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presents the fabrication of probe holder by using 3D printing technology for ultrasonic
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scanner application. The fabrication of 3D printed probe holder began with the Taguchi
technique design of experiment (DOE). Three major effects were identified: printing
temperature, layer thickness and infill density. Solidworks software was employed to
build the computer-aided design (CAD) model of the probe holder. Subsequently, the
CAD model file is converted to Standard Tessellation Language (STL) file for 3D printing
process. The probe holder was successfully fabricated using 3D printer without any
Keywords: defects visible on the outside surface of the 3D printed products. Based on bending test
3D printing; ABS; design of experiment; results, it can be concluded that the strength of probe holder was attributed by the
CAD; STL layer thickness.

1. Introduction

A recently well accepted an additive manufacturing (AM) process, 3D printing, refers to a process
used to make 3D objects by forming successive layers of material under computer control. 3D printing
process starts with the fundamental design of the objects or parts created on a computer software
and attach to the 3D printers later on for printing process [1]. In comparison to other fabrication
technology, 3D printing has the advantage of minimal material waste and is useful for producing
complex and geometrical parts [1]. Furthermore, 3D printing can manufacture a wide range of
complicated and geometrical shapes without require special moulds like other manufacturing
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technologies. As a result of the advantages of making products with unlimited shapes, 3D printing is
attracting a wide range of industries.

In order to satisfy the need for 3D printing, methods of AM have been developed such as
laminated object manufacturing (LOM), laser metal deposition (LMD), selective laser sintering (SLS),
stereolithography (SLA) and fused deposition modelling (FDM) [1]. The FDM process is the most
effective and common technique of polymeric AM, create 3D prototypes from computer-aided
design (CAD) data designs [2]. Not only that, FDM technology able to produce products in a short
period of time without wasting raw materials [3]. The basic concept of FDM technique is that FDM
construct a structural design layer by layer. The molten materials are melted through an extruder at
a particular temperature and deposited on the platform layer by layer [3]. The layers will be bonded
together by state bonding due to molecular interaction when one layer remains molten and is bound
to the solid layer while solidifying [4]. Despite FDM’s usually used in rapid prototyping, it has
numerous advantages, such as its simplicity and ability to produce complicated thermoplastic parts,
making it a popular technology in advanced manufacturing.

The mechanical properties of 3D printed products are influenced primarily by variables such as
the build orientations, the filament flow rate, extrusion temperature, infill density, raster angles,
layer thickness, and air gaps [5-8]. The mesostructures obtained from infill density and infill pattern,
play an important role in maintaining an appropriate balance of stress intensity and controlling crack
propagation, meanwhile a smooth surface with good dimension accuracy can be achieved with small
layer thickness [6,9,10]. In addition, based on ANOVA analysis carried out by Beniak et al., [11]
printing temperature showed influence in dimensional accuracy of 3D printed products. However, at
higher temperature of 260°C, bubbles were formed which resulted in dimensional defects [12].

The current study aims to fabricate a probe holder for ultrasonic scanner, made up from
acrylonitrile butadiene styrene (ABS) thermoplastic material by 3D printing technology. ABS
thermoplastic is the most common filament used in FDM method due to its characteristics of
toughness, stiffness, chemical and resistance to heat [13-16]. The influence of printing factors, such
as infill density, layer thickness, and printing temperature, on the physical and mechanical properties
of 3D printed probe holder were evaluated.

2. Methodology
2.1 Material

Materials used in the printing production influence their quality, functions, and strength.
Thermoplastic materials such as polypropylene (PP), acrylonitrile butadiene styrene (ABS),
polyethylene (PE), and polylactic acid (PLA) are commonly used in extrusion techniques. ABS
thermoplastics are commonly employed in the FDM process due to their dimensional stability and
low glass transition temperature. ABS material is also widely known for its durability, hardness, heat
resistance, chemical resistance, and capacity to perform functional testing on sample material.
Hence, this study used ABS filament to fabricate 3D printed probe holder.

2.2 Taguchi Method Design of Experiment (DOE)

Design of experiment (DOE) is widely used in many fields, including engineering, manufacturing,
biology, and social sciences, to improve product quality while lowering production costs through
systematic investigation prior to a process by providing a relationship between variables and
outcome. In this current study, Taguchi method based on orthogonal arrays (OA) was employed to
optimize process parameters, thus reduces the number of overall trials. The OA technique involves
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selecting level combinations of the input design variables for each trial [17,18]. This current study
employs Minitab software to carry out Taguchi method design of experiment, which is similar to that
employed by other researchers [18,19]. There were nine specimens were prepared in this current
study. Table 1 shows the number of specimens and its parameters level.

