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In the current furniture industry, making furniture goes through many steps.
There are ordering materials, designing, building a prototype, and testing
samples. This process is considered quite complex, requiring significant
costs, and lengthy production time. The application of finite element
analysis (FEA) can be a solution to simulate the furniture manufacturing
process. Objective of this research was to determine FEA could substitute
making and test prototype furniture thereby saving costs and time. This
method utilizes ANSYS 18.1 software for more accurate and rapid
calculations, incorporating load variables of 400 N, 600 N, 800 N, and 1,000
N, along with gravitational acceleration of 10 \frac{m} {s"2}. The research
evaluates the difference (expressed as a percentage) between the results
obtained from simulations and those obtained directly from experiments,
considering maximum equivalent stress, maximum principal stress, and total
deformation values. The final step involves comparing the simulation with
direct testing in terms of cost and time. The research results show an average
error factor of 5% across all aspect. In terms of cost, the method can save
1,807 USD and reduce production time by up to one month. From these
findings, it can be concluded that the process of prototyping and sample
testing can be replaced using the finite element method.
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1. INTRODUCTION

Finite element analysis (FEA) has been widely applied as practical method for modelling complex
system in various field such as aerospace, renewable energy, automotive, and civil engineering [1]. FEA
development involved method and software. Development of method was started by enhancing manipulation
variables such as flexibility, force, deformation, and stiffness. Later, shape of element was modified from two
dimensions to three dimensions namely tetrahedral and axisymmetric solid. Software development was
started by launched general purpose structural analysis (GPSA) from NASA. Currently, Workbench and
SpaceClaim program was developed by ANSYS Inc. for FEA computation. In this method, the structure to
be analyzed is discretized into small elements (finite elements), interconnected by nodal points (discrete
points). These finite elements, which are generally simpler than the actual structure, have a finite size and
must represent the properties of the actual structure. Since each finite element has several unknown variables
corresponding to the properties of the actual structure, and the structure itself is a combination of multiple
finite elements, software is used for analysis [2].
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FEA has significantly contributed to solving industrial problems. It was implemented to test
collisions, withstand loads, frame strength, and ship construction strength in automotive industry. It was
applied to test the strength of buildings, bridges, and tower deflections in civil engineering. From the various
application of FEA, this method has not been implemented in furniture industry, especially for strength
testing of product samples. This gap can be fulfilled since the FEA method's error factor was typically 0% -
5% and it was commonly used to measure critical strength of building and automotive machinery [3].

In furniture industry, manufacturing process started from customer order, followed by drafters
creating designs based on their preferences. After being approved by customer, drafters then created bill of
materials (BOM). Prototype was fabricated according to BOM and tested based on standard, then being
sent to customer as a sample. After the sample results being approved, the process continued to mass
production based on the amount of costumer orders. The finished furniture product was packaged and sent to
customer [4]. The furniture production flow process is explained in Figure 1.
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Figure 1. Furniture production process

The FEA method implementation could be conducted on prototype fabrication and product testing.
Prototype fabrication costed about 2 times the cost of producing a furniture product. Meanwhile, the product
testing costed 40% of the furniture product price. The time for prototype fabrication was 1 month and product
testing needed 1 month, so the total time was 2 months. The implementation of FEA method could be
completed in one day as an alternative [5]. FEA method would reduce the cost and time production.

Obtaining optimal result, the FEA method was supported by software for accurate and fast
computation. The software used was ANSYS Workbench 18.1. The advantage of the ANSYS 18.1
Workbench was produced a lot of and varied engineering data that used for analysis. The process of
importing 3D images was very simple and could be conducted from common program that used for 3D
images design such as AutoCAD. The computation was more accurate since the settings was very flexible.
However, to obtain accurate computation, the mesh size must be standardized according to tested design. The
more uniform the mesh shapes such as squares, triangles, and tetrahedral, the smaller the error factor [6].

