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ABSTRACT 

With rapid developments in power electronic technology, power semiconductor technology, 

modern control theory for motors, the permanent magnet brushless DC motors (PMBLDCM) 

are been widely used in many fields. Due to the advantages like small size, good 

performance, simple structure, high reliability and large output torque, BLDC motors have 

attracted increasing attention. They have also found wide applications in high power servo 

and robotic application due to their advantages like high power-density ease of control, high 

efficiency, low maintenance and low rotor inertia.  

It is well known that electrical motors use a significant percentage of Electrical Energy and 

even small improvement in operating efficiency could result in large reduction in 

consumption of energy. Therefore new techniques are required to extract ultimate 

performance from these drives. There has also been tremendous research for providing 

suitable speed controller for PMBLDC motor. Many control strategies have been proposed 

till today. The main drawback of fixed gain controllers is that their performance deteriorates 

as a result of changes in system operating conditions. Besides, these controllers show either 

steady state error (PD controller) or sluggish response (PI, PID controllers). This has resulted 

in the increased demand of modern nonlinear control structures. In recent times Fuzzy Logic 

has emerged as one of the most attractive non linear controller for research and application in 

the industrial processes giving robust performance in the face of parameter variation and load 

disturbance effects. The main objective is to compensate for overshoots and oscillations in 

the response of the PMBLDC motor a wide speed range. Applications today demand high-

speed control accuracy and good dynamic responses. In this thesis, the PMBLDCM drive is 

modelled and simulated in MATLAB/SIMULINK environment. The controllers such as 

Proportional Integral controller, Fuzzy logic controller, series hybrid controller (better known 

as fuzzy precompensated PI controller) and a proposed parallel hybrid controller (better 

known as fuzzy tuned PI controller) are implemented for speed controller in the SIMULINK 

environment, and the drive performance when using these controllers is observed and 

compared. The feasibility with these different controllers is also evaluated. The performance 

comparison is done based in terms of several performance measures such as settling time, rise 

time, tolerance to load variations and stable performance under all operating conditions. 

 

 



iv 

 

                                             Table of Contents 

 

Certificate…………………………………………………………………………………..i 

Acknowledgement………………………………………………………………………....ii 

Abstract……………………………………………………………………………………iii 

Table of Contents………………………………………………………………………….iv 

List of Figures……………………………………………………………………………..viii 

List of Tables……………………………………………………………………………....x 

List of Symbols……………………………………………………………………………xi 

Chapter 1 : Introduction 

1.1. General………………………………………………………………………………….1 

1.2. The Permanent Magnet Brushless DC motor (PMBLDCM) drive system……………..1 

      1.2.1 The Basic construction and operating principle  

             1.2.2 The Ideal operating behavior of PMBLDCM drive system 

             1.2.3 Basic PMBLDCM drive system 

             1.2.4 Advantages of the PMBLDCM over brushed DC motor 

1.3. The concept of controllers……………………………………………………………...5 

            1.3.1 Proportional controller 

            1.3.2 Proportional Integral controller 

            1.3.3 Proportional Derivative controller 

            1.3.4 Proportional Integral Derivative controller 

            1.3.5 Fuzzy Logic controller 

 



v 

 

 

            1.3.6 The Series Hybrid (fuzzy precompensated PI) controller 

            1.3.7 The Self-tuning PI controller 

1.4. Scope of the work……………………………………………………………………….13 

1.5. Thesis outline……………………………………………………………………………13 

Chapter 2 : Literature survey 

2.1. Introduction…………………………………………………………………………….15 

2.2. Literature review and significant developments………………………………………15 

2.3. Conclusion…………………………………………………………………………….20 

Chapter 3 : Modeling of the PMBLDCM drive system 

     3.1 Introduction…………………………………………………………………………..21 

     3.2 Modeling of the system………………………………………………………………21 

         3.2.1 The PMBLDCM drive system 

         3.2.2 Speed controllers 

                3.2.2.1 PI controller 

                3.2.2.2 Fuzzy Logic controller 

                3.2.2.3 The Series Hybrid controller 

                3.2.2.4 The Self-tuning PI controller         

     3.3. Modeling Using SIMULINK……………………………………………………….41                

               3.3.1 Simulation models of the speed controllers 

               3.3.2 Simulation model of the PMBLDCM motor. 

    3.4 Conclusion………………………………………………………………………......45 

 



vi 

 

