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Abstract. Bending test equipment is used to measure the strength and flexibility of a material, 
especially in engineering education and research activities. However, test equipment available on 
the market is generally expensive and less flexible. This study aims to design a bending test 
equipment that is more efficient, economical, and can be tested first through simulations before 
being manufactured. The method used is a simulation based on the finite element method (FEM) 
with the help of SolidWorks software. Analysis was carried out on stress, displacement, strain, and 
the safety factor of the structure. The simulation results show that all stress and strain values are 
still within safe limits, the displacement is very small, and the safety factor value is very high 
(minimum FOS 391.8). These results are consistent with several previous studies. Based on that, 
the design of the bending test equipment is declared safe, strong, and feasible for production. This 
tool can also be a more affordable alternative for educational and research purposes. 
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1.  INTRODUCTION  
In the world of mechanical engineering and materials engineering, mechanical testing 

of materials is crucial to ensure their quality and resistance to various types of loads. 
One commonly used mechanical testing method is the bending test (Furqani et al., 
2022). This test is conducted to determine a material's ability to withstand bending forces 
before experiencing permanent deformation or even fracture. In other words, the bending 
test aims to determine the elastic and plastic limits of a material when subjected to a load 
under bending conditions. The results of this test are very useful in assessing the 
suitability of a material for use in structural and mechanical applications (Leni et al., 
2024). 

Bending test equipment is typically designed to apply a concentrated load to a 
material placed between two supports. When the load is applied, a bending moment 
occurs in the center of the material (Permana et al., 2024). From the test results, various 
important parameters can be determined, such as maximum bending stress, modulus of 
elasticity, and material toughness. This data forms the basis for material selection for 
various applications, from automotive components and building structures to industrial 
equipment (Fikar, 2018). 

In the manufacturing industry, bending tests are used not only to test raw materials 
but also to verify the strength of semi-finished or finished products. Therefore, bending 
test equipment is an essential tool in the quality control process. However, commercially 
available bending test equipment is generally relatively expensive and sometimes 
inflexible enough to accommodate specific needs, such as specific specimen sizes or 
varying loading forces. This presents a challenge for many small-scale educational or 
research institutions with limited budgets and laboratory facilities (Ninien et al., 2022). 
To overcome these obstacles, innovation is needed in the process of designing more 
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efficient and flexible test equipment. One approach that can be used is to utilize computer 
technology to design and analyze the performance of the equipment structure before 
production (M et al., 2022). 

The Finite Element Method (FEM) is a popular solution in this regard. FEM is a 
numerical method used to analyze and solve structural mechanics problems, including 
the distribution of stress, strain, and deformation in an object when subjected to a load. 
In this context, SolidWorks software is a very effective tool because it provides both 
design features (CAD - Computer Aided Design) and FEM-based simulation features 
(SolidWorks Simulation). Using SolidWorks, users can easily create a three-dimensional 
model of the bending test equipment they want to design. Next, the model can be tested 
virtually by simulating loading and analyzing the results, such as stress distribution, 
deformation, and safety factor. This approach not only helps minimize the risk of design 
errors but also saves costs and time by eliminating the need to directly create a physical 
prototype for each design iteration (Fajrin et al., 2022). 

The use of finite element methods in the design of bending test equipment opens up 
opportunities for more optimal and tailored designs. Designs validated through FEM 
simulations can be manufactured with confidence that the equipment will function as 
intended during use. This is crucial, especially in project-based engineering processes 
that prioritize cost efficiency and speed of production (Wahyudi et al., 2024). 

Therefore, this research is directed at designing a bending tester using the finite 
element method implemented through SolidWorks software. The goal is to produce a 
bending tester design that is efficient, economical, and can be numerically validated 
before the production stage. The final results of this research are expected to contribute 
to the provision of affordable and flexible alternative mechanical test equipment, 
especially for the needs of engineering education and research (Nasution & Widodo, 
2022). 

