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#1 PEEK

i EXPERTS

40+ Years since the invention of PEEK,
with Victrex as the first to commercialise

this exceptional thermoplastic

(92)
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GLOBAL OPERATIONS

900"

Employees waking
up every day
focused on PEEK

40

Countries served
by Victrex across
our markets

Delivering the key PEEK & PAEK
materials with No.1 manufacturing
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FACTS & FIGURES @ R
WE BRING TRANSFORMATIONAL SOLUTIONS e :
THAT ADDRESS WORLD MATERIAL MEDICAL
POLYMER CHALLENGES EVERY DAY h 4 |nVIbIO
MANUFACTURING

AUTOMOTIVE ENERGY

A WORLD LEADER IN VALUE CREATION THROUGH

capacity of 7,150 tonnes PEEK AND PAEK-BASED POLYMER SOLUTIONS

Enabling customers to develop sustainable solutions and
A ve DIFFERENTIATETHROUGH INNOVATION overcome comr;'ifoi?égﬁe&;gggiser'ng challenges
A N4 TO CREATE NEW MARKETS Y
A v
A A A v
v Y
POLYMER (O\
Pioneering new grades *  Developing new applications ~
Including for Composites & Additive Vs forppEgEK’ pAEEF; nd v
Manufacturing (3D Printing) Thermoplastic Composites
PRODUCT FORMS INVESTMENT IN INNOVATION
circa Manufacturing product forms: L
Pipes, Films, Fibres and Composite Tapes Expanded capabilities through
£2 1] ~ 50/ Polymers, Forms & Parts
o
Market Value of annual sales * Polymer Capacity + MAGMA pipe
+" FISE 250 Company Loy e oGS SEETis
e ¢c£300m Revenue Based on Victrex 2019 Annual Report P

* Injection Moulding  * Additive Manufacturing
* Medical Components



Composite Part Manufacturing Overview

Step 1 Step 2 Step 3 Step 4
Automated Tape Laying Rapid Consolidation Automated Forming Injection Overmolding

Consolidated Laminate Iﬁput PEEK Injection Molding Pellets & Formed Part Inputs

AE™ 250 or TC1225 Tape Input 5 3 i % -
sl Forming Tooling Injection Molding Tooling

Tailored Layup Output Consolidated Laminate Output

Offline Automated Ultrasonic Inspection Offline Manual Ultrasonic Inspection Offline CMM and Manual Ultrasonic Inspection
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(. 4 HEXAGON

Smart Factories

that learn and adapt quickly to
changing conditions in real time,

pursuing perfect quality with S~ 7= Did you know? We have expertise in and connectall
Optimized design, requiring ' N > stages of the manufacturing lifecycle:
inputs and producing Zer B A\ . : Fach year, Hexagon DESIGN AND ENGINEERTNGIC/) r

= S . technology touches: Optimise designs and ensure manufacturability
PRODUCTION (CAD/CAM)
Deliver on design intent and product quality
*  90% of aircraft produced with minimal waste

. 85% of toh METROLOGY HARDWARE/SOFTWARE
o OTSmartphones Capture real-world data for positioning and
produced inspection

* 75% of cars produced

SUSTAINABLE
VALUE CREATION
» Fewer inputs
» Zero waste

* Perfect quality




Customers served
Ecosystems vs. markets

Manufacturing

Automotive
Aerospace
Electronics
Medical

Heawy industry

FPower & energy

-3

TP — 1
Mining @ >
Base metals gy
Precious metals '~
Energy minerals

Industrial Facilities

Qil & gas
Power

Shipbuilding  Metals & mining

Fharmaceutical
Chemical

Agriculture
Sugar cane -
Forestry  — IE&.:I &y

Grains -

Production

Personal and public transport
Unmanned (aerial, ground, marine)

Buildings
Surveying

Buildings and Infrastructure
Heavy construction

Cities and Nations

Fublic safety Land management
Litilities Defence & intelligence
Transportation — Geospatial content

