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DAY 2 - THURSDAY 8 OCTOBER

Welcome & Opening

09:00-09:30 - Main Auditorium

EVENT MODERATOR

Ricardo del Valle

ELCA / BAX (ES)
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Centre Tecnologic [ ]
European European AcCCo Cluster MAV Eurecat Bax Innovation
Lightweighting Lightweight Cluster
Network Alliance
Brings together public Pan-European network of Catalan Government The cluster driving The leading technology Innovation consultancy -
authorities to accelerate industry hubs, research agency for business innovationin advanced centre of Catalonia conference organisation
lightweighting in Europe institutions and competitiveness materials and and ELCA secretariat
enterprises technologies in Catalonia
european-lightweight.net elcanetwork.eu accio.gencat.cat clustermav.com eurecat.org baxcompany.com
HELD ALONGSIDE ( Mav MAV Lightweight Expo
Lightweight Expo First edition - Rooms 3 & 4 - organised by Clister MAV, Eurecat, ACCIO and BAX
\ : Connecting European Industry  — p|ys 3 B2B Brokerage Event in Rooms 5 & 6, via b2match
with Advanced and Circular Materials

6th European Lightweighting Network Conference - Palau Macaya, Barcelona - 7—8 October 2026
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Venue - Palau Macaya ELN &=

Passeig de Sant Joan, 108, 08037 Barcelona

WHERE TO GO

Main Auditorium

ELN Conference sessions

Rooms 3 & 4
MAV Lightweight Expo

A
. Rooms 5 & 6
E wc Brokerage Event - workshops in Room 5
: Main
: Auditorium ¢
e
: Foyer
. Next to the Main Auditorium - coffee breaks and
‘ lunch
\ 4
MAg 3
Room 4 Room 3
D

Accreditation: Palau Macaya entrance hall
Wi-Fi: WIFI_PALAU_MACAYA




Programme - Day 2 E LN CONFERENCE

2026
Thursday 8 October 2026 - ELN Conference, Main Auditorium - Event moderator: Ricardo del Valle, ELCA / BAX

Registration IN PARALLEL TODAY

09:00-09:30 Welcome & Opening MAV Lightweight Expo

Welcome and opening of Day 2
. All day
09:30-11:00 Railway

Ignasi Gomez-Belinchén, IN MOVE cluster (ES)
Francisco Javier Vallejo (IDEKO) - Jaume Casals (Refisa) - Robert Schlosser & Maximilian Denk (Leitz) - Stefanie Brickwede
(Mobility goes additive) Brokerage Event

Coffee break - foyer
09:00-15:30 Rooms5 & 6

15:30-17:30 Room 6 only

11:30-13:00 Automotive II

Iker Arroyo, Eurecat (ES)
Pierre Daniel (BTECH) - FrantiSek Simancdik (IMMM-SAS) - Carlos Mufioz (Gestamp) - Herfried Lammer (HEAD)

Lunch - foyer Room 5

14:00-15:30 Defence, Security and Dual-Use Technologies 15:30-17:30 ELN Workshop (ELN members)

Stephany Rivero, AeroS Ecosystem (ES)
Thomas Hipke (Fraunhofer IWU) - Manuel Garcia (2M Engineering) - Samanta Simon (Airbus GeoTech) - Stanislav Landa (DTI)

Closure of the conference



DAY 2 - THURSDAY 8 OCTOBER

Railway

09:30—-11:00 - Main Auditorium

MODERATOR

Ignasi GOmez-Belinchon
IN MOVE cluster (ES)

6th European|Lightweighting Network Conference - Palau Macaya, Barcelona - 7—8 October 2026

SPEAKERS

Francisco Javier Vallejo IDEKO (ES)

Jaume Casals Refisa (ES)

Robert Schlosser & Maximilian Denk Leitz GmbH & Co. KG (AT)
Stefanie Brickwede Mobility goes additive (DE)



Railway E LN CONFERENCE

2026
8 October - 09:30 — 11:00 - Main Auditorium

PRESENTATION 1 OF 4

Francisco Javier Vallejo

Researcher, IDEKO (ES)

From Lab to Market: Automated, Ultra-Fast and Clean
Manufacturing of Fiberglass-Reinforced Polyester Components

A success story from low TRL to market-ready technology and startup creation



& TECHNOLOGY ALLIANCE

) MEMBER OF l S I
I E K O BASQUE RESEARCH - I'

by | D KO FEE e

FROM LAB TO MARKET
Automated, Ultra-Fast and Clean Manufacturing of Fiberglass-

Reinforced Polyester Components.
A success story from low TRL to market-ready technology and startup creation

Francisco Javier Vallejo Rasero, PhD
Manufacturing Processes
fivallejo@ideko.es
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MEMBER OF
E BASQUE RESEARCH
& TECHNOLOGY ALLIANCE

WHO WE ARE

IDEKO is a Research Center member of BRTA,
specialized in Advanced Manufacturing.

SPECIALIZATION

DYNAMICS MANUFACTURING
& CONTROL PROCESSES
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The composite manufacturing industry
is facing three converging challenges

&Y &

(@)

Health & safety Productivity Sustainability
Styrene emissions and Manual processes =

glass-fibre exposure variable quality and
long lead times

Waste, energy consumption
and end-of-life challenges

‘ Implementing a clean, automated, cost-effective process
for fiberglass composite manufacturlng

Q) Application "
U sectors

13
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The technology

UV curing transforms hours of themMsi
minutes : F 4

*Udia 2 :
L
i
T 3

o\~ L

\
o |

ESTle



|
m UV curing resins

° Excellent features

Ultrafast curing — reduced processing time

Selective curing — no curing without UV irradiation
No need for large curing ovens

Deep-curing — BAPO photoinitiators

Very low pollutant emissions (elimination of styrene)

Disadvantages

| Need for UV-transparent materials — Fiberglass ADVANCED RESINS
FOR HIGH-PERFORMANCE

COMPOSITES

0@ eruaw

s 12



T ———
~

_ - d 3
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15 years of development transformed Mg I
industrial manufacturing technology |
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Technology — 2020:
Fire Retardant
Development 2017:

Composites
UV Cutting and

o o Development
Tlmellne Curing Automation End fire retardant
Prepregs prototype

components
B} development and manufactured.
2015: vacuum compacting.

2016:
\ UV Prepregs and
Composites Prototype

Manufactured

* UV cured Prepregs.
2012: * UV compaction Robot.
 Fire retardant components
first development (rail sector).

UV Curing in Steps
First Automatic
Prepregs Manufactured

2011: * UV resin

UV Cured d_evelopment.
;  Light structural covers
Composites

: for ambulances.
(Eolic sector)

Curing layer-layer.

S

Fiberglass Composite
Automatic Manufacturing

2008: + Impregnation, compaction
Danobatgroup and curing prototype.
(Danobat Fiber) * Resin impregnation chamber.

Wind turbine Blades
complete automatisation.

| D



= Technology

" Development

1 - -
Timeline

2008:
Danobatgroup
(Danobat Fiber)

Wind turbine Blades
complete automatisation.

18
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= Technology

" Development

1 - -
Timeline

2011:

UV Cured
Composites
(Eolic sector)

Curing layer-layer.

19
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= Technology

" Development

1 - -
Timeline

2012:

Fiberglass Composite

Automatic Manufacturing

* Impregnation, compaction
and curing prototype.

* Resin impregnation chamber.

o 12



Technology
Development
Timeline

To perform impregnation, lamination,
and curing in a single stage—->
Inefficient

Proposal: 2 Stages

1. Prepreg Manufacturing: Resin
formulation. (Ep-21382661,3).

2. Composite Consolidation: Feasibility
study of an automated
process.https://doi.org/10.3390/jcs4010030

Interlaminar Shear Strength (MPa)

35

30

25

15

10
0

20%wt ® 0.25s m 0.565s
30%wt 4 0.25s ¢ 0.56s
40%wt A 0.25s A 0.56s
<4 Hand lay-up

P Infusion

Compaction Pressure (bar)



https://doi.org/10.3390/jcs4010030

= Technology

" Development

1 - -
Timeline

2015:

UV Curing in Steps
First Automatic
Prepregs Manufactured

* UVresin
development.

* Light structural covers
for ambulances.




= Technology

" Development

1 - -
Timeline

2016:

UV Prepregs and
Composites Prototype
Manufactured

* UV cured Prepregs.

* UV compaction Robot.

» Fire retardant components
first development (rail sector).

= 1D



Technology

Development

Timeline

Flame-retardant formulations can be UV-cured without compromising curing rate.

1600 T
1400 |

1200 {
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S 2020:

Fire Retardant
Composites
Development
End fire retardant

components
manufactured.
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The technology is now -
integrated into an autoiia
manufactunng cell‘

ESTle



UV prepreg and composite
manufacturing cell

UV prepregs manufacturing process

Fibre unwinding UV resin impregnation o
and spreading 9 and dosing Prepreg winding

Precise UV resin impregnation G\ Continuous winding
and thickness control © of UV prepreg

Controlled fibre unwinding
and uniform spreading

Lamination, compaction and curing process

FROM UV PREPREGS TO HIGH-PERFORMANCE COMPOSITE PARTS

Lamination
LAY-UP OF UV PREPREGS

Compaction and curing
THREE DIFFERENT METHODS

L3 Robotic compaction Vacuum bag compaction Membrane press
and UV curing @ and UV curing compaction and UV curing

r

4 Automated and consistent ?-3) Uniform compaction g High and uniform pressure
process and good surface finish =—1 distribution
Accurate lay-up of
UV prepregs for complex @ High precision and ® Cost-effective solution V |deal for complex shapes
geometries repeatability for small and medium series and high-quality parts

e 1D
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Automated, ultrafast and clean technology for fiberglass reinforced components manufacturing

ESTle
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Autemated, ullra fast and clean technology for fiberglass reinforced polyester components monufocturing

28
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CSTle

UV COMPOSITES FOR A BETTER TOMORROW

OUR CONTRIBUTION

TO THE MARKET

Cleaner. Faster. Smarter.

HIGHER
PRODUCT QUALITY

UV curing ensures consistent,
high-performance components
with superior mechanical

and surface properties.

N

( MARKET ACCESS
® tisa InCom ~ =rPLAS
Fisovolta gese  dfe
: £ Eora it
INPRE e résitex
—— |
RIQUER maristone, s.l. FOCUS
STADLER /7 4 Q@ irtzar
GAF  Lasal NORANTZ
= S
ESTIO | UV COMPOSITES FOR A BETTER TOMORROW

(

L S
/

&

FROM HOURS TO
MINUTES

UV curing reduces cure time
from hours to minutes.

BUSINESS MODEL

@ NEW MATERIALS

UV PREPREGS

NEW ENERGY-EFFICIENT
INSTALLATIONS BASED ON
LOW POWER UV LED SOURCES

TECHNOLOGY +
TRAINING

==

MARKET

2000-2500 M€

PRODUCTION COSTS

Less energy, shorter cycles,
lower labour and tooling costs.

(EB;%BS@

VALUE PROPOSITION

FO

CLEANER

WORKING ENVIRONMENT

No styrene, no airborne fibres.
Safer for people and the planet.

PROTOTYPE MANUFACTURING
CUSTOMER VALIDATION

PILOT CUSTOMER COMMITMENT
RESULT EVALUATION

INDUSTRIAL ORDER

INNOVATIVE
COMPOSITE
SOLUTIONS

R A MORE

SUSTAINABLE

INDUSTRY

EUROPEAN MARKET

WITH STRONG GROWTH
POTENTIAL

CLEANER IDEAS. BRIGH;R INDUSTRY.



Thank you for your attention.

