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The robotic arm is one of the vital components of robot assembly. The purpose of the robotic arm is to transmit power and conduct the desired motion, i.e., translation or rotation. Robotic limbs are designed and constructed to execute certain tasks with a high degree of speed, accuracy, and efficiency. This research focuses on to enhancing the strength-to-weight ratio of robotic arm using certain techniques of additive manufacturing, i.e., topology optimization and lattice structure. Employing the finite element analysis, the impact of weight reduction optimization on structural parameters such as stress and deformation in the current design is assessed using ANSYS R18.1 for FE analysis and Creo parametric 7.0 design software for computer-aided design modeling. Observations reveal that the 0.5 and .4 scale lattice structure designs have deformation of 0.01453mm and 0.01453 mm respectively though the generic design has 0.01043 mm deformation. Notably, the 0.5 scale lattice of the robotic arm exhibits a 31.08% higher equivalent stress than the generic design with 29.3%. reduction in mass of the robotic arm. These findings highlight the efficacy of lattice structures for optimizing the robotic arm’s performance, contributing to advancements in power-efficient robot assembly processes.
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1 INTRODUCTION
Additive manufacturing (AM) encompasses a range of methodologies and technologies used for the fabrication of complex three-dimensional objects (Kumar et al., 2024). The procedure entails the incremental deposition of substances in successive strata, adhering to specified positions that correspond to digital cross-sections obtained from a computer-simulated model. The use of additive manufacturing has the capacity to fundamentally transform current production procedures, leading to a notable decrease in material wastage. Additive manufacturing offers many benefits compared to traditional production processes, including enhanced design flexibility and the capacity to produce personalized items. The procedure of three-dimensional (3D) printing, also known as additive manufacturing (AM), entails using a digital 3D model as a guide for the sequential printing of layers, resulting in the production of a desired object. The distinctive characteristic of this technology allows for the creation of complex shapes that were previously unachievable using traditional methods (Agarwal and Mthembu, 2021). Additive manufacturing (AM) is an advantageous asset that efficiently eradicates waste, streamlines production processes, and diminishes reliance on conventional manufacturing techniques. This technique facilitates the creation of personalized or complex models in a single operation. The increased “design freedom” may be largely ascribed to additive manufacturing (AM) (Kumar et al., 2023a). In the context of additive manufacturing, ‘design freedom’ signifies the capability to create intricate and customized shapes that were previously challenging or impossible to achieve using traditional manufacturing methods. Furthermore, there exists the potential to decrease the number of components, resulting in the elimination or substantial reduction of the need for assembly and the associated expenses (Maconachie et al., 2019). In addition, the use of on-demand manufacture for components has the capacity to optimize supply chains, reduce storage requirements, lower transportation costs, and accelerate the provision of essential replacement parts. Maconachie et al. (Maconachie et al., 2019) conducted research on the utilization of additive manufacturing (AM) techniques in production. Lattice structures have garnered significant study interest due to their ability to exhibit distinctive mechanical, electrical, thermal, and acoustic characteristics. The manipulation of various factors enables control over these qualities. The body of scholarly work pertaining to the mechanical properties of lattice structures produced using Selective Laser Melting (SLM) is growing steadily. Nevertheless, there is still a dearth of a complete study that integrates all the existing material. The objective of this work is to rectify the observed inadequacy by conducting a comprehensive examination of the experimental data pertaining to the mechanical characteristics of Selective Laser Melting (SLM) lattice structures. The objective of this study is to comprehensively examine the design, manufacturing, and performance elements pertaining to lattice structures produced by the process of Selective Laser Melting (SLM). Vaneker et al. (Vaneker et al., 2020) researched that the use of additive manufacturing (AM) has seen a notable transformation, transitioning from mostly fulfilling prototype requirements to emerging as a viable production technique in recent decades. The use of this technology is extensive across several industries, including the medical, aerospace, automotive, and other industrial domains. It is mostly used for the manufacturing of final components. The product has the potential to produce a diverse array of economically viable items, spanning from limited to extensive production runs, with a maximum output capability of 100,000 units. The production costs of metal additive manufacturing technologies are influenced by certain