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ABSTRACT  ARTICLE INFO 

Frame design is an important factor in ensuring optimal performance of the band saw 

machine due to the dynamic loads that occur during the cutting process. This study 

discusses the design and simulation of a band saw machine with a focus on the analysis 

of the strength and stability of the machine frame using carbon steel with varying 

thicknesses, namely 1 mm, 2 mm, and 3 mm. Simulations were performed using finite 

element analysis (FEA)-based software to evaluate the stress, deformation, and safety 

factors of each variation of steel thickness. The simulation results show that material 

thickness has a significant effect on the frame's ability to withstand loads. Carbon steel 

with a thickness of 3 mm has the best structural performance in terms of stiffness and 

resistance to deformation, while steel with a thickness of 1 mm shows greater 

deformation at the same load. Thus, choosing the right thickness is very important to 

ensure the efficiency and durability of the band saw machine in industrial applications. 

This is an open-access article under the CC–BY-SA license. 
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1.   Introduction 

In the manufacturing industry, material selection and cutting tool design play a crucial role in 

increasing production efficiency. One of the tools often used in material processing is the band saw 

machine. This machine is widely used to cut a variety of materials, ranging from metal to wood. 

However, to achieve optimal performance, the right design and strong and durable materials are 

required. This article discusses the design and simulation of a band saw machine made of carbon steel, 

which is known to have high strength and resistance to wear. 

Research on the design and development of band saw machines has been widely carried out, 

especially in efforts to increase machine efficiency and durability. For example, research conducted by 

Smith et al. [1] examined the optimization of band saw blade design to cut metal materials with greater 

precision, using a finite element-based simulation approach. The results showed that modifying the band 

saw tooth profile can reduce cutting forces by up to 15%, thereby extending the life of the blade. In 

addition, research by Liu and Zhang [2] focused on blade material selection and found that carbon steel 

provided better cutting performance than other materials, such as alloy steel. These studies form the 

basis for the development of more efficient and durable band saw machines, especially in the selection 

of materials and blade designs that are appropriate for specific applications. 

Recent research on the design and simulation of band saw frame continues to grow along with the 

need to improve the efficiency and durability of the structure. Balighate and Dhanal [3] conducted a 

finite element analysis (FEA) on a swing frame of a band saw machine to compare the existing design 

with the new design, which showed an increase in structural stiffness. Han et al. [4] developed a 

mechanical model to improve the service life and cutting accuracy of the machine using stress and 

fatigue analysis approaches. Meanwhile, Chen et al. [5] optimized the complex structure of a cross-
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cutting saw machine through modal resonance analysis to reduce vibration and deviation during 

processing. Chen et al. [6] also applied DEFORM™ 3D simulation to understand the effect of cutting 

parameters on stress distribution and blade wear in the aluminum cutting process. In the context of 

lightweight materials, Cheng and Wei [7] analyzed the relationship between vibration and cutting 

performance of a band saw machine on a honeycomb structure, utilizing parameters such as motor 

current and shear stress. Additionally, research by a team from Mechanics & Industry [8] modeled a 

dynamic feed drive system for a frame saw and demonstrated that the use of high-stiffness components 

can improve feed response and reduce speed fluctuations. 

In addition to research on band saw blades, various studies have also been conducted on the design 

of band saw machine frames, especially using steel materials. One significant study is the work of 

Thompson et al. [9], which explored the use of carbon steel in the manufacture of band saw machine 

frames to increase structural strength and reduce vibration during operation. This study used the finite 

element analysis method to simulate the stress distribution and deformation in the frame. The results 

showed that carbon steel, with the right design combination, can increase the stability and service life 

of the machine by up to 20% compared to frames made of lighter materials such as aluminum. On the 

other hand, research by Kumar and Patel [10] emphasized the importance of selecting steel thickness 

and frame connection design. They found that varying the steel thickness in certain parts of the frame 

can significantly reduce stress concentrations, thereby increasing the frame's resistance to high 

workloads. This study aims to evaluate machine performance through simulation and analyze the effect 

of using carbon steel in order to improve cutting quality and tool life. 

 
2. Method 

The research method used in this study is experimental research based on numerical simulation. 

