Minor Course offered by School of Electrical Sciences
“Minor in Electric Vehicle and E-mobility”
	Sl. No.
	Course Code
	Subject
 Code
	Subject (Theory)
	Contact Hrs.
L-T-P
	Credit

	1
	SEM-5
	EE3263
	Basics of Electrical Vehicles
	3-0-0
	3

	2
	SEM-6
	EE3264
	Power Electronics for E-Mobility
	3-0-0
	3

	3
	SEM-7
	EE4265
	Energy Storage Systems and Battery Management
	3-0-0
	3

	4
	SEM-7
	EE4267
	EV Charging Infrastructure and Grid Integration
	3-0-0
	3

	5
	SEM-8
	EE4264
	Motors for E-mobility and their control
	3-0-0
	3

	Subject (Sessional)

	6
	SEM-6
	EE3564
	Power Electronics and Drives Lab  
	0-0-3
	1.5

	7
	SEM-7
	EE3563
	Electric Vehicle Lab
	0-0-3
	1.5

	
	
	
	Total
	15-0-6
	18






















	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Basics of Electrical Vehicles
	EE3263
	0-0-3
	3



Prerequisites: Basic Electrical Engineering, Engineering Mechanics or Physics
Course Outcome:
At the end of the course, the students will able to:
	CO Code
	Course Outcome
	Bloom’s Level

	CO1
	Understand the evolution, motivation, and policies behind electric vehicle development
	Understand (L2)

	CO2
	Classify EV types and analyze their architectures, components, and energy sources
	Analyze (L4)

	CO3
	Evaluate vehicle dynamics and performance characteristics of electric vehicles
	Evaluate (L5)

	CO4
	Apply knowledge of propulsion systems, charging infrastructure, and identify emerging EV trends
	Apply (L3)


Module 1: Introduction, Evolution, and Classification of EVs              (9 Hours)
Evolution of automotive propulsion: From steam and ICE to hybrids and EVs, Historical milestones and technological breakthroughs in EV development, Environmental and economic motivations: Emissions, energy efficiency, lifecycle cost.
Comparison of ICE vs EV in terms of emissions, maintenance, performance, Overview of global and Indian EV markets. Major manufacturers and models.
Government policies and missions: FAME I & II, NEMMP 2020, GST & tax benefits.
Classification of EVs: 2W, 3W, 4W, Buses, Passenger vs Commercial, Introduction to Vehicle-to-Grid (V2G), bidirectional power flow.

Module 2: Types, Architectures, and Energy Storage in EVs                          (9 Hours)
EV Types: Battery Electric Vehicles (BEV), Hybrid Electric Vehicles (HEV), Plug-in Hybrid Electric Vehicles (PHEV), Fuel Cell Electric Vehicles (FCEV), Block diagrams of typical BEV and HEV systems, Hybrid configurations: Series, Parallel, Series-Parallel, Plug-in
Energy sources: Battery types (Lead-acid, NiMH, Li-ion, LFP, NMC), Fuel cells (PEMFC basics), Super capacitors, Battery specifications: Capacity, C-rate, SOC/SOH, efficiency
BMS: Functionality, protection, thermal management, balancing, Overview of energy management strategies in hybrids and EVs
Module 3: Vehicle Dynamics and Performance Analysis                      (10 Hours)
Forces on vehicle: Aerodynamic drag, rolling resistance, gradient force, Tractive effort, motor torque and power calculation, Acceleration, deceleration, and braking performance, Introduction to drive cycles: NEDC, WLTP, UDDS, FTP, IDC. Energy consumption estimation from drive cycles, Range estimation and influencing factors: terrain, speed, auxiliary loads
Basics of regenerative braking and energy recovery, Case studies: Performance analysis of real-world EVs in different environments.


