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About France Additive

• Non profit association dedicated to AM, funded in 1992
• 160+ members. Multisectors, open, neutral
• Federate research and technical centers, education, industrials, 

services providers and final users
• 360° scope in an open communauty mode: 

• applications
• technologies 
• materials
• skills
• R&D
• digital

• education
• finance
• supply chain
• economic growth

Source: France Additive, 2021
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160+ members

Source: France Additive, 2021
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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
Training
Health / Medical
Safety at work
SME executive club
Program managers executive club
Canal Doc (for PhDs and post-docs)
…

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

Source: France Additive

GOALS

 Accelerate the development of AM in 
France

 Improve the competitiveness of 
French AM activities

 Improve the cooperation between all 
the actors of the ecosystem within 
complete value chains

 Boost the technical investments in 
the field of AM

SOLUTIONS INDUSTRIE DU FUTUR
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Forum France Additive 2023

Source: France Additive
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Forum France Additive 2023

Source: France Additive
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Source: Master thesis, Laura Martinez, IS3P team, LS2N, Centrale Nantes

A systemic approach
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Source: Master thesis, Laura Martinez, IS3P team, LS2N, Centrale Nantes

1. Generate CAD model
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

1.4  Analyze Model

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

3. Generate Build Model
3. 1 Plan 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
3.2.2 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

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

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
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   

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

4.2.1Configure AM Machine
4.2.2 Set AM Machine Parameters

4.3 Submit Job

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

6.2.1 Recycle Powder
6.2.2 Remove Non Profit Powder

6.3 Remove Part from the Build Plate

9. Create Digital Twin

10. Machine Maintenance
10.1 Corrective Maintenance

10.1.1Powder Supply
10.1.2Reparation

10.2 Preventive Maintenance
10.2.1 Check Recoating Blade

10.3 Predictive Maintenance

11. Clean AM Machine 12. Supply Powders to the 
Machine

13. Ensure  
Safety

A systemic approach
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A systemic approach

Source: PhD work in SOFIA project, Qussay JARRAR, IS3P team, LS2N, Centrale Nantes
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Source: PhD work in SOFIA project, Qussay JARRAR, IS3P team, LS2N, Centrale Nantes

A complete value chain
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Source: PhD work in SOFIA project, Qussay JARRAR, IS3P team, LS2N, Centrale Nantes

A framework for value chain control
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Main strengths of 
Additive Manufacturing

Less material: 
lightweight/rightweight

Production on demand
and zero stock

Direct production without
tooling

Spare parts and 
repairing

Complexity and diversity
of products

Functional
optimization

Digital logistics and 
distributed
production

Serial production

Direct production of 
customized toolings

Customized products
and packaging

Main 
strengths of 

AM
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Functional optimization

Source: General Electric/Ian Gibson, 25th European Forum on Additive Manufacturing, 8-10 June 2021 

Source: Farinia Group
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Less material: 
Lightweight/rightweight

Heat exchanger design

Minimal 
weight and 
compliance Source: Yicha Zhang, UTBM

Hydraulic blocs

Source: Olaf Diegel, Aukland, New Zealand

Heat exchangers

Source: Olaf Diegel, Aukland, New Zealand

Source: Grégoire Allaire, Laboratoire CMAP, Ecole 
Polytechnique
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Personnalized Packaging 
Pack&Strat (patented by CIRTES)

Source: CIRTES

Customized products/packaging

Source : Stratasys
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Complexity and diversity
of products/bio-inspired

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

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

Bio-inspired
design
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Spare parts and repairing

Source : Additive or Conventional Manufacturing for Spare Parts: Effect of Failure Rate Uncertainty on the Sourcing Option Decision
Mirco Peron, Rob Basten, Nils Knofius, Francesco Lolli, Fabio Sgarbossa, BEST PAPER AWARD, MIM 2022 IFAC conference

