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Space activities challenges:

• Exploration

• Exploitation

• Sustainability/Responsibility



NEW PARADIGMS FOR A NEW SPACE

The access to space represents a bottleneck in the actual 
scenario of the space missions:

• Volume limited by the launcher fairing
• Mass limits due to the launcher performances
• Design for the launch and not for the mission
• Long time to market

SPACE ACCESS

Credits:TAS-I



NEW PARADIGMS FOR A NEW SPACE
EARTH DEPENDENCY

Supplies for human exploration missions are at the 
moment provided from Earth, as redundancy payload or 
through regular cargo missions.

High launch costs are associated to cargo missions

Not practical for future missions to 
remote destinations (e.g. Mars)

Credits:ESA



NEW PARADIGMS FOR A NEW SPACE
LOGISTICS – ISS LESSON LEARNED

13ton
of spares 

actually on 
board of the ISS

95%
of spares 
will never 
be used

Impossible to know 
which spares will be 

needed

Unanticipated system 
issues always appear, even 

after years of
testing and operations

Credits:NASA

3ton
Upmass
per year

Source:
Bill Cirillo (LaRC) and 

Andrew Owens (MIT)



OUT-OF EARTH MANUFACTURING

Manufacturing in space has clear mission benefits 
beyond low earth orbit, where cargo resupply 

opportunities become more limited. These 
technologies are key enablers for sustainable 

space exploration.

Additive Manufacturing is the most promising 
technology to be applied out of our planet.

The development of out of earth manufacturing 
technologies is at the basis of the space 

exploration programs but a strong impact is 
expected also on the earth orbit operations and 

services as well as on the down-stream activities.

CREATING REPLACEMENT COMPONENTS 
IN SPACE

RECYCLING IN SPACE

CREATE STRUCTURES DIFFICULT TO 
PRODUCE ON OR TRANSPORT FROM 
EARTH

CREATE SENSORS, SENSOR SYSTEMS, AND 
SATELLITES

CREATE ‘IMPOSSIBLE’ MATERIALS



IN SPACE MANUFACTURING  EXPECTED IMPACT

Moraguez, Matthew. “Technology Development Targets for In-Space Manufacturing.” 
Master’s thesis. MIT, 2018

Spare parts can be 
made on-demand. 

ISM capabilities 
can enable on-

orbit servicing and 
repair of 

equipment.

ISM enables 
structures whose 
size is limited only 
by the fabrication 
volume of the ISM 

capability.

ISM enables 
structures which 
are optimized for 

operation in space, 
not for launch 

loads.

Recycling is a 
critical point to 

enable long 
duration mission, 

3D printing can use 
recycled material

In-situ 
construction of 

infrastructure; in-
situ 

manufacturing of 
hardware 
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ISM DOWNSTREAM IMPACT EXPECTED

Microgravity has been used since the 18th

century to produce spherical shot:

SHOT TOWER

Droplets of 
molten lead 
assume a 
perfectly 
spherical shape 
during the 
freefall thanks to 
the surface 
tension.

William watts of Bristol, 1753

Microgravity offers a unique environment to produce 
‘Impossible’ materials. Among the others microgravity 
offers the following advantages for the manufacturing of 
innovative materials or the development of research 
programs:

• Minimize convection

• Promote uniform particle distribution

• Do not require container

MIS offers a plenty of opportunities for innovations and 
will be part of the new Space Economy.



ISM CHALLENGES
• In AM, the final material properties and 
manufacturing technologies are more closely 
related than in most other conventional 
manufacturing technologies. In AM, the bulk 
material is created together with the part.

• The physical parameters are very different 
from those on Earth. In addition to gravitation 
(from microgravity to the reduced gravity on 
the Moon and Mars), the atmosphere/vacuum, 
temperature, and radiation need to be 
considered.

• Technologies and processes able to accept 
feedstocks within a certain range of properties.

• The availability of platforms for experimental 
work in space or simulating space 
environments is generally limited.

