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ABSTRACT: - Power factor correction (PFC) is common in commercial and industrial applications. A need to extend
the application of PFC will increased with the dwindling natural resources used for power generation and also
exceeding energy demand, hence more efficient power usage and motor system are required at the forefront of utility's
demand side management system. The aim is to design and build an active PFC using a boost DC/DC converter and
implement it on a single phase induction motor for small industrial and residential applications. However it can be
developed to a three phase system for bigger industrial applications. The basic architecture of this will includes a power
supply, a rectifier, DC/DC boost converter, an inverter, control circuitry, and a single split phase induction motor. The
energy usage of the motor without PFC is recorded and then compared with energy of a motor with PFC. The cost
analysis of the two energy usage is compared and the main objective is to realise some savings. This paper discusses
system design, influence of the PFC on the system’s power consumption and power factor, comparing the results
between two systems, and also cost evaluation.
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I. INTRODUCTION

In this paper it describes the improvement of power factor of an induction motor by using capacitor bank. When power
factor is improved, then the energy will be saved automatically. The power factor is the goal of any electrical utility
company since if the power factor is less than one, then they have to supply more current to the user for a given amount
of power use[1]. But in so doing they occur more line losses. Induction motors are the most widely used electrical
motors due to their reliability, low cost, low maintenance and robustness. For industrial and mining applications, 3-
phase AC induction motors are used as prime movers for the vast majority of machines. It has been estimated that 70%
to 80% of all electricity in the world is consumed by these types of motors. At no load condition induction motor has
very low power factor. Power factor will improves at increasing load from no load to full load. Power factor correction
is achieved by the addition of capacitors in parallel with the connected motor circuits and can be applied at the starter,
otherwise it can be applied at the switchboard or distribution panel.

The main objective of this study is to design an energy saving scheme for an industrial distribution network systems.
This can be easily achieved by decreasing the network losses and improving the main electric load operation to a better
efficiency level. The designed scheme is concerned with the improvements of the power factor of the distribution network by
adding shunt capacitors to the network at optimal size and location. Industrial power distribution networks encounters
increase in power losses and increase in the type of load is accompanied with low power factor which leads to the huge
transfer of reactive power from the utility through the network system. The main drawback of this problem is increase in the
network losses and reduction in voltage level [1]. It can be result in poor reliability, safety problems and higher energy costs.
The actual amount of power being used or the actual amount of power being dissipated in a circuit is called true power.
Reactive loads such as inductors or capacitors will make up what is called reactive power. The linear combination of true
power and reactive power is called as apparent power [3]. Power system loads may consist of resistive, inductive, and
capacitive loads. Examples of resistive loads are incandescent lighting and electric heaters. Inductive loads are induction
motors, transformers, and reactors and capacitive loads are capacitors, motor starting capacitors, generators, and synchronous
motors etc. The low power factor is not that much problem in domestic’s area
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but it becomes a problem in industry where multiple large motors are used [2]. Thus the Power factor correction is
usually achieved by adding capacitive load to offset the inductive load present in the power system.

Il. POWER FACTOR

In an AC circuits there is generally a phase difference between the voltage and current. The term Cosg is known as the
power factor of the circuit. If the circuit is inductive, then the current is lags behind the voltage and the power factor is
called lagging power factor. If the circuit is capacitive then the current leads the voltage and power factor is said to be
leading power factor. The average power in an AC circuit is expressed in terms of rms current and voltage, ie P= VI. A,
The purely resistive load would have a power factor of 1.0 (unity).

Power factor correction is a technique of counteracting the undesirable effects of electrical loads that create a power
factor that is less than one. Power factor correction may be applied either by an electrical power transmission utility to
improve the stability. Low power factor is an issue, it can be solved by adding power factor correction capacitors to the
plant distribution system.

AC power flow has three components:

o Real power or active power (P), expressed in watts (W)
e Apparent power (S), expressed in volt-amperes (VA)
o Reactive power (Q), expressed in reactive volt-amperes (VAR)

The VA and VAR are the non-SlI units mathematically identical to the Watt, but are used in engineering practice
instead of the Watt in order to state what quantity is being expressed behind it. The power factor is defined as the ratio
of real power to apparent power. If the power is transferred along a transmission line, it does not consist purely of real
power that can do work once transferred to the load. But it consists of a combination of real and reactive power, called
apparent power. The power factor will describes the amount of real power transmitted along a transmission line relative
to the total apparent power flowing in the transmission line.

The Power Triangle:

powe

Q, Reactive Power

>

P, Real Power

Fig.1 Power Triangle

The various components of AC power can be related by using the power triangle. The real power is extends
horizontally in the T direction as it represents a purely real component of AC power. And the apparent power represents
a combination of both real and reactive power. Therefore it can be calculated by using the vector sum of these two
components. We can conclude that the mathematical relationship between these components as:

52:P2+Q2

S = (P2 " Q2)1/2
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Cosg, power factor = (P, real power / S, apparent power)

POWER FACTOR OF AN INDUCTION MOTOR

The only possible source of excitation in an induction machine is the stator input. The induction motor therefore must
be operate at a lagging power factor. The power factor is very low at no load and increases to about 85 to 90 percent at
full load in an induction motor. The improvement being caused by the increased real-power requirements with
increasing load. The presence of air-gap between the stator and rotor will greatly increases the reluctance of the
magnetic circuit of an induction motor. Also an induction motor draws a large magnetizing current (Im) to produce the
required flux in the air-gap.

