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Abstract - This paper presents a comparative study of radial
and ring type electrical power distribution system. Power
distribution systems play a significant role, since it is the
main link between the power substation and the consumers.
Presently power distribution system is done by the radial
type system and it has only one path for power flow from
distribution substation and to the particular load. The
another type of power distribution is ring system and it has
one or more paths between the distribution substation and
the load. This increases the reliability over the radial
distribution system by the quality supply. A five bus
distribution system is considered to compare the two
different type of systems. The module of distribution system
isimplemented using the MATLAB/SIMULINK R2018a. The
experimental results reveal that the ring type distribution
system is more reliable compare to that of the radial
distribution system.
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1. INTRODUCTION:

Power distribution systems play a significant role, since it is
the main link between distribution substations and the
consumers. This system is divided into radial, ring and
interconnected system on the scheme of operation. The
radial distribution systems (RDS) are commonly used in
power distribution. It has only one power flow path between
distribution substation and to a particular load. A failure at
any point on the radial distribution system cause
interruption to most of the loads to ensure continuity of
supply, an alternative path for power supply should be
provided. This is made possible by converting the radial
distribution system into ring type distribution system. It
improves the power system conditions in the best possible
way by opening and closing the available switches provided
atthe tie lines. The supply sources to loads connected to load
buses are adapted to reduce voltge drop Vp, get better bus
voltage profile, and this increases in quality supply of the
system.

In recent years, there has been a significant growth in the
reconfiguration of radial distribution system that is A. K.
Saonerkar et al.,, [1], discussed optimized distribution loss
evaluation in ring main distribution system with Distributed
Generation (DG) placement, reconfiguration and capacitor
placement using Genetic Algorithm (GA). Compare results
obtained with Radial Distribution System (RDS) and Ring
Main Distribution System (RMDS) and proves that loss can
be minimized just by modifying the type of distribution

network from RDS to RMDS and can further be reduced to
high level by DG and capacitor placements at strategic
locations. R. Srinivasa Rao et al., [2], proposed a new method
to solve the network reconfiguration problem in the
presence of distributed generation (DG) with an objective of
minimizing real power loss and improving voltage profile in
distribution system. A meta heuristic Harmony Search
Algorithm (HSA) is used to simultaneously reconfigure and
identify the optimal allocations for installation of DG units in
a distribution network. Mohammad Ali Hormozi et al., [3-4],
discussed a very detailed study on a method for solving
optimal distribution network reconfiguration and optimal
placement distributed generation (DG) with the objective of
reducing power losses and improving voltage profile with
the least amount of time using a combination of various
techniques is offered. In the proposed method, first, a meta-
heuristic algorithm (MHA) is used to solve the problem of
optimal DG placement and a binary particular swarm
optimization algorithm (BPSO) is used for solving the
network reconfiguration. Pyone Lai Swe [5], proposed novel
approach for placement of Distributed Generation (DG)
units in reconfigured distribution system with the aim of
reduction of real power losses while satisfying operating
constraints. J.Z.Zhu [6], proposed an improved method to
study distribution network reconfiguration(DNRC) based on
refined genetic algorithm. A radiation distribution network
load flow (RDNLF) method used in order to get the precise
branch current and system power loss so that premature
convergence is avoided. Jizhong Zhu et al,, [7], discussed a
very detailed study on “A comprehensive method for
reconfiguration of electrical distribution network”. The main
objective of this paper is to minimize the losses by using
modified heuristic solution methodology will be applied on
two different distribution network system. M. Saradarzadeh
et al, [8], discussed a very detailed study on the benefits of
looping the conventional radial distribution system by a
series power electronic system to control power flow has
been investigated. The conventional radial electrical
distribution system will change to loop or even meshed
system due to the deregulation of electrical system and
connection of Distributed Generation. Tehran electrical
distribution network is used as case study to investigate the
advantages of looped power flow controller versus
conventional radial distribution system. Javad Lavaei and
Steven H. Low [9], were proposed a linear-matrix-inequality
(LMI) optimization problem to find the “Relationship
Between Power Loss and Network Topology in Power
Systems”. This gives optimal network reconfiguration and
optimal placement/sizing of distributed generation units in
distribution networks. S.K. Salman and S.F. Tan [10], were
discussed a very detailed study on “Comparative Study of

