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ABSTRAK

Kajian yang bertajuk “The Effect of Thermal Responsive Material Polymeric Filament to
Strength and Transformation in 4D Application” telah pun dilaksanakan. Tujuan
keseluruhan kajian ini dijalankan adalah untuk menentukan kualiti filamen bahan pintar
yang mempunyai sifat ingatan memori bentuk asalnya. Kajian ini dimulakan dengan
pencarian dan pemahaman tentang bagaimana 4D printing berlaku dan juga kriteria yang
ada pada bahan pintar ini. Bahan yang akan digunakan dalam kajian ini adalah bahan pintar
yang bertindak balas dengan tindak balas haba kerana tindak balas ini menggunakan bahan
pintar yang senang didapati kerana terbatas oleh wabak pandemik sekarang. Proses
penghasilan 4D printed part akan dihasilkan dengan menggunakan Fuse Deposition
Modelling (FDM) cara 3D print. Pengetahuan tentang proses mengendalikan 3D printing
ini termasuk kriteria, bahan parameter dan juga karakteristik bahan tersebut untuk
mencapai tujuan utama kajian ini. Dengan menggunakan permerhatiah terhadap tindak
balas hasil produk cetakan dan merekod pergerakannya dengan hasil tindak balasnya.
Kertas kajian ini juga akan menerangkan tentang sifat mekanikal yang ada pada PLA
tambahan kayu dan Thermoplastic Polyurethane (TPU) Dengan menggunakan ujian
tegangan, Kekuatan bahan pintar akan dikenal pasti sebelum dan selepas tindak balas
dengan rangsangan akan mengerluakan data analisa tentang sifat mekanikal bahan ini.
Hasil penyelidikan ini menunjukkan bahawa bahan yang digunakan menunjukkan tindak
balas yang positif terhadap stimulus yang diapllikasikan kepada bahan ujian. Kekuatan
bahan yang dihasilkan juga di dalam tahap yang sama dikeluarkan oleh bahan PLA dan
juga SMP itu sendiri. Perbincangan tentang kualiti bahan ini akan dibincangkan didalan

kajian yang dilakukan ini.



ABSTRACT

Experimental research titled “The Effect of Thermal Responsive Material Polymeric
Filament to Strength and Transformation in 4D Application” has been carried out. The
main aim of this study is to determine the quality of smart material polymeric filament that
have shape memory effect. Currently 4D printing application to the industry is low because
of the material is still not universal. Further study on the material for 4D application still
needed to make sure this application is more. Some material that recently used for 3D
printing have potential in 4D application since the material is printing above melting and
boiling temperature and this will cause the material to have special transition when certain
temperature is applied on the material. This project starts with the study of and research on
how 4D printing work and the characteristic of the smart material. Material that has smart
properties is used in this project focussing on the material that react with thermo stimuli
which known as simplest stimuli that the material could respond. The process of
fabrication the printing part will be conduct by using Fuse Deposition Modelling (FDM)
Additive Manufacturing (AM) method. Extensive information of AM process includes the
composition of material, parameter of printing process and the mechanical properties of
smart material applied to fabricate the 4D printed part. By the experimental and
observation conducted, data recorded the respond of the material toward its stimulus. The
strength and the response of the smart material also will be tested on the material Polylactic
Acid (PLA) + Wood and Thermoplastic Polyurethane (TPU). Using tensile test, the
strength of the smart material will be identified before and after the reaction with the
stimuli and the Tensile test will reveal it mechanical properties especially its
thermomechanical properties. The material gives positive feedback toward thermal stimuli
when heat is applying toward the material, the samples start to bending and little twist. The
mechanical properties show by the material after compared to the SMP also produce
significant strength. The discussion on the quality of smart material will be discussed on

this paper.
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CHAPTER 1
INTRODUCTION

This chapter gives a brief introduction of project’s background based on the general
information regarding the 4D printing and smart material polymeric with shape memory
effects. The problem statement, objectives and scopes will also be explained in this
chapter. Project planning and execution of this project, rationale of the project will also

include in this project.

