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ABSTRACT: Electrical Distribution System is the back-bone of the power system. Acting as the final supplier of
electricity to the consumers, electrical distribution system is prone to a humber of contingencies. In such a condition,
restoration of the distribution system within a certain time frame is the top priority. While restoring the system, care
should be taken to keep the system parameters within limits. Keeping in view of all the parameters and complex nature
of the distribution system, makes its restoration a composite problem. A Single line diagram of the IEEE 14 Bus
standard system is used in this paper with load assumed to be represented by constant impedance. The size and
installation location for load margin improvement and price discussions are addressed. The IEEE 14 Bus is modeled
using the elements of Simulink. The effectiveness of the proposed controllers, the improvements in power quality and
in voltage profile is demonstrated. In the simulation, the results of the proposed model for the Fuzzy Logic Controller
based STATCOMare determined.
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l. INTRODUCTION

The major portion of the power system which is the end mean to supply the electricity to the consumer is the electrical
distribution system. Connected with a number of consumers it is prone to many contingencies occurring on the system.
After the occurrence of a contingency on the distribution system the major task of the system operator is to restore the
service of the system as soon as possible. Restoration of distribution system during a contingency is a composite
problem [1, 2]. During this service restoration all the loads should be energized and the system parameters should
withhold in their prescribed limits. The switching of loads between adjacent feeders to relieve the system from
contingency could lead to the trouble to the radially of the system [3]. These switching’s also lead to further
overloading of the system feeders. Overloading of the distribution system is a major contingency, which could lead to
cascading effect if not resolved properly. The proposed study here is undertaken for the restoration of distribution
system when the overloading contingency occurs in the system with the help of intelligent techniques. In today’s
complex distribution system, it will be a cumbersome process for the operator to switch the load from one feeder to
another [4]. The intelligent technique will help the operator to achieve the task with precision. The advance techniques
like Ant Colony Optimization; Particle Swarm Optimization & Fuzzy Multi objective Approach have been used in this
study. A combination of ACO-Fuzzy Multi-objective approach is devised to get more accurate results. The ACO is a
population based probabilistic approach which will seek the shortest path to switch the loads during the overload
contingency while minimizing the power loss and maintaining the radiology of the system. PSO is an optimization
algorithm based on a population of individuals that present the ability to interact among each other as well as with the
environment based on which the optimal switches for reconfiguration are selected. An approach is introduced by
combining the ACO and fuzzy multi-objective approach to develop an algorithm which is able to solve such a
sophisticated problem [5]. The approach uses both the advantages of ACO & FMOA to solve the overload contingency
of the distribution system. A customer load pattern using MATLAB is designed to investigate the load margin available
during the overloading contingency. An IEEE 30 bus system is used for the simulation of problem using Mi-Power
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software. Through the high-voltage transmission line, the power is finally delivered to the consumer through the
heavily interconnected electrical distribution system network. All the individual consumers get benefited from this vast
infrastructure of distribution system, which is undoubtedly one of the power system final stage. The power from the
transmission system is step down by the distribution system which normally ranges from 2 kV and 33 kV with the help
of interconnected transformers [6]. This medium voltage power flow through the primary distribution lines to the
transformers installed at the customer's location. The voltage is again lowered to the usable voltage required for the
home appliances. In this way many consumers are served by these secondary lines. The connections to the consumers
are also dependent on the demand for the electricity. The big commercial consumers are sometimes

Il. DISTRIBUTION SYSTEM DESIGNS
All over the world a number of distribution systems is designed and used. These systems can broadly be characterized
as under Loop, Radial and Network distribution systems. These systems are discussed in the next subsection.

Loop Distribution System

A system in which the consumers are connected through the power supply in a circular way is characterized as loop
system. Alternatively, there is an extra power source is connected within the system in such a way that when any
contingency occur on the system, the line switches could be used; which are placed at strategic location; to energize the
consumer from any direction. In case one of the power sources is failed the other one could be used as a backup power
supply. A loop network uses a number of switches which are used at many locations, making it an expensive kind of
power distribution system. The loop system is better in terms of reliability since the consumers can be energized with a
minimum time delay. When the fault occurs in the lines, a minimum number of consumers get affected by the
restoration process. The reliability factor of loop system just overshadows its expensive characteristic where the
demand is of least timing for power supply interruption [7].

Figure 1: Loop distribution system

Radial Distribution System

For the areas where the population is very thin i.e. the numbers of consumers are less radial distribution system is the
most appropriate choice. The single power source is used in the radial system for a particular area. In case of fault
occurring on the system the entire power supply of the area gets interrupted [8].

