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About France Additive

e Non profit association dedicated to AM, funded in 1992
e 160+ members. Multisectors, open, neutral

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

e 360° scope in an open communauty mode: .\?:f;ri_ii:ii
* applications Egg
+ technologies  * education G | I T
* materials * finance i N~
* skills e supply chain |
* R&D e economic growth /7 N\
o digital e
- S

Source: France Additive, 2021
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160+ members
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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

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

/@ Large parts — DED and WAAM

/@ Training

@ Health / Medical

7 Safety at work

@ SME executive club

7 Program managers executive club
# Canal Doc (for PhDs and post-docs)

7
A .. CANALDOC

Source: France Additive, 2021

FRANCE
Fdooimve
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Recent creation of a new
Branch Strategic Contract

SOLUTIONS INDUSTRIE DU FUTUR GOALS

= Accelerate the development of AM in
France

= |mprove the competitiveness of
French AM activities

ﬂl Fédération N1 e
ces Industries U = |
% Mécanigues . o

syntec numerique .
® |mprove the cooperation between all

the actors of the ecosystem within
complete value chains

= Boost the technical investments in
the field of AM

Source: France Additive
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Forum France Additive 2023

FRANCE (", " £orum
ADDITIVE | suer | SO

FILIERE IMPRESSION 3D

Source: France Additive
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Forum France Additive 2023
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A systemic approach
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A systemic approach
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A systemic approach
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A complete value chain
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Source: PhD work in SOFIA project, Qussay JARRAR, IS3P team, LS2N, Centrale Nantes
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A framework for value chain control
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Main strengths of
Additive Manufacturing

Functional

Serial production

Production on demand
and zero stock

Direct production without
tooling

optimization

Less material:
lightweight/rightweight

Main
strengths of
AM

Customized products
and packaging

Direct production of
customized toolings

Complexity and diversity
of products

Spare parts and
repairing

Digital logistics and
distributed

production
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Functional optimization il

LEAP fuel nozzle tip

30%

COST EFFICIENCY

IMPROVEMENT
95%

T %
v

REDUCTION

Source: Farinia Group

Source: General Electric/lan Gibson, 25th European Forum on Additive Manufacturing, 8-10 June 2021
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Less material: = .=
Lightwelght/rightweight

."’I
i

gy |
i . . - I/
|\/| nimal
Source: Grégoire Allaire, Laboratoire CMAP, Ecole Ini T

Polytechnique Welg ht and
Heat exchangers ~ compliance

Source: Olaf Diegel, Aukland, New Zealand

Source: Olaf Diegel, Aukland, New Zealand
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Customized products/packaging =+ =

. Direct Production Parts

Automotive Interior

. Mirror housing

Nylon 12 CF, ULTEM 9085

Sun Shade J

Nylon 12 CF, ULTEM 9085

.garking Sensor in Front/Rear Bumper
Nylon 12 CF, ULTEM 9085

. Decorative Cover with texturing

Nylon 12 CF, ULTEM 9085

. Door Panel

Nylon 12 CF, ULTEM 9085 };

Air Duct
ULTEM 9085, ULTEM 1010

Personalized Gear Shift .
Nylon 12 CF, ULTEM 9085

with metal platting

Cup Holder .

Nylon 12 CF, ULTEM 9085 with direct
coating/painting

Source : Stratasys

Personnalized Packaging
Pack&Strat (patented by CIRTES)
Source: CIRTES
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Complexity and diversity ==
of products/bio-inspired

Bio-inspired

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

Deluxe Tapware by American Standard Parts manufactured by Volum-e company
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 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 2 reduced
environmental footprint

* Increasing interest in AM for spare parts
production, but:
o High Production costs - can be offset by
the decreased inventory costs
0 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?