ESTIe

ZAMUDIO ELGOIBAR DONOSTIA
CFAA Arriaga kalea, 2 Zuatzu Business Park
Technological Park of 20870 Elgoibar (Gipuzkoa) Donostia — San Sebastian
Zamudio (Bizkaia) (Gipuzkoa)
+34 943 748 000

ideko.es @ @ 0 o
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8 October - 09:30 — 11:00 - Main Auditorium

PRESENTATION 2 OF 4

Jaume Casals

Project Manager, REFISA (ES)

From Lightweight Composite to Industrialised Railway
Components

6th European Lightweighting Network Conference - Palau Macaya, Barcelona - 7—8 October 2026



FROM LIGHTWEIGHT
COMPOSITETO
RAILWAY-READY
COMPONENT

Design, adhesive bonding and process control

Industrialising large railway structures

JAUME CASALS BRENUY - REFISA

ELN Conference 2026 - Barcelona




RAILWAY REQUIREMENTS \ |

. refisa
What a railway component must enable composts strcures

MANUFACTURABLE

tooling, process and handling

INTEGRABLE

interfaces and assembly

INSPECTABLE

access and evidence

REPEATABLE

stable series quality

02



RAILWAY REQUIREMENTS

Engineering requirements

01

02

03

04

LIGHTWEIGHT

weight and stiffness

SAFE

impact, fire and smoke

PRECISE

interfaces and tolerances

DURABLE

finish and environment

TRACEABLE

traceability and cost

—

fisa

composites structures

03



SYSTEM VIEW

The industrial system

01

MATERIAL

architecture

02 03 04

PROCESS JOINING INTEGRATION

stability load transfer interfaces

An unstable link can cancel the benefit of lightweighting.

\r/eﬁsa

composites structures

05

VALIDATION

evidence

04



Cab structures and front-end modules Lreﬁsa

composites structures

FRONT-END MODULE CAB STRUCTURE

Geometry - Interfaces - Joining - Series stability

05



Design decisions define the interface Lreﬁsa

composites structures

DESIGN

tooling, machining and
handling

INTERFACE

geometry, tolerances and access

The joining process cannot correct an uncontrolled interface.

06



ADHESIVE BONDING

Controlled adhesive bonding

—

refisa

composites structures

JOINT DESIGN

loads and bead geometry

SURFACE

preparation and condition

APPLICATION

environment and timing

CURING + EVIDENCE

inspection and traceability

EN 17460
Railway applications - Adhesive bonding

of rail vehicles and their components

07



A railway component takes shape in design,
is controlled in the process and proven in series production.

Thank you! / Gracies! / Gracias! / Merci! / Grazie!

Dankeschon! / Arigato! / Cnacunbo!

1S/ & St

JAUME CASALS BRENUY

jaume.casals@refisa.com

—

refisa

composites structures

08
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8 October - 09:30 — 11:00 - Main Auditorium

PRESENTATION 3 OF 4

Robert Schlosser & Maximilian Denk

Leitz GmbH & Co. KG (AT)

High Precision in Lightweight - The way of manufacturing cutting
tools for industrial woodworking




leitz

Solutions
INn hew
Dimensions

High Precision in Lightweight

The way of manufacturing cutting tools for
iIndustrial woodworking

R. SCHLOSSER & M. DENK
Leitz GmbH & Co.KG, Austria




" Founded by Albert Leitz in 1876 in Oberkochen
" We are a fifth generation family business

We are proud of our roots

www.leitz.org
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| 17 production plants, 38 sales- and service-companies
with 139 premises

| 4,000 employees worldwide
| 500 Mio. Euro turnover
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Together we are strong
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| World market and innovation leader
|| Globally operating, manufacturing service provider

|| Partner for small / medium enterprises and international
industry

Who we are

www.leitz.org



Precision tools, tool systems and services for wood,
What we do wood derived materials, plastics, compound materials
and NF-metals.

www.leitz.org



High Precision in Lightweight

From early cutterhead systems to lightweight high-speed tools

1940 1970 2027+
Professional ProfilCut Q
Early cutterhead First indexable cutterheads Premium Next development step
systems tool systems VCmax = 70 m/s Ve = 120 m/s VCrax >> 120m/s

© Leitz / 19.10.2026 / R. Schlosser & M. Denk




High Precision in Lightweight

Challenges in manufacturing high-performance cutting tools

15+ years
of service life

<G25

Balance quality

<0,05 mm

axial / radial
runout

Sustainabilit
y

Reuse
Resharpen
Recycle

EN 847

Compliance

120 m/s
Cutting speed (up t0)
~14.000 rom @ D=160mm

Low inertia
Low energy demand
in process

Noise reduction
Worker protection

Fatigue resistance

Product variety
High degree of
customization

itz / 19.10.2026 / R. Schlosser & M. Denk



High Precision in Lightweight
Lightweight engineering approaches at LEITZ

High-strength aluminum alloys

Material mix for load optimization
and weight reduction

Cutting materials: PCD,
WC-based hard metals

Load-oriented geometry

Material only where required
Optimized mass distribution

Balanced construction

High-precision machining

Surface engineering:
glass-bead blasting
(hard-)anodizing

Wear resistant coatings




High Precision in Lightweight

Lightweight functional materials

Modified WC - Co - based cutting materials

Reduced density through innovative material composition
Reduced tungsten demand

Comparable performance in solid wood
Functional coatings

Standard

Hardness HV30

Fracture toughness
Kic MNm-3/2

Density g/cm?

1650
10,4

14,40

© Leitz / 19.10.2026 / R. Schlosser & M. Denk



High Precision in Lightweight

Machining challenges of lightweight materials

,fibre separation instead of chip formation*

Tool geometry
Sharp tip geometry (low wedge angle)

Positive cutting geometry (cutting angle >> 0°)
Shearing cut using an axial angle

Ultra-sharp cutting edge: < 3 uym

Process parameters
Cutting speed: 80-120 m/s (metal machining: m/min)

High feed rates up to 100 m/min:
- reduced friction and heat input
Cutting geometry and tool angles - prevent melting / burning

Polished or coated gullets

Typical applications: = Composites / FRP ¢ honeycomb ¢ foams ¢ technical plastics * non-ferrous metals
© Leitz / 19.10.2026 / R. Schlosser & M. Denk




High Precision in Lightweight

Application and benefits

Aramid-fibre-reinforced composite

Technical plastics and composites

Machining Al-profiles fglrz;/) cis (|)6/




High Precision in Lightweight

Key takeaways

@ LIGHTWEIGHT
TOOL STRUCTURES

Weight reduced tool body

High-strength aluminum
Load-oriented geometry
Functional coatings

Up to 50% weight saving

ESTIMATED ENVIRONMENTAL EFFECT

~3,800+ kg CO,/year

avoided in production and through material sourcing
(production site overall)

LIGHTWEIGHT
@ FUNCTIONAL
MATERIALS

Cutting materials

Modified, lower-density WC-Co
concepts

Advanced coating and geometry

~830 kg CO,/year

Per toolset avoided during use

(3-shift operation; compared to steel tool body)

CUTTING
@ LIGHTWEIGHT
MATERIALS

Application focus

Precision machining of wood
products and advanced
lightweight materials (FRP,
honeycomb, foams, ...)

s

we
care
© Leltz / 19.10.2026 / R.Schlosser & M. Denk




leitz

Solutions
INn new
Dimensions

www.leitz.org
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Stefanie Brickwede

Head of Additive Manufacturing, Deutsche Bahn - Mobility goes additive (DE)

AM & Lightweighting: huge potentials, great solutions

6th European Lightweighting Network Conference - Palau Macaya, Barcelona - 7—8 October 2026
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The Leading European Network for
Additive Manufacturing in Industry and Healthcare

Lightweight in Rail with Additive Manufacturing

Stefanie Brickwede
ELN Barcelona 2026 ‘
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mga

RAILiability

AM cooperation of railways at a european level

L I~ 77
angel” DB) =B Fiernees
SBB CFF FFS P,

* develop ajoint database for printed 3D parts
* sharerequirements and learnings from development
* cooperate in material testing, research, development and cooperation with the industrial environment

* jointly accelerate the development of rail-AM
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Damper Bracket: Weight reduction by 50%
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mga

Railway axle box




mga

Wabtec Train Brake Panel

Conventional Brake Panel

3d printed Brake panel




mga

Wabtec Train Brake Panel

3d printed Brake panel

o
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Conventional Brake E
Panel
-15 kg
\'0))) Wabtec
CORPORATION



World innovation: First fully 3D printed vehicle front running up to 125 mph (200 km/h)

Customized vehicle front design

Facts
Technology Material
Material extrusion Ultem

Development time
4 months

AN

Part dimensions
30x28x1.2m

Benefits 3D printing

* Engineered for Additive Manufacturing
* No tooling costs, no minimum order quantity
» AM design benefits: individual, agile, and cost-efficient
+ Fulfilled requirements: mechanical strength,
fire retardancy, and various harsh environmental conditions

- Approach will be transferred to other train types

Page 63 Unrestricted | © Siemens Mobility 2026

SIEMENS



mga

Siemens Air conveyance ejector

New Design

SIEMENS

® This material is proprietary and confidential. Unauthorized distribution is prohibited.



1,000 different applications | 200,000+ parts | 12 technologies
Saving effects generated in the two-digit million range

200,000

parts

parts
T >
80,000 A :

6,000 parts
3,000 parts
1,000 parts

10 parts ‘
i' ’ -

L @

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025




Mighty Little Helpers
Our Productivity Boosters @ DB

66
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0 Unit: DB Fahrzeuginstandhaltung

[ Benefit: Economic efficiency, sustainability

Rapid casting, Aluminum alloy

e ————

AR







Manufacturing On Demand

Needs-based procurement of spare parts until 2030

s Effects based on
100 Mio. € Downtime cost Capital commitment
Effect <D E%)
Procurement Storage costs
B Actual needs ﬂ% .
Top-Down Analyses
B AM of suppliers Efficiency and quality-enhancing

72



a Funded project to enhance number of printed certified parts %@

V Perivation o
Calculated strength Derivation in FKM guideline

verification for AM Digitalization of the v Develooment didital platform
components PBF + approval process P gital p
316L

v Reduction of tests

TUVNORD SIEMENS
pTnglg‘:yongbo" LL!‘ Paderborner Institut flir Additive Fertigung

ﬂ DigiZug3D Férderkennzeichen: 13IK031D 19/10/2026




03 viilidoM @ 17



@OO
mgao

@ directory | standards

(e usecases (R jobs

®) materials

weboostam.com

OQO
mgao


https://weboostam.com/

DB ]

Stefanie Brickwede

Head of AM at Deutsche Bahn
& Managing Director MGA -
The leading International AM Network

R, +4930757 66111

@ stefanie.brickwede@mga-net.com




PANEL DISCUSSION

Railway

8 October - 09:30—-11:00 - Main Auditorium

Ignasi GOmez- Francisco Javier Jaume Casals Robert Schlosser  Maximilian Denk Stefanie
Belinchdn Vallejo Brickwede
IN MOVE cluster (ES) IDEKO (ES) Refisa (ES) Leitz (AT) Leitz (AT) Mobility goes additive (DE)

CONFERENCE
g(l,’;slN 6th European Lightweighting Network Conference - Palau Macaya, Barcelona



Coffee break

11:00-11:30 - Foyer next to the Main Auditorium

We resume at 11:30 with Automotive 11

Visit the MAV Lightweight Expo in Rooms 3 & 4



DAY 2 - THURSDAY 8 OCTOBER

Automotive Il

11:30—-13:00 - Main Auditorium

MODERATOR SPEAKERS

Iker Arroyo

Eurecat (ES)

Pierre Daniel BTECH (ES)

Frantisek Simancik IMMM, Slovak Academy of Sciences (SK)
Carlos Muiioz Gestamp (ES)

Herfried Lammer HEAD (AT)

6th European|Lightweighting Network Conference - Palau Macaya, Barcelona - 7—8 October 2026
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Accelerating Fracture Simulation in Large Composite
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btech

Dr. Pierre M. Daniel

Accelerating Fracture Simulation

in Large Composite Structures bt
ech

6th conference of the European Lightweighting Network

/-8 Octobre 2026, Barcelona, Spain

A. Sdnchez, Martin Fagerstrom, Pere Maimi
§1) CHALMERS GCTG = £ f\MADE

VERSITY OF TECHNOLOGY
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Composite Simulation (State of the art)

Standard modelling Advanced fracture modelling
Simple shell Ply-based meshing

pTTTTTTmmmmmmmmmmsmmmmomoog [ Interface
LayerN ' _ _ _ - - -

FoCCCCIITIIITTIIIIIIIIIIIIE 3 Niayers elements

) AR ¢
layer1 ©IIIIIIIIIIIIIIIIIIIIIIIIIA

¥ L=1mm Millions of elements

No delamination capabilities

: Computational cost x50 to x1000
Poor ply fracture modelling

: : [ Inapplicable to large assemblies
1 Inaccurate for impacts, large deformations, PP 9

damage tolerance, etc

chobre 2026 Copying of this confidential document(s) and giving it to others, and the use orcommunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. All rights are reserved in the event of the grant of a patent or the registration of a utility or design. 82
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Composite Simulation (State of the art)

Why is composite modelling computationally expensive?

