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Additive Manufacturing: 30 anni di storia
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Figure 1.13. The customer role in the four paradigms 
Yoram Koren “The Global Manufacturing Revolution” 
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Gartner Hype Cycle of Emerging Technologies, 
Trends for 2014 
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Fonte: ASTM International Committee F42 on Additive Manufacturing Technologies; Roland Berger



Ricerca a livello mondiale: Asia, Europa, USA
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STREAM ( Belgium )
FRPA  ( France )
DMRC - Lander - Central 
( Germany )
TNO ( Netherland )
LIDER ( Poland )
PAMI ( Portugal )
ASERM ( Spain )
XXXX ( UK )



Additive Manufacturing: ricerca europea da FP3 
a FP7 ( 1991 - 2013 )
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Table 2: AM related projects by programme funded from FP3 to FP7 (1991-2013) 
 

EC Programme Number projects 
FP3 4 
FP4 8 
FP5 3 
FP6 12 

FP7 IDEAS ERC 3 
FP7 NMP 34 
FP7 ICT 2 

FP7 PEOPLE 8 
FP7 SME 5 

FP7 TRANSPORT 1 
FP7 INCO 1 

FP7 JTI 5 
FP7 KBBE 1 
FP7 SIS 1 
TOTAL 88 

 
 
Table 3: Additive Manufacturing related projects funded by field from FP3 to FP7 (1991-2013) 
 

Materials 
29.6% 

Metals 11.3% 
Polymers 7.0% 

Biomaterials 5.6% 
Ceramics 2.8% 

Other materials 2.8% 

Technologies 
34.5% 

Process technologies 23.2% 
Informatics 10.6% 

Standardisation 0.7% 

Applications 
35.9% 

Industrial processes 7.7% 
Health 4.9% 

Bio-printing 4.9% 
Aerospace 3.5% 

Moulds and tools 3.5% 
Micro 3D-Printing 2.8% 
Foot and textile 2.1% 

Consumer goods 1.4% 
Electronics 1.4% 

Skills and education 1.4% 
Microfluidics 0.7% 

Design 0.7% 
Food 0.7% 

 
The Industrial Leadership pillar of Horizon 2020, including the KETs, will certainly play a major role 
in the development of Additive Manufacturing technologies. One of the main drivers for AM will be 
the FoF PPP. This partnership primarily develops its activities through industrial roadmaps in 
collaboration with the most relevant stakeholders. In this way the industry plays a leading role in 
defining the priorities which will aim to close the gap between technology and manufacturing. Also, 
as a result of this collaboration, the funded projects will be more oriented towards exploitation and 
therefore closer to the market in comparison to the previous Framework Programmes. A high 
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225 M€

Report of EC Workshop on Additive Manufacturing - Brussels - 18/06/2014



Additive Manufacturing in Horizon 2020

‣AM è prevista nel II e III 
pilastro di H2020 
“Industrial Leadership” in 
particolare KET e FoF e 
“Societal Challenges”.

‣EFFRA indica AM come 

uno dei topic più 
importanti nel biennio 
2016-2017.
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Struttura del programma

31

1

2 3

ERC
Ricerca di frontiera per i migliori 
team individuali

FET (Future and Emerging 
technologies)
Ricerca collaborativa in nuovi settori 
d’innovazione (non più solo ICT)

MARIE CURIE
Opportunità di formazione e carriera 
per Ricercatori eccellenti

Infrastrutture di ricerca (& 
infrastrutture elettroniche in rete)
Accesso ad infrastrutture di livello 
mondiale 

EXCELLENT SCIENCE 
Leadership nelle tecnologie 
abilitanti e industriali
ICT,  nanotecnologie,  materiali 
avanzati, biotecnologie, produzione 
e lavorazione avanzata, spazio

Accesso ai finanziamento con 
capitale di rischio
Sostegno ai finanziamenti privati   e di 
capitale di rischio per la ricerca e 
l'innovazione