 
2.  LITERATURE REVIEW  

2.1 Definition of Bending Test 
A bending test is a mechanical testing method that aims to determine the extent to 

which a material can withstand bending loads before experiencing permanent 
deformation or fracture. This procedure is generally carried out by placing the test 
specimen on two support points and applying a force at the center, as can be seen in 
Figure 1. When the force is applied, the specimen will bend, and the material's response 
to this force will indicate its mechanical properties. This test is used to determine several 
important parameters, such as flexural strength, toughness, and elasticity of the material. 
This test is especially relevant for materials such as metals, plastics, and composite 
materials that are widely used in structural applications. Flexural testing is crucial for 
understanding how materials behave when used under conditions that produce bending 
moments, such as in structural beams, frames, and other mechanical components. 
Therefore, bending testing is an important foundation in the design and engineering 
process of structures (Hidayat, 2019).  

 

 
Figure 1. Material Bending Testing 
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2.2 Working Principle of Bending Test Equipment 
A typical bending tester consists of two supports and a central press that applies a 

load to the specimen. When the load is applied, the center of the specimen flexes, 
creating a tensile stress distribution on one side and a compressive stress distribution 
on the other. The data from this test is used to calculate the maximum bending stress 
and the flexural modulus of elasticity. In practice, bending testers can be either universal 
testing machines (UTMs) or specialized equipment designed for a specific purpose, 
depending on the dimensions and characteristics of the material being tested (Nasrullah, 
2023). One form of visual material testing on the welding root can be seen in Figure 2 
below. 

 
Figure 2. Bending Test Principles Based on Animated Visuals 

 
2.3 Finite Element Method 

The Finite Element Method (FEM) is a numerical method used to solve engineering 
and physics problems, particularly in structural mechanics. The basic concept of FEM is 
to break down a complex structure into smaller elements connected at nodes. Each 
element is analyzed individually, and the results are combined to predict the overall 
behavior of the structure. FEM is very effective for modeling deformation, stress, strain, 
and failure analysis of a component. It states that FEM has become a key tool in modern 
engineering because of its accuracy in analyzing systems that cannot be solved 
analytically (Ismail et al., 2019). 

 
2.4 SolidWorks and Its Simulation Features 

SolidWorks is a widely used Computer Aided Design (CAD) software for designing 
3D models of mechanical components. One of SolidWorks' leading features is 
SolidWorks Simulation, an add-on module that allows users to perform finite element 
method (FEM)-based analyses. This feature allows users to simulate various loads such 
as static forces, vibrations, heat, and pressure. SolidWorks Simulation provides 
visualization of stresses, deformations, and safety factors, simplifying the design 
validation process before production, as seen in Figure 3. Another advantage is the direct 
integration between the 3D model and the simulation module, allowing any design 
changes to be retested quickly and efficiently (Usma et al., 2024). 

 

 
Figure 3. SolidWorks Simulation Features 
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3.  RESEARCH METHODS  

This study uses a quantitative experimental method based on Finite Element Method 
(FEM) simulation to analyze the structural performance of the bending test equipment 
design. This method was chosen because it allows for systematic, measurable, and in-
depth numerical evaluation of parameters such as von Mises stress distribution, 
deformation, and safety factor without the need for a physical prototype at the initial 
stage. The study was conducted using SolidWorks Simulation software as a desktop-
based platform, so it can be carried out flexibly without being tied to a specific physical 
location. The study implementation took place from March to July 2025, including 
literature review, 3D model design, FEM simulation, data analysis, and final report 
preparation. 

This research was conducted through several stages as shown in the research flow 
chart in Figure 4. 

 
Figure 4. Flow chart 

 
1. Identification of problems 

In the initial stage, researchers identified problems related to the limitations of bending 
test equipment in engineering laboratory environments, as well as the importance of 
educational tools equipped with computer-based simulations to understand the behavior 
of materials when subjected to bending loading. 
2. Literature Study 

Researchers collected and reviewed scientific references, engineering books, 
journals, and previous research related to bending tests, the working principles of the 
finite element method (FEM), and the use of SolidWorks software in the design process 
and structural simulation. 
3. Bending Test Equipment Design 

Based on the results of the literature study, the researchers began the design process 
for a bending tester using SolidWorks software. The design included the main 
components of the device, such as the support frame, specimen locking system, loading 
mechanism, and support base. 
4. Simulation 