Module 4: EV Components, Charging Infrastructure, and Trends                (8 Hours)
Electric propulsion systems: DC Motors, Induction Motors, BLDC, PMSM (structure, efficiency, use cases)
Power converters: Inverters, DC-DC converters, on-board/ off board chargers
Controllers: Motor controller basics, switching strategies
Charging Infrastructure: Charging levels (AC Level 1, Level 2, DC fast charging), Charging connectors: CHAdeMO, CCS, Bharat AC/DC, Charging types: Slow/fast, on-board/off-board, wireless (intro).
Smart charging, connected charging, and V2G, Future technologies: Solid-state batteries, AI-based BMS, autonomous EVs.
Textbooks:
1. James Larminie and John Lowry, Electric Vehicle Technology Explained, Wiley, 2nd Edition, 2012
2. Mehrdad Ehsani, Yimin Gao, Stefano Longo, Modern Electric, Hybrid Electric, and Fuel Cell Vehicles, CRC Press, 2004
3. K.T. Chau, Electric Vehicle Machines and Drives, Wiley, 2015
References books:
1. NITI Aayog – EV Vision Documents & Roadmaps
2. ARAI – AIS Standards for EV Safety and Testing
3. Ministry of Power, MNRE, FAME II Policy Reports
4. OEM Tech Reports – Tata Motors, Mahindra, Tesla, Bosch EV whitepapers
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	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Power Electronics for E-Mobility
	EE3264
	0-0-3
	3



Prerequisites: Basic Electronics
Course Outcome:
At the end of the course, the students will able to:
	CO Code
	Course Outcome
	Bloom’s Level

	CO1
	Understand the operation and characteristics of power semiconductor devices and their gate drive requirements in EV applications.
	Understand (Level 2)

	CO2
	Analyze and compare AC-DC and DC-DC converter topologies used in EV charging, traction, and auxiliary systems.
	Analyze 
(Level 4)

	CO3
	Design and simulate inverter circuits and control strategies for driving electric motors in EVs.
	Design 
(Level 6)

	CO4
	Evaluate the performance and integration of advanced converter systems for high-efficiency and fault-tolerant EV operation.
	Evaluate 
(Level 5)



Module 1: Power Semiconductor Devices and AC-DC Converters for EV                      (9 Hours)
Review of Power Semiconductor Switches: Ideal vs practical switch characteristics. Power Diode, SCR, Power MOSFET, IGBT: Static and dynamic characteristics, Switching losses, thermal considerations.
Introduction to Power Electronics in EVs: Role of converters in EVs: Traction, charging, auxiliary loads, Overview of EV powertrain and energy flow
AC-DC Converters for EV Charging: Basics of single-phase Uncontrolled and controlled rectifiers, Bidirectional converters for V2G applications, Grid interface issues: Harmonics, power quality (IEEE 519, IEC standards)
Module 2: DC-DC Converters for Traction and Auxiliary Systems                                  (8 Hours)
Non-Isolated DC-DC Converters: Buck, Boost, Buck-Boost converters: Operation, waveforms, design equations. 
Isolated DC-DC Converters: Need for isolation in EV systems. Half-bridge and Full-bridge converters.  
Bidirectional DC-DC Converters: Importance in regenerative braking and BMS, Bidirectional Buck-Boost converters, Design considerations for traction and energy storage interface
Module 3: DC-AC Converters (Inverters) for Motor Drives                                              (8 Hours)
Voltage Source Inverters (VSI): Single-phase and three-phase inverters, Sinusoidal PWM (SPWM), Modified SPWM, and SVPWM, Role of Inverters in EV Traction.
Module 4: Advanced Converter Topologies & Integration in EV Systems                       (7 Hours)
Advanced Converter Concepts: Interleaved converters, Dual Active Bridge (DAB) converter, Applications in fast chargers
Converter Integration: Onboard Charger (OBC) converter design and topology selection
Textbooks:
1. M. H. Rashid, Power Electronics: Circuits, Devices and Applications, 4th Edition, Pearson Education, 2014.
2. Ali Emadi, Electric and Hybrid Vehicles: Technologies, Modeling and Control , CRC Press, 2014.
References books:
1. N. Mohan, Power Electronics: Converters, Applications and Design , 3rd Edition, Wiley India, 2003.
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	SUBJECTNAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Energy Storage Systems and Battery Management
	EE4265
	3-0-0
	3


Prerequisites: Engineering Chemistry, Basic Electrical Engineering
Course Outcome:
At the end of the course, the students will able to:
	CO 
	Course Outcome
	Bloom’s Level

	CO1
	Understand the characteristics, performance parameters, and classification of different energy storage systems used in electric vehicles.
	Understand (Level 2)

	CO2
	Analyze the electrical and thermal behavior of batteries and apply suitable charging techniques for EV applications.
	Analyze
(Level 4)

	CO3
	Design and evaluate Battery Management System (BMS) architectures, balancing methods, and protection mechanisms for EV batteries.
	Design
(Level 6)

