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3D printing technology can realize the rapid fabrication of compli-
cated structures with short production chain, which just meet the re-
quirements for space manufacturing in the future. This Special Issue
features the cutting-edge 3D printing technologies considering the space
environment, focusing on the experimental validation and simulation
on the 3D printing process and structural technologies, including whole
process chain from raw materials, structural design, process, equipment,
as well as functional verification.

The first section showcases cutting-edge 3D printing processes for
metallic materials and thin film with low power especially for the po-
tential applications in Space. Prof. Binghen Lu from Xi’an Jiaotong
University proposed a metal laser direct-writing additive manufacturing
process for potential in-space applications, and investigated the effect of
gravitational acceleration on quality of the fabricated samples. Dr. Bobo
Li from Sichuan University of Science & Engineering and National Inno-
vation Institute of Additive Manufacturing proposes a metal fusion AM
technique utilizing a Joule-laser hybrid heat source and investigates its
forming mechanism and processing behavior. Prof. Li Wang from Xi’an
Jiaotong University conducted numerical simulations of charged droplet
behavior under zero-gravity conditions, followed by ground-based ex-
perimental validation using an anti-gravity electrospray (AG-ES) strat-
egy.

The second section focused on additive manufacturing technologies
for the lunar regolith for the future construction on the moon. Dr.
Juan-Carlos Ginés-Palomare from Technische Universitit Berlin in-
vestigated the local melting of lunar regolith by laser radiation for the
production of parts and larger structures with different experimental
setups including parabolic flight campaigns to simulate different grav-
ities. Prof. Jens Giinster from Federal Institute of Materials Research
and Testing (BAM) investigated the thermal processing capability of lu-
nar regolith without the addition of binders, with a focus on large-scale
applications for the construction of lunar habitats and infrastructure us-
ing a simulant of lunar regolith found on the Schrodinger Basin in the
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South Pole region. Prof. Gong Wang from Chinese Academy of Sci-
ences proposed two manufacturing processes by using pastes with lunar
regolith and resin materials binder, in which the lunar regolith mass
ratio reached 90 wt%, with the highest compressive strengths exceed-
ing 60 MPa for cast specimens and 30 MPa for printed samples. Prof.
Yan Zhou from Huazhong University of Science and Technology sys-
tematically evaluated two dominant AM paradigms for lunar regolith
processing: low-temperature deposition forming (material extrusion and
binder jetting), and high-energy beam additive manufacturing (powder
bed fusion and directed energy deposition), and provided strategic in-
sights into guiding the transition from Earth-dependent prototypes to
self-sufficient lunar habitats, ultimately advancing the capability of hu-
manity for a long-term extraterrestrial presence. Prof. Tongcai Wang
from Chinese Academy of Sciences also presented a comprehensive re-
view in the different angle of views, depending on whether Earth-based
additives are required during the forming process, including direct form-
ing technologies rely entirely on local materials and require minimal or
no external input and indirect forming technologies depend on addi-
tional binders or components transported from Earth.

The third section exhibited another critical direction of 3D printing
in space with polymer and composites, especially for the construction of
large-scale infrastructure in orbit. Prof. Fuji Wang Dalian University of
Technology established a truss 3D printing experimental platform with
in situ temperature-monitoring capability under ground-simulated space
conditions with short carbon fiber-reinforced thermoplastic composites
in-orbit additive manufacturing. Prof. Xiaoyong Tian from Xi’an Jiao-
tong University reviewed the state-of-the-art in 3D printing of polymer
and composites for on-orbit structure manufacturing, focusing on three
key aspects including the impact of extreme space environments on
forming process and performance, innovative design and manufacturing
methods for space structures, and on-orbit recycling and remanufactur-
ing of raw materials.

The last section of this issue includes seven regular papers focus-
ing on 3D printing processes for multi-materials, laser powder bed fu-
sion and laser directed energy deposition. Prof. Zhongde Shan from
Nanjing University of Aeronautics and Astronautics investigated the
dynamic behavior of sand particles during a vibratory sand-laying
process for multi-material additive manufacturing using discrete ele-
ment simulations. Prof. Fu Wang from Xi’an Jiaotong University in-
vestigated the morphology and mechanical property of bonding inter-
faces of two type of resins by using multimaterial digital light pro-
cessing. Prof. Xiaofei Li from Central South University studied the
cracking mechanism of Al-Cu-Mg-Si alloy during laser powder bed fu-
sion by numerical simulation. Prof. Man Zhao from Shanghai Uni-
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versity of Engineering Science established an analytical model of se-
lective laser melting temperature of AlSi10Mg alloy to investigate the
effects of the laser power, scanning speed, and scanning spacing on
the temperature distribution. Prof. Changmeng Liu from Beijing In-
stitute of Technology investigated the effects of wire-feeding directions
and positions of the molten pool on the quality and accuracy of un-
supported WAAM. Prof. Zhenzhong Wang from Xiamen University
developed an in-situ process monitoring system to improve the verti-
cal dimensional accuracy and mechanical properties of off-axis fine-
wire laser-directed energy deposition for 316 L thin-walled parts. Dr.
Xuru Hou from University of Science and Technology Beijing pro-
posed a synergistical strategy to improve the strength and anisotropy of
wire arc additively Manufactured Al-Mg-Sc-Zr alloy by regulating heat
input.

This collection of studies not only underscores the current advance-
ments in the field of 3D printing in space, but also seek to inspire new
avenues for research and development for interdisciplinary collabora-
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tion from researchers across fields such as materials science, engineer-
ing, innovative design, space technology and industries.
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