factors. These procedures are renowned for their somewhat sluggish pace in comparison to other production techniques. The effectiveness of the design framework will be shown via the provision of illustrative instances derived from both academic research and practical industrial applications. The objective of the study by Norfolk et al. (Hehr and Norfolk, 2019) is to do a comprehensive examination of the historical background, technical progress, domains of application, and research domains pertaining to the ultrasonic additive manufacturing (UAM) method. The UAM technique refers to a novel approach in 3D metal printing that involves the integration of ultrasonic energy with metal foils in order to establish metallurgical links between successive layers. This procedure takes place at or in close proximity to ambient temperature. The solid-state 3D metal printing technology does not involve the melting of materials. This study provides a comprehensive examination of the underlying principles of the physics involved in the process, various techniques used for characterization, the mechanical characteristics connected with the process, previous and ongoing research domains, constraints inherent to the process, and future applications. McDonough et al. (McDonough, 2020) The present research offers a comprehensive examination of the prevailing condition of additive manufacturing within the domain of process engineering. A complete study has been conducted by compiling results and views from different reports available in the public domain. The performed investigation has led to the creation of a novel perspective on the use of additive manufacturing in the domain of heat transfer. Moreover, the study undertaken has effectively highlighted prospective future prospects within this specific domain. Furthermore, this paper undertakes a critical analysis of many facets pertaining to heat transfer within the realm of additive manufacturing. The aim of this study is to demonstrate how additive manufacturing effectively tackles obstacles in the quest of attaining new levels of intensification. Numerous advances have been achieved. The reduction in the size of TORBED® technology facilitates the more convenient evaluation of adsorbents for the purpose of carbon capture. There have been suggestions put forward about novel heat pipe wick shapes with the objective of enhancing the thermal efficiency of heat pipes. Advancements in the creation of complicated reactor geometries within the field of flow chemistry have been seen, with the primary objective of enhancing the scalability of the process.
Singh et al. (Kaur and Singh, 2021) studied that the production methods for heat exchangers (HXs) have undergone significant changes as a result of advancements in additive manufacturing (AM). The use of additive manufacturing (AM) enables the realization of intricate and unconstrained designs that were previously unattainable using traditional manufacturing techniques, which were constrained by inherent limits. The study places importance on the surface quality, meaning that surfaces of heat exchanger components strive for higher smoothness so as to be most refined. Further, dimensional accuracy has been the major aspect for which various highlights have also emerged with improvements that lead to high adherence with respect of design specifications. Additionally, the study also recognizes successes in smaller geometric scales which highlights that heat exchanger technology can be utilized efficiently to make improved efficiency observations even for designs accommodating a minimal available surface area. These innovations altogether form the part of advancement in heat exchanger technology that would guarantee efficient systems and better serviceability standards across diverse arenas. According to Niknam et al. (Niknam et al., 2021) designers and researchers are increasingly using additive manufacturing (AM) technology to facilitate advancements in human-computer interface (HCI) design and development, with the aim of ushering in a new age in this field. The prevalence of diverse applications and the constraints associated with conventional production methods contribute to this phenomenon. Ladani et al. (Ladani and Sadeghilaridjani, 2021) offers a full examination of the research approach, including a detailed analysis of frequently used materials and their respective applications. This article presents a comprehensive examination of the microstructure and quality of components produced via the use of powder bed technology. This study primarily focuses on materials that are often manufactured using this particular process. The research critically analyzes the conclusions derived from extant literature pertaining to the influence of various process factors on the ultimate outcome of the product. The approach discussed above is often used to generate a wide variety of things. The primary objective of this research is to investigate and analyze the developing innovations and unique approaches used in the production process of highly conductive metals, namely, copper and aluminum. The intricate thermal history of components and alloys manufactured using Powder Bed Fusion Additive Manufacturing (PBF-AM), including targeted heat extraction, many melting cycles, and rapid solidification, poses challenges in the investigation of