• Additive Manufacturing (AM) allows the 
production of spare parts:
o Short lead time (even on demand) 

reduced inventory level & decreased
supplier dependency

o Close to the point of use  reduced 
environmental footprint

• Increasing interest in AM for spare parts 
production, but:
o High Production costs can be offset by 

the decreased inventory costs
o Uncertain reliability  main limitation of AM

 To what extent does the uncertainty in the
reliability impact the choice between AM and
Conventional Manufacturing (CM) based on
economic considerations?
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Digital logistics/    
distributed production 

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

3DEXPERIENCE Marketplace1

Service Providers

Material 
Suppliers

Labs & Academics

Manufacturing 
Experts

Machine 
Builders

Engineering 
Experts

Process Definition & Simulation4

In-Silico Material Engineering2
Design for Additive 

Manufacturing3

Global Production System5
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Digital logistics/    
distributed production 

Source: Alexandre Pedemonte, Vistory Company
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Direct production of 
customized toolings

Inserts in molds
Source: PEP

Injection molding toolings - PS Application PMP
R&D contract PSA / CIRTES

(Aluminium)

Blowing tools
Source: CIRTES

Inserts in molds
Source: Realizer
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Direct production without tooling

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

Source: Georges Fadel, AEFA 2015

Credit photo for these four pictures: Alain Bernard
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Production on demand
and zero stock

Source:http://www.camboxisis.fr/shop/fr/content/16-3dprinting

9ème école technologique du Réseau des Mécaniciens, Limoges, 12-16 juin 202316/6/2023 27

Une vision systémique de la fabrication additive métallique : développements, challenges et tendances pour le futur



Serial production

Source: Phenix Systems

Source: Georges Fadel, AEFA 2015

Batch production of a propeler
Source: Naval Group
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Serial production

Source: A Delotte series on additive manufacturing
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Gartner’s Hype cycles for emerging
technologies (2010-2017)

Source: Jochen LOOCK, Head of Academy, Fraunhofer-Einrichtung für Additive Produktionstechnologien IAPT Hamburg
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The TRL in Aeronautic Industry

Source: Jochen LOOCK, Head of Academy, Fraunhofer-Einrichtung für Additive Produktionstechnologien IAPT Hamburg
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The TRL in Medical and Dental sectors

Source: Jochen LOOCK, Head of Academy, Fraunhofer-Einrichtung für Additive Produktionstechnologien IAPT Hamburg
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The TRL in Automotive Industry

Source: Jochen LOOCK, Head of Academy, Fraunhofer-Einrichtung für Additive Produktionstechnologien IAPT Hamburg
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The TRL in Tooling and Machine building

Source: Jochen LOOCK, Head of Academy, Fraunhofer-Einrichtung für Additive Produktionstechnologien IAPT Hamburg
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Industrial maturity
Thalès created a new 

plant in Morocco Safran is creating a 
new competence

center in Bordeaux

Lamborguini produced more 
than 20 000 parts in 2020

Ventilation 
grid (EPX 82)

Tank cap 
(EPX 82)

Fixing element for 
air duct (EPX 82)

Aluminium printed 
inertia wheel supports

LISI Aerospace Additive 
Manufacturing

Anti-
condensation 
for canopy

Dassault Aviation
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Recent progresses
Magnetic
materials

Desktop Metal becomes first to qualify 4140 
steel for binder jet 3D printing technology

Source : https://3dprintingindustry.com/news/desktop-metal-becomes-first-to-qualify-4140-
steel-for-binder-jet-3d-printing-technology-191116/

Fully dense sinterable 6061 aluminum alloy parts

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 
(MAR M247) and Titanium Ti6Al4V.