	CO4
	Estimate state parameters (SoC, SoH) and integrate battery packs and BMS with electric vehicle powertrain systems.
	Evaluate
(Level 5)



Module 1: Introduction to Energy Storage Technologies                                                   (9 Hours)
Importance of energy storage in EVs. Classification of energy storage systems: Mechanical (flywheels), Electrical (supercapacitors), Electrochemical (batteries, fuel cells). Selection criteria for EV applications: Energy density, power density, charge/discharge rate, life cycle, cost
Overview of: Lead-Acid Batteries, Nickel-based batteries (NiMH), Lithium-based batteries (Li-ion, LiFePO4, LTO, NMC). Supercapacitors: Types, characteristics, and comparison with batteries.

Module 2: Battery Modelling, Charging, and Thermal Management                        (9 Hours)
Electrical equivalent circuit models (Thevenin, Rint, RC models). Battery performance parameters: SoC, DoD, C-rate, efficiency.
Battery charging techniques: CC-CV (Constant Current–Constant Voltage), Multistage and pulse charging. Fast charging impact on battery life, Battery degradation and aging models
Battery thermal characteristics, Thermal management systems: Air, liquid, PCM-based cooling

Module 3: Battery Management System (BMS) Architecture and Operation           (8 Hours)
Functions of a BMS: Monitoring, Protection, Balancing, Communication, Logging. BMS architecture: Centralized, Distributed, Modular.  Sensing circuits: Voltage, current, temperature. Battery cell balancing techniques: Passive vs active balancing. Communication protocols: CAN, LIN. Protection strategies: Overvoltage, under voltage, short circuit, over temperature. Integration with vehicle control unit (VCU) and motor drive systems

Module 4: State Estimation and Integration with EV Systems                                          (8 Hours)
State of Charge (SoC) estimation methods: Coulomb counting, open-circuit voltage (OCV), Kalman filters. State of Health (SoH) and State of Power (SoP) estimation. Battery diagnostics and fault detection. Battery pack design and integration: Series/parallel configuration, Safety and packaging considerations. Battery and BMS integration with EV powertrain: Energy flow control, power distribution, regenerative braking, Case studies of commercial EV battery systems 

Textbooks:
1. M. Ehsani, Y. Gao, S. E. Gay, and A. Emadi, Modern Electric, Hybrid Electric, and Fuel Cell Vehicles: Fundamentals, Theory, and Design, 2nd Edition, CRC Press, 2009.
2. G. Pistoia, Battery Operated Devices and Systems: From Portable Electronics to Industrial Products, Elsevier, 2008.
References:
1. Rui Xiong, Battery Management Algorithm for Electric Vehicles, Springer, 2019.
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	SUBJECTNAME
	SUBJECTCODE
	L-T-P
	CREDIT

	EV Charging Infrastructure and Grid Integration
	EE4267
	3-0-0
	3


PREREQUISITES:
1. Basics of EV
2. Power Electronics

COURSE OUTCOMES:
At the end of this course, students will demonstrate the ability to
	CO 
	Course Outcome
	Bloom's Level

	CO1
	Understand the fundamentals of Electric Vehicle (EV) charging infrastructure
	Understand (L2)

	CO2
	Analyze the integration of EV charging systems with the electrical grid
	Analyze (L4)

	CO3
	Explore standards, protocols, and emerging technologies in EV charging
	Apply (L3)

	CO4
	Evaluate the impact of EV charging on grid stability and energy management
	Create (L5)



[bookmark: _Hlk199861437]MODULE 1                                                                                                                               (8 hours)
Fundamentals of Electric Vehicles and Charging: Overview of electric vehicles (EVs): Types, architecture, and components, Battery characteristics and charging requirements, EV charging infrastructure: Types (Level 1, Level 2, DC fast charging)
MODULE 2										                (8 hours)
EV Charging Technologies: AC and DC charging technologies, On-board and off-board chargers, Wireless (inductive) charging techniques, Smart and bidirectional charging (V2G and V2H concepts), Emerging trends in EV charging -ultra-fast charging, battery swapping, brief idea on power electronics converter used for EV charging
MODULE 3 										                 (8hours)
Grid Integration of EVs: Impact of EV charging on the power grid, Load management and demand response strategies, Grid codes and interconnection standards, Energy storage integration and renewable energy support
MODULE 4										              (10 hours)
Planning and Deployment of Charging Infrastructure: Site selection and planning of EV charging stations, Power requirements and utility coordination, Economics and business models of charging infrastructure, Case studies and policy frameworks, Cybersecurity and communication protocols (OCPP, ISO 15118), brief idea on AI and IoT applications in EV infrastructure, Government policies and incentives (global and Indian context)
TEXT BOOKS:
1. Electric Vehicle Technology Explained – James Larminie and John Lowry, Wiley online library,
2. Modern Electric, Hybrid Electric, and Fuel Cell Vehicles – Mehrdad Ehsani, Yimin Gao, Stefano Longo, and Kambiz Ebrahimi, CRC Press, 3rd edition, 2018