© 2019,IRJET | ImpactFactor value: 7.34 |

IS0 9001:2008 Certified Journal |

Page 666



’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 06 Issue: 10 | Oct 2019

www.irjet.net

p-ISSN: 2395-0072

Protection Requirements of Active Distribution Networks
Using Radial and Ring Operations”. This the impact of
distributed generation on the setting of protective devices of
distribution networks that originally operated in radial
mode and then switched to ring mode and to compare the
protection requirements for the two modes of operations.

Aman et al, [11], discussed a very detailed overview of
optimum shunt capacitor bank (SCB) placement techniques.
Six different approaches of optimum SCB placement based
on minimization of power losses, weakest voltage bus
approach and maximization of system loadability will be
applied on four different radial distribution test systems.

Prakash and Sydulu [8] implemented the particle swarm
optimization to determine the optimal allocation of
capacitor. In this method a meta heuristic parallel search
technique for estimation of required level of shunt capacitive
compensation to improve the voltage profile of the system
and reduce active power loss(12)Kannana et al., [13].
Proposed optimal sizing of capacitor using Differential
Evolution (DE) and Multi Agent Particle Swarm Optimization
(MAPSO), whereas optimal location by using fuzzy expert
system. Abul’'Wafa et al,[14] proposed a combined fuzzy
expert system for capacitor location and real coded GA for
capacitor sizing. Amir Alipour et al.,, [15], discussed a “Study
in the Impact of Distributed Generator (DG) Placement and
Sizing on a Ring Distribution Network”. Here Analysis of
variance (ANOVA) was used to speed up the data gathering
and statistical treatment of the study. This gives the
penetration of DGs in a system affects the fault currents
regardless where the fault occurs. Although, the fault current
contribution of the DGs depends greatly on where the faultis
located

In view of this, reconfiguration of the radial distribution
system[2-5] is done by using various methods like Genetic
Algorithm (GA), meta heuristic Harmony Search Algorithm
(HSA) and binary particular swarm optimization algorithm
(BPSO) by maintain the radial nature of the system. The
main drawback of the these methods are radial distribution
system are feed at only one point, so fault close to feeding
end cause interruption to most of the loads. Hence radial
distribution system converting them to ring main
distribution system to shrink voltage drop , get better bus
voltage profile and increase the reliability of the system like
that various phenomenal advantage which will be
highlighted through results in this paper.

3. FIVE BUS RING DISTRIBUTION SYSTEM

The distribution system is represented by single line
diagram. The basic single line diagram of a 5 Bus ring type
distribution system is shown in Figure 1. It has been used for
implementation for converting radial type into ring type
distribution system to get better voltage profile at all the
load buses by adding different number of sources. The
network lines are provided with breakers by switching them
that are capable of connecting or disconnecting any lines as
per the situations prevailing.

230kv LD1 LD2 LD3
B500MVA

230kV 230kV
6500MVA S00MVA
1 2 3

LD4
LD3

Fig.1: Single line diagram of 5 Bus ring distribution system

The Fig.1 consists of 5 Bus distribution system in which
three supply sources are given atbus 1, 2 and 3. These buses
are connected each other by transmission line L1, L2, L3, L4
and L5 and there parameters are represented in Table 2.
Each buses consist of load and load parameters are
represented in Table 1.This simulink model is developed by
using electrical components from the MATLAB SIMSCAPE
power system.