7.4 HEXAGON




Helping Current Market Trends
Materials for faster, lighter, greener mobility

¢ 2

SMART MATERIAL SMART MANUFACTURING ENVIRONMENTAL IMPACT DIGITAL TRANSFORMATION

PRODUCTIVITY
Virtual Material Y Virtual Materials Lifecycle Material Compliance
1 \G‘ Development 2 Material Testing 3 @ Management 4 eXchange 5 @ & Sustainability
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Digital Continuity
& (Material)Twin

Effect of Accurate Material Additiv Material
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Customer Journey
Concept to manufacturing

IDENTIFY PART CONCEPT TOOL DESIGN FIRST ARTICLE DESIGN & PROCESS
APPLICATION & DESIGN & BUILD MANUFACTURING VALIDATION
@ L @ @ @

R
Design & economic Thermoplastic Modeling & analysis Process Performance Aerospace-quality
feasibility assessment part design (design for manufacture) development confirmation & automated

& part testing transition to production
production

BACMA
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Part Journey
Victrex / TxV

Customer }

RFQ & Drawing

|

NNV

Preliminary Concept

. (41 HEXAGON
PO & Feedback \

—| Final Concept
- Design IP Ownership

<- ATP

Parts & Testing

_n

=
L
O
©
z
S

0]e}




Capabilities

DESIGN FEASIBILITY

Initial assessment of how
well a composite design is
expected to deliver against
application requirements
and project objectives.

DIGITAL MODELING

Initial creation of a digital
twin is used to represent
the composite part design
and provide confirmation
that requirements have
been understood.

OPTIMIZATION

Analytical tools are used
to optimize the part
design to meet the
application demands and
see how design choices
impact results.

PROCESS SIMULATION

Advanced simulation tools
are used to see how design
choices impact manufactur-
ability.

PROTOTYPING

First parts are produced

to verify manufacturability
and validate part
performance.
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COMMERCIAL PRODUCTION

APQP framework, production
quality tooling, and automated
equipment allows for a seamless
transition to commercial
production.




Define the Problem
SFS A350 B-bracket case study

Need for cost and Buy-to-Flyof 10.6: 1
weight reduction
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Understanding the Part
Understanding the problem

Customer Q&A B - Bracket ,
What problem does it solve? L1) s ths radius required? How #{ !1
Usage & intent? — ‘
Loading in use, during testing? T ]
spot
1 1mi 1 ? 16) What size is the fastener head
Design limitations / space envelope: 1)What’s| ' washer / bol that goes in this
. area? We want to encroach upon
|nSta | |at|0n? 15} The <lide these holes. How close can we
EI')A-!'. d'.:;!'&l‘.uu get?
o hey really
Compromises were made for o

incumbent materials?

Compromises made due to
manufacturing method?

In-depth knowledge used to create a parallel solution




Path to Certification
Begins with materials

Designing with certificationin mind from the onset
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Raw materials with allowables database
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Application Design
Quickly understand the problem

Mibak o . Hij
Fast concept development (and failure) P -
Customer feedback and corrections - Customer B
R W AWA i 2
. &1"“" by dk . |
.. . S WA reguirements " P it
Driving towards understanding Ny T g S 64

Developing the conceptual solution

Final
Concept
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Using Efficiently Materials in Parts Development
Could we develop lightweight component faster & lower cost?
Industry needs Materials & Applications What ICME enables

O Multiscale predictive FEA

dLightweight vs Q Account for local microstructure
Performance induced by manufacturing
o O Account for manufacturing defect
dPredictive O Virtual prototyping
simulation 0 Weight reduction (up to 40%)

Reduce cost of changes by 70%
O Design to cost & to manufacturing

ipate
- gissue

Performance of CFRP part after forming

Effects of gaps on aircraft wing skin made by AFP
ACMA
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Materials Description
Materials used for inserts and overmold

Laminate insert
Overmold

i
Injected polymer (Fiber reinforced) - Isotropic *
Overmold
 E=21300 MPa
QO Poisson’sratio=0.4
U Density = 1200kg/m3 7T |
Q Yield = 200 MPa
Inserts
Laminate with thPeI [ollowing ply layup
- — Laminate insert
On(eilr;gt)::)lon ‘
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CAE Tools Used
Steps identified for realistic simulation:

Part geometry clean-up for adequate meshing

Positioning and orientation of the different geometry (Overmold, insert, ...)

