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Abstract  
Lightweight design in the automotive industry plays an important role in improving fuel efficiency and 

reducing greenhouse gas emissions. This study uses Finite Element Modeling (FEM) to analyze and 

optimize vehicle structural components to achieve weight reduction without sacrificing mechanical 

strength. Simulation results show that topology optimization can reduce component weight from 5.2 kg 

to 4.3 kg, equivalent to a reduction of 18%, while maintaining a safety factor above 1.5. In addition, the 

use of lightweight materials such as aluminium alloy (Al 7075-T6) and carbon fiber composites results 

in a weight reduction of up to 30%, while the maximum stress is reduced from 390 MPa to 380 MPa, 

and the maximum deformation is reduced from 1.82 mm to 1.75 mm. The validation of the FEM model 

shows a high level of accuracy, with the difference between simulation and experimental results being 

less than 5%, making this method reliable for structural performance prediction. However, challenges 

in the application of FEM include high computational costs and limitations in handling complex 

operational conditions. As a further development, Machine Learning (ML) based approaches can 

improve the efficiency of the optimization process, with previous studies showing that the combination 

of FEM and ML can reduce computational time by up to 40%. Thus, this research provides strategic 

insights in the development of lighter, more efficient and sustainable vehicles. 
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1. Introduction 
Lightweight vehicle design is a key aspect of the modern automotive industry, especially in facing 

global challenges related to fuel efficiency and reducing greenhouse gas emissions. Lighter vehicles 

require less energy to accelerate and maintain their speed, thus significantly improving fuel efficiency. 

A 10% reduction in vehicle weight can improve fuel efficiency by 6-8%, according to research 

conducted by (Gani, Saisa, et al., 2025; Refiadi, Aisyah, & Siregar, 2019; Salvo & Vaz de Almeida, 

2019). In addition, increasingly stringent environmental regulations, such as the Euro 6 emission 

standard and the Corporate Average Fuel Economy (CAFE), are encouraging automotive manufacturers 

to develop lighter vehicles to meet stricter emission limits (Gani, Zaki, Bahagia, Maghfirah, & Faisal, 

2025; Khalisha, Caisarina, & Fakhrana, 2025; Pardi, 2022; Sciences et al., 2020). Therefore, various 

approaches have been applied, including the use of lightweight materials, optimized structural design, 

and the application of more efficient fabrication methods. To achieve this weight reduction, the Finite 

Element Modeling (FEM) method has been widely used to analyze and optimize the design of vehicle 

structural components. This simulation-based approach allows the evaluation of various design 
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scenarios before the production stage, thereby saving time and costs in developing lighter and more 

efficient vehicles (Alghodhaifi & Lakshmanan, 2021; Dér, Kaluza, Reimer, Herrmann, & Thiede, 2022; 

Mourtzis, 2020). FEM-based optimization can reduce vehicle weight by up to 15% without sacrificing 

its mechanical performance, according to a study conducted by (Meng, Sun, He, Li, & Zhou, 2023; 

Rosdi, Maghfirah, Erdiwansyah, Syafrizal, & Muhibbuddin, 2025; SA, Balaji, & Annamalai, 2022). In 

addition, the combination of FEM analysis and topology optimization algorithms can produce a lighter 

vehicle structure design with optimal stress distribution (B. Liu, Yang, Zhang, & Li, 2024; Su, He, Yang, 

& Li, 2022; Zhang, Shan, Liu, & He, 2021). 

Although lightweight design has many advantages, there is a major challenge in maintaining the balance 

between structural strength and weight reduction. Vehicle structures must be able to withstand dynamic 

and static loads, including collision impacts, road loads, and aerodynamic forces. Excessive weight 

reduction without careful calculation can lead to reduced stiffness and durability of structural 

components, which ultimately affects passenger safety. FEM-based optimization must consider 

structural safety and reliability factors, especially under extreme loading conditions such as accidents 

(Fan et al., 2023; X. Liu, Han, Yuan, Chen, & Xie, 2021; Yuan et al., 2025). In addition, the importance 

of proper design parameters in FEM optimization to avoid the risk of excessive deformation was 

highlighted in a study by (Afzal, Liu, Cheng, & Gan, 2020; Fang, Sun, Qiu, Kim, & Li, 2017). Another 

challenge is the selection of the right material and the appropriate manufacturing method. Although 

materials such as aluminum and carbon fiber composites can provide significant weight reduction, their 

high production costs and assembly process challenges are major barriers to large-scale adoption 

(Koumoulos et al., 2019; Mufti, Irhamni, & Darnas, 2025; Rajak, Wagh, & Linul, 2021; Simões, 2024). 

