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Abstract This paper presents a new method for power factor correction with low cost drives. Power factor control is a
major role in the improvement of power system stability. Many of the existing systems are expensive and difficult to

manufacturer. Nowadays many of the converters have no input power factor correction circuits. The effect of power factor
correction circuit is used to eliminate the harmonics present in the system. This type of power factor correction circuit is
mostly used in the Switched Reluctance Motor controller drive. Fixed capacitor systems are always leading power factor
under at any load conditions. This is unhealthy for installations of power system. The proposed embedded system drive is
used to reduce the cost of the equipment and increase the efficiency of the system. Experimental results of the proposed
systems are included. It is better choice for effective cost process and energy savings.

Keywords Power System, Power Factor Improvement, Capacitor, Embedded System

1. Introduction

Most of the consumers consumed the electricity for the
purpose of inductive load. The inductive load is act as a
lagging power factor. The result of lagging power factor
increases the power losses in the power system. The reactive
power is compensated by real power by using suitable value
of capacitors. This improvement of power factor is helps to
avoid the heavy penalties and also offer incentives to the
consumer. The existing work on power factor correction is
having some disadvantages like switching operations and
sensing stability of the system. In this proposed system is
used to rectify the above problem. Power factor is the cosine
angle between the voltage and current. This current and
voltages are sensed by using instrument transformers like
current transformer and voltage transformer. In this proposed
method zero crossing detectors is used to converting the
waveforms of voltage and current into TTL compatible
square waves. The above square waves are fed into the
microcontroller ATMEL 8951. The phase angle between the
voltage and current is calculated by inbuilt computers in the
microcontroller.

The calculated values are comparing with actual load
present in the system. The load on the system is maximum
when the capacitor bank[1] is added in the system by using
micro controller. These processes are continuously carried
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out and maintain the power factor in automatically.

This paper proposes the following solutions to correct the
power factor.

» Reactive power is compensated by real power obtained
from capacitors.

» Automatic power factor correction so as to achieve
electrical energy conservation.

» Minimize the unwanted losses in energy and improve
the efficiency of the power system.

» Eliminating the electromechanical relays by means of
solid devices.

2. Theory

a. Power factor

Power factor indicates actual amount of power is delivered
to the load.
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P.F(cos®) = ctivepower
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The direction of the current and voltage vectors are not
same at all loads like inductive, resistive, and capacitive
loads.

b. Resistive load

For pure resistive load there is no phase difference
between voltage and current. So the power factor is unity
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¢. Inductive load

Current vector in the pure inductive load is lagging behind
the voltage vector with angle 90% ie) Cos 90= 0. No
power[2] is consumed by inductive load. Practically pure
inductance is not possible.

It is having some small amount of resistance and reactance.

So that angle of lagging is not exactly 90°.
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d. Capacitive load
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1 Sin (REACTIVE FOWER)

Current vector in the pure capacitive load is leading in front
of the voltage vector with angle 90°.

Pure capacitance is also not possible. It is also having
resistance[3]. Hence angle of leading is not exactly 90°
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In RLC circuit the capacitor is used to reduce the angle
between voltage and current.

3. Performance of the Proposed System

The following functions are to be considering for the
proposed system.

» Current signals are obtained from instrument
transformer like potential and current transformers.

» Zero crossing detectors are used to convert the
waveforms of voltage and current into corresponding square
waveform.

» TTL is used to convert the square waveform to
compatible waveform.

» Converted waveforms are fed into a counter, positioned
in the microcontroller.

The counted pulses are converted into corresponding
value of phase angle @

4. Experimental Setup

Magnitude of the voltage and current are fed into
themicrocontroller89C51.1t is used to measure the phase
shift between the voltage and current. ie) the cosine value of
the electrical quantities like voltage and current are measured
by using microcontroller. According to the power factor
number of relays is energized or deenergised.The signal
from microcontroller (either 0 or 1) is used to operate the
relay. The relay contacts are closed when the capacitor is
connected to the circuit through relay. Hence the power
factor improves a vice versa happens when the signals are
low.
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Table 1. Result analysis for power factor correction
S1 Inductive Load Resistive Load Relays Power Factor
No L1 L2 L3 R1 R2 R3 | Relays | Relays | Relays | Relays Actual Corrected
I 11 111 v P.F P.F
ON OFF | OFF OFF OFF OFF OFF 0.98 -
1 ON | OFF | ON ON ON | OFF | OFF OFF OFF OFF 0.9 0.97
ON ON ON ON ON ON ON 0.6 0.92
ON | OFF | OFF | OFF OFF OFF OFF 0.98 -
2 ON ON ON ON | OFF | OFF OFF OFF OFF 0.98 -
ON ON ON ON ON OFF OFF 0.87 0.94
ON | OFF | OFF | OFF OFF OFF OFF 1.0 -
3 ON ON ON ON ON | OFF | OFF OFF OFF OFF 0.99 -
ON ON ON OFF OFF OFF OFF 0.79 0.95
5. Embedded System power factor correction circuit was simulated and experime

Embedded system is a combination of hardware and
software that forms the component of a larger system. Itis a
programmed system it consists of dedicated functions with
minimal operations. This is also having number of divisions
at different conditions. It is very useful for more applications.
It is generally prepared for speed of operation, accuracy and
reliability. Embedded application software performs the
predefined function of the embedded device. This software
can support such applications as the internet-mail and MP3
decodes.

6. Microcontroller 89C51

This device is selected because it is an intel IX51
microcontroller. The intel IX5lis a standard reference
architecture and easy to adapt to a variety of design. The
ATMEL 89C51 has a program memory unit on FLASH
technology. FLASH ROM memory is a technology of
starting programs in a controller and that can be erased
without UV Eraser. So the erasing process is very fast. Hence
it is called flash. The microcontroller actuates the necessary
relay of the various power factors.

7. Zero Crossing Section

Zero crossing section is having two zero crossing detector
circuits. The alternating sine wave of voltage and current
signals are fed into each zero crossing detector. This circuit
is used to convert[5] the sine waveforms to corresponding
square waveform. It helps to measure the power factor of the
system.

8. Conclusions

This paper has experimentally explained[6] the power
factor correction by using embedded system. This proposed

ntally tested with Switched reluctance motor in different
operating modes. Electric energy is consumed in our day to
day life. It is utilized by different type of consumer like
domestic and Industries. Unfortunately electric power cannot
be stored in any form. So that the power may be meet the
requirements of the consumers. Experimental results confirm
the theory and prove the concept of the power factor
correction. In this experimental setup is used to maintain the
power factor by using static capacitors. These capacitors are
switched on during peak load hours and switched off during
lightly loaded hours. The power factor adjustment is used to
maintain the stability of the power system.
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