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1 Shape memory polymer- SMP
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Fig. 1. A schematic illustration of the constrained thermomechanical mechanisms in 4D print-

ing
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Fig. 2. The constrained thermomechanical mechanisms in the FDM processes: (a) the temperature is above Tg and
tensile stresses are applied during the printing process, (b) cooling down with the stresses remaining intact, (c) re-
moving the structure from the print bed, (d) re-heating of the printed structure.
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Fig. 3. Programming the direction and magnitude of the strains results in various shape-shifting behaviors
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Fig. 4. Some 4D printed structures (all deformations occur without hand intervention and only by applying heat)
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Table 1. The printer settings used in the study
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2 Dynamic-Mechanical Analysis-DMA
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Fig. 5. Printing specimens with FDM 3D printer
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Fig. 6. Heating the samples in the oven
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Fig. 8. The effects of the manufacturing and material parameters on the resulting curvature
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Fig. 7. tensile tester performing the uniaxial tensile test
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Fig. 9. A number of samples printed with different filaments
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Fig. 10. The stress-strain curves measured for the different types of PLA filaments
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Table 2. The mechanical properties of the different types of PLA filaments
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Table 3. The thermal properties of the different types of PLA filaments as well as neat PLA
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Fig. 11. The DSC thermograms of the second heating cycle for three different PLA filament brands
and neat PLA.
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