microstructure and characteristics. This discovery has been proven. The development of finer alloy grains is a common occurrence in additive manufacturing (AM) due to the higher solidification rates. In addition, it is worth noting that the mechanical characteristics of materials fabricated via additive manufacturing (AM) are equivalent to those attained by conventional manufacturing techniques. The creation of metallic products using additive manufacturing methods becomes much more arduous and expensive. The use of lasers or electron beams to selectively dissolve and fuse powder particles in a sequential manner, known as powder bed technology, has emerged as the predominant technique employed by several organizations operating in the aerospace and biomedical sectors at present. Due to its recent emergence and significant demand within the manufacturing sector, there are some unresolved scientific inquiries pertaining to this technology. The present publication offers an introductory overview of the methodology, along with illustrative instances of customary materials and practical applications. The aforementioned technique is often used in the manufacturing process to generate a diverse array of components. This paper examines the manufacturing processes and properties of highly conductive metals, including copper and aluminum. Additionally, it explores the possibilities for future advancements and developments in this sector. According to Galati et al. (Galati and Iuliano, 2018) Electron beam melting (EBM) is an additive manufacturing technique that use an electron beam to fuse metallic particles, resulting in the formation of the desired object’s geometry. Within these fields of study, the use of this technique is employed to manufacture intricate components made from high-quality materials, hence addressing the challenges associated with the production of such components utilizing other methodologies, which may be arduous or financially burdensome. The scientific community has been dedicating significant effort towards enhancing the reliability of the Electron Beam Melting (EBM) process, owing to the considerable interest shown by the industry in this technology. The modeling of the evidence-based medicine (EBM) process has significant relevance due to the potential time-consuming nature of refining the process via experiential learning, which currently represents the prevailing approach. A thorough examination is conducted on the many endeavors undertaken in the field of numerical modeling. The categorization of these research into their various groups is contingent upon the amount of approximation used in the modeling process. Initially, the simulations were categorized based on the particle modeling technique used, either the mesoscopic or finite element (FE) method. Subsequently, the study was bifurcated into two independent domains, namely, coupled modeling techniques and uncoupled modeling approaches in relation to finite element-based simulations. The evaluation of several approaches presently used was conducted, with particular emphasis placed on the researchers’ modeling of the evidence-based medicine (EBM) technique. Several factors need to be considered, including the assumptions made, the modeling of material properties, the change in material state, and the presence of a heat source. Kashani et al. (Ngo et al., 2018) Additive manufacturing, often referred to as 3D printing, offers many significant benefits, including enhanced design freedom, the potential for mass customization, reduced waste generation, the capacity to fabricate complicated structures, and expedited prototype capabilities. A comprehensive investigation was conducted on the primary methodologies of 3D printing, the many types of materials used, and the notable developments seen in commonly employed applications. Significant attention was directed to the novel uses of additive manufacturing (AM) in the biomedical, aerospace, construction, and protective structures sectors. The talk included a comprehensive discussion on the current state of materials development, focusing on concrete, ceramics, polymer composites, and metal alloys. Furthermore, this study aimed to investigate the underlying processing difficulties related to anisotropic behavior, the generation of vacancies, the limitations imposed by computer architecture, and the manifestation of layers. In summary, the objective of this study was to provide a comprehensive examination of three-dimensional printing and establish a foundation for forthcoming research and advancement via the implementation of a survey assessing the merits and drawbacks of this technology.
Moon et al. (Moon et al., 2021) used a genetic algorithm to conduct shape optimization for the purpose of designing a new heat exchanger (HX) that could be manufactured using additive manufacturing (AM) methods. The primary goal of the evolutionary algorithm was to optimize the thermal efficiency of the system by maximizing the overall surface area while ensuring compliance with the specified design restrictions. The empirical inquiry demonstrated a noteworthy enhancement in the overall efficacy of the recently improved HX generated using additive manufacturing. This finding was established by doing a comparative study, whereby a common commercial tube-in-tube gadget was used as a reference point.