Intricate failure modes Many inferactions between cracks

N

[A. Wagih et al., 2016] N
Delamination

cracks
Matrix brittle behaviour (—fine discretisation) Ply-based modelling /

[D. Cardoso et al., 2025] [A. Soto et al., 2018]

Small Fracture Process
Zone : ~0.5 mm

Delamination is the main cause

chobre 2026 Copying of this confidential document(s) and giving it to others, and the use orcommunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. All rights are reserved in the event of the grant of a patent or the registration of a utility or design. 83
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The 3 challenges of delamination

Standard modelling

1 - Detection
How to detect delamination using
standard simple shell modelling?

2 - Discretisation
How to physically introduce the
crack during the simulation ¢

Octobre 2026

Copying of this confidential document(s) and giving it to others, an

d the use orcol

3 - Efficiency
How to model the propagation of

Highly localized the crack using large elementse
stress concentration

~0.5 mm

mmunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. All rights are reserved in the event of the grant of a patent or the registration of a utility or design.
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The 3 challenges of delamination

1 - Detection
How to detect delamination using
standard simple shell modellinge

/ Simulation results \

(shell forces and moments)

\ Vg Ny

\—[ Abaqus or LS-Dyna J_/

chobre 2026 Copying of this confidential document(s) and giving it to others, and the use orcommunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. All rights are reserve:

Shell elements P
Q

btech

3D stfress

\recons’rruchon me’rhod/

)

/ 3D stress field:

013, 023, 033
Delamination criterion

———~

Interlaminar Shear Strength (ILSS)
Interlaminar Normal Strength (ILNS)

// A
P S
< a ,
\ — /7
N T TSN 2

d in the event of the grant of a patent or the registration of a utility or design.
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The 3 challenges of delamination

2 - Discretisation
How to physically infroduce the
crack during the simulafion ¢

Layer 6
Layer5 | |

Layer 4
Layer 3

Layer 2
Layer 1 {

Delamination
detected

Copying of this confidential document(s)

Octobre 2026

-

and giving it to others, and the use or

btech

Adaptive element
splitting

mmunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. Al rights are re:

16 Upper solid-shell
sub-element

Lower solid-shell
sub-element

® Base nodes ® Extra nodes

86
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The 3 challenges of delamination

3 - Efficiency
How to model the propagation of
the crack using large elementse

Conventional cohesive elements

~0.5 mm
<

Intact Cracked

» Rely on damage mechanics

» Represent material degradation

» Need to capture the stress concentration

New method

~5mm

Based on fracture mechanics btech

Use energetic laws Energy-based cohesive
Interface element

No size limitation

chobre 2026 Copying of this confidential document(s) and giving it to others, and the use orcommunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. All rights are reserved in the event of the grant of a patent or the registration of a utility or design. 87
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Examples

Debonding analysis

Experimental crack states

Element length: 5§ mm

\
N
A\

T et

OCTobre 2026 Copying of this confidential document(s) and giving it to others, and the use orcommunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. All rights are reserved in the event of the grant of a patent or the registration of a utility or design.
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Examples

Debonding analysis Element length: 5 mm

Experiment

,ﬁ}gng’\g

A
b
.
[P
by
3

NIV TYICOLD

oMUYt

SOO00C000
o
o

OCTobre 2026 Copying of this confidential document(s) and giving it to others, and the use orcommunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. All rights are reserved in the event of the grant of a patent or the registration of a utility or design.
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Examples

Adaptive element

Delamination failure 2 mm

L-shaped unfolding

Time: 15 min 11 sec
Accurate & Fast

Interface
damage

1.0

0.9 .
Cohesive

Damage

0.8

LS-Dyna -2 mm
Ply-based mesh

0.7

1.0
0.9

0.8
0.7
0.6
0.5
0.4
0.3

0.6

0.4

0.3

Time: 19 min 46 sec
Loss in accuracy

0.2

0.1

0.0

0.2

Experiment

0.1
0.0 LS-Dyna - 0.5 mm

Ply-based mesh

Time: 4 hours 43 min
Comput. expensive

Copying of this confidential document(s) and giving it to others, and the use orcommunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. All rights are reserved in the event of the grant of a patent or the registration of a utility or design.
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Examples

Impact analysis
Low Velocity Impact

Delamination

N© interface

\%

oo~

A

4
3.
3.
2.
2.
1.
1.
0.
0.
0

Delamination
N© Interface

T
"

Octobre 2026

Fiber 1
Damage

>1.0
0.9
0.8
0.7
0.6
0.4
0.3
0.2
0.1
<0.0

Force

— Experiment

— Simulation

T
*X

ffﬂw' d
~ M/
1 ’Jw:_f:—;;;f 3/ 4 5

Fiber 2
Damage

>1.0

<0.0

Displacement (mm)

Copying of this confidential document(s) and giving it to others, and the use orcommunication of contents there of are for bidde n without express authority. Offenders are liable to the paymentof damages. All rights are reserved in the event of the grant of a patent or the registration of a utility or design.
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Examples

Static analysis

Experiment

Anti-intrusion plate
Formula student vehicle

Adaptive element
4 mm

Octobre 2026

Modos de fractura en fibras

>5.0

4.4

3.9

3.3

2.8

2.2

2.0

1.1

0.6

<0.0

O

Crack Zone 1

Crack Zone 4

Crack Zone 3

Crack Zone 2

0}

O

N© of delaminated interfaces

>3

<1

O
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Methods summary
3 simulation add-ons:

btech
3D Stress reconsiruction ‘Q r— Delamination detection

Post-processing fool

btech . — Debonding simulation
Energy-based cohesive « T o lermenfe s
Interface element _—_— using large elements ( )
btech = 3-in-1
Adapti | t o — . I
Ssz;v;;neen;? ' - 9 adaptive finite element

_.'@ Faster computation /Q" Simpler workflow
- x50 speed K ) Avoid multi-layer meshing MAV Expo — Booth 4: BTech
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btech

Thank you for your attention

Pierre Daniel Jaume Sabaté
Composite Modelling Expert CAE Manager

pdaniel@btechc.com jsabate@btechc.com
+34 687 52 75 06

o o o
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Magnesium - Made in Europe
a way for clean, competitive and sustainable lightening
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Typical products made of magnesium alloys




Why is magnesium good for lightening?

low density (1.7 g/cm?3, i.e. 30% lighter than aluminum)

components made from Mg posses the highest strength-to-weight and stiffness-to-
weight ratios compared to conventional structural materials

it can be cast into complex, thin-walled components at relatively low temperature
(~700C)

It does not react with steel and graphite (increased lifetime of molds)

is easy to machine,

good vibration damping properties

corrosion-resistant (if clean HP quality)



Mg alloys in automotive

GM Front Engine Accessory Door Inner
Console Mounting Bracket Module
Aston Martin

Jaguar IP Cross-Car Beam

Cam or Valve Cover Transfer Case for

DCX 7 Speed BMW Block with

Transmission Case Cast in Al-Si Liners FrontEnd assenthiyior

Ford F-150 Truck

P [\ LT AN

USAMP 2005: Magnesium Vision 2020: A North American Automotive Strategy for Magnesium.



Potential of Mg alloys for lightening in automotive

Original Original Mg Weight Weight Saved
Weight Material
CHASSIS Ib Ib b -
4 Wheels 65 Al 39 26 Steering Wheel Armature Steering Column Lock Housinig
1A Frame Cross Member 20 steel 10 10
Engine Cradle 34.8 Al 23.7 11.1
Fuel Tank Barrier 8.7 steel 5 3.7
Brackets - Adjustable Pedal 2 steel 1 1
Brake/Accelerator 2.5 steel 2 0.5
Steering - Wheel 2.5 Al 1.5 1
Columns 4 Al 3 1
Column Brackets 2 steel 1.5 0.5
ABS Mounting Bracket 1.3 iron 0.9 0.4 ¢ oz - :
INTERIOR GM Corvette, Z06 Front DCX Third-Row Jaguar Seat
Seats - Frames (4) a4 steel 16 28 Cross Member (or Cradle) Seat Frame Frame
Stanchions (2) 24 steel 13 11
IP - X-car beam 25 steel 15 10
Knee Bolster 10 steel 6 4
Console 8 steel 5 3
Brackets 1 steel 0.5 0.5
Glove Box Door 1 steel 0.7 0.3
POWERTRAIN
Engine Block I 6 56 Al 33 23
Engine Block I 4 42 Al 23 19 . " .
Automatic Transmission 42 Al 30 12 pOSSIble weig ht
Intake Manifold 22 plastic 12 10 a
Transfer Case 25 Al 15 10 reductions
Clutch Housing 14 Al 7 7
Qil Pan 9 Al 6 3
Engine Mounting Brackets 6 iron 3 3 Stee| + cast iron 287 29%
Alternator Bracket 5 Al 2.5 2.5
Cam Cover (2) 7 Al 5 2 Aluminium 67 53%
Cylinder Head Cover 7 Al 5.7 1.3
Air Intake Housings 6 plastic 4 2 Polymers/Composites 116 116 0 0%
Oil Pump Housing 3 Al 2 1
Power Steering Pump Bracket 1.5 Al 1.2 0.3 Others 192 172 20 10%
BODY STRUCTURE
Door Inner Panels (4) 86 steel 39 47 Rubber and Glass 113 105 8 7%
Radiator Support/GOR 32 steel 12 20
Front of Dash Structure 40 steel 22 18 I|V| ga Il oys 5 159 I
Lift gate Inner 22 steel 12 10
Windshield Surround (frame)| 22 steel 12 10 Total 1524 1297 227 15%
Targa Roof Frame Opening 11 steel 6 5
T = L2 USAMP 2005: Magnesium Vision 2020: A North
Headlight Retainer 1.5 steel 1 0.5 American Automotive Strategy for Magnesium.

TOTAL 680* 380% 300l*



Major EU suppliers of Mg

Finland o —‘r':.u
Nickel 38% f-""

Norway -+
Silicon metal 3:;_4"

Belgium
Arsenic 59%
France
e ghdin Copper, Bismuth ggg?
United Stat , ‘ 2 iSmu o
Berylium™ 67% strontium 99% B Gallium 71%
T Morocco BERARE 450
1\ Phosphate rock 27% Tiirkiye Helium 35%
Mexico - Antimony. 63% Natural Graphite  40%
Fluarspar 33% . Boron 99% ‘ hPﬁEEE 133?
Guinea Feldspar ~ 51% . b
Aluminium {bauxite) 63% 8 Scandium 67%
Tungsten 32%
H &=
= DRC i Kazakhstan Vanadium 62%
Cobalt* 63% Phosphorus 71%
Tantalum 35% ! Titanium metal 36%

Brazil
Niobium® 92

South Africa 9#
Iridium*

Desulphurisation agent in
steelmaking

Chile
Lithium 79% Palladium*  36%
Platinum*  71% v
; Engjdé':‘?am* gi‘?‘: * share of global production
E M 41% italic = extraction stage
anganese regular = processing stage
. Main global Main EU sourcing® Import
Raw materials Stage Bt b P 9 EOL-RIR?® Selected Uses
producers countries reliance
China 91% China 97% 100% 13% Lightweight alloys for
- United States 3% Israel 1% automotive, electronics,
= packaging or
Magnesium % construction
a

European Commission, Study on the Critical Raw Materials for the EU 2023 — Final Report



Major EU suppliers of magnesium
1995 2023

CHM

DEU

AUT

-Tl
ERPORT czE

ROL
155
SVE

HRW

20 4.0 EX [ EE] Bo 9.0 100 110 120 pLd] 40 [ B 100 120 180

Milliars al K& Millians al K

M D - Last Price EU - Unwrought magnesium (weight < 99,8%) PRICE
[ 0 - User data - Unwrought magnesium (weight < 99,8%) - China export —_ITI PEDIA