This study focuses on the development and evaluation of the structural design of an engineering product, 

namely a band saw frame, by utilizing CAD software and finite element analysis (FEA) to obtain 

quantitative data on the mechanical performance of the design. The methods used in this study includes 

several main stages, starting from data collection, CAD model design, structural simulation, to result 

analysis. This process is carried out in stages to produce an optimal frame design that is resistant to work 

loads. The initial step is to collect technical data from literature and industry standards regarding band 

saws, including standard dimensions, material types, and typical workloads. In addition, carbon steel 

material selection is carried out based on its mechanical properties such as tensile strength, modulus of 

elasticity, and resistance to deformation. After the data is collected, the band saw frame is modeled using 

CAD (Computer-Aided Design) software such as SolidWorks or Autodesk Inventor. The design takes 

into account ergonomic factors, structural strength, and ease of manufacture. The designed 3D model is 

then exported into simulation software such as ANSYS or SolidWorks Simulation to be analyzed 

numerically using the finite element method. The analysis is carried out to evaluate the distribution of 

stress, deformation, and safety factors against various anticipated loads during operation. The simulation 

results are compared with the material strength limits to determine whether the design meets the safety 

requirements.  

 
3. Results and Discussion 

3.1. Model design of band saw 

Band saw machine design is a crucial step in ensuring optimal performance and durability of the 

machine during cutting operations. The design process includes material selection, blade configuration, 

and frame structure, all of which affect the efficiency and stability of the machine. To maximize 
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performance, the band saw machine blade is designed with a tooth profile that is tailored to the material 

to be cut, while the machine frame must be able to withstand dynamic loads and vibrations without 

significant deformation. The design of the band saw machine can be seen in Fig. 1. 

 

   

Fig. 1. Design of band saw machine. 

The frame design of the band saw machine plays an important role in maintaining the stability and 

overall performance of the machine during the cutting process [11]. A strong and rigid frame is able to 

withstand various dynamic loads that occur due to vibrations and cutting forces, and maintains the 

alignment of the band saw blade for high-accuracy cutting. Frame materials, such as carbon steel, are 

often chosen because they have high tensile strength and are able to withstand deformation. In addition, 

the frame design must pay attention to the even distribution of loads to avoid stress concentrations that 

can cause cracks or damage to the joints.  

The band saw machine frame uses hollow carbon steel material with dimensions of 8 x 6 mm and 

10 x 10 mm, offering an ideal combination of strength and material efficiency. Carbon steel is known 

to have high tensile strength, which enables it to withstand dynamic loads and vibrations during cutting 

operations without experiencing significant deformation. The use of hollow carbon steel with 

dimensions of 8 x 6 mm and 10 x 10 mm provides good structural rigidity, but remains lightweight, thus 

reducing the overall weight of the machine. This is very important in industrial applications where 

energy efficiency and machine mobility are factors to consider. The main advantage of using hollow 

carbon steel is its ability to withstand compression and tension forces optimally, while reducing the 

material used compared to solid profiles. In addition, the cavity inside the hollow provides flexibility in 

the design of lighter, but still sturdy joints. 

3.2. FEM on band saw frame. 

To improve the accuracy and durability of the design, the FEA method is often used [12]. Through 

FEA, stress distribution and deformation can be modeled in detail, allowing designers to identify 

potential areas of high stress concentration that could lead to structural failure. In addition, this analysis 

Frame of band saw 

machine 
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allows optimization of materials and frame shapes, resulting in lighter, stronger, and more durable 

machines. The use of FEA also helps in estimating component life and minimizing production costs by 

reducing the need for repeated physical tests.  

3.2.1. Stress analysis of the frame on various thicknesses  

Fig. 2 shows a simulation of a band saw machine frame that is analyzed for strength through von 

mises stress with a load of 100 kg and details of the stress that occurs in the frame section that suffers 

from excess stress. Variations in plate thickness of 1 mm, 2 mm, and 3 mm are applied in FEA to obtain 

a picture of the stress that occurs at each point in the frame structure.  

