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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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 ثحبلا ةصلاخ
 
 
 
 

 ةینقتلا ةحارلا لئاسو عم يلاحلا ھعضو ىلإ ملاعلا تلصوأ دوھجلاو يبیرجتلا ثحبلا نم تاونس
 يئابرھكلا عفدلا ماظن يف مدختسملا BLDC رمتسملا رایتلا وذ ةاشرفلا میدع كرحمّ دعیو .ةثیدحلا
 يف BLDC تاكرحمب مكحتلا ةدحو مدختست ،رضاحلا تقولا يفو .ثیدحلا رصعلا تاراكتبا دحأ

 يفو ،ةریسملا تارئاطلاو ،تاتوبورلاو ،ةیئابرھكلا تابكرملاو ،يللآا لیغشتلا ةمظنأ عاونأ عیمج
 ،FPA و ،BLDC: PID كرحم يف تامكحتملل ةعئاشلا عاونلأا نمو .ةفلتخملا ةیعانصلا تاقیبطتلا
 تامكحتملا هذھو .PWM و ،QFT و ،يفیكتلا مكحتلاو ،يبابضلا قطنملاو ،PIو FPA و ،PI و
 ،يطخلا ریغ اھكولس ببسب BLDC تاكرحم عم يناعت تامكحتملا عیمج نكلو ،ةزیمملا اھفئاظو اھل
 وأ ةیلاعلا ةعرسلا ةلاح يف ةیملعملا تلایكشتلاو ةرقتسملا ریغ لمحلا تاریثأت يف ةملعملا ریغتلو
 .فیكتلل ةلباقو ةیوقو ةعیرس مكحت ةدحو مزلی ،BLDC كرحم يف مكحتلا ءادأ نیسحتلو .ةریغتملا
 نّإف ،كلذل .ةیلاحلا تامكحتملا نمً اجومت لقأ اھجئاتن نوكت ثیحب مكحتلا ةدحو رابتخا بجی امك
 يف مكحتلا ماظنل PID مكحتمو PID-autotuner مكحتم نیب عمجی حرتقملا يفیكتلا PID مكحتم
 تاملعملل يتاذلا طبضلا لجأ نم فیكتلا ىلع ةردقلا PID-autotuner رفوی ثیح .BLDC كرحم
 ىلع ءانب ءادلأا ةقدو ةتباثلا ةباجتسلاا للاخ نم ،ةعرسلا رّیغتلو لمحلا ءادلأو ةیطخلال ةبسنلاب

 ءادأ ءطب نم دحلل وھ ةباجتسلاا عیرس يوقلا PID مكحتم امنیب .ةیددرتلا ةباجتسلاا ریدقت ةیلمع
PID-autotuner. رخلآا امھدحأ ححصی نأ ىلإ يدؤی نیمكحتملا نیب عمجلا نع جتانلا ریثأتلا نإ 

 حرتقملا مكحتملا ءادأ نم ققحتللو .لضفأ لمحت لجأ نم اًیئاقلت تاملعملا طبض ةداعإ للاخ نم
 ءًانب يرایعم  BLDC كرحم ماظن ریوطتل MATLAB ةاكاحملا جمانرب مدختسا ،ةحورطلأا هذھ يف
 و ،PID :ةعرس يمكحتم ریوطت مت ،ءادلأا ةنراقملو .ددحم  BLDC كرحم ماظن ةملعم ىلع

FPA ةنراقم تیرجأ مث .ةعجارملا ثاحبأ نم دیدعلا تنّیب امك امھئادأ ةیلضفلأ ةقباس ثاحبأ نم 
 حرتقملا مكحتملا ىطعأ ثیح ،نییرایعملا FPA و PID يمكحتمو يفیكتلاPID  مكحتم نیب ةزجوم
 ریغت لاح يف FPA و PID يمكحتم نم لضفأ لمح ءادأو ،)%1>( لقأً ازواجتو ،لقأً اجوّمت
 يفیكت PID مكحتم میمصت يف يھ ثحبلا اذھ ةمھاسم نّإ .ةفلتخملا ةعرسلا فورظ يفو لمحلا
 FPA يمكحتمب ةنراقم ،ءادلأا للاخ نم ةیقوثوملاو فیكتلا ىلع ةردقلا ةدایزل BLDC كرحم ماظنل
 .PID و
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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. 

 

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

Kd 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. 
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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. 
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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. 
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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:  

• 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. 

• Based on the proposed mathematical model has been developed by using 

MATLAB/ Simulink.  

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

benchmark. 
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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.  


