AFFORDABLE COMPOSITES

23rd March 2017

Presented by
Paul Gallen

NATIONAL -wé University of —
(@F2s pEpristor. BT es== g C{\JN,?U,'-T



CLF 2016 Strategy Delivery

Working Groups

Regulations,
Technology Skills Codes &
Standards

Sustainability

ps

Cluster,

Deliver
Accelerate i wth in established sectors
already using composites.

High Performance

Composites :

Affordable
Composites

Develop
Technologies and supply chains to capture
immediate market opportunities.

Diversify
Enable UK industry to take advantage of increased use
of composites in other sectors.

Large
Structures

Current sales potential
£2,290m

Growth to 2030 of
£10,200m
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UK SUPPLY CHAIN MANUFACTURING CLUSTERS AND PRODUCTS

Nacelles, Single Aisle s, Wide Wings

Low volume,

high performance Land Systems. Military Aircraft, UAVs

Motorsport

Engine Blades, Brackets, Propellers, Rotors

High volume,
high performance

Weapons

gp AUTOMOTIVE
Spoolable Pipes ‘ :

£310

Inter

Components, High Volume

semi structural Interiors

Fittings, Plpes / Systems

Medium Volume, Luxury Vehicles. Bus MARINE
Lineside Furniture, Gantiies, Vehicles / Mpdules 5 £150
Functional Panels, Tunnel Linings. Modular Bridges

Cabin Modules, Leisure Craft

Mid volume,
Structural

Equipment, Pressure Vessels OIEgSG(?S

Wind Blades. Nacelles, Marine Turbi=— _

Naval Vessels

=~ RENEWABLES

itim £510

Platform Systems, Trackbed

Work Boats, Super Yachts

Large, low volume,
structural

Figures in £millions

Modules, Protection

Supply Chain Capability Increased Productivity, Products & Services Growth to 2030
catAPULT

High Value Manufacturing
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Global emissions targets will drive the use of Automotive

Composites

*Vehicle weights have increased to

P . —— 1 2006 and have now started gradually

R e coming down...

/"—/ . — *...however global emissions targets

” are reducing aggressively over the

= 1990 1995 2001 2006 2010 2012 next 10 yea rs
OEMs are working on programmes to :::\\ \
significantly reduce weight in their vehicles in " s
order to meet future emissions legislation. \\‘
Only the adoption of composites and B i e
other materials in multi- material - R
structures, components and panels will § o —
provide the necessary level of weight 7] an emcsstos
reductions. o LT S taraets under study | -

standards
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Future UK demand for automotive composite components

* The global premium automotive sector has high fleet | 88 LrcTacs & vsstmen
. . . . Projected Production Growth
emissions so has an urgent need to adopt lightweight
materials. - - - (S
®* The UK has a very large premium sector globally, - '

e Production Volume
== Projected Volume

which is driving UK vehicle output growth to 2.24m
vehicles by 2018.

&

B
£
- .

g

g

Yehicle Productionin Millions
-

g

2009 2010 2011 2012 2013 2014 215 20M6 2017 208

Predicted Growth in UK Production Requirement -
for Composite Components Alongside Global Automotive Composite Predictions
5000

4500 UK automotive

% L . 2000 Global automotive composite H
J ‘ composite prediction *A recent study has estimated
- 3500 prediction UKTI/NC Uppe

1 (Persistence e ! the UK demand for

3000 Market ReSearch) issued shortl

/ automotive composites could

m grow from £380m in 2015 to
AUTOMOTIVE 2009 i
£3.5bn in 2030.
2015 £380m
2020 £490m o
2030 £3'5bn 02014 2016 2018 2020 2022 2024 2026 2028 2030
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Automotive Council Technology Group view

* High demand identified for affordable composite structures from UK OEM’s
* UK has world leading capabilities in production of composites for low volume, high
performance applications such as Formula 1 and aerospace.