The implementation of FEA method and ANSYS 18.1 Workbench software were widely used in
previous research. Research on shear wall plates testing for earthquake resistant buildings using the FEA
method and ANSYS 18.1 Workbench software was conducted. The result of this research was the shear wall
plate design made from corrugated plates could increased the strength from earthquakes by 9% and the error
factor from FEA analysis method was only 4% [7]. Research on measuring the impact of collisions from fast
trains in Indonesia was conducted. In the fast train system, there was an energy absorption system when a
collision occurs. This system was tested with FEA method and ANSYS 18.1 Workbench software to evaluate
the amount of collision energy. The result of this research was the energy absorption system in high-speed
trains could absorb up to 5 MJ of energy from collision incident. The error factor from process data was
about 5% [8]. Research on gelam wood for building structure was conducted. The result of this research was
gelam wood could be used as a building structure with specifications of a 10-12 cm width and 4 m length.
Strength analysis FEA method and ANSYS 18.1 Workbench software was obtained a value of 100.13
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MPa [9]. From previous research, FEA method and ANSYS 18.1 Workbench software was very possible to
implemented for replacing prototype fabrication and manual product testing become digital simulation.

In this research, the type of furniture tested was a parametric television (TV) table. The testing
consisted of two stages. The first stage was the material strength simulation with supported by ANSYS 18.1
Workbench software. The manipulation variables used were loads of 400 N, 600 N, 800 N, and 1,000 N with
gravitational acceleration of 10?2. The second stage was direct testing prototype strength, so that from those

stages the error percentage would be determined. The value of error percentage could be considered for
deciding whether direct testing of product strength or just simply used ANSYS 18.1 Workbench software.

2. RESEARCH METHOD
2.1. Making prototype

The parametric TV table furniture was made using one of the furniture design methods known as
parametric design. It was used for designing and solving structural, form, and aesthetic problems. Parametric
furniture was furniture composed of a series of furniture components that have the same distance or
arrangement, thus forming a three-dimensional (3D) structure. Its components were made using computer
numerical control (CNC) machines and arranged in a specific composition. Its components were joined using
glue to form a large lamination. In order to maintain the same distance and assemble them into three
dimensions, studs or spacers are used [10].

The parametric TV table furniture was designed using parametric techniques. Its dimensions
followed ergonomic norms, measuring 1,498 mm in length, 353 mm in width, and 512 mm in height. The
material used was plywood. It was sourced from Kayu Lapis Indonesia Company. Following this, the
components were shaped using CNC machining and carving processes. The results from these operations
were then utilized in the construction of the table. Examples of furniture products utilizing parametric design
methodologies can be seen in Figure 2.
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Figure 2. TV table parametric

2.2. Finite element analysis

Finite element constituted a numerical technique predicated on the fundamental paradigm of
discretizing a continuum into diminutive and geometrically simplified elements. The finite element method
analysis was conducted to derive an approximate solution based on assumed displacement, stress, or a
combination of both [11]. The key subject of FEA involves dividing the object under examination into a
finite number of subdivisions. The subdivisions were designated as element. It was connected to another
element through nodes [12]. Mathematical equations representing the object were then constructed.
Meshing involved partitioning the object into a multitude of elements. In calculating the solution per element,
it had to meet certain conditions, such as continuity at nodal points and interface elements [13]. Figure 3
illustrates two types of FEA elements, namely triangular elements in Figure 3(a) and quadrilateral elements
in Figure 3(b).

(b)

Figure 3. Illustrates two types of FEA elements (a) triangular element and (b) quadrilateral element
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2.3. ANSYS 18.1 software simulation
The simulation method used quantitative approach. It had three stage procedure, namely:

2.3.1. Pre-processing

First step of FEA was configuring the ANSYS 18.1 application to prepare it for simulation. The
initial configuration for the application involved selecting system analysis. After that, input the 3D design
into ANSYS 18.1. The third step was to fill in the engineering data. The fourth step was meshing the 3D
design. Finally, set the load and gravity variation. After all these steps have been done, the ANSYS 18.1 FEA
testing was ready to proceed.

—  Components and structure: this testing was conducted for the structure or design of furniture. It
determined the minimum strength limits that the furniture could withstand. While component testing
was done to determine the durability of the material used, wood and structural steel frames.

Selection of analysis system: there were many analysis systems provided by the ANSYS Workbench
18.1 software. In this study, the structural analysis system is utilized [14]. Figure 4 showed an

illustration in the application ANSYS 18.1, Figure 4(a) display of analysis system, Figure 4(b) display
of structural analysis system simulation.
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Figure 4. Illustration in the application ANSYS 18.1 (a) selection of analysis system and (b) main part of
structural analysis system simulation

— Input geometry: the image 3D model of the parametric TV table was designed using Autodesk
AutoCAD 2022. It was converted into initial graphics exchange specification (IGES) format and then

inputted into geometry through import geometry [15]. An example of making geometry in the
application could be seen in Figure 5.
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Figure 5. Making geometry in furniture design
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—  Data engineering was the step where input data for the materials used was collected. It was wood and
structural steel. After that, strength testing simulations were conducted using static structural analysis
through engineering data source.

