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[bookmark: _Toc165306026]Abstract
This report investigates the integration of the UR3 collaborative robot (cobot) into metal polishing processes in industrial manufacturing, particularly in the aerospace, automotive, and consumer electronics sectors. The study collaborates with leading manufacturing companies to evaluate the cobot's potential to enhance productivity, improve safety, and reduce manual labour dependency. The research focuses on designing and testing an advanced robotic system, exploring optimal configurations for robotic arms, and addressing barriers to technological adoption. Key findings indicate that cobots can significantly streamline operations, boost efficiency, and increase profitability. The report highlights the technical specifications, implementation strategies, and potential industry-wide benefits of adopting robotic solutions to enhance competitive advantage in manufacturing.
1. [bookmark: _Toc165306027]Introduction
The industrial manufacturing sector has undergone a significant transformation with the advent of advanced robotics, leading to the emergence of Industry 4.0, a new era of modern manufacturing. Among the most transformative forces in this sector are collaborative robots, known as cobots, such as the UR10, “which have revolutionised the metal polishing process, a critical aspect of the aerospace, automotive, and consumer electronics industries.
The integration of cobots in the manufacturing process has enabled the optimisation of productivity (Smith, 2023).” and introduced a new level of safety and adaptability in the workspace by mitigating potential risks and challenges. Cobots can work seamlessly with human workers, making manufacturing more efficient and effective.

Despite their promising potential, cobots' adoption rate varies widely across regions and industries. While some sectors have embraced cobots rapidly, others remain cautious due to initial investment costs and perceived complexities in integrating new technologies into existing systems. In many countries, for instance, the manufacturing sector faces the challenge of more skilled labour to operate and maintain these robots and the need for significant reconfiguration of existing production lines to accommodate cobots.

As the global manufacturing landscape continues to evolve, the strategic implementation of technologies like the UR10 robot in metal polishing will play a crucial role in enabling industries to stay competitive, enhance productivity, and drive innovation. This report primarily focuses on the UR3 robot, a variant of the UR10, and its potential to revolutionise metal polishing processes. It offers detailed insights into robotic automation's practical benefits, challenges, and future directions in the manufacturing sector (Silva, Correia Simões, and Blanc (2024)). The report provides an in-depth analysis of how cobots can improve manufacturing, making it more efficient and safer. Cobots can work alongside human workers, helping to streamline the production process and reduce workplace hazards, ultimately leading to increased productivity and profitability.
[bookmark: _Toc165306028]1.2 Broad Project Aim
The primary objective of this research, undertaken in partnership with leading manufacturing entities, is to explore, design, and implement an advanced robotic system leveraging the UR10 for automated metal polishing operations., which are pivotal in aerospace, automotive, and consumer electronics manufacturing.
The feasibility and effectiveness of this robotic system will be meticulously evaluated through a series of experimental analyses, focusing on critical performance indicators such as surface finish quality, operational efficiency, and the reduction of manual labour dependency.
1. Optimal configurations and programming of robotic arms for intricate surface finishing tasks.
2. Strategies for overcoming barriers to adopting robotic technologies in traditional manufacturing environments.
The goal is to facilitate the widespread acceptance and implementation of robotic solutions, thereby driving innovation, productivity, and quality improvements across the manufacturing sector
[bookmark: _Toc165306029]1.3 Project Time Plan.
[image: ]
[bookmark: _Toc165305297]Figure 1: Time Plan Table & Gantt Chart
[bookmark: _Toc165306030]1.4 Case Study Overview
The company prides itself on the exceptional quality of its moulds; however, with the impending retirement of this key individual, the company is at a crossroads.
The challenge lies in transferring the craftsman's invaluable knowledge and skill set to the next generation. The traditional approach would involve hiring a new employee and dedicating substantial time to training under the guidance of an experienced craftsman.
In response to this challenge, the company is exploring an innovative approach: integrating Human-Robot Collaboration (HRC) in the metal polishing process. The goal is to achieve a similar standard level in the moulds' surface finish without the extensive training period traditionally required for a new hire.
Objectives of the HRC Integration:
1. Evaluate the Technical Feasibility: Assess whether HRC can meet the exacting standards of mould surface finish required for pie manufacturing.
2. Knowledge Transfer Efficiency: Determine if integrating HRC can effectively encapsulate and replicate the retiring artisan's expertise.
3. Productivity and Quality Compare the productivity and quality outcomes between a novice worker trained by the veteran and the results achieved through HRC.
The success of this project has the potential to secure the company's future in delivering high-quality moulds and other products like this company and set a precedent in the manufacturing industry or blending traditional craftsmanship with advanced robotic technology.
[bookmark: _Toc165306031]2. Objectives
[bookmark: _Toc165306032]2.1 Primary Focus
The primary focus of the study is to identify and delineate a specific metal polishing process. The UR3 robot's application will be critically analysed for efficiency, quality improvement, and operational safety enhancements.
[bookmark: _Toc165306033]2.2 Comprehensive Review
Conduct a comprehensive literature review on the application of UR10 robots in industrial settings, with a particular emphasis on their use in metal polishing. This review will cover technological advancements, process optimisations, collaborative robotics safety standards, and the impact of automation on manufacturing quality and throughput.
This paper details the technical specifications and operational framework of the UR3 robotic system used in the metal polishing process (Yang et al., 2023), including the selection criteria for polishing tools and end-effectors. It also covers the software and programming environments utilised for the robot control unit and task programming.
Develop a systematic approach for integrating the UR3 robot into the metal polishing process, encompassing the selection of appropriate polishing compounds and programming the robot for various surface finishes.
Evaluate the performance of the UR3 robotic polishing system through experimental analysis, focusing on key performance indicators such as surface finish quality (measured by parameters like Ra), process efficiency (time reduction), and the reduction of manual labour. This evaluation will also consider the robot's adaptability to different metal types and shapes.
Conclude the research by assessing the feasibility of widespread adoption of robotics in metal polishing operations across different industries, identifying potential barriers to implementation, and proposing recommendations for future research and development in robotic automation for manufacturing excellence.
[bookmark: _Toc165306034]3. Literature Review
[bookmark: _Toc165306035]3.1 preliminary Literature Review
It aims to provide a thorough understanding of the technological progress, operational methodologies, and the various approaches developed in this niche area of study.
The literature review is structured to achieve several objectives:
1. Clarify and define key concepts pertinent to robotic automation applied to metal polishing, focusing on the operational functionality (Berx et al., 2024), capabilities, and quality parameters associated with using the UR10 robot.
2. Highlight the current trends, research, and development efforts directed towards employing cobots for metal polishing tasks. This encompasses a review of progress in designing end-effectors tailored for polishing applications without integrating sensors for quality monitoring purposes.
3. Discuss the relationships among critical factors such as the accuracy of the robotic arm and the choice of end-effectors and their impact on the quality of surface finishes achieved on different metals.
4. Point out possible research gaps in the deployment of cobots for metal polishing tasks, especially concerning the robot's adaptability to intricate shapes, its long-term reliability, and the cost versus benefit analysis.
5. Provide essential insights into system design and development decision-making processes, including selecting hardware components(Javaid et al., 2022) like robotic arms and tooling attachments and software solutions for programming the robot's tasks.
This comprehensive review will include contemporary and foundational literature to offer an all-encompassing view.
The scope of this literature survey encompasses:
1. This paper examines cutting-edge robotic automation for metal polishing, focusing on the technological capabilities of robots like cobots and their effectiveness in achieving high-quality surface finishes.
2. A review of the models and methodologies devised for automating the polishing process. This includes analysing the physical interactions between the robot and the material and the adjustments required for different types of metals and desired finishes.
3. A discussion on the role of computational advancements in augmenting the effectiveness of the UR10 robot in metal polishing tasks, thereby making sophisticated automation systems more accessible to a broader manufacturing audience.
4. An investigation into the significance of system design choices and the development of tooling attachments, such as multitool Dremel, for enhancing the UR10's functionality in metal polishing, sidestepping the focus on sensor integration and AI-based enhancements.
By systematically reviewing these areas, the chapter aims to construct a detailed understanding of the current capabilities, challenges, and future directions for robotic automation in metal polishing, setting the stage for informed experimentation and innovation in the subsequent phases of this research project.

