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About France Additive

* Non profit association dedicated to AM, funded in 1992
« 100+ members. Multisectors, open, neutral

« Federate research and technical centers, education, industrials, services providers
and final users

« 360° scope in an open communauty mode: n“n”:fehf.-';:f,i
. . Logiciels
 applications Energe
o teChnOIOgieS ° education Ct;_;ntres , /1IN
. techniques |
¢ matel'la|S ° flnance Plateformes |
+ skills * supply chain

* R&D economic growth

y //f “
/ “-..I“
« digital
e

Source: France Additive, 2021
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Additive Manufacturing

ElD PRINT

Prototypes & Small Series
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Working groups in open community

Initiated by the members and animated by them, working groups on various topics are
being proposed:

@ Maintenance, repairing and repairability of parts

/@ Luxury — precisions and precious materials — Artisan of the future
@ Automobile and new mobilities

/@ Large parts — DED and WAAM

3 Trainin g SO

@ Health / Medical

i Safety at work

@ SME executive club

@ Program managers executive club

7
/@ Canal Doc (for PhDs and post-docs)
i CANALDOC

Source: France Additive, 2021
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Recent creation of a new
Branch Strategic Contract

SOLUTIONS INDUSTRIE DU FUTUR
GOALS

Alllance

INDUSTRE = Accelerate the development of AM in France

= |mprove the competitiveness of French AM

I Fédération aCtIVItIes
J des Industries ’ I
Y Mécaniques :

svntec numeérique

<> EVOLIS —

[/

Improve the cooperation between all the actors of

©

o éitigine ‘ the ecosystem within complete value chains
FECRobotiue
= Boost the technical investments in the field of AM
G~ B 2w

Source: France Additive
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More than technologies
a complete value chain...

Material qualification

¢ TECHNOLOGIES

Manufacturlng preparation

1

Fabrication

- - L e smey
- — e —— - - — e -

DeS|gn of part materlal and
geometry Post-treatements
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AM-based value chain: Process complexity

- Q)

1. Generate CAD model Design

1.1 Scan Part
1.1.1 Digitalize Physical Part
1.1.2 Process Points Cloud
1.1.3 Develop Geometric Model
1.2 Obtain CAD File
1.3 Optimize Topology
1.3.1 Generate Optimal Topology
1.3.2 Optimize 3D Model

2. Generate Tessellated Model
2.1 Tessellate Model
2.2 Repair/Modify Tessellated Model

4. Preparation of the Machine
4.1 Review Job File
4.2 Start Machine
4.2.1Configure AM Machine

Engineer

1.4 Analyze Model

6. Obtain Manufactured Part
6.1 Extract Surplus Powder
6.2 Treat Surplus Powder

6.2.1 Recvcle Powder
6.2.2 F

‘it Powder
> Build Plate

6.3 Rem

3. Generate Build Model

] 3.1Plan process - Geometry information

3.1.2 Choose orientation
3.1.3 Generate supports
3.2 Plan process - Process information
3.2.1 Set Build Orientation
3.2.1.1 Place Part
3.2.1.2 Generate Slices
3.2.1.3 Path Planning
3.2.1.3.1 Determine Paths
3.2.1.3.2 Compute Paths
3.2.1.3.3 Determine Path Parameters
.2.2 Set Process Parameters
3.2.2.1 Set Quality Parameters
3.2.2.2 Set Control Parameters
3.2.2.3 Set Powder Parameters
3.3 Process simulation

4.2.2 Set AM Machine Parameters
4.3 Submit Job

——

' 5. Manufacture Part
5.1 Preheat Build Plate
5.2 Build Part
5.2.1 Create Powder Layer
5.2.2 Fuse Powders
5.2.2.1 Melt Powders
5.2.2.2 Solidify
5.2.3 Lower Build Plate

Machine
Operator

Machine

7. Post-process Part
7.1 Remove Supports
7.2 Enhance Properties
7.2.1 HIP Treatment
7.2.3 Annealing
7.3 Enhance Accuracy
7.3.1 Machining
7.3.2 Chemical Polishing
7.4 Improve Surface Texture
| 7.4.1 Shot Peening
i 7.4.2 Milling
7.4.3 Grinding
7.4.4 Sanding,
7.4.5 Polishing
7.4.6 Abrasive blasting

