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Automated Guided Vehicles (AGVs) have become a key component of modern industrial automation,
particularly in manufacturing and logistics systems, due to their ability to transport materials autonomously and
improve operational efficiency (Krnjak et al., 2015; Setiawan et al., 2023). The chassis is a critical structural
element of an AGV, as it supports all onboard components and payloads. Consequently, its structural integrity
directly affects system stability, reliability, and operational safety under varying loading conditions (Oyekanlu et

al., 2020).

The structural performance of an AGV chassis is strongly influenced by material selection, in addition to
geometric configuration and manufacturing processes. Therefore, accurate evaluation of stress, deformation, and
safety factors is essential during the design stage (Kurniawan, 2022). Previous studies have demonstrated that both
experimental testing and numerical methods are effective approaches for assessing structural behavior under
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Abstract: This study presents an integrated experimental-numerical framework to
evaluate and compare the structural performance of robotic Automated Guided
Vehicle (AGV) chassis using two commonly applied structural steels, ASTM A36
and ASTM A500. The novelty of this work lies in the direct validation of Finite
Element Analysis (FEA) results with experimental measurements under controlled
loading conditions, enabling a more reliable assessment of stress, deflection, and
safety factor for compact AGV chassis designs. A chassis with dimensions of 400 x
300 x 80 mm was analyzed under static loads of 5, 10, and 15 kg. Numerical
simulations were performed using FEA, while experimental validation was
conducted using a dial indicator to measure deflection.

The results indicate that under a 15 kg load, ASTM A500 exhibits lower maximum
stress (60.15 MPa) and deflection (0.78 mm) compared to ASTM A36 (68.06 MPa
and 0.89 mm). The discrepancy between numerical and experimental results remains
below 10%, confirming the reliability of the proposed approach. In terms of
structural safety, ASTM AS500 achieves a higher safety factor (2.71) than ASTM
A36, indicating superior load-bearing capability and structural stability.

These findings demonstrate that ASTM AS500 provides a more efficient and
mechanically robust solution for AGV chassis applications. The study contributes a
validated methodology for material selection and structural evaluation in AGV
design, supporting improved reliability in industrial robotic transportation systems.
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loading conditions (Haryanto et al., 2022). However, many studies tend to rely predominantly on numerical
simulations without sufficient experimental validation, which may limit the reliability of the predicted results.

Among commonly used structural materials, ASTM A36 and ASTM AS500 steels are widely applied in light
to medium-duty mechanical systems. ASTM A36 is a low-carbon steel known for its good weldability, formability,
and cost-effectiveness, making it suitable for general structural applications (Bhavikatti, 2005). In contrast, ASTM
AS500 offers higher yield strength and stiffness, providing better resistance to deformation under higher loads
(Versteeg and Malalasekera, 2007). Despite their widespread use, a direct and experimentally validated
comparison of these materials in compact AGV chassis applications remains limited in the literature.

This study aims to address this gap by conducting a comparative structural analysis of ASTM A36 and ASTM
A500 for AGV chassis applications using an integrated experimental and Finite Element Analysis (FEA) approach.
The novelty of this work lies in the direct validation of numerical results through experimental measurements
under controlled loading conditions. This approach enables a more reliable assessment of stress distribution,
deflection, and safety factor, thereby providing a stronger basis for material selection in AGV chassis design.

2. MATERIALS AND METHOD

Design of Automated Guided Vehicles

This design features a six-wheel chassis structure, consisting of two differential wheels located in the center
and four universal wheels at the front and rear. With dimensions of 400 mm in length, 300 mm in width, and 80
mm in height when closed and 217.77 mm when raised, it was designed using CAD software with consideration
of fatigue criteria and then analyzed through a numerical study using the FEA method; the chassis geometry is
shown in Figure 1. In the chassis design, material selection must be tailored to requirements without neglecting
aspects such as quality, production time, and ease of assembly. The AGV chassis manufacturing process includes:
material cutting, grinding, drilling, welding, filling, sanding, painting, and concludes with chassis assembly.