Innovazione nelle PMI
Stimolare tutte le forme di 
innovazione in tutte le tipologie di 
PMI

• Sanità, cambiamenti demografici e 
benessere

• Sicurezza alimentare, agricoltura 
sostenibile, ricerca marina e 
marittima e bioeconomia

• Energia da fonti sicure, pulita ed 
efficiente

• Trasporti intelligenti, ecologici ed 
integrati

• Azione per il clima, efficienza sotto il 
profilo delle risorse e materie prime

• Società inclusive, innovative e 
riflessive

• Società sicure

INDUSTRIAL LEADERSHIP SOCIETAL CHALLENGES

Istituto Europeo di innovazione e tecnologia (EIT) 

Centro di Ricerca Congiunto (JRC) EURATOM (2014-2018)

Report of EC Workshop on Additive Manufacturing - Brussels - 18/06/2014



Additive Manufacturing:  
approccio multidisciplinare
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Linee di intervento della ricerca industriale
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Additive 
Manufacturing

Post Processing: 
Finishing & polishing

Pre Processing: 
DFAM, CAD for AM
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Linee di intervento della ricerca industriale: nuovi 
materiali

‣Alta densità di finanziamento richiesta: 2 - 5 M€ per progetto
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Linee di intervento della ricerca industriale: 
materiali

‣New materials for AM processing

-biomaterials

- superconductors and new magnetic 

materials

- high performance metal alloys

- amorphous metals

- ultra-high temperature ceramic 

composites

-metal-organic frameworks

- new nano-particulate and nano- fibre 

materials. 
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Additive 
Manufacturing

Post Processing: 
Finishing & polishing

Pre Processing: DFAM, 
CAD for AM

Materials

Fig. 1: SEM-micrograph of the composite metal powder used for laser sinter
experiments (Ni powder appears bright in the micrograph)

a) b) c)
Fig. 2: SEM-micrographs of the as laser sintered metal powder, low (a), medium

(b) and high laser intensity (c), top view
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KPVs (2 stage process) 
D large 
D Small 
D Large % 
D Small % 
% X 
% Y 
Process 1 parameter 
(time) 
Process 1 parameters 1-3 
Process 2 temperature 
Process 2 time 

Build Parameters 



Linee di intervento della ricerca industriale: il 
processo additive
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Additive 
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Post Processing: 
Finishing & polishing

Pre Processing: DFAM, 
CAD for AM

Materials

‣Concorrenza di tecnologie additive e sottrattive



Linee di intervento della ricerca industriale: il 
processo additive

‣Processi di deposizione 
a polvere ( LENS e 
derivati ).

-Graded material

-Remanufacturing

-Produttività limitata!!!
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Additive 
Manufacturing

Post Processing: 
Finishing & polishing

Pre Processing: DFAM, 
CAD for AM

Materials

http://www.sandia.gov/mst/technologies/net-shaping.html



Linee di intervento della ricerca industriale: il 
processo additive
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Additive 
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Post Processing: 
Finishing & polishing

Pre Processing: DFAM, 
CAD for AM

Materials

‣ Processi a deposizione di filo: produttività



Linee di intervento della ricerca industriale: il 
processo additive
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‣ Processi ibridi filo+polvere: graded materials + produttività
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Yasa et al. The investigation of the influence of laser re-melting on density, 
surface quality and microstructure of selective laser melting parts 
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A
B

C

D

Before grinding After grinding

A : P = 1.4 kW, V = 200 mm min-1, WFR = 800 mm min-1, PFR = 0 g min-1

B : P = 1.4 kW, V = 200 mm min-1, WFR = 600 mm min-1, PFR = 10 g min-1

C : P = 1.2 kW, V = 200 mm min-1, WFR = 800 mm min-1, PFR = 0 g min-1

D : P = 1.2 kW, V = 200 mm min-1, WFR = 600 mm min-1, PFR = 5 g min-1

Process Tuning 



Linee di intervento della ricerca industriale: il 
processo additive
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Additive 
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Post Processing: 
Finishing & polishing

