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International Relations @ Unige

More than 30.000 students (Bachelor and Master courses)

More than 4.000 students in postgrad courses and Ph.D Nearly
3.000 of them (~10%) are international students

More than 1.000 Erasmus exchanges each year

560 Erasmus+ agreements

160 academic cooperation agreements in 60 Countries
9 Master Science courses entirely taught in English
More than 20 courses teaches subjects in English
Nearly 10 double degree courses

Unige ranked second among big Italian universities
(20-40.000 students) for internationalization (Censis)
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University — Industry collaboration

Higher Education B | New products /
processes / services

“Vertical knowledge”
Ease in exchanging information
and having relationships
Global competition

Competitiveness

Research and incomes
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AM is more than manufacturing! @l

AM machines create a unique material product form — typically, the
purview of the foundry or mill and guaranteed through CoCs based
on proprietary process controls and commercially-available
specifications (e.g. ASME, SAE, ANSI, ASTM, AWS, MIL specs).

Subtractive Forging Process
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Fabrizio Barberis - AITA- 5 Luglio 2018



Greater
cost
per unit

Lower
cost
per unit

Cost per unit manufactured

A

5t

Tecnologie Additive: un opportunita’ da cogliere
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Snapshot of the future in 3D

3D printing could revolutionise customisable products and their supply chains.

Business benefits of a 3D-printing supply chain

1 Factory is closer to home 2 No more intermediaries
Designs are sent to production Consumers download designs
centres that are closer to directly—some open source—
consumers. Logistics for these then customise and print. A print-
products become local business. ing center may be all that's needed.
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3 Lessinventory ««-----
Ability to print

what you need ]
when you ’%— -
b/l

need it reduces

excess
inventory.
4 Rapid response
to consumer demand veceeneen,
Easy customisation .

allows quick adjustment
to changes in demand,
reducing the

inventory at risk
of obsolescence.

Fabrizio Barberis - AITA -

5 Luglio 2018



Tecnologie Additive: un opportunita’ da cogliere

¥ Best suited to small-scale structures age s o
with fine details, direct write has been e deﬂﬂﬂﬂ”'ﬂ P nnﬂng .........
used to print miniature sensors inside Material is added layer byleger to create

jetengines and gas turbines. an object, suMtable for consumer goods,
industrial parts and lots more.

The
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Global distribution:
Percent of worldwide 3D printing industry market
Germany 9.4% Japan Projected
China 8.7% 9.7% global value

UK4.2% —

Italy 3.8%
France 3.2% ———
South Korea 2.3% —
All other countries combined 20.7% =
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Industrie

The term Industrie 4.0 was first used in 2011 at the Hanover Fair.l8!
In October 2012 the Working Group on Industry 4.0 chaired by
Siegfried Dais (Robert Bosch GmbH) and Kagermann (acatech)
presented a set of Industry 4.0 implementation recommendations to
the German federal government. On 8 April 2013 at the Hanover

Fair the final report of the Working Group Industry 4.0 was
presented.
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Bundesministerium
fiir Bildung
und Forschung

L

Uberuns = Aktuelles Hightech-Strategie Bildung Forschung Wissenschaft Europaund die Welt Presse

Energiewende und nachhaltiges . .
Wirtschaften Zukunftsprojekt Industrie 4.0 AKTUELL

Industrie 40 - M
Umwelt und Klima " /

Gesundheit Die Wirtschaft steht an der Schwelle zur vierten industriellen Revolution. Durch das
Internet getrieben, wachsen reale und virtuelle Welt zu einem Internet der Dinge

Biotkonomie zusammen. Mit dem Zukunftsprojekt Industrie 4.0 wollen wir diesen Prozess unterstiitzen.
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Industrie 4.0

To encourage companies to drive common standards, the government has established the

Industry 4.0 platform at the Ministry for Economics and Energy, to promote dialogue and
collaboration among industry, government and other stakeholders.

Connectivity: Multimodal
Transport Hubs Providing Excelle

= S k| Air, Rail, Road Connectivityto
<&y M v Other Mega Cities. A\

Net Zero Buildings: At least
50% of buildings will be Green
and Intelligent built with BIPV.,
20% of the buildings will be Net
Zero Buildings.

