4 55 %4 3 W) [T O |/ RS RS | A NI N = 14 Vol. 55 No. 3
2023 4F 6 H Journal of Nanjing University of Aeronautics &. Astronautics Jun. 2023

DOI:10. 16356/j. 1005-2615. 2023. 03. 001

MEMREHBEENLRITHERARZRIRSHE&

B Ao 7
(1. B AL R KA ML 22 BE , /5t 2100165 2. 55 50 BE TR 2 ML T #2222 Be , B & 210094)

WE: TR REBABREMERTROTRT , B SHA EMFH R T LF T @GR, R EHR
THBEAR, CERAN —RMEMREGSA RO XERIARZL — AL B ASH THEIHNARG LR, £
R, R R T R A RAL T R AL BT A5 A S MR AR e S e AME LRIt = X 2 F
W Tk, RE , NBESHH BT LB A E R TIEMH@E R F &R LS EREMRE
mEFHE TR R, B,k T BT AR GG R R0 LR

KW AR TS MR AR LA AR

FES S THI6 MEKARERD A XEHS:1005-2615(2023)03-0347-14

Development and Challenge of Lightweight Design and Manufacturing
Technology for Aerospace Structures
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Chinaj 2. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Lightweight technology refers to the technology of reducing the weight of structures by optimizing
materials, structures, and manufacturing processes while meeting structural performance requirements. It has
become one of the key technologies for the development of a new generation aerospace equipment. This paper
firstly analyzes the development process of lightweight technology. Secondly, from the perspectives of design
principles, composition methods, and optimization methods, three lightweight design methods are reviewed
in detail: bionic structure design, cellular structure design, and efficient topology optimization design. Then,
the applications of additive manufacturing, collaborative manufacturing, and composite material
manufacturing in the lightweight manufacturing of aerospace structures are introduced from the perspectives of
lightweight manufacturing processes and modes. Finally, the challenges and development prospects of
lightweight technology are discussed.
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Fig.2 Lightweight design and manufacturing technology applied in aerospace structure
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(a) Bone
microstructure

(b) Butterfly wing (c) Cuttlebone
microstructure microstructure

(d) Bamboo thin-wall (e) Foam structure (f) Bionic lightweight sandwich
structure structure with high strength
and toughness
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Fig.3 Biomimetic microstructures and applications
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Fig.4 Bionic macrostructures and applications
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Fig.5 Lattice structure and applications
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Fig.7 Applications of mechanical metamaterials in the aero-
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(b) Additive and subtractive manufacturing molds
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(c) Design of subtractive manufacturing process
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Fig.16  Additive and subtractive manufacturing technology
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(b) Impeller section view
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(c) Additive and subtractive material mixed processing

(d) Processing impeller parts additive
and subtractive manufacturing
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Fig.17 Mixed processing technology of additive and subtractive manufacturing
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