1.1 Project Background

According to the Nkosinathi (2018), 3D printing is a widely estab.lished method for
the additive production of digital objects, for example computer-assisted modelling, for
scholars, producers, and law firms to create unique 3D items (CAD). 4D printing is
described by using AM for generating stimulation modules capable of changing shape or
changing form in appropriate jolts without depending on mechanical technology or
electromechanical gadgets, while 4D printing must be fundamental to form the reality of
4D in a matter of sections. The material used for 4D printing is reacts to its environment

and changes over time and act as programmable matter to its function.

4D printing opens new areas of operation in which a system can be enabled by
environmentally free energy for self-assembly, reconfiguration, and reproduction. There
are several advantages of this technology, such as considerable reduction in storage room
and enhancements to be produced by the flat kit of 4D impressed frameworks (Ge et al.,
2016). Another example is that fundamental components from intelligent materials may be
first printed 3D and then installed to create the ultimate complex shape rather than creating

complex constructions using 3D design (Gardan, 2019).



4D printers are in their infancy, and substantial study is needed on the printing of
broad clever structures in many segments of additive manufacturing. When evaluating all
facets of this state-of-the-art technology, a completely new architecture strategy is
proposed. For some crucial application, including artificial cardiac organs and
cardiovascular stent, a dedicated 4D printing technique and printers can be created. A
modern, dedicated printing application may be used to print biocompatible and
biodegradable smart materials. The intelligent material may even be revealed, and the
utilization of this intelligent material helps the business and material production. Following
this analysis, the process of 4D printing and smart material reaction can be described by

the mechanical characteristics of the smart material.

1.1.1 Printing Device

A very critical in 3D printer. Part of a 4D process which uses the instructions of the
machine to create an object layer by layer with materials such as polymers, ceramics, and
metals. The main manufacturers of 3D printers are Stratasys, ExOne, Materialise and Proto
Laboratories. 4D printing goods are created with the addition of a single additive or by a
combination of several intelligent materials and can be produced over time. The design
changing processes of the whole device will lead to shifts in material properties such as

memory of structure, thermal expansion, contraction or stretching.

1.1.2 Stimulus

Stimulus is important for promoting the accessibility, characteristics, and shape of
the written system in the physical, chemical, and biological families, triggers can be
categorized. Physical stimuli are temperature, humidity, electricity, and illumination.
Chemical pH, ion pressure and chemical stimuli. Chemical stimuli. Glucose and enzymes
are nevertheless considered to be a metabolic cause. Scientists used a mixture of sensations
in 4D printing to produce printed parts, including heat and light, water, and temperature

combinations.



1.1.3 Material and Design

The most important elements of 4D printing are sensitive fabrics and geometrical
design. Memory, decision-making, self-sensation, self-healing, self-sufficiency and
multifunctionality are the necessary class of materials. The structure of the printed
components affected the material memory type greatly, which implies that optimal design
is needed to restore the deep shape. The answer will exactly be regulated by the width of
the text (Pei & Loh, 2018).

1.1.4 Mathematical Modelling

Mathematical simulation is essential for the creation of a variety of materials within
the system to be spread. In nature, 4D printing relies on coordinating active and passive
distribution of materials to carry out the desired actions. There are two to three stable states
in the 4D printed structure, and the entire structure will change its condition if it is

subjected to unique stimuli. Mathematical simulation of 4D printing is for three purposes.

I.  Prediction of time-dependent change in form.
II.  Preventing collusion between sections while self-assembly.

III.  Reduction of different experiments.

The interaction function is most widely used to trigger a quick modification to a
written form. The swelling effect is introduced by modelling in the form of memory

polymers with the proper stimulus mixture.



