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I Thales Overview

| Company Footprint | AM within Thales
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I The Thales 3D Industrial Competence Centre in Casablanca

-

METAL 3D PRINTING: THALES CREATES A GLOBAL
CENTRE OF EXPERTISE IN MOROCCO
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Thales supports Morocco's ambition to progress in the aerospace sector and is inaugurating its industrial Competence
Centre in Casablanca, specialising in metal additive manufacturing, also known as metal 3D printing. This plant will
become a platform allowing the international requirements of the Group and its customers to be met.

nt of Thales

THALES

' Imprlmez votre fufur en 3D r

rty without the prior written conse

“ [’ ' ‘ \' | Inauguration took place in
N B September 2017

This document may not be reproduced, modified, adapted, published, franslated, in a
ed.

part or disclosed to a third pa

| . reserv

OPEN THALES



This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole or in

part or disclosed to a third party without the prior written consent of Thales - © Thales 2015 All rights

reserved.

“Thales 3D Morocco”

] Casablanca, Morocco

| PBF-L - Aluminium & Titanium
] "Industry 4.0"

] Brand new purpose built facility

easaled BRI

THALES

[o



THALES

|_ALM INTRODUCTION

ALM BARRIERS

CLEARINGS IN THE “JUNGLE"

www.thalesgroup.com

OPEN



I Most of Thales Group entities concerned by ALM worldwide

AVIONICS
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Pitot probes Heat Sink IR sensor support AOA Probes Wave guides  Gyro and Sensor support

Optical baffle Aluminum &
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I Ex 1: First Investigations on Pitot Probes

: | Pitot probes are located outside of the Aircraft and submitted to exireme
<2 conditions

» T =-55°C to T+ 600°C under static
ground conditions(heating)

» Corrosion, Abrasive wear, Shocks
2 Icing Conditions
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I Pitot Probes : Current Situation

' ) The probe is composed of 19 parts and needs several critical
- manvufacturing steps
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F_Tough competition with the US probes providers
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I Principle and Benefit of ALM : Phase Change Heating

» Phase Change Systems based on Loop Heat
Pipes(LHP) allow to transfer heat with a very
high efficiency

ny way, in whole orin

> ALM permit to replace the heating wire by
simple channels produced in one single shot

- ©Thales 2015 All rights

» The Combination of both technologies offers
new opportunities

nt of Thales

Channels

Additive Phase Change
Manufacturing Systems (LHP) The probe
acts as a

condensor
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I Principle and Benefit of ALM : Phase Change Heating

| Phase Change and ALM Breakthrough
7 Static Inlets

» Benefit on purchased parts: 25 %

> 68 % of parts reduction (monobloc

probe)

» Benefit on Manpower: 25 %
> 76 % less producing steps Evaporator

» No critical process

> 92 % gain on Lead Time
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Experimental tests on the first prototypes in wind tunel

Tests
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I Ex 2: AOA (Angle of Attack) Attachement Plate

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole orin
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Context

Initial design: PEEK plate

450GL30 (glass fiber
reinforced)

Issues

- Creep under constraints and

- Stability of the painting
- Long terme mechanical behavior

environement

.....

Challenge :

- Peek thermal conductivity: 0,3W/mK
TA6V: 6,2 W/mK (20x higher)

Benefits :

- TA6V weel known material and
qualified by TAS

- Wear resistancy TA6V -> PEEK

- Mechanical resistancy TA4V > peek

- Creep risk reduction and

improvement of the stability

Lead time

| Methodology:

| Thermo-ectrical coupling with simplified

hypothesis

Topological optimisation with Opfistruct
(ALTAIR)

-h ~50 W/m2K

-Text -55 °C




I Ex 2: AOA (Angle of Attack) Attachement Plate: Lattice Structure

Figure 1: Vue en coupe de la plague en titane

Lattice structure aims:

- Improvement of the stiffness without impact the
thermal behaviour of the product.