Chapter 4: Simulation results and Discussion 

   4.1 Introduction…………………………………………………………………………….46 

   4.2 Response of the drive using PI speed controller………………………………………46 

          4.2.1 Response of the drive on starting and load perturbation  

          4.2.2 Response of the drive on reversal of speed direction 

   4.3 Response of the drive using Fuzzy Logic speed controller……………………………48 

          4.3.1 Response of the drive on starting and load perturbation 

          4.3.2 Response of the drive on reversal of speed direction  

   4.4 Response of the drive using the Series Hybrid (Fuzzy precompensated PI) controller..50 

          4.4.1 Response of the drive on starting and load perturbation 

          4.4.2 Response of the drive on reversal of speed direction 

  4.5 Response of the drive using the proposed Self tuning PI controller…………………..52 

          4.5.1 Response of the drive on starting and load perturbation 

          4.5.3 Response of the drive on reversal of speed direction 

  4.6 Discussion of results……………………………………………………………………54 

          4.6.1 Comparing the responses of the drive using all the simulated controllers. 

          4.6.2 Presentation of the Results in tabular form 

          4.6.3 Comparative study of the controller performances 

  4.7 Conclusion……………………………………………………………………………...58 

 

 

 

 



vii 

 

Chapter 5: Main conclusions and suggestions for further work 

5.1 Overview……………………………………………………………………………….59 

5.2 Main Conclusions……………………………………………………………………...59 

5.3 Suggestions for Further work………………………………………………………….60 

 

References…………………………………………………………………………………61 

Appendix…………………………………………………………………………………...63 

Biodata…………………………………………………………………………………….64 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 

 

List of Figures 

 

Fig. 1.1 The basic constructions of PMBLDC motor and Brushed DC motor 

Fig. 1.2  The Hall sensors mounted on the rotor shaft 

Fig. 1.3  The back emf and phase current waveforms of the three phases 

Fig. 1.4  Block diagram of the basic PMBLDCM drive 

Fig. 3.1  The block diagram of the PMBLDCM drive 

Fig. 3.2            The equivalent circuit of the PMBLDC motor 

Fig. 3.3  The structure of PI controller 

Fig. 3.4  Internal block diagram of a Fuzzy logic controller 

Fig. 3.5  Fuzzy membership functions for both the two input variables 

Fig. 3.6  Membership functions for the Output variable 

Fig. 3.7  The Fuzzy surface for the fuzzy logic controller 

Fig. 3.8  Block diagram of the series hybrid controller 

Fig. 3.9  Fuzzy surface for the precompensated controller 

Fig. 3.10  The basic structure of the Self tuning controller 

Fig. 3.11  The Membership Functions for the Input and the output variables 

Fig. 3.12     Fuzzy surface for Proportional gain tuning (Kp) 

Fig. 3.13     Fuzzy surface for tuning the Integral gain (Ki) 

Fig. 3.14  Simulink model for a PI controller 

Fig. 3.15  Simulink model for the Fuzzy controller. 

Fig. 3.16  Simulink model for the series hybrid controller 

Fig. 3.17  Simulink block for the self tuning PI controller 

Fig. 3.18  Simulink library block of the PMSM of Trapezoidal back emf type 



ix 

 

Fig. 3.19     The complete Simulink model of the drive 

Fig. 4.1       Response of the drive with the PI controller on stating and load perturbation 

Fig. 4.2       Response of drive with PI controller on reversal of speed direction. 

Fig. 4.3       Response of drive with Fuzzy logic controller on starting and load      

perturbation 

Fig 4.4        Response of drive with Fuzzy logic controller on reversal of speed direction 

Fig. 4.5       Response of drive with series hybrid controller on starting and load perturbation 

Fig. 4.6       Response of drive with the series hybrid controller on reversal of speed direction 

Fig. 4.7       Response of drive with the self tuning controller on starting and load perturbation  

Fig. 4.8       Response of drive with the self tuning controller on reversal of speed direction. 

Fig. 4.9       Response of drive on starting and load perturbation for all the controllers at 

1000RPM 

 

 

 

 

 

 

 

 

 

 

 



x 

 

List of Tables 

Table 1.1      Comparison between PMBLDCM and brushed DC motor 

Table 3.1      Rule table for Fuzzy logic controller 

Table 3.2      Rule table for the Fuzzy precompensator 

Table 3.3      Rule table for Proportional gain tuning 

Table 3.4      Rule table for the proportional gain tuning 

Table 4.1      Comparison of responses at starting 

Table 4.2      Comparison of responses on load perturbation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 

 

List of Symbols 

 

ωr
*(n)      Reference speed 

ωr(n)      Rotor speed 

e      Speed error 

∆e      Change in speed error 

yc      Precompensated reference 

e2      Speed error with precompensated reference 

∆e2 Change in Speed error with precompensated 

reference 

T*       Reference torque from controller 

I
*
       Reference current generated from ref torque 

a(n)       Output fuzzy variable, corresponding to Kp 

b(n)       Output fuzzy variable corresponding to Ki 