8. Ensure Quality
8.1 Test Mechanical Properties

8.2 Perform a Non-destructive Evaluation

Qlty Assurance
Engineer

Manufacturing
Engineer

P T e E——
= A
o —

_:—l—l ] = [

11. Clean AM Machine

12. Supply Powders to the Machine

10. Machine Maintenance

13. Ensure Safety 10.1 Corrective Maintenance v ! 4
Safaty 10.1.1Powder Supply l t
TR . - 10.1.2Reparation
. Manager 9. Create Digital Twin 10.2 PreverFl)tive Maintenance
10.2.1 Check Recoating Blade
10.3 Predictive Maintenance . wid e
Maintenance FD”"-I_‘F
. : Expert Supplier
Source: Master thesis, Laura Martinez, IS3P team, LS2N, Centrale Nantes Xpe
05/06/2021 Prof. Alain BERNARD 10
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AM-based value chain: Process complexity

| '
i |

i _,—, Fomats and sharing | - c
' ’ : \ i Post-processing &

| ; e

Protection and safety

Knowledge Database
= = = - = =

Data Management

) . Digital Twin
= -
AM Machine \ @
— Quality
_ -—~ T , Assurance
Materials " . == < A.,Q . = .
«» * Maintenance

Monitoring, - o=
control and Softwares

simulation Process Users

Source: Master thesis, Laura Martinez, IS3P team, LS2N, Centrale Nantes
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Main strengths of Additive Manufacturing

Fu_nc_tlon_al Serial production
optimization
Less material: Production on demand
lightweight/rightweight _ and zero stock
| Main _ .
Customized products Direct production
and packaging strengths without tooling
Complexity and of AM Direct production of
diversity of products customized toolings
Spare parts and Digital logistics and
repairing distributed production

05/06/2021 Prof. Alain BERNARD 13
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Functional optimization

, _ k 16 parts /
Source: Farinia Group + assembly

Source: General Electric
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Less material: Lightweight/rightweight

Topological optimization/Lattice structures

Heat exchanger design

Hydraulic bloc
Minimal weight and compliance Source: Yicha Zhang, UTBM

Source: Grégoire Allaire, Laboratoire CMAP, Ecole Polytechnique, France

05/06/2021 Prof. Alain BERNARD 15
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Customized products and packaging

Personnalized Packaging Pack&Strat
(patented by CIRTES)
Source: CIRTES

Ot’Arts Seat (scalel)
(Source: CIRTES)

05/06/2021 Prof. Alain BERNARD 16
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Complexity and diversity of products

Bio-inspired design

Source : « imprimer le Monde » exhibition, Centre Pompidou, mars 2017

Deluxe Tapware by American Standard Parts manufactured by Volum-e company

05/06/2021 Prof. Alain BERNARD 17
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Spare parts and repairing
i
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Source : Leolane, Spare
Courtesy : PWC (PriceWaterhouseCoopers) p arts

Courtesy

Source BeAM _of Chromalloy France

Source : Beam, Courtesy : Chromalloy

Repairing

Source : Leolane,
Courtesy : Mercedes Benz truck

05/06/2021 Prof. Alain BERNARD 18



E FRANCE ACADEMIE
CENTRALE DES SCIENCES r
NANTES ISZ“ ADD'T'VE POUR UN PROGRES DE S

RAISCNNE

FILIERE IMPRESSION 3D PACRF'I"S‘GSE‘ TECHNOLOGIES

Digital logistics and distributed production

AR AN

3DEXPERIENCE Marketplace

Process Definition & Simulation

Manufacturing Experts
Service Providers

v € [> y i R oz e In-Silico Material Engineering
Machine Builders / Material Suppliers .

o)

Engineering Labs & Academics
Experts

Source: Daniel Pyzak, Dassault Systemes Additive Manufacturing solutions 3DExperience

