
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Figure 1 shows a single - line diagram of a radial distribution
network. The branch number sending-end and receiving-end
node of this feeder are given in Table 1.

The load current at any node i, is given as

IL(i) = PL(i) —*JQL(I) i=23,..., NN (12)
Vi
where,
IL(i) - load current of node i
PL(i), QL(i) - real and reactive power load at
i" node.

The charging current at node i is

IC (i) =y,()V () i=2,3,..,NN (13)
where,

IC(i) - charging current at node i

charging admittance at nodei
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Fig. 1. Single line diagram of radial distribution network
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Table 1 Branch number, sending end node, receiving end node, and nodes beyond different branches

Branch'l_\lumber Sending end Receiving end Nodes beyond Total number
) m1= 1S(jj) m2 = IR(jj) branch jj of nodes N(jj)
beyond branch jj
1 1 2 2,3,4,5,6,7,8,9,10, 11, 12 11
2 2 3 3,4,5,6,10, 11 6
3 3 4 4,5, 6,10, 11 5
4 4 5 56 2
5 5 6 6 1
6 2 7 7,8,9, 12 4
7 7 8 8,9 12 3
8 8 9 9 1
9 4 10 10,11 2
10 10 11 11 1
11 8 12 12 1

Current through any one of the branch is equal to the sum of
the load currents of all the nodes beyond this branch plus the
sum of the charging currents of all the nodes beyond this
branch. The branch current is given as,

1G) = 2P G0 + 2292163, i = 1, 2., NB
(14)
where,
N(j) - total number of nodes beyond branch jj.

For instance, the current through branch 6 is equal to the sum
of the load currents of all the nodes beyond branch 6 plus the
sum of the charging currents of all the nodes beyond branch 6,
which represents that,

1(6) = IL(7) + IL(8) + IL(9) + IL(12) + IC(7) +
1L(8) + IL(9) + IL(12) (15)

Consequently, there is known the nodes beyond all the
branches, it is able to evaluate all the branch currents in the
system. Load currents and charging currents are computed
iteratively.

The real and reactive power of branch jj are given by,

LP(j) = HGNHI* RG)) (16)
LQG) = UNI* X)) a7
5. ARTIFICIAL BEE COLONY (ABC)

ALGORITHM

The artificial bee colony (ABC) algorithm is built up based on
intelligent performance of honey bee swarm [21]. The
searching strategy of food source in this algorithm the
following three steps such as,

e  Employed bees
e  Onlooker bees

e  Scout bees

Employed bees: In the first step of this algorithm, to search
for new food sources in the dancing area having more nectar
within the neighbourhood of the food source.

Onlooker bees: It is waiting for the dance area in the hive,
and which is share the information about employed bees. To
search for new food source of these bees based on probability
and related to the shared information.

Scout bees: If a specific food source solution cannot be
improved with maximum number of trials, it will be indicate
that the solution is abandoned. Scout bees used to replace the
abandoned solution of food source.

Additionally, three control parameters, use of this algorithm
such as population size, maximum cycle number and limit.

5.1.Chaotic local search

The chaos theory is used to improve the local searching ability
of the optimization problem and to rectify the problem of
solution settled at local optima. The chaos local search
method is based on two well known maps such as logistic
map and tent map. The chaotic local search can be described
as the following logistic equation [26],

ot =dexf(l—oxt) i= 12 (19)
where, k is the maximum number of iteration or 300
The necessary steps of the chaotic local search are as follows:

Step 1: The decision variables xik is converted into chaotic

variables CXik using the equation

k
v X —1lb,

CX; =
ub. —Ib,

where, Ibi and ubi are the boundary value of the x.

Step 2: Evaluate the chaotic variables CXik+l for the next
iteration using equation (18).
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Step 3: The chaotic variables CXik+1 is renewed into decision

1

variables xik+ using the following equation,

Xik+1 — IbI + CXik+1(Ubi _ |bl) i=12... \n (20)

Step 4: Calculate the fitness of new solution with decision

variables xik*l.
Step 5: To apply greedy selection and to get the best fitness
value of the problem.