Part geometry adaptation and simplifications (Mid-plane, geometry feature changes, ...)
Meshing

Material application

Laminate generation

Boundary conditions + Loading application

Contactinteractions

Injection molding simulation for fiber orientation (Geometry modifications done during Step 3)

. Fiber orientation transfer

. Fiber reinforced material model definition
. Simulation/Solving

. Post-processing

o2 Am‘l
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Pre-processor/CAD

Pre-processor

ICME/Material modeling
\

Solver
Post-processor



CAE Tools Used

Tools for all simulation steps available through Hexagon/MSC

Pre-processor/CAD Pre-processor ICME/Material modeling Solver/coupling Post-processor
Ap \ “ s Moldex3D “ “
MSC Apex Marc Mentat Digimat Marc Mentat Marc Mentat
\
A > ': 4 HExagoN MSC A Software \
p Simulating Reality, Delivering Certainty ™
I— |

o~  Moldex3D

o2 Am‘l
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Multi-Scale Analysis Workflow

Integral computational materials engineering:
Connecting Process <> Materials <> Performance

Material Models
ICME

FEA Model Generation

Injection Molding
Simulation




Multi-Scale Modeling Workflow

Material models adapted to both microstructures and loading conditions

Input Homogenization Output

2

F ,/l Fiber

° filler Cy
. a (_,ﬂ
w [%] c

 Composite material is described at the micro level
* Matrix material model
* Fiber material model
* Microstructure: Fiber orientation tensor, fiber shape and fiber volume fraction

c //,,__—_- matrix

Strain 11 h

« Homogenization methods are used to calculate macroscopic anisotropic behavior from microstructure
information
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Stress

Digimat Material Model Behavior Review
Isotropic material behavior vs. extreme fiber alignment behavior

* The curves below highlights where the behavior of Victrex-150CA30 material model calibrated for Victrex

* NOTE: The ISO 527 microstructureisn’t necessarily representative of what you will find in the part being injected

Victrex-150CA30
= Fibers Aligned - OT (1,0,0) iai -
350 |- Fibers Transverse - OT (0,1,0) - - Curves from Dlglmat RP
= IS0 527 - OT {0'9’_ 0.08, 0'92] i / o Macro stress - strain curve
e e = |g0Otropic Material behavior — 3 —— Longitudinal
00 s e Transvarse
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o
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Injection Molding Simulation — Fiber Orientation
Melt front animation for flow visualization & fiber orientation

Melt Front animation Local Fiber Orientation Fiber Orientation Mapped on FEA Model
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Multi-Scale Modelling Approach
Coupling with FEA codes via subroutines

et =

Coupled analysis available with most major FEA solver # =

B4
20
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Load Applied (Newton)

Part Stiffness Comparison — Isotropic vs. Anisotropic
How using fiber orientation may influence the results

Deformation under sameapplied load
Deformation factor—25:1

Part Stiffness - Anisotropic VS Isotropic Isotropic Anisotropic
8000

7000
6000
5000

4000
—8— Anisotropic

3000 Isotropic

2000

1000

0 0.1 0.2 0.3 04 0.5 0.6
Displacement (mm)

© **The pink contour would be considered as the initial geometry (undeformed)
SACMA
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Load Applied (Newton

Part Stiffness Comparison — Isotropic vs. Anisotropic
How using fiber orientation may influence the results

