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Additive Manufacturing & Selective Laser Melting: / hdm b €

- 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

ASTM standard F2792-10:

4 2\

“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.”

A NEW WAY TO DESIGN
- CAD file based on -

e Something that rise

e Light Weight

e Complex Geometry

* Topological Optimization

MACHINE TOOLING

* Preparation of the chamber
before printing

e SLM printing
* Removal of Parts &
Platform and cleaning

POST PROCESSING

e Removal of Supports
e Stress Relief

¢ Removal of parts from the
Platform

e Surface refinement

DATA PREPARATION

e Materialise Magics
—> support generation

e Slicing and Positioning on Platform

\_ J Y,
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Metal Powder Bed.Fusion.Process: Selective Laser.Melting

Process where focused energy (laser beam) is used to selectively melt a layer of a powder bed.

scanner

| Y system 7
fabricated E scan direction laser beam
laser object E 2 / '
oy : fabricated —— E
poYvder : ) ) obiject powder layer
delivery melt pool

system

powder bed p?ll;itlf(:::ri
Al-Si10-Mg
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WHY SLM.for ISOL System |

15t FEBIAD ion source prototype used at SPES

/
/ extraction

system
(Ta)

insulator discharge chamber
(Al,05) (Ta)

extraction
electrode
(Ti alloy)

Courtesy of the SPES Target Group

1 W Powder - 275 EUR/Kg > 10 Kg

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

Melting points Ty, (°C) of chemical elements in the periodic table
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Ultra-High temperature materials

Refractory Metals Powder @ DIAM:

Ta Powder - 1550 EUR/Kg - 7,5 Kg
Mo Powder - 275 EUR/Kg > 10 Kg

TEKNA

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

SLM of Refractory. Metals | -

Critical issues of Additively Manufactured TUNGSTEN

r,: Laser beam radius

r : Melt zone radius Mathematical model High melting Point (3420 OC) 2018 research paper, Tan, C. et al.

i r Selective laser melting of high-

a) Excessive overlap performance pure tungsten.

Q, = pC,(T, —T,) +pL,

2
L G et Pwaers ErdEinAt the volumetric laser
—f —f "] Processingi A ]
layer Vm energy per unit volume

Insufficient overlap

Sintered ™~ Molten material
layer

] T f T ; ) I~ Re-melted material
I z

|~ Solidified material
LX olidified materia — B— Q 2 Q
" Merpgh—N [ v P

0 High melting Point — High surface tension — High cohesive enerqgy

2019 research paper, Wen, S. et al. . . . . . 16 m > Po WER
High-density tungsten fabricated ngh Dinamic VlSCOSlty M=— |77
by selective laser melting. 15 kB T > S CAN SP E E D

Poor flowability of the molten pool » HATCHING

» LAYER THIKNESS
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 PARAMETERS OPTIMIZATION - with EOS M100
Density measured with Archimedean Method
DENSITY

100,0%

99,5%

99,0%

98,5%

98,0%
v 97,5%
b 97,0%
d 96,5%
96,0%

400

500

o 60p SCAN SPEED [MM/S]
HATCHING DISTANCE[MM] O
3.01800

m97,0%-97,5% M 97,5%-98,0%
99,5%-100,0%

W 96,0%-96,5% M 96,5%-97,0%

98,0%-98,5% m98,5%-99,0% = 99,0%-99,5%
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1° Advantage Design.for Assembly |

Courtesy of the SPES Target Group

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

2° Advantage: Topological Optimization| s oz

Additively Manufactured CATHODE

¥ .
chamber e
A trance

CATHODE
Traditional Production

SCALE 1:1

secTion A-A

Stainless Steel 316L - Prototype AlSi10Mg - Prototype
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a possible.Characterization.Plan

= NEW DESIGN: Work in synergy to integrate
SPES GOALS and AM TECHNOLOGY

- ELECTRICAL-THERMAL FE ANALYSES || 3 | M e
and TESTS for VALIDATION R —— A
[ ELEMENT TvpEs e B NE |
9 Inﬂuence Of ROUGHNESS & | PLANESS—FANE electrical-thermal simulation o e

SURFACE REFINEMENT improveme

- HIGH TEMPERATURE tests
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