[bookmark: _Toc165306036]3.2 Collaborative Robot Arms
Also known as Cobots, have emerged as a game-changer in the field of automation technology. Recent studies have focused on several critical areas of cobot technology, including advancements in human-robot collaboration, reconfigurable platforms, abrasive finishing technology, FluidJet Polishing, quality assessment techniques, safety architecture, and augmented reality for quality assessment. Researchers have explored the neural basis of trust in human-robot collaboration (HRC) and the integration of additive manufacturing, providing valuable insights into the future of manufacturing and human-robot interaction.
Developing reconfigurable platforms and abrasive finishing technology has enabled robots to perform various tasks, including deburring, polishing, and grinding. Meanwhile, advanced quality assessment techniques have enhanced the accuracy and efficiency of product inspections, reducing the risk of (Javaid et al., 2022) errors and defects. In addition, researchers have explored the use of augmented reality for quality assessment, allowing operators to inspect products in real time and make necessary adjustments on the fly.
Furthermore, safety architecture has been a critical area of focus in cobot development. By integrating advanced safety features (Akella et al., 1999), cobots can operate safely and efficiently near humans. This has opened new possibilities for human-robot collaboration in industries such as healthcare and education.
Overall, cobot technology's continued growth and development promise to revolutionise how look at automations and human-robot collaboration. As researchers continue to explore new avenues for innovation, it be possible to expect to see more cutting-edge applications of cobot technology in various sectors of the economy.
[image: A close up of a machine
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[bookmark: _Toc165305298]Figure 2 : Automated Surface Polishing by Cobot
[bookmark: _Toc165306037]3.3 Components and Their Impact on Surface Finishing
Integrating collaborative robots in surface finishing and additive manufacturing signifies a paradigm shift towards more efficient, safe, and high-quality manufacturing processes. The insights from these studies underscore the necessity for ongoing research to optimise further cobot technology and its applications in various manufacturing domains. Enhancing robot reliability, optimising assistance levels, and advancing (Smith, J. (2023))  safety architectures are pivotal for fostering human-robot collaboration that complements human skills and meets industrial demands.
[bookmark: _Toc165306038]3.4 Current Technological Limitations
One of the key challenges when using the UR3 robot for surface finishing tasks, particularly polishing, is integrating specialised tooling attachments. This is especially relevant when using holders for multitool Dremel's, which can offer a versatile solution to the issue of material compatibility. The advantage of using Dremel tools is that they can be equipped with various attachments, each suited for different (Hopko et al., 2023) materials. This makes switching between different materials during a task easier without switching tools entirely. However, despite its versatility, this approach has several limitations that must be considered. For example, using Dremel tools can result in increased maintenance costs due to the wear and tear of the attachments. Additionally, certain materials may still require specialised tools to achieve the desired finish, so using Dremel tools may only sometimes be a feasible option.:
[bookmark: _Toc165306039]3.5 Tooling Attachment Compatibility:
The effectiveness of the UR3 in polishing applications heavily relies on the compatibility and performance of the tooling attachment used. While a multitool Dremel provides flexibility, ensuring that the cobot can accurately (Berx et al., 2024) control and manipulate these tools across different materials poses a significant challenge. Precise control is crucial to achieving the desired surface finish, especially when dealing with materials with varying hardness levels and requiring different polishing techniques.
[bookmark: _Toc165306040]3.5.1 Adaptation to Material Properties:
The Dremel tool is a highly versatile handheld device with various attachments, making it a popular choice among hobbyists and professionals. While it can be used for various tasks, including grinding, sanding, and cutting, polishing is one of its most popular applications. However, optimising the polishing process for each material can be complex and challenging. This is because different materials may require different polishing speeds, pressures, and movements, which can be difficult to achieve manually.
To address this issue, many manufacturers are turning to collaborative robots (cobots) that can be programmed to perform polishing tasks automatically. However, even with cobots, calibrating the device for each material can be complex. Current systems may require sophisticated programming to automatically adjust the parameters in real-time, which can be challenging. As a result, the finishes on materials that fall outside of the pre-programmed settings' effectiveness may need to be more optimal. Therefore, more advanced technology is needed to optimise each material's polishing process, resulting in a high-quality finish every time.
3.5.2 Wear and Maintenance of Polishing Tools:
The frequent use of various materials can lead to rapid wear of the polishing tools, affecting the consistency and quality of the finish over time. Ensuring these tools are maintained and replaced as needed adds complexity to the cobot's operation.
These advancements could enable the cobot to automatically adjust its polishing technique based on real-time assessments of the material being worked on and the condition of the tooling attachment. Additionally, exploring more durable materials for the polishing attachments themselves could extend their lifespan and reduce the need for frequent replacements, thereby maintaining a consistent quality of finish.
[bookmark: _Toc165306041]3.6 Materials for Polishing Pads
Recently, significant advancements in the manufacturing and maintenance industry have occurred in developing innovative materials for polishing pads. These materials are not just minor improvements over their predecessors but represent a massive leap forward, providing unparalleled adaptability and efficiency. The growing need for precision and versatility in the industry has made it crucial to develop such materials. These innovative materials now address the critical need for polishing pads that conform to various textures and hardness levels without compromising performance.

One of the cornerstones of these novel materials is their remarkable engineered adaptability that can accommodate (Parmar et al., 2022) an extensive spectrum of surface textures. The adaptability of these materials ensures that a single polishing pad can be effectively used across different materials, from the softest plastics to the hardest metals, without requiring frequent replacements. This versatility reduces operational costs and enhances the precision with which these surfaces are polished, resulting in a superior finish that meets stringent quality standards.

These cutting-edge polishing pad materials offer a multitude of benefits to manufacturers and maintenance professionals. They can boost efficiency by minimizing downtime, thanks to their high durability and reduced need for replacements. Moreover, they deliver superior quality finishes with unmatched accuracy and precision, making them an invaluable asset to the industry. The unparalleled adaptability and versatility of these materials make them a top choice for anyone seeking to enhance their polishing processes.

Another significant characteristic of these materials is their ability to adjust hardness in response to the polishing surface. This is achieved through innovative chemical compositions and manufacturing processes that allow the pad's hardness to match the surface it is working on dynamically. This feature is particularly beneficial for complex manufacturing tasks that require working with materials of varying hardness within the same processing line, ensuring optimal contact and efficiency throughout the polishing process.
[bookmark: _Toc165306042]4. Polishing Processes
[bookmark: _Toc165306043]4.1 Integration of Multitool Dremel
When you need to achieve precision polishing, mounting the multitool Dremel on the cobot via a holder attachment is a robust solution that can save you a lot of time and effort. This setup allows you to quickly swap Dremel bits that are tailored to the specific requirements of the surface being polished, ranging from coarse abrasion to fine finishing.