Deformation under sameapplied load
Deformation factor—25:1

Part Stiffness - Anisotropic VS Isotropic Isotropic Anisotropic
12000

10000

8000

Isot Opic

6000

—8— Anisotropic
Isotropic

4000 .
P\nﬁﬂ-‘ﬂopn

2000

0 0.05 0.1 0.15 02 0.25 0.3 0.35 04 0.45 05

Displacement (mm)
‘ACMA
Qi !
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**The pink contour would be considered as the initialgeometry (undeformed)



Enriched FEA Simulation
ICME material modeling + FEA simulation

* This workflow shows the benefits of Digimat tools and how they can be coupled to other FEA codes to quickly
evaluate and simulate different test specimen and extract local loading history to evaluate failure modes and
predict strength

» ICME/Material Modeling -> Provides with easy material model calibration and help engineers to get quick general anisotropic material
behavior evaluations

* FEA Simulation > Enable to evaluate different loading condition requirements while accounting for all materials microstructures involved

* Injection Molding Simulation -> Access to fiber orientation estimation for quick flow evaluation and Fiber OT data.

8ACMA
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Software Aided Design & Analysis Iterations

arly concept to build-able part

o
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Tooling and Process Development

Agreement on final design

Analysis tools predict successful performance
TxV initiates a tooling design

Molding process simulations

Part design modifications based on process and tooling
constraints made as needed
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Prototype Parts, Testing, and Validation

e TxV produced prototype parts

* Parts tested to validate design assumptions, analytical models
and processing conditions
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Preliminary testing Validated models CT scan




Parts were submitted for qualification
testing in two load directions (Z and Y)

Ultimate loads 1.50 x operational

Tested in +/- Z, cycle full reversal from
+10000 N to -10000 N

Tested in +/- Y, cycle full reversal from
+4,200 N to -4,200 N

Maximum loads at an additional safety
factor of 6 -10%

No cracks or visible damage is permitted

Subsequently pulled to failure

American ComposiTes MANUFACTURERS ASSOCIATION
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Collaborative Design

DESIGN FEASIBILITY

Initial assessment of how
well a composite design is
expected to deliver against
application requirements
and project objectives.

DIGITAL MODELING

Initial creation of a digital
twin is used to represent
the composite part design
and provide confirmation
that requirements have
been understood.

OPTIMIZATION

Analytical tools are used
to optimize the part
design to meet the
application demands and
see how design choices
impact results.

PROCESS SIMULATION

Advanced simulation tools

are used to see how design
choices impact manufactur-
ability.

PROTOTYPING

First parts are produced

to verify manufacturability
and validate part
performance.
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COMMERCIAL PRODUCTION

APQP framework, production
quality tooling, and automated
equipment allows for a seamless
transition to commercial
production.




Thank You

Questions?

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn




Victrex plc and/or its group companies (“Victrex plc”) believes that the information contained in this document is an accurate description of the typical characteristics and/or uses of the product or
products, but it is the customer’sresponsibility to thoroughly test the product in each specific application to determine its performance, efficacy, and safety for each end-use product, device or
other application. Suggestions of uses should not be takenas inducements to infringe any particular patent. The information and data contained herein are based on information we believe
reliable. Mention of a product in this document is not a guarantee of availability.

Victrex plc reserves the right to modify products, specifications and/or packaging as part of a continuous program of product development. Victrex plc makes no warranties, express or implied,
including, without limitation, a warranty of fitness for a particular purpose or of intellectual property non-infringement, including, but not limited to patent non-infringement, which are expressly
disclaimed, whether express or implied, in fact or by law.

Further, Victrex plc makes no warranty to your customers or agents, and has not authorized anyone to make any representation or warranty other thanas provided above. Victrex plc shall in no
event be liable for any general, indirect, special, consequential, punitive, incidental or similar damages, including without limitation, damagesfor harmto business, lost profits or lost savings, even

if Victrex has been advised of the possibility of such damagesregardless of the form of action.

VICTREX™, APTIV™, VICOTE™, VICTREX PIPES™, VICTREXHT™, VICTREXST™ , VICTREXWG™, PEEK-ESD™ and the Triangle (Device), are trade marks of Victrex plc or its group companies.

gACMA
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