5.2.Chaotic Artificial Bee Colony (CABC)

algorithm

The ABC algorithm is successfully implemented for large
scale optimization problem. Further, it requires more number
of cycles for solving the optimization problem and thereby
increases the computational time of the problem. To
overcome this drawback, the exploitation process of ABC
algorithm is enhanced in the proposed approach. The chaos
theory is combined with ABC called CABC and which has
improved the exploitation process of the searching behaviour.
The computational procedure of the CABC algorithm as
follows:Initialize the vector of the population of food sources

m (m=1,2,.., CS), and control parameters such as limit
(L), k and maximum cycle number (MCN) are set, where CS
(colony size) denotes as the size of the population. For
optimization problem, the vector of the population of food

source f()m holds on n variables (k’mi i=1,2,..n) to be

optimized. In these food sources used to optimize objective
function of the problem.

x.; = Ib, +rand [0, 1] * (ub, —Ib,) @1)

The employed bees are able to search for new food source

m in the dancing area containing more nectar within the

neighbourhood of the food source }()m in the memory. The
new food source is determined by

Vi = Xy +rand [-1,2]* (x,; — %) 22)

where, X, is a randomly selected food source, i is a randomly

chosen parameter index. The new food source \l7)m is applied

to the objective function and evaluates the corresponding
fitness value. If this fitness value is improved when compared
to previous one means that it will be replaced by new one.
Otherwise, retain the old one and trail value is incremented by
one. The onlooker bees are probabilistically to select their
food sources in order to the employed bee information. The
probability for each food source m presented by the related
employed bees can be determined as follows,

_ it (%) (23)
> it (£,)

m

The value of P, is normalized into [0, 1].

The probabilistically chosen of a food source JAJm, and then

evaluate a neighbourhood source \Vm using the equation (22),
and its fitness value is evaluated. If this fitness value is better
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when compared to old one means that it will be replaced by
new one. Otherwise, retain the old one and trail value is
incremented by one.Further, to improve the local search
ability of the problem using chaos theory equation (18), (19)
and (20) to obtain the best food source from the onlooker
bees. To apply the greedy selection is able to find the
improved solution of the problem. The update food source in
each cycle is improved which results that trial value will be
set or reset to zero. Otherwise, the value of trial is
incremented by one.Any one of the specific food source trial
value is reached at maximum value means, the particular food
source is abandoned.Using scouts bees to find the new
solution of specific food source using the equation as,

v,; = Ib, +rand [0, 1]* (ub, —Ib,) (24)

Finally, the improved solution stored in the memory.

5.3.Implementation of CABC algorithm is
the aim of optimal network
reconfiguration with the location and
sizing of DGs in the test systems is

described as follows,
1. Initialize the colony size (CS) and D-dimensional
parameter vectors of the optimization problem

m=12,...,CS

(25)The generation m with CS should be constant over
the entire process of the optimization. The control
parameters such as food number (CS/2), Limit (L), k and
Maximum Cycle Number (MCN) are initialized.

mi?

2. To generate the random population vector using equation
(21) as,

Xoi = Xy Xingoees X ) E= L2 lN (26)
where, N is the number of control variables. In this approach,
the position of the sectionals/tie switches and the location of
the DGs are selected as the integer variable of the food source.
The proposed CABC algorithm perfectly handles the integer
variables of the problem and which is the position of food
source rounding off to the nearest integer.

3. The fitness value of the objective function by using

1
1+ objective function

fitness =

(27)

4. Run the distribution power flow and to check whether
the system is radial or not. If the system is radial means
the bees able to search the population in feasible region.
Otherwise, the search population is infeasible region.
Further, to obtain the initial best value of position of
switches, location and sizing of DG units.

5. Setcycle=1.

6. Employed bee phase: To generate the new solution Vi,
using the equation (22) and calculated them. The new
food sources are used to evaluate the fitness value and
satisfied the mention constraints. To update the fitness
function of the problem using a greedy selection process
between v,,, and X,

7. Calculate the probability values p,, for the solutions x,
by using the equation (23).
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8. Onlooker bee phase: To generate the new solution vy, in
the way of disturbing food source solution x;, on the
onlooker bee phase and selected based on probability p,
and calculate them. To update the fitness function of the
problem using a greedy selection process between v,, and
Xm-

9. Chaotic local search: To improve the local search ability
of bees using the chaos theory and to update the new
food source. Further, to calculate the fitness value of
corresponding population and to apply the greedy
selection between v, and Xp,.

10. Scout bee phase: During the search process, the number
of trial counter is exceeds the limit value, the solution
should be abandoned. The specific food source solution
should be replaced by scout bee using the equation (24)
and to maintain the within limits of the population.

11. Memorize the best food source position reached so far.
12. Cycle = cycle+1

13. If the number of the cycle reaches at MCN, go to step 14,
otherwise go to step 5.

14. STOP and print the result of best reconfiguration,
location and sizing of DG units.The proposed method
has been implemented using MATLAB 2009 running on
core i3 computer with reasonable computational time.

6. RESULTS AND DISCUSSIONS
6.1.Test Systems

The proposed approach has been implemented on the 33-node
and 69-node radial distribution system consisting of base
values used are 100 MVA and 12.66 KV. The size of the DG
unit is considered in a practical range of 0 - 1.2 MW for both
test systems. The system and load data on the 33-node system
is taken from the reference [1] and the 69-node system is a
reference [3]. The DG unit is delivered as a real power only
and which operates at unity power factor for both test
systems.

