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Effect of windshield structures on mechanical properties of parts fabricated by material extrusion 3D printing
WANG Chen, HUANG Hanyi, WANG Xiaowen, WANG Yiboran
(College of Furnishings and Industrial, Nanjing Forestry University,Nanjing 210037, China)

Abstract : To enhance the mechanical properties of parts fabricated by material extrusion 3D printing (ME-3DP), a windshield
structure was proposed from the perspective of thermodynamic optimization, targeting filaments with high thermal shrinkage and
low thermal stability, such as acrylonitrile-butadiene-styrene plastic (ABS). Firstly, a dumbbell-shaped ABS part was fabricated
using a desktop ME-3DP equipment. Subsequently, the effects of windshield structural parameters (height, spacing, and thickness)
on the tensile properties of ABS parts were analyzed. Finally, the comparisons of mechanical properties were made between ABS
parts or polyamide 6 (PA6) with and without windshields. The results show that, the spacing of the windshield has the greatest
impact on the mechanical properties of ABS parts, followed by the height. When the height of the windshield increases and the
spacing decreases, the tensile strength and tensile modulus of ABS parts are significantly increased, but the thickness of the wind-
shield has little effect on the mechanical properties of ABS parts. Compared with the parts without windshields, the average tensile
strength and tensile modulus of ABS parts with windshields are improved by 10.50% and 10.71% respectively, and those of PA6
parts are improved by 12.67% and 13.44% respectively, which indicates the windshield has good universality in improving the
mechanical properties of ME-3DP parts. Thermal simulation results show that the windshield significantly increases the steady-state
temperature of ABS parts by 16.98%, thereby enhancing the interlayer bonding properties of the parts and ultimately improving their
overall mechanical properties.

Keywords : windshield ; structural parameter ; material extrusion 3D printing ; acrylonitrile-butadiene-styrene plastic part ;

thermodynamics ; mechanical property
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Mechanical properties With windshield ~ Without windshield
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