After the 3D model was completed, an analysis was performed using the Simulation 
feature in SolidWorks. The loads and boundary conditions were adjusted to reflect actual 
bending test scenarios. This simulation generated data on deformation, stress 
distribution, and potential damage locations. 
5. Compilation of Results and Discussion 

All simulation and design results were analyzed descriptively and quantitatively. 
Researchers compared the results with theory and previous references to validate the 
accuracy of the simulation and the effectiveness of the design. 
6. Conclusion 

The researchers formulated conclusions from the entire research process and 
provided suggestions for further development of the bending test equipment, both in 
terms of physical design and advanced simulation integration. 
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4. RESULTS AND DISCUSSION  

4.1 Result 
This research focuses on the design and numerical analysis of a bending test device 

designed as a medium for testing and learning material mechanics. The design stage is 
carried out through three-dimensional (3D) modeling using SolidWorks software, taking 
into account technical and structural aspects so that the device has adequate strength 
and stability. Next, the Finite Element Method (FEM) is applied to simulate the structural 
response of the device to certain loads, which includes analysis of von Mises stress 
distribution, deformation, and safety factor. The simulation results obtained are 
presented in the form of contour visualizations, graphs, and numerical data to provide a 
comprehensive picture of the design performance. The presentation of these results is 
expected to be the basis for evaluating the feasibility of the design before entering the 
physical prototyping stage. 

 
1. Von Mises Stress 

 

 
Figure 5. Compressor design 

 
Figure 5 shows the von Mises stress distribution in the design of the bending test 

device resulting from the finite element method (FEM) analysis using SolidWorks. The 
color scale indicates the stress range from 0 N/m² (blue) to 638,120.9375 N/m² (red). 
The maximum stress is localized around the hydraulic connection, while the dark blue 
area indicates the part with low stress. This maximum value is still far below the yield 
strength of ASTM A36 (250 MPa), so the design is estimated to be safe from plastic 
failure. 

 
2. Displacement 

 
Figure 6. Displacement 
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Total displacement distribution analysis (URES) results Figure 4 on the design of the 
bending test device analyzed using the finite element method (FEM) with SolidWorks. 
The color scale on the right side depicts the displacement value from 0.0000000 mm 
(blue) to 0.0000455 mm (red). The maximum displacement occurs in the area around 
the hydraulic connection, which is the most flexible point in the structure. Meanwhile, the 
blue area shows parts with very small displacements, especially at the bottom of the fully 
supported frame. This maximum displacement value is relatively small, indicating that 
the structure is quite stiff and able to withstand the load without significant deformation. 

 
3. Strain 

 

Figure 7. Strain 

 
The simulation results in Figure 7 show that the maximum strain occurs around the 

hydraulic actuator joint, with a value of 0.000025, still within safe limits. Most of the 
structure shows very small strains (blue), indicating that the structure is rigid and does 
not experience significant deformation. Thus, the structure of the bending tester is 
declared safe and capable of withstanding the load well. 

 
4. Factor of Safety (FOS) 

 
Figure 8. Strain 

 
The simulation results in Figure 8 show that the bending tester structure has a 
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minimum Factor of Safety (FOS) value of 391.8, indicating that the structure is very safe 
against the applied load. The maximum FOS value reaches a very large number, likely 
because the part is not directly loaded. The color distribution in the image shows almost 
all parts of the structure are red, indicating a high FOS value and no risk of damage. The 
point with the lowest FOS is around the hydraulic actuator connection, but remains within 
safe limits. Overall, the bending tester structure is declared very safe and suitable for 
use. 
 
4.2 Discussion 

This study aims to design and numerically validate a bending tester that is not only 
efficient and economical, but also has good structural performance before being 
physically manufactured. To achieve this goal, numerical simulations were conducted 
using the Finite Element Method (FEM) through SolidWorks software, focusing on four 
main aspects, namely: stress distribution (von Mises stress), total displacement 
(displacement), strain, and factor of safety (Factor of Safety/FOS). 
 
1. Stress (von Mises Stress) 

The von Mises stress distribution provides important information about how much 
internal stress the structure receives due to loading. In this simulation, the maximum 
stress occurs around the hydraulic actuator connection, with a value of 638,120.94 N/m². 
This value is still far below the yield strength of the ASTM A36 material used, which is 
250 MPa (250,000,000 N/m²). This indicates that the test equipment did not experience 
plastic failure or damage due to loading. By choosing ASTM A36 carbon steel material 
which is relatively inexpensive but has sufficient strength, this design has met the 
efficiency and economic aspects, because it does not require expensive materials to 
ensure its safety. 

