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THE HIGH VALUE MANUFACTURING CATAPULT ne
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AFRC

Advanced Forming
Research Centre

CPI

Centre for Process Innovation

NAMRC

Nuclear Advanced Manufacturing
Research Centre

AMRC

Advanced Manufacturing
Research Centre

MTC

Manufacturing Technology Centre

WMG

Warwick Manufacturing Group

NCC

The National Composites Centre



Presenter Notes
Presentation Notes
Part of the HVMC. 
In Coventry, UK, Opened in 2011
Prove innovative manufacturing ideas and to create manufacturing system solutions.
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WHERE WE WORK

Aerospace Defence & Security Construction Automotive

Infrastructure AgriTech Electrification Power & Energy
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Presenter Notes
Presentation Notes
We run a membership model with members steering our research and development activity and supplying capability. 
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Design for X

Component and
product Design

Physics Modelling

Design for
Additive

Automated
Design

PROCESS
DEVELOPMENT &
QUALITY

Technology
down-selection

Additive
Manufacturing

Lasers

Automation and
Robotics

Electronics
Manufacturing

EQUIPMENT
DESIGN

Special Purpose
Machines

Robotic
Workstations

End Effectors and
fixtures

oooonoo
opoofjo

FACTORY DESIGN

Scenario Mapping

Layout
Optioneering

DES

Virtual Build
Event

Visualisation

SLILLS &
WORKFORCE
DEVELOPMENT

Future Skills Fore-
sighting

National Apprentice
Standards Creation

Upskilling and
Reskilling

Training and
Apprenticeship
Delivery

SUPPLY CHAIN
DEVELOPMENT

Assessment and
oversight of
supply chain

Targeted Supplier
Development
Programme


Presenter Notes
Presentation Notes
Typical offerings span from design, process development, bespoke equipment, factory layout and optimisation, skills and training and supply chain readiness/security. 
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ELECTRIFICATION AT MTC

Power Electronics



Presenter Notes
Presentation Notes
And we have projects covering all aspects of electrification from energy storage (Hydrogen and battery) through power distribution, power elelctronics motors and drives.  This presentation will deep dive into some of the battery projcets, particularly focused around circularoty. 
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PARTNERS IN ELECTRIFICATION

N K BATTERY 5
o‘_ ':-_ T RIALIS/ N KW SPECIAL PROJECTSLTD

MAG R3IE
T}éI'AN

OWMG -
Custom THE UNIVERSITY OF WARWICK \5 SAFRAN

= ASTON MARTIN =y

‘WA\\“ INTERCONNECT
ADVANCED
CENTRE UK. [fuzzylogic|
Faraday Battery Challenge studio

Delivered by
Innovate UK
Y

= celltris Y

connecting the future


Presenter Notes
Presentation Notes
We work with a wide range of customers and collaborators. 
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ELECTRIFICATION SCALE-UP PROGRAMMES

PERSEUS, £7.2m, JLR Lead Partner

Transitioning ICE to EDU Manufacture

. Manufacturability assessment of EDU

. Optimised component process flows / bill of
sequence for factory planning and transition
strategies from ICE to EV

. Exploration of repurposing current facility
equipment from ICE to EV components.

. Supporting development of equipment and
tooling through simulation, prototyping,
physical trials and knowledge transfer

c EV supply chain analysis.

. Development of prototype automated
solutions for specific steps within the
manufacturing/assembly process

REE Corner, £41.2m, REE Automotive Lead Partner

. Development of product designs utilising DfX
principles.

. Technology and Manufacturing Readiness
Level (TMRL) assessment and route to
improvement.

. Supply chain analysis and assessment of
suitable suppliers.

. Development of R&D facility in the UK —
Assembly & Test process flows, process
development, Virtual Factory Simulation and
Automation studies.

. Development of pilot line facility to prove out
scale production — enabling ‘blue print’ creation
for global manufacturing.

MAG

== ASTON MARTIN ==

/AN g

ADVANCED P
PROPULSIO m“-

CENTRE UK

MAGTEC I.M.M.P.0.V.D, £5.5m, MAGTEC Lead Partner

Technology and Manufacturing Readiness Level
(TMRL) assessment and route to improvement
Discovery — explore business and manufacturing
current state to improve operational fundamentals
Supply chain analysis and assessment of suitable
suppliers

Development of key assembly/manufacturing
processes (near term quick wins and future fully
automated solutions)

Creation of optimised process flows and drive design
for (and from) manufacture

Development of prototype automated solutions for
specific steps within the manufacturing/assembly
process.