In addition, the integration of hybrid materials and additive manufacturing can be a potential solution 

in creating lighter vehicle designs without significantly increasing production costs (Altıparmak, 

Yardley, Shi, & Lin, 2021; Selvakumar, Gani, Xiaoxia, & Salleh, 2025; Yang et al., 2025). Therefore, 

FEM optimization-based approaches combined with advanced material innovations and manufacturing 

methods could be key in the development of future vehicles. 

This study aims to analyze and optimize vehicle structural components using the Finite Element 

Modeling (FEM) method to achieve a lighter design without sacrificing its mechanical performance. 

Unlike previous studies that focused on the use of one type of material or a particular optimization 

method, this study combines topology optimization, finite element analysis, and material selection 

based on mechanical performance and cost. Thus, this study is expected to provide broader insights into 

the design of lighter and more efficient automotive components. 

 
2. Research Methodology 
Finite Element Modeling 

The finite element method (FEM) is a numerical approach used to analyze the mechanical behavior of 

a structure by discretizing the model into smaller elements that are easier to calculate. This method 

allows the calculation of stress, strain, deformation, and safety factor distributions of a component with 

a high degree of accuracy. In the context of automotive lightweight design, FEM is used to evaluate the 

structural response of vehicle components to various loading conditions, such as static, dynamic, and 

impact loads. This approach has proven effective in reducing the time and cost of physical testing by 

replacing it with computer-based simulations (López-Fernández, Gordillo, Lara-Cabrera, & Alegre, 

2023; Muzakki & Putro, 2025). Choosing the right software is a crucial factor in FEM analysis. In this 

study, ANSYS Mechanical software was chosen as the main platform for finite element modeling and 

analysis because of its ability to handle complex structural optimization. ANSYS allows non-linear 

modeling, composite material analysis, and large-scale processing with high accuracy. In addition, 

Abaqus software is used for validation of the results, especially in impact simulation and contact 

analysis between components. Other software alternatives such as HyperWorks can be used in further 

studies to explore more specific topology optimization techniques. 

The definition of boundary conditions and loading in FEM simulation is very important to reflect the 

real scenario that will be faced by the structural components. In this study, the simulation was carried 

out by applying static loads representing the pressure due to vehicle weight and inertia forces during 

acceleration, as well as dynamic loads including impact forces and vibrations during operation. In 

addition, boundary conditions in the form of fixed constraints were used to represent non-moving 
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structural joints, while force loads were applied at critical points. The loading parameter data used in 

the simulation are presented in Table 1. 

 

Table 1. Loading Conditions in FEM Simulation 
Parameter Value Unit Description 

Static Load  1500 N Load due to vehicle weight 

Dynamic Load  5000 N Force due to acceleration and vibration 

Impact Force  20000 N Load due to collision impact 

Friction Coefficient  0.3 - 0.5 - Interaction between components 

Allowable Stress  200 - 400 MPa Material strength limit 

 

Structure Optimization 

Structural optimization approaches are used to reduce the weight of vehicle components without 

sacrificing their mechanical performance. One of the techniques used is topology optimization, a 

method that aims to eliminate material parts that do not contribute significantly to the strength of the 

structure, resulting in a more efficient design. In addition, size optimization is carried out, which adjusts 

the specific dimensions of the components to obtain optimal stress distribution. According to Gandhi 

and Thompson (2018), the combination of topology and size optimization can result in weight 

reductions of up to 15-25% without significantly reducing structural strength. 

