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Fig. 1 Schematic of a representative three-dimensional

multi-directional braided unit cell
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Fig. 2 Stress distribution under shear load on a

three-dimensional multi-directional braided unit cell
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Fig.3 Stress distribution of the main yarn and matrix of

a three-dimensional multi-directional braided unit cell
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Fig. 4 Trends of elastic modulus variations of a 3DSD

braided unit cell
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Fig. 5 Trends of shear modulus variations of a 3D5D
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braided unit cell
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embedded licker-in connecting tubular
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Multi-Scale Mechanical Properties of Three-Dimensional

Braided Composite Structures

LUO Haibo" 3, WANG Qian’>, YANG Yanchu®, WU Jun?,
LI Tao’, FENG Tao', HE Xiaohui’, GONG Wentao®

(1. Key Laboratory of Earth Observation of Hainan Province, Hainan Aerospace Information Research Institute,
Wenchang 571300, China;

2. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China)

ABSTRACT: The mechanical properties of three—dimensional (3D) braided pre—embedded licker—in con—
necting tubular structures were investigated to provide a basis for near—space engineering applications.
First, the meso—structure of a 3D braided unit cell was designed and analyzed to obtain fundamental me-
chanical parameters, such as elastic modulus and Poisson’s ratio. Subsequently, tensile and compressive
mechanical tests were conducted on 3D five—directional (3D5D) braided composite tubes with pre-—embed-
ded licker—in connections. The structural design parameters influencing load—bearing performance were ana-
lyzed, including the effects of the braiding angle, thickness, and configuration on the tube’s load capacity.
Finally, the failure mechanisms of the tubular structures were examined through damage morphology analy—
sis, and macroscopic structural damage mechanisms were investigated using scanning electron microscopy.
The results indicate that under the same outer diameter, 3D5D braided tubes exhibit higher tensile failure
loads than 3D5D fully braided tubes. For tubes with identical braiding configurations and outer diameter,
the wall thickness enhances compressive failure load, with the ¢$30t3—-C tube achieving the highest compre-
ssive failure load and the failure mode being manifested as licker—in joint slippage. Meanwhile, both the —
$»25t3-T and $30t2.5-T tubes demonstrate high failure loads, with average tensile loads exceeding 120 kN
and the failure mode involves licker—in joint pull-out and fiber bursting at the tube ends. The ¢ 303-T
tube exhibits an average tensile failure load of over 105 kN. The findings serve as an important sci—entific
reference for light-weight, high—strength load-bearing design and flight applications of near—space aerostats.
KEYWORDS: three-dimensional braided composites; meso—structure; pre—embedded connection; me-

chanical property: damage analysis
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