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ARTICLE INFO ABSTRACT

This study aims to design and analysed the structure of the frame of a 3D metal printer.
First, this work calculates the static stress on a frame structure. Second, as vibration
could affect the effectiveness and performance of a 3D metal printer, this study also
concentrates on building a frame structure with minimum vibration. SolidWorks is the
software used in this study to sketch and simulate designed 3D models. Finite element
analysis (FEA) was used for the simulation part to assess the frame's static and vibration
motion analyses. In the analysis using the aluminium 6061 alloy material on the frame
design, the result analysed the value at a three-point location. Based on simulation
results, the yield strength of the structure is 55.1 x 106 N/m2. The maximum value of
von Mises stress does not exceed the yield strength at points 1, 2, and 3. Accordingly,
point 2 (365 mm) was selected as the location for the fibre laser head since it had the
least amount of vibration. The design is, therefore, capable of withstanding the applied
load. In conclusion, a new 3D metal printer's frame design has been analysed to
demonstrate its sturdy structure and minimal vibration
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1. Introduction

The process of fabricating a component via additive manufacturing (AM), sometimes called three-
dimensional (3D) printing, is based on a geometric model of the part created using a computer-aided
design system. Huang et al,, [1] reported AM is a highly potential method for creating intricate and
valuable parts in various sectors, particularly aerospace and automotive industries. The AM built
components in stages, starting at the base and successively stacking each layer on top of one another
to complete its full geometry. According to researchers, 3D printing provides low material waste,
lower costs, and ease of manufacturing complicated geometric objects are all benefits of 3D printing.
With 3D printing, product design flexibility is acknowledged. Accordingly, these factors contribute to
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the widespread use of this technology was also reported by Armstrong et al., [2] and Abilgaziyev et
al., [3] study.

Christodoulou et al., [4] introduces a novel Fused Filament Fabrication (FFF) 3D printer capable of
operating at significantly higher speeds. This advanced printer demonstrates a more than fivefold
increase in printing velocity compared to traditional FFF systems while maintaining the same level of
product quality and structural integrity. Oluwajobi et al., [5] excellently created a Fused Filament
Fabrication (FFF) 3-D printer utilizing locally obtained materials, showcasing impressive performance
and reliability.

Fused deposition modelling (FDM) is one of the material extrusion processes. It extrudes a
wax/thermoplastics polymer filament onto the existing part surface from a work head to complete
each new layer. Sargini et al., [6] mentioned that FDM technology typically applies a variety of
thermoplastics for 3D printing plastic components. Furthermore, FDM technology now uses many
high-strength composite filaments, including metal-polymer composites. Hence, this opens the way
for producing metal components at far lower prices than the expensive selective laser melting (SLM)
AM technique was reviewed by Cano et al., [7]. Ahmad et al., [8] in his study reported that by
comparing to other rapid prototyping techniques, the FDM method offers several key benefits. These
include simplified accessibility, reduced equipment expenses, and the ability to produce items in
multiple colours. Furthermore, this approach is more economical and cost-efficient than alternative
Rapid Prototyping processes.

Recently, there has been a notable escalation in the demand for metallic prototypes and tools.
The incorporation of non-polymeric materials, encompassing metals, has seen extensive application
within the realm of 3D printing. According to a Rosli [9] direct metal prototypes may be realized
through methodologies such as selective laser sintering (SLS), direct metal deposition (DMD), shape
metal deposition (SMD), electron beam melting, and the most contemporary plasma deposition
manufacturing technique. Directed energy deposition (DED) is a subset of AM techniques wherein a
substrate is exposed to an energy source, such as a laser beam, electron beam, or plasma/electric arc
reported by Ahn et al., [10]. This is all the while simultaneously delivering feedstock material in the
form of powder or wire. Svetlizky et al., [11] illustrated this process results in the formation of a small
melt pool and the continuous deposition of material, layer by layer, onto the substrate. Since its
introduction in 1960, significant progress has been made in the study of laser applications in
manufacturing and remanufacturing. Gong et al.,, [12] reported the advancements in laser
technologies over the past 50 years have enabled the development of various direct-energy processes,
many of which are now being considered for industrial use. Numerous scholars have researched the
manufacture of 3D printers with varied designs and printing techniques. According to the Huang et
al., [1] laser additive manufacturing (LAM) offers a versatile and rapid production technique for
creating intricate geometric designs with numerous variations. However, research on metal printing
is rarer. Based on this table, most 3D printers were developed using the FDM method as per details in
Table 1. Therefore, this study will apply AM techniques such as FDM and DED to the design and
development of 3D metal printers to fabricate metal parts.