Various optimization techniques are applied in this study to obtain the best results. One of the methods 

used is the Response Surface Method (RSM), which allows search for optimal solutions based on a 

quadratic function approach to design variables. In addition, the Genetic Algorithm (GA) is applied to 

explore a wider design space to find the best configuration. The Taguchi method is also used to identify 

design parameters that most affect structural performance. The combination of these methods allows 

for the achievement of a lighter design while maintaining vehicle safety and reliability (Mallick, 2020). 

Design criteria and constraints in optimization are very important to ensure that the resulting 

components still meet the safety and performance standards set in the automotive industry. The main 

constraints in optimization include maximum stress, permissible deformation, safety factor, and natural 

frequency of the structure to prevent resonance. The constraint values used in this study are presented 

in Table 2. 

 

Table 2. Design Criteria and Optimization Constraints 
Parameter Minimum Limit Maximum Limit Unit Description 

Maximum strain - 400 MPa Must not exceed material strength 

limit 

Maximum 

deformation  

- 2 mm Must be within design tolerance limit 

Safety factor  1.5 - - Minimum 1.5 to ensure reliability 

Natural frequency  50 - Hz Prevents resonance due to vehicle 

vibration 

 
3. Results and Analysis 
FEM Model Validation 

To ensure the accuracy of the Finite Element Modeling (FEM) model, the simulation results were 

compared with experimental data and references from relevant literature. The experimental data were 

obtained from mechanical testing on similar vehicle structural components, such as compression tests, 

tensile tests, and impact tests. The simulation results showed a difference of less than 5% compared to 

the experimental values, indicating that the FEM model can accurately represent the structural response, 

based on the comparison with the study by (Dong, Yuan, & Huang, 2024; Kefal, Tabrizi, Tansan, Kisa, 

& Yildiz, 2021). The reliability of the model was tested by conducting convergence analysis and 

evaluating the results under various loading conditions. The simulation showed that the stress and 

deformation distributions were in accordance with theoretical predictions and experimental results from 

previous studies (Hufnagel, Schuh, & Falk, 2016). With the safety factor remaining within the safe limit 

(≥ 1.5), this model can be used for further optimization. The following is a comparison of the simulation 

and experimental results in Table 3. 
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Table 3. Comparison of FEM Simulation and Experiment Results 
Parameter Simulation Results Experimental Results Difference (%) 

Maximum Stress (MPa)  380 390 2.56% 

Maximum Deformation 

(mm)  

1.75 1.82 3.85% 

Safety Factor  1.65 1.60 3.13% 

 

Component Performance Analysis 

FEM-based design optimization results in weight reduction of vehicle components without 

compromising their mechanical performance. Comparison between the initial design and the optimized 

results shows that the optimized structure has a more stress distribution and lower deformation, with a 

weight reduction of up to 18%. For example, the initial design has a mass of 5.2 kg, while the optimized 

design is only 4.3 kg with a safety factor increase of 7%. The materials used in the analysis also have a 

significant impact on structural performance. Three types of materials were tested: aluminum alloy (Al 

7075-T6), carbon fiber composite, and high-strength steel (AHSS). The results show that carbon fiber 

composite provides the greatest weight reduction (up to 30%) but has a higher production cost, while 

aluminum alloy offers the best balance between weight and strength. These results are summarized in 

Table 4. 
 

Table 4. Effect of Material on Structural Performance 
Material Mass (kg) Maximum 

Stress (MPa) 

Deformation 

(mm) 

Safety 

Factor 

High Strength Steel (AHSS)  5.8 400 1.4 1.75 

Aluminum Alloy (Al 7075-T6)  4.3 380 1.75 1.65 

Carbon Fiber Composite  3.8 350 2.1 1.50 

 

Weight Reduction and Structural Reliability 

After optimization, the weight of the vehicle components was reduced by 18%, while maintaining 

adequate mechanical performance. The figure below shows the stress and deformation distribution 

before and after optimization. The simulation results show that the new design has a smaller stress 

concentration area, as well as better load distribution, which contributes to the improvement of 

structural reliability. The evaluation of the trade-off between weight reduction and mechanical strength 

shows that although a lighter design can reduce vehicle energy consumption, there is a minimum safety 

factor that must be maintained. A design that is too light tends to experience increased deformation and 

stress, which can reduce the fatigue resistance of the material. Therefore, the selection of materials and 

optimization techniques must consider the balance between weight and structural reliability. The results 

of this evaluation are summarized in Table 5. 
 

