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ADDITIVE MANUFACTURING WORKSHOP 2019
Presente Futuro della Fabbricazione Additiva nel tessuto Industriale e nella Ricerca
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Agenda

Additive Manufacturing & Selective Laser Melting:
- From Design to Production
- SLM 

Material development:
- Why SLM for ISOL
- SLM of Refractory Metals
- W, Ta and Mo @ DIAM

SLM for ISOL System:
- Topological Optimization
- Design for Assembly
- Characterization plan
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ADDITIVE MANUFACTUIRING

MACHINE TOOLING

• Preparation of the chamber 
before printing

• SLM printing

• Removal of Parts & 
Platform and cleaning

POST PROCESSING

• Removal of Supports

• Stress Relief

• Removal of parts from the 
Platform

• Surface refinement

DATA PREPARATION

• Materialise Magics
→ support generation

• Slicing and Positioning on Platform

A NEW WAY TO DESIGN

- CAD file based on -

• Something that rise 

• Light Weight

• Complex Geometry

• Topological Optimization

ASTM standard F2792-10: 

“Process of joining materials to make 
objects from 3D model data, usually layer 
upon layer, as opposed to subtractive 
manufacturing methodologies, such as 
traditional machining.”
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Process where focused energy (laser beam) is used to selectively melt a layer of a powder bed.

Metal Powder Bed Fusion Process: Selective Laser Melting

200 µm

Al-Si10-Mg
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WHY SLM for ISOL System

2018 research paper, V. Livescu et al. 
Additively manufactured tantalum 
microstructures, Materialia 1, 15–24 

Refractory Metals Powder @ DIAM: 

Powder → 1550 EUR/Kg  → 7,5 Kg

Powder → 275 EUR/Kg  → 10 Kg

Powder → 275 EUR/Kg  → 10 Kg

1st FEBIAD ion source prototype used at SPES 

Ultra-High temperature materials

Shabalin, I. L. (2014). Introduction to Ultra 
High Temperature Materials. In Ultra-
High Temperature Materials I (Vol. 2). 

Courtesy of the SPES Target Group



AM Workshop
Padova, 20/09/2019

E-mail: pietro.rebesan@pd.infn.it

Additively manufactured Refractory Metals for high temperature ISOL Target and ISOL Source System

6Site: diam.pd.infn.itIng. Pietro Rebesan

Critical issues of Additively Manufactured TUNGSTEN 

SLM of Refractory Metals

the volumetric laser 
energy per unit volume

High melting Point (3420 °C)1

High melting Point – High surface tension – High cohesive energy2

High Dinamic Viscosity

Poor flowability of the molten pool 

➢ POWER

➢ SCAN SPEED 

➢ HATCHING 

➢ LAYER THIKNESS

2019 research paper, Wen, S. et al. 
High-density tungsten fabricated
by selective laser melting. 

2018 research paper , Tan, C. et al. 
Selective laser melting of high-

performance pure tungsten.

Sufficient overlap between the scan tracks is needed
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Tungsten, Tantalum and Molybdenum @ DIAM
Material Characterization & Process Parameters Tuning: 

- Block production for - with 

- MICROSTRUCTURAL CHARACTERIZATION

- Bars production for MECHANICAL PROPERTIES

- Integrity of the material as the THICKNESS CHANGES

- Influence of ROUGHNESS & SURFACE REFINEMENT

from 96,0 % to 99,6 % density
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1° Advantage Design for Assembly

More than 20 components for ASSEMBLING and MANUAL ALIGNMENT 8 components: SELF ALIGNMENT during the ASSEMBLING
4 post-processing steps: threading 

AlSi10Mg protoype

Courtesy of the SPES Target Group
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Traditional Production

Additively Manufactured CATHODE

2° Advantage: Topological Optimization

Stainless Steel 316L - Prototype

CATHODE

AlSi10Mg - Prototype
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a possible Characterization Plan

→ : Work in synergy to integrate
and 

→ ANALYSES 
and 

→ Influence of &  
improvement

→ tests

→ production and 
characterization

Ar beam

Xe beam

Kr beam

Sn beam
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