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Investigation of the Effect of 3D printing parameters on shape-shifting of
flat sturctures to Three-Dimensional Shapes
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3D printing technology is one of the new manufacturing methods that can be used to build folding
structures. Folding structures are made flat and deformed into three-dimensional shapes by an actuator.
FDM process is one of the most common and cheap 3D printing processes that in this study, the most
effective parameters of this process were investigated. For this purpose, the optimal values of printing
parameters including printing pattern, thickness of each layer, filling percentage and nozzle temperature
to achieve maximum deformation (curvature) were determined by Taguchi experiment design. Then, by
adjusting these parameters, the effect of printing speed and total thickness on curvature was investigated.
The results showed that with increasing printing speed, the curvature increases and with increasing the
total thickness, the curvature decreases. Also, assuming that the curvature is only due to thermal changes,
the relationships were extracted using the classical layer theory and compared with the experimental
results. This comparison showed that thermal changes alone are not the only cause of curvature and other
factors such as residual stresses and shape memory seem to be involved
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Fig. 6 thermally actuated specimens
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Fig. 11 schematic of momentums and curvatures in x and y
directions
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Fig. 9 0 and 90° filling pattern stress-strain curves
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Fig. 10 specimen curvature measurement: 1-Designing a
virtual specimen using CAM software, 2- taking a photo of
real specimen along with a gauge, 3- importing the photo to
the CAM software and scaling it to match the virtual
specimen, 4- applying curvature to the virtual specimen so
that it fits the real specimen
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