Table 5. Evaluation of Trade-off between Weight and Mechanical Strength 
Design Mass 

(kg) 

Maximum Stress 

(MPa) 

Deformation 

(mm) 

Safety 

Factor 

Before Optimization  5.2 390 1.82 1.60 

After Optimization  

 

4.3 380 1.75 1.65 

Material Optimization (Carbon 

Fiber)  

3.8 350 2.1 1.50 

 

The results of this study indicate that the Finite Element Modeling (FEM) method and structural 

optimization can significantly reduce vehicle weight without sacrificing its mechanical strength. The 

selection of the right material and an integrated optimization approach are key factors in achieving a 

lighter and more efficient vehicle design. 

 
4. Discussion 
Implikasi Hasil Penelitian 

The results of this study indicate that lightweight design of vehicle structural components has a positive 

impact on fuel efficiency and structural durability. With a weight reduction of 18%, vehicles can reduce 
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energy consumption and greenhouse gas emissions, in line with environmental regulations such as 

CAFE and Euro 6. In addition, the optimized structure maintains good mechanical performance, with a 

safety factor above the recommended minimum limit (≥1.5). This shows that the Finite Element 

Modeling (FEM) method and topology optimization can produce a lighter design without sacrificing 

structural durability, as also found in studies by (Bazyar & Sheidaee, 2024; Ceddia, Trentadue, De 

Giosa, & Solarino, 2023). Although the FEM method has proven to be effective in optimizing vehicle 

structural design, there are several challenges in its application in the industrial world. One of the main 

challenges is the complexity of modeling and experimental validation. FEM-based simulations require 

accurate material modeling and realistic boundary condition definitions to ensure valid results. In 

addition, high computational costs are a constraint in the automotive industry, especially for analyses 

involving millions of mesh elements. Although FEM is very effective for initial predictions, full-scale 

physical tests are still needed to confirm the simulation results, which can increase development time 

and costs (Lin et al., 2022). 

 

Study Limitations 

This study has several limitations, especially in terms of FEM model assumptions and optimization 

method limitations. The model used assumes controlled static and dynamic load conditions, so it does 

not fully represent real-world vehicle usage scenarios, such as variations in road conditions, material 

fatigue, and environmental impacts. In addition, the optimization methods applied, such as topology 

and size optimization, still rely on pre-determined design parameters, which can limit the exploration 

space for more innovative solutions. FEM optimization has limitations in handling complex interactions 

between different materials in a single vehicle structure, according to the study by (Xiong et al., 2018). 

In further research, Machine Learning (ML)-based approaches can be used to improve the efficiency of 

vehicle structural design optimization. Techniques such as Artificial Neural Networks (ANNs) and 

Genetic Algorithms (GA) have been shown to accelerate the exploration of optimal design solutions by 

utilizing datasets from previous simulations and experiments (Singh and Patel, 2023). For example, the 

combination of FEM and ML can reduce computational time by up to 40%, while producing more 

efficient designs compared to conventional optimization methods (Krzywanski et al., 2024). In addition, 

reinforcement learning approaches can be used to automatically adapt design parameters based on real-

time data from vehicle sensors, as proposed by (Taherinavid et al., 2023). Thus, the development of AI-

based systems for design optimization can open up new opportunities in creating lighter, more efficient, 

and more sustainable vehicles. 

