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HIGHLIGHTS

. With the help of the shape memory
behavior of PLA and the orientation of
the filaments in the 3D printing
process, torsional recovery was
obtained.

®  The central composite design method
was used to investigate the effect of
geometrical parameters of 3D printing
on the degree of shape recovery.
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Additive manufacturing is one of the advanced manufacturing processes
that is being developed nowadays due to the capability of manufacturing
parts with complex structures, speed, and low production cost. 3D
printing of shaped memory parts in the form of 4D printing is an emerging
phenomenon, which is referred to as the future of additive manufacturing.
In this study, the effect of three-dimensional printing fusion layer
parameters including layer thickness, print speed, and nozzle diameter on
the rate of shape recovery of Polylactic acid was investigated. To reduce
the cost and time as well as to increase the validity and accuracy, the
Central Composite Design method, one of the subsets of the Response
Surface Methodology, was used. Seventeen experiments were performed
and a model was obtained to determine the effect of 3D printing
geometrical parameters on shape recovery. R 2 and Adj R2 of the model
were obtained above of 0.99 and 0.98, respectively, which indicate the
high accuracy of the model and the similarity of laboratory data and
experimental model. This model showed that the layer thickness, nozzle
diameter, and printing speed have a greater effect on the amount of
torsional shape recovery, respectively. This process was simulated to
investigate the shape recovery behavior. As a result, the relationship
between the recovered shape torsion angle and the applied pre-stress was
obtained. To validate the model, the effect of 3D printing parameters on
the shape recovery, and the relationship between the pre-stress and the
rate of shape recovery, the desired torsion angle of 200 degree was
considered. The model error for the experiment was calculated as 2% and
the simulation results were obtained in accordance with the shape
memory behavior of the sample.

* Copyrights for this article are retained by the author(s) with publishing rights granted to Imam Hossein University Press. The
content of this article is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC
4.0) License. For more information, please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.


https://maj.ihu.ac.ir/
https://orcid.org/0000-0001-8514-4940
https://orcid.org/0000-0002-0415-7297
https://orcid.org/0000-0002-7606-8664