[image: ]One of the key advantages of using the cobot for polishing is its precision control system. This system is instrumental in regulating the Dremel tool's speed, pressure, and angle during the polishing process. With a Cobot it could be possible to be precise this is particularly important when working with novel materials that react differently to variations in pressure and temperature. (Dremel. (2021))[bookmark: _Toc165305299]Figure 3: Dremel 3000 Multitool Kit with Flex Shaft Attachment.

The bot can adjust these parameters in real-time based on the feedback from the material being polished. This ensures that the adaptive polymers and engineered nanomaterials are used to their fullest potential, minimizing waste, and maximizing the quality of the polish.

Moreover, a control system allows for consistent and uniform polishing results, regardless of the complexity of the surface being polished. This means that even the most intricate designs and patterns can be polished to perfection, without compromising on the quality of the final product.
With use of a these applications will not only improves the quality of the polishing process but also enhance the durability and efficiency of the operation. Engineered nanomaterials, known for their durability, combination of this setup it is possible to reduce the wear and tear on the Dremel bits and extending the life of the polishing brush/pads. This synergy between the cobot, the multitool, and the novel materials leads to a more sustainable polishing process, with less downtime for tool or pad changes and reduced operational costs.
Overall, the combination of the cobot and the Dremel offers a reliable and efficient solution for precision polishing that can save you time, effort, and resources while delivering high-quality results.
[bookmark: _Toc165306044]4.2 Capabilities of the UR3 Cobot in Manufacturing Operations
[image: ]The UR3 cobot, developed by Universal Robots, is renowned for its flexibility, ease of programming, and capacity to work alongside human operators safely. With a reach of  360° and a payload of up to 3 kg, the UR3 is adept at performing various tasks, including assembly, pick-and-place, and, notably, polishing operations. Its intuitive programming (Universal Robots. (n.d.)) interface and versatile arm movement allow for precise control over the polishing process, making it an invaluable asset in manufacturing environments focused on quality and efficiency.[bookmark: _Toc165305300]Figure 4 : Cobot Axis Orientation and Movement Diagram.

The Dremel multitool is equipped with various attachments suitable for different polishing tasks. These include:
Felt polishing wheels and cones: Ideal for polishing metals and plastics, providing a high-gloss finish.
Abrasive brushes: help remove exterior surface imperfections without affecting the base material.
Polishing compound: Applied with felt or cloth accessories for a mirror-like finish on metals.

[bookmark: _Toc165306045]4.3 Precision Control System
[image: ]The cobot's precision control system is a fundamental component of its operational capabilities, especially evident in how it manages the Dremel tool during detailed polishing tasks. (Universal Robots. (n.d.)) This system is intricately designed to fine-tune various parameters such as speed, pressure, and angle of the tool. This feature ensures consistency across each pass of the polishing process. Such precision is crucial for achieving the desired finish and maintaining the integrity of the workpiece.[bookmark: _Toc165305301]Figure 5: Cobot Control Panel with Cartesian and Rotational Movement Interface.




	Feature
	Description

	Speed Adjustment
	The control system adjusts the Dremel tool's speed to match the hardness of the material, optimising the polishing process while preventing damage to softer materials.

	Pressure Regulation
	Modulates the pressure applied by the tool to ensure optimal force is used for each material, enhancing the finish quality and preventing surface degradation.

	Angle Precision
	Maintains precise angle alignment to avoid uneven polishing and ensure uniform application across all areas of the material.

	Material Sensitivity
	Automatically adjusts operational parameters to the specific hardness and texture of the material, ensuring each is handled with the necessary care and precision.

	Consistency and Reproducibility
	Replicates exact settings across multiple cycles with minimal variation, crucial for maintaining uniform product quality in industrial applications.

	Damage Prevention
	By finely tuning the tool's operation parameters, the system minimizes risks of material damage, ensuring surface integrity and extending the lifespan of the material.


[bookmark: _Toc165238299]Table 1: Precision Control Features for Cobot-Assisted Polishing.

Integrating a multitool Dremel with the UR3 cobot offers significant durability and efficiency benefits. This setup minimises the need for manual tool changes, reducing downtime and increasing the throughput of polishing operations (Pires et al., 2022). Additionally, using advanced materials in the polishing pads, combined with the precise control offered by the cobot, extends the life of the Dremel attachments, further enhancing the system's overall efficiency.
[bookmark: _Toc165306046]4.4 Examples and Applications
[image: ]An example of this integration in action can be found in the engineering industry, where the UR10 and Dremel combination is used to ingrain a carving a component. The precision and adaptability of this setup ensure that each part meets the high-quality standards required, demonstrating the system's effectiveness in high-value manufacturing contexts. [bookmark: _Toc165305302]Figure 6: Cobot-Enabled Precision Drilling with Dremel Tool.

[footnoteRef:1]Here are examples of how collaborative robots are applied in industrial settings: [1:  ] 

 5: Cobot-Enabled Precision Drilling with Dremel Tool

1. Glass Polishing at Saint-Gobain:
 At its Sully-sur-Loire plant in France, Saint-Gobain has implemented the cobot to automate the glass polishing process. This initiative replaced a manual process that caused musculoskeletal disorders among workers. Equipped with a Robotiq FT 300 force torque sensor, the cobot enhances safety and efficiency, boosts production by 30%, and delivers a return on investment in less than a year.
2. Finishing Tasks with Universal Robots
 Universal Robots showcases the versatility of the UR10 cobot in delicate finishing operations, such as polishing, buffing, and sanding. The cobot's force control technology adjusts its position to apply consistent force on uneven and curved surfaces, improving product quality and enhancing workplace safety by taking over ergonomically challenging tasks.
3. FerRobotics' Easy Finishing Kit: 
Designed for Universal Robots, the Easy Finishing Kit facilitates the automation of manual sanding, grinding, and finishing tasks. This kit, which includes the ACF-K and RoboDK Software, is compatible with UR models UR10, UR10e, and UR16e. It is praised for its simplicity, flexibility, and versatility in improving quality and efficiency in surface treatment processes.
4. Surface Finishing Solutions by Tulip Technologies:
Tulip Technologies offers a cobot-based solution for automating surface finishing processes. This system uses various sanding and polishing tools and allows for easy programming of tool trajectories with precise control over the pressure, ensuring high-quality finishes on different surfaces.
The advent of bots, such as those produced by Universal Robots, has revolutionised automation by providing flexible and user-friendly robotic arms. To capitalise on this innovation, the university is harbouring both UR3 and UR10 models, which utilise standardised M screws for attachment, thus ensuring a high degree of interchangeability between tooling systems. The objective is to design a mounting system that can universally fit the cobot model without necessitating re-engineering efforts when switching between them.

[bookmark: _Toc165306047]5. Design Criteria
One critical design challenge was creating a mount that was easily manufactured using 3D printing technology. The mount also had to provide a secure and stable interface for the Dremel 3000 multitool and its flexible shaft attachment. This was crucial to ensure the cobot could perform its tasks without issues. Another important consideration was the robustness of the design, which needed to be strong enough to withstand the dynamic movements of the cobot during operation without the need to purchase a CNC machine. This was particularly important as acquiring and setting up such a machine would have been costly and time-consuming.
[image: ]Finally, the mount had to be versatile enough to accommodate UR3/10 models. This was essential to ensure the mount could be used with different cobot models, increasing its usefulness and flexibility. Achieving these goals required careful planning and attention to detail throughout the design process.[image: ] [bookmark: _Toc165305303]Figure 7Automated Tool Holder for Dremel in Robotic Polishing Operation.