ELEVATION, £18m, Aston Martin Lagonda
Lead partner

» Digital, connected tool-chain development
 Facility digital twins for UK assembly lines
» Net zero manufacturing and supply chain
 Life cycle assessments

» Supply chain readiness assessments


Presenter Notes
Presentation Notes
Over the last 5-8 years we’ve been involved in more than £80m of APC funding.  

JLR transitioning ICE production into EDU

We’ve been working on a production scale-up project for traction motors with Magtec, funded by a £2.6M APC grant.  

The Magtec technology addresses both OEM and retrofit markets.  

In the project we worked on some specific process improvements (potting), factory layout and optimisaiton, automation and digitalisation of the factory.  

MTC have been looking at facility throughput and optimisation inc warehousing, logistics, lines side parts presentation, assembly process and end of line testing etc.

We also ran DfX / DfMA activities to identify design optimisation opportunities and define assembly processes on the Corner unit (the actual corner) Chassis and Cabin (multiple iterations) and TITAN electric steering actuator and Motor.
We identified opportunities for Light-weighting, part count reduction, standardisation and assy process efficiency optimisation and risk analysis

Also looked at supply chain strategy for high volume Uk.

Elevation with Astonmartin is our latest programme, where as the others have focussed solely on electric motor, Elevation is looking at digital tool-chain development and facility digital twins for the entire e-power train, including battery systems.  

Latest APC project, still under embargo, is with Renewable Metals.  Supporting the setup of a pilot hydromet plant in Birmingham.  
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ELECTRIFICATION AT MTC

Batteries



Presenter Notes
Presentation Notes
We’ll take a deeper dive into battery systems where we typically work in module and pack assembly, leaving electrochemistry at cell level to WMG however we do occasionally touch on cell level either from a process innovation or equipment development perspective. 



BATTERY OFFERING

MTC — Private — Commercial in Confidence

1ic

S

SCALE-UP

TRL/MRL assessments
. Design for Manufacture/Assembly (DfX)
. Virtual build
. Facility layout, modelling and visualisation, digital twin
. Supply chain assessment and improvement
programmes

CIRCULARITY

. Design for circularity (DfX)

. Reman strategies.

. Bespoke process development, including vision and in-
process monitoring.

. Demonstration, validation and testing.

. Business case development.

JO

INING

Technology/process/equipment selection.
Joint design and material consultancy
Preprocessing, including cleaning and
surface treatments

Process development and characterisation
Prototype manufacture.

Industrialisation.

AU

TOMATION & ROBOTICS

End effector and special purpose machine
design and build.

Machine vision and in-process monitoring.
Design of control systems.

Programming, demonstration and
validation.

Industrialisation.



Presenter Notes
Presentation Notes
Our offering into battery manufacturing typically falls into one of 4 categories. 

Scale-up projects, like the large APC projects on the previous slide.  Offerings including design for m/a.  Vistual build, facility layout, optimisation and simulation or supplychain programmes.  Not battery specific but common to scale-up of any complex, high volume, high value product

Joining: we have the Uks largest applied laser research group with more than 30 engineers and 20 laser sources. Our joining team has a combined 120 years of experience.  We have unique capability including the Uks only high power blue laser source and three state of the art joining specific laser cells coming online in the next 6 months.  Ideally placed for dissimilar material joining in battery manufacture.  

Automation and robotics, anything from tooling and fixturing for assembly, machine vision for process alignment or validation and through to special purpose machine design for process improvements and higher throughput.  

Circulairty –design for end of life, specific process development for things like unwelding/rewelding or disassembly, part or material validation technologies or business case development.  
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LASER JOINING

Celltris are a start-up focussed on design and
rototyping of high performance (light-weight,
igh-density) battery cells.

The incumbent technology for electrode foil joining
require close contact limifing the cell demgn.
Laser welding can unlock that design freedom.

The MTC conducted laser welding trials with
multiple sources (IR,r?reen, CW, pulsed) to
optimise the weld performance.

Fixtures, gas shielding and material preparation
were all xo-developed to enable a repeatable
welding process.

Robust and repeatable weld processes were
developed for weldln% stacks of 50 copper foils
either alone or to a 0.5mm copper busbar.

Celltris now have confidence that laser welding can
work and are now able to specify their production
equipment requirements.

A laser welded stack of 50-off, 10um thick copper foils to a 0.5mm copper busbar.

