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ABSTRACT

Year of empirical research and efforts brought the world into its current position with
modern technical amenities. The Brush Less Direct Current (BLDC) motor for the
electric propulsion system is one of the innovations in this modern era. Nowadays, the
BLDC motor drives are getting used in all types of automation system, electric vehicles,
robotics, drones and in various industrial applications. The PID, FPA, PI, fuzzy logic,
adaptive, QFT and PWM are the popular types of a control methods for the BLDC motor
system and all of these control methods have their own distinctive functionality. But all
the controllers suffer with the BLDC motors for its nonlinear behaviour, parameter
variation in load unsettle influences and parametric varieties with high speed or variable
speed configuration. To increase BLDC motor control performance a fast, rugged and
quick adaptable controller is required. The controller needs to be tested and less rippled
than the existing controller. The proposed adaptive PID controller have combined
strength of PID-autotuner controller and PID controller for a BLDC motor control
system. The PID-autotuner provides the adaptability for self-adjusting the parameters
for nonlinearities, load performance and speed variation through steady response and
performance accuracy based on frequency-response estimation process. Whether the
fast responsive and rugged PID controller is to minimize the PID-autotuner’s slow
performance. The combined effect of both controllers, correcting each other by
automatically readjusting the parameters for better afford. To verify the performance,
MATLAB simulation platform has been used and a benchmark BLDC motor system
was developed based on a specific BLDC motor system parameter. For performance
comparison the PID and FPA speed controller was developed from reference papers,
because of several review papers were mentioned the better performance of them. A
brief comparison has been made with the Adaptive-PID controller and targeted PID &
FPA controller benchmarking. Where, the proposed controller gave less ripple, less
overshoot (>1%) and good load performance then PID and FPA controllers in load
variation and different speed condition. The contribution of this research is to design an
Adaptive PID controller for BLDC motor system, to increase the adaptable and reliably
through performance compare to FPA and PID controller.
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CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION

The modern era is the era of the industrial revolution which started with the invention
of motors. With time, several types of motors were invented and can be classified into
two main categories: AC motors and DC motors. There exists a set of DC motors which
can be seen in various applications. However, in general, in industrial use, two types of
DC motors are used. The electrical energy produces the magnetic flux in the first type
through the field coil of the static pole structure, and the permanent magnet provides
the required flux in the second type, which is not the situation for the wire-wound field
poles. The Brushless DC (BLDC) motors are generally synchronous motors with a back
EMF waveform trapezoidal structure. A Brushless Dc motor does not need a brush for
switching but commutes the electronic process. Current revelations show that high-
performance BLDC motor technology is generally used in the worldwide industrial
applications and electric vehicles system because of good performance. A basic control

system is shown in Figure 1.1 for the BLDC motors.

o To. _‘ <
-"{}DA- —-E & Ds. —-—[: D BLDC Motor E
' _‘ . €a
Voc == Va = = e. N -
} ‘ B Vg = Q
T- fT, —‘ -T .
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77 | : i
N ——hrk Detection and

Control Circuitry

Figure 1.1 Block diagram for BLDC motors control system (Nick Davis, 2017)



The BLDC drive designs in operation require a complex procedure, such as the
monitor, plot structure control, reproduction, and adjustment parameters, etc. For the
BLDC motor speed control plan which requires a control drive, different current control
systems have been proposed (Mukherjee, A. 2018). It may be that the adaptive PID
control is quick, reliable, simple modifying and of high, unwavering quality. In
customary adaptive PID control, the conventional speed control system is used. Highly
nonlinear stages, parameter fluctuation and vulnerability of the mathematical model of
the system are featuring the most modern techniques. The tuning of the PID control
parameters is the problem and of low vigour, which makes it difficult to obtain the ideal
status in the actual production conditions (Kapil, G. 2016). The parameters for tuning
PID control are not quite so easy. It would have been challenging to achieve the best
position in the areas studied. This study suggested a PID customizable controller by
adjusting some improvements which could increase the control speed of BLDC motors
if understood appropriately. Function and mathematical development also needed for
better implementation of adaptive PID controller system. At the same time, Kp, K; and
K4 for the PID controller are subject to a series of rules. The modified controller will be
restructured to any adjustment element by using the present principles (Salleh, Z. 2016).
The present research work aims to highlight the adaptive feedback from fast tuning
resulting from of the proposed modified adaptive PID controller that provides for a
BLDC motor torque, speed control and constant movement of motors throughout load
changes. The simulation and the results highlighted the importance of an adaptive PID
controller with a better control efficiency than both the PID, Fuzzy, PI and FPA speed

controllers.



