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Each Trimester is of 15 weeks followed by examination in subsequent week.

Trimester 1

13:;'. CC():;:e Course Name Teaching Scheme Credits
L T P
PGEMI |Bridge Course 3 0 0 3
a) Fundamentals of Automotive Electrical &
1 Electronic Systems (for Mechanical group)
b) Fundamentals of Automotive Mechanical
Systems (for Electrical group)
2 | PGEM2 |Applied Mathematics 2 1 0 3
3 | PGEM3 | EV System Design and Architecture 3 0 0 3
4 | PGEM4 |Energy Storage Systems for Electric Vehicles 2 1 0 3
5 | PGEM5 |EV Motor Drives and Power Electronics 2 1 0 3
6 | PGEM6 |Lab 1 0 0 4 2
7 | PGEM7 |Mini Project 1 0 0 4 2
Total 12 | 3 8 19
Trimester 11
Sr. | Course Course Name Teaching Scheme Credits
No. Code L T P
1 |PGEMS8 |Vehicle Dynamics and Traction Systems 2 1 0 3
2 [PGEM9 | Sensors and Controls in Electric Vehicles 2 1 0 3
3 |PGEMI10 |IOT for Electric Vehicles 3 0 0 3
4 |PGEMI11 |Elective 1 2 0 0 2
5 |PGEM12 |Elective 2 2 0 0 2
6 |PGEM13 |Lab2 0 0 4 2
7 |PGEM14 |Mini Project 2 0 0 8 4
Total 11 2 12 19
Trimester 111
13:;'. Cg:::ize Course Name Teichm%rSchegle Credits
1 |PGEMI4 |Industrial In-Plant Training (15-18 Weeks) 0 0 0 12
Total 0 0 0 12




Sr. No. List of Electives

Thermal Design and Management of EV Systems

Safety and Automotive Standards

Energy Management and Vehicle Integration

Advance Electric Drives

Embedded Systems and in vehicle communication protocols

FEM and CFD for Electric Vehicles

e | |0 |0 |O |

Design Validation Process

[PGEM1][1a] Fundamentals of Automotive Electrical and Electronic Systems
Contents:

Electric circuit elements, KVL, KCL, series-parallel connections, superposition theorems,
equivalent circuit, steady state and transients in ac and dc, power in ac and dc circuits, power
factor improvement, poly phase ac circuit, concept of phasors and phasor diagram, magnetic
circuits and transformers, working principle and construction of ac and dc machines used in
automobile applications, lamps used in automobile applications.

Characteristics and applications of Diode, Zener diode, BJT, SCR and MOSFET. DC Power
supply, simple circuits using OPAMP, elementary treatment to multi-vibrator, filters Schmitt
trigger, feedback amplifiers, oscillators etc.

Boolean logic, basic gates, truth tables, K maps, combinatorial and sequential circuits, DAC
and ADC, introductory Boolean Algebra and switching functions, finite state machines, design
of synchronous FSMs, FSM minimization, asynchronous FSMs. Bipolar Logic Families,
MOS logic families, and their electrical behaviour. Memory Elements, Timing circuits,
Elementary combinational and sequential digital circuits: adders, comparators, shift registers,
counters. Logic Implementation using Programmable Devices.

Books:

1. Incent Del Toro, Electrical Engineering Fundamental, Prentice Hall, 1989

2. K.A Krishnamurthy and M.R.Raghuveer, Electrical and Electronics Engineering for

Scientists, Wiley Eastern Ltd., 1993

3. H. Taub and D. Schilling, Digital Integrated Electronics, McGraw Hill, 1977.

4. D.A. Hodges and H.G. Jackson, Analysis and Design of Digital Integrated Circuits,
International Student Edition, McGraw Hill 1983.

. B.G. Streetman, Solid State Electronic Devices, Prentice Hall of India, New Delhi, 1995

6. 1.J.Nagrath, Basic Electrical Engineering, Tata McGraw Hill, India. 1988.
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[PGEM1][1b] Fundamentals of Automotive Mechanical Systems
Contents:

Internal Combustion Engines: Construction, types and working of 1.C. engines, Mechanical
Vibrations: Elements of a vibratory system, S.H.M., degrees of freedom, modelling of a
system, concept of linear and non-linear systems, equivalent spring, linear and torsional
systems. Undamped free vibrations, Forced vibrations of longitudinal and torsional systems.
Basics of Vehicle Dynamics: Vehicle coordinate system, earth fixed coordinate system,
longitudinal, lateral and vertical vehicle dynamics, vehicle springing system-requirements,
sprung mass and unsprung mass. Automotive System Design, Automotive Chassis and
Systems, Front Axle and Steering System, Vehicle Suspension Systems, Wheels and Tyres,
Acceleration and Braking Characteristics, Braking Systems, Vehicle Safety Systems, Vehicle
Chassis, Automotive Hydraulics and Pneumatics, Automotive A/C systems:types and
properties of refrigerants, refrigerant oils, refrigerant piping. Future refrigerants, Air



conditioning components. Vehicle Performance and Testing, Automotive NVH. Alternative
Fuel and Emission Control. Materials used in automotive systems.