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
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Digital logistics/
distributed production

Global Production System o

o Process Definition & Simulation

Manufacturing x

Experts Service Providers

’ i In-Silico Material Engineering
Design for Additive L I N ,
Machine : / h Material
4

Manufacturing  Ggliders 'y Suppliers
g \' ';H)’

g )N
Engineering Labs & Academics
Experts

Source: Daniel Pyzak, Dassault Systemes Additive Manufacturing solutions 3DExperience
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Funclonal
spimimion Seral production

Digital logistics/ .=
distributed production

ON DEMAND MANUFACTURING

1. How to get started with on demand manufacturing?

S 1 SIMPLIFY PARTS ]
| [‘v‘;‘:' QUALIFICATION - 3 | ProvucTION 2 g 'l SCALING UP
’ 3} printed parts =
® Reguirementss: : < Full ntearsa
| . -t ar:
L [ | —

0 Pr t

| =

h 4

2 | SECURED DIGITAL WAREHOUSE Yy | DIVERSIFICATION
ﬁ" . . listribution and .i:i:i_-.--!.;:-.-u-:-.u .
Py 1 19 your IR rights

2. Operational phase

ORDER

], - ORDERING SYSTEM J . peELIVERY

PRODUCTION

FMainChain &  (VISTORY

Source: Alexandre Pedemonte, Vistory Company
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Blowing tools
Source: CIRTES

16/6/2023

Direct production of

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

customized toolings

Inserts in molds
Source: PEP

Producion on demard
Ve andzem sk
produts an Diectprodicton
v packaging sire wilhout tooing
Compleiyand LLL
dversiyciprods
Spare parts and

Inserts in molds
Source: Realizer

Injection molding toolings - PS Application PMP
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Functional
cpimization

Direct production without tooling =

sy of proccts cusomized olings

sm p.n s and Digeal ogsics and
dsiuted poduion

: Alain Bernard

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

Production on demand = =
and zero stock

Serialproducton

Source:http://www.camboxisis.fr/shop/fr/content/16-3dprinting
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Batch production of a propeler

. Source: Naval Group
Source: Phenix Systems
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Funclonal

= 3
Less matord: | Producion on demand
Igreegtginegn L and zem otk
Cusorized

Serial production =

Spare parts and Digiallogstics and
npatig dsiioed producion

Manufacturing process
Applications: Prototyping, customized e
Fluid E-‘u'ié‘:Liﬁ!}(j toaling, investment casting Applications: Cooling vents
Applications: Pumps, valves AM t:—:tddlilnolqg:_: iuseld gtgpolsstaor| AM technology: Selective laser melting
oy mogdeling, inkjet, selective laser sintering, Materials: Aluminum alloys
AM technology: Selective Iaser selective laser melting
melting, electron beam melting St st |
L Materials: Polymers, wax, hot work steels
Materials: Aluminum alloys

Exhaust/emissions

Exterior/exterior trim

Applications: Bumpers, wind
breakers

AM technology: Selective laser
sintering

Materials: Palymers

Interior & seating

Applications: Dashboards, seat frames

AM technology: Selective laser sintering,
sterec-lithography

= ;
Materials: Polymers

3D opportunity in
the automative industry

Additive manufacturing

A . Powertrain, drivetrain
Applications: Engine components

AM technology: Selective laser
melting, electron beam melting
Materials: Aluminum, titanium alloys

Wheels, tires, & suspension

Applications: Hubcaps, tires, suspension springs

AM technology: Selective laser sintering, inkjet,
selective laser melting

Materials: Polymers, aluminum alloys

Electronics
Frame, body, doors sheuite
T i Applications: Embedded components such as sensors,
Applications: Body panels single-part control panels
AM technology: Selective laser melting AM technology: Selective laser sintering
Materials: Aluminum alloys Materials: Polymers

OEM components
Applications: Body-in-white

AM technology: Selective laser melting, electron beam melting
Materials: Aluminum, steel alloys
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Outline of the presentation

/A France Additive

/& Additive manufacturing: A systemic approach
fd Main strengths of Additive Manufacturing

fd Main future goals for Additive Manufacturing
fd Conclusions
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Gartner’s Hype cycles for emerging
technologies (2010-2017)

t 2012
2011 2013
2 2o 2018
=) 2014-2015 A
= 2015-2017
-
; 2010
g 2014-2017
i
@ 3-D printing
Consumer 3-D printer
Il Enterprise 3-D printer
3-D printing for production
[ 3-D printing for prototyping
Innovation s 3 g Trough of disillusionment Slope of enlightenment Plateau of Time
trigger x 0% productivity
iR
o= d
ca

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

TRL 6-7: Titanium (Airbus)

First civil application are going to serial production

TRL 9: FDM Ultem (Airbus)

Fully certified flying cabin parts in serial production and after sales + tools &
customized solutions

Technology Readiness Level (TRL)

