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Connection recommendations

Please mute your microphone and open it only to ask questions in
the dedicated discussion slots at the end of each presentaion and in
the closing session

Raise your virtual hand if you want to ask a question in the
dedicated discussion slots

Use the chat to ask questions and submit comments during the
entire workshop

Presentations will be available for dowload in the CarE-Service
project website (www.careserviceproject.eu)
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CarE-S

Training Event
Mobile solution and Flexible lines for
vehicle battery dismantling

5th July 2021

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 776851




Training Event i Agenda

Project introduction

Partner Presentation

Batteries Dismantling, why and how?
State of The Art

Challenges

Technology Applied to dismantling
Solutions for battery pack dismantling
Case study: Fiat 500e battery pack
Solutions for battery module dismantling
Case study: Fiat 500e battery module
Conclusions



Project figures

No Name Country
1 CONSIGLIO NAZIONALE DELLE RICERCHE* - Coordinator Italy

2 LINKOPINGS UNIVERSITET Sweden
3 ENVIROBAT ESPANA SL Spain

4 PRODIGENTIA - TECNOLOGIAS DE INFORMACAO SA Portugal
5 AGENCIA ESTATAL CONSEJO SUPERIOR DEINVESTIGACIONES CIENTIFICAS Spain

6 CIRCULAR ECONOMY SOLUTIONS GMBH Germany
7 COBAT SERVIZI Italy

8 FIAT CHRYSLER AUTOMOBILES ITALY SPA Italy

9 RADICI NOVACIPS SPA Italy
10 IMA MATERIALFORSCHUNG UND ANWENDUNGSTECHNIK GMBH Germany
11 |FRAUNHOFER GESELLSCHAFT ZUR FOERDERUNG DER ANGEWANDTEN FORSCHUNG E.V Germany
12 AVICENNE DEVELOPPEMENT France
13 CIA AUTOMATION AND ROBOTICS SRL Italy
14 E-VAI SRL Italy
15 JRC -JOINT RESEARCH CENTREEUROPEAN COMMISSION Belgium
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CarE-Service Concept

&b

ICT PLATFORM
To establish a marketplace for
E&HEVs recovered parts and
materials and to support recovery
value chains operations

a-
MOBILITY SERVICES

To promote sharing of E&HEVs
that are built. maintained and

- (53
PRODUCTS REDESIGN

To allow easy disassembly, reuse,
remanufacturing and recycling of

E&HEVs parts upgraded under the circular
economy paradigm
&2
7/
TECHNOLOGIES AND D
BUSINESS MODELS =B

SMART MOVABLE MODULES
To bring advanced technologies
and skilled personnel for disassembly,
testing and certifying E&HEVs parts
where it is needed (dismantlers' site,
maintenance shops, etc.)

To enable sustainable processes and
business in the three new European
E&HEVs recovery Value Chains

Reclcled techno-polimers
For pigments, Furniture,
electronics, etc.

Re-used and remarufactured batteries

s Remarufactured rre;ds For en‘eg\/bs-}ﬁra 3 e/b}lkes,;-}f
e, & . . . .
or moped B TN procecses eter T * E&HEVs = Electric & Hybrid Electric Vehicles

X

STANDARDISATION AND LEGISLATION
To contribute to the development of
future standards and regulations that will support the
establishment of circular economy for E&HEVs
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Smart Mobile Modules

I e«x i eoox
Mobile units bringing advanced technology for on-site
disassembly and testing/certification where is the demand

Disassembly Module Testing Module

A DSS suggesting which Functional, geometric, mechanical
components to disassemble and electric testing methods and
based on car sensors data, technologies for:
manufacturer product data and
market A Certification of re-usable parts

A Disassembly guidelines A Testing of components and parts

_ _ for remanufacturing
A Robotics cooperative

disassembly A estimation of the type and
_ content of high value-added
A Mechatronics tools materials for recycling

CarE-S



CarE-Service ICT Platform

ICT Platform connecting demand and supply
‘ of re-usable parts and allowing the coordination
and optimization of the re-use value chain

Manufacturer
End customer t

\

Remanufacturer

Waste logistics Recycler

\ Cloud-based

CarkE- Service platform /

Legislation

Product data p monitoring
from manufacturer i H
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Packed components

ready to delivery
(transport only what

can be re-used)

Components
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Partners presentation

il Cia Automation And Robotics s.r.l. is an Italian
@A system integrator that provide customized
robotic solution to the customers.

AUTOMATION AND ROBOTICS

Robotics is appliable in a wider range of fields and the goal of CIAis to find
easy solutions to complex problems with the application of advanced
technologies.

The strength of CIA is the production of full integrated systems that combine
mechanical desing, electronical develop and custom software realization.

The challenge inside CarE-Service project is to automatize processes that
nowadays are performed manually.



Partners presentation

envirobat

Espana

V Strengths:
- Through knowledge of environmental standards and legislations.