It was intended to develop a mounting system that could seamlessly interface with the predefined screw locations on the arms, utilising SolidWorks, a sophisticated 3D computer-aided design (CAD) program. To conceptualise a sleeve-like structure that houses an integrated clamping mechanism to hold the multitool in place firmly. The mounting system was designed with great attention to detail, ensuring easy assembly and disassembly and facilitating rapid tool changes and maintenance. The design process considered various factors, such as the size, weight, and shape of the multitool and the requirements of the cobots' arms, without being complex. The final design incorporated a sleek and durable structure that provided a secure and reliable platform for the multitool while also being aesthetically pleasing.

After the design was finalised, it was time to bring it into the physical realm. A 3D printing process was used to create a swift prototyping phase. The process was chosen because it enabled tests and refined the design in real-world situations, providing valuable feedback and insights that helped to improve the mount's functionality and performance. The mount designed and created for the collaborative robot demonstrated remarkable flexibility regarding its usage. This mount allowed for the attachment of the Dremel 3000 multitool, greatly expanding the capabilities to perform a wide range of detailed and intricate tasks. The mount's design was universal, which means that it facilitated the adaptability of the role in various scenarios without the need for tool-specific customisation. This feature made the cobot highly versatile and efficient in performing its tasks, regardless of the nature of the project at hand.
The designed mounting system exemplifies the potential for additive manufacturing to contribute to the field of robotics, particularly in enhancing the utility of cobots. Adopting a universal design approach establishes a precedent for creating tooling compatible with multiple models, thereby increasing efficiency, and reducing the time and costs associated with customisation. Ensuring that the payload does not exceed the designated limit is imperative. The addition of the universal mounting system and the Dremel 3000 multitool constitutes an extra mass that must be accurately measured and accounted for to maintain the cobots' maximum efficiency.

For this purpose, a weighing scale has been employed to determine the mass of the entire assembly – the mounting system and the mass of the Dremel attachment as this will impact the overall mass when placed into the tooling, the multitool, and its flexible shaft. Once ascertained, this value will be meticulously entered into the cobots' control system. Modern cobots are equipped with sophisticated software for inputting tooling mass; this data is critical as it informs the internal dynamics calculations. The accurate input of the mass ensures that the movements remain precise, efficient, and within the safety parameters set by the payload restrictions.[image: ] [bookmark: _Toc165305304]Figure 8: Weight Assessment of Dremel and Tool Holder for Cobot Payload Calibration.

The control system utilises the input mass to adjust the arm's motor torques, ensuring stable and safe operations. This is particularly crucial when the cobots are tasked with detailed and delicate operations such as polishing, where consistent force application is vital. By maintaining the payload within the capabilities, the system can achieve optimal performance and extend the longevity of the mechanical components. Upon verification, the total weight of the universal mounting system, including the Dremel 3000 multitool and the flexible shaft attachment, has been determined to be 0.445 kilograms. This measurement falls well within the payload capacity of the UR3 and UR10 collaborative robots, designed to handle significantly more weight. Specifically, the UR3 has a payload capacity of up to 3 kilograms, and the UR10 can payload up to 10 kilograms.

This weight assessment confirms that the mounting system can be safely and efficiently used on either cobot model without the risk of overloading. The weight of the tooling is a critical factor in maintaining the cobots' balance and ensuring precise movement control, particularly when the cobot arm is fully extended or operating at high speeds.

The modest mass of the tooling also implies considerable leeway for the cobots to operate at their full range of motion and speed, thus ensuring maximum output efficiency during polishing tasks. Moreover, the lightweight nature of the tooling minimises the wear on the cobots' joints and motors over time, promoting longevity and reducing maintenance requirements. The precise weight measurement of the tooling not only substantiates its compatibility with both models but also underscores the effectiveness of the design process.

[bookmark: _Toc165306048]5.1 Integration of Polishing Tool
Choosing suitable polishing pads for surface finishing tasks with collaborative robots (cobots) is crucial. These pads should match the multitool's specifications and the material of the workpiece. Available in various materials like foam, microfiber, or wool, each pad type provides unique benefits such as different levels of abrasiveness, finish quality, and heat management.
It is essential to consider the durability and flexibility of the pad material, as these affect the precision and efficiency of the polishing. For instance, foam pads have different firmness levels to handle everything from aggressive cutting to fine finishing. In cobot applications, these pads typically feature a hook-and-loop backing, allowing quick changes and secure attachment during the robot's operation.
Integrating suitable polishing pads and brushes into a cobots toolkit is critical for efficient automated polishing tasks. Specific requirements like the workpiece's desired surface finish and material properties must guide tool selection. With the right tools, cobots can become highly effective, versatile polishing systems, demonstrating the potential of advanced manufacturing techniques to create tailored tooling solutions for specific applications.
Polishing Wheels: These are made from compressed lambswool and are used for polishing metals and plastics. They are great for getting into tight spaces and are effective for final polishing.
Felt Pads: These flat, circular pads apply polishing compounds to flat surfaces. They can also be used for the final polishing of metals and for achieving a high-gloss finish on plastics.
Abrasive Buffs: These are used for slight removal of burrs and for smoothing out rough surfaces before applying finer polishing techniques.
Rubber Polishing Points: These are impregnated with abrasive and used to smooth and polish hard materials like steel, aluminium, and ceramics.
Micro Abrasive Discs: These are small, circular abrasive discs that can be used for light sanding and preparation before polishing.
Polishing Compounds: These are used with other polishing accessories to provide the abrasive action needed to bring a high shine to metal or plastic. They typically come in the form of solid bars or paste.
On the other hand, alternatives like polishing brushes are suited for a range of materials. Options include natural bristles for delicate surfaces and synthetic filaments for more arduous tasks. The choice of brush must consider the flexibility and density of the bristles to ensure they adapt well to various surface contours and maintain adequate pressure.
These brushes need a robust mounting interface compatible with the multitool to handle the rotational forces during use while still allowing precise control. It is also important that the brushes are designed to minimise shedding and maximise longevity to uphold quality and reduce downtime.
[bookmark: _Toc165306049]5.2 XEBEC Brush A32-CB06M for Industrial Application Testing (Xebec Technology)
[image: A silver device with a circular object

Description automatically generated with medium confidence]The choice of the XEBEC Brush Surface A32-CB06M is particularly relevant to automated polishing applications. This decision is informed by several factors that mirror industrial requirements and standards.[bookmark: _Toc165305305]Figure 9: XEBEC Brush A32-CB06M Polishing Tool.

Industry Standard: The XEBEC Brush Surface A32-CB06M is recognised as a standard tool in industrial polishing. Its widespread adoption in manufacturing sectors provides a benchmark for performance and expected outcomes.
Material Consistency: This brush is made with unique ceramic fibres that are consistent in quality. This ensures uniform abrasion and finish on the workpiece, which is essential for maintaining industry-level quality.
Durability: XEBEC brushes are known for their longevity and wear resistance, which is crucial in a factory setting where tools are used extensively and must withstand repetitive tasks.
Adaptability: The A32-CB06M model is versatile and can adapt to various surface geometries, making it an ideal candidate for testing a cobot's polishing capabilities across various applications. 

