SECONDMENT AT ESA/ESTEC

Dr. Simon Malej, Head of Advanced Manufacturing Department

Kidriceva 24A, 3000 Celje, Slovenia B A L M m_
: = " % :‘:; b /// ' b~ .

simon.malej@balmar.si www.balmatr.si

R
' N



http://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=h4zV5X0slHy6OM&tbnid=h7BmzWVgTEzJUM:&ved=0CAUQjRw&url=http://3dprintinginsider.com/optomec-posts-100-increase-in-bookings_b9615&ei=kF9aU7bRNpDZsgavhoDABA&bvm=bv.65397613,d.bGE&psig=AFQjCNFmg6nhhZz4AAswsOjBcLKtN6U9kA&ust=1398518012789221
http://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://mwes.com/welding/index.html&ei=fISHVMP0MYP9Us2bgvgC&bvm=bv.81449611,d.ZWU&psig=AFQjCNFom8Z5B7maJ5wR1V96EvBZrtz6sA&ust=1418252089346283
mailto:simon.malej@balmar.si
http://www.balamr.si/

Secondment of dr. Simon Malej

 Secondment duration: 01.03.2020-28.02.2023 (3 Years),
* Location: European Space Research and Technology Centre (ESTEC) in Noordwijk, the Netherlands
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Secondment of dr. Simon Malej

Department at ESTEC: Materials and Processes Section (TEC- MSP)
Role in the department: Advanced Manufacturing Engineer.
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Sent to the secondment by B A LMAR=)-
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Activities during secondment:

e Active involvement on current ESA work activities (project evaluation, measurements, etc.)

* Mechanical/material test execution on ESA test equipment for BALMAR d.o.0. needs,

* Active work on ESA/BALMAR projects (GSTP) and presentation of other Slovenian projects,
* Mentorship to young trainees and researchers at TEC-MSP,

» Scientific and research papers preparation (with ESA as coauthor)*
* Support at organisation of ESA conferences and Workshops,

* Active involvement at Open Space Days at ESTEC,
* Organization of social events in the domain of Materials and Processes Section (TEC-MSP).
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Hybrid additive manufacturing of Ti6Al4V with powder-bed fusion and s

direct-energy deposition
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ARTICLE INFO ABSTRACT

A single component can often benefit from being lnlf using mare than » single prooessing technique. Here, we

(HAM) of Ti6AI4V using a combination of powder-bed fusion

Reywords:
Hybrld additive nianufactueing
TIBAI4V

Tensile propercies
Detects
Microstructure

the hybrid additive
(PBF) and direct-energy deposition (DED). The aim was to identify critical areas and assess the performance of
the hybrid process relative (o the individual processes. The PBF sub-parts were built first, and then completed by
DED. The builds svere in the horizontal and vertical directions, so we could observe the mechanical anisotropy
relative to the build direction. X-ray computed tomography, microstructural examinations, and tensile esting

coupled with digical image correlation were employed to assess the parts. The as-built PBF surface can be used to
build HAM Ti6Al4V samples with DED, thus eliminating steps like machining. The HAM samples built in hori-
zontally had Intermediate tensile strengths of about 1050 M¥a, and In the vertical directlon, about 860 MPa, Le.,
lower than the DED samples. Strength-wise, horizontally bullt parts exceeded the requirements, However, a

reduction in deposition size (especially <107 mm’

nd, in the worsL-

2 different

case scenario, heat accumulation, which led to the formation of an undesirable microstructure and local plastic

deformation in the DED part.

1. Introduction

Hybrid additive manufacturing (HAM) combines the advantages of
two technologies to give a product properties, capabilities, complexities,
m.gm and repairs unavailable with a single technique [1]. It is usually

surface roughness (Ra = 7.8-11.1 pm [9] or higher [10D),
good-to-excellent mechanical properties, and it has little need for
post-processing (some machining of the functional surfaces, removing
the dust from the surface and surface treatment are usually necessary)
[11-14]. However, PBF is a relatively slow process (2-180 cm®/h),

of addilve (AM) gy and con-
venuom.l ‘processes, like machining []. In some cases, 2 a.m. technol-
ogics [2] or a sccondary process, like metal forming along with the AM
process [3], are combined in & process chain. Many combinations have
been researched. These include wrought + powder-bed fusion (PBF) [4],
forged + wirc-are AM (WAAM)/metal forming (in-situ) (3], and PBF +
WAAM [5].

