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Abstract—Verification of the skin impact
electrical phenomenon model is done by
scrutiny the calculated current and potency at
full load, with makers equipped knowledge
beneath traditional conditions. The potency of
the commonplace motor and the energy
economical motor decreases because the
order of harmonics will increase. It’s found
that the fifth and seventh harmonics
contributed over forty fifth and twenty fifth
severally of the overall rotor loss of each the
EEM and remembering. the speed of drop of
the EEM efficiencies is larger than the speed
of drop of efficiencies for the remembering at
the same load condition this implies that
though the EEM could be a far better style,
it's a lot of liable to harmonic as a result of
the electrical phenomenon within the rotor
bars. The payback analysis shows that the
EEMs area unit a lot of value effective even
once subjected to harmonic. However, the
losses due to harmonics have to be compelled
to be decreased and more analysis have to be
compelled to be dedicated to the losses at the
fifth and seventh harmonics.

Keywords:— Harmonics in Induction motor,
mat lab, Fourier Transform, energy efficient
motor.

1. INTRODUCTION

In induction machine, the stator winding
of an induction machine is excited with
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alternating currents. In contrast to a
synchronous machine in which a field
winding on the rotor is excited with dc
current, alternating currents flow in the rotor
windings of an induction machine. In
induction machines, alternating currents are
applied directly to the stator windings. Rotor
currents are then produced by induction, i.e.,
transformer action. The induction machine
may be regarded as a generalized transformer
in which electric power 1is transformed
between rotor and stator together with a
change of frequency and a flow of mechanical
power [12]. Although the induction motor is
the most common of all motors, it is seldom
used as a generator; its performance
characteristics as a generator are
unsatisfactory for most applications, although
in recent years it has been found to be well
suited for wind-power applications [18]. The
induction machine may also be used as a
frequency changer. In the induction motor, the
stator windings are essentially the same as
those of a synchronous machine. However,
the rotor windings are electrically short-
circuited and frequently have no external
connections; currents are induced by
transformer action from the stator winding

2. AN ENERGY-EFFICIENT MOTOR

Until recently, there was no single
definition of an energy-efficient motor.
Similarly, there were no efficiency standards
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for standard NEMA design B polyphase
induction motors [8]. As discussed ecarlier,
standard motors were designed with
efficiencies high enough to achieve the
allowable temperature rise for the rating.
Therefore, for a given horsepower rating,
there is a considerable variation in efficiency.
In 1974, one electric motor manufacturer
examined the trend of increasing energy costs
and the costs of improving electric motor
efficiencies. The cost/benefit ratio at that time
justified the development of a line of energy-
efficient motors with losses approximately
25% lower than the average NEMA design B
motors [10]. This has resulted in a continuing
industry effort to decrease the watt losses of
induction motors. Figure 1 shows a
comparison between the full-load watt losses
for standard four-pole, 1800-rpm NEMA
design B induction motors, the first-
generation energy-efficient motors with a
25% reduction in watt losses, and the current
energy efficient motors. The watt loss
reduction for the current energy efficient four-
pole, 1800-rpm motors ranges from 25 to
43%, with an average watt loss reduction of
35%.
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Figure 1: Full-load losses, standard NEMA Design B
1800-rpm motors versus first-generation energy-
efficient motors (25% loss reduction) and current

energy-efficient motors.
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Analysis Objective

The objective of this research is to study
the losses due to harmonics on energy
efficient motors and identify at what harmonic
level these motor losses are most significant.
This study also investigates the losses on
standard motors under the same nonlinear
load condition. Multiple motor sizes (25hp,

Author(s) : Shivika Jain, Pramod Dubey | TIET, Jabalpur

50hp, 100hp, 150hp, 250hp, and 300hp) were
used for this study.

The efficiency of the EEM will be
evaluated under this application by using the
skin effect impedance model. This model
accounts for the nonlinear dependence of
rotor bar impedance with frequency [6].

3.1 Skin Effect Impedance Model

This skin effect impedance model is an
electrical machine theory which is a
simplification of the skin effect electrical
transient model. This model is capable of
calculating the rotor bar current distribution,
but neglects the electrical transients [8]. It
represents the nonlinear relationship between
rotor bar impedance and frequency. The
fundamental frequency and successive
harmonics circuits of the skin effect
impedance model under steady state condition
are shown in figure 2.
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Figure 2: The skin effect impedance model

The different parameters of the model
are calculated wusing the manufacturers
supplied data for ry X5, Xm, Tr, Tistart and Sp.
The value of rotor harmonic resistance is
approximated from the following linear
approximation equation,

75 = (rstare —Tr)+ (1 — )+ 77 e (1)

Where n is the harmonic number and r¢
is the rotor negative sequence resistance of
the motor.
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The value of internal inductance L ;;, is

T"=

Ly = T.i
T ()

The rotor bar equivalent circuit
parameters L, L,, L3 and L, are
Ly=Ly=01 3)
L: = Lff * 02 (4)
La=Ly=03 (5)
Le=Lu=04 (6)

The external inductance X g, is found
from the equation ...

_ Ly
Aoap =Xr=30 7)

The parameters X, X,, X3, X4 of the
skin effect impedance model are calculated by

summing up the inductances [15]....
Ly
Xy = Xgap +—
2 (8)
Xlzﬁ_l_ﬁ
2 2 (9)
L. L
T2 2, (10)
L L
Y202, (11)

The constant resistance values of the
models are calculated by the following
Equations.