1.2 STATEMENT OF THE PROBLEM

A BLDC motor requires controller to achieve sufficient torque and speed for maximum
efficiency. In the case of BLDC motor speed is controlled by different types of
controller through zero crossing of phase synchronization process or using different
types of sensors. Although in low speed of BLDC motor, usually all controllers perform
well for its magnetic configuration and simplicity of usage. But, in high speed and
variable speed condition, these controllers’ also present difficulties of several control
intricacy, for example, nonlinearity, load unsettling influences and parametric varieties.
To achieve better performance in high speed and variable speed condition, the controller
must be rugged, adaptive and fast response for better synchronisation where, combined
controller may be a good option.

For a controller, driving a BLDC motors is hard due to unpredictable power rating
behaviour depending on load and withstanding of the permanent magnet in speed. In
this situation adaptability is highly important for a controller to drive BLDC motor, but,
sudden load change produce instability in high speed. Again, in high-speed mode fast
response controllers give more overshoot than usual. Therefore, a combined
performance of Adaptive controller and fast response PID controller is the best option.
High-efficiency BLDC motors are complex in design, which means they are heavy
power consuming and expensive in terms of cost. They require more safety and efficient
power management. Thus, Simulating a BLDC motor with several controller is an

easiest way and cost effective solution for performance testing.



1.3 SCOPE OF RESEARCH

This study aims to build up an Adaptive PID controller to control BLDC motors. The
Adaptive PID controller ought to be able to expand BLDC motors’ effectiveness, speed
and decrease reaction time and few more. Our controller structure rationale was to
contract the controller for the genuine plant or business reason and deal with the
incorporated controller for better execution in future. A mathematical model has been
developed for adaptive PID controller, the model includes BLDC permanent magnet
motors, sensor, power source and reference. Based on the proposed mathematical
model, a schematic design has been developed and optimized by using MATLAB/
Simulink software. The simulated results of the experiment were evaluated by

comparing with the benchmarks.

1.4 RESEARCH OBJECTIVES

The aimed of the study to achieve the following objectives:
o To develop an adaptive PID controller model for BLDC motor.
o To design less ripple controller using MATLAB-Simulink
o To evaluate the performance of the controller in case of speed, torque, voltage

for benchmarking.



1.5 RESEARCH METHODOLOGY

The main aim of this research is to design and developed an Adaptive PID controller
for BLDC motors. The results of improved torque and speed have been shown by
simulation, analysis, discussion. Also, the implementation of the device, based on the
simulation and the analysis, was done. After testing and implementation, the verification
process started. The simulated experimental results were compared with the benchmark

as follows:

e Modelling the brushless DC motor based on characteristic

¢ A mathematical model has been developed for adaptive PID controller, the
model includes BLDC permanent magnet motor, sensor, drive circuit, and
references.

e Based on the proposed mathematical model has been developed by using
MATLAB/ Simulink.

e The simulated experimental results will be evaluated by comparing with the

benchmark.



1.6 SUMMARY

This part has demonstrated and discussed the foundation of the investigation of the
proposed controller framework for the BLDC motors. To accomplish the goal of this
depiction of a general controller automation framework has been developed for an
individual controller. Similarly, an investigation of the presentation the Adaptive PID
controller was done. Moreover, the announcement of the issue was discussed, as the
investigation is to find the availability and application for adaptive PID controller to
control BLDC motors speed. This additional section gives an ordinary mind-opening
thought for the controller technique in a similar stage. The necessity of the investigation
which was pursued by highlighting the way to control the factory efficiently with the

combined control if there should be an incident of the single controller technique.

1.7 THESIS ORGANIZATION

This part (Chapter 2) discusses the literature review part of the theses while (Chapter 3)
contains the technique of the research methodology and examination. Chapter 4 shows
the outcomes and the discussions which are dependent on the approach proposed in this

research. Chapter 5 abridges the result of the exploration and finish up the discoveries.