TRL 9: Polyamide 22FR (Boeing)

. . . 17 )
Used since years for venting & air ducts on many programs FT0 Fun e procustion
1 91 Low rate production
g 8 1 Pictline capabilty demonstrated

TRL 9-10: Cobalt-Chrome (GE) 71 production in production environment demonstrated

Systems produced (near production environment)

Fuel Nozzle flight tested and in mass production Basic capabilfes shown {near prod. environment

Technology validated in laboratory environment

. 3 Manufacturing proof of concept developed
TRL 9: Inconel (MTU) PA Wanutacturing concept identified

Ramp-up of serial production for the engines Basic manufacturing implications identfied

u First players on the verge of (part specific) TRL 10

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

TRL 10: Titanium
More than 100.000 Hip Implants were manufactured using SLM & EBM technology.

TRL 10: Cobalt-Chrome

>12.000 Crowns and Copings for dental usage are produced daily

TRL 10: Polymers

Around 50% of all hearing aids are today manufactured Technology Readiness Level (TRL)

|1-U= Full rate praduction
l. Low rate production
\ L | . Filot line capability demonsirated
TRL 9: (Sta inl ess) Steel ' _. Production in production environment demonstrated

Customized medical instruments for surgeons EER systems produced near producton environment
ﬂ Basic capabilities shown (near prod. envirenment)

Technology validated in laboratory environment

Mass production of Surgical Guides in SLS

3 Manufacturing proof of concept developed
YA Manufacturing concept identified
Basic manufacturing implications identified

u Most advanced industry; driver - customization

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

TRL 6-8: Metals
Focus on product development (prototyping), Tooling and exotic small series
Broader usage in motor sports & Formula 1 (e.g. gearboxes & exhaust systems)
First application ins after-sales (esp. classic cars)
Lightweight parts are examined for electrical cars

First applications on luxury cars at Bugatti, Audi and BMW are on the verge to serial

production
Technology Readiness Level (TRL)
TRL 6-9: POlymers 10 Full rate production
Rolls Royce Phantom is using 10.000 parts in small serial production (e.g. hazard flush, : 9 Low rate producton
sockets and Other polymer c“ps) 1 B I Filat line capability demonsirated

1 ? 1 Production in production environment demonstrated
Systems produced (near production environment)
PA12 & ABS: Prototyping for interior parts (dashboard, doors,...) Basic capabiliies shown (near prod. environment)

Daimler is starting 2016 to use SLS for small series and repair of Trucks

Technology validated in laboratory environment
Manufacturing proof of concept developed

Manufacturing concept identified
Basic manufacturing implications identified

BMW is customizing e.g. interior for Mini

‘ First automotive application are going to serial production

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

TRL 9: Steel

Tool manufacturer Mapal is using steel (1.2709) for serial production of hybrid drills
with optimized cooling channels

LBM enables smaller drills (8-12mm diameter) compared to traditonal manufacturing

Additive steel tools for deep drawing, stamping and moulding applications

Technology Readiness Level (TRL)

TRL 9: Aluminium & Polymers N 10 Full rte roduction

Used for various applications in final part production 5 L'gj Low rsbe production
8  Pilt line capability demonstrated
T | Production in praduction enviranment demonstrated

E Systems produced (near production enviranment)
Basic capabilities shown {near prod. environment)

- Technology validated in laboratory environment

3 Manufacturing proof of concept developed
YA Nianufacturing concept identified
Basic manufacturing implications identfied

u Lower qualification burdens lead to greater adoption

Source: Jochen LOOCK, Head of Academy, Fraunhofer-Einrichtung fur Additive Produktionstechnologien IAPT Hamburg

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



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

Industrial maturity |

Thalés created a new . _ i

plant in Morocco Safran is creating a
f . new competence

center in Bordeaux |

* B

u
7
z
2
E
£

=
:

inertia wheel supports

LISI Aerospace Additive
Manufacturing

Lamborguini produced more =% \GaO B RRVY
than 20 000 parts in 2020 & .
Anti-
condensation
for canopy

Tank cap Fixing element for
(EPX 82)  air duct (EPX 82)

f
Ventilation xﬂﬂmmnmmm]s’:ﬁmﬂlﬂymoanhalr/
! u grid (EPX 82) Dassault Aviation
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Recent progresses

