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Abstract

The three-phase induction machine motor is the most commonly used electric motor in industrial application.
The parameters of an induction motor are important for optimum machine performance. This study focuses on
analyzing these parameters in order to understand its dynamic behaviour. This study used the Lab volt DC
machines to analyses the various parameters. The results from the experimental analysis shows that the
performance of the three-phase induction motor depend on the load current, load voltage, input and output
power, slip, speed and the torque generated by the induction motor system.
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INTRODUCTION

Induction motors are by far the most popular rotating
electrical machine utilized in industrial applications
as a component of electrical drives [1]. The
overwhelming majority of induction motors are
frequently employed in low-performance drives [2],
like pump and fan applications. In high-performance
drives, however, induction motors are also employed
[2], including those in machine tools, extruders,

electrical vehicle propulsion systems, etc. The
understanding  of electrical characteristics is
necessary to  obtain fast dynamic  response

performance of an induction motor drive [3].

Induction motors are also referred to as asynchronous
motors because torque is produced when current is
forced into the rotor, which rotates at an
asynchronous pace. Dc motors were frequently
utilized in industry for constant speed applications
easy operation in speed regulation. Because of
advancements in power electronics, induction motors
can also be controlled across a broad speed range.
The advantages of induction motors over other
classes of motor include their low cost, durability,
and ease of maintenance, These make it more suitable
for various industrial applications, ranging from
fractional kilowatt applications to megawatt
applications [4].

Knowing the induction motor's parameters made it
simple to assess its operational characteristics,
including efficiency, torque, current,speed and power
factor. There are several methods for determining the
field efficiency of an induction motor, including the
slip technique, equivalent circuit method, shaft torque
method, and segregated loss method [5]. According

111

to IEEE Conventional 112-2004 and IEC Standard
60034-2-1[6], one of the standard methods for
preventing machine performance characteristics is the
equivalent circuit method. By understanding the
machine's impedance, the performance of the device
may be simply predicted using the equivalent circuit
approach. The field induction motor application in
the diamond industry has Considerable due to the
transition to the underground mining method [7]. In a
three-phase induction motor, the main types of faults
considered are overload, single phasing, and
unbalanced supply voltage, locked rotor ground fault
over voltage and under voltage [8]. Regardless of the
special requirements for the design, the three phase
induction motor's basic requirements must be met [9].

Three phase induction motor (IM) are the workhorse
of industry; however, they are subjected to some
undesirable stress causing some faults resulting in
failure [10]. The air gap provides complete thermal
insulation between the stator and rotor which is also
the standard practice in conventional thermal analysis
of rotors [11]. Temperature has great impact on rotor
resistance; magnetic saturation, mutual inductance
and stator resistance [12].

Three phase induction motor outshines in terms of
machine efficiency, robustness, reliability, durability,
power factor, ripples, stable output voltage and
torque[13].Slip, which varies from zero at
synchronous speed and 1 when motor is at rest,
determines motor’s torque since the short-circuited
rotor winding have small resistance even a small slip
induces a large current in the rotor and produces
significant torque[14].The rotor of induction motor
can either be a wound rotor containing three winding
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similar to the stator once or a squirrel cage rotor
consisting of conducting bar shape like a squirrel
cage[15].

Induction motors, also known as asynchronous
motors, derive their name from how the rotor
magnetic field is generated by the revolving stator
magnetic field, which induces currents in the short-
circuited rotor. The three-phase induction motor is
the most commonly utilized electric motor in
industrial facilities and huge structures globally. It is
the most cost-effective and high-quality drive
solution. The parameters of an induction motor are an
important part of the motor that must be researched in
order to understand its dynamic behavior. The motor
has different torques at different point from standstill
state to when it runs at maximum speed. It is
therefore necessary to study and analyze the torque-
speed of induction motors at any point in order to
improve the understanding of the dynamics
performance of the motor for industrial applications.

MATERIALS AND METHOD

Experimental Determination of T-S Curve

To determine the T-S curve experimentally the
induction motor is coupled to a loading device such
as a dynamometer or DC generator. The Lab-Volt
standard equipment used includes both DC generator
motor and dynamometer. Other apparatus used for
the analysis include squirrel cage, belt and pulley
system, Ammeter, voltmeter and Tachometer.The
most reliable method for determining the torque
produced by a motor is by directly measuring the
torque produced for a given speed. The
measurements are taken whilst the motor is under
normal operating conditions (supplied with rated
voltage and frequency) and the speed and torque
produced by the machine can be varied by increasing
the load (increasing the load increases the torque
required by the motor). The first proposed method of
loading the machine is to directly couple the motor to
a dynamometer. A second method is to couple the
motor to a DC generator. The Lab-Volt dynamometer
and DC machine are easily connected to the induction
machine via a belt drive pulley system.

The Lab-Volt DC machine is utilized as a DC motor
or generator and the field and armature windings are
terminated on the face plate for ease of wiring
allowing connection as a series, shunt, compound or
separately excited generator. This system is used for
electrical and power measurement.

Load Test on Single Phase Induction Motor to
Obtain the Performance Characteristics

The load test on induction motor is use to analyses
the complete performance of the various quantities
such as torque, slip, efficiency and power factor. In
this test supply voltage is applied to motor and
variable mechanical load is applied to the shaft of
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motor. Mechanical load can be provided by brake and
pulley arrangement. The input current, input voltage,
input power and speed of motor are observed from
the experiment and various performance quantities
are measured and calculated.

Slip
Due to the three-phase supply given to stator of an
induction motor, a rotating magnetic field of constant
magnitude is set up in the stator of the motor. The
speed with which this rotating magnetic field rotates
is known as synchronous speed and is given by
120F
P

Where f = supply frequency.