Pre Processing: DFAM, 
CAD for AM
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‣ I grandi formati

17

SME RAPID Detroit 2014

Hybrid Systems in metal and polymers 

17

SME RAPID Detroit 2014

Hybrid Systems in metal and polymers 

16

SLM - Machine size categories 

Small dedicated <1

Mid range 15-30

Very large > 100

China 2013 $80 million investment in AM

An AM-built beam for use in 

aviation, printed at Northwestern 

Polytechnical University in China. 

Courtesy of Guancha Zhe.



Linee di intervento della ricerca industriale: 
Design for Additive Manufacturing

‣Riprogettazione di componenti aeronautici: Leggerezza → minor 
materiale → minor tempo di fabbricazione → minor costo.
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Linee di intervento della ricerca industriale: 
Design for Additive Manufacturing

‣Raffreddamento conformato. 
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Linee di intervento della ricerca industriale: 
Nuovi sistemi CAD for Additive Manufacturing
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Linee di intervento della ricerca industriale: 
Nuovi sistemi CAD for Additive Manufacturing
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3D Systems Corporation 
333 Three D Systems Circle 

Rock Hill, SC 29730 
 

 www.3dsystems.com  
NYSE:  DDD 

    News Release 
 

Investor Contact: Stacey Witten Media Contact:  Wendy Pinckney    
 Email: Stacey.Witten@3dsystems.com  Email: Press@3dsystems.com 
 

  

 
 

3D Systems Completes Acquisition of Cimatron  
 

� Strengthens advanced manufacturing leadership and portfolio   
� Extends global sales coverage, multiplexes cross selling opportunities  
� Completes 3DS’ software interoperability for 3D digital fabrication  

 
 
ROCK HILL, South Carolina, February 9, 2015 – 3D Systems (NYSE:DDD) 

announced today that it has completed its acquisition of all shares of Cimatron Ltd. 

(NASDAQ:CIMT) for approximately $97 million, inclusive of Cimatron’s net cash. The 

integration of Cimatron’s software products into the company’s portfolio strengthens 

3DS’ leadership position in 3D-printing-centric advanced manufacturing by enabling a 

seamless digital workflow between design and traditional and additive manufacturing 

processes. The transaction adds complementary technology, extends 3DS’ sales 

coverage globally, multiplexes cross-selling opportunities and is expected to be 

accretive to the company’s cash generation and Non-GAAP earnings per share for the 

full year 2015.  

 

“Cimatron represents a perfect strategic fit for our business by providing expanded 

capabilities in product development, sales coverage and complementary technology. We 

believe that this combination offers unique synergies with significant long-term 

customer benefits and shareholder value,” commented Avi Reichental, President and 

CEO of 3DS. “We are delighted to welcome Danny Haran and his entire global team to 

3DS as we complete the digital thread from design to digital fabrication.” 

Cimatron is a leading provider of integrated 3D digital fabrication software for 

manufacturing. Cimatron’s products are used by a growing number of companies 

worldwide for their 3D production molds, tools and dies in a wide variety of functional 

end-use manufacturing applications. With two world renowned products, CimatronE and 



Linee di intervento della ricerca industriale: 
post processing e finitura
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Additive 
Manufacturing

Post Processing: 
Finishing & polishing

Pre Processing: DFAM, 
CAD for AM

Materials

‣Rimozione Supporti. 

‣Trattamenti di distensione termica.

‣Trattamenti termici microstrutturali.

‣Trattamenti per migliorare densità e porosità.