T

Re= 0T (12)
T-

Ra =02 oo (13)
T-

Ra =03 e (14)
T

BE=F e (15)

These constant resistances are converted
to variable resistances that vary with
frequency when they are divided by
respective slip, S at that harmonic order.
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Fourier Transform

The Fourier transform is a versatile tool
used in many fields of science as a
mathematical tool to alter a problem to one
that can be more easily solved. The Fourier
transform decomposes a signal or a function
into a sum of sine and cosines of different
frequencies which sum up to the original
signal or function. The main advantage of the
Fourier transform lies in its ability to transfer
the signal from the time domain to the
frequency domain which usually contains
more information about the analyzed signal

[11].

The Discrete Fourier Transform (DFT)
is a form of Fourier transform that expresses
an input functions an input function which is
discrete and finite in terms of a sum of in
terms of a sum of sinusoidal components by
determining the amplitude sinusoidal
components by determining the amplitude and
phase of each component.

These properties makes the DFT ideal
for processing information stored in DFT
ideal for processing information stored in
computers. In particular, the DFT is widely
employed in signal processing and related
particular, the DFT is widely employed in
signal processing and related particular, the
DFT is widely employed in signal processing
and related fields to analyze the frequencies
contained in a sampled signal fields to
analyze the frequencies contained in a
sampled sign al and solve other and solve
other mathematical operations. As power
system disturbances are subject to transient
and non As power system disturbances are
subject to transient and non As power system
disturbances are subject to transient and non-
periodic components, the DFT alone may fail
to provide an accurate signal analysis. A
much alone may fail to provide an accurate
signal analysis. A much alone may fail to
provide an accurate signal analysis. A much
faster algorithm called the Fast Fourier
Transform (FFT) was developed b y Cooley
in was developed by Cooley in 1965. This
algorithm makes the computation This
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algorithm makes the computation speed f or
analyzing a Fourier signal analyzing a Fourier
signal much faster. The computation time for
computation time for the FFT is proportional
to Nlogy(N), where N (N), where N is the
number of points in the series [11].

The sequence of N complex numbers Xy,
....Xn.1 1S transformed into the is transformed
into the sequence of N complex numbers X,
...,Xn.1 by th e DFT according to the formula:

N-1 mi
szzxﬂe T k=0, N -1
n=e

Where e is the base of the natural
logarithm and i is the imaginary unit (i>=-1)

Harmonic Model

W
Figure 3: Sinusoidal Wave
Any single-valued, finite and
continuous function valued, finite and

continuous function V (t) having a period o,
2

“ may be expressed as the Fourier series
Where vyis the fundamental voltage (peak to
peak) This equation represents a function s a
function in terms of the fundamental
frequency and it’s in terms of the fundamental
frequency and its harmonics. Each frequency
is an integer multiple of the fundamental Each
frequency is an integer multiple of the
fundamental Each frequency is an integer
multiple of the fundamental system frequency
as shown in Figure 4.
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Figure 4: Harmonic Waveform
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3. RESULTS AND DISCUSSION

A thorough investigation of the impact
of harmonics on the operation of energy
efficient motors and the standard motors was
conducted with the aid of computer programs
using Matlab software and using the data
supplied by the motor manufacturer [15]. The
computer program compares the characteristic
behavior of these motors (EEMs and STMs)
at the fundamental frequency and at different
orders of harmonics. The manufacturer
supplied data used is given in Appendix A.
All values displayed on the graph are in per
unit, (p.u), and percentages.

Each of the EEM and STM were
analyzed utilizing the computer program
developed. The result of the analysis as shown
in the graph section shows that the STM has
more total loss than the EEM. This conclusion
is expected since the EEM is better designed
to compensate for this loss; hence the focus is
on the secondary ohmics loss, the rotor loss.
The rotor loss is dependent on the speed and
the frequency at which the motor is operating
and due to this understanding and the
discussion of the electrical impedance model,
the rotor loss of the EEM is much greater than
that of the STM. Each STM and EEM
followed trend of higher rotor losses. For the
25hp motors, the rate of increase of rotor loss
for the STM motor is 7% while that of the
EEM motor is 10.7%. For the 50hp motors,
the rate for STM and EEM are 10.6% and
10.4% respectively. The rate of increase in
rotor loss for the 100hp STM is 9.38% and
that of the EEM is11.43%. However as the
rating of the motor increases, it was observed
that the rate of increase in the rotor for the
STM became slightly higher or about the
same. For the 150hp the rate of increase in
rotor loss for the STM is 6.64% as against
3.97% for the EEM. Likewise for the 200hp,
the rate of increase in rotor loss for the STM
is 7.17% as against 3.96% for the EEM. The
rate of increase for 250hp for the STM and
EEM are practically the same at 5.51% and
5.54% respectively. Likewise the rate of
increase of the 300hp for the STM and EEM
are 5.31% and 5.28%. These differences for
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the higher rating EEMs might be due to
possible differences in rotor bar and end rings
design as well as the motor’s composition. In
all, the largest percentage increase in rotor
loss for the EEM is 11.43% at 100hp and for
the STM is 10.41% at 50hp. The smallest
percentage increase in rotor loss for the EEM
is 3.96% at 200hp and that of the STM is
5.31% at 300hp. The largest cumulative rotor
loss in per unit for the STM and EEM are
0.8703 and 0.8952 at 200hp and 250hp
respectively while the smallest summation of
rotor loss per unit for the STM and EEM are
0.8451 and 0.8053 at 100hp and 150hp
respectively.
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