(i) At no load condition, an induction motor draws a large magnetizing current and a small active component to meet
the no-load losses. Thus, the induction motor takes a high no-load current lagging the applied voltage by a large angle.
Hence the power factor of an induction motor on no load is very low, it may about 0.1 lagging.

(if) When an induction motor is at loaded condition, the active component of current will increases while the
magnetizing component remains about the same. Also the power factor of the motor is increased. Because of the large
value of magnetizing current, which is present regardless of load, the power factor of an induction motor even at full
load exceeds 0.9 lagging.

Induction machine may become self-excited when a sufficiently heavy capacitive load is present in their stator circuits.
Then the capacitive current furnishes the excitation and cause serious overvoltage or excessive transient torques.
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Fig 2. Current components of an induction motor

The magnetizing current is the current that establishes the flux in the iron and it becomes very necessary if the motor is
going to operate. The magnetizing current does not contribute to the actual work output of the motor. The magnetizing
current and the leakage reactance can be considered as the passenger components of current that will not affect the
power drawn by the motor. But it will contribute to the power dissipated in the supply and distribution system.
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Fig 3. Current components after adding capacitor current
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In reducing the losses in the distribution system, power factor correction is added to neutralize a portion of the
magnetizing current of the motor. The corrected power factor will be 0.92 - 0.95 some power retailers offer incentives
for operating with a power factor of better than 0.9, while others penalize consumers with a poor power factor. The net
result is that in order to reduce wasted energy in the distribution system. Thus the consumer will be encouraged to
apply power factor correction methods.

DISADVANTAGES OF LOW POWER FACTOR

1.) Large Line Losses (Copper Losses):

The line Losses is directly proportional to the squire of current, Power Loss = I*R i.e., the larger the current, the greater the line losses i.e. I>>line losses .Power Loss = I>XR = 1/Cos®
. Since | « 1/Cos®. Thus, if Power factor = 0.8, then losses on this power factor =1/Cos®" = 1/ 0.8" = 1.56 times will be greater than losses on unity power factor.

2.) Large kVA rating and Size of Electrical Equipment:

Almost all electrical machinery are rated in kVA. But, it is clear from the following formula that power factor is
inversely proportional to the KVA i.e. Cos® = kW / KVA. Therefore, the lower the power factor, the larger the kVA
rating of machines also, the larger the kVA rating of machines. The larger the Size of machines and the larger the size
of machines and the larger the cost of machines.

3.) Greater Conductor Size and Cost:

In case of low power factor, current will be increased, and then to transmit this high current, we need the larger size of
conductor. Also, the cost of large size of conductor will be increased.

4.) Poor Voltage Regulation and Large Voltage Drop:

The voltage Drop = V = IZ. In case of low power factor, current will be increased. So the larger the current, the Larger
the voltage drop. Also the voltage regulation,V.R = (VNoLoad — VFullLoad)/ VFullLoad. In case of the low power factor there
would be large voltage drop which cause low voltage regulation. Therefore, keeping voltage drop in the particular limit,
we need to install Extra regulation equipment.

5.) Low Efficiency:

In the case of low power factor, there would be large voltage drop and large line losses and this will cause the system or
equipment efficiency too low. Due to low power factor, there would be large line losses; therefore, alternator needs
high excitation.

6.) Penalty from Electric Power Supply Company on Low Power factor:

The electrical power supply company imposes a penalty, for power factor below certain limit, in electric power bill.
So power factor should be maintained at a specified value.

111. SIMULATION AND RESULTS

The dynamic performance of the system is simulated using Mat lab/Simulink and verified experimentally on a 1
KW Single phase induction motor. Fig. 4 shows the configuration of the experimental setup. In the setup, the stator
of the induction machine is connected to the power network
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Fig.4 Simulink model of induction motor

The following characteristics of the SPIM is Plotted. Current vs. time. Figure 5 shows the total stator current. The stator
reactive current changes direction at approximately mechanical power of 3kW as the rotor resistance value is
decreased. Furthermore, with the reduction of the rotor resistance, magnitude of the stator reactive current becomes
more capacitive (i.e. negative value) implying that reactive power is fed back to the grid.
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Fig.5 Rotor current at constant load
From the simulation result the value of current obtained is as shown below
CALCULATION OF LOAD TORQUE
N = 120F/P = 3600
o = 2aN/60 = 376.99
Load torque = P/ @0 = 0.494
CALCULATION OF LOAD CURRENT

| = VI(R2+X2)
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= 110/13.306

=8.26 A

111. CONCLUSION

A review of efficiency improvement of single phase induction motor is conducted. Each individual large consumer
should be corrected for practically unity power factor, and to do this the proper synchronous condenser capacity should
be introduced at some point in the consumer's line where the most economical results can be obtained. This, however,
will vary very largely with each individual consumer and must be studied in each case. The operating single phase
induction motor at unity power factor is practically very difficult. When the load on motor changes, it may result in
under or over correction of power factor.
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