Predictable Results: The repeatability of results when using an XEBEC brush ensures that testing can accurately predict how the cobot system will perform in real-world factory conditions.
Efficiency: XEBEC brushes' efficiency in removing material and producing a high-quality finish reduces processing time, aligning with industrial settings' productivity goals.
Adaptability to the Dremel 3000: The Dremel 3000's flexibility allows for the attachment of various tools, including the XEBEC Brush. This adaptability simulates the performance of more specialised and less accessible CNC machines, offering near-close results with a more widely available and versatile instrument.
[bookmark: _Toc165306050]5.3 Implications for Testing
[bookmark: _Hlk165322659][image: A graph with lines and numbers

Description automatically generated with medium confidence]The study mimics a real-world manufacturing environment by integrating the XEBEC Brush Surface A32-CB06M into the testing phase of the cobot's polishing process. This choice ensures that the testing is representative of the conditions found in industrial applications and that the results are directly translatable to such settings. It verifies the cobot's capabilities regarding consistent performance, endurance, and output quality. (Taylor Hobson July 2017)[bookmark: _Toc165238300]Table 2: Mitutoyo Surface Finish Inspection Certificate for Polishing Test Sample.

[bookmark: _Toc165306051]6. Experimental Procedure
[bookmark: _Toc165306052]6.1 Testing Parameters and Objectives
The experimental phase of this project was designed to optimise the number of passes that must be executed to achieve an industrially acceptable surface finish on metal workpieces. This was investigated through a series of systematic iterations on two types of metals: aluminium and steel. Each metal workpiece was prepared with four distinct surface finishes on rectangular faces. The initial face was left as-is, reflecting the raw, unprocessed condition of the metal. The subsequent three faces were milled using a CNC machine to create a gradient of finishes, ranging from a rough to a smooth surface.
[bookmark: _Toc165306053]6.2 Methodology
[image: Manual Digital SJ-210 Surface Roughness Tester, Packaging Type: Box][bookmark: _Toc165305306]Figure 10: Mitutoyo sj-210.

1. Before commencing the polishing process, a meticulous initial evaluation was performed to guarantee precise and reliable outcomes. Employing a sophisticated Mitutoyo surface measurement tester, baseline surface finish measurements were established for each face of the metal workpieces. This crucial step was undertaken to thoroughly comprehend the initial surface conditions, (Mitutoyo Corporation. (2013)).  thereby enabling effective planning and adjustment of the polishing procedure. By establishing a baseline, any changes in surface finish post-polishing could be accurately measured and documented. This careful and detailed approach assured consistent, high-quality results in the final polished product. (Taylor Hobson July 2017)

Understanding Surface Finish Measurements: RA, RQ, and RZ
Surface finish, or surface roughness, refers to the texture of a surface and is critical in determining how a material will interact with its environment. Three common parameters to quantify surface finish in engineering are RA, RQ, and RZ. These measurements are essential for assessing the quality of machined and polished surfaces, as they directly affect the performance and longevity of mechanical components. ( A.W. Stahli (n.d))

RA: Arithmetic Average Roughness[bookmark: _Toc165305320]Equation 1: RA: Arithmetic Average Roughness

RA, or Arithmetic Average Roughness, measures the average deviation from the centerline of a surface's profile over a specified length. It is calculated by taking the average of the absolute values of the vertical deviations from the mean line, typically expressed in micrometers or microinches. The equation for RA is:






where  are the vertical deviations from the mean line and 𝑛n is the number of measurements. RA is particularly useful for general purposes, providing a quick snapshot of surface texture.

RQ: Root Mean Square Roughness
RQ, or Root Mean Square Roughness, offers a more sensitive measure of surface texture by considering the square of the vertical deviations before averaging, which emphasizes larger deviations more heavily than smaller ones. It is defined by the equation:
[bookmark: _Toc165305321]Equation 2: RQ: Root Mean Square Roughness







This parameter is especially valuable in applications where high precision is critical, such as in the aerospace or automotive industries, where surface irregularities can significantly impact performance. 

RZ: Average Maximum Height of the Profile
RZ represents the average maximum height of the profile. It is determined by averaging the vertical distance between the highest peak and the lowest valley within five sample lengths along the surface. RZ is particularly important in contexts where extreme deviations in surface texture might interfere with the function of a component, such as sealing surfaces in engines or pumps.  ( A.W. Stahli (n.d))
RZ calculates the average of the maximum peak-to-valley heights within multiple sampling lengths along the surface. Here,  and  represent the peak and valley heights in each of the 𝑘 sampling lengths. RZ is useful for identifying significant surface features that might impact component functionality, particularly in high-precision engineering contexts. It is defined by the equation:






[bookmark: _Toc165305322]Equation 3: RZ: Average Maximum Height of the Profile



[image: ]RZ can be more indicative of surface faults than RA or RQ and is often used in quality control to ensure compliance with more stringent specifications. Each of these parameters, RA, RQ, and RZ, provides a different perspective on surface texture, offering valuable insights into the material's (Mitutoyo Corporation. (2013)). characteristics and suitability for specific applications. By utilizing these measures, engineers can better tailor the polishing process to meet the desired specifications, ensuring optimal performance and durability of the final product. This comprehensive understanding of surface finish parameters enhances the precision of manufacturing practices and contributes significantly to advancements in material engineering and processing technology.[bookmark: _Toc165305307]Figure 11: Profilometer Measurement of Surface Roughness.
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Description automatically generated]2. During the polishing process, the cobot was fitted with a suitable tool designed explicitly for this task. The cobot was then programmed to perform multiple passes, which included 1, 10, 20, and 30 iterations. This wide range of iterations was chosen to thoroughly test the cobot's polishing capabilities in efficiency and effectiveness across a broad spectrum of repetitive actions. The cobot's performance was evaluated based on precision, speed, and consistency. The results of this evaluation were then used to fine-tune the cobot's programming and optimise its performance for future polishing tasks.[bookmark: _Toc165305308]Figure 12: Cobot Conducting Polishing Test with Tooling Setup.

3. When it comes to achieving a desired surface finish, the materials used play a crucial role. In the case of aluminium and steel, for instance, the contrast in their hardness and abrasiveness makes a significant difference in the number of iterations needed. This means that achieving the same surface finish for both materials would require different processes and techniques. Therefore, considering the material specifics is essential in determining the optimal method to achieve the desired surface finish. (Fletcher & Webb, 2017)
4. The workpieces under study had three distinct CNC-milled faces, each displaying varying degrees of initial surface roughness. The study's primary objective was to evaluate the cobot's adaptability to different starting textures. The cobot was subjected to an identical number of polishing iterations on each of the three faces to achieve this. The study aimed to (Dilibal et al., 2021)investigate the cobot's ability to respond to surface irregularities and adjust its polishing technique accordingly, thereby achieving a consistent and uniform surface finish across all three faces. 