Based on an extensive analysis of thermal-hydraulic properties, the HX exhibited a significant specific power of 15.7 kW/kg and a power density of 26.6 W/cm3, indicating exceptionally high levels. The device we have developed, utilizing the additive manufacturing technique, demonstrates a significant twenty-fold enhancement in specific power when compared to a conventional tube-in-tube heat exchanger lacking fins that are currently available in the market. Kumar et al. (Kumar et al., 2023b) The selection of appropriate materials for intended constructions has significant significance within the realm of additive manufacturing (AM), emphasizing the paramount relevance of materials in this discipline. To attain success, materials must meet three fundamental characteristics. Kumaran et al. (Kumaran et al., 2023) suggested a structure to improve the design of an AI-based robotic arm. This framework is designed to predict a lightweight structure for the robotic arm and to study the deformation of the metal alloys which are created by the powder-based AM. The study uses topology optimization and generative design concepts in the alternative design process. Through the use of these methods, the framework reduces the weight of the robotic arm and at the same time, the same positioning accuracy is maintained. The results show that the inert payload is decreased by 10%–50% through the design optimization. Kumar et al. (Kumar et al., 2023c) have researched various types of additive manufacturing processes. The additive manufacturing process involves various steps. The execution of these steps is necessary for the completion of the system. Table 1 gives an overview of the literature review summary.
TABLE 1 | These research works have contributed to the Structural Efficiency of Robotic Arms through Topological and Lattice-Based AM Optimization.
[image: Table 1]The novelty of the study is stressed in Table 1, where it is shown that the study has key differences from the study of the previous literature. In contrast to the research before which was concerned with motion and kinematic studies of robotic arms, our study is different in the fact that we are studying the weight reduction using additive manufacturing techniques, topology optimization, and lattice structures. The particular approach is the main reason for the optimized robotic arm design, which in turn, is being sought. The robotic arm is a dynamic component of robot assembly. The purpose of the robotic arm is to transmit power and conduct the desired motion, i.e., translation or rotation. Most of the existing research on robotic arms is based on motion studies and kinematic studies. However, none of the research is based on the weight reduction of robotic arm using certain techniques of additive manufacturing, i.e., topology optimization and lattice structure (Kareemullah et al., 2023; Peng et al., 2023; Hernandez-Sanchez et al., 2023). Topology optimization is a computational technique to identify the best arrangement of material throughout in given domain, so as to achieve optimum function. According to the analysis of robot arms, this approach is obligatory for performance efficiency resulting in different level component’s structure optimization, reductions in weight, and overall improvement strength. The use of topological optimization allows for reaching the best compromise between strength and material resources which is reflected in higher energy efficiency, and manoeuvrability for robotic arms (Letsatsi et al., 2021). Therefore, this study aims to optimize the current design of the robotic arm by implementing topological and lattice structures. The Finite Element Method is employed to evaluate the impact of weight reduction optimization on structural parameters such as stress and deformation in the current design. Finite element (FE) analysis is conducted using ANSYS software, while computer-aided design (CAD) modeling is carried out using Creo design software.
The study is organized into four sections. Section 1 provides the background. Outlines the approach that will be taken. Section 2 explains the methodology, in detail. Presents practical demonstrations and analyses to show how our approach can be applied. In Section 3 we carefully analyze the results. Finally, in Section 4, we discuss the accomplishments and importance of this paper emphasizing its contributions and potential impact.
2 METHODOLOGY
The methodology of analysis involves different stages, i.e., modeling, meshing, and loading conditions. Initially, advanced CAD tools like Creo are employed to accurately define the arm’s physical features. Following this, in the meshing stage, the model is broken down into smaller elements for efficient computation while preserving accuracy. Consequently, loading conditions are applied to simulate various scenarios, enabling an assessment of the robotic arm’s performance. Figure 1 below illustrates the model of the robotic arm, which was created via the use of several Creo design software tools. The use of Creo design software in the methodology is crucial for developing the CAD model of the robotic arm. The parametric modeling developed by Creo enables accurate design, quick prototyping, and variation study through streamlined processes (Agarwal and Mthembu, 2022). The simulation capabilities of the software ensure proper alignment between structural integrity and engineering specifications, while compatibility with various manufacturing processes facilitates a smooth path from virtual model to physical prototype; as such, it is an essential tool for developing complex designs of robotic arm that are optimized. The parts of the robotic arm were established by a comprehensive analysis of existing research (Eranki and Reddy Gurudu, 2017).