- Different types of battery recycling, logistical support and advice on

environmental issues.

V Challenges within CarE-Service Project:

- Battery dismantling, testing and classification.
- Demonstration of batteries remanufacturing and 2" life applications.

- Demonstration of batteries recycling and recovered compounds.



EV batteries dismantling: WHY & HOW?

ESTIMATED:
QUICK 30 million electric cars
INCREASE by 2030 in the EU
OF EV/HEV
VEHICLES
ECONOMIC
ASSESMENT
CHALLENGE:
BATTERY PACK: EoL
most valuable component PROCESSES
in EV/HEV vehicles FOR EV/HEV

ACHIEVINGRCULAR ECONOMY FOR EV/HEV VEHICLE:S
TIPS ),




Valuable parts of EV/HEV batteries




Why disassembly EV batteries (PACK to MODULE)?

Main reasons for diassembly I
A Safety (High voltage) Requirements ®

A Second life AProduct analysis
A Recycling ADisassembly planning
A Logistics

y 4

Remanufacturin¢

Disassembly "
76

process
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Pack to Module example of manual disassembly (I)




Pack to Module example of manual disassembly (II)




Why disassembly EV batteries (MODULE to CELL)?

- Main reasons for diassembly I
: A Safety (Lithium-ion) Requirements ®

A Second life AProduct analysis
A Recycling ADisassembly planning

y 4

Disassembly
process
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Pack to Module example of manual disassembly




EV & HEV Batteriy cells

Battery celgeometries

CYLINDRICAL POUCH PRISMATIC

Battery celkchemistries

LFP  LithiumIron PhosphatgLiFePQ) Graphite
LMO LithiumManganeseOxide (LiMBO,) Graphite
NMC Lithium Nickel Manganese Cobalt Oxide (LINiMnfLo Graphite
NCA Lithium Nickel Cobalt Aluminium Oxide (LINICQAIO Graphite

LTO LMOor NMC Li, TEO,, (LithiumTitanate)
Battery University, 2017, BYD, 2018.
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Manual disassembly processes

» FROM PACK TO MODULES

3 4
Detachment of Electrical
Removal of the Removal of the . e “C.a Removal of the MODULES
EXTERNAL CASE SERVICE PLUGS COOLING SYSTEM disconnection of BMS LIBERATION
AND FUSES MODULES
f(Mechanical joints) f(Cooling type) £ (Electrical joints) f(Joints) f{Mechanical joints)
= Screws, nuts & * Screws (£6) ®* Screws, nuts &
lp’f"ts.{tm} " Screws (£5) " Alr: screws " Screws (£20) « Cables bolts (+10)
» Plyg-in (+3) v Liquid: vacfill * Plug-in ,
» Gasket & glue = Metal clips ' Glue
Time: sseec Time: #0000 Time: meec0 Time: eeee0 Time: see00 Time: ee w00
Danger: seoco Danger: eeeee Danger eeeco Danger. seeee Danger: eeco0 Danger: eecoo
------------ > FROM MODULES TO CELLS
7 8 9
Removal of module Detachment of Electrical
EXTERNAL CASE CELL ELETRONICS — disconnection of [—{ CELLS LIBERATION
AND CABLES CELLS

f{Mechanical joints) f{Joints) [ (Blectrical joints) f(Mechanical joints)

" Screws, rivets... .

* Plug-in & clamps . (S:CLEIWS » Screws = Screws (+10)

" Gasket & glue aves * Welding ' Glue

" Welding = Metal clips

Time: ewec0 Time: eccoo Time: eeeee Time; seec0o

Danger: eseec

Danger: ®ecc0

Danger- eesee

Danger: eeco0o




Challenges in disassembly processes of
EV / HEV batteries

Huge variability of batteries
Safety electrical problems

Complex design battery packs

Irreversible joint components (glued,

sealed, welded..)

MANUAL

Follow safety protocols

Definition of Standard Operational Sheetshere
all the disassembly processes are well defined
every possible case/step

Learning & training ,"b
Use of special tools !

Automated aided dismantling COBOTS
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Manual disassembly processes

Critical Step

A Safety issues A Requires highly-skilled operators

Why manual?

A Still low volume of EoL EV/HEV

|l n the futureé

A Fundamental to have an automated approach able to

face capacity issues and overcome battery variety.
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Technologies applied to dismantling

““““‘

' SAFETY~
\ FIRST |

Safety

Safety is the first point. During the manual
dismantling operator is performing High-risk

Operations. “““rﬂ




Technologies applied to dismantling

Vision systems

Operator should be able to recognize the different functions and operate precise
disassembly choices in order to maintain components integrity and avoid
correlated safety issues.

Vision systems can help the operator scanning and screening all the components
of a pack and suggesting the best procedure for dismantling.




Technologies applied to dismantling

Intelligent and Smart Tools

Smart tools allows optimization of process and time reduction for dismantling

operations.
Adaptive tools can be applied to more than one battery pack.