6.2.Initialisation

The considerations of several impact indices listed in section
2 and are used to calculate the MOPI intended at network
reconfiguration, location and sizing of DG units in the test
systems. In CABC algorithm, the control parameters are
selected as, CS =50, MCN =100, k=300 and L =0.5xCS
x D for both cases.
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6.3.33-node radial distribution system

The results of optimal opened switches, various impact
indices and MOPI for different cases of the test system are
listed in table 2. The optimal result of MOPI is satisfied for
all the mentioned constraints in the various cases of this
approach. The implementation of the network reconfiguration
topology of the system in various cases of this approach is
shown in figure 2. In this test system consists of a constant
load model type and the entire node is having some
committed load. Further, to run the distribution load flow for
evaluating the objective of optimal opened switches in
different cases of the system. During that time any one of the
node voltage (having load) is exactly same in before node of
the system, it will be fail the logic of radial nature of the
system. For that condition, it gives much attention of the
network reconfiguration and to maintain the radial nature in
the case of load flow. The specific population vector is not
satisfied with the radial nature of the distribution system, it
will be skipped in the next generation of the algorithm.In most
of the earlier report, the network reconfiguration topology is a
concern for minimization of real power loss in the system.
However, in this approach gives the importance of real and
reactive power loss, voltage profile and stability of the system
related to the various impact indices are considered and are
listed in table 2.In the case I, the optimal opened switches
evaluated by the CABC is 9, 14, 32, 7, 37 and which results of
real power loss is 139.53 KW and reactive power loss is
102.29 KVAr. The real and reactive power loss of the system
in base case condition is 202.67 KW and 135.12 KVAr
respectively. The real power loss of this system is reduced to
31.15 % compared to base case with impact of network
reconfiguration. The minimum voltage stability index of case
I is 0.7734 and is improved when compared to the base case
of 0.6951. The result of optimal opened switches in various
existing techniques with compared to the proposed approach
is listed in table 3. The superiority of our proposed method in
table 3, the minimum voltage is 0.9378 p.u. slightly more
when compared to the other methods. For the case Il, the
optimal reconfiguration obtained by the CABC is 13, 37, 35,
6, 16 and which results of real and reactive power loss are
59.39 KW and 43.52 KVAr respectively. The real power loss
is reduced to 70.70 % compared to base case and which is
greatly reduced when compared to earlier methods. The
minimum voltage stability index is 0.9115 and the voltage is
0.9771 p.u. listed in table 2 and 3. The optimal location
and sizing of DG is listed in table 2. To select the size of DG
in the distribution system should not exceed the boundary
limit of DG. The impact of DG is represented that the results
of case Il are superior when compared to case | and is listed in
table 2 and 3.
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Table 2 Results of optimal reconfiguration and various indices of different cases for 33-node system

Optimal case Switches opened

ILQ VSI CcC 1IVD MOPI

Case 1: Network

) . 9,14,32,7,37 0.6885 0.7570 0.7734 0.8983 0.0622 0.7177
reconfiguration
Case 2- 13, 37, 35, 6, 16
Network reconfiguration with
location and sizing of 31 @ 1.12069 0.2931 0.3221 0.9115 0.4681 0.0229 0.3811
DGs (MW). 8 @ 1.12980
24 @ 1.16134

Table 3 Comparisons of Simulation Results in different cases for 33-node system

Optimal Case Item GA [8] RGA [8] HSA [8] CABC (Proposed
approach)
Switches opened 33,9, 34, 28, 36 7,9, 14,32, 33 7,14,9,32, 37 9,14,32,7,37
[6]
Real Power loss 141.60 139.53 [6] 138.06 139.53
(KW) : : : :
Case |
Power loss (%) 30.15 31.15 31.88 31.15
M'“'m(‘é”& ‘)’O'tage 0.9310 0.9315 0.9342 0.9378
Switches opened 7,10, 28, 32, 34 7,9,12,32, 27 7,14,10, 32, 28 13,37,35,6,16
Real Power loss
75.13 74.32 73.05 59.39
(KW)
Case Il Power loss (%) 62.92 63.33 63.95 70.70
Minimum voltage
(p.u.) 0.9766 0.9691 0.9700 0.9771

The results of optimal location and sizing of DG units are
listed in table 2. For case Il the minimum voltage stability
index of the test system is 0.9115 greater than case | which
impacts of DG. The graphical representation of the voltage
profile of this system is shown in figure 4 (a). In case Il is a
better voltage profile when compared to case | of the test
system and which is evident that the value of 1VD is 0.0229
less listed in table 2.