Euros (1 000) per Tonne

20.000km

6.5
6.0 /
5.5+ L

5.0 1.000km
4.5
4.0
3.5
3.0
2.5

207 , : : . Longer transport (> 20 000 km, 40-60 days)
2006-Jan 2012-Feb 2018-Mar 2024-Apr  associated high CO, impact

&7

www.verdemg.com

Carbon footprint from Mg production (world average): 21,3 kg CO, eq./kg Mg




Magnesium is critical raw material for the EU

Criticality studies

Magnesium 2.6 6.5 2.5 5.5 4 7.1 3.9 6.6 4.1 7.4
= Critical 2023
i Niobium
5-4| ¢ Non-critical 2023 e
I a Magnesium I
. i Galliun:
|
' Boron .
gl [ =
4 :
i B
4 i Phosporus
| Cobalt
|
ﬁ 3 - i & - a PGM
Kot i Gallium x
oY | R Strontium
7 I
= iArsenic  Lithium Bismuth
Q" 2 g i. ny = | | = = 2
% . Fe|dsp§r Germar:ium Titanium
o J . : < 6 - Aluminium Manganese .Tungsten
im uorspar u
Natural cork I = S " Molibd
T e ) S LB e v gl o MOBOSHI. . oo b
. ® ¢ *  *Zirconium ®Silver e °*  oChromium
Indium,
! Rutheniume_ !J-Iy.rdrogén * = P
Gold : o, o Cadmium e Nickel Iron ore
s [ ] .
0 - ° : S'hcaCoppe: e “Zinc
i
|
| ? | v | ’ | ¥ | . | : I . | . | "
q 2 3 4 5] 6 7 8 9

Economic Impact

European Commission, Study on the Critical Raw Materials for the EU 2023 — Final Report



Magnesium in Europe IVA ===
| import | 2020 | 2021 | 2022 | 2023 | 2024 | averagely | % _

Mg pure 87 083 101921 119478 78 127 89 009 95124 51%
Mg alloy 57 633 57 693 78 682 58 686 46 487 59 836 32%
Mg powder 24 856 29 602 28526 27 287 26 661 27 386 15%
Mg scrap 3570 5912 6 007 4611 5003 5021 3%
Mg total 173142 195128 232693 168 711 167 160 187 367 100%
| Export | 2020 | 2021 | 2022 | 2023 | 2024 | averagely | % _
Mg scrap 7417 10908 11457 6378 9462 9124 5%

IMA, Global Magnesium Trade Flow Report 2024

. . L. VA in
Material Application NACE sector million €
Magnesium Transportation 48% C29 - Manufacture of motor 194,448
(automotive) vehicles, trailers and semi-trailers
Magnesium Packaging 23% C25 - Manufacture of fabricated 163,568

metal products, except machinery
and equipment
Magnesium Construction 13% C25 - Manufacture of fabricated 163,568
metal products, except machinery
and equipment

Magnesium Desulphurisation 12% C24 - Manufacture of basic metals 64,561
agent

Magnesium Transportation (air, 4% C30 - Manufacture of other 55,777
marine, etc.) transport equipment

European Commission, Study on the Critical Raw Materials for the EU 2023 — Final Report



Magnesium recycling

Type Scrap Description Problems in the recycling

1 Clean scrap in large pieces Does not present major problems

2 Clean scrap with inserts Contains Fe, Cuand Al

3 Scrap painted or protected Loss by fusion. Contains Fe, 51, and Ni

4 Clean chips High surface. contains oxides

5 Oiled/wet chips Loss by fusion, high surface, contains oxides

6 Slag and salt free foams Contains oxides and inclusions

7 Sludge and slag with salts Contains oxides and large inclusions

8 Residues of different grades Contains oxides. chlorides, fluorides and inclusions

60%

50%

40%

30%

20

ES

10

=

0

*x

0

28%
22%
1% 1% 1% 1% 1% 1% 2% 2% 3’6
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% L7 6 1% 1%
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EU End of Life Recycling Input Rate [%]

55%

European Commission, Study on the Critical Raw Materials for the EU 2023 — Final Report



What to do? Innovative approach is urgently needed

Innovation No.2: burning roducing primary Mg from surplus electricity
via interrupted electrolysis

MgCl,, = Mg, + Cl,(, required electricity ~590 kl/mol, i.e 6,8 kWh/kgMg

—o=1 wwh) T vnozsd aw Magnesium (CNY/T) 16750

. Q. - H{b - i
AR o K |
_ %

70000
60000

50000

2018 2020 2022 Oct 05 2026 B

Energy price on the spot market on 25.5. 2026 (9 hours zero costs) The price of primary Mg was ~ 1650 €/kg

* Electricity makes ~80 % of the Mg costs

* Based on laboratory experiments the interrupted electrolysis is possible, providing electrolyte is kept in molten state
* Laboratory production of Mg attained ~80% of theoretical value according to Faraday’s law

* Realistic efficiency of electrolysis in real conditions can be ~ 60%, i.e 11,5 kWh, is needed for 1 kg Mg

* 2182 € for 1 kg Mg is sufficient to cover electricity if 1 MWh, < 152 €,

* Mgis significantly cheaper when it is produced using surplus electricity from RES

* the ability to interrupt electrolysis contributes significantly to grid stability

* this capability enables the expansion of further renewable energy installations

* beside this ~ 4,7 kWh / kg Mg of residual heat is produced (i.e.~ 406 kJ /mol Mg)



What to do? Innovative approach is urgently needed

Innovation No.2: producing primary Mg from scrap, that cannot be
efficiently recycled via remelting or distillation

Mg(l) + Hz0(g) —~ MgO(s) + Hz(g)

..Q...?

®
- ®
Idea:
* combustion of Mg scrap via controlled water addition:
Mg + H,0 = MgO + Hyq released heat ~382 kJ
* recycling of burning residues to new electrolyte for production of primary Mg:
MgO + 2HCl = MgCl,,, + H,0 released heat ~132 kJ
MgCl, .6H,0 = MgCl, +6H,0 required heat ~ 148 kJ
* HClismade from chlorine and hydrogen released in electrolysis resp. in combustion
H, + Cl, = 2HCl(g) released heat ~ 200 kJ

* Electrolysis provides additional ~ 406 k) /mol Mg residual heat

The heat needed for recycling is much lower than heat obtained from used reactions



Concept 1: primary Mg is produced from scrap using growing surplus electricity because of RES

Controlled supply

Mg scrap

J

of water

Burning of Mg
scrap using water

J

Release of
hydrogen

Mg +H,0=MgO + H,,  released heat ~382 kJ

Dissolving
combustion
residues in HCI

MgO + 2HCl = MgCl,, + H,0 released heat ~132 kJ

Making HCI

Filtration of
undissolved
residues

Drying of
hydrolysed
impurities

J

Cleaning of MgCl,
solution from
impurities via

hydrolysis

v

Inert oxides of
oxides of alloying
elements and
impurities

Drying of
MgCl, .6H,0

v

H, + Cl, = 2HCI(g) released heat ~ 200 kJ

MgCl, .6H,0 = MgCl, + 6H,0 required heat ~ 148 kJ

Electrolysis of
MgCl,

Release of
Chlorine Cl,

MgCly) = Mg, + Cly required electricity ~590 kJ

Primary Mg

the process generates zero emissions
water, chlorine, hydrogen and Mg operate in a closed cycle (no added material needed)
released reaction heat significantly exceeds the process heat requirements (no additional heat needed)

the only input required is electricity for electrolysis—ideally surplus energy from RES (grid stabilization is benefitial)




Concept 2: primary Mg is produced from magnesite using the same process

* Electrolyte MgCl, is prepared by dissolving magnesite MgCO; in HCI:
MgCO3 + 2HCl = MgCl,,, + H,0 + CO, released heat~74 kJ

* Other processing steps are similar to previous concept

* There is sufficient magnesite in Europe (resources in Jelsava Slovakia exceed 250 mil tons). This is
sufficient for production of ~ 80 mil tons magnesium

* As much as 4 million tons of fine magnesite powder / dust—a residue from MgO production—are even
stored here in the tailings pond. This amount is sufficient for production of ~ 3,3 mil tons Mg

*  When magnesite is used as a feedstock for magnesium production, only 1,8 kg of CO, is released per 1 kg
of Mg - significantly less than the current global average (21 kg CO,/ 1kg Mg)




Concept 2: primary Mg is produced from magnesite using the same process

T Electrolysis of 2H,0 = 2H, + O, required electricity 290 kl/mol H,
hydrogen
H, + Cl, = 2HCI(g) released heat ~ 200 kJ
Making HCI
\l/ MgCO; + 2HCI = MgCl,, + H,0 + CO, released heat ~74 kJ
magnesite from | Dissolving of co2
tailing spond magnesite in HC emissions
Filtration of
undissolved
residues
Drying of Cleaning of MgCl,
hydrolysed solution from
impurities impurities via
hydrolysis
Drying of
MgCl, .6H,0 MgCl, .6H,0 = MgCl, + 6H,0 required heat ~ 148 kJ
Inert oxides of \l,
oxides of alloying )
elements and Electrolysis of Release of MgCl,y) = Mgy + Ol required electricity ~590 kJ
. " MgCl, Chlorine Cl, BLlo() = Vg + Ly eq y
impurities
Primary Mg

* the process generates low emissions (1,8 kg of CO, isreleased per 1 kg of Mg )

* Chlorine and Mg operate in a closed cycle, water is necessary for production of hydrogen
* released reaction heat exceeds the process heat requirements

* theonlyinput required is electricity for electrolysis of Mg and hydrogen - ideally surplus energy from RES



Investment support available

Public co-financing to a CRMA strategic project:

* EIB Project Finance up to €2B/year (strategic projects)

* EIT RawMaterials up to €2,5M pre project (pilot stage raw material projects)

* EU Innovation Fund up to €700M — 2026 call (pilot demonstration, strategic project)

Why not give it a try?
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Performance with recycled products /\
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Performance with Recycled CF )

From Racket to racket

Characteristics of innovation:

Tennis rackets, due to their requirements and shape are built from ~100%
UD carbon fiber prepregs

« Due to a flat hitting surface, Paddel and Pickleball are produced with a
different technology and have different mechanical specifications

Recycled fibers, from Tennis rackets or other sources can be processed in
a kind of SMC/BMC process and can fulfill the KPI

Customer benefit:

Challenges Solution
* Quality of recycling fibers for new + SMC/BMC Process adaption
process

* Isotropic properties especially at
thin layers



https://youtu.be/dubZ1kMIl8Q

Performance with Recycled GF

HEAD
Purchase your HEAD RENEW skis from L
Cemewalof the sk HEAD.com. Now available in € countries. c a n We u s e re Cyc I ed G I a s s fi be rs I n a
e Wy ¥ .. .
emisslons by Up 10 20%?, y %& thesegskls are built to last. ) s k I ?
Ourondcores ’\ o r e Characteristics of innovation:
o five times'. back to HEAD . . i i .
o R4 Z“yfl':"::."““‘“ « Askiis a complex composite part, combining wood, glass fibres, metal,

p H purchasing. rubber, thermoplastic materials
i % SI / e mowsos « The lifetime of a ski is often limited by the steel edge, the racing base or

DEBRTT 415 ’ s ARG e the top sheet. The glass fibers can withstand much longer use periods
ccoomm o &% Versaieneop st » Reusing the wooden core and the glass fibers, without shredding or other
atH .com as a ! protector, steel edge and base

thank-you®. ] material from your old skis.

precesse; allows the the CO2 saving production of a renewed ski without
any losi hance

tesing 2

Customer benefit:

Challenges Solution
s | b . .
s |1 * Process development of separating » These skis are made from
Bl | [ ] 2 . . .
M | sl and remanufacturing of a ski materials that can be renewed
» w o o il al | =« . q
2 g 2 {1 :
2 3 : g 2} | 1BE - NDT of composite parts and recycled upto 5 t|mes, with
& g 5 r@ w5 26% less carbon footprint for
8 RECYCL one cycle.
2 Komponenten wie das Top-Sheet,

die Stahlkanten und das Belagmaterial werden
qetrennt und kinnen wiederverwertet werden,




Performance with short rCF )

Where can we use short rCf and
improve performance?