[image: Figure 1]FIGURE 1 | CAD model of the robotic arm.
The reasons for choosing 0.4 and 0.5 scale lattice structures in our study are dictated by a strategic rationale that aligns with the research goals. The 0.4 scale lattice enables a better understanding of micro-structural structures through deeper observation of the intricacies thus enabling examination into details that might affect general performance within an individual robotic arm. In contrast, the 0.5 scale provides a compromise between detail and computational efficiency in finding an optimal procedure for structural analysis that preserves distinctive features. The CAD model is generated by the use of an extrusion method in conjunction with a circular tool. The model encompasses around eight distinct features as shown in Figures 2, 3.
[image: Figure 2]FIGURE 2 | CAD model of lattice structure (0.5 scale density).
[image: Figure 3]FIGURE 3 | CAD model of lattice structure (0.4 scale density).
The ANSYS Design Modeler is a software application used for the assessment of sharp boundaries, geometric deficiencies, and data degradation. The functionality is seen in Figures 4–6 respectively.
[image: Figure 4]FIGURE 4 | CAD model in ANSYS design modeler.
[image: Figure 5]FIGURE 5 | CAD model in ANSYS design modeler for 0.5 scale density.
[image: Figure 6]FIGURE 6 | CAD model in ANSYS design modeler for 0.4 scale density.
The use of tetrahedral elements provides a feasible alternative for generating a mesh structure for the model of the robotic arm (Letsatsi et al., 2021). The complexity of the element is increased as a result of the existence of a lattice structure inside the arm and the occurrence of abrupt fluctuations in geometry (Molwane et al., 2020). The tetrahedral element is preferred for certain reasons, such as geometric simplicity, computational accuracy, and its proficiency in capturing complex geometries and irregular shapes, making it a well-suited choice for accurately representing the intricate details and structural nuances of the robotic arm in our analysis.
The model that was developed has a total of 7,613 elements as shown in Figure 7. The phenomenon of meshing is often seen in many robotic arm configurations, especially those that integrate a lattice framework characterized by either a 0.5 or 0.4 scale density. The region exhibiting a lattice structure has a higher density of elements in comparison to the adjacent sections. Both Figure 8 and Figure 9 provide the lattice structure mesh model, each illustrating it in a distinct manner while Figure 10 depicts the load and boundary conditions.
[image: Figure 7]FIGURE 7 | Meshed model of robotic arm.
[image: Figure 8]FIGURE 8 | Meshed model of the robotic arm with 0.5 scale density.
[image: Figure 9]FIGURE 9 | Meshed model of the robotic arm with 0.4 scale density.
[image: Figure 10]FIGURE 10 | Loads and boundary conditions on the robotic arm.
The hand computations are used in the second phase of the methodology using customized geometric modifications. In particular, the structure is considered to be an ideal solid linear beam that possesses a uniform cross-section and, in this way, it does not include gaps or holes. In an effort to improve computational efficiency, the curving cross-section is assumed as a straight line. This streamlined approach allows for targeted analysis of particular fields that are of interest, delivering precise analytical results. Treating the geometry as a solid linear beam in the loads and boundary conditions section simplifies the analysis, providing computational efficiency without compromising essential structural characteristics.
Volume V = 0.00359,787 m cubic, Density equals 2,700 kg/m3.
9.714 kg is mass M = volume * density.
