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Li lon Battery Cell construction
Every Call (also called element) has Cylindrical cells: 18650 {18 mm
Some Container; Cyéindrica! / Pouch / diameter and 65 mm length)
Prismatic solid body without 1erminals with capacity 2.2
Cathode and Anode /38 Ahat 3.7 Volts
Separator between cathode and Ancde Larger battery 26550 with solid body with
Electrolyte in between Cathode and Anode Ferge threaded terminals now zva!able‘
~ - 21700 defined by Tesia (discussed later)
L#F, used & Bectrolyte
Terminals Higher energy-density than pouch and

prismatic

Bt number of cytles are vauadly less

Spot-welding enough o make 3 pack

Now | am going to go into | have talked about the future batteries | have talked about
alternate various kind of lithium ion battery let me get into the cells or lithium ion battery
cells. And what does it consist of, I have talked about every cell has some container, the



container of 3 kinds; cylindrical, pouch, and prismatic. The 3 kinds of container it is

either a cylindrical cells, I think I should have picture somewhere.

I will get into the picture in a short while. Cylindrical; like a pencil cylindrical, pouch and
prismatic we will get into that, that is a container, it always has cathode and anode. So,
anode typically tends to be graphite or graphite with silica. Cathode is the one which is
NMC or NCA there is the separator between cathode and anode and there is a electrolyte

in between cathode and anode.

And the one that is used is lithium phosphorus fluoride that is the most commonly used.
There are a few other alternatives, but nothing as (())(01:28) as well. Then there are
terminals, which will and the terminals has to be very well designed, because they will

take in the current or take out the current.

Cylindrical cells; the most common cylindrical cells which are used is called 18650,
18650. Basically, because it is 18 millimeter in diameter and 65 millimeter in length 6.5
centimeter it is like your pencil torch cells, solid battery body without terminals with a
capacity of, it started with 2.2 ampere hour and it has gone to 3.4 and 3.8 ampere hour
today.

Today 3.5 ampere hour is common 3.8 is also available, the battery voltage nominal
battery voltage or usage is 3.7 volts. So 3.7 volts multiplied by 3.5 ampere hour that is the
capacity, it is a 10 watt hour approximately, 10-11 watt hour is not a very large capacity
each cell is 11 watt hour. See, if | want (1000) 1 kilowatt hour I need a close to 800-900

cells. If I want 100 kilowatt hour, | need 100 thousand individual cells.

And remember, | will again talk about, a cell fails battery significantly get impacted we
will come to the failure later on. There is another called 26650, which is 26 millimeter in
diameter and 650 millimeter in length, is that correct? Sorry 65 millimeter in length, but
26 millimeter in diameter, solid body last 3 terminals at the end. This was for short time,

for tools etcetera it was used, hand tools.



And then Tesla came at 21700 it is a 21 mm diameter, this is maybe | do not know 70 is
the really the length but approximately that, this will be discussed later again. Cylindrical
cells have higher energy density than pouch and prismatic, when it is introduced. So as
the first 300 watt hour per kg cells will always be cylindrical cells, but soon pouch and
prismatic will pick up. But number of cycles are less. All you need is a spot welding to

make a pack. So very easy to make a pack.
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Pouch Cells: soft, flat body, 90 to 95% Li-lon {NMC) Battery voltage
packing efficiency: Laser / Ulrasanic 2.7V when SoCis 0% and 43V whenSol s
= dgd . . 100%; nominal voltage: 3.7V

Calis 2yailable 20 24 Ah, 4450 Ak and higher

Used in Rrger veludies

Used to cast higher than cyindrical cals

Prismatic Cells: semi-hard plastic case with
large threaded terminals
Cefls from 7 AR, 15 Ah, 24 Ah, 30 &b, 40 Ah,
44 50 Ah
Used in two-wheelers and theee-wheelers
Can be spot-welded, Lasec-welded and
Ultrasonic welded
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So, this is what the pictures are, this is the cylindrical cell, this is a pouch cell and this is
prismatic cells. The pouch cell is soft, flat body soft. You will in fact, twist it if you want

ofcourse it will destroy the battery. It has a very high packing efficiency.

