i

AL

ey

Battery Basics

4AT060 / 5AT010
! | " &z A AN B e &
1t l i 4 / 7 } R —
-7 | Steven Wilkins, PhD* Q s ‘/ 2V : = i
_ : 3 ZL Al — )
As;mst*nt Professor , EPE — EE o) = 1/ N 7y - >

EINDHOVEN

Electrical Engineering, Electromechanics and Power Electronics Department ??é‘l.ffé’l?e?




Lecture Objectives

* Provide a basic overview of battery technology

* Provide understanding of the modelling of batteries

» Understand how to create basic thermal modelling

* Provide an overview of battery types and battery systems
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Battery Basics

Battery Fundamentals




Electrochemistry Fundamentals
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How does a battery work?

Positive terminal

Anode current collector
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Battery Fundamentals

The negative electrode: Often a metal or an alloy.

» During discharge, gives up electrons to external circuit, is oxidized (OIL: “Oxidation is
Loss (of electrons)”).

» During charge, accepts electrons from external circuit, is reduced (RIG: “Reduction is
Gain (of electrons)”).

* During discharge, it is the anode.

The positive electrode: Often a metallic oxide, or sulfide.
« During discharge, accepts electrons from circuit, is reduced.
« During charge, gives up electrons to external circuit, is oxidized.
* During discharge, it is the cathode.
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Basic Terminology

Irreversible reaction:
Primary cell is discharged only once

Reversible reaction:

“primary cell”

“secondary cell”

- Secondary cell can be charged and discharged in cycle

Single use:
Requires activation procedure

“reserve cell”

TU/e
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Battery Fundamentals

* The electrolyte (the ionic conductor) provides the medium for internal ion charge
transfer between the electrodes.
- The electrolyte is typically a solvent containing dissolved chemicals
- It must be an electronic insulator to avoid self discharge.

— Cations are ions with net positive charge: during discharge they move through the electrolyte toward the positive
electrode.

Anions are ions with net negative charge: during discharge they move through the electrolyte toward the
negative electrode.

Cells using aqueous (containing water) electrolytes are limited to less than 2 V because the oxygen and hydrogen in
water dissociate in the presence of higher voltages.

- Lithium batteries use non-aqueous electrolytes as their overall voltages are above 2V.

» The separator electrically isolates the positive and negative electrodes to avoid self
discharge of the cell.
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Battery Fundamentals

The charge process

In primary cells, this electrochemical reaction is not reversible. During discharge, the chemical compounds are permanently changed
and electrical energy is released until the original compounds are completely exhausted. Primary cells can be used only once.

In secondary cells, this electrochemical reaction is reversible. The original chemical compounds can be reconstituted by the
application of an electrical potential between the electrodes, injecting energy into the cell.

Such cells can be discharged and recharged many times. During charge, cations move from positive to negative electrode through
electrolyte; electrons move from positive to negative electrode through external circuit.

The energy “pumped” into the cell transforms the active chemicals back to their original state.

The discharge process

Electrochemical potential energy at the negative electrode favors a chemical process that would release electrons into the external
circuit and positively charged ions into the electrolyte.

Also, electrochemical potential at the positive electrode favors a chemical process that would accept both electrons from the external
circuit and positively charged ions from the electrolyte.

The resulting electrical pressure or potential difference between the terminals is called the cell voltage or electromotive force (EMF).

Cell performs work when an external circuit is completed, converting stored chemical potential energy into electrical energy on
demand.
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Battery Basics

Terminology




Cell Potential

® POtent|a| (VOItag e) Of the Ce” depends On o MP176065 xtd : Discharged Capacity [Ah] at C/5 rate versus Temperatures [°C]
type of oxidation-reduction reaction and
varies on operating conditions .

