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Abstract: Induction motors are widely used from home to industrial applications. Speed of induction motor
plays important role, so to control the speed of induction motor various techniques are adopted and one of
these techniques is V/F control, which is adopted in this paper. This technique helps to control the speed in
open control system in RPM. Moreover, Control is designed in LabVIEW, it is quite helpful to develop the
circuit graphically and code is automatically written in the background to run on Field Programmable Gate
Array (FPGA). The aim of this research is to study the impacts on diverse parameters during speed control of
three phase induction machine with manipulation of GPIC. Solar technology is used as input source to drive
the General-Purpose Inverter Controller (GPIC). Apart of this, impacts of modulation index and carrier
frequency influencing the active, reactive and apparent power, temperature and power quality and current
overshoot is analysed. MATLAB/Simulink and LabVIEW tools are used for simulation and results along with
GPIC, Induction motor and solar panel as hardware.

Keywords: GPIC; LabVIEW; Modulation Index; Power Quality; Speed control; V/f control

1. Introduction

Three phase induction motors are mainly utilized in industrial applications due to low cost and
better operating efficiency. Earlier, there were numerous drawbacks on the adjustable speed drives
like, lower efficiency, greater size and less speed. Power electronic converters made it possible to
improve the reliability, performance and accuracy [1-2]. The developments in microprocessors and
power electronics allow advanced induction machine mechanisms, including field-oriented control,
slip frequency regulation to be implemented [3].

In modern machines it became possible to control the speed by taking frequency and voltage
parameters into the account. AC to DC transformation is performed by the inverter with reasonable
voltage and frequency. During this process ripples appears at the output and these ripples are
removed with the help of filter [4]. Pulse width modulation (PWM) is a technique where the pulse
width is altered according to time to regulate power [5]. It is possible to manage the electrical
equipment by utilizing suitable controllers likewise integrated circuits are the one of the best
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examples. In addition to this PWM technique appropriately deals with the circumstances where turn
on and turn off of the power is the key requirement. It also offers reduced noise, less harmonics, and
minimum power losses [6].

Several techniques are adopted to control the speed of three phase induction motors and variable
frequency drive is one of them. With Sinusoidal Pulse Width Modulation (SPWM) technique it
became possible to regulate the speed of three phase induction machine and that was impossible to
control directly [7-8]. According to [9], frequency is directly proportional to the speed, so by
regulating the frequency speed can be controlled. Programmable Logic Control (PLC) has also its
significance while controlling the speed of three phase induction machine [10], it performs executions
of programs written in ladder logic and then refer to Variable Frequency Drive (VFD) for governing
the speed. In addition to this, with PLC speed of many induction machines can be controlled easily
[11].

Energy plays an important role in all the parts of power system network [12]. Photovoltaic
become the prominent source of energy to utilize. There are also other renewable sources of
renewable energy like wind, biomass, geo thermal energy, besides solar energy is widely utilized due
to its availability in the atmosphere. There are no any mechanical parts to move in this technology
hence it is recommended to use more and more [13-14]. Lab view and MATLAB software keeps vital
role in industrial applications [15]. According to [16], speed of induction motor is controlled by
combination of space vector pulse width modulation and hysteresis space vector pulse width
modulation, meanwhile efficiency of induction motor is evaluated with load variation. However,
current signals are rebuilt because it contains ripples so these currents are improved by 65% and
MATLAB software is only used to carry out the simulation work. Besides, results of current are taken
with hysteresis SVWPM and HSVPWM techniques. But our work is focussed on the magnitude of
different parameters during speed control of induction machine and space vector pulse width
modulation technique is used. Moreover, the output of the inverter in our study is totally dependent
on modulation index and up to certain value the quality of the signal is improved. General purpose
inverter controller (GPIC) is used to control the speed of induction motor. Finally, when the speed of
induction motor is suddenly increases, large inrush current flow and that is not good for the motor
health, with this temperature increases and insulation may damage, so to control this current
conduction is done in LabVIEW code for protection.

In this study, speed of induction motor is controlled by varying the carrier frequency and
modulation index. Due to the variation in modulation index and carrier frequency other parameters
like, power quality, active power, reactive power, apparent power, power factor and temperature are
affected. In addition to this, change in magnitude of these parameters is studied. Section 2 describes
the general-purpose inverter control specification and connections. In section 3 experimental setup
of the proposed model is illustrated. Section 4 depicts co-simulation LabVIEW, LabVIEW Graphical
User Interface (GUI) for V/F control implementation and design of Sinusoidal Pulse Width
Modulation (SPWM) controller in MATLAB. Open loop control for three phase induction motor,
effect of carrier frequency on voltage and current, modulation index, closed loop Control for three
phase induction motor, and system with a fault are analysed and discussed in detail in section 5.
Section 6 concludes the whole research work.