6.3 Post-Polishing Analysis
After the completion of polishing tasks by the collaborative robot (cobot) on the metal workpieces, utilising the Mitutoyo SJ-210 surface measurement tester was imperative for quantifying the post-polishing surface finishes. The instrument's precision provided a detailed comparative analysis between pre- and post-polishing surface data, revealing critical insights into the polishing process's efficacy.
[bookmark: _Toc165306054]6.4 Efficiency of Iterations
The analysis underscored the concept of Efficiency of Iterations, pivotal in evaluating the production process. This metric signifies the number of polishing passes needed to attain an industrial-grade surface finish, emphasising the necessity for balancing effort with effectiveness. The Mitutoyo SJ-210's detailed measurements identified the minimum iteration threshold at which the surface finish meets the required standards. Optimising this element yields a triad of benefits: diminished production times, enhanced product quality, and lowered operational costs. Such efficiency is paramount in any manufacturing endeavour to swiftly deliver premium products, bolstering the competitive edge in a dynamic market.
6.4.1 Optimal Pass Counts
Furthermore, the data collected facilitated the determination of Optimal Pass Counts, a decisive element in surface finishing protocols. By examining the data for various iteration counts, the study distinguished whether fewer iterations, such as ten passes, produced a finish comparable to that of more extensive iterations, like thirty passes. This comparison provided insights into the point at which additional iterations cease to improve the surface quality significantly — the point of diminishing returns. Understanding the optimal pass count is indispensable as it underpins a cost-efficient and resource-effective manufacturing strategy. Implementing the findings from the Mitutoyo SJ-210 ensures that surface finishing processes are precisely calibrated and economically and practically aligned with industry requirements.
The Mitutoyo SJ-210 surface measurement tester is an invaluable tool for advancing the understanding of the polishing process's dynamics. Its ability to deliver precise and reliable surface finish measurements informs strategic decisions regarding iteration efficiency and optimal pass counts. (Zhao, L., & Lee, J. (2023)) This level of detail and accuracy is essential for advancing manufacturing methodologies prioritising quality, efficiency, and sustainability in surface treatment operations.
[bookmark: _Toc165306055]6.5 Pre-and post-polishing surface data:
Optimal Pass Counts are a critical factor in surface finishing. It entails evaluating whether a lower number of iterations, such as ten passes, can achieve a comparable finish to that of a higher count, like 30 passes. By determining the optimal pass counts, we can better understand the point of diminishing returns in terms of the iteration count versus surface finish improvement. This analysis helps us identify the most efficient and cost-effective way to achieve the desired finish outcome. Therefore, it is an essential aspect of surface finishing that should be considered while designing the process.
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Description automatically generated with medium confidence]Table 3: Surface Finish Data for Steel and Aluminum Polishing Iterations.




[bookmark: _Toc165306056]6.6 Significance of Findings
The results and analysis obtained from this experiment hold immense potential to offer a comprehensive and strategic framework for industries that leverage collaborative robots (cobots) for polishing tasks. By determining the optimal iteration count for different types of metal surfaces and finishes, considering factors such as time and resource efficiency, this research aims to enhance operational efficiency and optimise the use of cobots in manufacturing processes. This, in turn, can significantly improve productivity, quality, and cost-effectiveness for businesses that rely on cobots for polishing tasks. The insights gained from this study can also help businesses make informed decisions on using and deploying cobots in their specific manufacturing contexts.

[bookmark: _Toc165306057][image: A black rectangular object with white and yellow lines

Description automatically generated]7. Analysis of Steel and Aluminium Post-Polishing Iterations[bookmark: _Toc165305309]Figure 13:Block of Steel.

[bookmark: _Toc165306058]7.1. Steel Surface Finish Gradients and Polishing Efficacy
The experimental framework was meticulously designed to explore the effects of cobot polishing on steel surfaces with four distinct initial roughness gradients: 1.7 µm, 0.7 µm, 0.6 µm, and 0.3 µm. Each side of the steel was polished several times to ascertain the progressive changes in surface finish. 


[bookmark: _Toc165306059]7.2 Diverse Initial Conditions and Their Transformations
[image: A graph of a graph showing the average of a number of different numbers]The polishing process began with a surface roughness of 1.7 µm. Initially, the cobot applied a coarse polishing technique to the surface, significantly reducing roughness after the first pass. The cobot continued to polish the surface for ten iterations, with each pass resulting in further improvements in smoothness. However, beyond the 10th iteration, the enhancements in smoothness became less pronounced, suggesting an optimal polishing limit for coarser textures. The cobot's polishing process demonstrated its ability to improve the overall smoothness of the surface efficiently and effectively, making it ideal for applications where a high degree of surface finish is required.[bookmark: _Toc165305310]Figure 14: Progression of Steel Surface Finish RA and RQ Over Polishing Iterations for 1.7 µm Initial Roughness.

[image: ]

0.7 µm and 0.6 µm Initial Finishes: During the intermediate stages of the finishing process, the surfaces achieved moderate smoothness. However, as soon as the polishing step started, slight increases in roughness parameters were occasionally observed, which could be attributed to the initial abrasive interactions. Nevertheless, the iterations of polishing progressed, and a clear trajectory towards a finer finish was evident. It was particularly noticed after 20 passes that the surface quality had significantly improved. The polishing action eliminated most surface imperfections and irregularities, resulting in a smoother, more polished surface. The polishing step significantly impacted the final surface quality, and the results were impressive. [bookmark: _Toc165305311]Figure 15: Comparison of Steel Surface RA and RQ Across Polishing Iterations for 0.7 µm Initial Roughness.


[image: ][bookmark: _Toc165305312]Figure 16: Evolution of Steel Surface Finish Parameters RA, RQ, and RZ for 0.3 µm Initial Roughness.

0.3 µm Initial Finish: The most refined initial finish presented a unique challenge, where even minor alterations were pronounced. Initial polishing iterations at times showed an unexpected rise in roughness measurements, indicating the introduction of fine abrasions. Nevertheless, consistent polishing beyond these early stages ultimately yielded the smoothest finish, with the 30th iteration significantly enhancing the surface quality. 


[bookmark: _Toc165306060]7.3 Observations on Incremental Polishing and Surface Interaction Dynamics
[bookmark: _Toc165306061]7.3.1 Incremental Polishing Effects
Incremental polishing refers to the progressive steps taken to enhance the surface finish of a material by repeating the polishing process. This iterative approach allows for gradual improvements and the ability to monitor the surface texture's evolution closely. The cobot's role in this methodology is pivotal, ensuring consistency and precision across each iteration.
[bookmark: _Toc165306062]7.3.2 Initial Passes
Substantial reductions in roughness parameters were observed in the initial stages of cobot polishing, particularly evident on the coarsest surface with a 1.7 µm initial finish. This indicates that the most significant deviations from the mean surface level were effectively smoothened. The first few passes are crucial for quickly levelling out the peaks and valleys of the rough surface, resulting in a markedly smoother texture.
[bookmark: _Toc165306063]7.3.3 Mid-Range Iterations
As the number of iterations increases, especially in the transition from 1 to 10 passes, the rate of surface improvement begins to stabilise. This polishing phase may introduce minute scratches or micro-abrasions on surfaces with initial finishes of 0.7 µm and 0.6 µm. These micro-abrasions are a natural consequence of the abrasive materials interacting with the surface, occasionally increasing the surface roughness temporarily until subsequent iterations polish out these minor imperfections.
[bookmark: _Toc165306064]7.4 Approach to Optimal Finish
Surfaces that start smoother (0.3 µm finish) may exhibit increases in roughness after initial iterations, a counterintuitive phenomenon likely due to the delicate balance between removing existing imperfections and not introducing new ones. The cobot's repeated action gradually refines the surface, homing in on the optimal finish. Here, the precision and consistency of cobot polishing demonstrate their worth, methodically enhancing the surface until a desired level of smoothness is achieved.
[bookmark: _Toc165306065]7.4.1 Plateau of Refinement
Across all initial surface finishes, there is a common point where further iterations no longer yield significant improvements. This plateau of refinement suggests the steel surface has reached a state where the existing tooling and parameters can no longer make appreciable changes without the risk of over-polishing, which could damage the surface integrity.
[bookmark: _Toc165306066]7.4.2 Implications for Manufacturing Processes
These observations underline the importance of identifying an ideal iteration count for polishing, contingent on the initial surface finish and the desired result. Understanding the incremental effects of cobot polishing is essential for optimising industrial applications, ensuring that each tool pass contributes positively to the surface finish and that resources are not expended on ineffective additional iterations.
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Description automatically generated]By recognising the characteristics of cobot polishing dynamics, manufacturers can adjust their processes to maximise quality and efficiency, catering the number of iterations to the specific conditions and constraints of their surface finishing tasks.[bookmark: _Toc165305313]Figure 17:Block of Aluminium.