 Nominal voltage usually refers to (average)
discharge voltage at specified load

wow W W w
o o o~ ~3 L=+

+ The voltage is based on the potential difference 2
of the cathode and anode (see later) : >
- At rest state, based on SOC, and temperature a

0.0 1.0 2.0 3.0 4.0 5.0 6.0

Capacity (Ah]

SAFT MP 176065 xtd
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Energy and Power per Unit Mass and Volume

» Specific Energy: E/m —
ormally
‘ Un|tS Wh/kg ?yegissucrﬁgrgefrom
"~ full to empty state.
- Energy density (volumetric): Eiv
* Units: Wh/I
- Specific Power: P/m |
+ Units: W/kg A A
B discharge and
depends on state of
charge.
- Power density (volumetric): Plv g
* Units: W/
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Specific Units of Measure

- State of Charge (So0QC)

« The fraction of the total electrical charge stored in a battery that is available for discharging at a certain
point of time. Usually measured in percentages (fractions).

* Depth of Discharge (DoD):

« The fraction of the total electrical charge stored in a battery that had been extracted at a certain point of
time. Usually measured in percentages (fractions).

* Depth of Charge (DoC):

« The fraction of the total electrical charge supplied to the battery up to a certain point of time. Usually
measured in percentages (fractions). Note that charging current can be partially lost due to side reactions.
«  Percentages mentioned above usually relate to nominal capacity, but exact terminology depends on context

- State of Energy (SoE)

« The fraction of the total electrical energy stored in a battery that is available for use at a certain point of time. Usually
measured in percentages (fractions). *NOTE: this is not the same as SOC, but can be proportional based on similar discharge
powers
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Specific Units of Measure - SOE

MP 176065 xtd Discharge rate capability at +25°C

Voltage (V]

0.0 1.0 2.0 a0 4.0 5.0 6.0
Capacity [Ah]

Lithium-ion batteries in use: 5 more tips for a longer lifespan | Saft | Batteries to energize the world (saftbatteries.com)

The available energy is a
function of the power of
extraction — since the voltage is
iInfluenced by the current drawn

Higher power = less capacity
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https://www.saftbatteries.com/energizing-iot/lithium-ion-batteries-use-5-more-tips-longer-lifespan

Usable Window

* For health and performance reasons, not all the capacity is available

4.3 Top Protection Buffer
Maximum Cell Voltage , ‘
—————————————————————————————————————————————————————— 3 100% - Charging for long trips
4.1 L4
2 P «— Normal end of charging
39 . Absolute
. . . . . . S0C window C;O(L“JS\:\illjl‘;ow
Rapidly increasing internal resistance e o (theoretical) Sok
2 / High discharge stress - i d
....... @™ i 2
e ® -4 High charging stress/'
i Overcharge risk 0%
= D L S
a y “ Usable SoC WindOW B> Bottom Protection Buffer
O33 ¢

Also: operation in the region
3.1 which can withstand
Constant Current charging

29 . .
Improves charging speeds
D8 Do PSS G ERCIES) Sy SIRSSINN | GIICADL e , (region C above)
Technische Universiteit
25 Eindhoven
0 10 20 30 40 50 60 70 80 90 100 T U University of Technology
SoC [%]
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Specific Units of Measure - SOH

- State of Health (SOH)

- Typically the fraction of capacity relative to the original nominal capacity

- Can also relate to the resistance

- End of Life typically 80% of the original capacity (and/or 20% increase in impedance)
- NOTE: ageing of batteries can be often non-linear (elbows and knees!)

10757 &= —— measured IR data
___________ 0.0190| =w=- empirical model ~
1.0507 |nitial cycle EOL capacity
1.025 - 0.0185
__ft, 1.000- 0.0180
=2
o 0.975+ = 0.0175
8
G 0,950+ 0.0170
0.925- elb: Ibz::? i’:t
0.0165 . > ]
Initial |
0.900: - measured capacity data e : :
=== empirical moedel 0.0160
0.875< . . . , . ; v v v
0 200 400 600 800 0 200 400 600 800
Cycle Cycle

(a) capacity

(b) internal resistance




Terminology — Packs, Modules, Cells

 Cells are the smallest individual electrochemical unit, and deliver a voltage
that depends on the cell chemistry.

- There are primary (single use) and secondary (rechargeable) cells.

A cell is different from a battery, but many people use the term “battery” to
describe any electrochemical energy source, even if it is a single cell, and
this can lead to confusion.

