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Abstract: This paper discusses the design, implementation and analysis of a three phase capacitor bank controller
unit. Power factor correction using capacitor banks reduces reactive power consumption which will lead to
minimization of losses and at the same time increases the electrical system’s efficiency. Most of the industrial
installations have large electrical loads which are inductive in nature, which results in a lagging power factor.
Power factor is the value of a system that reflects how much power is being borrowed from the power company for
the system. Many power companies regulate industrial power factors to make sure that they do not fall below a
certain level and charge the customer more on their utility bills if the power factor falls below a certain level. This
work is to make a system that will switch capacitor banks when the power factor drops below a certain point to
avoid power company charges. PLC is used to control of switching on/off capacitor bank to improve power factor.

Keywords: Programmable logic controller (PLC), Condenser, Relays, 1 Phase Induction Motor, Current
Transformer.

1. INTRODUCTION

Power factor is the ratio of true power or watts to apparent power or volt amps. They are identical only when current and
voltage are in phase then the power factor is 1.0. The power in an ac circuit is very seldom equal to the direct product of
the volts and amperes. In order to find the power of a single phase ac circuit the product of volts and amperes must be
multiplied by the power factor. Ammeters and voltmeters indicate the effective value of amps and volts. True power or
watts can be measured with a wattmeter. If the true power is 1870 watts and the volt amp reading is 2200. Than the power
factor is 0.85 or 85 percent. True power divided by apparent power. The power factor is expressed in decimal or
percentage. Thus power factors of 0.8 are the same as 80 percent. Low power factor is usually associated with motors and
transformers. An incandescent bulb would have a power factor of close to 1.0. A one HP motor has power factor about
0.80. With low power factor loads, the current flowing through electrical system components is higher than necessary to
do the required work. These results in excess heating, which can damage or shorten the life of equipment, a low power
factor can also cause low-voltage conditions, resulting in dimming of lights and sluggish motor operation. Low power
factor is usually not that much of a problem in residential homes. It does however become a problem in industry where
multiple large motors are used. So there is a requirement to correct the power factor in industries. Generally the power
factor correction capacitors are used to try to correct this problem.

Power factor correction acts to improve poor power factors by keeping a customer’s power factor above the level
specified by the power company. The most common method of controlling power is by the use of switching capacitor
banks and was the method implemented in this project. Capacitor banks generate “negative” reactive power or absorb the
reactive power produced by inductive loads. However, it is possible to add too much capacitance to the system and still
incur power company charges. This occurs when the amount of capacitance added is so much greater than the inductance
of the system that the power factor goes below 0.85 leading. The goal of this project was to obtain a power factor as close
to one as possible or to control the system power factor within a range that will avoid any power company charges
possible
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2. BLOCK DIAGRAM OF PF CORRECTION USING PLC
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The figure shows the basic block diagram PF correction using plc. It consists of a contactor, motor load, relay, capacitors,
current transformer, PLC. Contactor together with motor load forms a power circuit. Whereas PLC, relay, capacitor, C.T
forms a control circuit

When motor starts through the 1 phase 230V 50HZ power supply. The current transformer is connected across the one
phase to sense the current drawn by motor. Current transformer used in this circuit is 1A/AmA the output of current
transformer is given to bridge rectifier which converts the AC value of voltage into DC. DC values are given to IC
LM339 which is nothing but the comparator. IC LM339 consists of four outputs and four input pairs. One of this input
pair provided with 24V which is reduced to some values other input is given through the output of bridge rectifier i.e. the
current value measured by the current transformer which is later converted to DC value. When the two values are
identical it turns on the respective output.

PLC output is given to Relays which in turn switch the capacitor bank. Input to the PLC is given through current
transformer which senses the current of the load another input to PLC is manual switching push buttons so there are total
8 inputs including 4 for manual operation and 4 of C.T. Then according to programming done in PLC it gives the output
to relays and relays in turn switch the capacitors. The SMPS is used to provide supply to PLC, relays. The condenser bank
used is of rating 2.5,4,8,10 mFD

PLC output consists of switching of relays which turns the condenser. Stop the motor if power factor falls below
predetermined value. Start capacitor 1, 2,3....... n depending on the value of @.

IC LM-339

Output 2 Output 3

Output 1 Output 4

Vcc GND
Input 1- Input 4+
Input 1+ Input 4-
Input 2- Input 3+
Input 2+ Input 3-
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Basically this LM 339 IC is nothing but the comparator having four outputs i.e pin no.-1, 2, 13, 14. This LM 339 IC
works on 25v/5v dc power supply which is given at pin no.-4, 12. There are basically four inputs i.e. input 1, input 2,
input3, input 4 each input having two terminals one terminal of this input is provided with 24v dc which is reduced to
some value based on the value of current and other terminal of same input is given with the value of current and both
values are compared and turning on the respective output.

3. ADVANTAGES
1) Reduced Utility Bills:

The power factor of a customer will become a direct or indirect factor in the utility bill. Power bills may be reduced by
introducing capacitors to the facility, which can reduce the need for kVAr required from the utility

2) Electrical System Capacity:

Capacitors in a facility produce reactive energy that motors require to produce magnetizing current for induction motors
and transformers. This reduces the overall current needed from the power supply. This translates into reduced loads on
both transformers and feeder circuits. Reduced loads on transformers can have less maintenance, reduced breaker trips,
and higher full-load capacity

3) Improved Voltage Levels:

Low voltage may be caused by a lack of reactive energy dynamic load changes. In facilities with motors, low voltage
reduces motor efficiency and can cause overheating.

4. APPLICATION
Electricity industry: power factor correction of linear loads:

Power factor correction is achieved by complementing an inductive or a capacitive circuit with a (locally connected)
reactance of opposite phase. For a typical phase lagging power factor load, such as a large induction motor, this would
consist of a capacitor bank in the form of several parallel capacitors at the power input to the device. Instead of using a
capacitor, it is possible to use an unloaded synchronous motor. This is referred to as a synchronous condenser. It is started
and connected to the electrical network. It operates at full leading power factor and puts VARs onto the network as
required to support a system’s voltage or to maintain the system power factor at a specified level. The condenser’s
installation and operation are identical to large electric motors. The reactive power drawn by the synchronous motor is a
function of its field excitation. Its principal advantage is the ease with which the amount of correction can Be adjusted. It
behaves like an electrically variable capacitor.

5. CONCLUSION

Low power factor is not that much of problem in residential homes it does however become a problem in industry where
multiple large motors are used. So there is requirement of correcting the power factor in industry. Generally the power
factor correction condenser used to try to correct the problem here we used the PLC Based system for power factor
correction.

By using this system we can improve lagging power factor thereby system will be safe from different disadvantage of
lagging power factor by use of this system the power factor control becomes very fast and accurate than other methods &
also the electric charges are also reduced.
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