Figure 1. Design of Chassis AGV

Table 1. Mechanical properties of AGV materials

No. Materials parameter ASTM A36 ASTM AS500
1 Density 7850 Kg/m? 7850 Kg/m®
2 Modulus Elastisity 200 GPa 210 Gpa
3 Poisson’s Ratio 0.26 0.30
4 Tensile Strength 550 MPa 400 MPa
5 Yield Strength 250 MPa 290 MPa
6 Elongation 20% 25%

The study was conducted on AGV chassis structures made of two types of structural steel: ASTM A36 and
ASTM A500. ASTM A36 is a low-carbon steel with good mechanical properties and weldability, while ASTM
AS500 is a structural steel with higher yield strength and better resistance to deflection. The mechanical properties
of the materials are shown in Table 1.
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Experimental study

This study began with the fabrication of an AGV robot chassis using ASTM A36 and ASTM A500 materials,
followed by the assembly of mechanical components. After assembly, load tests were conducted with varying
masses to evaluate structural strength, followed by deflection measurements using a dial indicator. The
experimental data were compared with the results of numerical simulations based on the Finite Element Analysis
(FEA) method, which included modeling, meshing, and validation to predict the structural response to loading. In
this test, a dial indicator was used because it has a higher level of precision compared to other measuring
instruments, allowing for accurate measurement of small changes in the chassis. The dial indicator was placed in
the center of the chassis, specifically on the flat part of the upper support, to accurately measure the changes that
occurred during the test. This can be seen in Figure 2.

Figure 2. (a) The process of setting up the dial indicator, and (b) The testing process

Numerical study

In Figure 3, a numerical study is the process of simulating the real-world conditions of a system to analyze its
performance mathematically (Kresna, Suprapto, and Nendra Wibawa, 2021). Before conducting a numerical study,
several important steps are carried out, such as defining the computational domain to convert the AGV geometry
into a discrete model using the FEA method. This stage aims to identify areas with high stress or deflection
concentrations that could potentially cause structural failure. This demonstrates that proper numerical modeling,
with appropriate geometry and computational domain, can provide accurate predictions of the mechanical system’s
response under specific operating conditions. Boundary conditions were defined by applying cylindrical supports
at the wheel mounting points, restricting movement in all axes, and applying a vertical compressive force (Y-
direction) to the chassis platform with load variations of 5 kg (49.05 N), 10 kg (98.1 N), and 15 kg (147.15 N).

4 Cylindrical Suppor‘t/I\
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Figure 3. Computational domain and definition of boundary conditions on the AGV chassis geometry

After defining the computational domain, the next step in the numerical study is the meshing process, as shown
in Figure 4, which involves discretizing the geometric model into small elements that can be analyzed using the
Finite Element Analysis (FEA) method. This step is crucial as it affects the accuracy and stability of simulation
results, particularly when analyzing the mechanical behavior of the AGV chassis structure under various loading
conditions. The meshing process is performed not only to divide the geometry into smaller sections but also to
capture the significant effects of the boundary layer on stress distribution, deformation, and local structural
response. In this study, mesh quality was evaluated using the Mesh Metric with the Orthogonal Quality parameter,
which showed a minimum value of 0.50813 and a maximum of 0.99829, with an average value of 0.76256 and a
standard deviation of 0.11895. These values indicate that the mesh quality is at a good level and suitable for use
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in numerical simulations. The mesh topology used is the Tetrahedron type, which is suitable for complex geometric
shapes such as the AGV chassis, with a total of 225.120 cells.
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3. RESULT AND DISCUSSIONS

Grid testing and data validation

A grid test was conducted to determine the most appropriate number of mesh elements for the numerical study.
The number of elements analyzed ranged from 51.283, 117.387, 158.654, to 225.120. The comparison results are
shown in a graph illustrating the relationship between the number of grid elements and deflection, as presented in
Figure 5. Based on the analysis, the relative error between grids 51.283 and 117.387 reached £25.91%, between
117.387 and 158.654 was +£6.23%, and between 158.654 and 225.120 was +0.97%. Since the difference in
deflection between the two highest grids is very small (0.00027724 m and 0.00027996 m), grid 225.120 is
considered optimal and is used in all subsequent AGV Chassis simulations. This finding is consistent with recent
finite element-based structural design studies, which emphasize that mesh refinement is essential to balance
computational accuracy and simulation efficiency. Liu et al. (2026), for example, demonstrated that an efficient
finite element model can reduce computational scale while maintaining high prediction accuracy, provided that
the simplified or refined model is validated against experimental or benchmark data.
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Figure 5. Graph showing the relationship between grid number and deflection
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Figure 6. Graph of the force-deflection relationship for ASTM A500 material

Validation was performed to ensure that the results of the FEA numerical study corresponded to real-world
conditions by comparing the simulation results with experimental data through variations in force versus deflection
on the AGV chassis. For ASTM A36 material, the largest relative error reached 5.25% (experimental: 0.59 mm,
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numerical: 0.55972 mm), and the lowest was 4.12% (experimental: 0.89 mm, numerical: 0.84958 mm).
Meanwhile, for ASTM AS500, the highest relative error was 3.81% (experimental: 0.00026 mm; numerical:
0.27006 mm), and the lowest was 3.74% (experimental: 0.00078 mm; numerical: 0.80958 mm), as shown in Figure
6. In the present study, the low relative error between experimental and numerical deflection values further
supports the reliability of the FEA model for predicting the structural response of the AGV chassis. Similar
validation logic was also applied by Rebhi et al. (2025), who combined FEM prediction and laboratory validation
to evaluate robotic chassis behavior under random base excitation. Therefore, the agreement between simulation
and experimental results strengthens the credibility of the numerical approach used in this research.