- Lattice structure: High resistancy, low themal
conductivity

Figure 2: Vue de dessus de |la plague en titane

The weight of the TA6V plate solution is about 250g ->
Peek solution 2459
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Ex 2: AOA (Angle of Attack) Attachement Plate : Resuts and statement

Results obtained Statement - Reamining work

* 4 mechanical and thermal optimizations «  Optimize the cost efficiency compare to the injection

have been needed to converge to a process

solution « Cadlibrated the mechanical and thermal
« The thermal behavour is equivalent to the performances of the latfice structure for the

PEEK desigpn simulations

Tmoy DP /ref peek DT /ref peek
W) (°C) (W) (°C)

Peek 61 39 / /
titane V1l 85 31 24 -8
titane V2 61 38 0 -1
titane V6 58 40 -3 1

----------

Towps 2

92.274 Max
76.309
60.34b
4438
25416
12.461
-30136
-19.478
-3b.443

51.407 Min Titane Vé
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I Main identified barriers for ALM in Avionics

| Challenges

» Additive Manufacturing is one of the pillar of industry 4.0.

» ALM is considered as a ‘special process * that needs to be under conftrol from beginning to
end

» Several SMEs are disappearing by lack of applications, there is a need to make ALM an
industrial process

| Identified show stoppers

» Material and Part Qualification and certfification

» Improvement of economical productivity and efficiency through new generation of
machines with multiple lasers and the automation and integration in 4.0 manufacturing
plants

» Reproducibility (machines, plants, etc) through integrated continuous controls and a better
management of the parameters (big data ) to minimize the final expensive controls

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole orin

part or disclosed to a third party without the prior written consent of Thales - © Thales 2015 All rights

reserved.

» Range of material available in ALM -> Concentrated on few alloys which doesn’t cover the
majority of electronics applications in aeronautics THALES
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To overcome these barriers Thales AVS is participating and managing

several collaborative programs

\> Application on various use cosey

|
|

” AMANDE (National)

> Acquisition of base parameters for
the 5 usual materials : Al, Ti, Ni, Cu,
S. Steel

2 Harmonization of the
specifications for powders and
conftrols
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KADD (ALM Qual/ Certif)

with FR Aerospace main players

PACKCOOL EDA (European level)

ALMEE FUI (Regional)

Aluminum supply chain development
Adaptation of 3DS machines for the new Al Alloys
developped by Thales and Constellium

»

Optimization of the parameters on Addup machines

AEROPRINT (in preparation)
“ with Dassault Aviation
Improvement of ALM effectiveness

