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Effects of 4D printing PLA and CF/PLA honeycomb structure parameters on shape memory performance
ZHANG Xianchao, LIU Shaogang, WANG Pengfei, WANG Xinyue, QIU Dandan
(Key Laboratory of Integrated Design and On-line Monitoring for Light Industry & Food Machinery and Equipment, School of Mechanical Engineering,
Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract : With the improvement of 3D printing technology and the reasonable combination of the 3D printing with intelligent
materials and structures, 4D printing technology develops rapidly, and shape memory polymer intelligent structures with 4D printing
become the frontier of engineering research. In these structures, honeycomb structures are widely used in aerospace, construction,
automotive and other fields due to their advantages such as lightweight, high strength, thermal insulation and cushioning. Combining
the honeycomb mechanical structure with fused deposition modeling (FDM) 3D printing process, polylactic acid (PLA) and carbon
fiber reinforced polylactic acid (CF/PLA) samples with honeycomb structure were prepared by 4D printing, the effects of honey-
comb structure parameters on the shape memory performances of the two samples were explored through bending the samples. The
results show that, during the bending deformation of the samples, the application of stress to different positions of the honeycomb
structure results in a difference of approximately 8% in the shape recovery rate and a shape recovery time discrepancy of §8—10 s.
With the decrease of the wall thickness of honeycomb unit cell, the shape recovery rate gradually increases and shape recovery time
decreases gradually. The increase in the degree of bending deformation leads to a decrease in the shape recovery rate and increase in
the shape recovery time. With the increase of the cell angle, the shape recovery rate first increases and then decreases, and the shape

recovery time first decreases and then increases, and the shape recovery performances are the best when the cell angle is 60°. Under
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the same conditions, the shape recovery rate of PLA is higher than that of CF/PLA, but the shape recovery time of CF/PLA is

shorter than that of PLA. Above-mentioned results provide certain reference for further exploring the combination of PLA honey-

comb intelligent structures and 3D printing technology, and future research on 4D printing.

Keywords : 4D printing ; honeycomb structure ; polylactic acid ; carbon fiber reinforced polylactic acid ; shape memory ;

shape recovery rate
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Tab.1 Honeycomb sample structure parameters

Section in Bending Cell angle/  Wall thick- Angle of
this paper  stress point ©) ness/mm curvature/(°)
2.1 A/B 60 0.5 90
22 A 50~70 0.5 60
2.3 A 60 0.5~1.5 45
24 A 60 0.5 45~90
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Tab.2 Honeycomb sample main print parameters

Print temper- Substrate Print speed/ Layer Filling
ature/°C temperature/°C  (mm-s™')  height/mm density/%
205 60 30 0.2 100
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Fig. 5 Effect of bending stress point on shape recovery rate of samples
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