Even this density is less in the pack you can make it much-much better, 90 to 95 percent
it is one out the top of another, all that you then do have to do is conductors which you
put it on the site. So, the conductors or bus bars and then ofcourse cooling you worry
about because the heat is also dissipated from the side you have to worry about the
coding.

You have 24 Ah, 44 Ah, 50 Ah and nowadays even 60 Ah or 70 Ah. Normally you do not
change the size of the remains the same and you keep on increasing the energy density

because as the energy so, the Ah capacity increases. | have seen now 60 Ah and 65 Ah



and 70 Ah you will soon see. It used to cost higher than cylindrical cells but not

necessarily. In larger vehicles you invariably use pouch cells.

Then there is a prismatic cells, this is a semi-hard plastic case with large threaded
terminals. Cells are 7 Ah, (14) 15 Ah, 24Ah, 30, 40, 44, 50 and let the new ones are 60,
65. A lot of them are using 2-wheelers and 3-wheelers can be spot welded, laser welded
or ultrasonic welded, even pouch cells has to be laser welded or ultrasonic welded. Spot

welding somewhat difficult, so this is the three kinds of cells that are available.

There are pluses and minuses, it depends on the manufacturer, do not cannot say that this
is what you should use always. Lithium ion battery, the NMC battery that we will talk
about is 2.7 volts, when it is 0 percent SoC and 4.3 volts when SoC is 100 percent and
typically you operate between 3.1, 3.2 volt sometimes 3.3 volt to 4.15 volt and the
nominal voltage is taken as 3.7. This is the battery cell capacity sorry, this is a cell
voltage. So, this is the voltage multiplied by Ah will give you the capacity in terms of

watt hour.
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Cylindrical Batteries

M N o 18mm in diameter and 85mm the length. The
o larger 26650 cell measures 26mm in diameter
18650 cells: Energy Cells started with 2.24h —

= 284 — 3.1Ah — 3 4Ah Preparing for 3 9Ah
PRS0 18650 volume of 16cm” with capacly of around
Sy 3Ah (Capacity dose to 11 Wh)
: 3 21700 volume of 24cm” with capacidy of GAh
Doubiing capacity wih 50% addiional volume
26650 ciameter of 26mm. not as popular as 18650
B
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So let us look at the cell. So, the cells are designed by taking material and rolling it,
rolling one layer after another. So, typically, you have this positive electrode, negative

electrode. You have this negative tab.



You have the separator in between the positive tab is sitting here there is a gasoline vent
because there is a gas filled in something goes wrong gas is released. There is a positive
cap, PTC device, gasket, casing, insulation etcetera. 18650 as | told you the most
common one is 3.4 Ah though 3.9 Ah is also likely to come 18650. So, 18650 volume of

16 centimeter cube with a capacity of around 11 watt hour.

So, you can just imagine this is what it is. 21700 has higher 24 centimeter cube volume
with a capacity of 6 Ah This is going to 6 Ah, so it is doubling the capacity with 50
percent and additional value that is the one which has given at edge, 21700 it doubles the

capacity with only 50 percent additional volume.

So, capacity 6 Ah instead of 3 Ah the size is only doubles 24 centimeter cube as opposed
to 16 meter were size only one and a half times Okay, this is the attraction, okay, 26650
IS 26 mm diameter not as popular as 18650. Again you can get more details in this

battery university.
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Prismatic Cells

Introduced in the early 1990, today
satisfies the demand for thinner sizes

Improves space utilization and afiows
flexible design

But more expensive to manufacture, less
efficient in thermal management. Allow for
some swelling
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Prismatic cell; this was introduced in 1990s. And prismatic this is the one which is very
thin. How thin? Much thinner than a cellphone about a third, no way half, almost half as

much. So and since it is stacked on top of each other, it improves the cell utilization,



space utilization so volume can be low of the pack. Whereas if you look at cylindrical

cells between cylindrical there will always be gaps, cannot do much.