Characteristics of innovation:

«  Ski bindings have partly injection molded parts, highly filled with glass
fibers

« Temperature range, impact, UV are significant loads

«  Ecoluxe compounds from recyclyed short fibers from shredding have

been developed together with Carbon Cleanup GmbH to fulfill all
specifications

Customer benefit:

Challenges Solution
« Demanding specification * First parts on touring bindings
- Lightweight have been replaced with short

rCF material



Summary f\

Sporting goods are high performance lightweight products in serial production and fast product cycles.
They are an ideal plattform to develop new sustainable lightweight technologies and transfer them.

For recycling, challenges exist - beyond technologies there are logistics and emotions.
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Iker Arroyo Pierre Daniel FrantiSek Simancik Carlos Muiioz Herfried Lammer
Eurecat (ES) BTECH (ES) IMMM, Slovak Academy of Gestamp (ES) HEAD (AT)
Sciences (SK)

CONFERENCE
g:ﬁ” 6th European Lightweighting Network Conference - Palau Macaya, Barcelona



DAY 2 - THURSDAY 8 OCTOBER

Lunch

13:00—-14:00 - Foyer next to the Main Auditorium

We resume at 14:00 with Defence, Security and Dual-Use Technologies

Visit the MAV Lightweight Expo in Rooms 3 & 4



DAY 2 - THURSDAY 8 OCTOBER

Defence, Security and Dual-Use
Technologies

14:00—15:30 - Main Auditorium

MODERATOR SPEAKERS

. Thomas Hipke Fraunhofer IWU (DE)
Stephany Rlvero Manuel Garcia 2M Engineering (ES)

AeroS Ecosystem (ES) Samanta Simon Airbus GeoTech (ES)

Stanislav Landa Danish Technological Institute (DK)
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Defence systems, new developments at Fraunhofer IWU
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Fraunhofer IWU
Our network of research and industry partners

ENERGY- AND RESOURCE-EFFICIENT PRODUCTION

INEWVOIKS

INDUSTRIEVEREIN SI\IIHSIHE;fI il

Affiliated universities

L A SECOND LIFE AND CIRCULARITY
DIGITALISATION AND FUNCTIONAL INTEGRATION

o>
o
R
b .o
.®°
. ..
(D
[
wv
©
()
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SUSTAINABLE MOBILITY AND MANUFACTURING

eu ROBOTICS

MITTELDEUTSCHES

INSTITUT §

SICHERHEITS- “E_M ns

INDUSTRIE innovativ

Industry. Rualic fuelelirie) Ooelias

SACHSEN Bundesministerium

S— % fiir Forschung, Technologie
European ~\g— und Raumfahrt

Electrical and

Mechanical and Automotive and
Energy Aerospace

Plant Engineerin supplier industries . : . [ N
9 9 PP Engineering Union — Ny
-
—
Seite Seite 2 CONFIDENTIAL @ Fraunhofer IWU - Informationsklassifizierung - % FraunhOfer

IwWu


http://www.industrieverein.org/
https://www.vdi.de/

Fraunhofer Research Divisions and Networks
Focus on Defence and Production

~ Fraunhofer

PRODUKTION
2

DEAFENCE, PREVENTION
AND SECURITY

PRODUCTION

12 Fraunhofer Institutes

Areas of expertise (selection):

» Systems and technologies for use on land, in the air, at Production techniques and process technologies

sea, in space and in cyberspace

Production machinery and plant

» Information gathering, reconnaissance, decision support Production control. automatiorE e

» Resilience and protection of critical infrastructure technology

Logistics and supply chain management

MITTELDEUTSCHES

- Pooling expertise through networks and partnerships is essential éﬁﬁ!&:ﬁ%

INDUSTRIE

\

=
Seite Seite 3 CONFIDENTIAL @ Fraunhofer IWU - Informationsklassifizierung - % Fra u n hOfer
IWU



High-performance products and new materials
Functional surfaces for industrial applications

o

« A microstructure inspired by shark skin for improved flow characteristics by reducing wall shear stress
 Benefits: Increased efficiency, noise reduction, energy savings, etc.

\

Seite Seite 4 CONFIDENTIAL @ Fraunhofer IWU // Jan Edelmann - Informationsklassifizierung - f.ﬁ bi I Q s U ‘\ F % F raun hOfer

IwWu
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High-performance products and new materials
Development of an autonomous multicopter cargo drone

Our current research projects:

= Level 4 autonomy

= Advanced control systems, including
collision avoidance, automatic route planning

and sensor fusion
= Power supply via an air-cooled fuel cell A
anol NG O H2 iqukd
stack A oon® @
* Energy management system utilising flight o'wg:::‘““'“““‘ _
characteristics and energy consumption i Fuel cell propulsion
simulation . = Suitable for medium flight durations (=100 min)
_ _ _ . and low payloads (<6 kg)
» Lightweight and modular load-bearing L .
. = Advantages: high energy density
structure using a shape memory alloy ; T LT . .
e Disadvantages: Tow fuel cell efficiency, no volatile
energy release
B =
Seite Seite 6 CONFIDENTIAL @ Fraunhofer IWU // Elias Weise - Informationsklassifizierung - TECHNISCHE UNIVERSITAT é FraunhOfer

CHEMNITZ WU



High-performance products and new materials
Development of an autonomous multicopter cargo drone

Our current research projects:

= Level 4 autonomy

= Advanced control systems, including

collision avoidance, automatic route planning

and sensor fusion

= Power supply via an air-cooled fuel cell
stack

= Energy management system utilising flight

characteristics and energy consumption
simulation

= Lightweight and modular load-bearing

structure using a shape memory alloy

Seite Seite 7 CONFIDENTIAL

@ Fraunhofer IWU // Holger Schlegel

Electrical power [W]

Elektrische Leistung iiber der gezogenen Masse

Advance online energy
consumption forecast, taking
weather conditions into
account

Analysis of complete
propulsion systems (servo,
motor, propeller)

Optimal speed for different battery sizes

TI185 ¢
5.7 W
Messdaten (Rohwerte) X 3 . 10357
Least Square Fit Electrical power relative to the mass being towed e
1000 1 4 Measurement data (raw values) 8044W -
Least squares fit 7062 g
Average value per step 10029 W
800 1
600 A
272g
4274W - -
944 g
400 4 530.8 W
3049 g
2462 W 7 e
2016 g 3654 g
200 1292 W 3BLIW
1123 g _
2g 4895 (488BW
;90w : 2524 g
.6 18L8 W
04 1537¢g
828 W

23

Te 82y . ; ]
0 aew1022W) 2000 3000 40
Drawn mass [g]

25000 -

20000

= Design of the energy
supply system with regard
to mission duration,
distance and weigh

15000 4

10000 1

Base weight: 12.2 kg
Drop weight: 3.5 kg
~(Voltage: 125 (44.4 V)

Required capacity, including a 20 per cent reserve (mAh)

= Design of optimal buffer

10

12 14 16 18 20
Flight speed (m/s)
Battery selection

systems for fuel cell

operation
=z B
- Informationsklassifizierung - o5

TECHNISCHE UNIVERSITAT .'.
CHEMNITZ

STl ADDITIVE
i DRIVES

=== 7000 mAh (Insufficient capacity)
—e— 8000 mAh - 320€

—e— 9000 mAh - 340€

—e— 11000 mAh - 440€

—eo— 12000 mAh - 480€

FUTURE DRIVING TECHN

16000 mAh - 620€
17000 mAh - 700€
18000 mAh - 740€
20000 mAh - 820€

\

ch

GIES

22000 mAh - 940€
—o— 23000 mAh - 960€
—e— 25000 mAh - 1000€
—e— 28000 mAh - 1200€

~ Fraunhofer

IwWu



Publication in DRONES 01/2025

Li g h tW e i g h t d r i \V/ e S f O r U AV I WWW.DRONES- MAGAZIN.OE AUSGABE 01/2025 D: 24,95 €

DRONES

DAS MAGAZIN FUR DIE DRONE-ECONOMY

Die Suche nach
yersenkten
Munitionsresten

in der Ostsee

= Flytime with Payload:
35 -45 min
=V .. 60 km/h

= Weight: 3,2 kg

: - HOGHIEINAUS

METEOMATICSIWIE DROHNEN DABETHELFEN, i
'UNSER KLIMA'BESSER ZU VERSTEHEN

TV-PRODUKTION FORSCHUNG FEUERWEHR

UAS-Einsatz am Set von Induktives Laden fiir Kampf gegen Waldbrande
»Die Spreewaldklinik“ autonome Drohnen mit unbemannten Systemen

\

Seite 8 15.10.2026 © Fraunhofer WU - Informationsklassifizierung - % Fraunhofer
IWU



High-performance products and
Shape-memory alloys for small-scale actuators

Small actuators based on shape memory alloys
(SMA)

= How SMAs work: following what appears to be plastic
deformation, the material returns to its original shape when

heated to a specific temperature

= Advantages in small actuators: high power density with
minimal installation space, electromagnetic safety, silent
operation, low wear due to a small number of mechanical

components, sensors included

Development of a specialised locking and

unlocking actuator system for UAVs is possible

Seite Seite 9 CONFIDENTIAL @ Fraunhofer IWU // Kenny Pagel

B TECHNIK

new materials

TEXT: BENJAMIN JOHN
ABBILDUNGEN: FRAUNHOFER IWU

SMARTES

Anwendungen wie Smartphone-Kameras oder

MATERIAL

Formgedachtnislegierung: Eine Verriegelung
fiir den Grabbit G7 von Vectorbirds

Antriebe auf Basis von Formgedachtnislegierungen f\nden snch berens in umerscmedhchslen
I t

wurden nun zusammen mit Vectorbirds

un
a\rbome systems lnnovanve Klelnan(nebe fir UAS-Anwendungen entwickelt. Diese nutzen

die aus, um bei

Stellwege zu realisieren.

Dieals Mate-
rialien besitzen d; nach

Bauraum und Gewicht grofie

VOLL ZERLEGBAR
L

einer scheinbaren plastischen Verformung durch Erhitzen
auf eine kritische Temperatur wieder ihre urspriingliche
Gestalt anzunehmen. Dieser Effekt erdfinet zahlreiche
Anwendungsmaglichkeiten in der Aktorik Denn im Ver-
gleich zu konventionellen Antrieben bieten formgedicht-
nis-basierte Systeme entscheidende Vorteile: eine héhere
L € )

attraktive Wirtschaftlichkeit,

kompakte
und geringes Gewicht machen derartige Kleinantriebe als
Komponenten fiir Bau und Betrieb von UAS interessant
So kommen zum Beispiel seit Kurzem einige von ihnen in
der Grabbit G7 von Vectorbirds zum Einsatz. Dabei handelt
es sich um eine Drohne, die insbesondere mit Blick auf
Uberwachungsmissionen sowie den Search & Rescue-
Betrieb konzipiert wurde und vor allem bei Behdrden und
mit oder auch dem

und einfache Integration in kompakte Baursume. Da sie
zudem aus wenigen mechanischen Komponenten beste-
hen, ist der Verschleift minimal. Dank des

Militér zur Anwendung kommt. Sie lsst sich chne den
Einsatz von Werkzeug in ihre einzelnen Komponenten

intrinsischen Sensor-Effekts fungieren diese Materialien
nicht nur als Aktoren, sondern auch als Sensoren, was sie
in die Lage versetzt, Informationen iiber auBere Lasten,
Stellwege und Temperaturen zu liefern. Das Ergebnis sind
kompakte, technisch im Grunde simple, aber dennoch
hochfunktionale Leichtbau-Aktoren

AKTIVIERUNGSGESCHWINDIGKEIT:
BETRIEBSTEMPERATUR:
LEBENSDAUER:

>100.000 ZYKLEN/BEWEGUNGEN

Formgedachtnisaktoren sind in Hinblick auf Stellweg, Bauraum,
Kraftbereich und Lebensdauer einfach zu skalieren. Langere
mehr Stellweg,

bieten groere Kraft

56

Published in Drones

Magazine

AUN DE
amu«norsmwu

/muu»orzumu

INSTAGRAM:
LINKEDIN: @VECTORBIRDS

zerlegen. Die Antriebseinheit ist zusammenklappbar, die
Landeinheit ist demontierbar. Ein schneller Aufbau vor Ort
sowie ein verlasslicher Betrieb setzen jedoch ein zuver-
Iissiges voraus, um die Einzell
ponenten sicher zu montieren. Hier kommen die formge-
déchtnis-basierten Kleinantriebe ins Spiel, die dank ihrer
kompakten Bauweise nicht nur das Gesamtgewicht der
Drohne gering halten, sondern auch eine effektive Verrie-
gelung der Module gewahrleisten.