£285-£370m £475-£430m £1,430-£3,490m
_ _ UKPredictedMarket _ 1 _ _ _ _ _ _ _ _______ 1A
1,000,00 I — 1 min
100,00 o I < — 5 mins
8 | 8
£ E
-
= | <
o -5} .
] Mid Volume a .ngh Voime £
Increased use of I e -
S Composite parts in high K4
Composites in S 4
50,00 RARed I volume vehicles. O
N structural applications
g on high value I
2 volume vehicles.
= Increased production rate
2 § on niche, high value
ES vehicles.
bR 2h
gt — 2 hours
&= T
2015 2020 2025 2030

* Big opportunity to build a UK based global hub for automotive composites R&D and production
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?auton_,otive
Lightweight vehicle and power train roadmap ok

Mass Reduction )
(on 2012 mass)

Magnesium structural (castings)
B Hybridmaterials ||l

B Wietal matrix composites |||
B Vagnesium (sheet) ||
T —

Mass Reduction ‘
L(_on 2012 mass_)_ 122

Mass Reduction
(on 2012 mass)

Lightweight structural plastics
B Lightweightseatsystems Il
L Steel (UHSS, tube hydroforming, hot stamping) ||
Alumlmum thm-wall HPDC casting

(5wl |E
gg =2 0
83/ E| 2§
e il S| | =| 3
2010 — 2015 — 2020 —— 2025 ———— 2030 — -
EU Fleet Average e L P e 5
CO, Targets (g/gkm) L. i @f

Source:Automotive Council Technology Group 2013
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Why lightweight with composites?

* Weight saving — composites substituting for steel where appropriate
* Composites (thermoset, thermoplastic, CF and GF)

® Hybrid multi-material structural components.
* 100kg weight reduction =- 6 g CO2/km

* Cost saving — through life compared to steel
* Part count reduction through component integration
* Component cost competitive with existing benchmark plus “on cost per kg saved”
* Use of appropriate fibre reinforcement — GF or CF?

* Performance improvement

* Improved vehicle dynamics

Weight saving

* Increased design freedom . reduces fuel consumption

* reduces CO2 emissions
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Where can we reduce weight in automobiles?

BODY IN WHITE CHASSIS STEERING and CLOSURES INTERIOR
SUSPENSION

Mid - Volume
(3k - 100k
parts pa)

Most OEMs Tier 1 sourced Tier 1 sourced In-house and Tier 1 sourced
develop in-house outsourced

Incremental Incremental High existing use
High barriers for change change CF panels of polymers
change - BIW opportunities - opportunities MR
line investment

Market

factors

Move towards
structural
composite modules
and systems

Safety critical

Hybrid multi- : :
Composite material Hybrid multi- Hybrid multi- EIbreRCinfereen
P CF Thermoset . sl .
Technologies GF Thermoplastic Including material N thermoplastics
Thermoplastics : Hﬁ?}ﬁ
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! \

Pictures: Mondial de L"Automobile Paris 1 - 16 Oct 2016 M. Remp
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HVM Catapult and the NCC 22/04/2017
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Powertrain Opportunities

UK: Energy Roadmap for Passenger C way Vehicles

e e Electric vehicle battery cases and LNG/CNG

UK GHG (ref 1990):

, (1N Bl gas tanks are significant opportunities for

Others == Liquid

Fossil U K

LT oy P Spillover benefits in establishing UK capability
Natural vecll‘:rsegzl\‘gir ndi ix st HatCHY Liquid

Gl o g nosese Siotuee S Fossi and capacity in manufacturing will maximise

energy mi (including gas)
Hydrogen indicators

I\ future UK share of value chain.

2015 " 2040
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U
Affordable Composites Group

* The ACG was set up by the Automotive Council (Manufacturing Group) and the
Composites Leadership Forum with the purpose:

ol

to facilitate development of UK technology capability and supply chain
capacity to deliver high productivity manufacturing of globally
competitive, higher volume composite structures and components”.