2. General Purpose Inverter Controller (GPIC)

GPIC is embedded system device which is widely utilized in power conversion applications.
This module is intended for power electronic analysis applications with very accurate performance
and consistency. It can be suitable for Alternating Current (AC) to Direct Current (DC), DC to AC,
AC to AC, and DC to DC converters. General-Purpose Inverter Controller (GPIC) includes different
type of inverters like Insulated Gate Bipolar Junction Transistor (IGBT), bridge rectifiers. It can be
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operated at two dc voltages i.e., 12V and 15V'2. GPIC is shown in Fig. 1. Solar panel is utilized to
supply 12V DC to drive the GPIC.

Figure 1. General Purpose inverter Controller

3. Experimental Setup of Proposed Model

Fig. 2 shows the wiring contacts of three phase induction machine with GPIC. First, ethernet
cable is used to provide communication between general purpose inverter controller and computer.
Second, photovoltaic solar panel delivers the power to GPIC, this photovoltaic (PV) panel supplies
12V DC to GPIC, Third, GPIC supplies 12V to Single Board Reconfigurable input output (SbRIO)
board. Fourth connection is from general purpose inverter controller to the three-phase induction
machine. Fifth connection represents the encoder connection which is between motor and the board.
Sixth connection represents the supply of 15V which is given to the general-purpose inverter
controller. In addition to this, block diagram of the proposed model is shown in Fig. 3.

/
\

Induction Motor

Figure 3. Block diagram of proposed model

1 National Instruments. Available online: https://decibel.ni.com/content/docs/DOC-19212 (accessed on 15th July 2020).
2 NI sbRIO Evaluation Kit by National Instruments. Available online: https://decibel.ni.com/content/thread/16214 (accessed
on 25th July 2020).
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Three phase induction motor parameters used in this study along with its rating are represented

in table 1.
Table 1. Three phase induction motor parameters
Parameters Ratings
Rated Power 120 watts (W)
Rated Voltage 30 Volt AC (VAC)
Maximum Speed 4000 RPM (Revolutions per minute)
Rated Current 6 Amperes (A)
Resistance (L-L) 0.7 Ohms (Q)
Inductance 2.27 Milli Henry (mh)

4. Co-Simulation with Multisim and LabVIEW

This is the approach against obtaining goal of regulating the speed of three phase induction
machine, this also require proper modelling and responses of the system. Multisim and LabVIEW are
the best tools to perform co-simulation and get results of the model. To empower the progress of
power electronic control IP for LabVIEW FPGA, it can be quite helpful.

Multisim and LabVIEW are quite supportive while performing nonlinear analysis in co-
simulation, sharing reports at the end of every other time step. These both will manage potential time
steps once LabVIEW is enabled to utilize variable phase size solver, culminating in a fully designed
and precise model. Accuracy is the major concern in both tools while measuring the results. Selection
of step size plays crucial role while analysing the behaviour of three phase induction motor because
there are there is inrush current due to start and stop of induction motor. If large step size is selected,
this may cause inappropriate results depending upon the type of control action. Thus, it becomes
mandatory for a designer, to choose the proper step size in order to achieve proper results. Fig. 4
represents the co-simulation of three phase induction motor along with a LabVIEW control [17].
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Figure 4. Co-simulation with V/f Control implementation [17]

4.1. LabVIEW GUI for V/F Control

Fig. 4 entails the details of control executed. Enabling of module plays important role and with
this case structure is enabled. After enabling, there is a Boolean switch and the function of this switch
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is to check either setting of control is in manual mode or in automatic mode. When the setting is in
automatic mode there is a block named as LabVIEW Field Programmable Gate Array (LVFPGA),
which is triggered and achieves various values of parameters like Kp, Ki and speed to set up points
for feedback control. There is also a selector switch and the function of this switch is to pick up the
value from LVPFGA block automatically rather than manually. The wave which appears at the
output is sine gen frequency.

4.2. Design of SPWM controller in MATLAB

In Fig. 5 SPWM generator, three phase inverter circuit and Filter circuit with resistive load are
shown. PWM generator generates three phase voltages which are 1200 far from each other. Now
comparison is carried out at higher carrier frequency in order to generate gate pulses. This is shown
in Fig. 6 and Fig. 7 respectively. Apart from this, SPWM generates gate pulses which are then applied
to IGBT. Output of inverter is illustrated in Fig. 8, which is without filter and with LC filter is shown
in Fig. 9 consecutively

B By B
Continuous ?