Table 1: Load Parameters of 5 Bus ring distribution

systems
LOAD

BUS No P in MW Qin MVAR

1 100 10
2 100 0
3 100 0
4 0 100
5 100 10

The above Table 1 gives details of load parameters of 5 Bus
ring distribution system. Here each buses contains a load
that is resistive inductive load is present at bus 1 and bus 5,
resistive load is present at the bus 2 and bus 3, and only
inductive load is present at the bus 4.

Table 2: Transmission line parameters for 5 Bus Ring
Distribution System

Fro | To Distanc | Resistanc | Inductive | Capacitive
m node | einkm | einohm | reactanc | reactance
nod einohm | in ohm

e

1 2 0.75 0.95475 | 21.9997 | 3331.34
2 3 0.50 0.6365 14.665 4997.02
3 4 0.80 1.0184 23.4664 | 3123.13
4 1 1 1.273 29.3331 | 2498.5

The above Table 2 gives details of the transmission line
parameters for 5 bus ring distribution system where line 1 is
connected between bus 1 and bus 2 with line length 0.75km,
line 2 is connected between bus 2 and bus 3 with line length
0.50km, line 3 is connected between bus 3 and bus 4 with
line length 0.80km and line 4 is connected between bus 4
and bus 1 with line length 1 km. This table also contains
resistance, inductive reactance and capacitive reactance in
ohm.
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3.1. SIMULATION MODEL:

The simulation model of 5 bus ring distribution system is
shown in Fig 2. This simulation is carried out using MATLAB
simulink. This model is considered for comparative study of
radial and ring distribution system. Further the detailed
construction, inputs and output analysis of each block of
simulation circuit are described in this section.

L4 100k 13,60k

Fig.2: 5 bus Ring Distribution System

The above Fig.2 is the simulation model of 5 bus ring
distribution system. It consists of components like
generating sources, load flow buses, unbalanced three phase
loads, asymmetrical distributed lines and breakers.
POWERGUI tool box uses discrete type. A three phase
programmable voltage source with 50Hz frequency is
connected to swing bus 1 through three phase series RL
branch with 230kV as a input voltage. The grid is
represented by a voltage source with short circuit level of
8500MVA and these three phase series RLC branch use the
'Branch type' parameter to add or remove elements from the
branch. Source 2 is connected at bus 2 with base voltage
230KkV, phase angle 9.2 degrees, X/R ratio is 8 and short
circuitlevel of 65500MVA and Source 3 is connected at bus 3
with base voltage 230kV, phase angle 9.2 degrees, X/R ratio
is 10 and short circuit level of 9000MVA. Each bus are
connected through N-phases distributed parameters line and
these lines resistance and reactance (in ohm) are
represented in Table 2. Transmission line consists of
breakers as show in Figure 1 where “switch SW1” is
connected between bus 1 and bus 5 which is used to convert
the radial system into ring type system. The “switch SW2"” is
connected at bus 2 and “switch SW3” is connected at bus 3
which used to connect the supply sources to system.. The
transmission lines are switched by changing breaker status
of both the ends. Each buses contains a load that is resistive
inductive load is present at bus 1 and bus 5, resistive load is
present at the bus 2 and bus 3, and only inductive load is
present at the bus 4. The load parameters are represented in
Tablel.These all the components selected from simulink
library and placed on the model page after all connection are
connected to the components go to start the simulation and
give stop time as 1.8 min after one minute the simulation
results are obtained.

4. SIMULATION RESULTS AND DISCUSSION:

In this section simulation results of comparative study of
radial and ring type distribution system is discussed. The 5
Bus radial distribution simulink model is carried out using
MATLAB simulink to analysis its results considering number
of sources at load buses. Afterwards its converted into ring
type distribution by switching them that are capable of
connecting or disconnecting any lines as per the situations
prevailing. This is has been shown in Fig 2.The improved
voltage profile and reduction in voltage drop Vpisillustrated
in the following section.

