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Fig.16 Performance-driven fiber toolpath planning
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Review of Design Optimization and Additive Manufacturing of Thin-Walled
Stiffened Composite Structures

REN Huilin, XIONG Yi
(Southern University of Science and Technology, Shenzhen 518055, China)

[ABSTRACT] Thin-walled stiffened composite structures have gradually been used in aerospace, naval vessels, extreme
engineering and other high-end equipment due to their light weight, high strength, corrosion resistance, fatigue resistance
and other advantages. This article reviews recent progress in terms of structural design of thin-walled stiffened structures,
additive manufacturing processes for composite materials, and applications of thin-walled stiffened composite structures
in high-end equipment. For the structural design of thin-walled stiffened structures, the methods including parametrization
method, shape optimization method, topology optimization method, and other advanced methods are outlined. The
development of composite additive manufacturing, such as filament winding, automatic fiber placement and 3D printing
technology, and fiber path planning methods are discussed. Then, typical applications of thin-walled stiffened composite
structures in the field of high-end equipment are sorted out. Moreover, the development trend and challenges of the design
and manufacturing of thin-walled reinforced composite structures are summarized. Finally, we summarize the development
trends and challenges in structure-process integrated design of thin-walled stiffened composite structures.

Keywords: Composite materials; Thin-walled stiffened structures; Additive manufacturing (AM); Structure-process

integrated design; Aerospace applications
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Dense Silicon Nitride Ceramics Prepared by Fused Deposition Modeling

YANG Xiaole"?, NIU Furong', LUO Huangyang', XIE Hehan’, CHEN Wenbin®,

LI Yuanbing’, YANG Xianfeng'

(1. College of Materials Science and Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science & Technology,
Wuhan 430080, China;

3. St.Cera Co., Ltd., Changsha 410205, China)

[ABSTRACT] Dense silicon nitride ceramics were prepared innovatively based on the fused deposition modeling
(FDM) method with granular feedstock via screw extrusion. The printability of the feedstock, debinding process and
typical printing defects were studied. The results show that the feedstock possesses an excellent printing performance and
fits for printing unsupported small inclination angles, thin walls and complex curved surfaces. The organic binder system
developed in this study combined with a two-step, “solving+heating” dedinding process has outstanding advantages in
the preparation of thick-section parts and can achieve safe degreasing of green bodies with a thickness of 9 mm. It was
revealed that the typical process defects of FDM include interlayer cracks and interpath pores. Combined with gas pressure
sintering, dense silicon nitride ceramics with a bending strength of (774.5 + 70) MPa and a density of 3.25 g/cm’ were
prepared, and silicon nitride ceramic parts with complex shapes and good shape keeping were successfully prepared.
Keywords: Fused deposition modeling (FDM); Additive manufacturing (AM); Silicon nitride; Degreasing process;

Gas pressure sintered
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