Renewable Energy:
Energy: 20% of Energy
Produced in the City will
be Renewable (Wind,
Solar etc.)

Communication
& Automation:
Intelligent
Communication
Systems
Connecting
Home, Office,
iPhone and Car on
a Single Wireless
IT Platform.

Energy Savings:
Infrastructure to Enable
Real time monitoring of
power flow and Provide
Energy Surplus Back
to the Grid

Next Gen. Automotive:
Electric Vehicles will
account for at least 10%
of Cars with Free Fast
Charging Stations at
every half mile.
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Exponential
technolog

es

ELN]

intin

Technological Self- Glc}bm_
development Watson Capsule Dr":rin | connecti-
Moore’s Law: the power i nng vity
of chips, bandwith and copy cars |
computers doubles appr. \—\
every 18 months Tele-
J ,. Google Nt | presence
e ~— e Glass / Printing robots
- Slingshot ),_/
: . water
The human factor 3D purifier - Robaotic
Technological development | | Printing surgical
feeds and enables various systems
trends in society: CHi:
Democratisation, Auto- Curding /
social connection, DIY, motive Matternet
Decentralisation based on (drones)
— i digital
.\'\\.
\\‘\-\.
i"\
Biotech |
[Neurctech =~~~ coliey 3 i
Nonotech SN 2t 0
New energy & sustainability =:";3;1 ATy
ICT & mobile technol - LR
- -0

From
linear to
exponential

growth trajectory

Fabrizio Barberis

- AITA- 5 Luglio 2018




Tecnologie Additive: un opportunita’ da cogliere

Emergence of Additive Manufacturing
2002

Arcam commercializes PBF by electron beam
technology, launching first production model

1997
The "basic ILT" SLM patent” which
describes metal PBF# by laser is filed

1996

Extrude Hone (now ExOne) becomes
exclusive licensee of the binder jetting
process for metal parts and tooling

1995

L L

1985 1990 2000

2003
Trumpf introduces its first lines of metal
PBF by laser machines (TrumaFaorm LF)

2005

MCP Tooling Technologies (later
MTT Technologies Group) intro-
duces PBF by laser machine
SLM Realizer 100

2005 2010

Today

Series production readiness
achieved

Up to 4 lasers simultanecusly
creating one part

Build area up to 800 mm in length
Automation concepts available

®  c-m-- 3
Today EIEICELEENL)
s 0 Fo s 4

Foundation of EQS
by Dr. Langer and
Dr. Steinbichier

1989

Binder jetting process is
developed at the Massachusetts
Institute of Technology (MIT)
1993

First patent describing
fundamentals of PBF# by
electron beam is filed
1993

First metal PBF by laser machine is
introduced by F&S Steredlithografie-
technik (Fockele & Schwarze)

1999

Optomec delivers first commercial
directed energy deposition (DED)
System (LENS 3D Printer)

1998

ECS introduces EOSINT M 250
1995

1) Fraunhofer Institute for Laser Technology  2) Powder bed fusion  3) Federal Aviation Administration

Additve Manuiaciunng

First AM-produced part for use in a jet
engine by GE, receives FAAY approval
2015
First PBF 4-laser concept introduced by EOS
2013

FDA approval (510(k)) for the first patient
specific cranial device by OPM granted

2013
AM growth in medical, e.g. dentistry, is picking up traction
2011

ASTM approves first non-terminology AM standard
2011

- next generation (AMnx) Study by Roland Benger (HiRes) 160412 pplx

Source: Company websites; European Patent Office; Wohlers Associates; Roland Berger
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The White House
Office of the Press Secretary

For Immediate Release

President Obama Launches
Advanced Manufacturing
Partnership

Today, at Carnegie Mellon University, President Obama launched the Advanced

Manufacturing Partnership (AMP), a national effort bringing together industry,

universities, and the federal government to invest in the emerging technologies

that will create high quality manutfacturing jobs and enhance our global
competitiveness. Investing in technologies, such as information technology,
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The White House
Office of the Press Secretary