Technische Universiteit
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Terminology

« Cell: combination of two electrodes immersed in the electrolyte, usually enclosed in single casing

- To reach desirable energy, voltage or power several separate cells are combined in (battery)
packs

* Itis common to use smaller packs to combine those into larger packs. In this case word module
IS used

- Batteries and battery packs are made up from groups of cells.
» Groups of cells are usually referred to as modules.

« Sometimes these are packaged in a single physical unit, as in 12V lead-acid batteries, which
comprise six 2V cells in series, or in many high-capacity lithium-ion batteries, where a number of
cells are wired in parallel in a single package.

« Other times, the connections are external to the cells.

Technische Universiteit
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Terminology — Batteries/Cells

* We use schematic symbols to represent cells and batteries
In a circuit diagram.

+ Cell (nominal) voltage depends on the combination of
active chemicals used in the cell.

« For many nickel-based cells (e.g., NiCad, NiMH), this is 1.2V.
« For many lithium-based cells, this is over 3V.

* 1

- T-
Cell  Battery TU /e G o

Eindhoven
University of Technology
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Terminology — C-Rate

« Cell (nominal) capacity specifies the quantity of charge, in ampere hours
(Ah), that the battery is rated to hold.

 The C rate Is a relative measure of cell current. It Is the constant current
charge or discharge rate that the cell can sustain for one hour.

* A 20Ah cell should be able to deliver 20A (“1C”) for 1h or 2A (“C/10") for about 10
h (but, the relationship is not strictly linear).

« If the cell is discharged at a 10C rate, it will be completely discharged in about six
minutes.

Technische Universiteit
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Terminology - kWh

A cell stores energy in electrochemical form, which it can later release to do
work.

» The total energy storage capacity of a cell is roughly its nominal voltage
multiplied by its nominal capacity (Wh or kWh).

* The energy release rate is the cell’s instantaneous power (W or kW).
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Terminology — Series Ah vs. kWh

* When cells are connected in series, the battery voltage is the sum of the

Individual cell voltages, but the capacity is the same for the chain since the
same current passes through all of the cells.

A battery constructed from five 3V, 20Ah cells in series will have a voltage of 15
V, a capacity of 20 Ah, and energy capacity of 300 Wh.

-

Technische Universiteit
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Terminology — Parallel Ah vs. kWh

* When cells are connected in parallel, the battery voltage is equal to the cells’

voltage, but the capacity is the sum of the cells’ capacities, since the battery
current is the sum of all the cell currents.

« The battery will have a voltage of 3V, a capacity of 100Ah, and energy capacity of
300Wh.

Technische Universiteit
e Eindhoven
University of Technology

10-12-2024 PAGE 22



Notation and Faults

- Configurations of cells are often referred to = Highly paralleltcelltﬁtrings can lead to
as 6s3p or similar, where s = series, and p = uneven current paths

arallel o I :

p — =1 HIIANAAAANEL

Load
cycle

* Faults:

« If acell in series has a lower voltage, the
whole string voltage is affected, and the cells
will not try to re-balance

« If acellin parallel has a lower voltage, the
cells will try to re-balance =

 Interconnection resistances can affect
current paths

-
H

Technische Universiteit
e Eindhoven
University of Technology

10-12-2024 PAGE 23



Battery Basics

Charging
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Charging Methods

+ Cells are usually charged with CCCV

- Cells are firstly charged with a constant current until a
nominal voltage is reached

« Cells are then charged at a constant voltage until the
large current drops below a certain threshold

« Balancing can occur during and usually at the end of
the charging process

Technische Universiteit
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CCCV Profile
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Example Exercise

* A battery pack consists of 40 modules in series, with each module of 6 20Ah cells connected in
parallel. Each cell has a nominal voltage of 3.2V, and the vehicle has an average energy use of
0.1kWh/km. What is the expected range of the vehicle, given a SOC* lower limit of 20%?