= celltris


Presenter Notes
Presentation Notes
This is a project we’ve run with a small UK start-up called Celltris who design and prototype advanced high-performance battery cell concepts.  

The current technology for electrode foil welding and foil to tab is ultrasonic welding which has come from pouch cell assembly.  Geometric constraints in Celltris advanced prismatic cell concepts make ultrasonic welding unfeasible.  We’ve worked with them to develop and prove-out remote laser welding as a viable alternative.  

The image on the right shows 50 Cu foils, laser welded to a 0.5mm Cu tab, we’ve also developed simple fixturing and shielding concepts.  The welds passed specifications for pull test and electrical conductivity.  We’ve now passed this over to Celltris to begin specifying and procuring production equipment.  

joining processes are capable of producing repeatable welds.
Porosity and weld geometry targets were achieved.
Tensile pull testing exceeded requirements (>100 N). 
Electrical resistance achieves target (<80 µOhms).
In depth understanding of the development process required for laser welding, including fixture design, gas shielding and parameter development was transferred to the customer.
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SURFACE PRE-TREATMENT

Avocet Battery Materials are a UK Broducer of key
components and technologies for battery
components.

Production of battery tabs involves bonding of
gol%mer to the aluminium or nickel coated copper.

urface preparation is required for improved
adhesion and corrosion resistance of the
polymer/metal bond.

The MTC developed a laser surface treatment as an
alternative to chrome plating, banned in Europe
under RoHS.

Laser surface treatment has been shown to

increase the peel strength of the polymer/metal 3
bond after electrolyte bombing by up to 2x i

compared to chrome plating. |

ABM and MTC have recently won a £902k Faraday

Battery Challenge project: Laser-Assisted Surface

e
Enhancements ?or Roll-to-roll proce_ss_ingéLASER)
to scale-up the process and embed it in ABMs
production line.

NBMVI


Presenter Notes
Presentation Notes
This is another example project where we’ve worked with a SME to develop a manufacturing process for battery components.  
Avocet Battery Materials manufacture tabs for pouch cells in the UK, they are the only European supplier.  
Part of the process is bonding a thin poly propylene layer to the tab to help with sealing the pouch.  
The Al or Cu tabs need to be prepared to ensure good bonding of the polymer and to improve chemical resistance of the join.  
Currently the surface prep is a Chrome-6 treatment which is banned in Europe under ROSH restrictions which means that ABM have had to buy in pre-plated materials.  
We worked with ABM to develop an alternative, laser-based surface preparation process.  
You can see that the peel test results after electrolyte exposure , for some laser parameters exceed the industry standard of 1N/mm and many of them exceed ABMs internal, highperformance standard of 1.5N/mm.  
We are now working with ABM on a £900k Faraday Battery Challenge project to scale-up the developed process and transfer it into ABMs production line.  
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DESIGN FOR CIRCULARITY

Single-Sided Busbar connection to streamline assembly process

Aluminium micro-
channel Liquid
Cooling system for

Integral structural
features in Fibre
Reinforced Nylon

improved to reduce part
performance count
Improved SIpEe

Busbar design

Vibration-resistant
to account for

Compliant cell

o dimensional
mounting; no )
. variance and
adhesives or
add

foams :
compliance



Presenter Notes
Presentation Notes
Looking at design for end of life of a small, water cooled module.  Replacing bolts and adhesives with vibration resistance compliant clamping mechanism.  Part count reduction.  Keeping industry standard design aspects like single sided welded busbars.  

Also developed tooling for assembly of this module without the need to inspect every weld height prior to joining.  
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SUPPLY CHAIN ANALYSIS

The UK currently has the highest installed base of ’

battery energy storage systems in Europe, _ g v
S'l:l ,ported by high levels of renewables (solar, wind 8
etc. .

The supply chain for BESS will be competing with i
(E:V fct>r ?carce critical mineral resources (Co, Li, Ni,
u etc.). 0

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

C i rc u I.a rit.y ca n i m p rove th e U KS s u p p IE c h a i n Figure 4: UK Annual demand forecast for stationary storage (GWh by Year) [Department for Business & Trade, 2023)
security in support of both BESS and EV.

Likely to need dedicated manufacturing capacity for ]
BESS in addition to EV.

0 5 0 5 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100

Graphite ]

Read more in our UK Supply Chain Challenges for .
BESS White Paper.

Cobalt -

Copper °
. United States Russia China . Australia Chile Democratic Republic of Congo . Indonesia
Philippines Mozambique Peru Madagascar @ 2019 top 3 share

Figure 10: Share of top three producing countries in mining of selected minerals (IEA, 2022)


Presenter Notes
Presentation Notes
Also look at supply chain opportunities for the UK.  