For Immediate Release March 09, 2012

President Obama to Announce New
Efforts to Support Manufacturing
Innovation, Encourage Insourcing

Administration Proposes New National Network to Support Manufacturing, Takes
Immediate Action to Create a Pilot Manufacturing Institute

On Friday, President Obama will continue to highlight the successtul trend of
insourcing — companies from around the world bringing jobs back and making
new investments here in the United States - at the Rolls-Royce Crosspointe jet
engine disc manufacturing facility in Prince George County, Virginia. The
President’s Blueprint for An Economy Built to Last lays out a number of ways we
can encourage insourcing, support investment in our manufacturing sector, and

create good jobs here in the United States, and today's announcements build on
Fabrizio Barberis - AITA- 5 Luglio 2018
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US Industrial Sector
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The Institute Ecosystem Process Flows

The Institute creates a
sustainable ecosystem for
accelerating the advancement

Increased Industrial Research
U.S. Industrial & Manufacturing

’ g e Capabilities, Insti

stitute Members
of U.S. industrial capabilities... Msmdfuiuieg
Science & Dominance Establish New Supply

Technology Chains to Transition

Gov’t Agencies /m America Makes\ Technologies

(Departments of Form Multi-Member

Commerce, Defense, Collaboratively Facilitate RED Leverage Integrated Project
Energy, NASA, NSF...) Create R p Industry Cost Teams to Develop
Research & SI:I[;::: ;; 2o Sharing and Technologies
Development s Internal R&D Provide Industry Pull for
Communicate R&D and Roadmaps Investments Technologies and Job

Mission Requirements Skills in Demand

Provide Accelerate
Manage R&D Access to IP
; Mechanisms :
Project %6+ Secuife Dita With Pre-
Portfolio PR Negotiated
€ Agreements

Workforce & Training &

Education Create s Provide Education
Workforce & Curricula I : b
Gov’t Agencies Education Development chafeiasan nstitute Members
(Departments of Training to Job Skill é‘“ c;'"r'cz'“t
Commerce, Education, Roadmaps Demand Yy ORI Develop and Deliver
Labor...) Graduate,
Undergraduate,

Establish Workforce &
Education Priorities and
Initiatives

Certificate, and Other
Training Programs

...and training the workforce. Workforce With

Skills in High
Demand

Figure 6. Institute Ecosystem Process Flows Generate Benefits that Incentivize Ongoing Participation
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NISTIR 8059

Materials Testing Standards for
Additive Manufacturing of Polymer
Materials: State of the Art and
Standards Applicability

Aaron M. Forster
Materials and Structural Systems Division
Engineering Labaratory

This publication is available free of charge from:
http://dx.doi.org/10.6028/NIST.IR.8059

NIST Advanced Manufacturing Series 100-5

Measurement Science
Roadmap for Polymer-Based
Additive Manufacturing

Prepared for

Material Measurement Laboratory
National Institute of Standards and Technology
Gaithersburg MD 20899

Division of Civil Mechanical and Manufacturing Innovation
National Science Foundation
Arlington, VA 22230

Prepared by

Joan Pellegrino
Tommi Makila
Shawna McQueen
Emmanuel Taylor

Energetics Incorporated
Columbia MD 21046
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U.S. Department of Commerce
Penny Pritzker, Secretary

National Institute of Standards and Technology
Willie May, Under Secretary of Commerce for Standards and Technology and Director

Fabrizio Barberis

This publication is available free of charge from:
https://doi.org/10.6028/NIST.AMS.100-5

U.S. Department of Commerce

Penny Pritzker, Secretary

National Institute of Standards and Technology

Willie May, Under Secretary of Commerce for Standards and Technology and Director

- AITA- 5 Luglio 2018




Tecnologie Additive: un opportunita’ da cogliere

Additive Manufacturing Standards Structure

; Qualification System Performance | Round Robin
e - 'erminology J Data Formats Guidance & Reliability Test Protocols General Top-Level
Standards _ : AM Standards
Design Guides f Test Methods | Test Artifacts Safety Inspection Methods

