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MOTIVATION
Why

Deformation Mechanism

Design of experimentLiterature Review

Parametric workflow - 
geometry to G-code

Hypothesis:

Characterization of 
shrinkage factors

Run simulations to 
optimize deformation

Experimental Study 
(pattern design) 

Materials

Modell ing Print ing Process

How

What

FOCUS

Expected Results

Research Plan & Approach

4D Printing

deForm: Freeform surfaces from control l ed shrinkage 
in 3D printed planar structures

An entrepreneurship project - CASTomize, will be an application of this tool.

Additional Benefits:

Academics

Practice and Industry

In Additive manufacturing (AM)  processes, when 

temperature control is involved, there are common 

inaccuracies caused by warping, cracking and 

bending due to material shrinkage.

If we understand this phenomena and predict these 

situations, not only can we reduce the inaccuracies, but 

we can also use it to create 3D geometries without the 

use of structural supports, which also eliminates material 

wastage and reduces the time for printing.

The aim is to develop a prediction model after investigating factors that can 

control material deformation, so designers can achieve desired 3D geometries 

just by printing them in 2D.

In what way can material deformations be controlled or predicted based 

on specific needs?

What is the significance of material deformations affecting additive 

manufacturing processes?

After investigating Shape Memory Effect, a Polyurethane 
(PU) based Shape Memory Polymer (SMP) is chosen to study. 
SMPs have the unique characteristic of being able to 
‘memorise’ a permanent shape. If heated beyond its glass 
transition temperature (Tg), it reverts back to this memorized 
shape.

The main mechanism to be studied is bending, driven by thermal 
control. By varying printing parameters for different layers, the 
shrinking rate is different for each layer. The direction of 
deformation is perpendicular to print direction. These factors can 
provide interesting deformation behaviour in various print 
patterns.

The greater the difference in 
extruder temperature when printing 
the base and upper layers, the 
greater the shrinkage in the overall 
structure.

No need for joints as deformation can 

serve as mechanism for patient to wear 

the cast

Shape memory effect allows ease of 

removal and efficiency in storage and 

transport.

The aim is to devlop a parametric workflow from start to finish. 
Based on desired geometry, a planar geometry is generated by the 
simulation model, which is then subsequently computed into 
geometric code to be sent for printing, with the relevant parameters 

essential for accurate deformation.

Thorough understanding of material shrinkage factors builds more 

layers of foundation in search for potential applications.

This versatile tool can be beneficial to AM users and designers. 

Apart from material and time reduction, the movement of material 

deformations can be more creatively used in design processes.

In extrusion based AM processes, there are many variables 
involved that affects material shrinkage. To have a clear 
understanding of the relationship, a matrix of these 
parameters is designed for experimental study before 

determining the optimal deformation process.

Do material deformations improve physical and mechanical properties of 

the material?
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