—  Meshing was performed on each component of the model. Meshing was the process of dividing a
geometry into several small objects called meshes with specific shapes and interconnected nodes [16].
In FEA, mesh size was crucial. it was closely related to accuracy. The number of meshes was required
for element meshing. Structural analysis types required an appropriate meshing scheme, such as optimal
mesh density for static, impact, and frequency analyses. The mesh creation process was carried out
using the ANSYS meshing program [17]. The mesh used quadrilaterals with a size of 9 mm, where this
mesh type was easy to adapt to complex geometric shapes. The result of meshing process in application
for parametric TV table could be seen in Figure 6.

— A simulated strength test was conducted using of ANSYS 18.1, applying loads of 400 N, 600 N, 800 N,

and 1,000 N at a gravitational speed of 10 EZ
N

=

Figure 6. Parametric TV table furniture meshing process

2.3.2. Solution

In the solution process, the calculation data results were displayed after the simulation process. It
computed by the computer include equivalent stress, principal stress, and total deformation. In this stage,
information about the estimated time for the calculation process (running) was also provided [18]. The
calculation data results were visually displayed through contour plots, graphs, and tables. The result data of
total deformation, maximum equivalent stress, and maximum principal stress were obtained and subsequently
processed using Microsoft Excel. The overall flow of the design testing process with FEA in ANSYS 18.1
was explained in Figure 7.
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Figure 7. Finite element method analysis flowchart in ANSYS 18.1 software
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2.3.3. Evaluation

In the evaluation step, two comparisons were determined. Comparison of calculations were made
between the simulation results of the parametric TV table with the test results directly. Then, it was compared
in terms of cost and time.

3. RESULTS AND DISCUSSION

The evaluation of the parametric TV table furniture design was undertaken by subjecting the table to
loads with magnitudes of 400 N (40 Kg), 600 N (60 Kg), 800 N (80 Kg), and 1,000 N (100 Kg). The meshing
size employed was 9 mm. FEA was performed to ascertain the stress and deformation experienced
by parametric TV tables under the applied loading conditions, with the maximum scenarios depicted in
Figures 8 to 11. In Figures 8 to 11 there are sub figure for sub Figures 8 to 11(a) display of maximum
equivalent stress, Figures 8 to 11(b) display of maximal principal stress and Figures 8 to 11(c) display of total
deformation.

(c)

Figure 8. ANSYS 18.1 simulation for parametric TV table with 400 N force (a) maximum equivalent stress,
(b) maximal principal stress, and (c) total deformation

(a) (b

i

Figure 9. ANSYS 18.1 simulation for parametric TV desk with 600 N force (a) maximum equivalent stress,
(b) maximal principal stress, and (c) total deformation
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(©)

Figure 10. ANSYS 18.1 simulation for parametric TV table with 800 N force (a) maximum equivalent stress,
(b) maximal principal stress, and (c) total deformation

Figure 11. ANSYS 18.1 simulation for parametric TV desk with 1,000 N force (a) maximum equivalent
stress, (b) maximal principal stress, and (c) total deformation

The simulation obtained from the ANSYS 18.1, conducted with applied forces of 400 N, 600 N,
800 N, and 1,000 N, demonstrated that the parametric TV furniture design could adequately fulfill its
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intended function under load of 1,000 N. The load distribution across the top surface of the parametric TV
furniture was uniform. However, the corner regions exhibited a need for design adjustments to accommodate
the observed pressure distribution patterns. Such modifications to the corner sections of the parametric TV
furniture design could be accomplished by implementing a more compact spatial configuration.

Strength testing on parametric TV furniture is carried out in two stages, namely the ANSYS 18.1
simulation stage and the direct testing stage. The outputs of both the ANSYS 18.1 simulation stage and the
direct testing stage will provide values for maximum equivalent stress, maximum principal stress, and total
deformation. From Figures 8(a), 9(a), 10(a), and 11(a), maximum equivalent stress values can be obtained
from ANSYS 18.1 simulation. The result of its simulation with forces of 400 N (40 Kg), 600 N (60 Kg),
800 N (80 Kg), and 1,000 N (100 Kg) are 7.05x103 Pa, 1.05x10° Pa, 1.41x10° Pa, and 1.76x10° Pa,
respectively. While the maximum equivalent stress values at the direct test stage with forces of 400 N, 600 N,
800 N, and 1,000 N are 7.19x10°Pa, 1x107 Pa, 1.5x10° Pa, and 1.6x10° Pa.