[bookmark: _Toc165306067]7.5 Polishing Effects on Aluminium Surfaces with Varied Initial Finishes
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Description automatically generated with medium confidence]7.5.1 Impact of Polishing on Different Initial Finishes[bookmark: _Toc165305314]Figure 18: Aluminum Surface Finish Variation for 2.3 µm Initial Roughness Over Polishing Iterations.

The experiment's approach aimed to assess the cobot's efficiency in polishing different surfaces. The surfaces chosen had initial finishes of 2.3 µm, 0.9 µm, 0.5 µm, and 0.2 µm, allowing for a comprehensive evaluation of the cobot's capabilities. The impact of polishing on each surface was measured systematically at different stages, precisely at 0 to 30 iterations. This approach allowed for a detailed assessment of the progressive modifications that occurred to each surface, providing valuable insights into the cobot's polishing performance.

[bookmark: _Toc165306069]7.5.2 Initial Polishing
Coarser Initial Finish (2.3 µm): After conducting experiments on surface refinement, with the observation that the surface's initial finish was notably rough. However, upon applying the initial polishing technique, One should notice that a significant reduction in the surface roughness. This observation strongly indicates the effectiveness of the process in smoothing out the macro-surface imperfections. The experiment's results demonstrate the substantial impact of refining surfaces that require significant texture refinement.
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Description automatically generated][bookmark: _Toc165305315]Figure 19: Aluminum Surface Finish Trend for 0.5 µm Initial Roughness Across Polishing Iterations.

Medium Initial Finishes (0.9 µm and 0.5 µm): The surfaces with moderate initial roughness in the experiments showed an exciting pattern of change during the polishing process. After the first polishing iteration, with the increase in roughness parameters. To attribute this effect to the abrasive action of the polishing compound, which likely introduced micro-level surface disruptions. These disruptions can be considered minor scratches or grooves on the surface, contributing to a rougher appearance. However, as the tests continued to polish the surface with subsequent iterations, the observation shows a gradual smoothing of these effects. Over time, the surface finish improved and approached the pre-polished state. This suggests that the polishing process is iterative, where the surface undergoes multiple changes before reaching its final state.

Finest Initial Finish (0.2 µm): The most polished initial surface showed a substantial roughness increase after the initial pass, suggesting that the aggressive initial interaction overshadows the fine pre-existing texture. Further iterations revealed the capacity for progressive refinement, although not to the initial pre-polished levels.
[bookmark: _Toc165306070][image: A graph of a graph of a number of different numbers

Description automatically generated with medium confidence]7.6 Evolution of Surface Texture[bookmark: _Toc165305316]Figure 20: Changes in Aluminum Surface Finish for 0.2 µm Initial Roughness Through Polishing Iterations.

Across all initial finishes, demonstrated a nonlinear response to the polishing process. The first iteration typically increased roughness, possibly unmasking sub-surface irregularities or creating new ones. From the 10th iteration onwards, a general trend of improvement in smoothness was observed, although the degree of change and the rate of improvement varied based on the initial surface condition.
Understanding the Optimal Iteration Range through Surface Response Analysis

The optimal iteration range for polishing is the specific number of iterations after which the surface shows minimal improvement or reaches a plateau in surface finish quality. This concept is pivotal to maximising efficiency and preventing material wastage or damage in industrial applications.
[bookmark: _Toc165306071]7.6.1 Surface Finish Response: 
The response of surfaces to cobot polishing varied depending on the initial finish quality. Coarser surfaces showed rapid improvement at lower iteration counts as the more prominent surface irregularities were smoothed out. Conversely, finer surfaces required careful attention to avoid surpassing the optimal iteration threshold, beyond which the process could induce new micro-scratches or sub-surface stresses, potentially degrading the surface. The surface's sensitivity to polishing increased for finer initial finishes, underscoring the need for precise control over the polishing process. The optimal iteration range in these scenarios often occurred earlier in the sequence, as the fine pre-polished textures could be quickly affected by over-polishing.

[bookmark: _Toc165306072][image: ]7.7 Comparative of the Surface Finish Evolution of Steel and Aluminum[bookmark: _Toc165305317]Figure 21: RA Roughness Comparison Between Steel and Aluminum Across Iterations.

To achieve superior industrial performance, it is essential to have a thorough understanding of how various metals respond to different surface finishing processes. Conducting a comparative analysis of diverse metals, such as steel and aluminium, under identical polishing conditions is essential for several reasons. Firstly, it helps select the appropriate materials based on their post-treatment performance, which is crucial for applications where the surface's integrity affects the product's functionality, durability, and aesthetic appeal. Secondly, such comparisons enable the optimisation of the finishing processes, ensuring that each metal's treatment is aligned with its unique physical properties and intended use. Lastly, by comprehending the behaviour of different metals, manufacturers can predict wear patterns, maintenance requirements, and longevity, thereby enhancing product quality and consumer satisfaction. This knowledge can also aid in developing new and improved finishing techniques that can further improve the performance of various metals, leading to better products.



[bookmark: _Toc165306073]7.7.1 Initial Roughness Assessment
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Description automatically generated]Upon the first round of polishing, roughness significantly reduced across all steel parameters, indicating a significant initial improvement. On the other hand, aluminium exhibited higher sensitivity, with visible fluctuations in roughness that did not always follow a clear downward trend. This could be attributed to the metal's inherent nature, which made it more susceptible to changes in surface conditions. These findings suggest that the polishing and surface treatment process should be tailored to each material's properties for optimal results.[bookmark: _Toc165305318]Figure 22:RZ Roughness Trends in Steel vs. Aluminum Polishing Performance.


[bookmark: _Toc165306074]7.8 Iterative Refinement Patterns
Subsequent iterations often resulted in a continued improvement or stabilisation of steel's surface quality, especially regarding RA and RQ, which measure the average roughness and the root mean square values, respectively. Steel's RZ values indicated a general decrease in the height variations of the profile peaks and valleys, punctuated by occasional rises that could indicate the need for process optimisation.Graph 8: RZ Roughness Trends in Steel vs. Aluminum Polishing Performance

The response was less predictable in aluminium, with each parameter showing more pronounced swings throughout the iterations. While there were intervals of surface improvement, particularly in the transition between the initial iterations and mid-range counts, the latter iterations displayed a trend reversal in some instances, emphasising aluminium's propensity for irregular surface modifications.
[bookmark: _Toc165306075]7.9 Comparative Observations
[image: A graph of different types of aluminum

Description automatically generated with medium confidence]The comparison reveals that steel's inherent hardness and resilience may exhibit a more consistent pattern toward achieving a refined surface finish through polishing. Conversely, aluminium's responses to the same polishing conditions were markedly different, characterised by more significant variability and an apparent need for tailored polishing strategies to mitigate potential surface deterioration.[bookmark: _Toc165305319]Figure 23: Iterative RQ Roughness Analysis of Steel and Aluminum Surfaces.

The findings highlight the imperative for material-specific optimisation in polishing processes. Steel's trajectory suggests a potential for aggressive polishing without significant detriment to the surface finish, provided the process parameters are carefully controlled. On the other hand, aluminium's fluctuating roughness metrics call for a more nuanced approach, where optimising iteration counts and polishing intensity is essential to ensure a consistent and high-quality finish. 