pilot lines




I Standardization of qualification activities proposed for the probes

LM QUALIFICATION

Part QUALIFICATION

Part qualification
Specification

Generic Process
and Material Qualificatio
and Specification

Product Functional and

Environmental Qualification
Example of source change

©
Reauirement Standard, Category and test levels o
Climatic environment
Low operating temperature
High operating temperature | DO-160B [N1] Section 4 Cat. D2 o
e Non operating tests
Temperature variation DO-1608 [N1] Section 5 Cat. C Py
P ; ABD0007 [C3]
e P Test Weteo Altitude (-1 000 to 45 000 ft)
Fregancy Humidity DO-160B [N1] Section 6 Cat. B
canpostion Pt st e vy “EsEn mmessin ey o Explosion proofness DO-1608 [N1] Section 9 Cat. X m
Aspact isurtacs conoions “ewa nepecton w teravesee | sy Waterproofness DO-160B [N1] Section 10 Cat. W
CONRINo ity 0B Fiuids susceptibility DO-1608 [N1] Section 11 Cat. X
O e st ssmigmensonorneda g Sand and dust DO-160B [N1] Section 12 Cat. D
Fungus DO-160B [N1] Section 13 Cat. F
Re2 e cenenyevaiann acoEng s
Oty BNEEN SOBE x fshpmisoy Sailt fog 5O-160B [N1] Section 14 Cat. S
i S i eoae L3 3= spectes 1 2w caung s iCINg Seslappendiis] \
Isenal catcts SHaM2 | = 8027 SNOUTDE BEn 1 G ferent pOSHOns 30 E3ch LCh Mechanical environment
it ki “ioames o nes ere Shook na m
= s S Shogks (operational an DO-1608 [N1] Section 7
— osevan MES " 26 speciies -
it x BE0aE S e meEn 1 O feren poeons 0 eon 30 ABDO007 [C3] § 3.9 Cat. 3 Curve C random h
30-20¢. pea moneoipe e Vibration e
Har aness. SOE507T Vickes x ‘ﬂemmﬂ;g';‘eﬁgoﬁd'“am@‘!ﬂv Windmilling / Tire burst First natural frequency shall be above 27 Hz m
PSS e ey = Constant acceleration ABDO007 [C3] § 3.12
RN D 7 paratin a5 Specra b the crawing sat
S 158 rowgINess o 0 | e £ 37 5 on 230 Batch Electrical environment
4 comers 3 aneat caven Power input DO-1608 [N1] Section 16 / ABDOOL3 [C5]
70 DE perSorED on Z O FECton (7). on T A8 hE g E h
Tenste omrissRm, Rrsie =t TRNEACOTG B 4  {hEgr smenpIsions (s e 0 ConpaE Voltage spike DO-1606 [N1] Section 17
a%E e S0EE o =
e S ———— {00007 [C3] Appendi 2 (single siroke (o5t Level
—

Standard environment
Manufacturing plant qualificaﬁon

specimens for one material
# 400 Tests
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Tests overview: Material qualification

£ Surface Heat Treatment Number of
o Specimen treatment T6*: Quench Number of .
% orientation U : Machining SR : Stress specimens SPECIMENS
3 T: Tribofinishing relief / test

(®)]
= ZX Wi T6/ SR
o<
2w X2 urr T6/SR 6 / parameter 72
£R Yz urT T6/SR
£ z urT T6/SR
< 45°XYZ uiIT T6 /SR
(O
5o v s T6/SR 6 / parameter 96
S . X u/iT T6 /SR
=0
5O
2 = ZX uIT T6 /SR
20
25
g 2 ZX uIT T6/SR 3/ parameter 36
238
o C
oQ
xS ZX urT T6 /SR
5 2
Roe
3o X u T6 /SR 6 / parameter 12
€ £
o5
8 T 6 6
> - -
©
52
o5
o g XY 1 ZX1ZY u T6 /SR 6 / parameter 36
5 £
% ° - T T6 /SR 6 / parameter 12
o]
e 08) XIYiz u T6 /SR 6/ parameter 36
o =
£
3T 8’ XIYIZ u/iT T6 /SR 6/ parameter 72
9 <
St 378
=a? T6* : solution 530 < T°< 540° 8h<time< 12h

\Waterquench < 70°
| 21 [Tempering 152<T°<173° 3<time<10h I H A L E 5



New aluminium alloy adapted to the probes applications : 6061 TH

e Module de Young
= Rm(Mpa Re(Mpa A%
: (Mpa) (Mpa) (Gpa)
E Thermal Conductivity 6061 TH AVS 410 350 4 73
£ Scalmalloy 365 300 19 63
? Thermal Conductivity (W/mk) 6061 T6 (Laminé) 290 240 6 a 10 69
AlSi7MQg0,6 Té 150-160 6061 T6 (Barre
606116 190-200 Filee) 260 240 8 69
AISi7TMg0,6 T6 310 240 3 72
CompGTIbthg/XJEgOT:}g:Grd anodic » Those properties could be easily imlproved by a tempering heat freatments Cf Scallmalloy

Salt fog resistance unsatisfying
with AISi7Mg0,6 alloy :

Specification > Class 10

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole orin

part or disclosed to a third party without the prior written consent of Thales

after 500h Thermal conductivity (W/m.k)
Class 8 after 500h 6061 TH AVS + HT 170
Scalmalloy + HT 90-100
6061 T6 (Laminé) 167
_ 6061 T6 (Barre Filée) 167
¢ AlSi7Mg0,6 T6 140-150

Source: MatWeb et ApWorks
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Different parts but a familiar struggle
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I Clearings in the “Jungle” or layby

] Collective Consolidation around “Business as usual” topics

2> A continuous idea....

| If atopic is “business as usual” across industry, do we still maintain a
competitive advantage if our company remains a silo?