UK highest installed base of BESS, BESS supply chain competes with EV.  

By 2035 there will be >£1b of raw materials in end-of-life EV packs. We don’t mine CRM in the UK but circularity can help meet some of this demand.  

We’ve explored some of the opportunities and challenges in this white paper:
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WHITE PAPER

nic

UK SUPPLY CHAIN CHALLENGES
FOR BATTERY ENERGY STORAGE SYSTEMS

2 [RERGT

Il



http://www.the-mtc.org/

CIRCULARITY
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RENEWABLES g FINITE MATERIALS
RENEWABLES FLOW MANAGEMENT STOCK MANAGEMENT

PARTS MANUFACTURER

/ BIOCHEMICAL
FEEDSTOCK PRODUCT MANUFACTURER
REGENERATION ¢ RECYCLE
SERVICE PROVIDER
i ISH/
) | REMANUFACTURE
9 l&, " REUSE/REDISTRIBUTE
BIOGAS W \
P -\ CASCADES MAINTAIN/PROLQ
ANAEROBIC " :
DIGESTION i 3
COLLECTION COLLECTION

EXTRACTION OF

BIOCHEMICAL

FEEDSTOCK?
1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an input
SOURCE o v v
Ellen MacArthur Foundation -
Circular economy systems diagram (February 2019) g MINIMISE SYSTEMATIC %
www.ellenmacarthurfoundation.org LEAKAGE AND NEGATIVE EE'IJENND’g'ﬁ%ﬁRTHUR
Drawing based on Braungart & McDonough, i EXTERNALITIES %

Cradle to Cradle (C2C)


Presenter Notes
Presentation Notes
Butterfly diagram from the Ellen Macarthur foundation describes a circular economy.  Technical (right), Biological (left)

Circularity for batteries can mean keep in service longer, repurpose or recycle.  

There is a preference for the shortest, inner most loop, keep products in use longer, share, maintain, reuse and refurbish/remanufacture.  Only when a product no longer has a useful life then it is recycled.  Important message for batteries => recycling technology is super important but premature recycling is a problem.  Legislation like the EU battery regulation which mandates certain levels of recycled content can drive unwanted behaviours/loops. 
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BATTERY CIRCULARITY OPPORTUNITIES AND CHALLENGES e

S

« Batteries removed from EVs will either be repaired/remanufactured and put back into service, reused in
second life applications, like stationary storage or recycled for material recovery.

« Remanufacture, Reuse or Recycling at scale requires fast processes to meet demand and economic viability
on-shore in the UK.

» Full manual disassembly of a LIB pack in the UK costs roughly the same as the value of the materials within.
We need automation!

Challenges
» Variety in pack design (>450 different EV models globally, 2021)
* No design for disassembly
» Widespread use of adhesives and thermal pastes
* High voltage
« Chemical hazards
« Complex assemblies

Image of adhesives used in a Tesla Model 3 battery pack
Image taken from TeslaOwnersOnline.com


Presenter Notes
Presentation Notes
At end of life EV batteries will either be repaired or remanufactured and back into service and reused into second life applications like off grid storage or recycled for their materials.  The decision on the best route for any given pack is complex and would benefit from better data on the history of the pack.  

By 2035 the UK will need to recycle roughly 1 pack every minute (0.5M packs) rising to one every 15 seconds (2.3M packs) over the subsequent 10 years. 

To make pack recycling at scale economically viable in the UK we need to do it quickly and with minimal labour costs therefore we need automation. 

I’ll give you a run through of the MTC’s approach to addressing this challenge.  This is a mix of work we’ve already completed, active and future projects.   

The challenges with recycling battery packs are well documented, see slide.  
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MTC CONCEPT
Training Operation
« Al driven robotic part identification and path « A database of validated recipes enables rapid and
planning speeds up learning of new packs safe operation.
* Human in the loop ensures safety and validity  Machine vision used extensively to validate
of disassembly operations operations and flag any required human intervention.

)
R ineliol di
Audi e-tron battery pack from above Identification of switch box to remove  Bolts for small housing identified (green) Bolt line joined and image

sectioned for cutting path
A

Small top casing removed Modules and bus bars identified Second bolt line of main housing Bolt line joined and image
identified sectioned for cutting path
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MTC APPROACH

Development of an autonomous, pack design and robot agnostic
disassembly system using industrial controls.