Mass *g = weight = 95.29N (Eranki and Reddy Gurudu, 2017)
Using the computations from before, a precise load of 95.29N has been delivered to the robotic arm’s cylindrical end. Additionally, a fixed support configuration is used to secure the robotic arm’s left support, providing stability and well-defined boundary conditions for our research. It is noteworthy to emphasize that aluminum 5,083, a material well-known for its mechanical qualities and appropriateness for structural evaluations, was used for this investigation. The aluminum series of 5,083 elements was specifically chosen for the robotic arm analysis, due to its outstanding corrosion resistiveness resulting from a ratio in magnesium content. Although non-heat treatable, the alloy has outstanding mechanical strength that guarantees structural integrity and load-bearing capability. This makes its production faster and increases overall structural integrity. Aluminum 5,083 with its low density, provides a light structure that minimizes energy and agility. The alloy has formability which makes it possible for easy moulding to suit specific designs and thermal stability that ensures its performance remains stable in a variety of settings.
3 RESULTS AND DISCUSSION
The primary objective of doing a finite-element analysis (FEA) is to assess the structural characteristics of a robotic arm, with particular attention given to stress and deformation. This critical analysis provides the opportunity for us to understand how this robotic arm reacts when forces are externally applied. The controlled loading conditions are analyzed, and the usefulness of stress and deformations assessment in understanding arises from layering robotic arm integrity. Topological and lattice structures are applied in this study to improve the functioning of robotic arms. Topology optimization enables the discovery of material distribution for the enhancement of the strength-to-weight ratios. Lattice structures are structurally efficient and yet lightweight design options. The combination of both methods helps to achieve the optimal design strategy to deal with major design issues in robotic arm development. Visual representation of compression-induced deformation on cylindrical supports as shown in Figures 2, 11 serves to guide physical behaviour for structural response under applied loads, thereby reinforcing the need for analysis stresses and displacement with the computation process. The observation of red colored in these images indicates the occurrence of substantial load-induced deformation on the cylindrical supports during the application of the load.
[image: Figure 11]FIGURE 11 | Deformation plot of original design.
The maximum deformation obtained on the original design of the robotic arm is 0.01034 mm at the zone of applied load which is in close agreement with results in the literature (Eranki and Reddy Gurudu, 2017). The deformation at the other end is 0.0075 mm. A crucial component of the study, the GIT (grid independence test) findings, are rigorously reported in Table 2 and offer critical insight underlying the stability and dependability of the computing process.
TABLE 2 | GIT findings.
[image: Table 2]Figure 12 shows the deformation plot of 0.5 scale lattice design. The maximal equivalent stress area is influenced by the variability in the exact design of the lattice structure used as shown in Figure 13. The maximum equivalent stress is obtained on the lateral surface of a structure with a .5 lattice scale lattice while Figure 14 shows the deformation plot of the 0.4 scale lattice design.
[image: Figure 12]FIGURE 12 | Deformation plot of 0.5 scale lattice design.
[image: Figure 13]FIGURE 13 | Equivalent stress plot of 0.5 scale lattice design.
[image: Figure 14]FIGURE 14 | Deformation plot of 0.4 scale lattice design.
For 0.4 scale lattice structure design, the maximum equivalent stress is obtained at the lattice zone (initial 2 beam lattices) as depicted in Figure 15. The zone of load application has an almost uniform value of equivalent stress with a magnitude of 0.179 MPa.
[image: Figure 15]FIGURE 15 | Equivalent stress plot of 0.4 scale lattice design.
Figure 16 depicts the topological density plot for the robotic arm. Based on the available information, it is evident that the vacant area situated between the arms has the most potential for material reduction. The plot in Figure 17 clearly illustrates that the regions in close proximity to the central portion of the robotic arm exhibit decreased levels of stress.
[image: Figure 16]FIGURE 16 | Topologically Optimized geometry.
[image: Figure 17]FIGURE 17 | Total deformation of topologically optimized design.
The use of topological optimization techniques in the design of the robotic arm leads to a deformation of 0.01297 mm at the loaded extremity as shown in Figure 17. The level of distortion diminishes progressively when proximity to the support zone is attained, as seen by the above visual representation.
