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Lightweight Structure Design and Manufacturing ﬁﬁw%ﬁ]ﬁtﬂﬁﬁiﬁ

Research Progress on Robotic Additive Manufacturing Technology Towards
Aerospace Lightweight Structures

ZHAO Donghua', ZHANG Guoquan', RUAN Kaicheng"?, XIONG Yi'
(1. Southern University of Science and Technology, Shenzhen 518055, China;
2. The Hong Kong Polytechnic University, Hong Kong 999077, China)

[ABSTRACT] In recent years, robotic additive manufacturing technology demonstrated significant potential in fabricating
aerospace lightweight structures, characterized by its high efficiency, expansive scale, and mobility. This paper systematically
reviews the research progress in acrospace lightweight structures, starting from the demands of manufacturing and repair, and
discusses the research background and importance of lightweight technology. In terms of the additive manufacturing technology,
a detailed introduction to the design and fabrication of lightweight structures, materials, and functional integration is provided.
The key technologies of robotic additive manufacturing are analyzed in depth, including technical characteristics, typical
process principles, robot mechanism, equipment, and process planning; the critical challenges of robotic additive manufacturing
technology for lightweight structures are also discussed. Finally, future research directions are outlined based on the current
technological development status, including multi-process hybrid manufacturing, intelligent monitoring & control, and digital
twin technologies, as well as the potential of human—machine collaborative additive manufacturing. This paper aims to provide
a comprehensive and cutting-edge scientific view of the research and development of aerospace lightweight structures from the
perspective of robotic additive manufacturing, and provides references for promoting the development of this area.

Keywords: Lightweight structure; Robot; Additive manufacturing; Aerospace; Materials—structure—function integration
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Study on Tensile Properties for 3D Printed Structures of Continuous Fiber
Reinforced Thermoplastic Composites

ZHAO Tian, WU Hantai, CHEN Xinyu, XU Shuaiheng, SU Boang
(Beijing Institute of Technology, Beijing 100081, China)

[ABSTRACT] In order to reveal the relationship between the process and structural properties & failure mechanism, the influence
of typical process parameters on the mechanical properties and failure mechanism of fused deposition modeling (FDM) composites
was studied based on the experimental method, and the optimized printing process parameters were proposed. Meanwhile, based
on the hierarchical multi-scale theory, a high-fidelity finite element model containing typical defects such as voids and resin-rich
regions was established, and a method for predicting the macroscopic tensile properties of composite component was presented, the
results of which were thereafter compared with its experimental counterparts. The results show that the filling rate of printing resin
has a significant effect on the properties of the component. When the filling rate increases from 50% to 100%, the tensile strength of
the specimen increases by 47.6%; when the layer thickness increases from 0.2 mm to 0.4 mm, the tensile strength decreases by 51%
and tensile modulus decreases by 21%, while the influence of printing temperature and printing speed on tensile strength is relatively
slight. The relative error of tensile modulus calculated based on the multi-scale finite element model is 2.73%, demonstrating its
ability to accurately predict the mechanical properties of the composite structure by additive manufacturing.

Keywords: 3D printing; Printing parameters; Tensile mechanical properties; Numerical simulation; Micromechanical

model; Representative volume element
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