* General concepts
* Common requirements
* Generally applicable

Feedstock Materials Process / Equipment Finished Parts

i Material Powder Bed Fusion Mechanical Test Methods
: Category A
Directed Ener MDE/NDT Post-Processing
Pho E:'Eg?ri";mer Polymer Powders Binder Jetting Deposition i Methods Methods Standards
. ; ihili Specific to material
Metal Polymer Material e Bio-Compatibility Test Methods

Chemical Test

Vat Photopolymerization Methods ; category

Titanium Powder Material Titanium Allo Paper
Alloy Powders Steel Rods Bed Fus}nn Extrusion ' m
. with Nylon with ABS - m :
Nickel-Based NVIU‘H Aluminum AHD\’ SPECialiIEd AM

Alloy Powders Directed Energy || . Powder Bed

Deposition with JLFusion with Steel Nickel-Based Alloy “ ' Standards
osriament | et | | TGnium Aloy [ e

process, or application

[ herospace | medical |

T — romore | o]
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Final Report

Department of Defense
Additive Manufacturing
Roadmap

Report Released 30 November 2016
Dr. Jenm malino. Technical Advisor, Struc

Propulsion and Manu E

Air Force Research Laboratory

Mr. Andy Davis, Program Manager, Manufacturing Technology, UU.5. Army

M. Ben Bouflard, Additive Manulacturing Lead,

Research, Development, Test, and Evaluation,

Department of the Nawvy

Dr. Mary Kinsella, Additive Manufacturing IPT Lead, Air Force Research Laboratory

Mr. Tony Delgado, R&D Additive Manufacturing Program Manager
Defense Logistics Agency

Mr. John Wilezynski, Director of Technology Development, America Makes
Kelly Marchese, Principal, Deloitte Consulting, LLP

lan Wing, Manager, Deloitte Consulting, LLP

WA AmericaMakes ]
7] NCDMM Deloitte.

DISTRIBUTION A: Cleared for Public Release #88ABW-2016-5841
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Connections represent organizations
KEY dummp working directly together on an Institute

committee, proposal, or project,

organizations connected through

135 Organizanons connected through
652 relai onships 2,034 relationships
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Creating the workforce of tomorrow

Created by President Obama in 2011, the Advanced Manufacturing Partnership
(AMP) aims to maintain US leadership in advanced manufacturing. Upon
recommendations of the AMP the US administration has established ai’ $8bn fund
to help community colleges deliver the workforce of tomorrow.

Fabrizio Barberis - AITA- 5 Luglio 2018
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N ISI- Search NIST = NIST MENU

NIST OFFICE OF ADVANCED MANUFACTURING (OAM)

About Us National Strategic Plan for Advanced
g *  Manufacturing

=

National Institute for
Innovation in
Manufacturing
Biopharmaceuticals
(NIIMBL)

il
G+ ir‘.?

Funding Opportunities

Staff Directory Background Information

On February 5, 2018, the National Scierng®e and Technology Council, Committee on Technology, Subcommittee on Advanced
National Strategic Plan acturing published a Re or Information — National Strategic Plan for Advanced Manufacturing
for Advanced

Manufacturing (https://www.federalregister.gov/d/2018-02160). This RFI solicits input from the public on ways to improve government
coordination and on long-term guidance for federal programs and activities in support of United States manufacturing
competitiveness, including advanced manufacturing research and development that will create jobs, grow the economy

] across multiple industrial sectors, strengthen national security, and improve health care.
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m America Makes .‘ﬂcﬁimsmaam Institute

Standardization Roadmap for
Additive Manufacturing

VERSION 2.0

PREPARED BY THE

America Makes & ANSI Additive Manufacturing
Standardization Collaborative (AMSC)

C wmezos D
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[ Feel. Ares(2014)1655773 - 2510572014

European
Commission

* %
*

Advancing Manufacturing

EXECUTIVE AGENCY FOR SMALL AND MEDIUM-SIZED ENTERPRISES

Identifying current and future application areas,
existing industrial value chains and missing
competences in the EU, in the area of additive
manufacturing (3D-printing)