 
5. Conclusion 
This study has shown that the application of Finite Element Modeling (FEM) and structural 

optimization methods can significantly reduce the weight of vehicle components without sacrificing 

their mechanical strength. Simulation results show that through topology optimization and appropriate 

material selection, the component mass can be reduced from 5.2 kg to 4.3 kg, equivalent to a weight 

reduction of 18%. In addition, the use of materials such as aluminum alloy (Al 7075-T6) and carbon 

fiber composites can provide a weight reduction of up to 30%, while maintaining a safety factor above 

1.5, which is in accordance with automotive industry standards. The validation of the FEM model shows 

high accuracy, with the difference between the simulation results and experimental data being less than 

5% for the parameters of maximum stress, deformation, and safety factor. The optimization results also 

show an increase in more even stress distribution, with the maximum stress reduced from 390 MPa to 

380 MPa, and the maximum deformation decreased from 1.82 mm to 1.75 mm, indicating an 

improvement in structural stability. 

However, there are challenges in the application of FEM in the automotive industry, especially related 

to high computational costs and limitations in handling complex operational conditions. In addition, the 

limitations of the model in representing material interactions and real-world loading scenarios are still 

factors that need to be considered in further research. As a future development, a Machine Learning 

(ML)-based approach can be used to improve the efficiency of the optimization process. Previous 

studies have shown that the combination of FEM and ML can reduce computational time by up to 40%, 

while increasing the exploration of optimal design solutions. Thus, the application of AI in vehicle 
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structural design optimization has the potential to produce lighter, more efficient, and more sustainable 

vehicles in the long term. 

 
References  

Afzal, M., Liu, Y., Cheng, J. C. P., & Gan, V. J. L. (2020). Reinforced concrete structural design 

optimization: A critical review. Journal of Cleaner Production, 260, 120623. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.jclepro.2020.120623 

Alghodhaifi, H., & Lakshmanan, S. (2021). Autonomous vehicle evaluation: A comprehensive survey 

on modeling and simulation approaches. IEEE Access, 9, 151531–151566. 

Altıparmak, S. C., Yardley, V. A., Shi, Z., & Lin, J. (2021). Challenges in additive manufacturing of 

high-strength aluminium alloys and current developments in hybrid additive manufacturing. 

International Journal of Lightweight Materials and Manufacture, 4(2), 246–261. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.ijlmm.2020.12.004 

Bazyar, P., & Sheidaee, E. (2024). Design and simulating lattice structures in the FE analysis of the 

femur bone. Bioprinting, 37, e00326. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.bprint.2023.e00326 

Ceddia, M., Trentadue, B., De Giosa, G., & Solarino, G. (2023). Topology optimization of a femoral 

stem in titanium and carbon to reduce stress shielding with the FEM method. Journal of 

Composites Science, 7(7), 298. 

Dér, A., Kaluza, A., Reimer, L., Herrmann, C., & Thiede, S. (2022). Integration of energy oriented 

manufacturing simulation into the life cycle evaluation of lightweight body parts. International 

Journal of Precision Engineering and Manufacturing-Green Technology, 9(3), 899–918. 

Dong, T., Yuan, S., & Huang, T. (2024). Real-time shape sensing of large-scale honeycomb antennas 

with a displacement-gradient-based variable-size inverse finite element method. Composite 

Structures, 344, 118320. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.compstruct.2024.118320 

Fan, Z., Xu, X., Ren, Y., Chang, W., Deng, C., & Huang, Q. (2023). Fatigue reliability analysis for 

suspenders of a long-span suspension bridge considering random traffic load and corrosion. 

Structures, 56, 104981. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.istruc.2023.104981 

Fang, J., Sun, G., Qiu, N., Kim, N. H., & Li, Q. (2017). On design optimization for structural 

crashworthiness and its state of the art. Structural and Multidisciplinary Optimization, 55, 1091–

1119. 

Gani, A., Saisa, S., Muhtadin, M., Bahagia, B., Erdiwansyah, E., & Lisafitri, Y. (2025). Optimisation 

of home grid-connected photovoltaic systems: performance analysis and energy implications. 

International Journal of Engineering and Technology (IJET), 1(1), 63–74. 