W Magnetic @ Desktop Metal becomes first to qualify 4140

UNIVERS|
DE LORRAINE

A Nancy,
Le 4 juin 2021

materials steel for binder jet 3D printing technology

COMMUNIQUE DE PRESSE

Un premier procédé direct d'impression d’aimants
en3D

Les équipes de [nsfitut Jean Lamour— WL (CNRS / Universits de Lommaine) wiznnent de
relever un vénfable d&fi fechnologique - infegrer des propnéfés magnéliques & des
maténaux imprimés en 30, sans post-aimantation. [s'agit 2 o’ une premigre mondiate avec
ce niveau de performance ef ces fravaux ouvrent 3 voie 3 fimpression 40 dobjets
magnéto-actifs. Ce proceds de fabnication d"aimants avec une imprimante 30 grand public
est en cours de fransfert au sein d’une entrepnse du Grand Est.

Une prouesse technologique
aflL - celles

| dmemn e smwsne  FUIlY dense sinterable 6061 aluminum alloy parts

Kenzan, ingénieur de recherches CNRS, et celles du Centre de Compétences Magnétisme
et Cryogénie dingé par Thomas Hauet, maitre de conférences & Université de Lomaine.
Le defi quiont relevs les chercheurs et ingénisurs est celui de concevoir une imprimanits: .. . . .
30 se type FDM (dinct de fiament fondu) avec son i magnisioue composiz por~ SOUICE & Nittps://3dprintingindustry.com/news/desktop-metal-becomes-first-to-qualify-4140-
imprimer des piéces elles-mémes magnétiques. . . i

Pour fabigar e F, & on uicé des matérau eromagréioues avec des ormiaions. - St€E[-fOr-binder-jet-3d-printing-technology-191116/

propres & les rendre imprimables. Pour ce qui est du dispositif dimpression, ils sont partis
dune imprimantz 3D tradiionnelle, 3 laquelle ils ont ajouté des composants permettant la
mige en forme de I'aimant pendant limpression. Les piéces produites par cetie imprimante
possédent une ou plusieurs orientation(s) magnétique(s) permanente(s) sans nécessiter
['application d'un champ magnétigue a posterior pour les amanter.

Digital Metal® first in the world to
offer pure copper as printing material.

Une commercialisation prévue pour Fautomne 2021

Une déclarafion dinvention’ a £ déposée en 201 9e(mcun1ra1de|mncedesavo|r~[wre
a &té passé avec entreprise B Fi basée & Heiligenberg en Alsace. La

d'une version grand public du procéde d‘lmpmm‘l tlmpnmanle et filament dimpression)
est prévue pour Fautomne 2021 il deviendra ainsi possble dimprimer des aimants
personnalisables chez 2ol

Ces travaux ouvrent |a voie & I'mpression 4D dubjels magnéio-actifs, qui pourront éire
deformes, activés ou ez par un champ

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.

Cestravau ont bénicié du soutien d CNRS, de MLiniversité d Lormaine, de Lomaine Universts
dExceflence, d fa Région Grand Estof d1CEEL

1 Matérinar et procédé diect dimpression 30 dckiets magneé it orentés” eférencéed
SATT SAYENS avec e DISATTGEZTS

06710007 80

Source : Université de Lorraine
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Recent progresses
WarpSPEEDBD cold spray machlne

Cold spray with

supersonic air

flow (Aluminum
and copper)

Copper over aluminum
18 kg / 3 hours

Source : https://www.spee3d.com/elementum-3d-adopts-award-winning-cold-spray-metal-3d-printing-technology/
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Velo3D End-to-End Metal AM Solution

= 7 l‘. = ———
\ > S =
a p—
a B
Flow™ Sapphire® Assure™
Print Preparation Software Metal AM Family of printers Quality Validation

UNDERLYING INTELLIGENT FUSION MANUFACTURING PROCESS

Design freedom, consistency, reliability, repeatability and greater control

™
Velo3D Opens New Categories of Metal AM Parts

Static and Rotational Parts Optimized to Control Flow of Fluids and/ or the Transfer of Heat

Bulk

Vertical walls

Low angle closures
- Funnel inward
+ Funnel outward

Low angle walls
Lattice

As Printed on Velo's Sapphire
Source : Velo3D company

Velo3D with

support free
solution

SupportFree™ Processes - Freedom of Design

@

©

Flow™ offers a
sophisticated way of
applying parameter

sets from a
standardized library
of specialized
parameters

Produces a Velo3D
Golden Print File
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Recent progresses
Hybrid manufacturing — multi-material parts