(™

Industrial Needs ; @ FIAB Proposition

[
A(T
%}

I

A\

00 B

Pack Design Agnostic kobot agnostic, industrial control system Deployable
J



Presenter Notes
Presentation Notes
So the project we’ve been running is looking to develop automation strategies for dealing with this complex, high variability issue.  
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PROGRESS TO DATE

Developed a systems and control architecture,
machine vision, path optimisation algorithms
and task planner for autonomous bolt detection
and unfastening .

Able to detect bolts and plan an optimised path
in <100ms.

Operating using an industrial robot and PLC
based control system.

Scalable to easily add in other disassembly
operations (cutting, unclipping, removal)
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BESPOKE AUTOMATION CELL

The Hazardous Operations and manufacturing cell
(HazOps) is a flexible cell for battery pack assembly and
disassembly/remanufacture.

HazOps is based around the MTC’s Factory in A Box (FIAB)
concept. It is a transportable, remotely operated, flexible
manufacturing cell.

We have designed HazOps to incorporate the latest in
robotics, machine vision, laser and battery safety
technology.

We will use HazOps to deveIoP demonstrate and validate
automated Al driven rework of battery packs at rate.

HazOps will be operational early Q2 2025.

Rt i
ggiﬁ)aigg??gtgg?r;tion, £ 1 . 8 5 M

& Technclogy

Concept for the HazOps cell, currently being built for MTC by Prime Automation.

Funding Provided by Department for Science, Innovation and Technology’s Research and Innovation Organisations Infrastructure Fund


Presenter Notes
Presentation Notes
We’ve secured a grant from DSIT to build a prototype automation cell we’re calling the Hazardous Operations Manufacturing Cell or HazOps for short.  

We’ve built this around the MTC FIAB concept.  It’s built within a shipping container and has been designed to be highly flexible, initially looking at battery remanufacture and disassembly processes but also fully equipped for prototyping EV packs up to 1,000V and 100kWh+.  In future, it can easily pivot into other high risk areas, such as pressure vessels, nuclear decommissioning or working with hazardous or explosive materials.  
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Hitc
VIRTUAL TEARDOWNS

Tesla Model S Hyundai ionic VW ID3 Nissan Leaf



Presenter Notes
Presentation Notes
We’ve looked at how you might tear down different battery types from some of the most popular models.  All of these are relatively easy compared with the Tesla Model 3, no thermal/structural adhesive everywhere.  Lots of similarities but still lots of differences too.  

We did a deep dive into a couple of these


£
NISSAN LEAF TEARDOWN

10mm A/F

| 12 x Posi



Presenter Notes
Presentation Notes
Even though the Nissan leaf is a fully bolted construction, without water cooling, it’s still complicated and difficult to automate.  Lack of symmetry/repeatability makes removal of these three module assemblies tricky.  

Lots of caps and covers that require prying/cunclipping.  

Loads of bolts.  

We’ve used the learning from these virtual teardowns to inform the design of a new facility aiming to push this research to the next level, allowing us to collect data for many different packs, validate teardown recipes and try new processes .
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G3
Process

C2
Storage

c1
Control



Presenter Notes
Presentation Notes
Segregation of controls from process and part storage.  Fully remote operation.   

Automated hazard detection systems built around thermal imaging and gas sniffing.  Auto part eject.  


HazOps

Scrap bin

Robot 1

MTC — Private — Commercial in Confidence

Camera
Systems

Effectors

Robot 2

Takeout
station
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FLEXIBLE END EFFECTORS

G3-Gripper-(B)

G13-DC Tool

-

G12-Camera

G12-Gripper | 4 | )
G3-Pry
G11-Cutter-(B) G11-Cutter-(A) 1‘

G3-Gripper-(A)



Presenter Notes
Presentation Notes
Flexible end effectors. Swiss army knife.  
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BUILD STATUS
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Come and work with us

» HazOps will be a one-of-a-kind development cell, operational early next year and available for
project work.

 MTC are actively looking for partners interested in prototyping, remanufacture or disassembly.

» If you'd like to find out more, please reach out.

Thanks for listening.

Mickey.Crozier@the-mtc.org


Presenter Notes
Presentation Notes
Battery end of life is a complex problem and can’t be solved by any single organisation in isolation. 

Pack design needs to move forward to incorporate remanufacturing considerations into the original product.  

Chemical processing, purification and extraction is still a major challenge that others are working on.  

MTC would love to collaborate on developing, validating and implementing these tools to address enable circularity in the battery supply chain.  
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