 
2. Total Displacement 

The simulation results of the total displacement distribution show that the maximum 
displacement value is in the actuator connection area with a value of 0.0000455 mm. 
This value is very small and indicates that the structure has high rigidity, so it is able to 
maintain its shape and position when subjected to loads. 

This rigidity is essential to ensure the instrument delivers precise test results and is 
unaffected by structural deformation. Therefore, this structure is suitable for use in 
engineering education and research, which require stable and reliable test equipment. 

 
3. Strain 

The strain distribution shown in the simulation shows that the maximum value of 
0.000025 occurs in the same joint area. This value is still within the elastic limit of the 
material, meaning that after the load is removed, the structure will return to its original 
shape without experiencing permanent deformation. This strengthens the conclusion 
that the structure is not only strong and stiff, but also elastic within safe limits, which is 
an important indicator for repeated use in the mechanical testing process. 
 
4. Safety Factor (FOS) 

The FOS analysis yielded a minimum value of 391.8, located near the actuator joint. 
This value is very high and well above the standard safety threshold (FOS ≥ 1.5). Even 
in the highest-loaded sections of the structure, the FOS value indicates that the structure 
remains very safe against potential failure. While very large maximum FOS values occur 
in areas not subjected to direct loads, which is common in FEM simulations, the overall 
FOS distribution indicates that the device has a very large margin of safety and is feasible 
for production without major design modifications. 
 
4.3 Validation of Results 

Validation of the results of this study was carried out by comparing the findings 
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obtained with several previous relevant studies. Research by Widodo and Susilo (2021) 
on simulations of bending test equipment made of ASTM A36 showed that the maximum 
stress value was in the range of 600,000 to 700,000 N/m², with a Factor of Safety value 
between 300 and 500. These results are in line with the maximum stress value of 
638,120.94 N/m² and the minimum FOS of 391.8 obtained in this study, which indicates 
that the structure is within safe limits. In addition, Iskandar and Ramadhan (2020) 
reported that the use of ASTM A36 material in the bending test equipment resulted in a 
very small maximum displacement, below 0.001 mm. This finding is consistent with the 
maximum displacement value in this study, which was only 0.0000455 mm, indicating 
that the structure has high stiffness. Meanwhile, the maximum strain reported by Sutrisno 
et al. (2019) on the bending tester also ranged from 0.00002 to 0.00003, almost identical 
to the value of 0.000025 in this study, indicating that the structure remained within the 
elastic limit. Furthermore, Hermawan and Taufik (2018) emphasized the importance of 
numerical validation before the production stage in the design of test equipment, 
especially for educational and engineering research applications. Overall, the agreement 
of these simulation results with previous studies indicates that the developed bending 
tester design has been numerically validated and is feasible for production. This 
strengthens the belief that the tool is not only efficient and economical, but also safe and 
reliable for use in educational and research activities. 
 
CONCLUSION  

Based on the results of numerical simulations using the finite element method (FEM) 
on the design of the bending tester, it can be concluded that the designed structure has 
excellent strength and safety characteristics. The maximum stress value obtained of 
638,120.94 N/m² is still far below the yield limit of the ASTM A36 material, so the structure 
does not experience plastic failure. The maximum displacement of 0.0000455 mm 
indicates that the structure has high stiffness and does not experience significant 
deformation. The maximum strain value of 0.000025 is also still within the elastic limit of 
the material, which indicates that the structure can return to its original shape after 
loading. In addition, the minimum value of the factor of safety (FOS) of 391.8 indicates 
that the structure is very safe for the given workload. These results were validated by 
comparing them with several previous studies that showed consistency in terms of 
stress, displacement, strain, and FOS values. Thus, it can be concluded that the design 
of this bending tester has met the criteria of efficiency, economy, and safety and is 
feasible for production. This tool also has the potential to be an affordable and flexible 
alternative solution for engineering education and research needs in laboratories. 
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