
(i) 

 

 

 

DELHI TECHNOLOGICAL UNIVERSITY 

CERTIFICATE 
 

 

This is to certify that the project report entitled “PERFORMANCE EVALAUTION OF 

PERMANENT MAGNET BRUSHLESS DC MOTOR IN DIFFERENT MODES OF 

OPERATION” being submitted by Archna Garg (01/C&I/2k10) in the partial fulfillment 

for the award of degree of Master of Technology in Control and Instrumentation (Electrical 

Engineering Department) of Delhi Technological University, Delhi is a record of bonafide 

work done by her under my guidance and supervision. It is also certified that this 

dissertation has not been submitted elsewhere for any other degree.  

 

 

 

 

 

Prof. MADHUSUDAN SINGH 

Department of Electrical Engineering 

Delhi Technological University 

                                                                                                     Delhi 

                                                                 JUNE-2012 

 

 



(ii) 

 

ACKNOWLEDGMENT 

 

Working without proper guidance and expecting success is just like making castles in the 

air, so whenever one wants to start any work, requires guidance from experts. I take this 

opportunity to express my deepest gratitude to Prof. Madhusudan Singh, my Project 

Supervisor, for his constant motivation, invaluable guidance and encouragement in my 

pursuit of exploring, understanding and implementing the technical concepts related to this 

project. It was indeed a privilege and honor to work under his supervision. 

I am also grateful to our respected Head of department Prof. Narendra Kumar and the 

entire Electrical Engineering Department staff for their kind cooperation in rendering the 

necessary resources for the successful completion of this project.   

I owe my thanks to all my family members for their support and understanding through 

thick and thin, which gave me the inner strength to sail smoothly through this journey. 

I want to express my sincere thanks to all those who helped me directly or indirectly in the 

progress and completion of the project.   

Last but not the least, my heartfelt thanks to the Almighty for showing me the right path 

and being with me ALWAYS!!  

 

           Archna Garg 

                    M.Tech/DTU/127 

Roll No. 01/C&I/2K10 

garg.anu16@gmail.com 

 

 



(iii) 

 

CONTENTS 

Certificate…………………………………………………………………………………..(i) 

Acknowledgement…………………………………………………..……………..............(ii) 

Contents………………………………………………………………………...........(iii)-(vi) 

List of Figures……………………………………………………………………………(vii) 

List of Tables……………………………………………………………………………...(ix) 

Abstract………………………………………………………………………….…………(x) 

CHAPTER I   INTRODUCTION…………………………………………………...1-11            

1.0 General 

1.1 DC and AC Motors and their trend  

1.2 Permanent Magnet Motors’ Description 

 1.2.1 Classification of Permanent Magnet Motors 

  1.2.1.1 Based on the direction of field 

  1.2.1.2 Based on the position of Permanent Magnet 

  1.2.1.3 Based on the position of Rotor 

  1.2.1.4 Based on the shape of back-emf 

  1.2.1.5 Based on the saliency of Permanent Magnet 

 1.2.2 Property of Permanent Magnet 

 1.2.3 Advantages over Brushed DC motors 

 1.2.4 PMBLDC motor advantages  

1.3 Objective of the thesis 



(iv) 

 

1.4 Outline of the thesis  

1.5 Conclusion  

CHAPTER II   LITERATURE REVIEW……………………………………12-25 

2.0 General  

2.1 Literature Review 

 2.1.1 Literature review on PMSM 

 2.1.2 Literature review on BLDC  

2.2 Conclusion 

CHAPTER III         MATHEMATICAL MODELING of PMBLDCM AND MATLAB 

SIMULATION………………………….……………………………………………..26-51  

3.0 General 

3.1 Modeling of supply to PMBLDC  

 3.1.1 AC to DC Diode Bridge Rectifier  

3.1.2 Boost Regulator 

 3.1.3 Inverter Unit 

  3.1.3.1 Three Phase Inverter 

3.2 Mathematical Modeling of Permanent Magnet BLDC Motor 

 3.2.1 Three Phase Stator Equation  

 3.2.2 Mechanical Equations of PMBLDC 

 3.2.3 Relation between Electrical and Mechanical System 

3.3 MATLAB Model of Permanent Magnet BLDC Motor 



(v) 

 

