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Title: 
01VBCND Battery assembly, BMS and modeling 
Credit value: 
6 ECTS 
Mandatory/Optional: 
Optional 
Semester: 
1 
Lecturer/s:      
Massimiliana Carello, Domenico Ferrero, Francesco Iannuzzo 
University: 
Politecnico di Torino 
Department: 
Dipartimento Energia “Galileo Ferraris” (DENERG) 
Rationale: 
 
This course introduces the fundamentals of key battery technologies and their use for electric power trains. The 
proposed approach is bottom-up, i.e., from the introduction of batteries and their working principles to battery 
management systems, including thermal management and safety, and ultimately to their application in electrical 
vehicle powertrains.  
The course contents are split between theory lectures and exercises, where attendees will be asked to design 
components of a battery-powered power train.  
 
Objectives: 
 
The course aims to provide the students with the fundamentals of:  

 Battery working principles  
 Battery use in EVs (Electric Vehicles) from the designer's perspective  
 Interactions between batteries and chargers  
 Electric energy conversion system for EVs  
 Structure of a traction electrical drive (the battery, the converter, and the machine)  
 Design of EV powertrain based upon the vehicle's specifications. 

 
Skills: (according to the list of skills provided) 
 

 Knowledge 
outcomes 

Competences General 
skils 

Specific 
skills 

RCO18. The student will understand the operating 
principles of modern battery technologies, 
identifying their characteristics, limitations, and 
interaction with the electrical system.  

X    

RHT12. The student will acquire the ability to 
design a powertrain for an electric vehicle, selecting 
components and justifying technical decisions based 
on performance and efficiency criteria. 

   X 

 
 
Teaching and learning methods: 
 
Lectures – comprising presentations, videos, open discussion, and case studies 
Computer Labs – Exercises on real-life circuits 
Assignment – Numerical calculation for a real-life system design 
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Allocation of student time: 
 

 Attendance (classroom, lab, …) Nonattendance (lecture 
preparation, self study…) 

Lectures 30 hours 30 hours 

Computer Labs  20 hours 10 hours 

Assignment 10 hours 20 hours 

Private study  30 hours 
 

Assessment: 
 
Written Exam 
 
Assessment Matrix: 
 

Subject 
skills 

Assessment method 

Exam Class test Coursework Report … … 
All 100% - - -   

 

Programme: 
 

Lesson 1 Cell electrical connection  
(3 h theory)  

Lesson 2 Equivalent-Circuit models for batteries 
(4.5 h theory)  

Lesson 3 Cell-to-module electrical connection  
(4.5 h exercise)  

Lesson 4 Benchmarks 
(3 h exercise)  

Lesson 5 Battery management systems (BMSs)  
(3 h theory)  

Lesson 6 Cell balancing 
(3 h exercise)  

Lesson 7 Safety rules and standards for cells and battery packs 
(3 h theory)  

Lesson 8 Battery testing 
(3 h exercise)  

Lesson 9 Thermal management systems 
(3 h theory)  

Lesson 10 Commercial EV examples (structures and data) 
(3 h exercise)  

Lesson 11 Batteries for EV trains, ships, Renewable Energy Storage, and power systems 
(3 h theory)  

Lesson 12 Battery pack integration and user-side parameters 
(1.5 h exercise)  

Lesson 13 Introduction & circuit theory recap 
(3 h theory)  

Lesson 14 Pulse-Width Modulation, Three-phase PWM modulation  
(3 h theory)  

Lesson 15 Buck converter, DC/AC conversion  
(3 h exercise)  

Lesson 16 Power devices, packaging, and thermal management  
(3 h theory)  

Lesson 17 Battery chargers  
(3 h exercise)  

Lesson 18 DC motor modeling  
(1.5 h theory)  

Lesson 19 Electric power train for EV applications  
(3 h exercise)  
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Lesson 20 Design of a EV power train 
(3 h exercise) 

 

Resources: 
 
A classroom, equipped with a blackboard and audio-visual resources (laptop/computer with Matlab/Simulink/PLECS 
installed and Internet connection + projector), for the lectures. 
 
Computer lab equipped with 20+ computers. 
 
Bibliography: 
 
Battery Systems Engineering, Christopher D. Rahn and Chao-Yang Wang, John Wiley & Sons. 
Battery Management Systems, Volume I: Battery Modeling, Plett Gregory. 
Thermal Management of Electric Vehicle Battery Systems, Ibrahim Hamut, Halil S. Javani, Nader Dincer,  
John Wiley & Sons.  
Power Electronics: Converters, Applications and Design, Ned Mohan, Tore M. Undeland, John Wiley & Sons. 
Power Electronics: Circuits, Devices and Applications, Muhammad H. Rashid, Pearson. 
Chris Mi, Hybrid Electric Vehicles, John Wiley & Sons. 
Slides of the course and additional reading material will be supplied to the students.  
 
Further comments: 
 
 
 

 