(v 10 = \16Ah

LorDd1=\19V

Lo 129 = 'S Jkwh

Oy > (S 26, = WARYA ‘L300l
=7 \Z&é_@_‘_m

Eindhoven
University of Technology

* YOU Can aSSUfTIe SOC = SOE TU Technische Universiteit

10-12-2024 PAGE 27



Battery Basics

Lithium lon Chemistries
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Terminology — Energy Density

Battery technologies } < ount
Smaller
800 |
« Petrol ~9,500 Wh/L and ~12,800 Wh/kg Ko mekal Lithium-air
; . = 700r (Li-TMO)
* Engine efficiency ~25% -;
* ~2,400 Wh/Land ~3,200 Wh/kg ~ 600}
> ithium-
* Lots of different chemistries which are = . Lithim Sulphur
defined by their cathode/anode materials § 500 Zinc-air

* Lead acid o

* Nickel-cadmium @ 4001 Lithiumision

* Nickel-metal hydride > (Gr-TMO)

e & ; ‘= 300Fr . .
* Lithium-ion = ? Nickel-metal hydride
Lit-hil(jrrre:p;::;Tlransition Metal Oxide g . | ' Established
) S Nickel-cadmi ;
« Lithium-Transition Metal Oxide = ’ I, Emerging
* Lithium-sulphur dad | '
* Metal-air 0 !_ead a}ud : . : . . . Ligbter
O 100 200 300 400 500 600 700 800 he Universiteit

Gravimetric energy density / Wh/kg ty of Technology
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Terminology

* For a given weight, a higher specific energy cell chemistry will store more
energy, and for a given storage capacity, a higher specific energy cell will be
lighter.

* For a given volume, a higher specific energy density cell chemistry will store
more energy, and for a given storage capacity, a higher energy density cell
will be smaller.

B Battery
B Power electronics
M Electric motor

NG _
76%) 69% Technische Universiteit
I U e Eindhoven
University of Technology

Weight Volume Cost

ctric motor: 100 kW Battery: 20 kWh
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Terminology

* In general, higher energy densities and specific energies are obtained by
using more reactive chemicals.

« The downside is that more reactive chemicals tend to be unstable and may
require special safety precautions.

« The quality of the active materials used in cell construction matters.

 Impurities limit cell performance that can be achieved.

* Cells from different manufacturers with similar cell chemistries and similar
construction may yield different performance.

Technische Universiteit
e Eindhoven
University of Technology
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Do we have good chemistry?
Cathode specific capacity / mAh/g

Anode 100 150 200 250 300 350 400 , 31,300 1,500 1,700

High capacity and > ' ' ' : ' LA ! 0
low voltage

Current electrolyte stability limit

1 =R

Cathode
High capacity and
high voltage

Cathodes

Electrolyte
Large stability
window

ite electrolytes ~4.6 V

LTO

Electrolyte stability window
Potentialvs. Li/Li* /V

All
Cheap, Mass Graphlte Si/c Composites ) Si
produced, non- | I I | | | s/, | 4

flammable 0 250 500 750 1,000 1,250 1,508 ° 3,500 4,000 4,500

Anode specific capacity / mAh/g

Anodes




Do we have good chemistry?

The perfect cathode

Specific energy
(Whikg)

Specific power

Combined (kW/kg)
Safety
Lifetime
Specific energy
(Wh/kg)

Specific power

Combined (kW/kg)

\/

Safety

Lifetime

*Not to scale

/ name of department

Nickel = Capacity

Manganese = Safety, cost

Cobalt = Rate capability (power), stability

NMC

Specific energy
(Whikg)

Specific power

Combined (kW/kg)
Cost N/ Safety
Lifetime
Specific energy
(Wh/kg)

Specific power
(kW/kg)

NN

Combined

Safety

Lifetime

Increasing nickel
content trend (Whikg)
continues

NCA

Specific energy

Combined

Lifetime

LMO

Specific energy
(Whkg)

Combined ™~ /\
‘V

Lifetime

Specific power
(kWrkg)

Safety

Specific power
(kWikg)

Safety
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Chemistries - Overview

LiCoO,

LiFePQ,
(EV/IPHEV)

LiFePO,
(HEV)

NCM (HEV)

NCM (EV/
PHEV)

Titanate vs.
NCM/LMO

Manganese
spinel (EV/
PHEV)

