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CIRA is a non-profit public-private partnership among:
@ — CNR (National Council for Research) 52%
™\ — Campania Region 16%

— Italian Aerospace Industries 32%
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In 1989, the Italian Government entrusted CIRA of the Italian Aerospace Research Program (PRORA)
management under the control of Ministry of Education, University and Research (MIUR).

— enhancement of scientific competences and expertise
— development and operation of strategic testing facilities
— development of strategic research programs
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AEROSPACE APPLICATIONS

Often described as the "third industrial revolution” Additive Manufacturing is changing the
industrial landscape worldwide, particularly in high-end technology sectors, including
aerospace applications. Combustion Chamber mock up

NLG Fitting

Body Flap Support

Injection head

Connecting Rod of space engine
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ADDITIVE MANUFACTURING DEFINITION ACCORDING TO ASTM F2792
“The process of joining materials to make objects from 3D-model data, layer upon layer, as opposed to
subtractive manufacturing methodologies, such as traditional machining”
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Strategic Objectives

The strategic objective of the “Additive Manufacturing Lab” is to design, characterize and optimize innovative
processes for the manufacturing of structural metallic components for aeronautical and space applications with
the final target to reduce the manufacturing costs, time and scraps and obtaining more performant structures.

The laboratory is focused on study and research activities related to Additive Layer Manufacturing of Titanium
alloy and in particular to the Electron Beam Powder Bed Fusion (EB-PBF) technology.
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TEAM (MATURAZIONE TECNOLOGIE INNOVATIVE PER ALM) is a research project funded by the Italian Aerospace Research
Program (PRORA) under the control of Ministry of Research.

OBJECTIVE: Development of knowledge regarding
innovative technologies based on ALM by increasing skills
in each of the crucial phases that characterize the TDg'S':'gNADD'T'VE
manufacturing process. -

MATERIALS

e Think additive Design ALM oriented
and optimization methods

e Materials customized and designed
ad hoc for ALM processes

e AM process complementary to the
present EBM system

e Post-processing to improve
mechanical, surface and dimensional é
properties QUALIFICATION
e Testing and qualification
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SAT-AM (Smart Aircraft Affordable Manufacturing) is a H2020-CS2 Project

Objective: to develop technologies for manufacturing lighter and cheaper airframes

Applicant No Participant Organisation Name (Short) Country ° .
TOPOLOGYCAL Re-design and
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DEFENDER Development, manufacturing, testing and qualification of an innovative fuel storage
system (of the innovative tiltrotor NGCTR) is a H2020-CS2 Project.
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The HYPROB Project is funded by MUR through the National Aerospace Research Program (PRORA).

OBIJECTIVE: Design, manufacture and testing of ground
demonstrator (LOX/LCH4 engines) for spatial propulsion system

AM OPPORTUNITIES ROCKET ENGINE DEMONSTRATOR

e Reducing Manufacturing costs of critical parts

* Manufacturing of the whole Regenerative cooled thrust
chamber in Ti6Al4V with a monomaterial and monolithic
innovative design (no need for brazing, limited number of
parts to be integrated)

THRUST CHAMBER
MOCK UP

INJECTION HEAD
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Space Rider (Space Reusable Integrated Demonstrator for Europe Return)
aims to provide Europe with an affordable, independent, reusable end-to-
end integrated space transportation system for routine access and return
from low orbit. Its expected maiden flight is 2026.

Ti6Al4V Metallic
Support

CIRA is presently in charge of the design, manufacturing and qualification of the
Body Flaps Assembly of the Space Rider Re-entry Module. Ti6Al4V Metallic
attachments between C/SiC Body Flaps with the cold structure have been
manufactured by EBM.

DEVELOPMENT OF THE QUALIFICATION PROCESS (ACCORDING TO ESA STANDARD) I ——

Prototype Verification

Manufacturing Material Verification
Powder Verification |
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RP/TITANIUM) STRUCTURES

Engineering design, especially in aviation industry, is nowadays driven by the pressing demands for:
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CFRP / Titanium alloy

Other Materials Steel

5% 10%
15%

20%

Composite Materials

reducing fuel consumption and the related contaminant emissions, in compliance with the guidelines of international law;
reducing manufacturing costs related to the technologies and materials;
reducing manufacturing time, enhancing assembly operations and facilitate maintenance of companies.

Aluminum
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m Post -
M Quialification

AM allows to put material directly in the right place instead of removing it only where possible!

¥

Think additive

Optimization topology

* Weight saving

* Improving performances
* Reducing post processing

Optimization tool oriented to Additive Manufacturing process

Starting configuration Optimized configuration True Component

uuuuuuuu

Design optimization tool for mechanical components,
Process Simulation to estimate temperature distribution lattice structures and hybrid lattice structure (Ti-CFRP)
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- Post m
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m- Processing Q

Orienting the powder metallurgy to optimize the
final properties of the alloys used, studying and
quallfylng
Existing alloys used nowadays only in
conventional process not yet in AM
» Blended alloys
« New powders ad hoc developed for AM
technologies.

VIRGIN POWDER - 1000X RECYCLED POWDER - 1000X

Virgin vs. Recycled

TM3000_3561 2015/06/26 15:04 H D8.0 x1.0k 100um TM3000_: 3565 2015/06/26 1521 H D80 x1.0k 100um

Courtesy of DICMAPI UNINA
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EBM: Electron Beam Melting L-PBF: Laser Powder Bed Fusion
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Nowaday machining provides the best
results in terms of dimensional accuracy
and surface roughness. BUT IT IS NOT

STRATEGIC!!!
As built Machinined
As EBM processed Electrochemical polishing treatment
| Chemical surface finishing

As built surface .. Treated surface

INNOVATIVE !
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Development of the Qualification Process (according to ESA Standard)

Visual
Inspection
Dimensional Control,
X-ray CT, Dye Penetran

Inspection, Testing

§ Metallography, Tensile
S Testing, Density Testing,
é" Chemical Composition

Distribution, Porosity, Apparent & Tapped

&
§ Chemical Composition, Particle Size
O
p) Density, Flowability, Morphology
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