Die in Zusammenarbeit mit dem Fraunhofer IWU entwi-
ckelte Aktorik dient dazu, den Batterieschlitten der Droh-
ne zu verriegeln und ein unbeabsichtigtes Lésen wah-
rend des Betriebs zu verhindern. Das Ganze besteht im
Wesentlichen aus einem federbelasteten Schieber und
einem Formgedachtnisdraht aus Nickel-Titan. Im kalten
Zustand wird der nur 76 Mikrometer dicke Draht durch
die Federkraft vorgespannt. Bei elektrischer Erwirmung
kontrahiert der Formgedéchtnisdraht, da er in seine
lastireie Ursprungsform zuriickkehren méchte und zieht
s0den Schieber zuriick Sobald der Draht abkiihlt, bewegt
die Rilckstellfeder den Schieber in die

und spannt den Draht erneut vor.

Durch die V-férmige Anordnung des Drahts wird eine
Kraft-Weg-Ubersetzung erméglicht. Auf diese Weise

Bei der Batterieverriegelung
der Grabbit G7 setzt man

technologie basiert

57

Im kalten Zustand wird der
dinne Nickel Titan-Draht
von der Feder gedehnt

bei Stromfluss
kontrahiert der Draht
und drixckt die Feder
‘gutsichtbar zusammen

erzeugt der Draht bei einer Dehnung von nur 3 Pro-
zent einen Hub von 2 Millimeter. Da die Stellzeit fir
das Einfahren der Aktorik direkt von der Heizleistung
abhangt, kdnnen problemlos Reaktionszeiten von

100 erreicht werden

- Informationsklassifizierung -

vectoroirds

AIRBORNE SYSTEMS

Fraunhofer
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Application Development -
. —
Reference Project: Compact lightweight drives for quadcopters ® vectoroirds 24 FraunhOfﬁg

Battery slide lock in the Grabbit G7 quadcopter

Lightweight design due to 76-micrometer thin actuator wire
Easy integration into compact installation spaces

Electromagnetic compatibility

Easy scalability for a wide range of applications

Technische Daten

Stroke: > 2 mm
Activation time: 0,1 S
Dimensions: 56 x 14 x 10 mm?3
Operating temperature: -20-65 °C
Weight: 4 g
Lifetime: > 10.000 Cycles
Seite 10 15.10.2026 © Fraunhofer IWU, Abteilung Formgedéchtnistechnik - Informationsklassifizierung - % Fraunhofer
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Functionalization Technologies
Technologies and research priorities

Research Priorities

Automated application/integration of functions on/in components Product features and new manufacturing/structural concepts

Data & power line Actuators Sensors Pneumatic Hydraulic Wearables Morphing Robotic

Ef,

Technologies

FEAM Jet Dispensing ‘  TEAM

Wires and strands Optical and Electrically conductive Automatic cable laying, Functional material Capillaries and tubes
with thermoplastics piezoelectric fibers pastes and inks with Build harnesses on with paste-like, with polymers
and thermosets |__,7| with polymers |__,7| local sintering |__,7| components |-_,7| biogenic materials

Seite 12 15.10.2026 © Fraunhofer IWU - Informationsklassifizierung -

Consumerelectronics

Ef,

Switchable/
adaptive stiffness

~ Fraunhofer
WU
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https://www.iwu.fraunhofer.de/de/forschung/leistungsangebot/kompetenzen-von-a-bis-z/funktionalisierungstechnologien/leistungselektronik/wire-encapsulating-additive-manufacturing.html
https://www.iwu.fraunhofer.de/de/forschung/leistungsangebot/kompetenzen-von-a-bis-z/funktionalisierungstechnologien.html
https://www.iwu.fraunhofer.de/de/forschung/leistungsangebot/kompetenzen-von-a-bis-z/funktionalisierungstechnologien/sensorik-und-aktorik/fiber-encapsulating-additive-manufacturing.html
https://www.iwu.fraunhofer.de/de/forschung/leistungsangebot/kompetenzen-von-a-bis-z/funktionalisierungstechnologien/sensorik-und-aktorik/jet-dispensing.html
https://www.iwu.fraunhofer.de/de/forschung/leistungsangebot/kompetenzen-von-a-bis-z/funktionalisierungstechnologien/leistungselektronik/automated-cable-assembly.html
https://www.iwu.fraunhofer.de/de/forschung/leistungsangebot/kompetenzen-von-a-bis-z/funktionalisierungstechnologien/projektfilter-funktionalisierungstechnologien.html

Functionalization Technologies
WEAM — Wire Encapsulating Additive Manufacturing

A technology for applying a wide variety of functions to various

components and materials.

STRUCTURE
FUNCTION POLYMER

+ DIAMETER

LAYOUT

Adhesion to

Sensor

Copper Meander
semi-finished
Iron-chromium- Heating products
aluminum
Spiral Antenna Requirements
Nickel-titanium for the entire
0,8 mm Straight Aktuator (Coil) component

Power Supply

\

- Informationsklassifizierung - % F raun hOfe r
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Industrial project:
AM for special high strength parts
in armored vehicles

IIIIIIIIIIII
IIIIIIII
::::

~ Fraunhofer

IwWu



Vehicle Armor
Ballistical Tests

Project reference

= Customer: Manufacturer of special-purpose armored vehicles

= Requirement: Additively manufactured armor components for
protection of “ballistic holes” (panel gaps, cut-outs, joints, etc.)

= Target properties comparable to 22MnB5 press-hardened steel

= Step 1: Verify whether the martensitic hot-work steel 1.2709
meets the requirements

= Additive manufacturing of test plates for ballistic impact tests
using LPBF with 1.2709 at Fraunhofer IWU

= Conducting ballistic impact tests at the customer’s site

= Step 2: Alternative use of case-hardening steels 20MnCr5
or 16MnCr5 with even higher hardness potential
(already qualified for LPBF at IWU)

= Step 3: Qualify conventional armor steel for LPBF manufacturing

Z

Fraunhofer
WU

Seite 16 15.10.2026 © Fraunhofer IWU - Informationsklassifizierung -



Study for NATO:
Impact of Additive Manutacturing
on military supply chains
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Additive Manufacturing in NATO supply chains
Strategic Study

Project reference

= Customer: NATO Support and Procurement Agency NSPA

= Requirement: Review of potential benefits and risks of incorporating
AM (3D Printing) into current NATO Codification System (NCS)

= How can defense supply chains best work with rapidly developing AM

= Case study “Foxhound” armored vehicle: 33% of 4,199 specific NSN
items (NATO Stock Number) found viable for AM, 50 % within 10 years

= Assessment of forward deployable AM facilities (ISO containers
equipped with 3D printers) and connected risks

= Assessment of legal implications (patent infringements, intellectual
property protection, product liability)

= QOptions to identify AM items in the NCS (pre- and post-codification)

= Major conclusions: use validated Manufacturing Data Sets (MDS) for
AM, uniform IP and data licensing agreements (legal framework), item
data repository or access system, establish Freedom to Operate process

Seite 18 15.10.2026 © Fraunhofer IWU - Informationsklassifizierung -

Additive Manufacturing and .
NATO Codification impact o wy

£ AllanWebb
N
Bernhard Mueller (Fraunhofer Institute for Machine Tools and Forming Technology IWU) —
Andreas Leupeld (Leupold Legal) b
lan Smith (Allan Webb Ltd)
Ross Molay (Specialist Engineering Consultancy Ltd)

SEC Ltd

3D printing military materiel can infringe patents

Military mat: pedially innovative weapon systems are often the
it of tec! jons that are protected by patents.
= 3D printing a le product which is the subject-matter of a patent

sent of the patent proprietor can result in a direct
patent infringement.

= Offering manufacturing data sets (e.g.. for download) to persons other
than those entitled to exploit the patented invention without the consent
of the patent proprietor can entail an indirect patent infringement.

Impact on NATO codification

Codification (an item that has already been codified using traditional

- R study team looked at MSNs from 3 different NCBs that have included an
The appearance of military vehicles can be protected by indication that AM/3D Printing was applied in the manufacturing process. A
registered designs significant portion of the items directly reference existing NSNs, suggesting they

be infringed (cp. above). The study also suggests that there ar ny more items
in the supply chain that have no indication of being AM. i
identifying AM items in the NCS have been discussed (marking in segment A,
the NCS has been recommended. proposing a pilot study to assess options.

Conclusions

nations proactively engage. General recommendations indude

Product liahility in 3D Printing and how to avoid it ® the wse of validated Manufacturing Data Sets (MDS) 10 maximize the
benefits of AM as opposed to creating replicas.

= 3D printed items can have design or manufacuring defects
® The EU Product Liability Directive provides for a strict liability

for pre-agreed transactions
of manufaciurers

= A commeon, streamiined IPR Freedom to Operate (FTO) process
A common item data repository or access system. linked 1o the NCS
® Common guidance to address product liability and technical risks

= To avoid product liability, adhere to the latest standard of science and
‘technology rather than only the technical IS0 and ASTM standards

Contact

Dr-ing. Bemhard Mller Dr. Andreas Leupold LL. M. (UT) Ross Molay lan Smith
Tel. ++49 351 4772-2136 Tel. ++49 89 64 95 65 63 Tel. ++44 7949327763 Tel. ++44 1453 824581
bernhard. mueller@iwu fraunhoferde  al@leupoldegal.com rossmalay@sec-ttd.uk. lan_smith@allanwebb.co.uk

Fraunhofer WU, Dresden (GE) Leupold Lagal, Munich (GE) SEC Ltd. Allan Webb Lid.

JAEN
A 4

Study contracted by NATO Support and Procurement Agency NSPA, on behalf of NATO Allied Committee AC/135 on Codification

\
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AM item topics have 10 be df between Pre-Codif ion (a new
AM item that has yet to be presented to any NCB for codification) and Post

manufacturing processes and an AM version is presented to an NCE). NATO
nations are already identifying AM items in the NCS, in differing ways. The

are AM replicas of an existing item of supply concept and IPR could potentially

CorV, or creating & new segment) and a solution for AM item identification in

General condusions encompass a rapidly increasing volume of AM items,
with a high potential to optimize procurement processes if NATO / NCS

= Uniform IP and data licensing agreements 1o provide a legal framework




Incremental forming

\
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Incremental Sheet Metal Forming
Flexible. Precise. Cost-Efficient.