Cell level
energy
density_i
Wh kg™

170-185

90-190
80-190
150-250
155-250

65—100

90-110

Cell level
energy
density,
Wh I~

450—-490

130-300

200-240

270-2390

330-365

118-200

280

Durability
cycle life,
100% DoD

200

2000-3500

2000-3500

1500-2500

1500-2500

12,000+

>1000

Price
+Eustima1t+eu,|
Us$ Wh-

0.31-0.46

0.1-0.3

0.1-0.3
0.15-0.3
0.15-0.3

1-1.7

0.45-0.55

Power
C-rate

1C

5 C cont.
10 C pulse

30 C cont.
20 C pulse

20 C cont.
40 C pulse

1 C cont.
5 C pulse

10 C cont.
20 C pulse

3-5C
cont.

Safety
thermal
runaway

onset, °C

170

270

270

215

215

Not
susceptible

255

Potential,

3.6

3.2

3.2

3.7

3.7

2.5

3.8

Temperature

range in
ambient
conditions,
°C

—20 to 60

—20 to 60

—20 to 60

—20 to 60

—20 to 60

—50to 75

—20 to 50




Battery Basics

Battery Formats
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Battery Pack Design and Development Methodology

Cell Selection - Thermal Design - Mech Integration - Electrical Integration
[_--—---———--—-— _— — e ————————

®Key Performance ®System Selection ®pPack ®Bus-bar Design
® Safety ®Liquid/Air Cooling Configuration ®Elect Comp

® Size/Volume ®Cooling Performance ®Cooling Design —Relay,
®Cooling Needs ®Cooling Components Component Fuse, MSD
®Cycle/Calendar Life ®Thermal ®Module and ®Current Sensor
®Packaging Options Management Housing Design T
®Cost

Pack Validation - Pack Assembly - BMS Software Design - BMS HW Design
—_—

®Pack Performance ®Pack Component ®Function ®BMS Architecture
®Thermal Manufacturing Development ®Master Slave
®Safety Evaluation ®Pack Assembly ®Functional Safety ® Distributed
®EMI/EMC ®|nspection ®Diagnostics ®Single Board
®Endurance ®Programming
®Environmental
®Electrical inische Universiteit
®Function ihoven
sersity of Technology




Cell Selection and Design

Challenge Potential Solutions

) ) Improved Cell technology for high energy and high power application
High Energy/High

Power Improved Software to manage energy efficiently

Efficient Thermal Management System for using high power

Utilizing the space efficiently with improved design to add extra space in car.

(R NN WA NR N

Efficiently Weight reduction measures without impacting structural strength and performance
Packaged of pack.

U

Using new and improved light weight material technology

U

Analyzing material cost, development cost and manufacturing cost for all new

developments.

e Using modular and scalable technology

Reducing electronics cost by applying new architecture.

Life Estimation with real life load profile for battery pack operation.

Service Life (10
Years/300,000km)

Optimum Set Point for SOC operation windows

U0Uod

Improved Thermal Management to keep battery temperature in range least effect
on cell ageing

U

Improved Thermal Management Control with fail safe design
4-Level Safety Concept

Improved battery materials

U

Safety

U

Technische Universiteit
e Eindhoven
University of Technology
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Cell Selection and Battery Architecture

Cylindrical Vs Prismatic Vs Pouch

T

B Robust and
strong structure

M Ease of
processing

M low cost.

m Ability to
maintain pressure
to prevent safety
awve nts

M As size gets larger,
the heat transfer
ability goes down.

'

B Rigid structure
mControllable
dimensions.

B Good life
performance.

B Requires complex
and specialized
hardware.

M Costly

B Contains pressure
build-up, under
abuse

EHigher heat
transfer surface
area.

MEBetter volume
efficiency.

B Flexible structurse
MEass of
processing

M Potential low cost.
B Requires caraful
seal design

HLife concern
m'vaent activation is
through seal
breach

B Attention must
be paid to
preventing local
stresses,

A Few Large Cells vs. Many Small Cells

E L Y -
Ly I's T3+ aLaLs’
= f‘l:'_lh" | 3Ty AT H:‘i ___.'l':.q;" 3
208 20 A ADAR J I..'..I
I l — | - = i I wa
M A : [ 1

i

-»> Many small cells - Advantages

'
'

"

Lower cell cost

Improved safety (faster heat rejection) and small
magnitude of safety events.