P = no of poles on the stator of the rotor
The actual speed of the rotor N is always less than
the synchronous speed. So, the slip of the motor is
given by

=

_N,— N

N X 10004

=
=

This value of slip at full load lies between 2 to 5%.
Torque

Mechanical loading is applied on induction motor by
means of brake and pulley arrangement. The belt can
be tightened or loosened by means of threaded rods
with handles fixed on frame. Two spring balances are
provided at the end of belt. The net force exerted at
the brake drum can be obtained from the readings of
the two-spring balance i.e. F1 and F;

Net force exerted on drum, F = (F1 — F» ) Kgf

Andtorque 7 =fF x<x 9.81
Where d = effective diameter of brake drum in meter.

Output Power
The output power of induction motor can be

calculated as p, — % X¥9.81

Where N, = speed of induction motor in rpm.

Input Power

The input power can be calculated from the readings
of wattmeter connected in the circuit in P;,, = W
Power Factor

The power factor can be calculated from the
following relation

@ _ Pirz
Cos! = vi
Efficiency

The efficiency of induction motor can be calculated

using the relation
output power

- X 100%
input power

Mathematical Modelling of Induction Motor

The dynamic simulation is one of the key steps in the
validation of the design process of the motor-drive
system, this simulation process is used is obtain an
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optimum result. The dynamic model of the induction
motor in direct, quadrature, and zero-sequence axes
can be derived from fundamental equations of
transformation. The dynamic analysis of the
symmetrical induction machines in the arbitrary
reference frame has been intensively used as a
standard simulation approach from which any
particular mode of operation may then be developed.
MATLAB/Simulink has an advantage over other
machine simulators in modelling the induction
machine using dq0 axis transformation.  The
transformations used at various steps are based on
simple trigonometric relationship obtained as
projections on a set of axes. The dynamic model is
used to obtain transient responses, small signal
equations, and a transfer function of induction motor.
Dynamic models (mathematical models) were
employed in order to have better understanding of the
behaviour of induction motor in both transient and
steady state. The dynamic modelling sets all the
mechanical equations for the inertia, torque and speed
versus time. It also models all the differential voltage,
currents and flux linkages between the stationary
stator as well as the moving rotor. This mathematical
model has been done by using MATLAB /Simulink
which will represent the three-phase induction motor
including a three phase to d-q axis transformations.
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Fig.1:Plot of Input Power against Load Current
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Fig.3: Plot of Output Power against Input Power

RESULT AND DISCUSSION
The following Results were obtained from the
induction motor test analysis.

Table 1: Induction Machine Motor Analysis

Input Input Input
Voltage | Current( | Power
S/N (Volt) A) (Watt) | Speed(rpm)
1 110 10.37 125 1450
2 110 10.5 385 1443
3 110 10.87 655 1440
4 110 11.15 721 1439
5 110 11.25 781 1438

Table 2: Result of Induction Machine Parameter

speed|rpm]x10e3

speed[rmp]x10e3
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Output | Output
Torque | Power Power
SIN (Nm) (watt) Slip Factor Efficiency(%0)
1 0.267 50.32 | 0.033 0.8 40.25
2 1.17 | 176.95 | 0.038 0.8 45.49
3 2.06 | 31163 | 0.04 0.8 47.57
4 246 | 37137 | 0.041 0.8 51.51
5 2.87 432.8 | 0.042 0.8 55.42
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Fig.2:Plot of Input Power against Load Current

1.454

1.452

1.45

1.448

1.446

1.444

1.442

1.44

1.438
3.2

3.4 3.6

slip[S]x10e-2

Fig.4:Plot of Speed against Slip
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Fig.5: Plot of Output Torque against Load Current

Figure 1 shows the relationship between the input
power and load current. The plot shows a rapid
increase in input power as the load current increases.
It can be observe that there were rapid increase in
input power at point load current 10.4,10.5 and 10.9A
respectively. Similarly the plot of speed against load
current as shown in figure 2 indicates a rapid increase
in speed at load current 10.4 but gradually decreases
between load current point 10.8 and 12.2A.This
implies that increase in load current causes the speed
of the induction machine motor to be reduced.

The variation between the output power and input
power were plotted as represented in figure 3, the plot
shows that as the input power of the induction
machines increases, it also increased the output
power. Hence to obtain a higher output power, the
input power needs to be maximized. However, the
plot of speed variation against slip as shown in figure
4. The result shows, an increase in speed of the
induction machine motor reduces the slip resulting to
a lower emf generated by the induction system.
Therefore, the induction motor must maintain a stable
slip value in order to generate a high torque.

Figure 5 depicts the relationship between torque and
current load, the result shows a sharp increase in
torque between load current 10.4 and 10.5A and
gradually begins to increase slightly between point
current load 10.5 and 11.3A. Similarly, the plot of
output torque against the machine efficiency as
shown in figure 6, the output torque increases as the
machine efficiency increases.

Conclusion

The investigation of the induction machine
parameters of a three-phase induction motor under
different operating conditions with  varying
parameters such as load current. Loadvoltage, input
and output power, slip, speed, efficiency and torque
were studied. The result from the experimental
analysis shows that the input power and torque
increases as the load current increase but decrease
with speed. Also, the studied reveals that the
induction machine speeds increase with decrease with
slip.
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Fig.6: Plot of Output Torque against Efficiency

However, the machine output torque tends to increase
the induction machine efficiency. Therefore we can
conclude from the investigation that the performance
of three-phase induction motors depends on the load
currents, load voltage, input and output power, slip,
speed and the torque generated by the induction
motor system.
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