  3.3.1 Sensor Based operation of PMBLDCM 

         3.3.1.1 Hall sensor and speed encoder based  

               3.3.1.1.1 PMBLDCM in open loop mode 

               3.3.1.1.2 PMBLDCM in Speed Control Mode  

           3.3.1.1.3 PMBLDCM in Speed and Current Control Mode 

         3.3.1.2 Speed Sensor based operation  

    3.3.1.2.1 PMBLDCM in Speed control mode  

         3.3.1.2.2 PMBLDCM in Speed and current control mode 

   3.3.2 Sensor-less operation of PMBLDCM  

3.3.2.1 Back-Emf and Speed Controller based Operation of PMBLDCM 

                   3.3.2.1.1 PMBLDCM in Speed control mode using 120 degree commutation 

                   3.3.2.1.2 PMBLDCM in Speed control mode using 180 degree commutation 

          3.3.2.2 PMBLDCM in Speed and Current control mode 

3.3.3 Fuzzy Logic Controller based speed and current control of PMBLDCM using     

position/speed sensor 

3.4 Conclusion    

CHAPTER IV  SIMULATION RESULTS AND ANALYSIS……….............52-73  

4.0 General  

4.1 Simulation results 

4.2 Sensor Based Operation of PMBLDCM 

                 4.2.1 Performance of PMBLDCM with Hall Sensor and Speed/Position encoder 

               4.2.1.1 Simulation result of PMBLDCM in open loop mode 



(vi) 

 

               4.2.1.2 Simulation result of PMBLDCM in speed control mode 

               4.2.1.3 Simulation result of PMBLDCM in speed and current control mode 

4.2.2 Performance of PMBLDCM with Speed/Position Sensor only   

                          4.2.2.1 Simulation result of PMBLDCM in Speed control mode 

                          4.2.2.2 Simulation result of PMBLDCM in Speed and current control mode 

              4.2.2.3 Simulation result of PMBLDCM in Speed and current control mode  

                          (At low speed) 

4.3 Sensorless Operation of PMBLDCM 

4.3.1 Back-Emf and Speed Controller based Operation of PMBLDCM 

  4.3.1.1 Simulation result of PMBLDCM in Speed control mode with 120         

              degree commutation 

              4.3.1.2 Simulation result of PMBLDCM in Speed control mode with 180        

                          degree commutation 

            4.3.2 Simulation result of PMBLDCM in Speed and Current Control Mode  

4.4 Fuzzy Logic Controller based speed and current control of PMBLDCM using Speed 

sensor.  

 

CHAPTER V MAIN CONCLUSION AND FUTURE SCOPE OF WORK……...74-75 

5.0. Main Conclusion  

5.1 Future scope of wok  

APPENDIX……………………………………………………………………………......76 

REFERENCE………………………………………………………………………….77-81 

 

 



(vii) 

 

LIST OF FIGURES 

Fig.1.1   Basic model of a DC brush motor …………………………………………….......3 

Fig.1.2 Classification of Permanent Magnet Motors based on the position of Permanent 

Magnet…...…………………………………………………………………………………..5 

Fig.1.3 Classification of Permanent Magnet Motors based on the position of 

Rotor………………….……………………………………………………………………...6 

Fig.1.4 Salient pole rotor…………………………………………..............................8          

Fig.1.5 Cylindrical pole rotor ……………………………………………………………….8 

Fig.3.1 Supply system to PBLDC motor…………………………………………………..27 

Fig.3.2 Boost regulator circuit diagram………....................................................................28 

Fig.3.3 Three phase stator voltage circuit representation of PMBLDC motor…….............30 

Fig.3.4: BLDC motor with Hall Sensors on the Stator and their alignment ………............34 

Fig.3.5 Modeling of PMBLDCM in open loop using Hall Sensors………………..............35 

Fig.3.6 Modeling of PMBLDCM in speed control mode using Hall sensor………………36 

Fig.3.7 Speed PI Controller to generate PWM pulses……………………………………..36  

Fig.3.8 Modeling of PMBLDCM in speed and current control mode using Hall 

Sensors……………………………………………………………………………..............37 

Fig.3.9 Current Hysteresis Controller to generate PWM pulses …………………..............38 

Fig.3.10 Modeling of PMBLDCM in speed control mode using speed/position sensor only. 