CLAD® + SLM: ANOTHER EXAMPLE Conventional 2.5D sliced path 3D deposition path for multi-axis robots

80

60

= Modification of the model for 'g
CLAD work = 40
Locating adding N
Tube for clamping
20
= CLAD manufacturing b i
Adjustment of the beam path on 60 80

the tube edges to take the 42

distortion of the tube into
account

Firsts layers with larger wall
thickness to compensate the

. é] ) weakness of the CLAD-SLM
PASENAT interface (geometry)

IPEP&LASER
WM UAOTAE S

20 .20 - -
(mm) 20 (mm) 4 - 20
xw 40 Vw {mm) ‘\v 0 40 YW {mm)

€0 40

Source : Campocasso, 2017: S. Campocasso, V. Hugel, B. Vayre. Génération de
trajectoires pour la fabrication additive par dépét de fil robotisé multi-axes-

Crédit photo : Alain BERNARD
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Recent progresses

Example of
heat exchanger

Desktop Metal —
Aerosint with
be-material
deposition

Source : Desktop Metal - https://aerosint.com/
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New materials for realistic models
— T g e
e A m Wy SNl E

= =
i 4 N N -

3 2 G-
A =G

NN YR

7 n
T . — 1 N
'] ] P, -
B N . T e

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

BATIPRINT3D™. s | U
A new 3D printing method for building @"}“‘1

THNOVA

|

Projet Yhnova
Source: Benoit FURET, Université de Nantes
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Direct production at microscale

Microlight-3D
micro-printing
machine

Collagen structure 3D bio-printed

1pm

erisation 2 photons

20 pum \

Micro-impression by photopoly

Source: Microlight, http://www.microlight.fr/fr/master.html
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Direct production in other fields

Food - Drugs

Textiles - Clothes

AUTOMATING
FACTORIES

Bio-printing - implants - organs

Source: https://www.3dnatives.com/bio-impression-
Source 18052017/
https://www.businessinsider.com.au/3d-
printed-chocolate-coming-to-european-
consumer-market-after-hype-2020-2

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

ISO/ASTM 52910-2018
Defines what topics should be

3 Design of
addressed by the designer P functionl
specifications: integration
- cts
- Not how to address them ivegunsig —
- Not what new research guidelines s
optimization

Insights & developments are there
No examples of usage in industry

(tupdl%h].
FEM, etc)

Structural

optimization Consideration
— (igheweight, of technical &
; ntification Build and process intornal business risks
Design/ - " AM process .
s of general | : specific limitations channels, etc)
Engineering task AM patential selection & requirements
Cost:

Final part

Can be replaced with optimized

another decision criterion
such as quality or deliver
time

Optimization of
design features

Application=

specific limits &
reguirements

Conventional

> design &

manufacturmg
Processes

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

Further det
secondary

Applicability hefore creating geometry I—

A \
¥ \

Conventional
design &
manufacturng
processcs

k4

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

2. The design framework

_Stage 1: Evaluation of AM suitability

Source: CIRP STC Dn Keynote paper, T. Vaneker, A. Bernard et al., 2020
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DfAM: Comparison between as-
desighed and as-manufactured models

The Gap between “As-Designed” and “As-Manufactured”

“As-Designed” Part “As-Manufactured” Part

- Materials

» Deposition Path : :
. Aol o Residual stresses built up from

» Heatlnput thermal process

Deformations causing tolerance
issues

Material properties are a function
of manufacturing process

Process Gap

Designed geometry without . Residual Stresses
stresses or distortions + Distortions

. + Altered Properties
Standard material property
assumptions

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

Linear FE shape

function \

Enrichment
function

GFEM shape ) T (0
function i

i ECek1E 1RZR20 | TRy
SGE AL Siaks Subeate, Shisas Teanad.  von Hoes (HOH-LAYERED)

Jetadl_Frings
Mae | TO+000 SN IT4G3
Min T 24-0071 B | BEREE

Source: session on digital applications, moderated by Nicolas GARDAN, 21rst EFAM, Paris, 2016
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Multiscale modeling and simulation

Process= Structure Solver

Inputs

Material & Process = . = 2§ B — Structure = Properties
Information = 1 5 L\ I Inputs
. 3 tructure (Euler : R SO'VE!'