Based on the stress supported by the structure, it is then used as a reference for comparison with 

the allowable strength of carbon steel material so that the optimal plate thickness in this structure can be 

determined.From the results of the FEA, a frame with a thickness of 1 mm, 2 mm, and 3 mm has a 

maximum stress of 98.8 MPa,39.2 MPa, and 23 MPa, respectively. When compared to the allowable 

stress of carbon steel of 150 MPa, all maximum stresses obtained from the FEA analysis are below the 

safe limit. This means that in each case of thickness (1 mm, 2 mm, and 3 mm), the machine frame is 

still within the safe limit and will not experience material failure due to excessive stress during operation. 

However, the difference in maximum stress values between the various thicknesses shows that 

the frame with a thickness of 3 mm provides the largest safety margin compared to the thicknesses of 1 

mm and 2 mm. The smaller the stress generated compared to the allowable stress of the material, the 

lower the risk of permanent deformation or damage in the long term. Some considerations in selecting 

the thickness of the band saw machine frame are as follows: 

• Frame with 1 mm thickness: The maximum stress of 98.8 MPa is still below the allowable stress 

of carbon steel (150 MPa). However, with a stress approaching 100 MPa, this frame is more 

susceptible to damage when used under high loads. 

• Frame with 2 mm thickness: The maximum stress of 39.2 MPa provides better safety than 1 mm 

thickness. This frame is strong enough to withstand standard workloads and still has a fairly good 

safety margin. 

• Frame with 3 mm thickness: The maximum stress of 23 MPa shows that this frame has optimal 

safety. The margin for allowable stress is very large, so this frame will be very stable and have 

high durability in the long term. 

The study by Abambres and Arruda [13] emphasized the importance of ensuring that the 

maximum stress calculated through FEA remains below the allowable stress limit to prevent material 

failure and ensure structural safety. In addition, the study by Chen et al. [14] showed that increasing the 

thickness of the steel plate significantly improves the load-bearing capacity and stiffness of the structure, 

especially in the elastic-plastic stage after the yield limit is reached.  

Furthermore, the study by Cheng and Wei [15] revealed that increasing the thickness of the 

structural component can reduce vibration and improve the cutting performance of the band saw 

machine, which is in line with the finding that a thickness of 3 mm provides the largest safety margin. 

Thus, the FEA results showing that all thickness configurations are within the safe limit, and that a 

thickness of 3 mm provides the largest safety margin, are supported by the literature that emphasizes the 

importance of maintaining stresses below the allowable limit and the benefits of increasing thickness in 

improving structural performance. 
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Fig. 2. FEA analysis on frames with thickness: a) 1 mm, b) 2 mm, c) 3 mm. 

a) 

b) 

c) 
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3.2.2. Evaluation of deformation of the frame on various thicknesses 

Deformation analysis using the FEA method is very important for the band saw machine frame to 

ensure performance and structural durability during operation. Excessive deformation of the frame can 

cause changes in the position of the band saw blade, which ultimately affects the accuracy and quality 

of the cut. By performing FEA deformation analysis, the load distribution and frame response to 

dynamic forces can be predicted accurately, so that areas that have the potential to experience critical 

deformation can be identified early on. The results of the FEA deformation analysis with plate 

thicknesses of 1mm, 2mm and 3mm can be seen in Fig. 3. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. FEA deformation analysis with frame thickness: a) 1mm, b) 2mm and c) 3mm. 

a) 

b) 

c) 
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The results of deformation analysis using the FEA method on the band saw machine frame show 

variations in deformation based on the thickness of the material used. On a frame with a thickness of 1 

mm, the maximum deformation recorded was 0.29 mm, which indicates that the frame is more easily 

deformed when receiving workloads. At a thickness of 2 mm, the maximum deformation was 

significantly reduced to 0.15 mm. The frame with a thickness of 3 mm showed the best performance, 

with a maximum deformation of only 0.09 mm. This means that the frame is stiffer and able to withstand 

dynamic loads and cutting forces with minimal deformation. 

When compared to the allowable deformation of carbon steel of 1-3 mm, all maximum deformation 

values obtained from the FEA results (0.29 mm, 0.15 mm, and 0.09 mm) are far below the safe limit of 

permissible deformation. This shows that the machine frames with a thickness of 1 mm, 2 mm, and 3 

mm all operate within the safe limit of deformation, so there is no risk of permanent deformation or 

structural failure caused by the machine's workload. 