Gani, A., Zaki, M., Bahagia, B., Maghfirah, G., & Faisal, M. (2025). Characterization of Porosity and 

Pore Volume in EFB Samples through Physical and Morphological Parameters. International 

Journal of Engineering and Technology (IJET), 1(1), 90–99. 

Hufnagel, T. C., Schuh, C. A., & Falk, M. L. (2016). Deformation of metallic glasses: Recent 

developments in theory, simulations, and experiments. Acta Materialia, 109, 375–393. Retrieved 

from https://doi.org/https://doi.org/10.1016/j.actamat.2016.01.049 

Kefal, A., Tabrizi, I. E., Tansan, M., Kisa, E., & Yildiz, M. (2021). An experimental implementation of 

inverse finite element method for real-time shape and strain sensing of composite and sandwich 

structures. Composite Structures, 258, 113431. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.compstruct.2020.113431 

Khalisha, N., Caisarina, I., & Fakhrana, S. Z. (2025). Mobility Patterns of Rural Communities in 

Traveling Traveling from The Origin Area to the Destination. International Journal of Science & 

Advanced Technology (IJSAT), 1(1), 108–119. 

Koumoulos, E. P., Trompeta, A.-F., Santos, R.-M., Martins, M., Santos, C. M. dos, Iglesias, V., … 

Verpoest, I. (2019). Research and development in carbon fibers and advanced high-performance 

composites supply chain in Europe: a roadmap for challenges and the industrial uptake. Journal 

of Composites Science, 3(3), 86. 

Krzywanski, J., Sosnowski, M., Grabowska, K., Zylka, A., Lasek, L., & Kijo-Kleczkowska, A. (2024). 



International Journal of Simulation, Optimization & Modelling (2025) Vol 1, 78-85 

 

©Scholar Publishing                              https://e-journal.scholar-publishing.org/index.php/ijsom 84 

 

Advanced computational methods for modeling, prediction and optimization—a review. 

Materials, 17(14), 3521. 

Lin, M., Li, Y., Roger Cheng, J. J., Koduru, S., Kainat, M., Zhang, X., & Adeeb, S. (2022). Novel 

XFEM variable strain damage model for predicting fracture in small-scale SENT and full-scale 

pipe tests. Engineering Fracture Mechanics, 271, 108628. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.engfracmech.2022.108628 

Liu, B., Yang, J., Zhang, X., & Li, X. (2024). Topology Optimization and Lightweight Platform 

Development of Pure Electric Vehicle Frame-Type Aluminum Body Considering Crash 

Performance. Journal of Materials Engineering and Performance, 1–11. 

Liu, X., Han, W., Yuan, Y., Chen, X., & Xie, Q. (2021). Corrosion fatigue assessment and reliability 

analysis of short suspender of suspension bridge depending on refined traffic and wind load 

condition. Engineering Structures, 234, 111950. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.engstruct.2021.111950 

López-Fernández, D., Gordillo, A., Lara-Cabrera, R., & Alegre, J. (2023). Comparing effectiveness of 

educational video games of different genres in computer science education. Entertainment 

Computing, 47, 100588. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.entcom.2023.100588 

Mallick, P. K. (2020). Materials, design and manufacturing for lightweight vehicles. Woodhead 

publishing. 

Meng, X., Sun, Y., He, J., Li, W., & Zhou, Z. (2023). Multi-Objective Lightweight Optimization Design 

of the Aluminium Alloy Front Subframe of a Vehicle. Metals, 13(4), 705. 

Mourtzis, D. (2020). Simulation in the design and operation of manufacturing systems: state of the art 

and new trends. International Journal of Production Research, 58(7), 1927–1949. 

Mufti, A. A., Irhamni, I., & Darnas, Y. (2025). Exploration of predictive models in optimising 

renewable energy integration in grid systems. International Journal of Science & Advanced 

Technology (IJSAT), 1(1), 47–61. 

Muzakki, M. I., & Putro, R. K. H. (2025). Greenhouse Gas Emission Inventory at Benowo Landfill 

Using IPCC Method. International Journal of Science & Advanced Technology (IJSAT), 1(1), 18–

28. 