Books:

1. Internal Combustion Engines, Ganesan, Tata McGraw-Hill Education, 2004

. Mechanical Vibrations, S. S. Rao Pearson Education

. Fundamentals of Vehicle Dynamics, Gillespie Thomas D, SAE USA 1992.

. Theory of Ground Vehicles, John Wiley and Sons, Wong J Y, New York, 1978 5. “Tyre and
Vehicle Dynamics”, Ham B, Pacejka SAE Publication — 2002

. Automotive air conditioning, William H Crouse and Donald L Anglin

. Motor Vehicles, Newton, Steed and Garrot, 13th Edition, Butterworth London

. Vehicle and Engine Technology, Heisler, Second Edition SAE International Publication.

. Advanced Vehicle Technology, Heisler, Second Edition SAE International Publication.

. The Automotive Chassis, J. Reimpell H. Stoll, J.W. Betzler, SAE International Publication

BN

O 0 3 O\ D

[PGEM2] Applied Mathematics
Contents:

Matrices and linear equations, Applications to systems of linear equations, vector spaces,
subspaces, linear independence and dependence of vectors, bases, dimensions. Row and
Column spaces, rank. Linear mappings, representation by matrices, rank-nullity theorem,
Eigen values, Eigen vectors, Inner product spaces, orthogonality, Gram-Schmidt process,
Diagonalization of special matrices.

Laplace and Fourier Transforms and their applications.

Runge-Kutta methods, stiffness and multistep methods, boundary value and Eigen value
problems, Finite difference methods for elliptic and parabolic equations.

Books:

1. Advanced Engineering Mathematics by Erwin Kreyszig, John Wiley & Sons, Inc., 10th
edition.

2. Introduction to Linear Algebra (2nd edition) by Serge Lang, Springer

3. Elementary Linear Algebra (10th edition) by Howard Anton and Chris Rorres, John Wiley
and sons.

4. Schaum’s outlines of Linear Algebra (5th edition) by Seymour Lipschutz, Marc Lipson,

McGraw-Hill Education (India) Private Limited, New Delhi.

. Linear Algebra and its applications (4th edition) by Gilbert Strang, Cengage Learning (RS).

6. Advanced Engineering Mathematics by Chandrika Prasad and Reena Garg, Khanna
Publishing Company Private Limited, New Delhi.

7. Numerical Methods for Engineers by Steven C. Chapra, Raymond P. Canale, McGraw-Hill
(special Indian edition), 5th edition 2010.

8. Higher Engineering Mathematics by Dr B S Grewal, Khanna Publication, 40th edition
2007.

9. Introductory methods in Numerical Analysis by S SSastry, PHI, Latest Edition.

10. Computed Oriented Numerical Methods, (5th edition) by R.S. Salaria, Khanna Publishing
Company Private Limited, New Delhi.
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[PGEM3] EV System Design, Architecture and Integration
Contents:

Motivation for hybrid and electric vehicles: Engineering case, legislative push, incentives,
market pull. EV : micro to mild to PHEV to HEV to REEV to EV - Hybrid-Electric Vehicle



Power trains, Vehicle Energy Storage System Design, System and sub-systems, Modelling and
design of EVs as a system, Motors & motive power splitting concepts, and interface within
power train system; Power train architecture -Parallel, Series and Combined, Types of EVs,
Vehicle layout and packaging options, Energy devices & combinations, Duty Cycles in Indian
cities; performance, Sustainability assessment, Industry Activity and Market Reaction, HEV
market drivers and technology trends, Customer related issues, HEV technology readiness
levels. Vehicle Based HEV Performance specifications. Modelling of electrical and
mechanical sub systems: Systems Modelling and Simulation, Modelling methodologies for
HEV energy management. Control strategies for energy management and driveability. High
voltage architecture options within HEVs and component selection. Power electronics and
machine drives. Systems Integration and Analytical Tools and Vehicle Development Process
Overview, Hybrid Components and Architectures: Major components in hybrid Power Train,
Controls integration, Component sizing and integration tradeoffs, Hybrid architecture
overview, System Design and Development Considerations, Vehicle integration (ex.
performance, drivability, NVH), Power Train integration, HV/LV electrical systems, Chassis,
Displays/information, HVAC, Verification and Validation Considerations, Component test
considerations, System test considerations, Fleet testing, Hybrid and electric vehicle
component characteristics and key design attributes, Mathematical derivation of energy and
power requirements for specific vehicle use cases. Fuel economy and energy assessment over
legislative and real-world driving cycles,System integration for whole vehicle requirements-
based design.