……………………………………………………………………………………………..38 

Fig.3.11 Modeling of PMBLDCM in speed and current control mode using Speed/Position 

sensor only…………………………………………………………………………………39 

Fig 3.12 Speed Controller to produce Reference current magnitude………………………40 

Fig 3.13 Block Diagram of the Sensorless Scheme………………………………………..41 

Fig.3.14 Trapezoidal Back-emfs and Rectangular Current waveforms of three phase........43 

Fig.3.15 Trapezoidal Back-emf of three phases……………………………………………45  

Fig.3.16 Modeling of PMBLDCM in speed control mode with 120 degree commutation 

with no sensor……………………………………………………………….......................46  

Fig.3.17 Modeling of PMBLDCM in speed control mode with 180 degree commutation 

with no sensor ………………………………………………………………………..........47  



(viii) 

 

Fig 3.18 Speed and current Control mode with No Sensors……………………………….48 

Fig.3.19 Fuzzy Logic Controller…………………………………………………..............49 

Fig.3.20 Modeling of PMBLDM Using FLC speed controller and Current Hysteresis 

Controller…………………………………………………………………………………..51 

Fig.4.1 Performance of the PMBLDC motor drive in open loop using Hall sensor……….53 

Fig.4.2 Switching sequence for Inverter based on the Three Hall Effect Sensor….............54 

Fig.4.3 Performance of the PMBLDC motor in speed control mode using Hall sensors….55 

Fig.4.4 Performance of the PMBLDC motor in speed and current control mode using Hall 

sensors...................................................................................................................................57 

Fig.4.5 Performance of the PMBLDC motor in speed control mode using Speed sensor…59  

Fig.4.5 Performance of the PMBLDC motor in speed control mode using Speed sensor 

only………………………………………………………………………………………...59 

Fig.4.6 Performance of the PMBLDC motor in Speed and Current control mode using 

Speed sensor only…………………………………………………………………………..61  

Fig.4.7 Performance of the PMBLDC motor in Speed and Current control mode using 

Speed sensor only (Low speed operation)…………………………………………………63 

Fig.4.8 Performance of the PMBLDC motor in speed control mode using 120 degree 

commutation mode with no sensor………………………………………………………...65 

Fig.4.9 Performance of the PMBLDC motor in speed control mode using 180 degree 

commutation mode with no sensor………………………………………………………...67 

Fig.4.10 Performance of the PMBLDC motor drive in speed and current control mode 

using no sensor……………………………………………………………………………..69  

Fig.4.11 Performance of the PMBLDC motor in Speed and Current control mode using 

Speed Sensor and FLC……………………………………………………………………..71 

 

 

 

 

 



(ix) 

 

LIST OF TABLES 

Table 3.1 boost regulator specification…………………………………………….............28 

Table 3.2 Inverter specification.…........................................................................................29 

Table 3.3 Trapezoidal Back-Emf in PMBLDCM as a function of rotor position………….32 

Table 3.4 Rectangular Current in PMBLDCM as a function of rotor position…………….33 

Table 3.5 Energizing sequence with Hall Sensors………………………………................35 

Table 3.6 Three Phase Reference Current Generator………………………………………40 

Table 3.7 Switching sequence of the Inverter with 120 degree commutation……………..45 

Table 3.8 Switching sequence of the Inverter with 180 degree commutation……………..47 

Table 3.9 Fuzzy Logic Rule Base Table…………………………………………………...50   

 

 

 

 

 

 

 

 

 

 

 

 



(x) 

 

ABSTRACT 

The project work involves the performance evaluation of the Permanent Magnet Brushless 

DC Motor in different modes of operation. The Controlled electric motors play a vital role 

as the heart of the industrial automation. Therefore, the performance of the automated 

industry largely depends on the high performance motion control system. The performance 

is defined in terms of accuracy, smooth operation and also the simplicity of controlling 

scheme. In this work, the PMBLDC motor is operated in open loop mode and closed loop 

mode and the performance in both modes have been analyzed is observed and evaluated. 

Though, the open loop systems are simple in layout, less complex and thus economical too 

but closed loop systems are composed of a feedback mechanism, so they clear out the 

errors between input and output signals, and hence offer more accurate operation. In the 

present analysis the different schemes with the closed loop mode of operation are 

described, simulated in MATLAB/Simulink and their relative merits and limitation have 

been analyzed in detail. There is a further classification in terms of controlled parameters. 

Some schemes are modeled and simulated for only the speed control of the PMBLDC motor 

and some are modeled and simulated for the speed as well as current control. Then there is 

another classification of the mode based on the thing whether the use of mechanical 

sensors has been made or not. In some models, sensors are used while sensorless scheme 

has also been modeled and simulated. For the satisfactory performance of any drive, it is 

desirable during the operation at specified condition, the ratings are not exceeded. Also the 

smooth and efficient operation, fewer harmonic in current and minimum torque ripples are 

desirable. The simulated results are analyzed to evaluate the harmonic content of the drive 

current under various operating conditions and also the torque ripple under sudden 

application of load, sudden change in reference speed etc. The mathematical modeling of 

the power and control circuit for drive is described and MATLAB models have been  

simulation is done in MATLAB/Simulink version 7.9.0.529.   

 

 