05/06/2021 Prof. Alain BERNARD
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Direct production of customized toolings

Inserts in molds

Inserts in molds Source: Realizer

Source: PEP

Blowing tools
Source: CIRTES

R&D contract PSA/ CIRTES
(Aluminium)

05/06/2021 Prof. Alain BERNARD 20
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Direct productlon without tooling

" Source: Volum-e, Courtesy: Airbus defense and space

05/06/2021 Prof. Alain BERNARD 21
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Source:http://www.camboxisis.fr/shop/fr/content/16-3dprinting

05/06/2021 Prof. Alain BERNARD 22
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- Serial production

[

Batch production of a propeler
Source: Phenix Systems Source: Naval Group

05/06/2021 Prof. Alain BERNARD 23
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A large impact at all scales and sizes

High performance computation for AM

Optimization for special effects ‘ ‘ ‘

/ Maker Movement

*+

| Geometry Design for AM l 1 Material Design for AM B o
(Section 4.1) (Section 4.2)

** Multi-representation <* Synthetic heterogeneity .é"

** Hollowing, slicing & support generation Research ** Combinatorial material distribution .-

:E: Verification, repair & enhancement Endoavors 'E' High-performance structural material

- ..

3.

Self-assembly & programmable matter
Biological and biomimetic composite

0
0'0

Computational Designer Manufacturer End Customer Manufacturing
Tools and Interfaces - ; - Tools and Processes
Development (Section4.3) Development (section4.3)

** NUI-driven modeling * Open-source hardware
** 3D optical scanning ** Process design & simulation
** Co-design / co-creation {} U ** Sustainable concerns for AM

@s |
-
— TN

.
T

Applications & Impacts

Nano-scale Micro-scale Macro-scale Large-scale
Bio-fabrication Electronics Personal Product Automotive Architecture / Construction Aerospace / Defense

Source: https://engineering.purdue.edu/cdesign/wp/the-status-challenges-and-future-of-additive-manufacturing-in-engineering/

05/06/2021 Prof. Alain BERNARD 25
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Next stage of Additive Manufacturing

> Main expected evolutions

i -

Material Data prep_aratlon e process System technology
simulation and modeling
Enhancement of material portfolio Pre-defined processing strategies Automation of AM systems
—= High performance materials —= Combining data preparation with increased build-up rates

and process simulation Multi-beam systems

= Multi-material and in-situ alloying >

= Multiscale simulations & iteratively = Enlarging build envelopes
%
%

running optimization strategies Beam shaping

Integration in process chain

Source : Laser based Additive Manufacturing in industry and academia, M. Schmidt at al., Cross-STC Kn, CIRP Annals, 66/2/561-583

05/06/2021 Prof. Alain BERNARD 26
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Next stage of Additive Manufacturing

» Main expected evolutions

A -

Process monitoring Quality assurance Post-processing
Development of closed loop Development of in-process Individualized
feedback control systems quality assurance post-processing
—= Prediction of process irregularities —= From data preparation & simulation —= Adjusting final part properties
- Adjusting the processing strategy to post-processing - Safe and automated routines
in-situ — Documentation and non-destructive for part finishing
testing

ALy

Source : Laser based Additive Manufacturing in industry and academia, M. Schmidt at al., Cross-STC Kn, CIRP Annals, 66/2/561-583

05/06/2021 Prof. Alain BERNARD 27
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» Support point optimization result and L-system generation result

(b)

a. build orientation determination; b & c. optimized support points; d. an alternative tree structure generated via L-system rule

Source : Yicha Zhang, Zhiping Wang, Yancheng Zhang, Samuel Gomes, Alain Bernard (1), UTBM, Ecole des Mines de Paris, Ecole Centrale de Nantes
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» Research on Electron-Powder Bed Fusion @ LPGP

e- gun characterlsatlon & de5|gn

e du fai
I 2 mA. @QD% T, = 450 =43.0

Density (a.u.)

Power deposition on powder bed

Qjeary X101 W/m3
14

0.0

Source : Tiberiu MINEA, LPGP

Top view

Side view

z,mm

. .
.
. ..‘
~ .
.
02
. o
- 02
04
.

