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"Spread Knowledge"

 


 


Dear Readers

 


This "Knowledge-rich" eBook on Lithium-Ion Battery for Electric Vehicles is a
complete practical reference book with design and application
details on Lithium-Ion Battery and Battery Management Systems
(BMS)

 


This eBook is written for professionals,
industrial engineers, students and hobbyists who are connected to
the emerging technology in Lithium-Ion Battery and Electric
Vehicles.

 


I have spent many years as design and
application engineer and realized that design and application
engineers need a book on large lithium-ion battery packs which will
cover everything right from basics, design, charging technology and
battery management systems

 


This is not a text book. This is a practical
knowledge based eBook written for design and application engineers
and so the college level theories are carefully excluded

 


After some basics, this eBook will enter into
the world of large lithium-ion battery pack suitable for electric
vehicles and extensively cover the design techniques of BMS. Large
Li-ion battery packs have incredible application potential in the
emerging Electric Vehicle market

 


Electric vehicles require large battery packs
for which lead-acid batteries are too heavy and bulky. Arrival of
Lithium Ion Batteries has solved this problem due to its improved
energy density, cycle life, power capability and higher durability.
Lithium-Ion batteries are ideal for electric and hybrid vehicles.
The grid-tied energy storage systems for integration of renewable
energy and load leveling, back-up power systems have found lithium
ion batteries as most suitable. Lithium Ion batteries is a boon to
free the world from the perils of non-renewable energy sources.

 


This engineering eBook covers the practical
aspects of large format lithium ion battery covering fundamentals,
technicalities, design aspects, electronic charging circuits, and
hardware engineering and application details. This eBook is packed
with numerous graphics, block diagrams, circuit diagrams, component
specifications, tables, images and many more technical details. In
short, it covers A to Z of Lithium-Ion Battery.

 


The information, techniques, tips, data,
illustrations and technological inputs in this eBook are accurate
and proven engineering knowledge that the author has carefully
edited to make it one of the most useful and well documented eBook
on this subject.

 


Reasonable efforts are made to provide
current and accurate information to the readers. The author is not
legally responsible for any unintentional errors or omissions that
may have been included. All illustrated images in this eBook are
either created or compiled by the author or copyright free images
from internet.

 


My primary intention is to spread knowledge
so that engineers who are interested to work with large lithium-ion
battery can get a complete knowledge of the technology and
applications. As technology is never stagnant, we will be adding
data and knowledge based texts at regular intervals to keep this
eBook updated.

 


This eBook is licensed for your personal use
only. This eBook may not be sold or given away to any other person.
If you would like to share this book with another person, please
purchase an additional copy for each recipient. If you're reading
this book and did not purchase it, or it was not purchased for your
use only, then please purchase your own copy. Thank you for
respecting the hard work of the author.

 


Should you require any help from the author,
please send details through the mail noted below. The author will
be glad to help all interested readers of this eBook.

 


Read this eBook, gain knowledge on
lithium-ion battery and apply it in the real world.

 


Thank you readers.

 


With regards,

 


Subodh Sarkar

 


Author

 


B.Tech (Hons). in Electronics &
Electrical Communication Engineering, IIT, Kharagpur, India.

 


 


 



CHAPTER-1

 


Basics of Li-ion Battery for Electric Vehicles
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"Basics of Lithium-Ion Battery"

 



1.0: Synopsis of Chapter-1

 


This first chapter of this eBook is the
basics of Lithium-ion Battery for electric vehicles. It deals with
the metal Lithium, Raw Materials for Li-ion battery, Structure of
the fundamental Li-ion battery cell and The Working principle of
the li-ion battery.

 


 1.1: Some notes
about metal lithium

 


To start with let’s have some idea about the
metal Lithium

 


Lithium is an element discovered by
Johan August Arfvedson in 1817. The name is derived from the
Greek “lithos” meaning
stone.

 


The chemical symbol is “Li” and atomic number
is 3. It is soft and silvery white alkali metal. Lithium is highly
reactive and flammable.


Lithium is the 35th most abundant element on
earth. Earth has a stock of approximately 230 billion tons of
lithium. Lithium is available in ocean water and commonly extracted
from brines

 


The largest Lithium sources in the world are
Chile and Australia and US, Argentina and China are also some of
the major producers.
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Fig_C1-1: Lithium from brines

 


Fig_C1-1A below shows Lithium-ion world
production as predicted up to the year 2020.
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Fig_C1-1A: Lithium-Ion world production

 


Commercial Lithium is recovered by
evaporating brines collected from salars and salt lakes in
evaporation ponds. It takes a year or more to recover Lithium this
way and leaves behind lots of salt waste. There are latest
technologies and processes that offer more profitable options for
Lithium extraction.

