
 
 

 

POWER MANAGEMENT IN PM BLDC 

MOTOR DRIVEN ELECTRIC VEHICLE FED 

FROM HYBRID ENERGY STORAGE 

SYSTEM 
 

 

 

 

 

 

 

PHANEENDRA BABU BOBBA 

 
 
 

 
 
 

 
 
 

 
 

DEPARTMENT OF ELECTRICAL ENGINEERING 
INDIAN INSTITUTE OF TECHNOLOGY DELHI 

January 2014 
 



 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology Delhi (IITD), New Delhi, 2015 



 
 

 

POWER MANAGEMENT IN PM BLDC  

MOTOR DRIVEN ELECTRIC VEHICLE FED 

FROM HYBRID ENERGY STORAGE SYSTEM 

 

 

by 

PHANEENDRA BABU BOBBA 

Department of Electrical Engineering 

 

 

Submitted 

in fulfillment of the requirements of the degree of 

DOCTOR OF PHILOSOPHY 

 

 

to the 

 

 
 

 
 
 
 

 
INDIAN INSTITUTE OF TECHNOLOGY DELHI 

January 2014 

 



i 

 

CERTIFICATE 

 

 This is to certify that the dissertation titled “Power Management in PM 

BLDC Motor Driven Electric Vehicle fed from Hybrid Energy Storage System", 

being submitted by Mr. Phaneendra Babu Bobba to the Department of Electrical 

Engineering, Indian Institute of Technology Delhi, 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.  

 

 Mr. Phaneendra Babu Bobba has fulfilled the requirements for the 

submission of this thesis, which to my knowledge has reached the requisite standard. 

The results obtained herein have not been submitted in part or in full to any other 

University or Institute for the award of any degree. 

 

(Prof. K. R. Rajagopal) 

Department of Electrical Engineering 

Indian Institute of Technology Delhi 

Hauz Khas 

Date:                                                                     New Delhi-110016, India 

 

 

 

 



iii 
 

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 in the area 

of Electric Vehicles, which is challenging and of immense importance in the coming 

days. I am heartily thankful to him for his constant encouragement, counsel, direction, 

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

research. 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. J. K. Chatterjee, Prof. 

Balasubramanian, Prof. I. N. Kar and Prof. Viresh Dutta for their valuable suggestions 

and feedback during the course of my research. 

 I would like to express my gratitude to Prof. B. P. Singh and Prof. Bhim Singh 

for their help during my course work.  

 I would also like to thank SatishBabu Bhogineni, Gaurang Vakil, and 

Lalithendra Kurra for their invaluable support and assistance.  

 I am heartily thankful to my fellow research scholars at the PG Machines Lab 

and other research scholars at EE Department, IIT Delhi, especially Amit Sant Vilas, 

Shankar Subramanian,Rajasekhar Reddy, V. Rajagopal, Chandrasekhar. T, Sandeep 

Vuddanti, Sandeep Madisetti, Swami Naidu, Mathura Rajesh, Chandra sekhar, Mr. 

Mallesham and Surender Reddy. I am heartily thankful to M.Tech students, Vijay 

Chand Ganti, Murali Krishna, Bharat Babu Ambati, Muni Balaji, Venkanna, Ajay 

Nair, S. V. S. S. Chandrashekhar, Manish Kumar Dubey, Darshan Pandit and Deepu 

Vijay with whom I discussed and shared the lab facilities. My sincere thanks to the 



iv 
 

PG Machines Lab staff, Mr. Srichand, Mr. Puran Singh, and Mr. Jagbeer Singh for 

providing facilities and equipment required for my doctoral study. This list is still not 

complete and I apologize to those not listed as you all contributed to my experience. I 

am greatly indebted to my friend and colleague Lalithendra Kurra and his family for 

their help and support during the stay at Nalanda and IP apartments.  

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

parents, father-in-law and mother-in-law, brother-in-law and my brother, Vamisidhar. 

Nothing would have been possible without the love and patience of my families. I am 

greatly thankful to my wife Srivalli, for her patience, cheerfulness and understanding 

during the course of my research. Moreover, I am eternally grateful to my son Karnik 

and daughter Pranavi for bringing joy and good luck to my life. I am also thankful to 

all who have directly or indirectly helped me during my Ph.D.  