Books:

1. Igbal Husain, Electric and Hybrid Vehicles —Design Fundamentals, CRC Press

2. Mehrdad Ehsani, Yimin Gao, Sebastian E.Gsay, Ali Emadi, Modern Electric, Hybrid
Electric and Fuel Celll vehicles-Fundamentals - Theory and Design”, CRC Press

3. Bosch’ Automotive Handbook, 8 th Edition

[PGEM4] Energy Storage Systems for Electric Vehicles
Contents:

Energy storage requirements for vehicle applications, Storage technologies and metrics for
comparison, Distribution of Energy, Storage Form of Energy, Intermediary Conversion,
Control and Diagnostic, Ragone Chart, Theory of Ragone Plots. Ragone Plot of a Battery,
Case of the Capacitor, Different Types of Accumulators, Accumulators with Aqueous
Electrolyte, Lead—Acid Accumulator, Alkaline Accumulators, The Nickel-Iron Battery
Nickel-Cadmium Accumulator, Ni-MH Accumulator, Accumulators with Nonaqueous
Electrolyte Lithium-Metal Accumulators, Lithium-Metal Polymer Cells, Lithium-lon
Accumulator Lithium—Iron Phosphate (LFP) Cells, Lithium-ion Polymer (Li-Po) Cells,
Lithium-Titanate Cells (LTO), Large Size Accumulators, Sodium—Sulphur (NaS) Battery,
Vanadium Redox Flow Battery (VRB), Chemical Reactions of the VRB Battery, Modelling
of Batteries Thermal Behaviour of a Battery, Thermal Modelling Multiphysics Modelling,
Battery Management Systems (BMS), Lithium-Ion Batteries Aging Effects.

Battery characterisation and testing systems & Battery life cycle, Modular battery packs,
packaging, thermal control and legislative implications. Supercapacitors : Materials and
Construction, Basic Model, Specific Behaviour of Supercapacitors, Design of a Super-
capacitive Bank, Series and Parallel Connections, Power Capability, Charging and
Discharging Procedure of Supercapacitors, Energy Efficiency and Power Availability Thermal
Aspects. Hydrogen Fuel Cells: Alkaline Electrolysis, Polymer Electrolyte Membrane (PEM)
Electrolysis, High-Temperature Steam Electrolysis, Hydrogen Generation and Storage of
Hydrogen, Conversion from Hydrogen to Electricity, Power Needed for the Fuel
Conditioning, Efficiency of the Fuel Cells, Overall Efficiency.



Books:

1. Energy Storage by Robert A. Huggins, Springer Publication

2. Energy storage (A new approach) by Ralph Zito Wiley Publication

3. Handbook of Energy Audit, Albert Thumann P.E. CEM, William J. Younger CEM, The
Fairmont Press Inc., 7th Edition.

4. Energy Management Handbook, Wayne C. Turner, The Fairmont Press Inc., 5th
Edition,Georgia.

5. Energy Storage Systems, Alfred Rufer, CRC Press

[PGEMS] EV Motor-drives and Power Electronics
Contents:

Part 1: Electric Motors

General architecture and requirement of EV, load characteristics, energy sources, principle of
electromechanical energy conversion, motors and generator operation, types of electric
machine.

Characteristics, performance, control and applications of dc motors, induction motors and
synchronous motors, permanent magnet motors, BLDC, switched reluctance motors,
scalar/vector control of ac motors, sensorless control, different configuration of EV,
series/parallel/series-parallel, dynamometer, speed/position sensors and signal conditioning,
voltage sensors, temperature sensors,, vehicle mechanics, test-beds, characteristics like torque
vs. rpm, efficiency vs. rpm, power vs. rpm, power electronics based control of electric motors,
testing for robustness and safety. Electric and regenerative breaking. Microcontrollers/DSP
based control strategies, PI control, cascade control, scalar and vector control, battery bank,
sensors, programming tools - IDE, compiler, Assembler, loader, control of various motors for
EV applications using power electronics, battery charger, plug-in charger, vehicle to grid and
grid to vehicle.