Final Report

Brussels, 15t of July, 2016

o i o
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European Parliament
2014-2019

Committee on Legal Affairs

23.11.2017

WORKING DOCUMENT

on three-dimensional printing, a challenge in the fields of intellectual property
rights and civil liability

Committee on Legal Affairs

UK publishes Digital Strategy outlining plans for
Makerspaces, IP protection for 3D printing, and
internationally connected Tech Hubs

Additive Manufacturing UK

Leading Additive Manufacturing in the UK
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cecimo

European Association of
the Machine Tool Industries

CECIMO
Voice of the European

Additive Manufacturmg Industry

Activities Report
2017

Imperial College .
London

Institute for

Molecular Science
and Engineering

Briefing Paper No 2
September 2017

The value of additive manufacturing:
future opportunities

Billy Wu, Connor Myant and Shoshana Z. Weider
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Genova Additive @® ..

ISTITUTO ITALIANO DELLA SELDATURE DI GENOVA
ENTE MORALE -

Manufacturing

In 2017 it has been signed a joint Program .
Departments) and Italian Institute of Welding (lIS
Manufacturing on Metals: Genova Additive Manufacturing - GeAM
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UNIVERSITA DEGLI STUDI
DI GENOVA

M 2'3‘ Genova Additive Manufééturing

&

IANO DELLA SALDATURE

laser per costruire. a Genova

IS Genova metal
additive products
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Genova Additive Manufacturing @ ®

ISTITUTO ITALIANO DELLA SALDATURE UN]VERSITA DEGLI STUDI
ENTE MORALE DI GENOVA

Nlﬂ: Ge
7 A

laser per costruire, a Genova

Fabrizio Barberis - AITA- 5 Luglio 2018



| miterreg &

European Union
n |

CENTRAL EUROPE e

Advanced manufacturing technologies, circular economy in Central European regions

¢

@ AMICE Project Introduction

‘ Flavio Tonelli, Massimiliano Avalle, Giovanni Berselli, Melissa Demartini, Fabrizio Barberis
University of Genoa
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Advanced manufacturing technologies, circular economy in Central European regions

1. Promote the
, facilitated through
. high quality,
. collaborative,
 transnationally coordinated innovation services

2. Promote and facilitate a faster and efficient
between RTO-SMEs-Policy

3. Develop an for the
manufacturing sector

miterreg
CENTRAL EUROPE &5
AMICE
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Advanced manufacturing technologies, circular economy in Central European regions

S i, | PR e

2 DE  University of Applied Science Zittau/Gorlitz e

3 PL  Institute of Technology Transfer {ITT) Wroclaw %ﬁj T I.t'.! r b"l_-’ -

|“CENTRAL({EUROP

 Bupesn s - FLl spmar Mmprne Craregren ©m)
= ™

4 PL  Technology Park of Legnica

5 CZ  Regional Development Agency of Usti Region

0

6 GZ  Technical University of Liberec

f IT Liguna Regional Chamber of Commerce

8 IT University of Genova-Polytechnic School ecera
9 SK  University of Zilina
10 SK  Business and Innovation Centre (BIC) Bratislava ==~

1 ES  LEITAT, Acondicionamiento Tarrasense, Barcelona

HiLteIrey -
CENTRAL EUROPE i
AMICE

Fabrizio Barberis - AITA- 5 Luglio 2018



Tecnologie Additive: un opportunita’ da cogliere

Advanced manufacturing technologies, circular economy in Central European regions

Improved strategic interaction
and co-operation of
Innovation service providers

Improved transfer of
knowledge between
Research, SMEs and

Policy about AM

~ technologies and circular

! economy
Developed inducive
Innovation ecosystem for the
manufacturing sector in our _
regions ul Il.erlt'b-
CENTRAL EUROPE =ik
AMICE
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Thanks for your attention

=

2€

Fabrizio Barberis, PhD
Vice Coordinator of Research & Innovation Commission of University of Genova
fabrizio.barberis@unige.it
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