 


Lithium is sometimes precipitated as Lithium
Phosphate for faster precipitation and then Lithium Phosphate is
converted into battery-grade Lithium Hydroxide through an
electrochemical process

 


 1.2: Are batteries
used in electric vehicles different from conventional gas powered
vehicles?

 


Electric-vehicle batteries are
different from the gasoline based automobiles which uses
SLI Batteries (Starting, Lighting, and
Ignition). The Electric Vehicle batteries are designed
to give power over prolonged periods of time so that the vehicle
can run a long distance without recharge. Deep-cycle high
ampere-hour capacity batteries are used instead of SLI batteries
for EV applications.

The battery in an electric-vehicle has
to deliver power to drive the electric motor. Electric Vehicle
batteries are a secondary (rechargeable)
battery.

 


Lithium-ion batteries are used in
Electric Vehicles due to their high energy
density, high power density, long lifespan and environmental
friendliness.

 


These batteries are excellent for energy
storage solutions.

 


We will now peep inside the Lithium-ion
battery specifically manufactured for electric vehicles to find out
their typical raw materials requirements and internal
structures

 


 1.3: Lithium-Ion
Battery Raw Materials:

 


Fig_C1-2 below
has details of all the metals which are used to make lithium-ion
battery. Some of them are used to make the Anode and most are used
to manufacture the Cathode. Apart from Lithium, the mostly used
metals are Nickel. Cobalt and Aluminum.
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Fig_C1-2: Raw Materials used to make Li-ion
Battery

 


 1.4: Structure of a typical
Li-ion Battery Cell:

 


Fig_C1-3 below
shows the internal structure of a typical Lithium-ion battery
cell.
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Fig_C1-3: Structure of a Lithium Cell

 


 


Each lithium-ion cell contains THREE major
parts:

 


1. Anode (Graphite) negative electrode

 


2. Electrolyte (Lithium Salt)

 


3. Cathode (Differently Formulated -
positive electrode)

 


Apart from these 3 items, there are Current
Collectors, Separator sheets and cover for the cell. Here are the
details of all these parts:

 


 1.5: About Current
Collectors:

 


Typically, Copper Foil is used as the
negative electrode or the anode current collectors and aluminum is
used as the positive electrode or the cathode current
collectors.

 


Aluminum oxidizes easily than copper to form
metal oxide for electrochemical oxidation. Aluminum is also prone
to galvanic corrosion in contact with copper.

 


In fact aluminum oxide film forms on
the aluminum base metal. The aluminum oxide is known to be
chemically and electrochemically a stable film. Therefore, the
oxide film of the aluminum can be considered as the auxiliary
(cathode) electrode in Li-ion battery, in which the exchange
current is very high compared to the copper at the anode side. The
net exchange current of the aluminum oxide is equal to zero. In
other words, the aluminum oxide film doesn't polarize.
This is the reason which makes aluminum oxide
film an excellent current collector.

 


A rolled foil (RA-type), made from wrought Cu
is generally used for Li-ion battery used for electric vehicles as
the requirement is high-energy and high-power. Aluminum foils are
used as the cathode current collector of secondary Li-ion
batteries. Currently, the anode is comprised of a Graphite mixture,
while the cathode combines Lithium and other choice metals, and all
materials in a battery have a theoretical energy density. With
Lithium-ion, the anode is well optimized, and design changes will
yield little to no significant improvements in performance. On the
other hand, the cathode material is wide open to enhancements, and
explains why today’s battery research is so heavily focused on this
area.

 


 1.6: Cathode Active
Materials:

 


Cathode Active Materials are the main
elements having different compositions which are the basic
requirements for manufacturing positive electrodes for battery
cells. The cathode materials are comprised of cobalt, nickel and
manganese in the crystal structure forming a multi-metal oxide
material to which lithium is added. The batteries manufactured
specifically for electric vehicles uses a variety of Cathode
materials to cater different application requirements for high
energy density and high load capacity.

 


5 types of Cathode materials are used to
manufacture Lithium-ion battery for electric
vehicles:

 


1. NMC (NCM
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