Note that the design and vibration analysis of a 3D metal printer frame were the main topics of
this study. First, this work calculates the static stress on a frame structure. This is crucial since a major
part of the 3D metal printer, the frame, is the part that is subjected to stress, strain, and vibration
while printing. Second, as vibration could affect the effectiveness and performance of a 3D metal
printer, this study also concentrates on building a frame structure with minimum vibration.
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Table 1
The list of design and development of 3D printers from the previous study

Authors Types of printers

Process

[14]
[15]
[16]
[17]
(18]
9]

(3]

[19]

(4]
[13]

(5]

Large scale multi extrusion FDM printer

Innovative 3D printer containing a co-rotating twin screw extrusion unit
Low-Cost-High-Accessibility 3D Printing machine

Fused Filament Fabrication (FFF) 3D printer

Low-Cost Open-Source 3D printer

Low-Cost 3D metal printer

Multi nozzle Extrusion system for 3D printer

Design and development of large scale FDM based 3D printer
High-Speed Fused Filament Fabrication 3D Printer

3D printer

Low Cost 3-D Printer

FDM
FDM
FDM

FFF
FDM
Wire arc
FDM
FDM

FFF
FDM
FFF

2. Methodology

2.1 Design of 3

D Metal Printer

Referring to Figure 1 below, the 3D metal printer comprises mechanical components, an electronic
component, and supporting firmware and software. While a 3D metal printer's support structure and
kinematics for the movement of various pieces are composed of mechanical components, electronic
components provide the system's mobility and control mechanism. At the same time, firmware and
assisting software enable the 3D printer to communicate with the user and execute their commands.
In this work, the application of fibre laser is proposed. The 3D printer operates along three axes: the
X-axis, y-axis, and z-axis. These axes control the movement of the print bed, which is converted from
rotational to linear motion using a ball screw mechanism. Meanwhile, the nozzle for both the filament
and wire remains static. The movement of printer and the translation of command from the printer’s
server to host computer is controlled by firmware provided with an Adruino microcontroller.

SPL e NRnRWLNE

Aluminium profile

L Bracket

Leadscrew

Bed

Stepper motor

Fibre laser head

Wire feeder

Holder

Single axis Actuators LX45
Coupler

Fig. 1. The design of a 3D metal printer
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2.2 Materials

The frame of the 3D metal printer utilized in this study comprises aluminium 6061 Alloy. The
material has the ability to undergo precipitation hardening, with silicon and magnesium serving as its
principal alloying elements. Additionally, this alloy exhibits robust mechanical characteristics,
possesses weldability, and is frequently subjected to extrusion processes, Table 2 shows the
Mechanical properties of Aluminium 6061 Alloy. The use of aluminium 6061 as a frame material for
FDM 3D printers provides a robust and reliable foundation, contributing to the overall performance
and quality of the printing process. Its durability, precision, consistency, and thermal conductivity
make it a highly advantageous choice for FDM frame construction was reviewed by Hsu et al., [20].

Table 2

Mechanical Properties of Aluminium 6061

Alloy
Mechanical Properties Value Units
Modulus of Elasticity 69 Gpa
Yield Strength 55.1x10° N/m?
Density 2700 Kg/m?
Poisson Ratio 0.33

2.3 Modelling

SolidWorks software is used to create 3D models and conduct finite element analysis (FEA) in
SolidWorks simulation. This frame was examined at three distinct locations: point 1 (40 mm), point 2
(365 mm), and point 3 (690 mm) as shown in Figure 2. 3-D modelling is created through the utilization
of SolidWorks software. The objective is to visually present the preliminary design as a means to
comprehend the final product. Mohd Jafri et al., [21] reported the concept of the design must be
articulated through the medium of technical illustration.

Point (3)

Point (2)

Fig. 2. This frame was examined at three distinct locations:
point 1 (40 mm), point 2 (365 mm) and point 3 (690 mm)
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2.4 Finite Element Analysis (FEA)

Putra et al., [22] illustrates that Finite Element Methods, a numerical methodology extensively
employed for resolution of computer-related predicaments or strategies for carrying out an
examination in engineering design, and used for accomplishing the process of Computer-Aided Design
(CAD). Initially, FEM scrutinized the mechanical framework, but currently, it can be utilized for
scrutinizing heat transfer, fluid flows, and vibration.