Credits:NASA
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Prater TJ, Bean QA, Beshears RD, Rolin TD, Werkheiser NJ, Ordonez E, Ryan RM, Ledbetter IIIFE (2016) Summary report on phase I 
results from the 3D printing in zero g technology demonstration mission, volume i. Tech. rep., NASA Marshall Space Flight Center

Because of the low
efficiency of the thermal
radiation, heat cannot be
efficiently dissipated from
the extruded materials. As
such, they may reach at a
higher temperature than
the initial crystallization
temperature and obtain a
high crystallinity and
interlayer bonding

HEAT TRANSFER MICRO-GRAVITY VACUM
At pressures lower than
10−8 Pa, the reaction of
the metal powders with
the atmosphere is virtually
non-existent. The powder
layer deposition process in
principle could be
performed in open space
e.g. by means of a rotating
drum and feeder system to
simulate gravitation.

To compensate for the missing or
reduced gravitational forces the “gas
flow-assisted powder deposition”
has been developed.

Andrea Zocca et al. https://doi.org/10.1016/j.cjmeam.2022.100018



• VIRTUAL MANUFACTURING

VIRTUAL MANUFACTURING

The shortage of experimental platforms for the development 
of innovative in space manufacturing processes can be filled 
by use of virtual manufacturing tools.

The simulation of the manufacturing process  is expected to:

• Planning end reducing the time/cost for the 
experimental campaigns;

• Correlate the impact of the process/environment 
parameters on the final performances of the 
components;

• Implement an effective design for manufacturing 
approach;

• Optimize the manufacturing process;

• Identify innovative manufacturing strategies. 



VIRTUAL 
MANUFACTURING 

TOOL 
CHALLENGES

MULTI-
PHYSICS

MULTI-SCALE

HIGH-
ACCURACY

NON-
LINEARITIES

HIGH-
EFFICIENCY

INTERFACES

The actual numerical 
models are not able to 
deal with the 
manufacturing process 
simulations.

A paradigm shift in 
simulation tools is 

required to face the 
complexities of the 

problem.



MULTISCALE MODELS

A representative volume 
element approach can be 
used to bridge the 
properties of the 
material among different 
scales, including 
mechanical, thermal and 
hygroscopic properties. 



DEFECT-TOLERANT STRUCTURES

1% 2% 3% 4% 5%

RVE models with increasing void content [1]

Carrera, E. et al. (2020). Composite Structures, 254, 112833

Process-induced defects can be 
reduced but not eliminated. The 
effective strength of the 
structures strictly depends on 
local stress fields. A statistical 
approach may quantify the 
confidence we have in our design.

Maximum local stress with increasing void content 

IMPACT OF VOIDS

A representative volume 
element can be used to 
bridge the properties of 
the material at the 
different scale, including 
mechanical, thermal and 
hygroscopic properties. 

MANUFACTURING UNCERTAINTIES



DESIGN AND MANUFACTURING OF INTEGRATED 
SELF-SENSING STRUCTURES

Line 1

Line 2

The piezo-resistivity of continuous 
carbon-fiber can be used to 
develop self-sensing 3D printed 
functional components.



ISM ONGOING PROJECTs

NASA In-space 
Manufacturing 
Project 2014

DARPA NOMAD 2021

ESA OMAR

ESA Out of Earth 
Manufacturing



SPACE IT UP!
An opportunity for Italy

4. REMOTE NON-
IMAGING/HIGH 

ENERGY PARTICLES

1. ENABLING 
TECHNOLOGIES FOR 
NOVEL NEAR-EARTH 
AND EXPLORATION 

MISSIONS

2. ADVANCED DESIGN AND 
ANALYSIS OF SPACE 

MISSIONS AND SYSTEMS 
AND INNOVATIVE 

DIGITALIZATION - SYSTEM 
ENGINEERING AND DIGITAL 

TWIN

FUNDAMENTAL KNOWLEDGE
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5. PLANETARY PROTECTION AND 
GEOHAZARDS MITIGATION

6. PROTECTION OF CRITICAL 
INFRASTRUCTURES AND SPACE WEATHER  

7. SPACE FOR THE SUSTAINABLE 
DEVELOPMENT OF THE PLANET

EXPLORATION

8. ROBOTIC AND HUMAN EXPLORATION OF 
EXTRATERRESTRIAL HABITATS, 
ARCHITECTURES AND INFRASTRUCTURES

9. HABITAT SPACE AND SCIENCE

3. FUTURE IMAGING 
SYSTEMS FOR 

MICROWAVE AND 
OPTICAL REMOTE 

SENSING




