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Discussion on the Technical Demands and Application
Modes of Additive Manufacturing in Space

ZHANG Yingyi, ZHANG Wei, WANG Gong
( Technology and Engineering Center for Space Utilization, Chinese Academy of Sciences, Beijing 100094, China)

Abstract; Additive manufacturing ( AM) in space has shown obvious advantages in several fields such as on-ground or
in-situ manufacturing, space supplies, reducing spares and transportation, emergency response as well as promoting deep
space exploration. This paper analyzes and discusses the application requirements and modes of the space AM. Based on
the investigation of the current situation, technical plans and the potential development of space AM, this paper defines the
space AM application environments into three categories; on ground, in-situ (in cabin and in orbit) and planet surface,
combined with the actual requirements of China’s space station and deep exploration. The detailed analysis of all potential
application modes of space AM in each environment category is carried out. In addition, the research progress of space
AM is described in brief and the key technologies are analyzed in detail, in order to provide important reference for the
development route of space AM.
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Applications of additive
manufacturing in space
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« Cetification & inspection of
parts produces in space

¢ In-space metals fabrication
independent assessment &
NASA systems trade study

e Printable electronics &
spacecraft

* Self-replicating/ repairing
machines

e In-suit feedstock
development & test

e In-space fab & repair plastics
demonstration via 3D printing
in zero-G

e Qualification/inspection of
on-orbit parts using optical
scanner

e Printable smallsat
technologies

* On-orbit plastic feedstock
recycling demonstration

e In-space metals
manufacturing process
demonstration

In-suit feedstock test beds and

reduced gravity flights which

directly support technology

advancements for asteroid

manufacturing as well as future

deep space mission

e Additive construction

¢ Regolith materials
development & test synthetic
biology: engineer and
characterize bio-feedstock
materials & processes
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Fig. 1  Application fields of space AM
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Fig.2  Design optimization tools integrate curvilinear stiffener and

functionally graded elements into structural design''’
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Fig. 3 High toughness alloy at stiffener base for damage tolerance,

transitioning to metal matrix composite for increased stiffness

and acoustic damping!®
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Total approx. spares mass currently on-orbit=13170kg
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Predicted annual average upmass 2012-2020

mm Corrective maintenance.

0]

=1260kg

Total =3190kg

Mass estimates are for mass of spare
item only- do not including any
packaging or carrier mass

Expected average
Annual failures*=450kg

Total approx. spares mass currently stored on ground=17990kg

*-Based on predicted MTBFs

B4 2012 ~2020 4E[A] 1SS 455 sk Him (o)
Fig. 4 Estimation of ISS maintenance demand between 2012 ~2020!°]
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Fig. 10 Additively built lunar settlement"®’
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