The Effect of Load on Stability and Efficiency

Tests to evaluate the effect of load on the stability and efficiency of the AGV chassis structure were conducted
using two types of carbon steel, namely ASTM A36 and ASTM AS500, with load variations of 5 kg, 10 kg, and 15
kg. The chassis was placed on a flat floor, then a load was gradually applied to the support plate, and deflection
was measured using a dial indicator as shown in Figure 7. For ASTM A36, the results showed a linear increase
with increasing load, with stresses of 22.69 MPa, 45.38 MPa, and 68.06 MPa, strains of 0.000125 m, 0.0002 m,
and 0.000275 m, and deflections of 0.00030 m, 0.00059 m, and 0.00089 m, all still within the elastic limit. For
ASTM AS500, the recorded stress values were 20.05 MPa, 40.10 MPa, and 60.15 MPa, strains of 0.0001 m,
0.000175 m, and 0.00025 m, and smaller deflections of 0.00026 m, 0.00052 m, and 0.00078 m. This indicates that
ASTM AS500 has better deflection resistance than ASTM A36, making it more efficient and stable under increased
loads.

Cc
Figure 8. Stress-strain curves for ASTM A36 material: (a) 5 kg load, (b) 10 kg load, and (c) 15 kg load.
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The stress contours shown in Figure 8 from the results of the numerical study using the FEA method indicate
that both ASTM A36 and ASTM A500 materials exhibit a linear increase in stress, strain, and deflection with
increasing load. For ASTM A36 material, at a load of 5 kg, a stress of 22.69 MPa, a strain of 0.000125 m, and a
deflection of 0.00032 m were obtained. When the load was increased to 10 kg, the stress rose to 45.38 MPa, the
strain to 0.0002 m, and the deflection to 0.00059 m. At the highest load of 15 kg, the stress reached 68.06 MPa,
the strain was 0.000275 m, and the deflection was 0.00084958 m. Meanwhile, for ASTM A500 material, at a load
of 5 kg, the stress was 20.85 MPa, the strain was 0.000112 m, and the deflection was 0.00027006 m. At a load of
10 kg, the stress increased to 41.70 MPa, the strain to 0.00018 m, and the deflection to 0.00053992 m. Meanwhile,
at a load of 15 kg, the stress reached 62.55 MPa, the strain 0.00024 m, and the deflection 0.00080958 m.

The Effect of Material Type on Stability and Efficiency

Figure 9 shows the relationship between force (N) and stress (MPa) for ASTM A36 and ASTM A500 materials,
based on both experimental testing and numerical simulation. ASTM A36 exhibits higher stress than ASTM A500
at every load level. At a load of 15 kg (147.15 N), the maximum stress from the ASTM A36 experimental results
reached 68.06 MPa, while that of ASTM A500 was 60.15 MPa. The numerical results show a similar trend: ASTM
A36 reached 65.11 MPa, and ASTM A500 was 63.11 MPa. Both materials exhibit a linear pattern and remain
within the elastic limit. The higher stress in ASTM A36 indicates a greater modulus of elasticity, but also the
potential for higher internal stress accumulation. Conversely, ASTM A500 offers better structural stiffness and
flexibility, making it the superior choice in terms of long-term durability.
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Figure 9. Graph of the relationship between force and stress
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Figure 10. Graph of the relationship between force and strain

Figure 10 shows the stress-strain relationship for ASTM A36 and ASTM A500 based on experimental and
numerical results. ASTM A500 consistently exhibits lower strain. At a load of 15 kg (147.15 N), the experimental
strain for ASTM A36 is 0.000275 m and for ASTM A500 is 0.00025 m. Numerical results show a strain of
0.00026434 m for A36 and 0.00025642 m for A500. This indicates that ASTM AS500 is stiffer because it has a
higher modulus of elasticity. Both curves are linear and consistent, proving that the numerical model used is valid
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and highly suitable as a predictive tool in the engineering structural design process, especially for applications
requiring accuracy, efficiency, and resistance to deformation due to loading. Thus, the selection of the appropriate
material based on numerical analysis can improve the overall performance and reliability of the structure.
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Figure 11. Graph of the relationship between force and deflection

Figure 11 shows the force-deflection relationship for ASTM A36 and ASTM A500 materials, based on
experimental and simulation results. Deflection increases linearly in both materials, indicating elastic behavior.
ASTM AS500 exhibits lower deflection at all loads; for example, at 147.15 N (15 kg), the experimental deflection
of ASTM A36 reaches 0.00089 m, while that of ASTM A500 is only 0.00078 m. Numerical results show a similar
trend: 0.00084958 m for A36 and 0.00080954 m for A500. This indicates that ASTM AS500 is stiffer, making it
suitable for precision structures such as AGVs.

