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= ABSTRACT - The main objective of this research is to build and control a three-phase induction motor using the ANSY'S
Simplorer and Maxwell2D program to obtain a high-quality sinusoidal voltage profile with little distortion and therefore low
harmonics. A control circuit has been proposed using diodes to control the motor speed by v/f method. This method depends on the
principle of changing the source voltage in addition to the frequency in a fixed ratio to obtain the best working conditions and the
best characteristics of the motor with the least possible losses. The modeling results show the effectiveness of the proposed circuit
in controlling the motor speed effectively and enhancing the motor performance by reducing losses when using traditional methods
of controlling the motor speed. The effectiveness of the control system is verified by analyzing the results using the ANSYS program.
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1. INTRODUCTION

Three-phase induction motors have several advantages that
make it the best choice in many industrial fields. It is
characterized by reliability, small size, simple structure, good
efficiency, in addition to a relatively good power factor [1]. By
virtue of the continuous development of variable frequency
motors drives and controllers that operate with high efficiency
with few harmonics and little distortion in the wave shape,
induction motors have become more widespread and more
widely used than other motors [2]. Controlling and changing the
speed of induction motors depends on a set of theories, the first
of which is changing the slip value and secondly changing the
number of poles. These two theories do not meet the needs of
applications that require changing speed in a wide field [3].
While the third theory or the third method, which depends on
changing the frequency and voltage in a fixed ratio, is one of
the best ways to control the motors by giving a wide speed range
with little effect on the performance and characteristics of the
motor [4, 5, 6].

Frequency control is an ideal way to regulate speed. However,
there are some practical problems associated with changing the
frequency, such as increasing harmonics, oscillation of motor
torque, etc. which need to be studied and solved by researchers
[7.8].

The ansys/simplorer 2016.2 program has several advantages, the
most important of which is the integration between the models
designed by Maxwell and the control circuits designed in the
Simplorer program. Induction motors are designed using the
Maxwell program, as the program contains the capabilities to
accurately analyze non-linear and electromagnetic problems [7].

A 2200W three-phase induction motor was designed and built
using Maxwell2D 2016.2 software and connected to a speed
control circuit represented by three level inverters designed by
the simplorer program.

1.1 Co-Simulation of the Induction Motor Speed
Control Drive

1.1.1 Induction Motor Modelling Using Maxwell2D

The motor under study is a 3-phase induction motor with a
capacity of 3 hp and two poles with a synchronous speed of
3000 rpm. The main dimension of the tested motor is shown in
table 1. The assumption of simulation are the flux and
electromagnetic field outside the motor is zero.

“Table 1: Motor Data

Table Head Motor Data
value
Rated power 2200W
Rated voltage 380V
Rated speed 2850 rpm
Frequency 50Hz
Stator slots 24
Rotor slota 20
P.F 0.85
NO. of poles 2

Motor final design in maxwell2D shown in figure 1.
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Figure 1: Motor Design

1.2 Simplorer Implementation of the Three-Level

Inverter

By using the feature of linking the models designed in the
Maxwell program and the Simplorer program, the power
sources designed for the motor were canceled and replaced
with. external sources designed by the Simplorer program,
which is the three-level inverter.

In this design the three-phase induction motor is equipped with
a power source taken from a three-level inverter as shown in
figure 2, each leg in three-level inverter is constituted by four
controllable switches with four uncontrollable diodes and two
clamping diodes. Two equal capacitors divide the DC vector
voltage into three voltage levels +E/2, 0, -E/2 hence the hame
3-level.
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Figure 2: Three Level Inverter

Table 2 shows the circuit description of three level inverter
controller.

Table 2: Circuit description of three level inverter
controller
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The control signals of the inverter are determined by a three-
phase control block shown in figure 3. And the control
parameters shown in table 3.
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Figure 3: Control Signals

The speed of the induction motor is directly proportional to the
value of the source frequency, and therefore the speed of the
motor can be controlled by changing the frequency, but this
change, if it is done without changing the value of the applied
voltage, leads to an increase in the flux flow in the air gap and
thus an increase in the value of losses. To bypass this problem,
the motor speed is controlled by changing the frequency and
voltage in a fixed ratio and by using the inverter frequency and
voltage control circuit by changing the frequency and angle of
the thyristor control as shown in table 3.