Part 2 : Power Electronics

Diodes, Thyristors, Bipolar Junction Transistors, Metal-Oxide—Semiconductor Field Effect
Transistors, Insulated Gate Bipolar Transistors,Power electronics switches, power electronic
converters: dc-dc converters and types (buck, boost, buck-bust, fly back etc.), isolated
converters, inverters based on MOSFET/IGBT, gate driver circuits and sensors, Basic
Principle of DC-DC Converter, Step-Down (Buck) Converter, Steady-State Operation, Output
Voltage Ripple, Step-Up (Boost) Converter, Step-Down/Up (Buck—Boost) Converter, DC-DC
Converters Applied in Hybrid Vehicle Systems, Isolated Buck DC-DC Converter, Four-
Quadrant DC-DC Converter, DC-DC Converters: Buck, Boost, Fly-Back converters etc.,
Isolated Dc-Dc Converters, Tools for controller algorithm development: Simulation tools
(MATLAB/VISSIM/ PSIM), Tools for, circuit development (P-spice, Multi Sim), Compilers,
Assemblers, Loaders, Debuggers, Emulators etc. Basic Concepts of DC—AC Inverters, Single-
Phase DC—-AC Inverter, Three-Phase DC-AC Inverter, BLDC Motor and Control, Operation
of BLDC Motor, Torque and Rotating Field Production, BLDC Motor Control, BLDC Motor
Torque—Speed Characteristics and Typical Technical Parameters, Sensorless BLDC Motor
Control, AC Induction Motor and Control, Basic Principle of AC Induction Motor Operation,
Controls of AC Induction Motor, Basic Configuration of PHEV / BEV Battery Charger, Power
Factor and Correcting Techniques, Controls of Plug-In Charger.

Books:

1. Chang Liang Xia,”Permanent Magnet Brushless Dc Motor Drives and Controls” Wiley
2012.

2. Rashid M.H., "Power Electronics Circuits, Devices and Applications", Prentice Hall India,
Third Edition, New Delhi, 2011.

3. Bimal K Bose, "Modern Power Electronics and AC Drives", Pearson Education, second
Edition, 2003.

4. Dubey. G.K., "Thyristorised power controllers", New age International, New Delhi, 2002.
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Bhimbhra P.S., "Power Electronics", Khanna Publishers, New Delhi, 2005

6. Miller. T. J. E., "Brushless Permanent Magnet and Reluctance Motor Drives", Clarendon
Press, Oxford, 1989.

7. Kenjo. T and Nagamori. S, "Permanent Magnet and Brushless DC Motors", Clarendon

Press,

Oxford, 1989.

Kenjo. T, "Stepping Motors and their Microprocessor Control", Clarendon Press, Oxford,

9. Robert .L.Boylsted,and Louis Nashelsky, "Electronic Devices and Circuit Theory”,
Pearson
Education,9th edition,2009.

10. David A Bell, "Fundamentals of Electronic Devices and Circuits”, OxfordUniversity
Press, 2009.

11. Roy Choudhury and Shail Jain, “Linear Integrated Circuits”, 2nd Edition, New Age

International Publishers, 2003

o

[PGEMS8] Vehicle Dynamics and Traction Systems
Contents:

Introduction to vehicle dynamics - Dynamics of the motor vehicle, Vehicle fixed coordinates
system, Earth fixed coordinates system, Details of vehicle systems, wheel angles, Typical data
of vehicles.

Tires - Types, axis system, mechanics of pneumatic tires-tire forces Tire forces and moments,
Tire structure, Longitudinal and Lateral force at various slip angles, rolling resistance,
Tractive and cornering property of tire. Ride property of tires. Conicity and Ply Steer, Tire
models, Estimation of tire road friction.

Longitudinal dynamics - Forces and moments on vehicle, Equation of motion, Tire forces,
rolling resistance, weight distribution, Tractive effort and Power available from the engine,
Calculation of Maximum acceleration Braking torque, Braking Force, Brake Proportioning,
Braking Efficiency, Stopping Distance, Prediction of Vehicle performance. ABS, stability
control, Traction control.

Lateral Dynamics - Steering geometry, Types of steering systems, Fundamental condition for
true Rolling, Development of lateral forces. Steady state handling characteristics. Yaw
velocity, Lateral Acceleration, Curvature response & directional stability.

Vertical Dynamics - Human response to vibrations, Sources of Vibration, Suspension systems,
Functions of suspension system. Body vibrations: Bouncing and pitching. Doubly conjugate
points. Body rolling. Roll centre and roll axis, Stability against body rolling.

