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Abstract

This paper proposes a simple method for solving the distribution system reconfiguration to improve the voltage profile and reduce the
losses. In this paper power flow studies are used in matrix form of distribution system with radial, weakly meshed and reconfigured
forms. The execution of power flow will specify the bus voltages and branch currents. These parameters are used to analyse the system
performance and especially branch currents information is used to convert system radial form to weakly meshed and reconfiguration
forms by closing the tie-switches and opening the sectionalizing switches. The same information can be used in large networks to show

the improvement in voltage profile and reduction in electrical losses.
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1. Introduction

Distribution system reconfiguration is very important to intensify
the quality and reliability of the distribution network. Since the
R/X ratio of distribution network is more than that of the transmis-
sion network, the system is considered to be ill-conditioned. So,
the power flow studies, normally used in power systems, like
‘Newton-Raphson’ and ‘Fast Decoupled’” methods, may not be
suitable in distribution networks [1]. Due to the high resistance of
distribution network, the cumulative real power losses increase in
the distribution system. In order to reduce the losses, network
reconfiguration is performed frequently on the distribution system
[2].In an electrical distribution system, the structure of the net-
work is, primarily, radial and, in some cases, weakly meshed.
Radial distribution system is suitable for low voltage generation
and when the station is placed at the medial point of load. Con-
sumers at the farthest end of a distributor suffer from drastic fluc-
tuations in voltage whenever the load changes. As customers de-
pend on singly-fed systems, a fault upon the feeder causes inter-
ruption in supply to all the customers. So, radial system has less
reliability. In order to improve the reliability and maintain better
voltage profile, meshed distribution networks are used. Meshed
networks are formed by closing the tie-switches, which are intro-
duced in the radial network. Meshed network has multiple connec-
tions to provide supply to the other points. This helps in isolation
of faults and to supply restoration so as to improve the system
reliability.

Inarguably, meshed system is better than the radial system but to
improve the latter is voltage profile, it can be reconfigured. Here,
the interconnected network is break up at a number of points. So,
it is converted into radial network where each point will open one
simple loop.

To perform reconfiguration, the network is additionally equipped
with sectionalizing switches and tie switches. While reconfigur-
ing, sectionalizing switches are usually closed and are supposed to
open to perform the operation. Tie switches, on the other hand, are

usually open and are supposed to close in order to perform the
operation [3].

These switching operations are provided to maintain the radial
nature of the network and to energize loads. Generally, tie switch-
es are closed in order to deliver load to and from feeders, and to
form meshed network while a proper sectionalizing switch is
opened to bring back the structure into radial form. Earlier, power
flow solutions are obtained for a radial network by using back-
ward and forward sweep method. Nodal currents are calculated in
case of backward sweep and voltages in case of forward sweep.
The nodal powers are non-linear functions of nodal voltage. So,
the solution is iterative. The solution takes up to five iterations if
the system is not ill-conditioned. This method is not applicable to
the weakly meshed system which is the main subject in this paper.
So, matrix method can effectively use for distribution system hav-
ing dispersed generation.

Mesut Baran et.al., [4] proposed network reconfiguration in distri-
bution system. Here, reconfiguration is done by varying the status
of sectionalizing switches. It helps in reducing the losses and bal-
ancing the load.

M.Tarafdar Hagh, T.Ahamadzadeh et.al., [5] proposed a matrix
method acquired from KVL and KCL to get load flow solutions
on distribution network with and without considering distributed
generations.

T. Thakur and Jaswanti Dhiman et.al., [6] have presented a load
flow solution method for a radial distribution system. The paper
presents a new approach, in which the switches to be opened is
decided based on the voltage calculated at the buses, real power
and reactive power flowing through lines, losses in real power and
deviation in voltage, using distribution load flow (DLF) program.
The methodology proposed in this paper has the objective of
studying the effect of distribution system reconfiguration in volt-
age profile and losses. It is tested on IEEE 33-bus system having
five tie switches.  In second section, load flow analysis is done
on radial distribution network with matrix method. In third section
load flow analysis is done on weakly meshed distribution network
with matrix method. In section four, reconfiguration methodology
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is presented. In section five and six contains results of simulation
and conclusions respectively.