72.SIMULATION DESIGN AND
ANALYSIS
‘% Table 3: Thyristor Control

Thyristor Control
Table Head — -
Description Data Type Default Value [Unit]
Frequency AC .
FREQUENCY Voltage real 0-100 [Hz]
Angle at Positive
ALPHA E dge real 0-180 [degree]

Table Circuit Description

Head Description [Unit] Direction Data Type
G_R1 Control Signal diode 1 Phase R Input/Output Real
G_R2 Control Signal diode 2 Phase R Input/Output Real
G_R3 Control Signal diode 3 Phase R Input/Output Real
G_R4 Control Signal diode 4 Phase R Input/Output Real
G_S1 Control Signal diode 1 Phase S Input/Output Real
G_S2 Control Signal diode 2 Phase S Input/Output Real
G_S3 Control Signal diode 3 Phase S Input/Output Real
G_s4 Control Signal diode 4 Phase S Input/Output Real
G_T1 Control Signal diode 1 Phase T Input/Output Real
G_T2 Control Signal diode 2 Phase T Input/Output Real
G_T3 Control Signal diode 3 Phase T Input/Output Real
G_T4 Control Signal diode 4 Phase T Input/Output Real

2.1 Simulation Model and Results

The final design of the motor speed control circuit is shown in
figure 4. which was made by calling the motor model from the
Maxwell design program and feeding it through the designed
control circuit.
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Figure 4: Motor Control Circuit

The modeling was done by applying a set of frequencies starting
from 40 Hz to 60 Hz, with an increase of 5 Hz each time, taking
into account the value of the applied voltage to achieve a
constant frequency to voltage ratio of 7.6.

Website: www.ijeer.forexjournal.co.in

Co-Simulation of Three-Phase Induction Motor


https://www.ijeer.forexjournal.co.in/

FOREX

Publication
Open Access | Rapid and quality publishing

The figure 5 shows the effect of changing the frequency and
voltage on the magnetic flux density of the motor, as it is clear
that the flux density increases with increasing frequency.
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Figure 5: Flux Density

The inverter output current and voltage per phase and induced
emf of induction motor at 50 Hz 380V is shown in figure 6.
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Figure 6: Inverter Output
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Figure 7: Output Current Waveform for (a) 40Hz, (b) 45Hz, (c)
50Hz, (d) 55Hz, (e) 60Hz, (f) 65Hz

73 RESULTS

Table 4: Motor Performance

Table 4 shows the co-simulation results of the speed control
system and motor behaviour for each stage of controller which
analyzed by FEA (Finite Element Analysis). The efficiency was
calculated according to the ratio of output power to input power.

Table Head Motor Performances

Frequency (Hz) 40 45 50 55 60 65
Rated Voltage (V) 304 342 380 416 456 494
Rated Speed(rpm) 2280 2565 2850 3135 3420 3705

Winding
Current(A) 5.5502 5.322 5.275 5.181 5.018 | 4.989
Output Power 1777 | 2,029 | 2282 | 2587 | 2.447 | 2.660
(kw)

Power factor 0.6083 0.643 0.657 0.693 0.617 0.623
Torque (N.m) 7.442 7.55 7.646 7.88 6.832 6.855
Efficiency 0.6771 0.725 0.747 0.768 0.752 0.758

Figure 8 shows the effect of changing the velocity on the stator
current, as it shows that the velocity with the current is inversely

proportional.
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Figure 8: Current — Speed Curve
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Figure 9 shows an increase in the motor power with an increase
in frequency and voltage, or in other words, an increase in
speed.
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Figure 9: Power-Speed Curve

Figure 10 shows an increase in the motor efficiency with an
increase frequency and voltage, or in other words, an increase
in speed.
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Figure 10: Efficiency- Speed Curve

4, CONCLUSION

In this paper, it is proposed speed control system by using two-
dimensional finite element method coupled with the equivalent
circuit simulation method in Simplorer to analyze the
performance of a three-phase induction motor that is fed by a
three-level invertor. In addition to clarification the effect of
changing frequency and voltage on the electromagnetic field
values of the motor. The simulation shows the motor’s
performances under the influence of speed control circuit at
different speeds, the motor performance was acceptable at all
values of the selected speeds, which gives an indication of the
efficiency of this type of control.
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