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Effects of 4D printing structural parameters on shape memory performance of PLA materials
with negative Poisson’s ratio honeycomb structure
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, Tjanjin University of Science and Technology, Tianjin 300457, China)

Abstract : With the improvement of 3D printing technology and intelligent materials, 4D printing technology has developed
rapidly. Using fused deposition modeling (FDM) technology , polylactic acid (PLA) and carbon fiber reinforced PLA composite (CF/
PLA) workpieces with negative Poisson’s ratio honeycomb structure were prepared. The thermal response mechanism of the materi-
al was used to apply bending deformation to the workpieces through the mould. Then the influences of structural parameters on the
shape memory performance of the workpieces was explored by varying the parity arrangement of structural unit quantities, wall
thickness dimensions, angles, and the bending deformation degree of workpieces. The relationship between structural parameters
and the relative density of the negative Poisson’s ratio honeycomb structure was further established, thereby revealing the influence
of negative Poisson’ s ratio change on the 4D shape memory performance of the workpieces. The results show that the difference in
the odd or even number of the structural units leads to variations in the locations of bending deformation points, thereby inducing
changes in shape memory performance. When bending deformation occurs along the long side of the negative Poisson’ s ratio struc-

ture, the workpieces demonstrate higher shape recovery rate and faster recovery speed. As the wall thickness of the structural unit
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increases, the relative density of the structure increases and the negative Poisson’ s ratio decreases, resulting in the decrease of the

shape recovery rate and the corresponding prolongation of the shape recovery time. As the structural unit angle increases, the shape

recovery rate changes within a small range, but due to the decrease of relative density of the structure and the increases of negative

Poisson’ s ratio, the shape recovery rate still shows an increasing trend, and the shape recovery time is reduced. The increase of the

bending deformation degree leads to the decrease in shape recovery rate and the increase in the time required for shape recovery.

When the structural parameters remain unchanged, PLA has the higher shape recovery rate than CF/PLA, but the shape recovery

time is longer.

Keywords : 4D printing ; negative Poisson’s ratio ; polylactic acid ; carbon fiber reinforced polylactic acid composite ;

shape recovery rate ; shape recovery time
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