But it is far more expensive to manufacture, you cannot just keep rolling and creating
cells, you have to keep on folding one after another keep folding and thermal
management is less efficient because while the heat is generated all over you can take out
heat only from the sides, because it is going to touch the next one and next one, one on

top of it.

The other problem in this prismatic cell that as you charge fast particularly it tend to
swell and the swelling can be very problematic. If it swells beyond a certain point that
life cycle gets horrible, finished, so you have to compress it, it has a swelling tendency
inside you have to compress it. You put extra pressure life cycle is gone straight away,
you put less pressure it will swell in a life cycle goes out, gets bad.

So you have to really design it with the right pressure, really right pressure. Sorry, that is

that is either I am mixing up cylindrical cell and pouch cell.
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Pouch Cells
Conductive foil-tabs welded to the electrodes
. and brought outside i fully sealed way, instead
- of a metallic body
-t

Makes most efficient space-use with 90-85%
packaging efficiency: highest among battery
packs

Some stack pressure, but allow swelling and
aveid sharp edges that stress cells as they
expand

The pouch cell has similar issues, conductive foil-tabs welded to the electrodes and
brought outside in a fully sealed manner makes most efficient even more efficient than

prismatic cells. This is the one where pressure is very important (not) the other one is



aluminium Kk, so the pressure is not that important. Yeah, but still yeah plastic also not as
important, the pressure is not as important somewhat important, but more important in

power cells.
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Failure of an individual Cell in a Pack

Cell fails as short
it reduces overall voltage: batlery may no longer be usaable

Cell is open
reduces overall capacty depending on paraliel cells in packs (fo be discussed later)

Cyindrical Cells have lower capacity: an open hurts less when open as compared

to the larger capacity pouch / prismatic cells

Cylindrical celis have built in cell level safety features which ensures cells fail in open like
PTC [posive temp cosfficient layer) offers Rarpe resistance on heating due to huge currents and
00 {corrent nterupt device) opens-up when pressure buids up inside cel

a4 wt et letemg e

Let me come to some very interesting work, which will not find it anywhere. You have a
battery pack and cell for whatever reason has shorted. For the pack, if a cell has shorted
and cells are connected in series, the voltage reduce and if | have to drive a motor which
demands a certain voltage, my voltage has gone down cells pack is no longer usable. So

pack is no longer individually usable if one cell gets shorted, that is a big-big problem.

So you do not go on cellphone failure as shortage. What if the cell is open it reduces the
overall capacity and this will be discussed in detail later on. It depends on the way
number of parallel cells are there, that one string will go and cells is open. Cylindrical
cells have lower capacity and open hurts less than open as compared to the larger

capacity pouch and prismatic cells.

Since a lowers capacity, or open if it is short your problem but it is open it reduces
capacity, since it has a lower capacity that much capacity only goes down. So if it is a let
us say 310 A watt hour capacity. So or 3 Ah into whatever the voltage is that 3 Ah will

go down it has many parallel cells.



The other advantage cylindrical cells have built in cell safety feature which ensures a cell
fails in open, it does not fail very often in short, there is something called positive
temperature coefficient layer offers large resistance on heating due to huge current so
normally if it is getting heated because something is going wrong.

So, it kind of prevents it and there is a current interrupt device which will open up at that
time when there is a when pressure builds up inside the cell. So, there is a this makes it
better.
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To Sum Up

Prismatic and Pouch cells: Capacity today can be 50 Ah or 185Wh
Much larger than 18650 cyfindrical cells (11 Wh)
21700 calis double capacity of 18650 celis

Cylindrical Cells preferabie for small battery pack (less than 1 kWh), but
requires too many individual cells for larger pack
A single ced failure hurts battery pack badly

Prismatic and Pouch cells used in 4-wheelers, trucks, buses
Tesia 1s an excapbion and uses 21700 cylindrical celis: large packs
Genesally has larger Ife-cycies

To sum up prismatic and pouch cells, capacity cells are can be 50 Ah or 185 watt hour or
even more, | will say 200 watt hour, much larger than 18650 if it is 11 hour watt hour.
21700 will double the capacity 22 watt hour, but still 22 watt hour versus 200 watt hour.