* |t is chaired by Philip Bruce and contains representatives from supply chain and
funding bodies.

* ACG has mapped out the supply chain development required and is identifying, and
seeking to fill, gaps that could restrict future development.

* It is working with Government and funding bodies to identify funding mechanisms to
facilitate all of this.

(OF caraPULT

© National Composites Centre. All rights reserved. Confidential and proprietary document. NCC-TMP-038 v4



cccccc

Programme Plan: Affordable Automotive Composite Structures

& Components (April 2016)

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

STREAM 1 “Affordable Composites P_royunme' 2016 to 2026

Stream 1
Affordable Composites Programme

Focuzzad rupport to sccelerate key Zudply chain.
capachy development: irks to APC and 1D
orogramme:

2A3. Resins,
Additives & Sizings

Stream 2
e Materials & Modelling

77 (ﬂ NATIONAL
(C)) composites
CENTRE

[0 meornce emer - oo i = =

U

. ‘mecharicel snd nor-mecharical characterzics

2a Sooke na HVMC 1 Geveian, misgrae d 91k g oeed

282. 22 demand for| 7 it i i pacity i

capecity to be gonety compesitive.

Programme

Stream 1- “Affordable Composites Programme”

*Supply chain producing high volume parts cost
effectively by 2021. Focus on current materials
and manufacturing technologies.

*Post 2021, ramp up capability above this,
potentially using new materials.

Stream 2 — Innovative Materials and Modelling

“National Composites Materials Centre”

*Develop UK composite materials development
and manufacturing capability to bring about the
step change in cost and production technology to
deliver higher rate affordable production.

Both cover Technology, Supply Chain and Skills
development.

cATAPULT

High Value Manufacturing
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Affordable Composites — High level roadmap

Qualification trials for existing materials, including
recycled, for shortlisted production technologies

R —
vevelopment of new materials (inc functional
integration) specifically to optimise production

technologies
‘Access to HPC for material modelling

Mapping of production technology suitability envelopes - leading to Best
Practice Guides

* Retain UK
position as world
classin
composites
innovation

* Ensure UK supply

Development of appropriate production technology for OEM requirements
ing acturing technologies, joining technologies and sustainabhility

chain delivers

Development of design simulation and validation tools (including multi-materials & composite
functional integration) product to
international
market

Accessible data storage and knowledge capture platform

| Capture of data, understanding and knowledge ‘

| Shared database

COMPOSITES c ATAPU'.T

LEADERSHIP FORUM High Value Manufacturing
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Why is automation the solution?

* Protects and expands existing UK composites capabilities

* Expands UK manufacturing capacity with economies of scale
* Accelerated adoption of automated high rate manufacturing processes
* Improved material utilisation
* Increased productivity
* Repeatable processes — higher quality & improved optimisation

* Secures future value

* “Aggregate demand — to develop investment cases”
* “Standardise processes —to accelerate understanding and acceptance”
* “Commoditise knowledge — through CAE tools and training”

NATIONAL COMPOSITES
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HVM Catapult and the NCC 22/04/2017

Accelerating Investment Cases ....

Hitting the target for Investment Readiness: Application of Knowledge

Supply Chain

Readiness Level “Leverage &

. transfer
OL¢ Process o knowledge
understanding capture,
risk & cost trade
offs

Tech gangf
Readiness A ea ;ness
Level eve

“ Materials,

ls “Know-How”

Skills Readiness Level
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Collaboration, co-ordination and standardisation?

Combine cross sector volume
Shared knowledge/data
Platform?

Accelerate material
characterisation?

- Aggregate

Best practice
Pre-standards
Standards
Training

- Standardise

Design
Materials
|
Process

Make it easier to specify
composites

Creating functional market
For Affordable Composites

- Commoditise
@ COMPOSITES  Page 28 CATAPU':!.