The power delivered by the propulsion unit, The aerodynamics of the vehicle, Drive Wheel
Motor Torque Calculations, Vehicle resistance, Tire Ground Adhesion and maximum tractive
effort, rolling resistance, grade resistance, inertia calculation, Estimation of battery storage
capacity and motor hp based on tractive effort calculations, calculation of tractive effort and
reactions for different drives, traction control devices.

Books:

1. Thomas D. Gillespie, "Fundamentals of Vehicle Dynamics", 2013, Society of Automobile
Engineers Inc., ISBN: 978-1560911999

J. Y. Woung , "Theory of Ground Vehicles", John Willey & Sons, NY.

Rajesh Rajamani , "Vehicle dynamics and control", Springer publication.

J. G. Giles , "Steering, Suspension & Tyres", Ilete Books Ltd., London.

W. Steed , "Mechanics of Road Vehicles", Ilete Books Ltd. London.

P. M. Heldt , "Automotive Chassis", Chilton Co. NK.

Reza N Jazar , "Vehicle Dynamics : Theory and Application", Springer publication.
Automobile Mechanics, “Crouse/Anglin”, TATAMcgraw-Hill.

William H. Crouse., “Automotive Mechanics”, Tata McGraw Hill Publishing House

WX kW



10. Joseph Heitner, “Automotive Mechanics”, C.B.S Publishers And Distributors
11. Hans Hermann Braess, Ulrich Seiffen, “Handbook of Automotive Engineering “, SAE
Publications

[PGEMY] Sensors and Controls in Electric Vehicles

Contents:

Automotive Sensors: Current trends in automobiles with emphasis on increasing role of
electronics and software. A typical architecture of an Electric Car, Pros & Cons of an Electric
Car. Overview of generic automotive control ECU functioning. Overview of typical
automotive subsystems and components. Automotive sensors: such as oxygen sensors, vehicle
speed sensors, temperature sensors, air mass flow sensors, throttle position sensor, tier
pressures sensor, sensors for battery voltage and current measurement etc.

Fundamentals of Control: Feedback, tracking, regulator system, feed forward system.
Transfer function, Pole and zero concept. Modelling and representation of control system-
Basic concept. Mechanical, Electrical and equivalent system. Modelling and transfer function
of control system components such as simple electrical, Mechanical, electromechanical
systems, Lag - lead network, etc. Standard test signal —step, ramp, parabolic and impulse
signal, type and order of control system, time response of first and second order systems to
unit step input, steady state errors — static and dynamic. Time domain and frequency domain
analysis, stability analysis using Nyquist plot and Bode plot. Basic concept of PID controller,
Design specifications of P, PI, PID controllers, Tuning of PID controllers. Zigler-Nichol
Method.

Controls in electric vehicle: traction control (motor control), Electronic Transmission
Control, Adaptive Power Steering, Adaptive cruise control Safety and comfort systems Anti-
lock braking, Traction Control and Electronic Stability, Active suspension control.

Body electronics including lighting control, remote keyless entry, immobilizers etc. Electronic
instrument clusters and dashboard electronics. Aspects of hardware design for automotive
including electro-magnetic interference suppression, Electromagnetic Compatibility etc.

An introduction to Future Cars (Hybrid, Hydrogen Fueled, Solar Powered, autonomous
vehicle)

Books:
1. William B. Ribbens, “Understanding Automotive Electronics”, 6th Edition, 2003,
2. Newnes (Imprint of Elsevier Science).
3. Young A.P. & Griffiths, “ Automotive Electrical Equipment” , ELBS & New Press-
1999
4. Tom Weather Jr. &Cland c. Ilunter, “Automotive computers and control system”
Prentice Hall Inc., New Jersey
5. Crouse W.H., “Automobile Electrical Equipment” ,McGraw Hill Co. Inc., New
York,1995.
Bechhold, “ Understanding Automotive Electronic”, SAE,1998.
7. Robert Boshe “ Automotive Hand Book™ (5th edition),2000.

=



[PGEM10] IoT for Electric Vehicles

Contents:

Internet of Things: Introduction, Wireless sensor networks need for IoT, Edge resource
pooling and caching, client side control, and configuration, Basics of Networking, Smart
objects as building blocks for IoT, Embedded systems platforms for IoT, IO drivers.
Operating system for IoT: requirement of OS, examples: mbed, Contiki, RIOT

IoT Communication Protocols: IPV6, 6LowPAN, CoAP, MQTT, Machine-to-Machine
Communications.

Software Defined Networks (SDN): From Cloud to Fog and MIST networking for loT
Communications, Principles of Edge/P2P networking, Cloud and Fog Ecosystem for IoT
Review of architecture, Security and privacy in Fog

Database for IoT: OLAP and OLTP, NoSQL databases, Row and column Oriented
databases, Introduction to Columnar DBMS CStore, Run: Length and Bit vector Encoding,
Integrating Compression, and Query Execution in Columnar databases.