Metal vapor analysis
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Current intensity (mA)

Current intensity (mA)

Powder preheating

Ar —— 1400 W
—8— 1800 W

0,8 mbar

0

20 40 60
t(s)

80 100 120
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» New progresses in the field of technologies and materials

@ @ Desktop Metal becomes first to qualify 4140 steel

Magnetic materials .. | for bmder Jet 3D printing technology

COMMUNIQUE DE PRESSE

Un premier procédé direct d'impression d’aimants
en 3D

Les équipes de [lnstiut Jean Lamour — LI (CNRS / Université de Lorraine) wennent de
relever un vénfable d&f fechnologique - infégrer des proprigfés magnéfiques & des
maténaux imprimés en 30, sans post-aimantation. Il °agit /2 i’ une premiére mondiale avec
ce mveau de performance ef ces travaux ouvrent la voie & limpression 4D d'objets
magnéfo-actifs. Ce procéde de fabrication d’aimants avec une imprimante 30 grand public
est en cowrs de transfert au sein o'une emtrepise du Grand Est.

Une prouesse Inchmlogm

W Cette azzonie différent présentes a FIJL : celles
deleq pederedverd"eledmlogqueM teria uxeleoedesAddrhfs dingée par Samuel

" Kenzar, ingénieur de recherches CNRS, et celles du CenvedeCompetenDasMagnetsme
et Cryogénie dir; |gepa r Thomas Hauet, maitre de conférences & [Université de Lorraine.

Le défi quont relevé les chercheurs ef i est celui de ante - -
e e m Fully dense sinterable 6061 aluminum alloy parts
Pour fabriquer le fil, ils ont utiisé des maténawx ferromagnétiques avec des formulations

re st 30 poiamle, < e s ot oot o corpesart ometont Source : https://3dprintingindustry.com/news/desktop-metal-becomes-first-to-qualify-4140-steel-for-binder-jet-

pomesiert e o plaiis ofenabo() PoSPSbAl) Pt s e 3d-printing-technology-191116/

et Digital Metal® first in the world to
offer pure copper as printing material.
Other materials: stainless steel 316L

and 17-4PH, tool steel DM D2, super

alloys DM 625 (Inconel 625), DM 247

Source : Université de Lorraine (MAR M247) and Titanium T|6AI4V

Une commercialisation prévue pour I'automne 2021

Une déclaration d'invention” a &t dépasée en 2019 et un contrat de licence de savoir-faire
a été passé avec ['entreprize BE Fil basée a He Ige berg en Alsace. La commercialisation

dune version grand public du procédé dimprezsion [lmprlmanle et ﬁl.amenl dimpression)

est prévue pour [ ulumne 20210 demendra ainsi possible dimprmer des aimanis
personnalisables chez so
Ces travaux ouvrent la wie a I'mpression 4D d'objets magnéto-actifs, qui pourront étre

déformeés, activés ou commandés par un champ magnétique.

Ces travaux ont bénéficié du soutien du CNIRS, de Université de Lomaine, de Lomaine Universite
dExcelience, de [a Region Grand Est et dTCEEL

1 "Matériaux ef procdé direct 30 o dojets Ati - ou mudti-oriente
SATT SAYENS avecle 'DISw"u'I'I'GE-Z_ﬁ

CONTACT PRESSE
Capucine Francois

Chargée des relations precse
06710007 &0

05/06/2021 Prof. Alain BERNARD 30
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Main strategic challenges

-

An industrial An environmental A socletal
challenge challenge challenge

N\ U\ AN /
A disrupted industrial value A profound reorganisation of Redistribution of added value
chain. AM is intended to: the ‘supply chain’. Production: across the value chain :
* Increase performances  On-demand « National sovereignty
* Decrease costs e Close to end-use » Relocalisation
* Reduce Time to market « With the right material « Train and retain talents

Source: France Additive

05/06/2021 Prof. Alain BERNARD 32
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Thank you for your kind attention.

Enjoy the conference.
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