Source : Université de Lorraine
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Recent progresses

Cold spray with
supersonic air 

flow (Aluminum
and copper)

Source : https://www.spee3d.com/elementum-3d-adopts-award-winning-cold-spray-metal-3d-printing-technology/

WarpSPEED3D cold spray machine
Speed of building: 100 g/min

Copper over aluminum
18 kg / 3 hours
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Source : Velo3D company

Velo3D with
support free 

solution
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Recent progresses

Source : IREPA Laser (Didier BOISSELIER)

Hybrid manufacturing – multi-material parts
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Recent progresses
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New materials for realistic models

Source : Olaf Diegel, Aukland, New Zealand
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Direct production in construction

9ème école technologique du Réseau des Mécaniciens, Limoges, 12-16 juin 202316/6/2023 43

Une vision systémique de la fabrication additive métallique : développements, challenges et tendances pour le futur



Direct production at microscale
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Direct production in other fields

Source: https://www.3dnatives.com/bio-impression-
18052017/ Source : 

https://www.businessinsider.com.au/3d-
printed-chocolate-coming-to-european-
consumer-market-after-hype-2020-2

Food - Drugs

Bio-printing - implants - organs
Textiles - Clothes

Source : salon Formnext 2021
Crédit photo : Alain BERNARD
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New biodegradable and 
regenerable materials

Source : Michelin
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DfAM: A methodological approach

Source: CIRP STC Dn Keynote paper, T. Vaneker, A. Bernard et al., 2020
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Source: CIRP STC Dn Keynote paper, T. Vaneker, A. Bernard et al., 2020

DfAM: A methodological approach
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Source: CIRP STC Dn Keynote paper, T. Vaneker, A. Bernard et al., 2020

DfAM: A methodological approach
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DfAM: Comparison between as-
designed and as-manufactured models

Source: Daniel Pyzak, Dassault Systèmes, Paris, October 2016
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Multiscale modeling and simulation

Source: session on digital applications, moderated by Nicolas GARDAN, 21rst EFAM, Paris, 2016
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Courtesy: Lucas Dembinski, UTBM, IRTES, technical workshop, CNRS, Autrans, october 2015

Multiscale modeling and simulation
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Beyond CAPP for AM

Source : Development of an integrated KBE CAPP system for qualified AM, Y. Zhang (UTBM), A. Bernard (ECN)
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A large impact at all scales and sizes

Source: https://engineering.purdue.edu/cdesign/wp/the-status-challenges-and-future-of-additive-manufacturing-in-engineering/
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Next stage of Additive Manufacturing
Main expected evolutions

Source : Laser based Additive Manufacturing in industry and academia, M. Schmidt at al., Cross-STC Kn, CIRP Annals, 66/2/561-583 
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Next stage of Additive Manufacturing
Main expected evolutions

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

Source: Vision on metal additive manufacturing: Developments, challenges and future trends, Bernard et al., resubmitted CIRP JMST
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Systemic integration for AM

Source: Vision on metal additive manufacturing: Developments, challenges and future trends, Bernard et al., resubmitted CIRP JMST
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Benefits/Weaknesses of AM

Source: Vision on metal additive manufacturing: Developments, challenges and future trends, Bernard et al., resubmitted CIRP JMST
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Sustainability benefits using AM

Source: Vision on metal additive manufacturing: Developments, challenges and future trends, Bernard et al., resubmitted CIRP JMST

Figure §8.2 Six areas for sustainability benefits across product life cycle using AM [Despeisse et al., 2017]).
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KPIs across Lifecycle with AM

Source: Vision on metal additive manufacturing: Developments, challenges and future trends, Bernard et al., resubmitted CIRP JMST
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Main strategic challenges

An industrial
challenge

An environmental
challenge

A societal
challenge

A disrupted industrial value 
chain. AM is intended to:
• Increase performances
• Decrease costs
• Reduce Time to market

A profound 
reorganisation of the 
‘supply chain’. 
Production:
• On-demand
• Close to end-use
• With the right material

Redistribution of added 
value across the value 
chain :
• National sovereignty
• Relocalisation
• Train and retain talents

Source: France Additive
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Thank you for your kind attention.
Any question?

alain.bernard@ec-nantes.fr
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