Higher quality production.

-> Many small cells - Disadvantages

"

'
w

Include many interconnects and much higher
integration and assembly costs

Lower weight and volume efficiency

Lower reliability and costly electrical management.

-> Fewer large cells - Advantages

'
'
'

Include lower assembly cost
Higher weight and volume efficiency
Higher reliability .

-»> Fewer large cells - Disadvantages

'
'
'

Higher cell cost
More difficult thermal management
Large magnitude of safety events.




Cylindrical 18650 Cells
Example Tesla (Model S)

It contains 16 modules, which are 7104, 18650 cells. ‘
The battery pack has a central bus bar that connects \ :

each battery module with a contactor that feeds both 5
the front and rear electric motors. Since each module is

5.5 kWh and we have 16 of those in a 90KWh Tesla , Technische Universiteit
battery' [@‘] Si:i?/g?;??;of Technology

i
“¥ Model S - Main Battery Pack Repair | Gruber Motors _


https://grubermotors.com/services/model-s-main-battery-pack-repair/
https://circuitdigest.com/article/tesla-model-s-battery-system-an-engineers-perspective#:~:text=It%20contains%2016%20modules%2C%20which,in%20a%2090KWh%20Tesla%20battery.

Laser-pondea ruse-
connection

Low-Power Quad-Channel
Digital Isolators

C8051F530-C-IM Silicon
Labs | Mouser Europe

bg76PL536A-Q1 3-to-6 Series Cell
Lithium-lon Battery Monitor and

Secondary Protection IC for EV and

HEV Applications datasheet (Rev. A

= w Module-Level BMS
Model S - Main Battery Pack Repair | Gruber Motors



https://grubermotors.com/services/model-s-main-battery-pack-repair/
https://www.ti.com/lit/ds/symlink/bq76pl536a-q1.pdf?ts=1648661285291
https://www.ti.com/lit/ds/symlink/bq76pl536a-q1.pdf?ts=1648661285291
https://www.ti.com/lit/ds/symlink/bq76pl536a-q1.pdf?ts=1648661285291
https://www.ti.com/lit/ds/symlink/bq76pl536a-q1.pdf?ts=1648661285291
https://eu.mouser.com/ProductDetail/Silicon-Labs/C8051F530-C-IM?qs=9D%2FjjU8ZSZ7XvxRHyrBn3Q%3D%3D&gclid=Cj0KCQjw_4-SBhCgARIsAAlegrWU7zqkPOVxmWhG540StuHXcsvHNwTxe2CHoCmOHxP89gjhAZx44RoaAkCQEALw_wcB
https://eu.mouser.com/ProductDetail/Silicon-Labs/C8051F530-C-IM?qs=9D%2FjjU8ZSZ7XvxRHyrBn3Q%3D%3D&gclid=Cj0KCQjw_4-SBhCgARIsAAlegrWU7zqkPOVxmWhG540StuHXcsvHNwTxe2CHoCmOHxP89gjhAZx44RoaAkCQEALw_wcB
https://eu.mouser.com/new/texas-instruments/ti-iso7142cc-isolators/
https://eu.mouser.com/new/texas-instruments/ti-iso7142cc-isolators/

Battery Cooling via interlaced cooling circuit and base

Tesla P100D Conceptual Battery Cooling Configuration

Fig2 Uses Bottom cooling plate
Thinsolid Aluminum cooling fins
with thermal

Connection to base plate

Topview

Bottom Cooling plate
-glycol or refrigerant cooled

—>
Cylindrical cellscontinued

‘ L l Technische Universiteit
& ] Eindhoven
University of Technology

Slidelis G66NiagG S- Bower Side view




Battery Cooling

Tesla patent cooling tube

Glycol coolantin

0000

YY) O) O) C 3 D & ¢

DO C

D 0«:9, QO0000C
'W%%%®®®

18650 battery cells
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Glycol coolantout

