
Sensorless Control of Permanent

Magnet Brushless DC Motors

Satishbabu Bhogineni

DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI

OCTOBER 2016



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

©Indian Institute of Technology Delhi (IITD), New Delhi, 2016



Sensorless Control of Permanent

Magnet Brushless DC Motors

by

Satishbabu Bhogineni

Department of Electrical Engineering

submitted

in fulfillment of the requirements for the degree of

DOCTOR OF PHILOSOPHY

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI

OCTOBER 2016



CERTIFICATE

This is to certify that the thesis entitled, “Sensorless Control of Permanent

Magnet Brushless DC Motors” being submitted by Mr. SATISHBABU

BHOGINENI for the award of the degree of Doctor of Philosophy is a record

of bonafide research work carried out by him under my guidance and supervision in

the Department of Electrical Engineering of Indian Institute of Technology Delhi.

Mr. Satishbabu Bhogineni has fulfilled the requirements for the submission of

this thesis, which to my knowledge has reached the requisite standard. The results

obtained here in have not been submitted to any other University or Institute for

the award of any degree.

Date:

Place:

Prof. K. R. Rajagopal

Department of Electrical Engineering

Indian Institute of Technology Delhi

Hauz Khas, New Delhi – 110016, India

i



ACKNOWLEDGEMENTS

It is my pleasure to record sincere gratitude to my supervisor, Prof. K. R.

Rajagopal for providing me the opportunity to work under his supervision. I am

heartily thankful to him for his constant encouragement, counsel, direction and

involvement. His valuable suggestions and guidelines kept me focused in my re-

search. His mentorship, co-operation and support have been of utmost importance

for the completion of this dissertation.

I am thankful to IIT Delhi authorities for providing me the necessary facilities for

the completion of my research work.

I am grateful to my SRC committee members, Prof. Balasubramanian, Prof. I. N.

Kar, Dr. A. R. Abhayankar and Prof. Viresh Dutta for their valuable suggestions

and feedback during the course of my research.

I would like to express my gratitude to my teachers Prof. Bhim Singh, Prof. G.

Bhuvaneswari, Prof. M. Veerachary, Prof. S. S. Murthy and Prof. J. K. Chaterjee

for their support during my course work.

I would also like to thank Phaneendra Babu Bobba and Gaurang. I. Vakil for

invaluable support and assistance. I am thankful to my fellow research scholars

and M.Tech students with whom I discussed and shared the lab facilities.

My sincere thanks to the PG Machines Lab staff, Mr. Srichand, Mr. Puran Singh,

and Mr. Jagbeer Singh for providing facilities and equipment required for my work.

I am greatly indebted to Dhirendra Yadav, Surajbhan Sevda and other friends for

iii



making my stay enjoyable and memorable at Vindyachal house. I am greatly

thankful to my friends Prasad Yanamadala, Raja Shekar, Sudhakar, Sarvesh and

Satish for their support and guidance. This list is still not complete and I apologize

to those not listed by name as you all contributed to my experience.

Most importantly, I would like to express my heart-felt gratitude to my parents,

grand parents, uncles and aunts. None of this would have been possible without

the love and patience of my family. I am also thankful to all who have directly

or indirectly helped me during my Ph.D. Finally, my greatest regards to the Lord

for the love, opportunity and ability face the complexities of life and complete this

dissertation successfully.

Satishbabu Bhogineni

IIT Delhi



ABSTRACT

Permanent magnet brushless DC (BLDC) motor drives are increasingly used

in a variety of applications starting with the most critical ones in aerospace to

high quality toys. As on today, almost all two-wheeler and three-wheeler electric

vehicles are driven by these motors. Apart from its wide acceptance in industry

and also for agricultural pumps, energy efficient domestic appliances such as refrig-

erators, air conditioners, washing machines and ceiling fans are being increasingly

driven by these BLDC motors.

These motors are equipped with hall sensors for the rotor position feedback

which is essential in switching currents to the appropriate stator windings in syn-

chronism with the obtained rotor position. Typically, in a three-phase BLDC

motor, apart from the three main power cables, five extra wires are needed for

the rotor position sensors, two for supplying power to these sensor units and the

remaining three for the position signals. These sensor units will occupy some space

anyway and are also sensitive to temperature variations. Use of hall sensors re-

duces the reliability and at the same time increases the cost. Coupled to this with

the problems associated with the assembly and accuracy, it’s always advantageous

to have a position sensor free system for driving this BLDC motor.

The back EMF based sensorless control is widely used in BLDC motors nowa-

days owing to its easy implementation and cost effectiveness. In this method, the

zero crossing point (ZCP) of the back EMF is estimated by detecting the ZCPs of
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either the phase or the line voltages given to the motor. Among these two voltage

detection based methods, the line voltage ZCP based sensorless control method

uses simple circuits compared to the phase voltage ZCP based method. Moreover,

the line voltage ZCPs can be obtained directly from motor terminals. The investi-

gations carried out in this work on the line voltage ZCP method had brought out

more information on the errors associated with this method and remedial solu-

tions are successfully implemented. The available current in sensorless control can

be advantageously used to improve the line voltage ZCP based sensorless control

method. By using current in addition to terminal voltages, a novel line back EMF

based sensorless control technique is proposed in this work which improved the

performance of the drive. This has been done without using any costly processors

and hence is very economical which is one of the prime concerns addressed in

this work so as to make these sensorless schemes viable for low cost and medium

performance applications like majority of the domestic appliances and automotive

components. Hardware implementation of this proposed scheme is done and the

test results are in agreement with designed and simulated ones. Further studies are

carried out to improve these techniques and some improvements are also suggested

to eliminate the delay caused by the filter used for voltage sensing.

In a three phase BLDC motor, six power devices are usually used in an inverter

configuration. So as to decrease the cost of the drive, reduced parts converters

are being used with induction and permanent magnet synchronous motors. These

are also used in BLDC motors, but with a penalty of having an additional current

sensor. The use of four switches three phase inverter (FSTPI) with BLDC motor



necessitates extra high side current sensing. Addition of extra sensor nullifies

the benefit of having reduced number of switches. In this work, by appropriate

logic, the requirement of this additional current sensor is eliminated thus bringing

back the cost advantage of the reduced number of switches and that too on the

sensorless control mode.

To eliminate high side current sensing, a current reconstruction method is

proposed with a simple low side resistive current sensing which reduces the cost

of the drive. By using the reconstructed current, two direct current control tech-

niques are proposed. The first one is the constant ON/OFF control, where the

current is sensed during lower switch conduction period by fixing the upper switch

conduction time. The second method is the fixed frequency sensing control. Here,

a current sensing state is inserted at fixed intervals in to the operation of motor.

The same logic is extended to PWM control and proposed a modified symmetric

PWM for inserting the sensing states in to the operation. The hardware imple-

mentation of the single resistive current sensing with modified symmetric PWM is

carried out and the test results are again in agreement with the designed and sim-

ulated ones which definitely is a step ahead in having economic sensorless control

of BLDC motors.
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