‘i—iﬂ 1 @ 16 2
U
fo

Triangle
Generator
Figure 5. MATLAB Simulink model
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Figure 6. Reference and carrier waveform
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Figure 7. Input and output from the comparator
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Figure 8. Three-phase output voltages without filter

It can be seen from Fig.8 that three phase output voltage waveforms of the inverter contain a lot
of unwanted signals i.e., harmonics which are mitigated with the help of LC filter and smooth three
phase sinusoidal output wave forms are achieved as shown in Fig. 9
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Figure 9. Three-phase output voltages with filter

5. Results and Discussion

5.1. Open loop control in 3-phase induction machine

1.1

1.12

1.13

1.14

In this portion main objective is to analyse PWM vector which is accomplished by the

comparison of two waves, i.e., sine and triangular wave. Frequency for open loop is settled at 2000
Hz. PWM vector and PWM time checked in this research is 32.37 and 253.05 seconds. Moreover, the
amplitude of the three phase voltages is almost the same as shown in Fig. 10.
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Figure 10. Output Waveforms

5.2. Impact of carrier frequency on Various Parameters

A

=
=
b
=
a
=
I
H

[

#91

=
=
oo

9

=

2
49.83

ERNEEEE

N

D

=)

power values

-

.

g
B
=
2
=
fiz)
=

™
=
=
==

apparent power [VA]

reactive power [VAR]

2
=
]
=8
&
a
g

energy values
p

07823717

- —
=] (=N
E El
=

ES 2
m iy
L] =
a =
3 —
= =
=1 =
= =
] J

=

34944

\

reactive energy [VARh]
339449

\

j

The carrier frequency plays a significant role in the overall performance of inverter. Power
quality is affected at declined carrier frequencies and contains unwanted variations in the voltage
and current. By increasing the carrier frequency, a good chunk of harmonics is removed on one hand
and also power quality is improved on the other hand. However, increased carrier frequency also
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results in considerable switching losses which are a drawback. It is also observed that at lower carrier
frequency the temperature of IGBT is low, but when frequency is increasing the temperature also

rises.
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Figure 11. Output parameters at carrier frequency of 2000 Hz
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Figure 12. Output parameters at carrier frequency of 7000Hz

The effect of carrier frequency on different parameters can be seen in Fig. 11 and Fig. 12. Carrier
frequency is kept 2000 Hz, ripples are observed in three phase currents and 57.62° C temperature is
analysed but at 7000 Hz less ripples are observed and 59.9° C temperature appears. Furthermore,
three phase currents UVW with small variations in magnitude like 1.19A, 1.17A, 1.15 A are perceived.
There is also impact of carrier frequency on active power, reactive power, apparent power and power
factor. It can be seen from Fig. 15 that when open loop frequency is increasing from 2000 Hz to 3000
Hz the value of active power, reactive power and apparent power also improves. Whereas power
factor is also inclined from 0.188 to 0.510
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5.3. Influence of modulation index

In this research modulation index is varied from 01 to 0.7 at 2000 Hz open loop frequency. It is
analysed that with the variations in modulation index results the increase or decrease in the
amplitude of the three phase voltages. Thus, it can be said that modulation index is directly
proportional to three phase voltages. It is also observed that as modulation index increases the ripples
in to the output current decreases up to certain value. So, power quality is improved. Despite of that,
active power apparent power and reactive power are increasing with increment in the value of
modulation index, though, power factor is affected as shown in Fig. 13
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Figure 13. Experimental results at m=0.7
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It is worthwhile to note that modulation index has adverse impact on power factor, when the
value of modulation index rises the power factor declines. Apart of this, temperature is also affected
with variation in modulation index. Fig. 13 and Fig. 14 illustrate the impacts on parameters at
different modulation indexes. When modulation index varies from 0.5 to 1, the value of active power,
apparent power and reactive power increases from 2.38W to 3.45W, 6.70 VA to 12.54 VA and 6.27
VAR to 12.05 VAR simultaneously. Meanwhile, power factor and temperature go down from 0.355
to 0.2755 and 58.35°C to 58° C exclusively.

5.4. Faults in the system

Due to sudden variation in the speed of motor, inrush current starts to flow which is not virtuous
in case of motor. Therefore, motor may stop and thus it is assumed as a fault. Motor running at 3000
Hz is shown in Fig. 15. However, when the speed of motor is varied from 10000Hz to 1500 Hz, three
phase currents are almost zero as shown in Fig. 16 and temperature is also decreasing from60.17°C to
40.26°C. Meanwhile, active power reactive power and apparent power decline to zero. In addition to
this, inrush current starts to flow due to sudden variation and this is about 9.8 A, which is illustrated
in Fig. 17
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Figure 17. Inrush current due to variation in speed

6. Conclusion

At the end of this study, it has been examined VFD design with PWM technique adopted is the
most effective way to govern the speed of three phase induction machine. This is the most suitable
way where two factors are given full consideration i.e. performance and efficiency. GPIC is powered
up with the help of photovoltaic panel and three phase induction motor were interfaced to take
experimental results of designed control strategy on LabVIEW. Besides, it is analysed, with higher
carrier frequencies power quality gets enhanced. In addition to this, impact of modulation index is
also taken into account where it was observed that with values of modulation index from 0.5 to 1
power quality is improved. Modulation index have linear relation with active reactive and apparent
power, however modulation index left adverse impact on power factor. It is analysed in this research
that power factor decreases with the increase in modulation index up to certain value. In the end,
fault induced into the system results high current overshoots and speed variation. Thus, it can be
suggested to use this control strategy in developing countries where minimization of energy
consumption is an essential requirement. This research work can be extended in future to calculate
the switching losses which are not computed in this research
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