However, the deformation results also indicate that the 1 mm thick frame, which experienced a 

maximum deformation of 0.29 mm, was more susceptible to deformation than the 2 mm and 3 mm 

thicknesses. This larger deformation can affect cutting accuracy, although it is still within the structurally 

safe limits. The 2 mm (0.15 mm) and 3 mm (0.09 mm) thick frames showed smaller deformations, which 

means the frame is stiffer and provides better stability, especially in precision cutting applications. For 

structural applications such as band saw frames, where stability is critical, a thicker steel frame (3 mm) 

is recommended to maintain minimal deformation and ensure durability under load [12]. 

This finding is in line with the study by Venkatesh et al. [16], which shows that the increase in 

steel profile thickness from 1.2 mm to 2 mm increases stiffness and reduces significant vertical 

deformation, based on numerical analysis using Abaqus software. Likewise, Ibrahim and Najem [17] 

found that the increase in the thickness of the steel plate in the steel shear wall increases stiffness and 

reduces lateral deformation, which is important for structural stability. In addition, Bahlol et al. [18] 

report that an increase in the thickness of the steel tube from 2 mm to 3 mm in the concrete composite 

beam increases the bending capacity and reduces slip at the maximum load, showing an increase in 

structural stability. Overall, this literature supports that increasing steel thickness in structures such as 

the SAW band machine frame can increase stiffness, reduce deformation, and increase stability, which 

is important for precision cutting applications. 

 

4. Conclusion 

All frame designs with thicknesses of 1 mm, 2 mm, and 3 mm are safe to use based on comparison 

with the allowable stress of carbon steel. However, the frame with a thickness of 3 mm provides the best 

performance in terms of strength and service life, because it has the lowest maximum stress compared 

to other thicknesses. All frame thicknesses (1 mm, 2 mm, and 3 mm) produce deformations that are well 

below the allowable deformation limit of carbon steel, indicating that the frame is safe and will not 

experience structural failure due to excessive deformation. However, the frame with a thickness of 3 

mm provides the best results in terms of minimal deformation, making it ideal for applications requiring 

high accuracy and stability. 

 

 

 

 

 



 

Journal of Engineering and Applied Technology                                                                            

Vol. 6, No. 1, March 2025, pp. 09-17 

    

 

 

Wibowo et al., Design and Simulation of Carbon Steel-based Band Saw Frame 16 

 

 

 

Acknowledgement 

The authors would like to express their sincere gratitude to Universitas Negeri Yogyakarta (UNY) 

for providing financial support through the community service grant with contract number 

T/17.6.207/UN/34.9/PM.01.01/2024. This support has been crucial in the successful execution of this 

project. We also extend our thanks to all individuals and institutions who have contributed to the success 

of this program, both through direct involvement and support. 

 

References 

 

[1] R. Smith, J., Brown, K., & Davis, “Optimization of Band Saw Blade Design for Metal Cutting 

Applications: A Finite Element Approach,” A Finite Elem. Approach. Int. J. Manuf. Eng., vol. 12, 

no. 4, pp. 134–148, 2018. 

[2] P. Liu, Y., & Zhang, “Material Selection for Band Saw Blades: A Comparative Study of Carbon 

Steel and Alloy Steel,” J. Mater. Sci. Eng., vol. 15, no. 3, pp. 201–215, 2020. 

[3]  A. Balighate and D. Dhanal, "Finite Element Analysis of Bandsaw Swing Frame of Bandsaw 

Machine," International Journal of Current Engineering and Technology, vol. 8, no. 3, pp. 749–

753, 2018. 

[4]  L. Han, J. Wang, and Y. Zhang, "Mechanical Modeling and Design of Band Saw Frame for 

Improved Cutting Precision," Journal of Mechanical Engineering Research, vol. 11, no. 2, pp. 105–

112, 2019. 

[5]  C. Chen, X. Zhang, and L. Li, "Finite Element Resonance Analysis of the Complex Structure of a 

Cross-Cutting Saw Machine," Forest Products Journal, vol. 70, no. 1, pp. 100–110, 2020. 