The maximum equivalent stress represent the total load experience, which is calculated as the sum
of elastic load and any additional applied loads [19]. Figures 8 to 11 show that the most severe loading occurs
at the corner edges of the parametric TV furniture model, indicated by red, while blue denotes lower stress
levels, highlighting the corners as the areas of highest stress. The maximum equivalent stress values in Figure
12, both in the simulation stage and direct testing, peak at a load of 400 N and then stabilize from
600 N to 1,000 N. This is because the highest elasticity in the design occurs at a load of 600 N and remains
stable up to 1,000 N. Supplementary loads do not increase the elastic behavior of the design, as the
parametric design inherently tends toward rigidity and structural robustness [20].

The Figures 8(b), 9(b), 10(b), and 11(b) show maximum principal stress results from the simulation
process. Maximum principal stress is the stress that a material or object in resisting a load [21]. The values of
the maximum principal stress in the ANSYS 18.1 simulation stage with forces of 400 N, 600 N, 800 N, and
1,000 N are 1.16x10°° g, 1.75x1073 g, 2.33x107 g, and 2.92x10°° g, respectively. Meanwhile, the values of
maximum equivalent stress in the direct testing stage with forces of 400 N, 600 N, 800 N, and 1,000 N are
1.1x107 g, 1.82x107 g, 2.52x107 g, and 2.83x1073 % From the overall results obtained, a graph was made

in Figure 13.
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Figure 12. Maximum equivalent stress results of Figure 13. Maximum principal stress results of
parametric TV furniture parametric TV furniture

The maximum principal stress peaked in the columnar components of the parametric TV furniture
design due to these columns (fulcurms) bearing the highest load within the overall configuration. The
maximum principal stress result in both simulation and direct testing stages show that the highest value is at
the load of 1,000 N. This is because the heavier the supported load, the higher the value of maximum
principal stress. The findings lead to the conclusion that the maximum principal stress exhibits a direct
proportional relationship with the magnitude of supported load [5].

Total deformation value from simulation is shown in Figures 8(c), 9(c), 10(c), and 11(c). The total
deformation is the net deflection of a system quantified by taking the vector sum of all individual
displacements in different orientations [22]. Total deformation at the ANSYS 18.1 simulation stage with
forces of 400 N, 600 N, 800 N, and 1,000 N was 8.27x10¢ M, 1.24x10° M, 1.65%10”° M, and 2.06x10° M,
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respectively. While the total deformation in the direct test stage with forces of 400 N, 600 N, 800 N, and
1,000 N was 7.9x10° M, 1.23x10°5 M, 1.7x10°5 M, and 2.18x10°5 M.

From Figure 14, the greatest total deformation occurs along the Y-axis, increasing with greater
gravitational force and loading, due to the direct proportionality between deformation and loading on
parametric TV furniture [23]. The simulation results indicate that the largest total deformation occurred at the
loading of 1,000 N, measuring 2.06x10° M. Similarly, direct testing results show that the largest total
deformation, measuring 2.18x10-3 M, occurred at a loading 1,000 N.

In (1) demonstrates the calculation of error factor. The error factor represents the percentage of error
that arise in strength test, affecting the discrepancy between the simulation result and the direct testing result.
The calculation of the error percentage employs the concept of absolute value. Thus, if a negative result is
obtained, it is necessary to determine its absolute value since the purpose of calculating the error percentage
is to determine the magnitude of the difference between the simulation value and the direct testing value [24].
The formula for calculating the percentage of errors is as (1).