—he

Figure 2: Radial distribution system
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Network Distribution System

The most complicated and interlocked looped systems are network distribution system. The electricity is supplied from
more than a single source. This feature of the network distribution system added to the reliability of the power supply to
the consumer. Also, because of this feature it is the most expensive distribution system. The high load density areas like
industries, municipality etc. usually use network distribution system [9].

gy »

Figure 3: Network distribution system

After the analysis of the major categories of the electrical distribution system the idea is drawn about its complexity.
Being a highly labyrinth structure and connected through a number of devices, electrical distribution system is the end
mean to supply electricity to the consumer. The loads which are connected to the highly meshed electrical distribution
system are of different characteristics e.g. either lagging/leading power factor. The connectivity of these loads with
power system is through the different devices like transformers, electrical fuses, line switches, circuit breakers, tie
switches etc. Since distribution system is designed in such a way that it covers all the consumers in a given area which
are usually described as zones. These consumers are connected within the zone by line switches through which they can
be connected or isolated as required. There are a number of zones exist within an electrical distribution system. These
zones are connected with each other with the help of tie-switches. To switch the load from one zone to another the
switching i.e. opening or closing operation of line switch and tie switch took place respectively. For the switching to be
successful the loads connected to the outgoing feeder having contingencies like fault on the lines and overloading of
feeders, should be selected in such an intelligent way that the feeder which is going to supply these loads should not get
overloaded or meet with any other fault. Due to the number of uncertainties occur during the loading and unloading of a
distribution feeder with vague data, advantage is taken by implementing various techniques which works in such a
scenario. Various methods have also been formed on the basis of the past experience of the operators and experts
working in the distribution system field.

I11. PROPOSED METHODOLOGY

A 100-Mvar STATCOM regulates voltage on a three-bus 500-kV system. The 48-pulse STATCOM uses a Voltage-
Sourced Converter (VSC) built of four 12-pulse three-level GTO inverters. Look inside the STATCOM block to see
how the VSC inverter is built. The four sets of three-phase voltages obtained at the output of the four three-level
inverters are applied to the secondary windings of four phase-shifting transformers (-15 deg., -7.5 deg., 7.5 deg., +7.5
deg. phase shifts). The fundamental components of voltages obtained on the 500 kV sides of the transformers are added
in phase by the serial connection of primary windings. Please refer to the "power_48pulsegtoconverter”" example to get
details on the operation of the VSC.
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Figure 4: Simulink Model of STATCOM

During steady-state operation the STATCOM control system keeps the fundamental component of the VSC voltage in
phase with the system voltage. If the voltage generated by the VSC is higher (or lower) than the system voltage, the
STATCOM generates (or absorbs) reactive power. The amount of reactive power depends on the VSC voltage
magnitude and on the transformer leakage reactance. The fundamental component of VSC voltage is controlled by
varying the DC bus voltage.
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Figure 5: Output Waveform of the STATCOM

A distribution system consists of various types of loads varying from industrial, residential & commercial. Each type of
loads has its own daily load patterns based on which the customer load pattern is drawn. On the basis of this customer
load pattern the idea about the peak loading can be drawn. Overloading in the distribution system is severe which could
cause the disconnection of distribution lines due to overload protection relays & hence causes an overall outage in the
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system. It also leads to the increase in the system overall power loss which lead to the financial loss to the utility &

consumers. It is estimated that at distribution system level due to line losses about 5-13% of the overall generated

power is wasted. Hence, to protect the system from the overload contingency the preventive measure should be taken in

the intelligent way so that the end result will show a better voltage profile with an overall reduction in power loss.
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Figure 6: Flow Chart of IEEE 14 Bus Systems

V. SIMULATION RESULT

To get the better result as compared to PI controller based STATCOM we use Fuzzy Logic Controller STATCOM. In
the study we see that FLC based STATCOM provides better result as well it is more reliable in uncertain cases like
varying loads and fault conditions. We’ll discuss these cases later on.

_t3.> ey
Figure 7: Control scheme of FLC based STATCOM

In the above fig we have used a fuzzy logic controller instead of conventional Pl controller. There are two inputs of
FLC and one output. This output is tuned by changing the gain and other parameters. The parameters are changed in
such a way so that error signal is minimized. To get the desired result we must apply a rule base a system. Fig given
below shows the rule base for FLC. Rule base is changed by hit and trial method to achieve the desired result.
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Figure 8: Simulink result of active and reactive power in of IEEE 14-bus system with FLC based STATCOM

The diagram shows the active and reactive power waveform of phase A. Active power waveform is a pure sinusoidal
which was distorted in case of PI controller. Thus active power waveform has been clearly improved after applying
FLC in STATCOM for control purpose. Reactive power is also slightly increased in this case.
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Figure 9: Voltage v/s time plot of bus-1 of IEEE 14-bus system with FLC based STATCOM

Table I: Comparison Result

S. Parameters Previous Work Present Work Improvement
No.
1. Algorithm Design IEEE 14 Bus | Design IEEE 14 Bus
Used System based on Inter line | System based on Fuzzy
Power Flow Controller Logic Controller
2. Highest 0.78 0.96 18.75%
Voltage
3. Active Power 3.5028x 107 W 4.9<10°W 28.51%
4. Reactive 1.5014% 10"W 1.8155% 10°W 17.30%
Power
V. CONCLUSION

Now-a-days electric power systems all over the world are undergoing a phase of increased size and complexity due to
rising load demand and expansion. This situation leads to the excessive burden on the power distribution systems
posing many challenges before the distribution system utilities. Minimization of real power loss and maintaining
voltage profile are the major requirements for a distribution system apart from cost reduction. Distributed generation is
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a small scale generation, connected to distribution system generating power from renewable or non-renewable energy
sources using both modern and conventional technologies. Recently, use of distributed generation is being encouraged
because of its numerous benefits such as reduced system loss, voltage profile improvement, enhanced system
reliability, relieved transmission and distribution congestion etc.
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