The radial distribution system operation with single is done
by opening the “switch S1” and its converted into ring main
distribution by closing “switch SW1” from the Fig 2 and is
given a single supply by opening the “switch SW2” at bus 2
and “switch SW3” at bus 3. The supply source is connected at
the bus 1 this is a swing bus. The bus voltage ateach node for
radial distribution system is show in Fig.3.

250 4

200 -

\
>
T 150 -
Q
» —B—Pin MW
£ 100 |
> . Qin kVAR
50 | H\./ e Radial 51

0

Bus No

Fig.3: radial distribution model with single source

The Fig.3 shows the graph of voltage versus buses. This
figure contains respective active power (P in MW), reactive
power(Q in kVAr) and voltage at each node. The voltage at
eachnode 1,2,3,4,and 5 is 191.47V, 180.6V, 178.1V, 176.6V
and 175V respectively. From this voltage is gradually
decreases from bus 1 to bus 5 thatis 191.47V to 175V.

The radial distribution system operation with 2 sources is
done by opening the “switch SW1”.and given two supply
sources by closing the “switch SW2” and opening “switch
SW3”. When compared with radial with single source the
voltage at the bus is very low hence to obtain the more
voltage by placing another supply source at the bus 2 with
230kV as a input voltage as shown in Fig 2. The grid is
represented by a voltage source with short circuit level of
6500MVA. Comparison of voltage at each node of radial with
1 source and radial with 2 sources is shown in Fig.4.
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Fig.4: comparing voltages of radial with 1 source and
radial with 2 sources

In Fig.4, Radial S1 means radial system model with single
source and Radial S2 means radial system with two sources.
In radial with two sources, voltage at each node 1,2,3,4, and
5is 192.7 V,186.5V,184V,182.5V and 180.8V respectively.
From this, radial with two sources has maximum voltages as
compared to radial with single source. In this also voltages
gradually decreases from bus 1 to bus 5.

The radial distribution system operation is done by opening
the “switch SW1” and here given a three supply sources by
closing the “switch SW2” and switch SW3” as shown in Fig 2.
The radial with 1 source and 2 sources still have very low
voltages at each node so hence to increase voltage at all the
buses again by adding another supply source at bus 3 with
230kV as a input voltage. The grid is represented by a
voltage source with short circuit level of 9000MVA. The
comparing voltage of radial distribution system with 1, 2 and
3 sources is shown in Fig.5.

195
190
185

130 —W-Radial 51

175 Eadial 52
170 ===TRadial 53
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Voltagein V

1 2 3 4 5
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Fig.5: comparing voltage of radial distribution system
with 1, 2 and 3 sources

In Fig.5, Radial S3 means radial system model with three
source. In radial distribution system with three sources,
voltage at each node 1,2,3,4, and 5 is
192.86V,187.46V,187V,185.5V and 183.7V respectively.
From this, radial with three sources has maximum voltages
ateach nodes compared to radial with single source and two
sources. The difference between voltage of radial with 1
source and radial with 3 sources is more. This shows that
voltage is increases with increase in sources.

In the above radial distribution system model the voltage at
all the buses is very low and also more voltage variations at
the buses so that to enhance the voltage in radial system
compensative devices added and become very complicate. So
thatin this paper radial distribution model is converted into
ring mode operation by closing the “switch SW1”. This is
shown in Fig 2 with single source by opening the switch SW2
and SW3. The comparing voltages of radial with 1 sources
and ring with 1 sources is shown in Fig.6.

155

150 “\\

185
180 "\-\-_\-
175

170

Voltagem V

——F adial 51
Eing 51

165

Fig.6: comparing voltages of radial with 1 sources and
ring with 1 sources

In Fig.6, Ring S1 means ring system model with single
source. In ring distribution system with single sources,
voltage at  each node 1,2,3,4, and 5 is
181.75V,180.6V,180.7V,181.6V and 181.75V respectively.
When compared with radial with single source, voltage at
the bus 1 and 2 is similar but at the bus 3, 4 and 5 has
maximum voltage in ring distribution system model. The
voltage at the bus 5 is 191.47V that is same as the bus 1 in
ring distribution system so that voltage fluctuation is less at
the last point of the consumers.