The error margins between experimental and numerical results were also low: for A36, the errors were 5.22%
(5 kg), 5.26% (10 kg), and 4.13% (15 kg); whereas AS00 exhibited smaller and more stable errors, namely 3.81%,
3.77%, and 3.74%. These results demonstrate the validity of the numerical model and the superiority of ASTM
AS500 in terms of stiffness and geometric stability, making it more recommended for AGV structural applications.

Simulation results for structures using ASTM A36 and ASTM A500 materials show that the safety factor
decreases as the load increases, with a significant difference in performance between the two. For ASTM A36
material, the minimum safety factor was recorded at 13.5793 for a 5 kg load, decreasing to 6.3578 ata 10 kg load,
and further dropping to 1.9671 under a 15 kg load, approaching the minimum safe limit (safety factor = 1).
Meanwhile, ASTM A500 material demonstrates superior performance with a minimum safety factor of 14.7679
at a 5 kg load, 8.1999 at a 10 kg load, and remains at 2.7145 when subjected to a 15 kg load. This comparison
shows that ASTM AS500 can withstand greater loads at lower stress levels relative to its strength limit compared
to ASTM A36.

In terms of efficiency, ASTM A500 can be said to be structurally superior. This is because the material has a
higher yield strength, so it can provide a higher safety factor under the same load. This advantage allows for lighter
structural design without sacrificing strength, meaning material usage can be more economical. Additionally, the
higher safety factor provides an extra safety margin against the risk of failure. Therefore, when considering
performance and safety, ASTM AS500 is a more optimal and efficient choice compared to ASTM A36, provided
that its cost and availability align with the technical specifications.

Recent studies on robotic and vehicle chassis design confirm that the combination of experimental testing and
finite element analysis is an effective approach for evaluating structural performance. In this study, the grid
independence test shows that the numerical model reached a stable condition, as indicated by the small deflection
difference between the two finest meshes. The low error between experimental and numerical results also
demonstrates that the FEA model is reliable for predicting the structural behavior of the AGV chassis. This finding
is consistent with Liu et al. (2026) and Rebhi et al. (2025), who emphasized the importance of mesh validation and
experimental verification in improving the accuracy of numerical structural analysis.

The loading test results show that stress, strain, and deflection increase linearly as the load rises from 5 kg to 15
kg, indicating that both ASTM A36 and ASTM A500 remain within the elastic range. Similar results were reported
by Kamalaksha et al. (2025) and Yazar et al. (2026), who found that robotic chassis structures must maintain
stiffness and dimensional stability under operational loading. In this study, ASTM A500 produces lower deflection
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and a higher safety factor than ASTM A36, showing better resistance to deformation and greater structural
reliability.

Overall, the results indicate that ASTM A500 is more suitable for AGV chassis applications because it provides
better stiffness, lower deformation, and a higher safety margin under the same loading conditions. This supports
recent findings by Rahmatia et al. (2025) and Sucuoglu (2025), which show that material selection and numerical
optimization are important factors in improving chassis efficiency, reducing structural risk, and supporting
lightweight robotic vehicle design. Therefore, the integration of experimental testing and FEA in this study
provides a strong basis for AGV chassis design optimization and material selection.

4. CONCLUSION

The results demonstrate that increasing loads from 5 kg to 15 kg produce a proportional rise in stress, strain,
and deflection, indicating a linear elastic structural response for both materials within the tested range. The close
agreement between experimental and numerical results confirms the reliability of the Finite Element Analysis
(FEA) approach for predicting the structural behavior of compact AGV chassis.

Comparatively, ASTM A500 consistently exhibits lower stress, strain, and deflection, along with a higher safety
factor (2.71 at 15 kg load), indicating superior stiffness and geometric stability relative to ASTM A36. This
performance difference highlights the significant influence of material selection on the structural efficiency and
load-bearing capability of AGV chassis systems.

From an engineering perspective, these findings suggest that the use of ASTM A500 can enhance structural
reliability, reduce deformation under operational loads, and improve overall system stability. Furthermore, the
validated integration of experimental testing and numerical simulation provides a robust framework for chassis
design optimization and material selection, which can be extended to broader applications in lightweight structural
and robotic vehicle systems.
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