Process Solver

(a.k.a FFDAMRD)
Multi-scale Finite Element Analysis ;
using Novel Meshing and Efficient - =
Numerical Techniques) = i Materlal SOIVEI‘
~ & Multi-scale Dislocation Density based Bl
Crystal Plasticity Finite Element Solver ' |

Outputs
Thermal History, Cooling Rates, Phase
Information, Residual Stress/Strain
Outputs
Dislocation Density history, s

Cou rtesy- 1 curves, slip details, Modifie ructure

(grain size, orientation, etc)

Beam diameter

#3 Diminution progressive de la vitesse
a) 0,7 m.s*!, b) 0,47 m.s™, ¢) 0,35 m.s", d) 0,28 m.s!, ) 0,23 m.s*, f) 0,2 m.s"

Courtesy: Lucas Dembinski, UTBM, IRTES, technical workshop, CNRS, Autrans, october 2015
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Beyond CAPP for AM

1
< Former research focus: CAPP/CAM for AM ¢ — i+ o100+ iy —
D KE=T ) E] 1, [Hs |+ -5
.~ % Decision making models reasoning
Tnput = ,w ".o
Data pro ing |« - i ‘ éhi
—_— | N
[ ety e | Interaction & contral
i i : . : —'/____,,..--"" 1 / . |
. | - - < Part clustring
% Design Support Tool /J - [ Process seenano selection ] Macro Planning [* —
development r[ mth ]
1 / 1 gl i
lw
Function entity library [ Part ing & clusteri f/ L;"-.? J g%‘.
A ’[,//Pmdlmim data base ] v St e 5 ..";;u"
'—|/ [ T ——— ] [ l:knmtm:phnm r\_\_\ m__',s.llfu___.,- an
< Al based Prediction 7 [ Pecision & optimization tocts | [ mﬂm: Ly Miero Planning | Orientation optimization
models [ Prediction models ] [ Support generation ]
T 7 -
,L SI.il:ing/ a
Resource ¥/ ]
| = (o morogfmes :

Nen-geometric data

%+ Curved slicing & tool-path generation algorithm / / % Nesting & packing
) % Bio-inspired support
.
XS Gh @ = s [N 9
s |C :

universités de technoloaie

UNVE REITE

Source : Development of an integrated KBE CAPP system for qualified AM, Y. Zhang (UTBM), A. Bernard (ECN)
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Outline of the presentation

/A France Additive

A Additive manufacturing: A systemic approach
fd Main strengths of Additive Manufacturing

fd Main future goals for Additive Manufacturing
fd Conclusions
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A large impact at all scales and sizes

Self-assembly & programmable matter
Biological and biomimetic composite

High performance computation for AM

Optimization for special effects .' ‘ ‘

Maker Movement

| Geometry Design for AM L 1 Material Design for AM e el —
(Section 4.1) (Section 4.2)

% Multi-representation “+ Synthetic heterogeneity -'é

“%* Hollowing, slicing & support generation Research * Combinatorial material distribution

%+  Verification, repair & enhancement %  High-performance structural material

¥ i , [P Endeavors - ffigmperf

< B3

0:0 .:'

Computational Designer  Manufacturer End Customer Manufacturing

Tools and Interfaces - h - Tools and Processes
A

*,

Development (section4.3) Development (Section4.4)
“+  NUI-driven modeling

e “¢ Open-source hardware

& : 2 : : .

** 3D optical scanning %  Process design & simulation
“* Co-design / co-creation {} U “* Sustainable concerns for AM

a s ] -
-

Makers

Applications & Impacts

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

E N @ s > damd

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

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

> Multi-material and in-situ alloying and process simulation

- Multiscale simulations & iteratively
running optimization strategies

- Multi-beam systems

- Enlarging build envelopes
- 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
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Next stage of Additive Manufacturing

> Main expected evolutions

A" F

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

Y2ee?