_ Your benefits at
= stepwise, local forming with a Low tooling costs
CNC-controlled tool @‘é No dedicated tooling

& Short time-to-market
From CAD to part in hours
Forming tool L~ Flexibility
Sheet metal - Complex geoemtries and individualization
Counter tool

Er;' Cost-efficient for smalll volumes
< Prototypes and small seriess

Forming tool
—— Sheet metal
Part contour

4

= custom-fitted upper-body armor plate made of 2.5 mm thick C45 steel

\

15.10.2026
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PERSONAL PROTECTIVE EQUIPMENT
PROCESS DESIGN AND PROTOTYPING

Application: press-hardened helmet
Development of single-stroke press hardening process

n VIRTUAL PROCESS DESIGN »)
2N -‘

Thinning in %

§ TOOLING AND PROTOTYPING

| "I!l'_‘

=
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Machining of ceramics

eite

© Fraunhofer IWU

\
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Development and Machining of High-Performance Ceramics for Protective

Applications
o IKTS Application Example IWU

f Ceramic Manufacturing Ceramic Cutting \

w i Ultrasonic-Assisted
; Diamant‘g : “"

Machining

e

Reduced force, self-
sharpening effect,

increased productivity

Axial Vibration

~
v

Ceramic
Manufacturing in PP System Assembly

—— = /
Various Shapes : ‘j
I Vus x j Kraftreduzierung
=
g ? bis zu 29 %
_ Characterization Preparation and U Vi S 0
L for Data Sheet Follow-up for the 4—) \4 0 2 4 6
\ Shotting Test V Schwingungsamplitude in pry
c
—
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Aluminium foams

Lightweight design and energ
in defense applications

\
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Metal foams - Properties

Sy ) bending-
> B & light resistant

energy absorbing

recyclable
shielding

temperature resistant

crash elements Audi Q7

Seite - Informationsklassifizierung -

sandwich panels

foamed profiles

Z

\
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Powdermetallurgical Metal Foam production

m—>—>m—> Manufacturing ~ = Property analysis




Lightweight construction with metal foam

|
k N
3-D molded parts : Al-foam
Al -
\: § R ol o
steel — Al-foam — sandwich (up to approx. 1.800 x 1.400 mm?)
metal foam- and sandwich panels with metal foam
i
foamed steel profiles
Bede 27 15.10.2026 - Informationsklassifizierung -
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Security Concepts using metallic foams
overview wall designs from the study

Impact — variant 1 variant 2

T T T — ceramic (outside)

— ceramic (outside) T I : ] o .
adhesive | adhesive
~ | aluminum foam sandwich /—I aluminum foam sandwich
i _ adhesive
" adhesive :
armor steel

N armor steel )
adhesive
\_\ UHMWPE

—
(R
(—
(I
[
\

\

\

~ Fraunhofer
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Security Concepts using metallic foams
use case - VPAM 9 - combined with blast loading

Klassen Munition und Geschoss
Waffenart
veam | ENI083 (Beispiele) Patzone Kalber | A | Messelol weidht
VPAM 1 B1 :'ﬁ\w ag 221r LURN 26401 total weight: 24 g
— 7 = [, [rwmusc projectile weight: 9.2 g
<= 9€T | verzinnt 8,0£0,1 .
= PPy Hardened Steel Core hard core weight: 4 g
VPAM 3 B2 ‘hw ) :-: 9 mm Luger verzinnt 800,11
B3 s g | (357 Mag. | FMUCBISC | 10.2£0,1 . o , ,
VPAM 4 . = Brass jacket (Tombac) projectile velocity at impact: 840 m/s
B4 - A44Rem. ey ENisC| 15.640.1
? ammm| v
<=
VPAM - | 357Mag. | FMsicB | 7.1%0, .. .
e = >, | = Lead filler projectile energy at impact: 3242
VPAM 6 : , G‘ 762x39 |FMypBiFec| pO~31
=TT
. B5S F 223 Re. |Fmupsisce| 4010;1
B6 —-"- ? o n. | FMuPBISC | 9.5520.1
7701 .
VPAM 8 - ."7‘ ammm— | 76239 FMUPBHCI| Kem4i Propellant charge recommended thickness RHA (roIIed
= - 20 -
s | 87 | — e g 208 Win. | EypHC | Kem 4o homogeneous armor) for protection:
: Harte 60
10/ 3
VPAM 10 - —l—‘ﬂw 7,62x54 R | FMJ/PB/HCI zg;tne%:;
 amas <o
VPAM 11 —mﬁ —re— ) S0 vn. | Frmupemwc | 8290 14.5 mm
VPAM 12 m—— o= 308Win. | EnypeG | Kem 558 Cartridge case
= (7.62x51) | Harte 1330 Hv 10))
p— e , 430+05
VPAM 13 . /‘R : g r— .50 Browning | FMJ/PB/HC H»;ir:ssssfz Percussion cap
VPAM 14 2 "m <@ | 5% "¢ |FwpeHC| 634205

\
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Security Concepts using metallic foams
simulation model — armor

Simulation software — ANSYS Workbench and LS-Dyna

projectile velocity at impact: 840 m/s fine mesh in the impact area — 0.5 mm elements

fixed support on the outside of the

armor Brass jacket — 0.4 mm elements

coarse mesh outside

60,00 (rmrm)

15,00 45,00

7
© Fraunhofer IWU - Informationsklassifizierung - % Fra u n hOfer
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Security Concepts using metallic foams
simulation results — armored steel only

armored steel: Armox 500T
armored steel thickness: 6 mm

impact angle: 0°

projectile velocity at impact: 840 m/s

result: plate perforation

projectile intact
projectile velocity after perforation: 630 m/s

Hardened Steel Core

Brass Jacket Lead Filler

!

—
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Security Concepts using metallic foams
simulation results — armored steel only

Hardened Steel Core

Lead Filler

Brass Jacket

armored steel: Armox 500T
armored steel thickness: 2Xx6 mm

impact angle: 0°

projectile velocity at impact: 840 m/s

result: plate perforation

projectile intact
projectile velocity after perforation: 138 m/s

Seite 33 10/15/2026 © Fraunhofer IWU - Informationsklassifizierung -
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Security Concepts using metallic foams
simulation results — armored steel only

armored steel: Armox 5007
armored steel thickness: 14.5 mm
impact angle: 0°

projectile velocity at impact: 840 m/s

result: no perforation

projectile intact

inside plate deformation: 1.43 mm
projectile velocity after perforation: -

Brass Jacket Hardened Steel Core

area weight: 113,83 kg/m?2

Lead Filler

—
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Security Concepts using metallic foams
simulation results — armored steel + ceramics

armored steel: Armox 500T

armored steel thickness: 6 mm

ceramics: Al,O4

ceramics thickness: 12 mm

impact angle: 0°

projectile velocity at impact: 840 m/s

result: no perforation
projectile shatterd

inside plate deformation: 0.4 mm

projectile velocity after perforation: -

area weight: 92.7 kg/m?

!

—
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Security Concepts using metallic foams
simulation results — new security concepts V1

Impact side
P spall layer: Aluminium — 2mm
armored steel ceramics: AlLO; — 6 mm
SAS (aluminum foam sandwich) steel-foam-steel — 2-21-2
armored steel: Armox 500T — 6 mm
ceramics SAS total thickness: 39 mm

impact angle: 0°

spall layer projectile velocity at impact: 840 m/s

area weight: 127.6 kg/m?
7
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Security Concepts using metallic foams
simulation results — new security concepts V1

spall layer: Aluminium — 2mm
Hardened Steel Core .

ceramics: Al,O; -6 mm
SAS (aluminum foam sandwich)  steel-foam-steel — 2-21-2
armored steel: Armox 500T — 6 mm
total thickness: 39 mm
impact angle: 0°
projectile velocity at impact: 840 m/s
result: no perforation

Brass Jacket projectile partly eroded
inside plate deformation: 4.6 mm

projectile velocity after perforation: -
Lead Filler

area weight: 127.6 kg/m?2

Sandwich support is not sufficient for the ceramics 2 thicker cover layer recomended

—
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Security Concepts using metallic foams
overview wall designs form the study

Blast — variant 1 (favorite) variant 2 variant 3

‘i steel cover sheet
\—‘ adhesive

T /—I aluminum foam
] aluminum foam sandwich L1 aluminum foam sandwich | adhesive

adhesive /—‘ adhesive
/—I aluminum foam

/—I armor steel 00 B UHMWPE

adhesive

/—I armore steel

!

~ Fraunhofer
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Security Concepts using metallic foams
simulation model — armor

Simulation software — ANSYS Workbench and LS-Dyna

load: 3 kg TNT, 1 or 3 m distance to
explosion center

5 t additional mass
frictional support on the bottom

fine mesh in the impact area - 20 mm elements

\

~ Fraunhofer
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max. pressure at pressure wave impact: 15 bar

Security Concepts using metallic foams

simulation results — blast — state of the art, 3 kg TNT at 3 m max. deflection: 159 mm
— container displacement: 22 mm

e
Node 3207

-
Node 71381

2214
Node 3075

Node 1721

0,00 1500,00 3000,00 (mm) 0,00 1000,00 2000,00
I 00000
750,00 2250,00 500,00 1500,00
=
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Blast protection
Useable in privat or official or military use

=
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Transferring Lightweight
Engineering Capabilities

AUTOMOTIVE AUTOMOTIVE > AEROSPACE > DEFENSE
To DEFE NSE Lightweight structures - Advanced materials - Functional integration

Manuel Garcia
Co-Founder & General Manager - 2M Engineering
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WE DIDN’'T START
IN DEFENSE.

Our engineering DNA comes from Automotive.

WWW.2MENGINEERING.TECH

OUR BUSINESS UNITS

PRODUCT DEVELOPMENT

Engineering - CAD - Simulation

PROTO LAB
Prototyping - Additive - CNC

JIGS & TOOLS

Fixtures - Tooling - Industrialization

TECHNICAL ENCLOSURES
Lightweight - EMC - Thermal

O & | & O




AUTOMOTIVE: ENGINEERING AGAINST A SPECIFICATION

A highly defined framework drives the engineering solution.

STANDARDS MATERIAL
OEM standards - ISO - VDA - Specified grade - additives -
UNECE approvals
VALIDATION QUALITY
Mechanical - thermal - ageing - APQP - PPAP - traceability -
environmental capability

GEOMETRY

CAD - package - interfaces -
thickness

INDUSTRIALIZATION

Cycle time - process - volumes -
takt time

2M Engineering

& PRODUCT DEVELOPMENT

TOLERANCES

GDA&T - dimensional targets - gap
& flush

COST

Target price - tooling investment -
piece cost

THE REQUIREMENT FRAMEWORK - DEFINES THE SOLUTION SPACE

ELN Conference 2026 - Defense & Dual-Use - Barcelona



DEFENSE: ENGINEERING FOR AN ADVANTAGE

Different requirements. Same objective: gain an operational advantage.

01 02 03

LIGHTER FASTER STRONGER

Less mass Higher speed More robust

Payload - Autonomy Response - Deployment Durability - Survivability

2M Engineering

04 05

FURTHER SMARTER

More range More function

Operational reach EMC - Thermal - Integration

LIGHTWEIGHT ENGINEERING > OPERATIONAL ADVANTAGE

The question is not only “What does it weigh?” — but “What advantage does it enable?”

ELN Conference 2026 - Defense & Dual-Use - Barcelona



DIFFERENT INDUSTRIES. DIFFERENT PRIORITIES

Same engineering capabilities. Different focus.

AUTOMOTIVE

Cost
Pressure

Functiona
Integration

ovation /
Technology

Cost + Industrialization

AEROSPACE

Cost
Pressure

Functiona
Integration

ovation /
Technology

Weight + Technology

2M Engineering

& PRODUCT DEVELOPMENT

DEFENSE

Cost
Pressure

Functiona
Integration

ovation /
Technology

Technology + Functional Integration

Conceptual comparison based on 2M Engineering's cross-sector experience - Scale 1-5



2M Engineering

& PRODUCT DEVELOPMENT

SO, WHAT CAN WE TRANSFER?

Engineering know-how that can cross industries.

4 I 4 I 4 I
LIGHTWEIGHT ADVANCED ADDITIVE
STRUCTURES COMPOSITES MANUFACTURING

A ) A ) A )

4 I 4 I 4 I

JIGS & PRODUCT
TOOLING PROTOTYPING ENGINEERING
A ) A ) A )

ENGINEERING KNOW-HOW

ELN Conference 2026 - Defense & Dual-Use - Barcelona



2M Engineering
LIGHTWEIGHT IS MORE THAN REDUCING MASS.

What if the structure can also provide functionality?

MECHANICAL EMC /EMI
PERFORMANCE SHIELDING
STRUCTURE
+
FUNCTION
THERMAL ELECTRICAL
MANAGEMENT FUNCTIONALITY

ELN Conference 2026 - Defense & Dual-Use - Barcelona



2M Engineering

& PRODUCT DEVELOPMENT

FROM ENGINEERING CAPABILITY TO REAL APPLICATIONS.

Examples of what we already do — and where we are going next.