1.1. Direct matrix approach for distribution system

This method consists of two matrices, which were developed by
the advantage of topological characteristics of distribution system
and solves the load flow without deviation. The two matrices are
namely ‘BIBC’ (Bus injection to branch current) and ‘BCBV’
(Branch current to bus voltage) matrices. These matrices can be
obtained by calculating the Equivalent current injections or Ad-
mittance matrix. The IEEE 33-bus system is taken as a test system
in this paper. In order to compute load flow on the distribution
system the following steps are required.

1.2. Calculation of equivalent current injections

The equivalent current injections are calculated by equation (1).
S * : *
k= (3) = [ +iQ0/vE )

Where i is the bus number and k is the iteration number. P;and Q;
are active and reactive power of the bus respectively.

2. Load flow analysis for radial distribution
system

The IEEE 33-bus system is taken in this paper to analyse the per-
formance of proposed methodology on a Radial network.

2.1. Formation of BIBC matrix for radial network

It is obtained by applying the KCL in a distribution network. The
relation between bus current injection and branch currents can be
represented as BIBC matrix. Branch current is related with bus
current as shown in equation (2).

[B] = [BIBC][I] @

Where, [B] is the branch current, [I] is the bus current and [BIBC]
is the bus injection to branch current, it is a upper triangular ma-
trix represented with ones.

In conventional backward and forward sweep algorithm which is
used in load flow studies of distribution system, the branch cur-
rents are computed in backward sweep operation which is repre-
sented as equation (2) in the present method.

2.2. Formation of BCBV matrix for radial network

The relation between Branch currents and bus voltages can be
represented as BCBV matrix. It is obtained by adding the voltage
drops behind a bus i to obtain the voltage drop at the bus i.

[aV;] = [Z;][B]
[AVi] = (V; — V) ®)

Where [AV]] is a vector in which the voltage drops of the buses
are measured from the root node.

The relation between the branch currents to the branch voltage is
expressed as equation (4).

[AV] = [BCBV][B] 4

In conventional backward and forward sweep algorithm which is
used in load flow studies of distribution system, the bus voltages
are computed in forward sweep operation which is represented as
BCBV matrix in the present method. It is a lower triangular matrix
represented by branch impedances.

2.3. Computation of distribution load flow

Branch currents are calculated from egn. (2) and Bus voltages are
calculated from eqn. (4). By combining the both equations, the
voltage deviations from the root node can be expressed as egn. (5).

[AV] = [BCBV][BIBC][I]
[AV] = [DLF][1] (5)

This matrix represents the relation between the current injection
and bus voltages. The equations (3), (4) and (5) make the algo-
rithm iterative. The latest bus voltage is obtained for the voltage of
previous iteration as shown in eqn. (6)

vk+1 = v, — [DLF][1¥] (6)

The algorithm takes up to five iterations, if the system is not ill-
conditioned. The solution is terminated when the difference be-
tween the bus voltages of previous and current iteration is within
the tolerance value e= 1074,

3. Load flow analysis for weakly meshed dis-
tribution system

Normally the distribution system is operated in radial form for the
simplicity of protection. But in emergency conditions the custom-
ers at the end of the feeder get affected. So, the system is provided
with tie switches for changing the configuration during emergen-
cies to keep the system reliable. In this paper the IEEE 33-bus
system has 5 tie switches. By closing a single tie switch, a loop is
formed. So, it gives a better voltage profile.