‣Finitura alla macchina utensile

‣Rimuovere i supporti

‣Morfologia della superficie

‣Accuratezza geometrica e dimensionale

‣Caratteristiche fisiche e meccaniche

‣Rugosità e l’aspetto estetico



Trattamenti termici: il laser come strumento per il 
“rapid post processing” 
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Fonte: Kruth et al. Rapid Prototyping Journal, 
Vol. 12 Iss 5 pp. 254 - 265

Fonte: Mike Klecka 
United Technologies Research Center

I trattamenti termici massivi richiedono tempo e non sempre è 
necessario applicarli a tutto il componente

Fonte: Solid Concepts

Fonte: Gruppo Laser - UNIBO



Laser Shock Peening per la riduzione delle 
tensioni interne e l’aumento della vita a fatica  
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Fonte: SME- Manufacturing Engineering Magazine

Fonte: Tani, G., et al. CIRP Annals-Manufacturing Technology 
60.1 (2011): 219-222.

Fonte: MIC



Trattamenti per modificare le caratteristiche 
fisiche e meccaniche
‣Trattamenti per eliminare le strutture di solidificazione:

-Normalizzazione

-Ricottura di ricristallizzazione


‣Trattamenti per ridurre le direzionalità nelle strutture:

-Omogenizzazione

-Solubilizzazione


‣Trattamenti per migliorare le caratteristiche meccaniche:

-Solubilizzazione e invecchiamento

-Tempra e rinvenimento
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Laser Hardening: perfetta simbiosi con il Rapid 
Manufacturing
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Addolcimento laser

Tempra laser
Modulando l’apporto termico, 

attraverso il laser si possono ottenere 

diversi tipi di trattamento



Rimozione, separazione ed asportazione
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Laser milling

Fonte: Oxford Lasers

Laser drilling

Fonte: Potomac

Il laser come strumento di asportazione consente ottime risoluzioni e, soprattutto nel caso di SLS o SLM, può essere 
integrato in macchina molto facilmente.

Fonte: CB Ferrari

Laser texturing



Finitura superficiale, lucidatura

‣Sabbiatura

‣Pallinatura

‣Burattatura

‣Lucidatura
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Fonte: Global Metalfinishing Fonte: MIC

Fonte: SBA
Fonte: Manzerna



Finitura superficiale, lucidatura
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Laser surface remelting

Laser polishing

Fonte: poliMATC
Fonte: Pfefferkorn et al.

Part II, STC E, Pfefferkorn  

4 4 Illustration of Two Polishing Regimes 

Capillary Regime 

Thermocapillary Regime 

Part II, STC E, Pfefferkorn  

4 4 Illustration of Two Polishing Regimes 

Capillary Regime 

Thermocapillary Regime 

Part II, STC E, Pfefferkorn  

3 3 Pulsed Laser Micro Polishing 

• Surface re-melting to enable surface tension driven material redistribution 
 

• Access to difficult-to-reach features 
• Multi-scale 

• Nano [electron beam] 
• Micro [pulsed laser] 
• Macro [CW laser] 

• Non-contact 
• Conserves mass 
• Selective 
• High-speed 
• Cannot alter form 
• Control over surface texture 

5-mm-wide “W” polished at 
1 mm2/s on ground 

Ti6Al4V surface.  



Linee di intervento della ricerca industriale: 
BioMedicale, medicina rigenerativa
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Renishaw's additive manufacturing system to boost 
production capabilities at Directed Manufacturing Inc

Biomedical engineering (BME) advanced complexity 

Medical 
devices

Neural 
engineering

Implants

Pharmaceutical 
Eng. 

Tissue 
engineering

Artificial 
body part 
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‣Alta complessità ed interdisciplinarietà. 

‣La chiave sarà la sostenibilità del processo

‣Produttività, automazione e controllo per un miglioramento continuo.

‣Nuovi modalità di fabbricazione guidate da esigenze del prodotto 
sono in arrivo.

‣Nuove modalità di progettazione guidate dalla modalità di 
fabbricazione.

‣5 anni da ora.
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