01 02 03

<:> PRODUCT DEVELOPMENT i;ﬁ JIGS & TOOLS > TECHNICAL ENCLOSURES
COMPONENTS & SUBCOMPONENTS LAMINATION TOOLS - ASSEMBLY JIGS LIGHT WEIGHT - EMC

e Productengineering e Composite lamination tooling e Embedded electronics
¢ Plastic & composite components e Assembly & checking fixtures e Lightweight protection
e CAD - simulation - design validation e Industrialization support e EMC/EMI-thermalintegration

NEXT STEP

Automotive experience - transferable engineering > Aerospace & Defense applications



2M Engineering

& PRODUCT DEVELOPMENT

WHAT CAN A MICRO-COMPANY BRING TO DEFENSE?

A complementary role inside a much larger ecosystem.

AGILITY SPECIALIZATION

SPEED COLLABORATION

Not replacing large Defense companies. Complementing them.

ELN Conference 2026 - Defense & Dual-Use - Barcelona



ENTERING DEFENSE DOESN’T ALWAYS
MEAN STARTING FROM ZERO.

TRANSFER. ADAPT.

ELN Conference 2026 - Defense & Dual-Use - Barcelona

EEEEEEEEEEEEEEEEEE

COLLABORATE.



THANK YOU PROUD MEMBER OF

Part of an ecosystem built around collaboration.

AER®S PpIMeC

ECOSISTEMA AERONAUTICO Y DEL ESPACIO

ENGINEERING.TECH

MaVv

MATERIALS AVANCATS
DE CATALUNYA

Manuel Garcia Lopez

Co-Founder & General Manager - 2M Engineering

Barcelona 2MENGINEERING.TECH
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DEFENCE AND SPACE

e e

Ultraligh.t;,_.

The challenges of:

Altitude Platform

. s W

Samanta Simén Bernabeu
HAPS Systems Manager

08/10/2026



HAPS (High-Altitude Platform Station)

HAPS: flights at ~20km altitude

Satellites
Long endurance
Global Coverage
Low revisits

D High capital cost

S|

Drones

Low endurance
Local coverage

High revisits

High operational cost

HAPS | Complementary

« Long endurance like satellites

« Local coverage like drones/aircrafts

+ Persistent

Low winds and stable environment
* Far above air traffic (10km)
» Wide coverage point of view

Fix-wing

Maneuvering balloons

Precise and maintained position

Higher payload capacity

Worldwide reach
(10 days max to get anywhere)

Cost efficient

Proven operability

Simple launch & recovery

= Endurance record without refueling

for a heavier than air: 64 days

= Flights up to 200 days carried out




Use cases




The challenge

Stratospheric payload design

Stratospheric atmosphere Platform constraints Operational needs

20 km altitude High resolution Resistance

— Heavy optics e Vibration (platform)
e Downto [-90, -70]°C aw’ e Stress (weight,

Steerability

Sun radiation like in . movement)
— Resistant structure :
e Impact (landing)

Autonomy

— Pointing accuracy — Remote ops
Radiation Neutral Multi-sensor — Safety
Electromagnetism Reusability

— Mission cost reduction

Space at [20, 30]°C Solar powered (batteries) _s Lubrication
Low air pressure Aerodynamics

Ozone
And sea level compatible! Neutral

— As many as possible!

Environmental
resistant and
compatible materials

Ultra-lightweight Flexible design and

. . Resistant materials
materials manufacturing

AIRBUS



S0, are you up to the challenge?

Q&A

Thank you!
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Lightweight
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Packaging

Strengthening Danish
Manufacturing Capacity

and Strategic Supply for
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Lightweight ammunition cases (LWACs) and defence logistics

Less mass in every shipment

Packaging contributes to the weight that users
carry, handle and transport.

Protection remains essential

The container must withstand demanding
handling and storage loads.

Danish industrial capability

PPD product development combines with DTI
simulation and testing expertise.

Danish Technological Institute



Packaging mass: the scale of the opportunity

LWAC M2A1 LWAC PA120 LWAC M548

Finalizing Under
In market
approval development

Steel Case 2.50 kg 6.50 kg 8.90 kg
PPD Case 0.75 kg 1.75 kg 2.70 kg
Mass saved 1.75 kg / 70% 4,75 kg / 73% 6.20 kg / 70%

Danish Technological Institute



Lower weight mean higher capacity

OSHKOSH

HEAVY EXPANDED MOBILITY TACTICAL TRUCK | LOAD HANDUING SYSTEM

HEMTT A4 | mnzoas tus

HEMTT A4
Payload: 10,000 kg

G1-M DRONE
Payload: ~25 kg

Steel M2A1: 720 steelcans
LWAC M2A1: 815 PPD boxes

Steel M2A1: 1 steel can
LWAC M2A1:  2PPD boxes

SOLDIER
Reduced weight: 1.8 kg

HERCULES C4
Payload: 20,000 kg

Steel M2A1: 1435 steel cans

LWAC M2A1: 1630 PPD boxes 1.8 kg = 15-20 extra rounds of 0.5

ammunition.

Danish Technological Institute



Reduced sighature and equipment interference

Radar signature: Non-metallic packaging may
reduce radar reflection compared with steel; the
effect depends on geometry, radar frequency and
contents.

Noise discipline: Polymer cases dampen vibration
and avoid metallic clanking, supporting quieter
transport when loads are properly secured.

Magnetic compatibility: The polymer body avoids
steel-related magnetic interference with compasses
and sensitive sensors, and does not attract metal

shavings.

Danish Technological Institute



Physical performance tests

Typical load cases include:
» Drop impact - including impacts on faces, edges and corners
« 1.2m or 2.1m after conditioning at -18°C (or down to -54°C and up to 71°C)

» Stacking/compression - loads during storage and transport

« Equivalent to a 3 m stack (2 pallets stacked vertically) for 24 hours (corresponding to approx. a load of 563 kg)

« Vibration and handling loads

« In accordance with pre-defined standards for transportation via air, rail, road and sea.

« Temperature-dependent material behaviour (particularly for polymers)

» Tightness and protection of the packaged contents

Danish Technological Institute



Physical performance tests

Passable damaging of cases after drop and
stacking include:

 Bent lid, corners, walls
« Minor cracks, chip-off

« Broken supporting elements (inserts, padding)

As long as the ammunition is secure and can
be transported to its battlefield destination

Danish Technological Institute



Materials and limitations

Replacing steel means redesigning, not just changing material
« Tensile strength: Steel ~ 500-2000 MPa, conventional polymers ~30-90 MPa

Limited geometric manoeuvrability, must be compatible with munitions (inner dimensions) and
operating and transportation systems (outer dimensions)

Design aim lies in unloading the areas of impact, redistributing and absorbing the energy elsewhere
« Corners, edges - ribs, padding elements, gasket

Gasket (rubber) provides excellent attenuation of impact waves and unloading towards it is crucial

The goal is equivalent functionality

Danish Technological Institute



DTI's role: Digital validation before mould investment

DTI's supporting role:

Material characterization:

« Assessing changes in mechanical properties and material behaviour with temperature and loading conditions

FEM / 3D simulation:;

« Simulating drop, compression and stacking scenarios

 Predicting stress, deformation and critical weak points

Design optimisation

« Improving wall thicknesses, ribs, corners, hinges and lid geometry

Test planning, validation and documentation

« Supporting physical test programmes

« Comparing simulations with measured test results

Digital design iteration before investment in production moulds

Danish Technological Institute



Example: Optimisation of LWAC-PA120 design

Time=1.5ms Surface: von Mises stress (N/m?)

Identifying the corner-drop 0
weakness %
-200
During the corner drop test, the impact il
-100
zone remains overstressed for tens of |
milliseconds, causing structural failure .

that leads to munition spillage from the o 100 200 300 400
case. o

Time=12 ms Surface: von Mises stress (N/mz)

The goal of the design optimization is

to relieve the corner as quickly as | .0 -
possible and dissipate the stress field - " [ -300
specifically by redirecting stress waves 200
upward toward the lid and the rubber 100"
gasket. I

+100

0 100 200 300 400

%107
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0.6
00 0.5
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Danish Technological Institute



Example: Optimisation of LWAC-PA120 design

Old Version
Guiding ribs: redesigning the
impact response

« DTI analysed stress-wave
propagation and vibration modes
to understand the response.

 Divergent guiding ribs were
proposed to direct the response
towards the lid junction and
rubber gasket.

New Version

« PPD developed two revised
designs; DTl assessed their rib
geometry and orientation.

We added some bands to help
distribute the force of an impact
in the corner. Both at the end
and on the sides

Danish Technological Institute



Example: Optimisation of LWAC-PA120 design

Revised PA120: from simulation to I
pilot production

* The revised FEM assessment predicted
faster stress unloading, with case and
lid stresses below yield in the analysed
simulations.

» The digital assessment supported
PPD's decision to order injection-
mould tooling and produce a pilot
series.

nnnnn

« Manufactured cases were prepared for
physical testing at DTI to establish
their performance.

Danish Technological Institute




Simulation guides design -
testing verifies performance

Simulation supports tooling decisions
before expensive moulds are made.

Physical testing verifies performance
of the manufactured cases.

PPD and DTI connect product
development, simulation and testing
to support Danish manufacturing
capability.

DESIGN CONCEPT

W * Requirement definition '////_/?.«, « |dentify high-stress areas (from FEM)
* Initial conceptual sketches = — « Reinforce case structure and ribbing
% oo <4  Ammunition caseconcept P « Modify part geometry for performance
| = 1\ [ based on <IMAGE 0> shape L\:/ « |terative FEA with design changes

CAD MODEL OF CASE & LID

~

&

CAD MODEL OF CASE & LID P
« Detailed 3D design %ﬁ%

« Mouldability check

r—w  Parametric modelling

‘ﬁ

|

FEM SIMULATION
lll Drop Simulation: Drop impact ~
‘ analysis (e.g., Stress N '/' 4
N concentration points i*lmru -
— ’

|

« Manufacture 3D-printed/
SLA prototypes

* Conduct real-world
ghysncal tests (e.g., Drop,

tack, Compression)
* Record test data

mmmem ¢ Validate simulation model accuracy
 Adjust simulation model if necessary

7 =« Assess design safety factor

4] » Compare FEM predictions with measured test data @_

)

.

DESIGN OPTIMISATION

« |dentify high-stress areas (from FEM)
« Reinforce case structure and ribbing

* Modify part geometry for performance ‘ .‘
* Iterative FEA with design changes bifore after
J

\}

-

CORRELATION BETWEEN

SIMULATION & TEST RESULTS

* Compare FEM predictions with
measured test data

« Validate simulation model accuracy
¢ Adjust simulation model if necessary
« Assess design safety factor

J

PROTOTYPE & PHYSICAL TESTING

» Manufacture 3D-printed/SLA prototypes
* Conduct real-world physical tests

(e.g., Drop, Stack, Compression) | P
« Record test data o

A

FINAL DESIGN & PRODUCTION

* Approved final design :

* Create comprehensive
drawing set

* Investment in production mould
(Hard-tooling)




Engineering lightweight performance

« Lower packaging mass improves logistics
flexibility

« Replacing steel with polymer requires
structural redesign

« FEM guides improvements before mould
investment

- Testing verifies the product

Danish Technological Institute



Thank you!

Stanislav Landa, DTI
Alexander Leo Bardenstein, DTI

Jergen Dahl, PPD
Jorgen Svane, PPD

stal@dti.dk




PANEL DISCUSSION

Defence, Security and Dual-Use Technologies

8 October - 14:00 — 15:30 - Main Auditorium

Stephany Rivero Thomas Hipke Manuel Garcia Samanta Simon Stanislav Landa
AeroS Ecosystem (ES) Fraunhofer IWU (DE) 2M Engineering (ES) Airbus GeoTech (ES) Danish Technological Institute
(DK)

CONFERENCE
g:;slN 6th European Lightweighting Network Conference - Palau Macaya, Barcelona



15:30 - CLOSURE OF THE CONFERENCE

Thank you

See you at the next ELN Conference

Next up - 15:30 — 17:30 - Room 5 SoniekeucelEcretaniat
Ricardo del Valle - ELCA / BAX

ELN WOFkShOp r.delvalle@baxcompany.com

Open to ELN members and non-members eln2026.european-lightweight. net

ORGANISED BY

LN elca“”’ ACCIO [z,

Trade O Investment

eurecat

Centre Tecnologic [ ]

bax
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