1.2 Problem Statement

4D printing is characterized as the use of Additive Manufacturing to produce
stimulus-responsive parts that. can change shape or work from one type to another,
whether they are subjected to suitable stimuli without depending on robotics or
electromechanical equipment. Conventional technology for 3D printing focus on
manufacturing a single material static framework that cannot fulfil all complex
requirements. Appliances such as soft grippers for service, self-folding and adaptive wind
turbines include functions (z. Zhang et al., 2019) however, there are gap that 4D printing
need to be focussed on the success to fabricate the part. First, the how must ensure that the
material used for 4D printing is able to reacts to its environment and changes over time
where act as programmable matter to its function. The final product of print by using this
smart material is vague in term of the quality of the print stability of the quality of printing
as compared traditional material filament used in 3D printing. The strength of the material
with smart properties also need to be identified in any incremental strength to the product
or parts or it is same after the product have been produce by using the additive
manufacturing method (Tibbits, 2014). This is because the material reacts with the stimuli
either it is stretch or shrink to another form of shape. The material needs to be tested to
check either the strength is same as the 3D print or compare it due to the application of the

product.

Not all stimulus-responsive components will experience the expected transition as
they are exposed to maximal stimulus. It needs a fixed interaction process to schedule a
series of pattern-shifting. actions when the cue is activated within an acceptable period.
Mechanical loading approaches or strategies of physical process modulation must be
configured to curve and momentarily program the framework for the recuperation of
formal memory materials. It is essential for mathematical modelling. to plan the time series
and stimulation appropriate for the stimulus-responsive section to work. This technique
also involves configuration of material orientation and delivery for single 4D multi-
materials printing, measurement of the different expansion or contraction speeds of each
stimulation material to fully operate in an efficient auto-transformation device. (Huang et
al., 2010). The mathematical simulation is normally carried out by computer-assisted-
design (CAD) and final-element analysis along with geometrical programming (FEA).

Before the 4D printing component is finished, concerns have to be discussed by the team.

4



Due to the distinct advantages and the challenging freedom of design, 4D printing
predicted has a big part to play soon. Printed devices can be quickly distributed at
subsidized rates with lower labour costs. Printed with an additive production component,
self-actuators will enable researchers to invent intelligent devices without energy sources
or batteries .(Chalissery et al., 2019). In various fields, 4D applications, for example organ
and tissue engineering, bio-medical appliances, mobile devices, protection, and
development were recorded. Smart buttons, regenerative modelling, electromechanical
switches, smart garments and specially shaping surfaces for optics and soft actuators. This
scandalous maturity innovation will in the foreseeable future be feasible for more

implementations that seem to be incompatible.

1.3 Objectives

Based on the problem statement stated before, it is very crucial and essential to

draw out the possible solutions to curb the problem. The objectives are as follow:

I.  To study the various transformation and reaction polymeric filament of smart
material in 4D application focusing on the thermal-responsive of the material.
II.  To fabricate the thermal-responsive 4D smart material printing parts.

III.  To determine the tensile strength of the thermal-responsive 4D parts.



1.4  Scope Of Project

This project will focus in fabricating the 4D printing and determining the quality of
smart material polymeric filaments that have shape memory effect for the application of

4D Printing.

1. Extensive research, design, and printing 4D parts using PLA + Woods &
Thermoplastic Polyurethane (TPU) that have thermal deformation in response to

thermal stimulus.

2. Apply Additive Manufacturing Technology on fabricating the test specimen and 4D
printing part by using Fused Deposition Modelling (FDM).

3. Examine and analyse the transformation of the smart material response to the
temperature apply on the printed specimen by exposing on the temperature 60 °c,

100 °c, 140 °c.