Technologies applied to dismantling

Robots

Robot is today applied to a wide range of applications.
Thanks to the customization that we can apply to a robot, we can use them also

for dismantling.

This ensure high precision, high accuracy and safety.




Technologies applied to dismantling

Off-line programming

Off-line programming allow develop of new programs reducing the downtime
of the lines and machinery.




Solution for battery pack dismantling

Battery dismantling is a complex process but automation can help.
The solution designed during this project can overcome technical problems
but can also be sustainable in this transition period.

Smart Movable Module
(SMM)



Solution for battery pack dismantling

What is an SMM?

Is a special container fully equipped with all the technologies required
for dismantle a battery pack.

With the SMM is guaranteed the presence of a skilled operator.

Scope of the SMM is bring the missing technologies to all the
dismantler that require the service.



Smart Movable Module

What is inside an SMM?

The key elements are:

6 axis robot

Turing Table

6 different tools

3D vision system

Safety equipment (3D safety scanners, lasers, safety switch)
Linear axis for battery pack loading

Side opening to increase volume of work.

Automatic Toolchange



Training Event T SMM Realization
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Case Study: 500e Battery Pack

Process required are:

- Cutting external covers
- Removing covers >
- Unscrewing bolts and connectors

- Cutting cables

- Sealing removal

- Module extraction




Case Study: 500e Battery Pack
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Case Study: 500e Battery Pack




Case Study: 500e Battery Pack




Case Study: 500e Battery Pack




Case Study: 500e Battery Pack




Case Study: 500e Battery Pack (Il)
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Case Study: 500e Battery Pack




Case Study: 500e Battery Pack
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Case Study: 500e Battery Pack (Il)




Case Study: 500e Battery Pack




Case Study: 500e Battery Pack




Case Study: 500e Battery Pack
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Solution For Battery Module Dismantling

The next step is about the dismantling of a battery module to get cells and
reuse the single cells for other applications or for rebuild a new battery
module.

Also this task nowadays is strongly manual and the automation applied
to these task is on minum levels. This for two factors: very difficult tasks
performed and huge variabilty of the modules.



Solution For Battery Module Dismantling

In this context the operator still have a crucial role and this is why
the collaborative robotics can be the solution to the unsolved
problem.

Since collaborative robots allow the workspace sharing with an
human operator.




Solution For Battery Module Dismantling

The design of the workspace was made thinking on both the actors, robot
and human.

For the human perspective the workspace need to be safe, hergonomic and
well organized with the tools required.

Also in this case the usage of the robot combined with other tools such as
vision systems, screwers, handling tools can reduce the risks for the
operator and reduce also the percentage of damaged parts during the
disassembly.



Solution For Battery Module Dismantling

Safety design for a Collaborative application.

Collaborative operation

= |SO 10218-1:2011, clause 3.4

= State in which purposely
designed robots work in direct
cooperation with a human within
a defined workspace

Collaborative workspace

= |SO 10218-1:2011, clause 3.5

= Workspace within the
safeguarded space where the
robot and a human can perform
tasks simultaneously during
production operation

Source: ABB Corporate Research
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Solution For Battery Module Dismantling

Application of norms means:

- Round Shaped Design
- Collaborative tools
- Robust software and redundant controls




Solution For Battery Module Dismantling




Case Study: 500e battery module

For the 500e the processes are the
following:

- Integrity check and Vision system
detection

- Unscrewing

- Cutting

- Removing cover

- Detaching cells and handling




Case Study: 500e battery module

Thesystemcanstorea hugenumbero frecéiges that describe
the jobsequencdor the particularmodel of thebattery module

The operator caiselectthe actualmodel undermprocessand start
the robot operations If the moduleis equippedwith some QR
codesthis detectioncan beperformedby the robot.

Robotstartsis own operationandsignalthe end ofeach
phaseor alarmsin case osomethinggoeswrong.

Analert messageas sentto the HMI of the operator
everytime that the robotrequire help.

Theextimatedoperative time for the operator oeach
battery moduleis around15% ofdisassemblyime.



Case Study: 500e battery module
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Case Study: 500e battery module (lll)

Thanks to the automatic toolchange the robot can switch tools
autonomously and can perform more then one process without the
intervene of the operator.




Case Study: 500e battery module (lll)

Using Safe Scanners and other
safe devices robot can detect the
presence of operator and in case of
non-collaborative operations can
interrupt motions when people
are in a danger area.
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Case Study: 500e battery module (V)




Conclusions

After the first years of the project, with the collection of all the data and
expiriences, demonstration phase is starting.

The design of the solutions is finalized and we are building the demonstrators
described above.

In next events we will demonstrate the functionalities of the SMM and of the
Collaborative Station.

Stay tuned and d o nmis$s the next events!



Thanks for your attention!

CarE-Service



This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 776851