1 Model S battery module (16 total)

Tesla Cooling



Battery Cooling — Heat Fin

- Applications for advanced cooling measures:
* Integrated cooling

° S' g 1] |f| Cant S p ace fo F inn Ova'“ on Patentapplication number: 20110212356 . Biiabletiaers
Tesla Cooling tube '
 Newer packs have liquid cooling i
Metallicinnertube :
Cooling plates with a thermal connection g j
\ to the base plate — - =
_ \ ‘ Coolantflow ’ ; :
- s .: Note: Relative widths
oy of battery and cooling
8 Tubeare not to scale.
= ﬁ Battery shown to get
—— ~ S relative orientation
— ,_) =
Cooling plate with refrigerant tubes inside the plate E
Side View i 5
- : : B WD) © sy of rechnol
Direct Expansion cooling Loee oo ooe

http://www.hybridcars.com/bmw-and-lg-chem-tr
Tesla Cooling There is no glycol liquid- just refrigerant



Prismatic
Example: BMW 13
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Pouch Cells

High packing density possible
Tabs typically folded/clamped to PCB
Grouped into modules with BEMS PCB

Will physically expand during use Battery pack//\

Cooling solutions integrated between pouches N

" o Top cover
* Aluminium heat/ structural plate DLatit USsls Ly
+ Air cooling channel
+ Liquid cooling channel (cooling fin)
+ Phase Change Materials (PCM)
OEM examples: Nissan, Chevy Volt

TU/e use: URE,

Thermal interface

Pouch cell

Mechanical buffer

Cell casing

Front cover

Supervision circuit

3rd |nternational Conference on Thermal Management for Ele IesDarmstadt | 24/6/2013
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Nissan Leaf
The original Nissan Leaf had 4 cells in a
| 2s2p configuration in each of the

“sardine tin” modules.

There is no cooling other than radiation

and convection from the outer surface of
the pack to the environment. Air flow
cooling increases over the outside of the
battery pack when the car is moving.

The pack also absorbs heat from the
environment, radiated and reflected from
road surfaces.

The pack is simple, but the downside is
the performance is limited and lifetime is
limited in very hot climates.



https://www.batterydesign.net/nissan-leaf/

Pouch-Cell
Example (Chevy Volt)

THE CHEVY VOLT LITHIUM-ION
BATTERY PACK

Repeating frame thickness:
15 mm/0.6!

CELL GROUPS f

6-cell group
12-cell group

REPEATING FRAME
(empty)

N,
Y
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Pouch-Cell

Example (Chevy Volt)

Tesselating

Fixed plate sections

amping around
fluid channel

y Cl
A

Technische Universiteit
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Pouch-Cell

Example

Porsche Taycan

This is an 800V pack designed for fast charge
and fast discharge.

The modules fit into a robust waterproof frame
and the cooling elements are glued on
underneath the bulkhead plate using heat
conductive adhesive.

This approach is simple and robust in terms of
it’s approach to possible coolant leaks, but it
does reduce the overall thermal performance
of the pack.

Technische Universiteit
Eindhoven
University of Technology



https://www.batterydesign.net/2019-porsche-taycan/
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Pouch-Cell

Example (Porsche Taycan)

Pouch-Zellen
Pouch cell

// Aluminum case

Technische Universiteit
._.é—‘ - Aluminium-Gehduse Eindhoven

Edge Cooling

Fundamentally pouch cells are made from
multiple layers of active material all applied
to copper and aluminium electrodes that are
sandwiched and compressed together. The
copper and aluminium electrodes have very
good in-plane thermal conductivity and
hence cooling along the longest edge of the
cell makes perfect sense.

This is perhaps the most common approach
to cooling pouch cells in automotive
applications. The cells are held upright within
a module (Audi e-tron module has 12 pouch
cells) with one edge in contact with the
bottom inner surface of the module.

These modules are then arrange on a larger
cooling plate that will accommodate multiple
modules.

This design has gradually been optimised to
reduce cost, weight and improve the thermal
connection between the cells and the cooling
plate.

University of Technology
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