4. Determine the quality of the 4D specimens focus on the strength of the printed part
by using Ultimate Tensile Machine follow standard (ASTM D638)



1.5 Organization of Report

This project introduces the analysis and implementation of 4D printing material for
the consistency of the intelligent material. Three chapters are included in this article. The
first chapter outlines the context, purpose, issue statement and complexity of the project as
a short introduction to the project. Chapter 2 provides a literary analysis of recent work on
system and concept theory and practice. In this project, Chapter 3 explains examples of
machinery, part, method, rule, and technique. For Chapter 4, the chapter for result and
discussions will discuss the output that obtain from this study and lastly the last chapter

which is chapter 5 and chapter 6 discussed on what need to be done in the future.

1.6 Summary

In this section, background of study related to 4D printing is made. The problem
statement and objective are constructed which will be specific, measurable, and achievable.
Next, the scope of the project is defined, and organization of report is made to describe the

flow of the report in every chapter.



CHAPTER 2
LITERATURE REVIEW

This chapter will discuss literature of 4D printing, smart material with all the criteria of
other element, and lastly the reaction of stimuli for response on every factor by previous
researchers. An overview of the 4D printing on its potential application, stimulus-

responsive subject to specific stimuli on the smart material.

2.1  Definition of 4D Printing to Additive Manufacturing

AM is commonly referred to as three-dimensional (3D) printing. Common
manufacturing technique due to its ability to create complex, personalized 3D computer-
aided design (CAD) structures. 4D printing is a 3D material production technique that can
change shape over time or in response to an environmental stimulus. This method reveals a
fundamental change in additive manufacturing (Tibbits, 2014). Thanks to revolutionary
advances in science and technology, the new twentieth century was contemporary. The
most significant advancement between present 3D printing and traditional manufacturing
capabilities is stated as a new principle of additive printing. 4D printing consists of an
encapsulation of the latest additive production's other "Time" component and an additional
dimension blueprint seen in the Abstract Graphics. 3D printing of time-dependent,
sensitive, predictable, self-developing materials is called 4D printing (Zafar & Zhao,
2020). In 2013, MIT scientist Tibbit Skylar, the Self-Assembly Laboratory Director,
unveiled and named the innovation. Researchers have refined the term as 3D-pressed
structures that display targeted shape or transformation of properties under outside stimuli
(J. Choi et.al 2015). Most of the research clearly focuses on the potential to alter the shape
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of 4D-printed structures, like folding, elongation, rotating and corrugating. This can be

designed further to create lockers, lifts, microtubes, robotics and even dolls.

However, this property in crafted artifacts has not been reached until recently. The
advancement of additive processing is at the centre of this study. Methods of printing using
intelligent materials to build the constructs and metals in four dimensions. This 3D systems
are interactive and can be self-transformed in response to programmed environmental
factors such as energy, illumination, temperature or humidity to have a fourth dimension of
time (Khoo et al., 2015). During printing, stimulation-responsive smart materials are used
to build selective frameworks and configurations that offer the framework the ability to
alter its function, shape or physical properties, such as the Youngs' module (Ramesh et al.,
2018). After printed with shape shift capability the research focusses on the consistency of
the intelligent content in 4D printing. The different characteristic between the 3D print and
4D printing are shown in the Table 2.1-1 below

Table 1 Characteristic difference between 3D and 4D printing (Bajpai et al., 2020)

Characteristics

3D Printing

4D Printing

Build Process

Materials

Shape flexibility

Shape-memory programming

Applications

Structure formed by
sequential layering of 2D
material “ink”

Thermoplastics, ceramics,
metals,
biomaterials, nanomaterials

Creates rigid structure

No programming step

Medicine, engineering,
dentistry, automotive,
robotics, fashion, aerospace,
defence etc.

Extension of 3D printing but
with shape-memory
programming step

Smart materials:
shape-memory polymers
(SMP), shape-memory alloys
(SMA), hydrogel
composites, biomaterials,
Characteristics of structure
change upon exposure to
external stimulus

Thermomechanical training,
multi-material printing to
create differential stresses

Adds dynamic element to all
3D printing applications