CENTRE High Value Manufacturin
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Stream 1

— Affordable Composites

Aggregate demand around manufacturing processes, suitable for up 100k components

per year and

maturing quickly to achieve SOP in 2021

PROCESSES

(—

Press based
Wet Compression
HP-RTM

SMC

TP Laminates & Tapes

Preforming

Injection Semi-continuous Disruptive &
Moulding Braiding Novel

Overmoulding

Low/medium

pressure
RTM
RIFT

High speed tape laying

ENABLERS

simulation

Virtual Engineering Sustainabilty Materials Training
Inc design, analysis and

NATIONAL
COMPOSITES
CENTRE

Q
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Stream 1 — Affordable Composites — Current Status Q3 2016

Aggregate demand around manufacturing processes, suitable for up 100k components
per year and maturing quickly to achieve SOP in 2021

PROCESSES m

Press based
Wet Compression

Injectlon Seml continuous ’ Disruptive &

ow/medium Vouldin \ Braiding IREIEEEN
N[=R=3yVl TRL6/MRL3.5 [MOCEIIIIS 9 “tiah speed tape lavin~ Novel

SV [of™ei= TRL6/MRL5 Y] TRLO/MRL7 | vermouldln )
TP Laminates & NI TRLO/MRLS | | TRL2.5/MRLZ.!

Tapes

Preforming RESIVEER Projects initiated

- [ —
\ - F. O

Tl’ai n | ng “People Readiness 3”

Virtual Engineerin

. : . ustalinabllty .
(inc. design, analysis - aterials
: : (inc. waste _ :
and simulation) . Fibre TRL1/MRL1 Collaborative Knowledge
reduction) Ixtiles TRL7/MRL6
TRL6/MRL4 TRL4/MRL5 Capture Levels

Resins TRL7/MRI 1!

’< )) NATIONAL UlT
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High Efficiency Preforming — an enabling step

Key Aggregate demand around manufacturing processes, suitable for up 100,000
technology components per year and “mature by 2017”
previously not
covered by
projec PROCESSES )
projects
Press based Low/medium Injection continuous Disruptive &
Wet Compression pressure Moulding B.raiding Novel
HP-RTM RTM Overmoulding High speed tape
e RIFT
TP Laminates &
Taes
Critical press- Preforming
._____&» /]
based

impregnation

ENABLERS v

technologies e -
Training —
Virtual Engineering Sustainability Materials knowledge
Inc design, analysis : capture
and simulation
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Affordable Composites and allied initiatives

2016 2021 2025
Affordable Com pOSIteS Greater shared kn_owledg_e a_n_d understar)ding of comp(_)site_s design and
,<@> manufacture leading to significant adoption of composites in the @

?&'ﬁﬁ&'}"m CATAPU'.T automotive supply chain by 2021 and widespread use in new products by
FORU

High Value Manufacturing 2025.

NCMC NCMC will deliver the right composite materials capabilities to be
| i -®

\\W; able to anchor the composite products supply chain in UK and
/ NATIONAL 1 i 1 i
U Cpl mcédﬁ%am increase GVA impact of composite products in UK.

Hi g h Efficien Cy Preformin g “To develop a range of technologies suitable for the production of affordable
-®

2 5 L S composite preforms for application to the automotive sector by 2019 in line
(i | ’ O Lutthes I VWMG ) .
. I "'(' (O e R with sector requirements.”

Acvariotd Makiachiba. |
Research Centre a
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USA - IACMI

Federal Investment Will Catalyze
a Composites Ecosystem in the
Heart of US Manufacturing

$70M - DOE

$180M+ - Other

5 Technology Areas
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Germany — MAI Carbon

+

Leading Edge Cluster MAI Carbon @ SGL GROUP

THE CARBON COMPANY

Goals
90% Process cost reduction

50% Material cost reduction

60% - 80% added value
in Germany

Ll 20525

Munich — Augsburg - Ingolstadt

CO0D @ EUROCOPTER @

Aud

4 R=soT=C ® SGL GROUP - HHH

THE CARBON COMPANY

TUTl VOITH !
Technische Uriversitat Munchen
a CcCCewVv ::; Schwaben DLR

CARDON COMPOSITES

Page 16 Erber, Hauke - LCC Symposium - 2014-09-11
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ACG Roadmap Objectives — Under Discussion