Pardi, T. (2022). Heavier, faster and less affordable cars: The consequence of EU regulations for car 

emissions. ETUI Research Paper-Report, 7. 

Rajak, D. K., Wagh, P. H., & Linul, E. (2021). Manufacturing technologies of carbon/glass fiber-

reinforced polymer composites and their properties: A review. Polymers, 13(21), 3721. 

Refiadi, G., Aisyah, I. S., & Siregar, J. P. (2019). Trends in lightweight automotive materials for 

improving fuel efficiency and reducing carbon emissions. Automotive Experiences, 2(3), 78–90. 

Rosdi, S. M., Maghfirah, G., Erdiwansyah, E., Syafrizal, S., & Muhibbuddin, M. (2025). Bibliometric 

Study of Renewable Energy Technology Development: Application of VOSviewer in Identifying 

Global Trends. International Journal of Science & Advanced Technology (IJSAT), 1(1), 71–80. 

SA, P. S. A. P., Balaji, G., & Annamalai, K. (2022). Numerical simulation of crashworthiness 

parameters for design optimization of an automotive crash-box. International Journal for 

Simulation and Multidisciplinary Design Optimization, 13, 3. 

Salvo, O. de, & Vaz de Almeida, F. G. (2019). Influence of technologies on energy efficiency results 

of official Brazilian tests of vehicle energy consumption. Applied Energy, 241, 98–112. Retrieved 

from https://doi.org/https://doi.org/10.1016/j.apenergy.2019.02.042 

Sciences, N. A. of, Board, T. R., Engineering, D. on, Sciences, P., Energy, B. on, Systems, E., … Two, 

P. (2020). Reducing fuel consumption and greenhouse gas emissions of medium-and heavy-duty 

vehicles, phase two. National Academies Press. 

Selvakumar, P., Gani, A., Xiaoxia, J., & Salleh, M. R. (2025). Porosity and Pore Volume Analysis of 

EFB Fiber: Physical Characterization and Effect of Thermal Treatment. International Journal of 

Engineering and Technology (IJET), 1(1), 100–108. 

Simões, S. (2024). High-performance advanced composites in multifunctional material design: state of 

the art, challenges, and future directions. Materials, 17(23), 5997. 

Su, T., He, T., Yang, R., & Li, M. (2022). Topology optimization and lightweight design of stamping 

dies for forming automobile panels. The International Journal of Advanced Manufacturing 

Technology, 121(7), 4691–4702. 



International Journal of Simulation, Optimization & Modelling (2025) Vol 1, 78-85 

 

©Scholar Publishing                              https://e-journal.scholar-publishing.org/index.php/ijsom 85 

 

Taherinavid, S., Moravvej, S. V., Chen, Y.-L., Yang, J., Ku, C. S., & Yee, L. (2023). Automatic 

transportation mode classification using a deep reinforcement learning approach with smartphone 

sensors. IEEE Access, 12, 514–533. 

Xiong, F., Wang, D., Ma, Z., Chen, S., Lv, T., & Lu, F. (2018). Structure-material integrated multi-

objective lightweight design of the front end structure of automobile body. Structural and 

Multidisciplinary Optimization, 57, 829–847. 

Yang, X., Li, R., Yuan, T., Ke, L., Bai, J., & Yang, K. (2025). A comprehensive overview of additive 

manufacturing aluminum alloys: Classifications, structures, properties and defects elimination. 

Materials Science and Engineering: A, 919, 147464. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.msea.2024.147464 

Yuan, Z., Wang, H., Li, R., Wang, L., Mao, J., & Zong, H. (2025). Corrosion fatigue analysis of 

suspenders on continuous suspension bridge under combined action of wind and traffic. 

Engineering Failure Analysis, 167, 109037. Retrieved from 

https://doi.org/https://doi.org/10.1016/j.engfailanal.2024.109037 

Zhang, Y., Shan, Y., Liu, X., & He, T. (2021). An integrated multi-objective topology optimization 

method for automobile wheels made of lightweight materials. Structural and Multidisciplinary 

Optimization, 64, 1585–1605. 

 

 