The authors have previously combined PBF and direct-energy
deposition (DED) [6-5] in a process chain to produce net-shape parts,
such as the structural parts for space satellites. PBF can produce
geometrically complex parts with good accuracy (0.01-0.5 mm) and

hile the si: limited by the size of th where the
part is built [13]. On the other hand, DED can produce semi<omplex
parts (without a support structure), achicve a high deposition rate of
125-500 cm®/h, and i at all (work
volume limited by manipulation systems) [12,15-17]. The components
Duilt with DED tend to have poorer mechanical propertics, a medium or
lower accuracy (0.1-1 mm), and a higher surface roughness (Ra —
20-50+ pm) compared to components built with PBF [14,18]. The
‘mechanical properties of DED tend to be lower than PBF due to larger
average grain size, cell or dendrite spacing, more extensive segregation,
and larger volume fractions of terminal solidification constituents
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ARTICLE INFO ABSTRACT

Keywords: We presenta detailed analysis o the hybrid [abrication of test parts made from Inconel 718 using two additive-
Hybrid additive manufacturing manufacturing (AM) s: selective laser melting (SLM) and directed-energy deposition (DED). This
Inconel 718 combination should allow the manufacturing of larger parts with gcometrically complex structurcs that no other
s technologies could achieve, However, it is niecessary to ensure the consistency of the mechanical properties of
e such parts. The hybrid SLM/DED parts, as well as the individual SLM and DED processed parts, were evaluated in

terms of microstructures and mechanical properties, to understand the mechanisms that control the properties.

custom solution

to dissalve the Laves phase, which was present in the DED

part, where it reduced the mechanical properties. For a hybrid part with excellent properties, there must be good
bonding between the SLM and DED parts, while the DED process must be adapted to prevent §-phase precipi-
tation. ‘This new technology has the potential to produce high-added-value metallic products for space appli-
cations, that benefit from the properties developed through hybrid AM.

1. Introduction

The space industry strives to combine high performance and reli-
ability with reducing the weight of components. In the past few years,
additive manufacturing (AM) has become an atlractive ool in space
applications as it enables near-final-shape products with only minor
surface machining and reduced buy-to-fly ratios. Two popular forms of
AM, selective laser melting (SLM) and directed-energy deposition
(DED), are alresdy being increasingly used for metallic materials [1].
SLM can produce parts with a high dimensional accuracy and excellent
‘mechanical properties; however, it is time consuming and the chamber
size of SLM machines limits the size of the parts that can be produced.
DED is much quicker and does not have a maximum size limitation, but
al the expense of less dimensional accuracy of the final parts and poorer
mechanical properties. Therefore, a novel hybrid approach with a
combination of the two techniques could lead to a broad range of
products, aiming at maximizing the bgneﬂ!s offered by each technique.

of ional and additive [2.3] or to
combining different materials with an AM process [2,4-6]. To the best of
our knowledge, there are no reports of combining SLM and DED tech-
nologies. The closest attempt would be combining 2 AM approaches,
which was recently reported for SLM and laser-metal-deposition man-
ufactured AISI 316 L individual parts joined by laser metal deposition
[71. Hybrid printing could be a critical step towards the AM of large-
scale components. AM, with its rapid melting, cooling and subsequent
re-heating, typically leads to a microstructure with high residual
stresses, and leads to the formation of a dislocation substructure and
[8,9]. The istics of AM ies are many
defc porosity of un-melted powder. In
addition, undesirable phases can form during AM [10], which are,
together with the defects, detrimental to the mechanical properties
110,11, This makes microstructure control the key challenge for AM, in
particular for complex alloy systems.
lm‘onel 718 is a Ni-Cr-based superalloy used in high-temperature
like aviation and aerospace, because of its superior ther-

The main drivers for hybrid 2 flexibility,
cost savings and a hslcr production- m—marlwt time.
Most. i joning hybrid refer to the

* Gorresponding author.
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‘mal and strength propertics under extreme temperature and mechanical
conditions [12,13]. The AM of Inconel 718 has been well reported
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