Radar sensor Detectors for vehicle safety: Introduction to Radar sensor detectors,Types
(Long range, medium, short range and ultra-short, mechanically scanning LIDAR), Working,
benefits,

Intelligent Transport Systems (ITS): Communication standards in IOT for ITS like, MQTT,
DDS, AMQP, BLUETOOTH, ZIGBEE, WIFI, Security and surveillance systems

Advanced driver assistance systems (ADAS): ADAS domain controller, Automotive
thermal camera, Camera module without processing, Conditionally automated drive
controller, Drive assist ECU, Driver monitoring, Driver vital sign monitoring, Front/Rear
camera, advance features.

Internet of vehicles and VANET: Types of IOV, Benefits of IOV, Difference between IOV
and VANET, Connected cars [oT Transportation, Activity Monitoring.

Books:

1. A Bahaga, V. Madisetti, “Internet of Things- Hands on approach”, VPT publisher, 2014.
2. McEwen, H. Cassimally, “Designing the Internet of Things”, Wiley, 2013.

3. CunoPfister, “Getting started with Internet of Things”, Maker Media, 1st edition, 2011.
4. Samuel Greenguard, “Internet of things”, MIT Press.

Web resources:

1. https://developer.mbed.org/handbook/Analogln

2. http://www libelium.com/50_sensor_applications/

3. M2MLabs Mainspring http://www.m2mlabs.com/framework

Electives
a) Thermal Design and Management of EV systems
Contents:

Review of Thermodynamics, Fluid Mechanics, and Heat Transfer. Motor Sizing vs Heat
Generation, Operational Temperature Limitations of Electrical Insulation, Design concepts for
Heat Extraction in Motors for EV systems, Modelling and simulation of heat transfer in
motors, Rendering of Heat extraction solutions, Sensors and Protection solutions. Thermal
control in vehicular battery systems: battery performance degradation at low and high
temperatures, Passive, active, liquid, air thermal control system configurations for HEV and
EV applications, Battery Heat Transfer, Introduction to battery modelling, tracking current
demand, voltage, and State of Charge as functions of time for given drive cycles,



Development of thermodynamic relationships for cell heat generation, Lumped cell and pack
models for transient temperature response to drive cycles , Model parametric study results,
Determination of convection and friction coefficients for air and liquid systems in various
geometric configurations, flow around cylinders, flow between plates, flow through channels,
thermal system model and parametric study, Temperature control and heat transfer using phase
change materials, Thermal Management of Power Electronics components and systems.
Thermal Management of Power train and electric machines. Model based simulations of
thermal systems and CFD Analysis of battery packs, electric motors and power electronic
systems. Thermal and heat transfer considerations in Supercapacitors. Thermodynamics, heat
generation and cooling of hydrogen fuel cell systems.

Books:

1. Nag. P.K, Engineering Thermodynamics, 5th Edition, Tata McGraw Hill Education, New
Delhi,

2013.
2. Jerry Sergent, Al Krum, Thermal Management Handbook: For Electronic Assemblies,
1998,

Mc Graw- Hill.
3. Vehicle thermal Management Systems Conference Proceedings, 1st Edition; 2013,
Coventry

Techno centre, UK
4. YounesShabany, Heat Transfer: Thermal Management of Electronics, 2010, CRC Press.
5. T. Yomi Obidi, Thermal Management in Automotive applications, 2015, SAE

International

b) Safety and Automotive Standards
Contents:

Standards Roadmap for Electric Vehicles - SAE; UL; IEC - Performance and Safety
Applicable Battery Standards - Battery Transportation & Safety - Battery Pack: SAE
J2464/J2929 - Compare and Contrast the various industry standards

Vehicle and Charging Standards - FMVSS

Performance Standards - Charging interfaces; SAE J1772 charge protocol -
USABC/FREEDOMCAR - Battery Characterization and life cycle testing - Video
Demonstrations - Mechanical Shock; Short Circuit; Overcharge; - Fire Exposure

Supply standards:

Electric Vehicle Supply Equipment (EVSE) Descriptions - Governing Bodies for Regulations
- Certification Requirements and Options

Electric Vehicle Performance Standards:

AIS 038: Construction Functional safety tests, AIS 039: Measurement of electric energy,
AIS040: Measurement of range, AIS041: Measurement of Max power and 30 Minute powers,
AIS048: Traction battery used in electric vehicles, AIS004 Part 1 & Part 3”Electromagnetic
radiation from Motor Vehicle & electromagnetic compatibility of motor vehicle