Simulation Value—Testing Value
% Error = g

Testing Value x100% (1)

Based on this formula, it is evident that the maximum equivalent stress in the simulation stage and
the test stage, with forces of 400 N (40 Kg), 600 N (60 Kg), 800 N (80 Kg), and 1,000 N (100 Kg), exhibit
error percentages of -2%, 5%, -6%, and 10% respectively. Consequently, the average error percentage in
maximum equivalent stress is 6%. Similarly, the maximum principal stress with forces of 400 N (40 Kg),
600 N (60 Kg), 800 N (80 Kg), and 1,000 N (100 Kg) in both the simulation stage and test stage
demonstrates error percentages of 5%, -4%, -8%, and 3%. Therefore, the average error percentage in
maximum principal stress is 5%. Furthermore, the total deformation with forces of 400 N (40 Kg), 600 N
(60 Kg), 800 N (80 Kg), and 1,000 N (100 Kg) in the simulation stage and test stage exhibits error
percentages of 5%, 1%, -3%, and -6%. Consequently, the average error percentage in total deformation is
3%. Considering all aspects, the average error factor is only 5%, indicating that the simulation results
adequately represent the direct test results [25]. Figure 15 illustrates the comparison results of the error
percentages across all aspects.
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Figure 14. Results of total deformation of parametric Figure 15. Error percentage comparison

TV furniture

The safety factor is a crucial parameter in construction or structures, indicating safety if its value is
greater than 1. It is calculated by comparing the allowable stress of the material with the maximum stress that
occurs. If the maximum stress is smaller than the allowable stress, the material considered safe [26]. Given
the yield strength of the material is 140 MPa and the safety factor is 1.8, the allowable stress is calculated to
be 77.77 Mpa. Since the maximum stress (70.5 Mpa) is less than the allowable stress, it can be concluded
that the material and dimensions used are safe under the applied load.

Based on the test results, the average error factor is only 5% for both direct testing and simulation
results. According to research [27], the minimum error from FEA simulations is 5%, which already indicates
good meshing quality. With a 5% error and a safety factor greater than 1, the process of creating furniture
prototypes and testing furniture can be replaced with the FEA method. Utilizing the FEA method can reduce
costs and processing time. Table 1 illustrates the advantages of replacing the current furniture industry
processes with the FEA method and simulation.
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Table 1. Comparison of simulation and experimental results

Description Current furniture industry process  Proposed furniture industry process (simulation)
Building prototype 1,327 USD 0 USD
Test 480 USD 0 USD
Total cost 1,807 USD 0 USD
Required time 1 month 1 day

Based on research conducted on parametric TV table furniture, a comparison was made between
direct testing (experimental) and simulation using ANSYS software with the finite element method. This
comparison was made in terms of cost and time. The stage of creating prototypes and conducting direct
testing incurred a cost of 1,327 USD, and the testing cost alone was 480 USD, resulting in a total cost of
1,807 USD and a duration of 1 month. In contrast, when using FEA in ANSYS 18.1 software for prototyping
and testing furniture, the cost is free (0 USD). Furthermore, in terms of time, the process of making and
testing furniture through ANSYS 18.1 software simulation using the finite element method only takes 1 day.
Therefore, both in terms of cost and time, utilizing ANSYS 18.1 software simulation for furniture making
and testing proves to be superior to direct testing. Consequently, it is recommended to replace the prototyping
process and prototype testing in the furniture manufacturing industry with the FEA method using ANSYS
18.1 software simulation. Figure 16 illustrates the recommended new process for furniture making
in the furniture industry. In Figure 16(a) furniture production process before reconfigurable process and
Figure 16(b) furniture production process after reconfigurable process.
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Figure 16. Changes in furniture production process (a) before using FEA metod and (b) after using FEA
method

4. CONCLUSION

Implementation of FEA method on furniture prototyping process was proper simulation method.
This method could replace the current inefficient furniture prototyping, which costs quite a lot and takes a
long production time. This research developed FEA method with ANSYS 18.1 Workbench software for
prototyping process of parametric TV table furniture through computation analysis of maximum equivalent
stress, maximum principal stress, and total deformation. Load variables were 400 N, 600 N, 800 N, and

1,000 N with gravitational acceleration of 10 SEZ The percentage of error factor was determined between
simulation result and direct strength testing of furniture prototype.
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A comparison of costs and time between digital simulation and direct testing has been conducted.
The fabrication and direct strength testing of furniture prototype that currently implemented costs greater
amount of 1,807 USD within 1 month production time. When compared to the process of furniture
prototyping and strength furniture testing using FEA method and ANSYS 18.1 Workbench software was free
of cost (0 USD) and only takes 1 day production time. So that the implementation of FEA method and
ANSYS 18.1 Workbench software could be used as an alternative for furniture prototyping process and
product testing.
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