3.1. Formation of BIBC matrix for weakly meshed net-
work

A closure of a tie switch in the network results in a branch flow
which in turn changes the branch current flow, the [B] vector in
eqn. (2) takes a new updated value. The new branch formed re-
sults in flow of current from high voltage bus to low voltage bus
and a meshed current in opposite direction in some of the branch-
es. This mesh current is superimposed on the already existing
branch flows.

The normal form of altered BIBC matrix is

[B B 1= BiBq [Bnlew %

new

3.2. Formation of BCBV matrix for weakly meshed
network

It can be obtained by applying the KLV in the mesh loop formed.
The modified BCBV is obtained by adding the meshed currents
which is governed by the KVL to egn. (4).

The normal form of altered BCBV matrix is

| = Bcav] [B B (8)

new

[AOV

By substituting egn. (7) and (8) the relation between the current
injection and bus voltages is obtained as egn. (9).

AV I

(V] = DLl [ ] ©

new

The DLF matrix in egn. (9) has dimension of 33*33 for the system
considered and it is reduced to 32*32 by Kron’s reduction.
Therefore the altered algorithm for weakly meshed network is

[AV] = [DLF][I] (10)
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The iterative method for solution of egn. (10) is same as for radial
network.

4. Reconfiguration of distribution system

Normally the meshed distribution system gives better voltage
profile than radial system but to improve the voltage profile, the
meshed system is again converted to radial form by opening sec-
tionalizing switches. Reconfiguration is a task, which are per-
formed frequently on distribution system to reduce losses and
improve voltage profile. Basically, reconfiguration is a process of
changing the topological structure of distribution network. These
changes are made by changing the status of sectionalizing and tie
switches. In the present methodology after sequentially closing the
tie switches the system form is changed into mesh and with open-
ing of sectionalizing switches carrying minimum current the sys-
tem form is changed to radial. The present system contains five tie
and sectionalizing switches respectively.

4.1. Algorithm

1) Read the input data.
2) Calculate the bus injection currents.

I = S/ = B+ /v

3) Form BIBC matrix to compute the branch currents.
[B] = [BIBCI[I]

4) Form BCBV matrix to calculate bus voltages.
[AV] = [BCBV]([B]

5) Calculate the DLF matrix by using BCBI and BCBV matrix
as egn. (5).

6) Calculate [AV] by using obtained injection currents, then
update the voltage.

[AV]=[BCBV] [BIBC] [I] = [DLF] [1]
7) Check for convergence.

|Vk+1 _Vkl >e€
5. Simulation results

The IEEE 33-bus system was taken to test the algorithm. The load
flow studies are made on the following distribution systems.

a) Radial system

b) Weakly meshed system

c) Reconfigured system
The voltage profile and the real power losses are observe in each
system.

5.1. Load flow analysis on IEEE 33-bus system

5.1.1. Radial system

The IEEE 33-bus system consists of 33 buses with 32 branches
and five tie-switches. In radial form all the tie switches are in un-
closed position. The minimum voltage obtained after running the
load flow is 0.915p.u, which occurred at bus number 18 and the
maximum voltage is 0.9969p.u. occurred at bus 2, which is very
far from the substation. The overall power losses of the system is
0.0049p.u.

0.92 S~ ST

0.91
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buses
Fig. 1:- Voltage Profile of Radial System.

Table 1:- Minimum Voltage and Losses of Radial System

Minimum Voltage Minimum Voltage bus Losses

0.915 18 0.0049p.u

In fig 1: There is a sudden rise in voltage at bus 19 because it is
very nearer to substation.

5.1.2. Weakly meshed system

To improve the voltage profile the tie switches are closed one by
one to bring the system into meshed form. The five tie switches to
be closed are Bgs;, Bss, Bss, Bssand Bs;. The voltage profile and
losses are computed each time. Total five cases are observed
where each case represents closer of one tie switch.

