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Abstract: Power factor improvement of induction motor loads
by means of shunt capacitors has been a practice of pulling
its full weight. In an AC circuit there is a connecting the
capacitors directly at the motor terminals has developed in
order to permit switching of the capacitors and motor as a
unit. This  will not result in adverse motor operation if the
number of capacitors is selected properly. The power factor of
these motors varies from 0.30 to 0.95, depending on the size of
the motor and other operating conditions. Therefore, the
power factor level is always a concern for industrial power
systems, utilities, and the user. The system performance
can be improved by correcting the power factor. Since the
number of power electronic based devices is increasing, it leads
to designing more and more capacitor bank. Shunt capacitor
banks are used to improve the quality of the electrical supply and
the operation of the power system.
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1. Introduction

The main objective of this study is to design an
energy saving scheme for an industrial distribution network
losses and improving the main electric load operation to a
better efficiency level. Most plant loads are inductive and
require a magnetic idle to operate motors transformers and
florescent lighting. The magnetic  field is  necessary, but
produces no useful work. The utility must supply the power to
produce the useful work. These two types of current are active
and reactive. Shunt capacitor banks are mainly installed to
provide capacitive reactive compensation/power factor
correction. Industrial power distribution network encounter
increase in power losses and increase in the type of load is
accompanied with low power factor which leads to huge
transfer of reactive power from the utility through the
work. The main drawback of this problem is increase
the network losses and reduction in the voltage level. It
can result in poor reliability, safety problem and higher
energy costs. Power system load consist of resistive, inductive,
and capacitive loads. Example of resistive loads is in
candescent lighting and electric heaters. Inductive loads are
induction motors, transformer and reactors. And capacitive
loads are capacitor, variable and fixed capacitor bank,
generator and synchronous motor.

Power Factor: The power flowing on alternating current

(AC) load is not always pilling its full weight. In an AC circuit
there is a phase difference between voltage and current. The
term cos @ is known as power factor. The power factor is a ratio
of Active power to the apparent power. Active power
(measured in KW), also known as real power or true power, is
the working power in a circuit and Reactive power
(measured in KVAR) is the non-working power. Active power
and Reactive power together make up apparent power
(measured in KVA).
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Fig. 1. Power triangle
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Power factor = Active Power / Apparent Power

Power factor correction is a technique of counteracting the
undesirable effect of electrical load that create a power factor
less than one. If the circuit is inductive, the current is lags
behind the voltage and the power factor is called lagging power
factor and if the circuit is capacitive then current leads to
voltage and the power factor is said to be leading power factor.
Power factor correction may be applied either by an electrical
power transmission utility to improve the stability and the
efficiency of the transmission network or the correction may
be installed by individual electrical customers to reduce
the cost charge.

Low power factor is an issue, which can be solved by
adding power factor correction capacitor to the plant
distribution system. Capacitor work as reactive current
generators “providing” needed reactive power (KVAR) into the
power supply. By supplying their own reactive power
source, the industrial user frees the utility from having to supply
it, and therefore the total amount of power supplied by the
utility will be less.

Power factor of an induction motor:

Power factor is a very important in induction motor. The

induction motor must operate at a lagging power factor. The
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power factor of induction motors varies with load, typically
from around 0.85 or 0.90 at full load to as low as about 0.20 at
no-load, due to stator and rotor leakage and magnetizing
reactance’s. Power factor can be improved by connecting
capacitors either on an individual motor basis or, by preference,
onacommon bus covering several motors. Foreconomic
and other considerations, power unity power factor. Power
capacitor application with harmonic currents requires power
system analysis to avoid harmonic resonance between
capacitors and transformer and circuit reactances. Common bus
power factor correction is recommended to minimize resonant
risk and system to simplify power analysis.