The ring distribution system model operation is done by
closing the “switch SW1” and given a two supply sources by
closing the “switch SW2” and opening the “switch SW3” as
shown in Fig 2. When compared with radial distribution
model cases 1,2, 3 and case 4 still voltage at all the buses is
very low hence here another supply source is added at bus
2 so we get maximum voltages when compared with radial
distribution system and ring with single source. The
comparing voltage of radial with 2 sources and ring system
model with 1 & 2 sources is shown in Fig.7.

205
200 /\
= 185
B 100 \._\_’
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Fig.7: Comparing voltage of radial with 2 sources and ring
system model with 1 & 2 sources
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In Fig.7, Ring S2 means ring system model with two sources.

In ring distribution system with two sources, voltage at each
node 1,2,3,4, and 5 is 195V,201.3V,200V,198.5V and 195V
respectively. The voltages of radial model with 2 sources are
decreases from bus 1 to bus 5. In ring distribution model
with 1 sources, bus 1 and bus 5 has same voltage which are
high compared with other bus voltages and in ring model
with 2 sources bus 1 and bus 5 has same voltage which are
low compared with other bus voltages of same model but
these all voltages are maximum when compared with radial
with 2 sources and ring with 1 sources.

The ring distribution system model operation is done by
closing the switch 1 and here given a three supply sources
by closing the switch 2 & switch 3 as shown in Fig 2.In all the
above discussion, very low voltages thatis less than 230V. So
that 3 three sources added for the ring distribution model.
Hence maximum voltage is obtained when compared with all
the above discussion. The comparing voltages of radial
system model with 3 sources and ring distribution model
with 2 & 3 sources. The comparing voltages of radial system
model with 3 sources and ring distribution model with 2 & 3
sources is show in Fig.8.
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%n 190 -\I—.\._\. ==Eadial 23
5 izg Eing 52
—=Ring 53
175 -
170
1 2 3 4 5
BusNo

Fig.8: comparing voltages of radial system model with 3
sources and ring distribution model with 2 & 3 sources

In Fig.8, Ring S3 means ring distribution model with three
sources. The ring distribution system with three sources,
voltage at each node 1,2,3,4, and 5 is 197.5V, 208.2V, 202V,
200V and 197.5V respectively. From this, voltage
fluctuations are less as compared with radial system model.
And also voltage is increased and maintained contingency at
each node. This shows that voltage is increases with increase
in number of sources and also ring distribution system is
better than radial distribution system. Comparison of
Voltage drop Vp at all the buses between radial and ring type
distribution system are listed in table 3.

Table 3: Comparison of Voltage drop Vp at all the buses
between radial and ring type distribution system

Cases Total  Voltage
Drop VpinV

Radial with 1 sources 49.646

Radial with 2 sources 44.7

Radial with 3 sources 42.436
Ring with 1 sources 44.72
Ring with 2 sources 32.04
Ring with 3 sources 28.87

In above Table 3 gives the total voltage drop Vp for the
different cases that is radial with source 1, source 2and
source 3 and ring with source 1, source 2and source 3. This
shows that voltage drop decreases with increased in number
of sources but when comparing radial and ring distribution
system voltage drop is very low in ring distribution system.

6. CONCLUSION

From the results, voltage at each node is very less in radial
distribution system as compared to ring type system. In
radial system voltage drop is more compared to ring type.
Hence by converting radial into ring type distribution system
by switching the breakers. The ring type distribution system
gives the better quality of supply, maintained the voltage
profile and voltage fluctuation will be less in the last point of
the consumers, the voltage drop is also less along the
distribution line as compared with radial system.
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