1
h |
ogal |\ I R
A\ 1
\ I
\\ | ,'h‘\.
0.95 | N I I\ |
[ [\
| \
I\
< 097 _ | \ E
[=2] \
£ | ™~
S oosl \ | E
0.95F N \ i
. | \
~ \
— N,
0.94 i
0.93 . . . , . .
0 5 10 15 20 25 30 35

buses1

Fig. 2:- Voltage Profile of Meshed System when Bg; Tie Switch is Closed.
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Fig. 3: Voltage Profile of Meshed System when Bs; and Bss Tie Switches

Are Closed.
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Fig. 4: Voltage Profile of Meshed System when Bgs, Bss and Bgs Tie
Switches are Closed.
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Fig. 5: Voltage Profile of Meshed System when Bss, Bss, Bss and Bgs Tie
Switches Are Closed.
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Fig. 6: Voltage Profile of Meshed System when All Bgs, Bss, Bss, Bss and
Bs7 Tie Switches Are Closed.

Table 2: Voltage Profile and Losses of the Meshed System with Sequen-
tial Closing of Tie Switches

The voltage profile is improved when all the tie switches are
closed and the system losses are reduced when compared to sys-
tem in radial form.

Table 3: Voltage Profile and Power Loses in both Radial and Meshed
System

Minimum  Minimum .
SHE Voltage Voltage bus CesEll
Radial (all tie switches opened)  0.915 18 0.0049p.u
Meshed (all tie switches 0.9616 3 0.0022p.u

closed)

Tie switches Minimum Volt-  Minimum Voltage
Losses

Closed age bus

Bas 0.9362 33 0.0025p.u
Bas, Bas 0.9363 33 0.0024p.u
Ba3, Bas, Bss 0.9366 33 00023pu
B33, Bas, Bss, Bag 0.9497 31 00022pu
Bgs, Bas Bas, Bss, 9616 32 0.0022p.u

Bar

5.1.3. Comparison of radial and meshed system

By closing all the tie switches, the system is in weakly meshed
form. In meshed system the minimum voltage has occurred at bus
32, its voltage value is 0.9616p.u. The losses are 0.0022p.u.

5.2. Reconfiguration of distribution system

The radial system is converted into mesh system by using tie
switches to improve the voltage profile and reduce losses. In re-
configuration the meshed system is again converted in radial form
by opening the sectionalized switches sequentially at a time. The
switch which carries the minimum current has to be opened. To
select the next switch, power flow has to be run to examine the
minimum current flow in the branches.

This process has to be done sequentially till the system gets into
full radial form with a different topology. The sectionalized
switches opened after closure of all tie switches to get the better
voltage profile are B7, By, B1g, B14 and B,g. The minimum voltage
obtained after doing load flow is 0.9803p.u at bus 25 and the loss-
es obtained is 0.0015p.u.5

1.02

0 10 20 30 40

Fig. 8: Comparison between Voltage Profiles of Radial, Weakly Meshed
and Reconfiguration Systems.

From the above figure it is clearly known that reconfiguration
system will give the better voltage profile than the other two sys-
tems.

5.2.1. Comparison between radial, meshed and reconfigura-
tion system

The voltage profile is better in meshed system compared to radial
system and in reconfigured system the voltage profile is better
than meshed system. The losses are also reduced in reconfigura-
tion system compared to the other two systems.

Table 4: Minimum Voltage and Losses of Three Systems in Final Case
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Minimum Volt- Minimum Voltage
System Losses
age bus
Radial 0.915 18 0.0049p.u
Meshed 0.9616 32 0.0022p.u
Reconfigured  0.9803 25 0.0015p.u

6. Conclusion

The classical backward-forward power flow method cannot be
used with meshed networks and hence the paper used the matrix
method to compute the nodal voltage profile and losses by closing
the system tie switches which brings the system into meshed form.

Also,

reconfigured network is studied after sequentially closing

the tie switches and forcing the system into radial form with open-
ing of sectionalizing switches carrying minimum current. The
proposed methodology is tested on IEEE 33-bus system. The re-
configured network has good voltage profile and reduced losses.
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