US (IACMI) Germany (MAI
Carbon)

UK (Affordable
Composites)

Baseline

Production Cost of finished
CF components

Demonstrate technologies for
recyclability

Cycle (takt) time
Reduction of process steps

Material cost reduction in
finished CF parts (includes
waste reduction)

Reduction in CFRP embodied
energy

Local added value % of
finished CF component

NATIONAL
O COMPOSITES
CENTRE

Page 50

2015

Reduce by 25% (2020)
Reduce by 50% (2025)

>80% (2020)
>95% (2025)

90s (Thermoplastic 2020)

180s (Thermoset 2020)

Reduce by 25% (2020)
Reduce by 50% (2025)

>50% (2020)
>75% (2025)

2010

Reduce by 90% (2020)
(“processing costs only”)

80% (2020)

60s (2020)

60% (2020)

50% (2020)

60-80% (2020)

2017 (Manual processing
Benchmark)

Reduce by 40% (2020)
Reduce by 75% (2025)
(including material cost
reduction)

>80% (2020)

60s Thermoplastic (2020)
180s Thermoset (2020)

50% (2025)

>50% (2025)

50% (2020)
80% (2030)

cATAPULT

High Value Manufacturing
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ACG Roadmap Objectives — Implications

Reduced Cost
and Uncertainty

Improved
Repeatability

Reduced Cycle
Time -
Increased Rate

Cycle Time (min)
Useable Parts (%)

2017 2018 75 2017 2018

Sustainability — Data to capture typical embodied energy in processes

Knowledge management — socialise status of process envelopes, collaborate on solutions

(@) — carAPULT

High Value Manufacturing

© National Composites Centre. All rights r



22/04/2017

HVM Catapult and the NCC

Industry 4.0 - SMART Manufacturing

Intelligent, connected,
manufacturing systems

Going beyond condition
monitoring (SPC) and fault

] L — S
EDIDEDID

diagnosis
Mechanization, Mass produt:tian, Computerand Cyber Physical
water power, steam  assembly line, automation Systems . .
power electricity g Self aware and self diagnosing
syste ms

1784 1870 1969 Now
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HVM Catapult and the NCC 22/04/2017

Industry 4.0 - Initiatives

Highly efficient composites preforming
enabled through manufacturing informatics
and in-process verification, truly realising data
driven automation in composites
manufacturing.

The end-effector houses an embedded heated
tool, various grippers, and sensors. The core idea
is to load-balance the complexity of forming,
using grippers, tooling, and sensors — verifying
key characterises in-process.

Automated Preforming Cell &
Composites Integrity & Verification Cell
— coming soon

< > NATIONAL UlT
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Affordable Composites and allied initiatives

2016 2021 2025
Affordable Com pOSIteS Greater shared kn_owledg_e a_n_d understar)ding of comp(_)site_s design and
,<@> manufacture leading to significant adoption of composites in the @

?&'ﬁﬁ&'}"m CATAPU'.T automotive supply chain by 2021 and widespread use in new products by
FORU

High Value Manufacturing 2025.

NCMC NCMC will deliver the right composite materials capabilities to be
| i -®

\\W; able to anchor the composite products supply chain in UK and
/ NATIONAL 1 i 1 i
U Cpl mcédﬁ%am increase GVA impact of composite products in UK.

Hi g h Efficien Cy Preformin g “To develop a range of technologies suitable for the production of affordable
-®

2 5 L S composite preforms for application to the automotive sector by 2019 in line
(i | ’ O Lutthes I VWMG ) .
. I "'(' (O e R with sector requirements.”

Acvariotd Makiachiba. |
Research Centre a
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