Finite Element Analysis (FEA) employs Computer-Aided Design (CAD) Simulation to create the
frame based on measurement data obtained using aluminium material. Sani et al., [23] reported this
software facilitates the implementation of FEA and allows users to examine structural characteristics
such as stress, displacement, and natural frequency.

The flow chart illustrated in Figure 3 illustrates the process flow chart for conducting the frame's
static and vibration motion analyses. Initially, the assembled drawing of the printer is prepared by
connecting all the parts in the design. Then, the static test function is selected in order to start the
new study. The material is chosen from the list provided in the database of the SolidWorks software.

Start

l

Geometry

|

Material

Boundary
Condition

Meshing
|

Run
l
Result & Analysis
!
End

Fig. 3. Flow chart of static and
vibration analysis

Then, the fixtures for the frame are applied. Afterwards, the force applied to the head laser is 30
N illustrated in Figure 4. Subsequently, the mesh is created, and the test continues until the result is
generated.
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(a) (b)
Fig. 4. (a) 4 areas of fixed points were selected for Boundary Condition (b) Applied load
of 30N

3. Results and Discussion
3.1 Static Analysis

The inclusion of static analysis in the design and manufacturing processes of 3D printers is of
crucial significance in ensuring their reliability and durability. It also enhances the 3D printer's overall
guality and performance and helps avoid structural failures and related safety risks.
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Fig. 5. Result of simulation von Mises stress at (a) point 1, (b) point 2 and (c) point 3
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Based on the simulation results as illustrated in Figure 5, the yield strength of the material is 55.1
x 10 N/m2. The maximum value of von Mises for point 1 was 1.617 x 10® Nm?2, and the maximum
value of von Mises for point 3 was 1.232 x 10° Nm?. The point of the maximum stress was on the
nozzle holder that connected to the frame. This was because the nozzle holder supported the load
given (fibre laser head) with 30 N. Conversely, the maximum value of von Mises for point 2, which was
3.077 x 10% Nm?, the highest compared with points 1 and 3 since the nozzle holder is located in the
centre, which lacks support from the right and left frame as details in Table 3. Syehan et al., [24]
mentioned that the magnitude of the maximum von Mises stress remains below the yield strength of

the material consequently, the design can be considered proficient in withstanding the simulated
loads.

Table 3
Result of Static Analysis
Location Maximum N/m2  Minimum N/m?2

Point1  1.617 x 10° 8.133
Point2  3.077 x 10° 8.701
Point3  1.232x10° 9.805

3.2 Frequency Analysis

In the framework of a 3D printer, frequency analysis refers to assessing the printer's natural
frequencies and vibration modes in addition to its dynamic response to different vibration and
oscillatory forces. Understanding how the printer's parts react to dynamic loads and vibrations is
crucial, as these factors might impact its performance and print quality.
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Fig. 6. 5 amplitudes of frequency analysis at point 2 (365 mm)

Table 4 summarises the frequency analysis of a structure at three different points. The frequency
is the number of vibrations per second, and the period is the time it takes for one vibration to
complete. Note that the lower the frequency, the less vibration there is. In this case, point 2 (365 mm)
demonstrated less frequency compared to point 1 (40 mm) and point 3 (690 mm).
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4, Conclusions

Table 4

Result of Frequency Analysis

Point 1 =40 mm

Mode No. Frequency (Hertz) Period (Seconds)
1 54.99 0.018185
2 87.20 0.011468
3 91.15 0.010971
4 112.52 0.008873
5 125.22 0.007986

Point 2 = 365 mm

Mode No. Frequency (Hertz) Period (Seconds)
1 54.96 0.018192

2 86.30 0.011587

3 88.33 0.01132

4 90.16 0.011091

5 134.36 0.007442

Point 3 =690 mm

Mode No. Frequency (Hertz) Period (Seconds)
1 55.02 0.018174

2 87.18 0.01147

3 91.91 0.010879

4 120.00 0.008327

5 125.29 0.007981

In the present study, a new design of a 3D metal printer's frame has been analysed to demonstrate

its sturdy structure and minimal vibration. The maximum value of von Mises stress does not exceed
the yield strength at points 1, 2, and 3. In the entire simulation, when employing various materials,
the magnitude of the highest von Mises stress remains below the vyield point of the material.
Consequently, it can be concluded that the design is capable of withstanding the loads simulated.
Accordingly, point 2 referred to Figure 6, was selected as the location for the fibre laser head since it
had the least amount of vibration. The design is, therefore, capable of withstanding the applied loads.
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