A thorough comparison of the data is provided in Table 3, which further clarifies the differences in stress distribution between the various robotic arm sections. Here, the term “generic design” refers to the initial, non-optimized design of the robotic arm without any specific modifications or enhancements. These results are then further discussed in Figures 18 through 20, each of which offers comprehensive insights into the particular stress patterns and changes within the structure of the arm.
TABLE 3 | Comparison table for robotic arm.
[image: Table 3][image: Figure 18]FIGURE 18 | Equivalent stress plot of topologically optimized design.
Figure 19 illustrates the equivalent stress plot, which reveals a significant disparity in magnitude between the solid mass and the supporting zone on the upper surface. The equivalent stress at the support region is 0.85665 MPa and the equivalent stress at the top face of arm is 0.286 MPa.
[image: Figure 19]FIGURE 19 | Equivalent stress comparison plot.
The graphical representation effectively demonstrates that the robotic arm’s topologically optimal construction exhibits the least amount of comparable stress. Conversely, it is noteworthy to observe that the lattice configuration at a size of 0.4scale demonstrates the farthest magnitude of comparable stress. Both designs are derived from the same design. The deformation plot exhibits a consistent pattern, as seen in Figure 20. The robotic arm, characterized by a lattice structure with a density of 0.5 exhibits the most substantial degree of deformation. Conversely, a design that adheres to topological optimization principles and conforms to a generic design demonstrates minimum deformation.
[image: Figure 20]FIGURE 20 | Deformation comparison plot.
With regard to other designs with a 0.4 scale lattice structure, the topologically optimized model has the lowest mass, as demonstrated by the mass comparison in Figure 21. This thorough examination of the structural behavior of the robotic arm has provided insightful information about how well it functions mechanically in various configurations. Significant stress differences between the topologically optimized model and the 0.4 scale lattice structure, which are derived from the identical design, have been found numerically. The application of topological optimization has been crucial in mitigating deformation and stress, hence improving the structural integrity of the arm. Additionally, our study highlights how important lattice size is in determining stress distribution, with the 0.5 scale lattice structure showing higher stress levels.
[image: Figure 21]FIGURE 21 | Mass comparison plot.
4 CONCLUSION
ANSYS software is used to do the FEA study on the robotic arm, and topological and lattice structure methods are used to optimize the generic design. The practical significance of industrial robotic arm design is in the optimization of topology and lattice structure. The optimizations can result in improved performance metrics, for example, the stiffness-to-weight ratio and durability, thus, the development of lighter, more efficient robotic arms that consume less energy and need less maintenance. The optimized mass of the robotic arm is analyzed using the finite element method to determine stresses and deformation. The detailed conclusions are as follows: 
1. The .5 scale lattice structure design has .01469 mm deformation and the generic design has .01043 mm deformation.
2. The .4 scale lattice structure design has .01453 mm deformation and the generic design has .01043 mm deformation.
3. The equivalent stress on the .5 scale lattice of the robotic arm is 31.08% higher than the generic design.
4. The equivalent stress on the .4 scale lattice of the robotic arm is 2.16 higher than the generic design.
5. The .5 scale lattice structure design has a 29.3% weight reduction as compared to the generic design.
6. The .4 scale lattice structure design has a 28.8% weight reduction as compared to the generic design.
This study brings attention on the benefit of a lattice architecture in pioneering ways that robotic arms can be designed. By conducting a thorough study, which includes aspects like amount (effective size), stress deformation as well as weight that can be reduced, our research presents useful data for optimizing the load capacity program of robotic arms. Nevertheless, it is important to note some limitations such as the DSI problems being set in idealized settings and assumptions concerning material properties. The continued need for real-world validation is essential. Future studies should concentrate on studying a wide range of lattice networks and testing our results through practical experiments. These innovations may lead to the development of adaptive robotic arms with many benefits in sectors like automotive and aerospace. The fact is that the result of elevational and weight variance will be manufacturing a light-weight robotic arm, eventually decreasing the electrical energy needed for its rotation. The second step forward in this domain can utilize different optimization methods such as response surface method and genetic algorithms to improve the productivity of robot arms.
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