 Finally, my greatest regards to the Lord Hanuman for blessing me with love, 

opportunity and ability to face the complexities of life and complete this dissertation 

successfully. 

 

 

New Delhi                    Phaneendra Babu Bobba 

 



 v

ABSTRACT 

 Environmental pollution and energy crisis issues gave a big boost to the  

development of the electrical vehicles called green vehicles or battery driven vehicles 

has became an alternative choice for automotive industry compared to hybrid electric 

vehicles. In present days due to improvements in battery technology and motor 

technology, electrical vehicles are becoming more and more popular and governments 

of advanced and certain developing countries are giving subsidies to develop the 

electrical vehicle technology. 

 In electric vehicles, the challenges are to achieve high efficiency, ruggedness, 

and compactness and economical power converters and electrical machines, as well as 

associated electronics. The ideal characteristics of an electric motor drive used in fully 

electric and hybrid electric vehicle should satisfy the conditions like high torque at 

low speed region for fast acceleration and in hill climbing, and low torque at high 

speed for normal driving. Permanent magnet brushless DC motor is very efficient, 

compact and has good reliability and ease of control. This motor finds applications 

generally in two and three-wheelers electric vehicles. The bottleneck for the 

development of electric vehicle technology is the energy source. At present, the viable 

electric vehicle energy sources are batteries, fuel cells, ultra-capacitors and ultrahigh-

speed flywheels. Batteries are relatively the most economical source for electric 

vehicle application. They offer either high specific energy or high specific power but 

not both. A high specific energy source is favorable for long driving range, whereas a 

high specific power source is desirable for high acceleration rate and high hill 

climbing capability. Ultra-capacitors are having high specific power and low time 

constant compared to any other energy source available for electric vehicle 

application. Since regenerative braking requires very fast response in recovering 
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energy, the combination of batteries and ultra-capacitors are ideal for electric 

vehicles. 

 The electric power source for most of the two and three-wheeler electric 

vehicles are batteries. As the power storage capacities of batteries are limited, these 

electric vehicles suffer from the problem of short range. In urban driving and hilly-

terrain area driving, significant amount of energy is consumed in braking. It is 

possible to recover this energy lost in braking by employing regenerative braking in 

electric vehicles. This recovered energy can be used to increase the range of the 

vehicle, thereby improving the system performance and reducing the size of the 

system as well as the overall cost of the system. 

 In this thesis, permanent magnet brushless DC motor driven electric vehicle 

fed from hybrid energy storage system is designed and simulated. The operation of 

this motor in motoring mode with various control strategies, and in regenerative 

braking mode in three different braking methods have been simulated using the 

SIMULINK/MATLAB platform for the considered electric vehicle application. 

Factors like recovered energy, braking current, braking power are compared. 

Depending upon the results obtained from these simulations, it is suggested that a 

variable switch regenerative braking technique can be used to optimize the braking 

performance. By using variable switch regenerative braking technique, properties of 

all the three simulated braking methods can be utilized depending on the vehicle 

speed. All these simulated braking methods need not require any extra components or 

devices for this regenerative braking operation. Existing hall sensors positions are 

used to generate switching pulses to the inverter in both motoring and braking modes. 

 Hybrid Energy storage system is designed based on battery and ultra-capacitor 

in active combination. Active combination efficiently uses the properties of battery 
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and ultra-capacitor. So as to facilitate the sharing of power among the two different 

sources, initially a bi-directional buck-boost converter based power management 

system is designed and developed specifically for lower power applications meant for 

two-wheeler electric vehicle. A simple controller is developed based on heuristic 

approach to share power between and battery and ultra-capacitor. Later on, a 

multiport converter based power management system for medium power electric 

vehicle such as three-wheelers have been designed and simulated. The designed three 

port converter takes power from both the sources simultaneously and shares it 

optimally to meet the load demand. Many simulation results are obtained and 

analyzed to show the power sharing and power management capability of designed 

converters under variation in load power demand & variation in available power in 

the basic source. The converter control is such that, it shares power from the two 

sources in a way that the battery gives constant  power and the  remaining power from 

or to the auxiliary power source, i.e. the ultra-capacitor. The hardware set-up for the 

electric vehicle in both the motoring and braking has been developed. Powder 

dynamometer test setup is used to feed the load characteristics of electric vehicle. 

Control algorithms have been implemented in hardware by using the TMS320F2812 

DSP processor for the PM BLDC drive. 
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