» Or would we benefit more by working within a peer group to reduce process
wastee Such as within our supply chain interactions?

| Don’t remain a silo for every topic

| We will still go and lay our own tarmac....

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole orin

part or disclosed to a third party without the prior written consent of Thales - © Thales 2015 All rights

reserved.
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In your business, what became “Business as usual” in 2018?

3D Printing in Retail

Macro 3D Prninting

3D Printed Drugs
Sheeat Lamination

IP Protection i 30 Printing
Managed 3D Print Services

3D Printing in O and Gas

- © Thales 2015 All rights

o |

S | 30 Printed Wearables
g | 30D Biocprinted Organ Transplants
§5 Nanoscale 30 Printing
: 3D Prnting Workfliow Software

3D Printing of Consumable
Personal Products

Blockchain in 3D Printing

FPeoak of
Inflated

innovation
Trigger

30 Printing in Supply CThain
30 Bioprinting for Life Scence R&D
30 Printing of Medical Devices

3D Bioprinted Human Tissue
Powder Bed Fusion

Consumer 3D Printing

3D Printing In
Agrospace and Defense

30 Printing With Bound Materials

Classroom 3D Printing

Dwrected Energy Deposition
D 3D Printed Swrgical Iimplants

30D Printing
Service Bureaus
30D Print Creation
Software

30 Printing In
Automotive
3D Scanners

Matecial Jetting

Matenal Extrusion
Emtarprise 3D Printing
Binder Jetting

3D Printing of Dental Devices

30 Printed Toohing, Jigs and Fixtures

Sterecithography
Printed Eloctronics

30 Printed Praesurgery Anatomical Models

3D Printing in
Manmnudacturing Operations

As of July 2018
Trough ot Slope of Plateau of
Disillusionment Enlightenment Productivity

Plateau will be reached:

O lessthan2years @ 2 to 5 years

[

@ 5to 10 years

time

A more than 10 years ® obsolete before plateau
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I Clearings in the “Jungle”

| If we've reached a clearing or layby with others and

» Those in that clearing have all invested time and money to learn
2 In our clearing, we've mastered different types of machete/road layer

| With those in our clearing, would now be a good time to discuss:

» Left hand vs Right hand use?
» The need for gloves and glasses?

| Who is in your clearing for a given “business as usual” topic?

2 Not a route 1o fund future research

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole orin

part or disclosed to a third party without the prior written consent of Thales - © Thales 2015 All rights

reserved.
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No NDAs, No ££ exchange

I 7 Companies
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I Find areas of common ground

Desigh €——> Bulld <€——> Accept
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I Companies were interested?

| Initial Proposal: Feb 2019

| Callfor partners, via suppliers

] First meeting: Sept 2019

ol

] Two outcomes: e

-1 e | T ST .

| Second Meeting: Feb 2020

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole orin
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I Think globally, act locally

] Collective Consolidation around “Business as usual” topics

2 A continuous idea....

2 Find your peer group, has to be beneficial for both

» No doubt, avoid areas relating to future roadmaps or the *game changing” topics
» Focus on “Business as usual” areas,

| If a topic is “business as usual” across indusiry, do we still maintain a
competitive advantage if our company remains a silo?

» Or would we benefit more by working within a peer group to reduce process
waste within our supply chain interactionse

| Don’t remain a silo for every topic

| We will still go and lay our own tarmac....

OPEN THALES
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Questions?

Steven.Catt@uk.thalesgroup.com & Pierre.Eloi@fr.thalesgroup.com
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