At no load: Induction Motor when started at no load has very
poor power factor in the range of 0.1 to 0.3. For understanding
the effect of loading onthe power factor of Induction Motor,
we will consider three components of current flowing in an
induction motor namely magnetizing current, stator loss
Component of Current and Load Component of Current an
induction motor draws a large magnetizing currentand a small
active component to meet the no-load losses. Therefore, 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 low i.e., about 0.1 lagging.
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Fig. 2. Phasor diagram

At loaded: As the Induction Motor is loaded, the load
component of current increases from its no load value. The
increment of load component of current from its no load value
is responsible for supplying the load torque. Thus the load
component of current increases from its no load value of I, to
I,’. When 1>’ is added with 10 vectorically the resultant current
| = I2’+Igmakes an angle of ©1 which is less than ©,. Thus as we
increase the load ©; decreases which in turn means an
improvement in power factor.

The power factor of Induction Motor becomes 0.85-0.88
when it is loaded 80-90% but beyond this loading power factor
decreases slightly because of prominent effect of Stator and
Rotor leakage reactance drop.

2. Simulation results

Using simulink toolbar and it’s respective library, a sequence
of model can be created to meet the requirement.

Fig. 3. Simulation model of three phase induction motor connected with
parallel with capacitor bank

Table 1
Power factor at different load condition
S. No. Motor Load Factor Power Factor
1 Unloaded 17%
2 1/2 Loaded 73%
3 Full loaded 84%
4 Overloaded 87%
Table 2
After power factor correction
Load Capacitor Value Power Factor
100 2 0.9311
100 3 0.9356
100 4 0.9423
100 5 0.9501

In the Table 2, it is shown that power factor is improved by
using capacitors. Power factor is very low at no load it can be
improved from 0.17 to 0.9501 at full load.

3. Conclusion

By observing all aspects of the power factor it is clear that
power factor is most significant part for the utility company as
well as for the consumer. Utility company rid of from the power
losses while the consumer free from low power factor penalty
charges.

By installation suitable sized power capacitor into the circuit
the power factor can be improved and the value become near to
1 thus minimizing line losses and improve the efficiency of an
induction motor.

References

[1] Sharkawi E I,Chen M A, Vandari S V, Fisser G W, Butter N G, Vinger R
J, “An Adaptive Power Factor Controller for Three Phase Induction
Generator”, IEEE Transaction on Power Apparatus and Systems,,Volume
PAS 104,PP.1825- 1831,1985.

[2] Sharkawi E I,Chen M A, Vandari S V, Fisser G W, Butter N G, Vinger R
J, “ Develpoement and Field Tasting of A Closed Loop Adaptive Power
Factor Controller”, IEEE Transaction on Energy Concession, Volume
3,PP.235-240,1998.

[3] Marlar Thein Oo, Ei Ei Cho, “Proceedings of World Academy of Science,
Engineering and Technology”, ISSN, Volume 32, PP.2070-3740, 2008.



IJR

Volume-1, Issue-11, November-2018

)

ESM www.ijresm.com | ISSN (Online): 2581-5792

International Journal of Research in Engineering, Science and Management 79

(4]

[5]

(6]

Al Ali, Negan A R, Kassas M M, “A PLC Based Power Factor Controller
for a 3 Phase Induction Motor”, IEEE Conference on Industry
Applications, Volume: 2, PP.1065-1072, 2000.

Ayres,Barbi C A, “ CCM Operation Analysis of A Family of Converter
for Power Recycling During the Burn-in Test of Synchronized UPSs”,
IEEE Conferences on Power Electronics Specialist, Volume 2,PP. 986-
992,1996.

S. Khanchi, and V. K. Garg, “Power Factor Improvement of Induction
Motor by Using Capacitors,” in International Journal of Engineering
Trends and Technology, vol. 4, no. 7, pp. 2967-2971, July 2013.

(71
(8]
[9]
[10]
[11]

[12]

Hadi Saadat, International Edition, WCB 1999, Power System Analysis,
Milwaukee School of Engineering, McGraw-Hill.

Marija LLic, 2000, Handbook of Electric Power Calculations, McGraw-
Hill,Inc.

https://www.setra.com/blog/what-is-power-factor
https://www.rapidtables.com/calc/electric/power-factor-calculator.html
https://en.wikipedia.org/wiki/Induction_motor#cite_note-NEMA_MG-
1,_p._19-49
https://electricalbaba.com/why-does-induction-motor-has-poor-power-
factor-at-no-load/



