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Effect of 4D printing parameters on deformation results of morphologically controllable TPU/PLA units
GUO Yingiang', LI Duanling'*
(1. School of Mechanical & Electrical Engineering, Shaanxi University of Science & Technology,Xi’an 710000, China;
2. School of Automation, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract : 4D printing technology has demonstrated significant potential in the field of smart structures in recent years,
enabling controllable deformation of units in response to external stimuli through the programming and regulation of smart material
properties via process parameters. This study systematically investigates the influence of key process parameters in 4D printing on
the deformation control of unit models during multi-material fabrication. Based on the fused deposition modelling process, thermo-
plastic polyurethane serves as the control phase and polylactic acid (PLA) acts as the driving phase, morphologically controllable
units is produced. Through experiments manipulating the printing speed of the driving phase, the printing platform temperature, the
thickness ratio between the driving and control phases, and the printing orientation of the control phase, combining with the dynamic
deformation process under thermal stimulation, the deformation angle and deformation response time were employed as evaluation
metrics. Experimental findings indicate that increasing the printing speed of the driving phase promotes the accumulation of pre-
stress, thereby increases the deformation angle of morphologically controllable units, their deformation response time remains
largely unchanged. As the printing platform temperature rises, PLA becomes more prone to stress relaxation, leading to a reduction
in residual strain energy reserves and a decrease in the deformation angle of morphologically controllable units. Concurrently, inter-
layer bonding becomes more compact, correspondingly prolonging the deformation response time. When the thickness ratio between
the driving phase and control phase is less than 1, the unit deformation angle increases with this ratio, and the deformation response

time also lengthens. When the ratio exceeds 1, further increasing it paradoxically reduces the deformation angle. Furthermore, differ-
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ent printing orientations of the control phase can also influence both the deformation angle and deformation mode of the morphologi-

cally controllable unit.

Keywords : 4D printing technology ; polylactic acid ; thermoplastic polyurethane ;

controllable mechanism
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Fig. 1 Model diagram with different thickness ratios of driving phase

to control phase
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Tab.1 Fixed printing parameters

Parameter name Values
TPU:225°C PLA:215°C

Linear filler

Nozzle temperature
Filling method
Filling rate 100%

Layer thickness 0.2 mm
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Fig. 3 Deformation experiment flow chart

predetermined thermal excitation
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