6.4.69-node radial distribution system

The evaluation of optimal opened switches, various impact
indices and MOPI for different cases of this system is listed in
table 4 and comparisons of existing literature in table 5. The

execution of various cases in the network reconfiguration
topology of this system is shown in figure 3. In this system
some of the nodes are having loads (arrow) and some of the
nodes are not having the load (not the arrow). In the case I,
the optimal opened switches determined by the CABC is 70,
69, 14, 61, 57 and which effect of system the real power loss
is 98.58 KW and reactive power loss is 92.01 KVAr. The
real and reactive power loss of the system in base case
condition is 224.97 KW and 102.12 KVAr respectively. In
this case, the significant reduction of real power loss of this
system is 56.28 % compared to base case and which is
compared to other methods is listed in table 5. The minimum
voltage stability index of this case is 0.8116 and which is
enhanced when compared to the base case is 0.6833. The
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minimum voltage of this case is 0.9495 p.u. improved when
compared to the existing methods consequent that better
voltage profile of the system. For the case Il, the optimal
reconfiguration obtained by CABC of this system is 11, 14,
55, 62, 69 and which results of real and reactive power loss
are 39.59 KW and 34.89 KVAr respectively. The value of
real power loss is lower when compared to the other method
and which is shown in table 5. The real power loss is reduced
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to 82.40 % compared to base case and which is the better
minimization of the objective in the problem when compared
to the earlier methods. The minimum voltage stability index
is 0.9161 and the voltage is 0.9784 p.u. listed in table 4 and 5.
The optimal location and sizing of DG is listed in table 4 and
which is impacts that the voltage stability of the index is
greatly improved when compared to case I.

Table 4 Results of optimal reconfiguration and various indices of different cases for 69-node system

Optimal case Switches opened ILP ILQ VSI CC IVD MOPI
Casel: Network 70,69,14,61,57 | 0.4382 | 0.9010 | 0.8116 | 0.9466 | 0.0505 | 0.6560
reconfiguration
11, 14, 55, 62, 69
Case 2:

Network reconfiguration with 21 @ 0.94378
location and sizing of 0.1760 | 0.3417 | 0.9161 | 0.5527 | 0.0216 | 0.3634

DGs (MW). 50 @ 1.07830

61@1.2
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Fig. 2. Network reconfiguration for various cases of 33-node system
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Table 5 Comparisons of Simulation Results in different cases for 69-node system
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Optimal CABC
?; Item GA [8] RGA [8] HSA [8] (Proposed
ase
approach)
Switches opened 69,70,14,53,61 69,17,13,55,61 69,18,13,56,61 70,69,14,61,57
Real Power loss
103.29 100.28 99.35 98.58
(KW)
Case |
Power loss (%) 54.08 55.42 55.85 56.28
Minimum 0.9411 0.9428 0.9428 0.9495
voltage (p.u.)
Switches opened 10,15,45,55,62 10,16,14,55,62 69,17,13,58,61 11,14,55,62,69
Real Power loss
46.50 4423 40.30 39.59
(KW)
Case Il
Power loss (%) 73.38 80.32 82.08 82.40
Minimum
voltage (p.u.) 0.9727 0.9742 0.9736 0.9784

The other indices are also reasonably reduced with impacts of
network reconfiguration with DGs as shown in table 4. The
graphical representation of the voltage profile of this system is
shown in figure 4 (b). The CC index is reasonably reduced by
the impact of the proposed approach in different cases are

listed in table 2 and 4 for the test systems. The presence of
DG in the system, it is possible of supplying power near to
loads with the effects of current flows in some branches of the
network are increased in the current carrying capacity.
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The presented value of CC index is lesser than one is algorithm is represented in figure 5 & 6. It will be clearly
indicated that current flows are within limit and the system seen that the performance of the CABC algorithm and the
operates in a safe manner. The convergence characteristic corresponding optimal values of the problem is evaluated up
curves of 33-node and 69-node system by using CABC to the maximum number of iterations (cycle).
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Fig. 3. Network reconfiguration for various cases of 69-node system
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7. . CONCLUSION

In this paper, the voltage stability of the radial distribution
systems is improved by network reconfiguration topology
with the additional of optimal location and sizing of the DGs.
The MOPI is formulated as impact indices of various
technical issues and is normalized between zero and one. The
final results of these indices are normalized consequent that
better improvement of such issues and is verified with tables.
In this method, the real power loss of the test systems is
significantly reduced for various cases when compared to the
existing methods. The voltage profile and stability of the
system are enhanced for gradually applied the different cases
of the problem. The current capacity index gives information
about for upgrades of the feeder. As per the result, the CABC
algorithm based proposed method is superior when compared
to the existing method.
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