¢) Energy management and vehicle integration
Contents:
Modeling electrical sub systems

Systems modelling and Simulation - Modelling methodologies for HEV energy management.
- Control strategies for energy management and driveability. Electrical System Design - High



voltage architecture options within HEVs and component selection. - Power electronics,
including DC-DC converters (unidirectional and bidirectional) and machine drives. -
Electrical machine designs, performance prediction, ancillary requirements and
manufacturability. - Battery and ultra-capacitor technologies, vehicle integration, and
performance characteristics (materials, performance, reliability, safety, recycling).
Regenerative Braking - Real-world energy storage requirements and driver behavior
assessment. - Brake feel and customer acceptance - Mechanical System Design: New
transmission options including split path design approaches and systems (planetary, CVT,
dual clutch). - Engine calibration and optimization. - New engine cycles and fuelling options.
- Mechanical energy storage systems such as flywheels and hydraulic accumulators.

Top down and bottom up systems thinking for Engineering & Integration; System
Engineering for xEVs: Crucial Technologies that go in to system engineering of XEV systems;
new technologies that can disrupt the evolution of XEV systems; - India Specific Vehicle
Population - XEV Components to System Assembly - 2W EV Vehicle Systems Engineering &
Integration - 3W EV Vehicle Systems Engineering & Integration - 4W EV 1 ton class Cargo
systems - Off Road vehicle Systems (in plant cargo systems, Golf Carts etc) - 4W xEV hybrid
systems integration - Buses and Large Vehicle Systems Engineering Solutions.

Systems Integration and Analytical Tools

Vehicle Development Process Overview - Requirements Development - Hybrid Components
and Architectures - Major components in hybrid Power Train - Controls integration -
Component sizing and integration trade-offs - Hybrid architecture overview - System Design
and Development Considerations - Vehicle integration (ex. performance, drivability, NVH) -
Power Train integration (ex. energy, power, efficiency, torque, thermal management) - HV/LV
electrical systems (ex. safety, DC/AC voltage, charging system, efficiency, cables, connectors,
fuses, - Chassis (ex. braking, vehicle dynamics, powertrain to chassis dynamics, ride and
handling, steering, fuel system) - Displays/information (ex. messages, information aids, usage
efficiency aids) - HVAC (ex. HV compressor, HV heater, cabin comfort, efficiency
considerations) - Verification and Validation Considerations - Verification and validation test
requirements and planning - Component test considerations - System test considerations -
Fleet testing.

Books:

1. Igbal Husain,” Electric and Hybrid Vehicles —Design Fundamentals ”, CRC Press

2. Mehrdad Ehsani, Yimin Gao, Sebastian E.Gsay, Ali Emadi, “Modern Electric, Hybrid
Electric and Fuel Celll vehicles-Fundamentals - Theory and Design”, CRC Press

3. “Bosch’ Automotive Handbook”, 8th Edition

d) Advanced Electric Drives
Contents:

Review of drive fundamentals, various quadrants of electric drives, types of industrial loads,
duties of electric motors, heating and cooling, calculations of load on motor. Review of
fundamentals of DC Drives and Induction motor drives. Converters topologies for low,
medium and high power drives. Direct torque and vector control methods for AC drives.
Sensor and Senseless control, Ripple minimization techniques for DTC. Drives for the slip
ring induction machine, DFIG and its four quadrant control, Construction and working of
BLDC, PMSM, Synchronous Reluctance and Switched Reluctance motors. Speed control of
these motors. Stepper motor drives. Construction and working of axial flux and transverse
flux reluctance and permanent magnet machines, linear synchronous machines.

Books:
1. R. Krishnan, ‘Switched Reluctance Motor Drives — Modelling, Simulation, Analysis,
Design and Application’, CRC Press, New York, 2001.



2. T. Kenjo and S. Nagamori, ‘Permanent Magnet and Brushless DC Motors’, Clarendon
Press, London, 1988.

3. M.H. Rashid “Power Electronics”, 3rd Ed, PHI Pub. 2004.

4. G. K. Dubey, “Fundamentals of Electrical Drives”, Narosa Publishing house

5. B. K. Bose, “Modern Power Electronics and AC Drives”, Pearson Education, Asia, 2003

¢) Embedded Systems and In-Vehicle Communication Protocols
Contents:

Embedded systems, classification, Automotive grade microcontrollers, Renesas RL78 and
RZ series performance comparisons, Renesas RZ series ARM architecture—technology
overview, Architectural Features of ARM Cortex A7 series: Block Diagram, CPU modes,
register organization, ROM, RAM, timers, data and address bus, Memory and I/O interfacing
concepts, memory mapped 1/0O. CISC Vs RISC design philosophy. Interfacing of peripherals
using Renesas ARM Microcontroller: LED, sensors, ADC, Timer, PWM, UART, SPI, 12C,
CAN, LIN. Introduction of ARM RZ series development tools (software and hardware).
Automotive standards and protocols: CAN protocol, LIN protocol, Flex Ray, OBD-II,
Byteflight, Automotive Audio Bus, (A?B) protocol, AFDX, etc. Automotive standards like
AUTOSAR, MISRA-C, Hardware in loop testing of Automotive ECU using ARM RZ series
microcontroller, Simulation of Adaptive cruise control, speed control, etc.

Books:

1. James Larminie, John Lowry, Electric Vehicle Technology Explained, Wiley, 2003

2. Sloss Andrew N, Symes Dominic, Wright Chris, —ARM System Developer's Guide:
Designing and Optimizingl, Morgan Kaufman Publication,2004.

3. Young A.P. & Griffiths, “ Automotive Electrical Equipment” , ELBS & New Press-1999

4. Tom Weather Jr. &Cland c. Ilunter, “Automotive computers and control system” Prentice

Hall Inc., New Jersey

Crouse W.H., “Automobile Electrical Equipment” ,McGraw Hill Co. Inc., New York, 1995.
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f) FEA and CFD for EV Analysis
Contents:

Introduction to different approaches used in FEA such as direct approach, Variational
approach, weighted residual (Galerkin). Displacement function, Global and local coordinate
systems, Order of element, primary and secondary variables, shape functions and its
properties. Formulation of elemental stiffness matrix and load vector for spring, bar, beam,
truss and Plane frame.Transformation matrix for truss and plane frame, Assembly of global
stiffness matrix and load vector, Properties of stiffness matrix, half bandwidth, Boundary
conditions elimination method and penalty approach, Symmetric boundary conditions, Stress
calculations. Finite Element Analysis of Automotive systems and powertrainswith FEA tools.

Introduction to Finite Volume Method, One-dimensional and two-dimensional Diffusion and
Convection problems. SIMPLE Algorithm, Flow and Heat Conduction Problem. Analysis



with CFD tools: steps in pre-processing, geometry creation, mesh generation, selection of
physics and material properties, specifying boundary condition, Physical Boundary condition
types, initialising and solution control for the solver, Residuals, analysing the plots of various
parameters. Reynolds Averaged Navier-Stokes equations (RANS), Thermal Analysis of
battery pack and power electronics components using CFD.

Books:

1. Cook, R. D., Malkus, D. D. and Plesha, M. E., Concepts and Applications of Finite Element

Analysis 2. Seshu, P., Textbook of Finite Element Analysis

2. Seshu, P., Textbook of Finite Element Analysis

3. Chandrupatla, T. R. and Belegundu, A. D., An Introduction to the Finite Element Method in
Engineering

4. S. V. Patankar, Numerical Heat Transfer and Fluid Flow, McGraw-Hill

5. Versteeg, H. K. and Malalasekara, W. (2008). Introduction to Computational Fluid
Dynamics: The Finite Volume Method. Second Edition (Indian Reprint) Pearson
Education.

6. Ansys Fluent Manual

7. Ansys Structural Analysis Manual

g) Design Validation Process
Contents:

Validation methods - High-Level Validation and verification tests (Creep, Coast, repeated
acceleration tests, Top speed test, steady speed test, maximum acceleration test, deceleration
test), Zero Emission Vehicle (ZEV) capability test, hardware in-loop test, Real-time ECU test
analysis.

Mechanical Design validation - Design validation of vehicle balance, validation study of
vehicle drive train, design, development and validation of a complete in wheel motor
assembly prototype.torque/speed coupling, and vehicle dynamics, Optimize cost,
performance, and reliability with advanced stress, sensitivity, and statistical analyses, noise
and vibration simulation

Electrical Design validation - Design methodology of batteries for PHEV and EV, validation
of vehicle energy storage and power delivery systems, range and energy storage validation,
Test the BMS/ battery parameters, learn the selection methodologies of motors, Sizing
validation - motor sizing validation, EMI/EMC reduction methodologies and testing , Design,
test, and verify control strategies, power management, validation of vehicle electronics,
controls and instrumentation, Eco-design and validation of EVs , Design and Verification of
Hybrid and Electric Vehicles

Books:

1. Electric and Hybrid Vehicles: Design Fundamentals by Igbal Husain
2. Convert It! by Michael P. Brown

3. Electric Vehicle Technology Explained by James Larminie