= 3

\_/IE'\

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

Contents lists available at SciVerse ScienceDirect

CIRP Journal of Manufacturing Science and
Technology

Vision on metal additive manufacturing: Developments, challenges and future trends

Alain Bernard®, Jean-Pierre Kruth®, Jian Cao®, Gisela Lanza®@, Stefania Bruschi), Marion Merklein®, Tom
Vaneker®), Michael Schmidt®, John W. Sutherland®, Alkan Donmez®, Eraldo |. da Silva®

(a) Nantes Universite, Ecole Centrale de Nantes, Laboratoire des Sciences du Numérique de Nantes UMR CNRS 6004, Nantes, France

(b) KU Leuven, Department of Mechanical Engineering, Member of Flanders Make, Leuven, Belgium

(c) Department of Mechanical Engineering, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208-3111, USA

(d) wbk Institute of Production Science, Karlsruhe Institute of Technology (KIT), KaiserstrafSe 12, 76131 Karlsruhe, Germany

(e) Dept. of Industrial Engineering, University of Padova, via Venezia 1, 35131, Padova

(fl Institute of Manufacturing Technology, Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Egerlandstrafie 13, 91058 Erlangen, Germany
(g) Department of Design, Production and Management, University of Twente, Drienerlolaan 5, 7522 NB Enschede, Netherlands.

(h) Institute of Photonic Technologies, Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Konrad-Zuse-Str. 3/5, 91052 Erlangen, Germany
(i)  School of Environmental and Ecological Engineering, Purdue University, West Lafayette, IN 47907, USA

(i)  Engineering Laboratary, National Institute of Standards and Technology (NIST), Gaithersburg, MD 20899, USA

(k)  University of Sdo Paulo, Sdo Carlos School of Engineering, Av. Trabalhador Sdo-carlense, 400. 13566-590, Sdo Carlos-SP, Brazil.

Abstract: Additive Manufacturing (AM) is one of the innovative technologies to fabricate components, parts, assemblies or tools in various fields of
application due to its main characteristics such as direct digital manufacturing, ability to offer both internal and external complex geometries without
additional cost, and the potential of varying materials at the voxel level. However, despite high anticipations, AM as a real revolution for serial production
of metal components has yet to be seen, mostly due to lacks of fundamental understanding, design engineering tools, and the global robustness of the value
chains. This paper aims to provide a vision about the future of metal AM based on the collective knowledge of all ten scientific and technical committees of
the International Academy of Production Engineering (CIRP).

Additive Manufacturing, 3D printing, Innovative manufacturing technologies, metal AM processes

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

Part Design Off-Line
_ metrology A
for AM- ., Work. AM , Post. | ad ] Use phase > Enq of-
based value- preparation process processing Quality life
chain i Control Applications:
- Biomedical
- Lightweight
- Thermal
. . : - Toolin
Machines In-situ process Materials - Fte. §
monitoring &
control)
Transversal issues

(mteroperability, cybersecurity, digital logistics, certification and qualification, sustainability, KPIs, traming and education)

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

=
= 3 Weapons and More complicated Better working Mass customization
*E 5 terrorism ? certification conditions and personalization
v E 1 .
= Safety and health risks Industrial Better accessibility Higher customer
for environment ? employment for all societies satisfaction
Lower dimensional Lower surface Reduced time to Flexibility for design | | Possibiltyto produce
v £ accuracy quality market changes more complex parts
= O
E =
o c More expensive part Longer Limited part Shorter process and
E g [ manufacturing ] [rnnnufnctﬂring tlme] [ dimensions J [ assembly chains ] [ Fawer spare perts ]
&5
High requirements Fewer transportation No need for On-demand
for input materials J [Higlur follure "t“] [ of final products ] [ complex tooling ] [ manufacturing }
© Higher specific Need for support Higher material Improved
E s [ energy demand ] [ structures efficiency remanufacturability Weight reduction
E 2
S E Environmental impact of Fewer waste
|I:T_- ] manufacturing stage production
E -

] ] ] [

Figure §8.1 Benefits (++) and weaknesses (=) of additive manufacturing processes compared to conventional manufacturing processes
[Kellens et al., 2017].

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

(P Design of products and
processes for efficiency

9 Manufacturing system 0 Business model
configuration

Component & product ma"”fﬂftun}-_.g

Other

QPruduct life

@ Closing the loop extension

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

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

4 Y4 N/ )
An industrial An environmental A societal
challenge challenge challenge

N\ AN J

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

e With the right material

Source: France Additive
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Thank you for your kind attention.
Any question?
alain.bernard@ec-nantes.fr
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