REFERENCE BOOKS:
1. Electric Vehicles: Prospects and Challenges – Tariq Muneer, Irene Illescas García, and Mohammad Asif
2. EV Charging Done Right: The Promises and Perils of Offering Electric Vehicle Charging Services,  Emily V Rogers , Sheri Mueller, John P Mitton , 2024
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	SUBJECTNAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Motors for E-mobility and their control
	EE4264
	3-0-0
	3


Pre-requisites: Electrical Machines, Power Electronics, Basics of Electric Vehicles
Course Outcome:
At the end of the course, the students will able to:
	CO Code
	Course Outcome
	Bloom’s Level

	CO1
	Understand the operating principles, characteristics, and applications of various electric motors used in electric vehicles.
	Understand (Level 2)

	CO2
	Analyze and model BLDC, PMSM, and IM drives and their control strategies such as FOC, DTC, and sensorless methods.
	Analyze
 (Level 4)

	CO3
	Design control systems for EV motor drives including torque, speed, and current controllers for BLDC, PMSM, IM, and SRM.
	Design
 (Level 6)

	CO4
	Evaluate the suitability of different motor technologies for EV applications based on performance, efficiency, cost, and control complexity.
	Evaluate 
(Level 5)



Module 1: Overview of Electric Motors for E-Mobility                                               (8 Hours)
Motor requirements for EVs: torque-speed characteristics, efficiency, size, cost, control flexibility. Comparison of motor types for EVs: DC, AC, BLDC, PMSM, IM, SRM. Classification based on operation and construction. Torque-speed profiles of EV drive cycles (city, highway, hill). Losses in motors: copper, core, stray, mechanical. Regenerative braking potential and impact on motor design.

Module 2: BLDC and PMSM Drives                                                                                  (10 Hours)
Brushless DC Motor (BLDC): Construction, operation, trapezoidal back-EMF. Electronic commutation. Hall sensor and sensorless control. Current control and torque control. Applications in 2-wheelers, light EVs.
Permanent Magnet Synchronous Motor (PMSM): Construction, sinusoidal back-EMF. d-q axis modelling. Torque equation and field-oriented control (FOC). Comparison with BLDC (performance and control). Torque ripple, demagnetization, thermal management in PM motors.

Module 3: Induction Motor (IM) Drives for EVs                                                              (9 Hours)
IM construction and types (squirrel cage, wound rotor), Principle of operation and equivalent circuit. Torque-slip characteristics and efficiency. Field-oriented control (FOC) and vector control. Direct Torque Control (DTC), Applications in high-power EVs.

Module 4: SRM and Motor Control Integration in EVs                                                     (8 Hours)
SRM construction and working principle, Torque production and inductance profile, Voltage and torque equations. Power converter topology for SRM, Turn-on/turn-off angle control. Advantages: fault tolerance, low cost; Challenges: torque ripple, acoustic noise
Integration of motor, controller, inverter in EV drive systems. Case studies on motor drive system design for EVs.



Textbooks:
1. I. Husain, Electric and Hybrid Vehicles: Design Fundamentals, 2nd Edition, CRC Press, 2011.
2. R. Krishnan, Electric Motor Drives: Modeling, Analysis, and Control, Pearson Education, 2001.
References:
1. Bimal K. Bose, Modern Power Electronics and AC Drives, Pearson Education, 2002.
2. Ned Mohan, Advanced Electric Drives: Analysis, Control, and Modeling Using MATLAB/Simulink, Wiley, 2014.
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	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Power Electronics and Drives Laboratory
	EE3564
	0-0-3
	1.5



Prerequisites:
1. Power Electronics.
2. Electrical Machines.

