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[ABSTRACT] Wing spar is the major load-carrying structure with large dimension and complex stress. Composite wing
spar features weight reduction, load-carrying increase and long service life. To achieve the effective load carrying and
transfer, and satisfy process coordination, composite wing spars are required to have accurate lay-up position and angle, and
strictly controlled profile tolerance. However, due to complex lay-up and various sections of large composite wing spar, the
traditional manual process of large composite components frequently brings about quality issues in the internal and unstable
quality, which requires higher level of manufacturing process so as to satisfy engineering requirements. The digital technol-
ogy adopted from design to manufacturing, and the automatic lay-up, cutting and forming of materials will contribute to the

high quality forming of composite wing spar so as to satisfy all engineering requirements.
Keywords: Structure design; Design/manufacture data transfer; Digital manufacture; Composite; Wing Spar
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3D Printing for High Performance Fiber Reinforced Polymer Composites

MING Yueke, DUAN Yugang, WANG Ben, XIAO Hong, ZHANG Xiaohui
(State Key Lab for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

[ABSTRACT] 3D printing is a layer-by-layer forming additive manufacturing technology. Fiber reinforced polymer
composites are advanced structural materials with excellent mechanical performance. Combining 3D printing technology
and fiber reinforced polymer composites, this paper proposes a novel composite preparation process which will certainly
promote their development and applications. This paper reviews and analyzes the current research progress and difficulties
of 3D printing for fiber reinforced polymer composites, and meanwhile, presents a new 3D printing process for continuous
fiber reinforced thermosetting polymer composites. This process separated the whole preparation into three independent
modules, including fiber impregnating, 3D printing and pre-formed sample curing. Relevant experimental equipments
were designed and built independently, and the 3D printed samples were successfully fabricated. The mechanical test re-
sults showed that the tensile strength and tensile modulus of these (52% fiber content) specimens were 1325.14MPa and
100.28GPa, respectively. The flexural strength and flexural modulus were 1078.03MPa and 80.01GPa, respectively. The
interlaminar shear strength was 58.89MPa. The mechanical performance had been greatly improved.
Keywords: 3D printing; Fiber reinforcement; Thermoplastic composites; Thermosetting composites; Mechanical performance
(Tt K@)
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