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Key Technologies for Lightweight, Low-Cost and Mass Production of High-
Performance Structural Components for Low-Altitude Vehicles

ZHANG Chenping, LI Qiyang, CHEN Yujie, CHI Xinfu, SUN Yize
(College of Mechanical Engineering, Donghua University, Shanghai 201620, China)

Abstract: Low-altitude aircraft are central to national security and the low-altitude economy, and high-
performance structural components serve as their critical load-bearing elements. Achieving high performance,
lightweight design, low-cost, large-scale, and rapid manufacturing has long been a major challenge and pain
point for the industry. To address these issues, this paper discusses the key technologies for the design and
manufacturing of high-performance fiber-reinforced composite structural components. It focuses on analyzing
challenges such as the lack of design theories for structural components, especially non-standard ones, high
manufacturing costs, and low production efficiency, and explores the application of digital simulation and
forward design in precision design. The paper provides an in-depth discussion of structural component preform
molding, liquid molding, precision machining, and composite processes, and proposes solutions to
bottlenecks and obstacles in end-to-end automated manufacturing. It identifies automated production lines
based on embodied intelligence and flexible manufacturing as the inevitable path to breaking through cost
bottlenecks and achieving rapid manufacturing, aiming to provide theoretical foundations and technical
support for the high-performance, lightweight, low-cost, and large-scale rapid manufacturing of structural
components for Chinese low-altitude aircraft.

Key words: low-altitude aircraft; multi-process coordination; digital design; fully automated manufacturing

process

ES T P E TR b BHE O 7 50 H (2025-XZ-81) .

Yo# B8R :2026-03-10; 1£17 B 88 : 2026-03-27

BARVEE FDLATE, 3 R WA 2R 0, b [ AR B B+, W2 U7 1 2 45 80 4% 542, E-mail: sunyz@dhu.edu.cn.
SRR IRBRT BB, BR 0 L 45 IR AT A% i P AR 2 R 1 2 kAR SO R e S B AR [T ). st s i K
K2 CHSRBR M) L, 2026, 58(2) : 249-265. ZHANG Chenping, LI Qiyang, CHEN Yujie, et al. Key technologies for
lightweight, low-cost and mass production of high-performance structural components for low-altitude vehicles[J]. Journal
of Nanjing University of Aeronautics & Astronautics(Natural Science Edition) , 2026, 58(2) :249-265.



250

BRI MR Rz R (A R B 22 D

i 58 %

A B RAT AR Y R R X T A R R F AL
) 285 S e Z o T EE, LR A 2 TN R AR 1Y
fik W M 57, X B 45 5 ) T 2 R R B A
BRI B A AR, AR i g | 3 LA b
545 BUAR R B AR A 2 FE 20 UE W], AR BAR R LA 1Y
To A B £ 52 90 B 40 A0 2 ot 5 AR X AR AR Y
SR ) HE 300 AT 27 Y DR BE ) i 5 AR AR T
FER R o AR R AU IR 28 TR AR O [ K R A

JRI B 7S R R T 24 7k 2 — R R TR B I R
% & 17 %% (Electric vertical take-off and landing, eV -
TOL) 75 W L 55 8 24l 25, an il 1T /R ™, i
Shy WY (T A 7 TGRS B T T
FEMEAE GG TT 2K, 8 2 B AR S0l Xt R AR A 2 32 B ) 2%
T WA WD 595 NI = S N S K B 5 NS R T 8
R I 2 RAT 8 A AR AR 2 2 55X — W 1T 3 1Y
BooEK  FREEREESERAFNEENTF.

bl SRR AR

il (R

Tl AREEE, RS- S55R0H

: AR P — o[ s 2= !
; Was, hie. Fb U man memees || CTRAL B fEASsE . A |
| EAURT A e ok, wE, ||| = ’
: B CREGRCUE. | T s mRg e =B !
: {Ni| FAL. eVIOL. eSTOL. |4\ 1 fLpE, Jipkt, k. | [MEzs@Bh@Ed), 47|
i WA R ¢> eCTOL ﬁy Fh VIR ot (R ||
it il S R SV sl R |
5 B LA Do MR RUE. | | M, (R |
: A el N R | Nt ks |l
: DO EERGGEE. W, B[ — =
: T | |EERERE B g T e E |
i WA TV AT RS Vo Eemene s AR | YL BV | | B EHAEH. ||
P PLBRSE, CERG, WIRALSE |1 | b WA LW :

P L A2 20 F 10 7 Ml A AT

Fig.1 Analysis of the industrial chain of low-altitude economy"”’
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Fig.2 Advanced composite textile structure types'™
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Fig.3 Application of high-performance fiber-reinforced composite materials in low-altitude aircraft
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Table 1 Comparison of high-fidelity modeling methods for textile structural composites
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Fig.4 High-fidelity modeling and damage calculation of 3D braided composites considering full-field process effects™
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(a) Schematic diagram of multi-robot collaborative weaving
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(b) 3D schematic of multi-robot collaborative weaving
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Fig.8 Schematic diagram of multi-robot collaborative work in the 3D braiding process
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