COURSE OUTCOMES:
At the end of this course, students will able to

	CO Code
	Course Outcome
	Bloom's Level

	CO1
	Acquire knowledge of V-I characteristics of various Power Semiconductor devices and able to design and simulate their base/gate drive circuits and understand the design of cosine controlled triggering circuit of SCR.
	Design (L6)

	CO2
	Validate the output performances of different controlled rectifier circuits with various loading conditions and design of different DC-DC converter circuits
	Evaluate (L5)

	CO3
	Analyze and verify the speed-torque characteristics of DC and AC motors using different control techniques.
	Analyze (L4)

	CO4
	Implement and test power electronic converter circuits for controlling electric drives.
	Apply (L3)



List of Experiments
Any 10 to be performed

1. Study of the V-I characteristics of SCR, TRIAC and MOSFET.
2. Study of single-phase full-wave controlled rectifier circuits (mid-point and Bridge type) with R and R-L Load.
3. Study of three phase full-wave controlled rectifier circuits (Full and Semi converter) with R and R- L Load.
4. Study of the Buck converter and boost converter.
5. Study of single-phase ac voltage regulator.
6. Study of the three phase PWM voltage source inverter using lamp load.
7. Speed Control of Separately Excited DC Shunt Motor using Single Phase Fully Controlled AC to DC Converter.
8. Speed Control of Separately Excited DC Shunt Motor using Three Phase Fully Controlled AC to DC Converter.
9. Speed Control of Single-Phase Induction Motor by using Single Phase AC to AC Converter.
10. Speed Control of Three Phase Slip Ring Induction Motor using Rheostatic Control Method.
11. Speed Control of Separately Excited DC Shunt Motor using Single Phase Dual Converter.
12. Speed Control of Three Phase Squirrel Cage Induction Motor using Variable Voltage Variable Frequency Three Phase PWM Inverter.





TEXT BOOKS:
1. M. H. Rashid,” Power electronics: circuits, devices, and applications”, Pearson Education India, 2009.
2. G. K. Dubey,” Fundamentals of Electrical Drives”, CRC Press, 2002.

 REFERENCE BOOKS:
1. R. W. Erickson and D. Maksimovic,” Fundamentals of Power Electronics”, Springer Science& Business Media,2007.
2. R. Krishnan,” Electric Motor Drives: Modeling, Analysis and Control”, Prentice Hall 2001.
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	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Electric Vehicle Lab
	[bookmark: _GoBack]EE3563
	0-0-3
	1.5


Course Outcome:
At the end of the course, the students will able to:
	CO Code
	Course Outcome
	Bloom’s Level

	CO1
	Understand the modeling and simulation of electric vehicle subsystems including drivetrain, battery, and motor drives.
	Understand (Level 2)

	CO2
	Simulate and analyze power electronic converter circuits and their control for EV traction and charging applications.
	Analyze (Level 4)

	CO3
	Implement state estimation and control strategies for battery management, energy recovery, and grid integration in EV systems.
	Apply, Analyze (L3, L4)

	CO4
	Design and evaluate motor control algorithms (FOC, DTC, commutation) for BLDC, PMSM, IM, and SRM motors in EVs using simulation tools.
	Design, Evaluate (L6, L5)



List of Experiments
Any 10 to be performed

1. Modeling and Simulation of a Basic Electric Vehicle Drive train
2. Simulation of DC-DC Buck Converter for EV 
3. Simulation of DC-DC Boost Converter for EV 
4. Simulation of Bidirectional DC-DC Converter for EV 
5. Simulation of a single-phase DC-AC converter for EV
6. Simulation of three phase DC-AC converter for EV
7. Simulation of a Single-phase Controlled Rectifier for Onboard EV Charger (AC-DC conversion)
8. Battery Modeling for EV 
9. State-of-Charge (SoC) Estimation of battery for EV 
10. Speed control of Induction Motor for EV applications
11. Speed control of Switched Reluctance Motor for EV applications

TEXT BOOKS:
1. M. H. Rashid,” Power electronics: circuits, devices, and applications”, Pearson Education India, 2009.
2. G. K. Dubey,” Fundamentals of Electrical Drives”, CRC Press, 2002.

 REFERENCE BOOKS:
1. R. W. Erickson and D. Maksimovic,” Fundamentals of Power Electronics”, Springer Science& Business Media,2007.
2. R. Krishnan,” Electric Motor Drives: Modeling, Analysis and Control”, Prentice Hall 2001.
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