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Effect of 4D Printing Process Parameters on Shape Memory Properties of Polylactic Acid
Liu Shaogang, Li Rizhong, Wang Xinyue, Qiu Dandan
(School of Mechanical Engineering, Tianjin University of Science and Technology, Tianjin 300222, China)

Abstract : The rapid development of 4D printing has broadened the application field of shape memory polymers (SMPs). As a
shape memory polymer, polylactic acid (PLA) is widely used in 4D printing due to its remarkable shape memory properties.
However, the relationship between process parameters and shape memory properties of PLA has not been well established. 4D print-
ing technology was used to analyze the influence of some parameters on the shape memory characteristics of PLA models, including
the number of top and bottom layers, filling rate, model thickness, model bending degree, model printing direction and deformation
temperature. In order to effectively analyze the influence of each parameter on the shape memory characteristics of PLA model, the
shape bending recovery experiment was carried out on the model after 4D printing. The shape recovery rate and shape recovery time
of the model were used as the evaluation criteria. The results show that the shape recovery rate of PLA model is improved by increas-
ing the number of top and bottom layers, and filling rate. With the increase of model thickness, the recovery rate increases firstly and
then decreases. The increase of bending degree will reduce the recovery rate of the model. The recovery degree of side printing is the
best. The shape memory of the model is also affected by the change of the deformation temperature. From the point of view of recov-
ery time, the increase in the number of top and bottom layers, as well as the filling rate, will prolong the model recovery time. The
increase of model thickness and model bending degree will also prolong the time of model shape recovery. Flat print model recovery
time is the shortest. The change of the deformation temperature has little effect on the recovery time.

Keywords : polylactic acid ; 4D printing ; shape memory polymer ; shape recovery rate ; shape recovery time
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