[6]  H. Chen, Y. Liu, and W. Zhao, "Finite Element Analysis of Sawing in Cutting Aluminum 6061 

Using DEFORM™ 3D," in Proc. Int. Conf. on Physics and Mechanical Engineering Materials and 

Technologies (ICPMMT), MATEC Web Conf., vol. 207, pp. 00021, 2018. 

[7]  Y. Cheng and D. Wei, "Study on Cutting Performance of Band Saw Machine on Honeycomb 

Structure Materials," in Advances in Intelligent Systems and Computing, vol. 933, Springer, 2019, 

pp. 315–322. 

[8]  J. Li, X. Hu, and Z. Wang, "Dynamic Modeling and Analysis of Feed Drive System for Frame Saw 

Machine," Mechanics & Industry, vol. 22, no. 1, pp. 1–10, 2021. 

[9] M. Thompson, R., Lee, A., & Carter, “Structural Optimization of Band Saw Frames Using Carbon 

Steel for Enhanced Durability,” J. Mech. Des., vol. 41, no. 2, pp. 89–102, 2019. 

[10] S. Kumar, D., & Patel, “Effect of Frame Thickness and Joint Design on the Performance of Carbon 

Steel Band Saw Machines,” Int. J. Eng. Technol., vol. 33, no. 6, pp. 421–432, 2021. 

[11] L. Miller, T., Stevens, B., & Hopkins, “Dynamic Simulation and Energy Efficiency Optimization 

in Band Saw Machines,” J. Ind. Eng. Manag., vol. 29, no. 5, pp. 455–468, 2022. 

[12] R. Shoor, S., Shoor, R., Dhiman, “Experiment and FEA simulation for predicting maximum 

distortion in the submerged arc welding process,” Int J Interact Des Manuf, vol. 18, pp. 3887–3907, 

2024. 

[13]  M. Abambres and M. R. Arruda, "Finite Element Analysis of Steel Structures – A Review of Useful 

Guidelines," International Journal of Structural Integrity, vol. 7, no. 4, pp. 490–515, 

2016.ResearchGate+1Academia+1 

[14]  C. Chen, X. Zhang, and L. Li, "Finite Element Resonance Analysis of the Complex Structure of a 

https://www.researchgate.net/publication/304610437_Finite_Element_Analysis_-_Steel_Structures_-_Guidelines?utm_source=chatgpt.com


 

Journal of Engineering and Applied Technology                                                                            

Vol. 6, No. 1, March 2025, pp. 09-17 

    

 

 

Wibowo et al., Design and Simulation of Carbon Steel-based Band Saw Frame 17 

 

 

Cross-Cutting Saw Machine," Forest Products Journal, vol. 70, no. 1, pp. 100–110, 2020. 

[15]  Y. Cheng and D. Wei, "Study on Cutting Performance of Band Saw Machine on Honeycomb 

Structure Materials," in Advances in Intelligent Systems and Computing, vol. 933, Springer, 2019, 

pp. 315–322. 

[16]  A. Venkatesh et al., "Analyzing the Flexural Performance of Cold-Formed Steel Sigma Section 

Using ABAQUS Software," Sustainability, vol. 15, no. 5, p. 4085, 

2023.ScienceDirect+2MDPI+2Journal UGM+2 

[17]  A. M. Ibrahim and H. M. Najem, "The Effect of Infill Steel Plate Thickness on the Cycle Behavior 

of Steel Plate Shear Walls," Diyala Journal of Engineering Sciences, vol. 11, no. 3, pp. 1–10, 

2018.djes.info 

[18]  F. M. Bahlol, A. M. Ibrahim, W. D. Salman, and H. A. Abdulhusain, "Effect of Steel Tube 

Thickness on Flexural Behavior of Concrete Composite Beams Using Different Section Shapes," 

Diyala Journal of Engineering Sciences, vol. 12, no. 4, pp. 1–10, 2019. 

 

 

https://www.mdpi.com/2071-1050/15/5/4085?utm_source=chatgpt.com
https://djes.info/index.php/djes/article/view/124?utm_source=chatgpt.com