So, if you want to make a large pack, go for pouch cell a prismatic small pack, you can
look at cylindrical cells for smaller battery pack and for large pack it is 4-wheelers, truck,
buses used the prismatic pouch, but remember, Tesla has defined this and it has gone for
21722 watt hour cell and it has made very large pack. So, they all this should be taken up

as a qualified statement.
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Assignment 4.4

True of False

Prismatic Li lon celis come in standard shape and size.

21700 Cylindrical cells have diameter of 70mm and height of 21mm.
Packing efficiency of pouch cells is higher than cylindrical cells.

| Cell level protection features such as PTC and CID are present in cylindrical
cells but not in prismatic cells,

Fill in the blanks

In 3 pack, cells failing in short reduce the overall ____, whereas cells failing
in open reduce the overall .

| have given another assignment again simple true and false. Prismatic lithium ion cells
come in standard shape and size. Does it come in standard same shape and size? Not
always. Cylindrical ones come in standard, 21700 cell has 70 mm diameter, height of 20.
That is right. Prismatic ones can come different. So there are also some fill in blanks | am

giving you have to do this homework.

I think 1 will end today and tomorrow get into something that Nanda knows better than |
do state of health, state of charge estimation and self-discharge. Okay, we will do this

tomorrow.
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What makes a Battery Pack?

Number of celis assembled to form a
battery-pack for requived valtage and
Capacity

Safety ssues

Cel Balancing

Careful gfectrical design so that every cells pat

equally charged / discharged
Cells: Chemistry evolves continuously
bringing costs down

Materials: depends on chemistry
Cuantity used depends on Wh/kg
Cost of matenal and Availabilty
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Battery Pack Design: Electrical

Battery-pack requwred certain Voltage and Capacity (in Ah and Wh terms)
Voltage chosen based on requirement of drive-train companents and total battery Capacity
High Currents mplies large ahmic losses {thck cables]: normally limted to <200 Amps
Therefore depending upom energy (KWh) of storage, certain voltage preferred

48V or T2V for smal batteres for 2W /3W and small 4w

100 WS 10 15 kW 1 KWh requires 21 Ah colls ~ possbie with pramats and oyfindrical

350V for medium sized batteries for larger cars and pick-ups
20 kW to 70 kWh batteries; T KWh batrery requires < 3 Ah - possible anly with ofindrical

7SOV for motors for buses and trucks
Sattery wie of 60 €Wh to 300 KWh: too many cels f oftndrical wsed
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Failures in Battery Pack Il

Failure in BMS: replace BMS
MOSFET in BMS heated: design issue

Temperature sensor failure: detect and replace
Risky: falure to detect rapid heating and cutting-off {[BMS function) may take celisto
meitdown

Cell capacity detenioration: Battery Pack Capacity deterioration
Unbafanced cells m modules: Battery Pack Capacity detenoration

Incorrect SoH or Sol estimation
BMS may cut-off battery [and theraby vehicle cut-off} even whaa charge is not Jow
Wrong display of charge remaming

Then we will come what makes a battery pack in fact | am getting things ready for
Kaushal battery pack design electrical building up serial parallel, electrical design failures

in battery pack.
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4.7 Computation of Effective
Cost of Battery

And then | will come to computation of effective cost of battery. This is important, very
interesting, this is what you can compare things and somewhat involved for operational
cost and after having done that, and seeing the impact of this very important something

that 1 will say I am the author of this work and then what does it take what kind of



charging to do pretty much I look at the charging and that is it chapter on battery will be

over thank you.