Table 1
Number of specimens and its parameters level
Specimen  Printing Temperature [°C] Layer Thickness [mm] Infill Density [%]
1 220 0.20 15
2 0.25 25
3 0.30 35
4 230 0.20 25
5 0.25 35
6 0.30 15
7 240 0.20 35
8 0.25 15
9 0.30 25
2.3 Model Development

CAD model of probe holder was designed by using SolidWorks software. Figure 1 shows the probe

holder design that

will be used for the next step.
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Fig. 1. CAD model of probe holder design

After the CAD model was completed, the Standard Tessellation Language (STL) file was generated.
The file subsequently imported into slicing software, which acts as a bridge between the 3D model
and the 3D printer. Slicing software or slicers separate models into thin layers and generate G-code
files that commands the 3D printers. Ultimaker Cura, a slicing software was employed in this study.
The fabrication of probe holder made up from ABS material was performed by using a 3D printer
(Creality Enders 3).
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2.4 Bending Test

Cantilever bend test was performed by using Universal Testing Machine. In this test, 3D printed
probe holder was fixed at one end and a load is applied to the other end. The flexural load was
obtained for all specimens of 3D printed probe holder.

3. Results
3.1 3D Printed ABS Probe Holder

Figure 2 depicts nine specimens that were successfully fabricated utilising 3D printer for probe
holder shapes by using ABS material. There were no flaws on the exterior surface of any of the
specimens. It may be inferred that the parameters and levels are appropriate for the ABS material
and geometrical shape of the probe holder.

Fig. 2. 3D printed ABS probe holder

3.2 Bending Test

Table 2 displays the flexural load from bending test for each specimen. The bending test results
show that, the flexural load increases from specimen 1 to 3 as layer thickness and infill density
increase while the printing temperature remains constant at 220°C. Following that, for specimens 5
to 7, flexural load improves as layer thickness increases and was unaffected by infill density. This
study found that layer thickness had an effect on the flexural properties of 3D printed ABS probe
holder. In other studies, smaller layer thickness was associated with better ultimate tensile strength,
whereas bigger layer thickness was associated with higher Young Modulus, which is similar to
previously reported study when the layer thickness was increased from 0.06 to 0.10 mm, the ultimate
tensile strength also increased [16,20]. On the other hand, Dezaki et al., [3] concluded that infill
density influenced the tensile properties of 3D-printed products. As the infill density increased from
95% to 105%, the ultimate tensile strength, yield strength as well as Young modulus of ABS parts also
increased [16,21]. However, at the higher temperature of 240°C, layer thickness and infill density
appear to have no effect on strength. The bending results show that the flexural load was lower at
240°C than at 230°C. The warping issue or distortion that impairs the dimensional accuracy of
products has been documented as a result of high printing temperatures caused by thermal reaction
that happens when ABS material expands and cools during solidification processes between layers
[22]. It is related to the current investigation, where the unpredictability in strength at high printing
temperature could be attributed to the shrinkage and cooling between the solidifying layer and the
deposited layer, which affects the bonding between layers and hence influenced its flexural
properties. Furthermore, the formation of bubbles during high-temperature fabrication, might also
attribute to the instability of mechanical properties [12]. This is because as the formation of bubbles

13



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 48, Issue 2 (2025) 10-15

weaken the bonding between layers as well as diminishes its density, and thus influenced the flexural
properties.

Table 2

Flexural load for 3D printed ABS probe holder

Specimen Printing Temperature  Layer Thickness Infill Density Flexural Load
[°q [mm] [%] [N]

1 220 0.20 15 315.03

2 0.25 25 348.82

3 0.30 35 552.17

4 230 0.20 25 682.95

5 0.25 35 759.00

6 0.30 15 792.43

7 240 0.20 35 674.32

8 0.25 15 679.10

9 0.30 25 643.83

4. Conclusions

The fabrication of probe holder for ultrasonic scanner application by using AM technology were
presented. Taguchi method design of experiment helps in contributing in minimize the study duration
as the optimum parameters were obtained at the beginning of study. There were nine specimens
were successfully produced by 3D printer with different printing temperature, layer thickness as well
as infill density. Based on the bending test results for all nine specimens, it can be concluded that the
flexural properties of 3D printed probe holder were affected by the layer thickness. However, the
effect of infill density and layer thickness on flexural load was less significant at high printing
temperature of 240°C. This could be linked to the formation of bubbles as well as the instability of
bonding between layers during solidification of layers and deposition of new layer, which impact the
flexural properties. In the future, SEM analysis and simulation analysis will be used to investigate the
bonding condition between layers as well as the formation of bubbles.
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