[bookmark: _Toc165306076]8. Challenges Faced
During this project, selecting and optimising a suitable multitool for polishing operations presented several challenges. Initially, the tool selected was incompatible with the required operational specifications, particularly regarding speed compatibility with the XEBEC brush. This table outlines the sequence of issues encountered, from the initial choice of the tool to the complications arising from its use, the selection of a better-suited alternative, and the mitigation strategies implemented to ensure consistent performance. The detailed breakdown helps illustrate how each problem was addressed, ensuring the project remained on track while maintaining high quality and operational efficiency standards.[bookmark: _Toc165238301]Table 3: Tool Selection and Issue Resolution in Cobot Polishing Experiment

	Aspect
	Details

	Initial Tool Selection
	Choose Dremel 9100-21 Fortiflex with a fixed speed of 21,000 RPM.

	Issue Identification
	The selected multitool's speed was incompatible with the XEBEC Brush Surface A32-CB06M's maximum recommended speed.

	Complications
	Rapid Wear of Brush Fibers: High RPM caused excessive friction and heat, shortening brush lifespan.
Uncontrolled Polishing Process: The inability to adjust the tool's speed to the brush specifications risked damaging the workpiece and creating uneven finishes.

	Resolution
	Switch to the Dremel 3000 for its variable speed feature, aligning the tool's speed with the brush's specifications.

	Benefits of New Tool
	Preservation of Brush Integrity: Reduced speed to 10,000 RPM to decrease wear on brushes.
Enhanced Control: Improved precision in the polishing process.
Operational Flexibility: Speed adjustments enhanced versatility across different materials.

	Spindle Speed Dynamics
	Maintaining consistent spindle speed during extended operations proved challenging, affecting surface finish uniformity and material sensitivity.

	Mitigative Measures
	Equipment Calibration: Recalibration of the multitool’s motor controller for stable RPM.
Process Monitoring: Real-time monitoring and adjustments of spindle speed to ensure consistency.

	Integration into Methodology
	Adaptations were made to ensure tool capabilities aligned with operational parameters, maintaining experimental integrity and enabling accurate evaluation of polishing performance.


[bookmark: _Toc165306077]9. Further Work
[bookmark: _Toc165306078]9.1 Operation in Dusty Environments
Dust can pose a significant challenge to cobots, especially in environments where it is frequently generated, such as in woodworking, metalworking, and mining. The composition of dust particles can cause mechanical parts to wear out faster, clog cooling systems, and interfere with sensor functions. This can result in decreased efficiency and reliability, increased maintenance costs, and reduced lifespan of the cobot.
To mitigate these risks, it is crucial to adopt measures that protect cobots from dust-related damage. One effective strategy is to apply protective coatings and use enclosures. Protective coatings are applied to the cobot's surface to repel dust particles and reduce debris buildup. These coatings can be made from various materials, including polyurethane and silicone, which offer durability and resistance to abrasive particles.
Conversely, enclosures are designed to shield the cobot's sensitive components from direct exposure to dust. These enclosures are compliant with industry standards, such as IP (Ingress Protection) ratings, and can effectively prevent dust penetration, preserving the integrity of mechanical and electronic systems.
By implementing protective measures like these, cobots can be safeguarded from the effects of dust accumulation, ensuring that they continue to function efficiently and reliably in even the most challenging environments.
[bookmark: _Toc165306079]9.2 Advanced Filtration Systems
Another critical approach to implementing advanced filtration systems is cooling and ventilation mechanisms. These systems use high-efficiency particulate air (HEPA) filters or electrostatic precipitators to trap dust particles before they can enter the machine. By maintaining a clean airflow within the cobot, these filtration systems prevent dust accumulation in critical areas, such as motors and electrical components, thereby enhancing operational reliability and reducing the need for frequent maintenance.
[bookmark: _Toc165306080]9.2.1 Regular Maintenance and Cleaning
Regular maintenance and cleaning schedules are crucial when operating in dusty environments. Your role as operators is vital in ensuring that the cobot operates efficiently and safely. Dust accumulation and wear-and-tear on protective measures can lead to malfunctions and even pose a threat to your health and safety. Therefore, routine inspections should be conducted by you to identify any signs of dust accumulation or damage to the protective measures. 
Cleaning procedures should be integrated into the cobot's operational protocols to efficiently remove dust and debris. Automating or semi-automating cleaning procedures can ensure the cleaning process is completed thoroughly without disrupting production. Depending on the specific needs and constraints of the operating environment, compressed air, vacuum systems, or specialised cleaning solutions can be used for cleaning. 
It is important to tailor the cleaning procedures to the specific needs of the operating environment. This involves considering factors such as the type of dust present, the size of the particles, and the accessibility of the areas that need to be cleaned. Your ability to adapt the cleaning procedures to the specific operating environment can lead to efficient and effective cleaning, ensuring the longevity of the cobot and the safety of the environment.
[bookmark: _Toc165306081]9.3 Environmental Impact and Sustainability
A contemporary design philosophy must incorporate an analysis of the environmental impact of materials used in producing tooling holders. Integrating sustainable practices, such as using recycled polymers or biodegradable alternatives, is crucial. Further work should investigate the holder's life cycle analysis, considering end-of-life recyclability and the environmental implications of the manufacturing process itself. The goal is to minimise ecological footprints, driving innovation towards eco-friendly materials and production methods.
[bookmark: _Toc165306082]9.4 Compliance with Standards and Best Practices
Ensuring compliance with industry standards is not just a requirement but a crucial aspect for the broader adoption of any tooling holder design. Future iterations should include a comprehensive review of relevant safety and operational regulations to ensure the design meets or exceeds all mandated criteria. This adherence establishes trust and reliability, positioning the design as a viable option for widespread industrial use and reassuring the audience about its safety and quality.
Additional Advanced Research Directions in Cobotic Polishing, a process that involves the use of collaborative robots (cobots) for surface finishing tasks.
[bookmark: _Toc165306083]9.6 Advanced Sensing Techniques for Cobots
Integrating advanced sensing techniques is crucial for cobots to perceive their environment accurately, make informed decisions, and interact safely and effectively with human operators. Vision systems, utilising cameras and sophisticated  processing algorithms, are particularly transformative, enabling cobots to recognise objects, assess their size and shape, detect their position and orientation, and monitor environmental changes. (Ihlenfeldt, S. (2024))
[bookmark: _Toc165306084]9.7 Expanding Material Compatibility
Research should also explore new polishing attachments, tools, and techniques to broaden the range of materials that cobots can polish. This includes developing universal tooling that can adjust to different material properties and investigating novel materials for polishing pads that adapt to various textures and hardness.
“As collaborative robots continue to expand their roles in industrial surface finishing, selecting appropriate polishing tools becomes critical to maintaining quality and efficiency (UR cobots)”. The XEBEC Brush A32-CB06M, known for its robust performance in general polishing tasks, exemplifies the advances in tooling that have facilitated these applications. However, its suitability varies depending on the material being polished, highlighting the need for a nuanced approach to tool selection.
[bookmark: _Toc165306085]9.8.1 Limitations of Current Polishing Tools
While effective for many applications, the XEBEC Brush A32-CB06 M may be better for polishing softer metal surfaces. Its abrasive nature, designed for more resilient materials, can lead to surface scratches or excessive material removal when used on softer metals. This mismatch can compromise the aesthetic and functional integrity of the workpiece, underscoring the necessity for a more adaptable tooling strategy in robotic systems. (Xebec Technology)
[bookmark: _Toc165306086]9.8.2 Need for Material-Specific Tooling
It is imperative to integrate various polishing tools tailored to specific material characteristics to address these challenges. For softer metals, incorporating a softer brush, potentially made from finer, less abrasive materials, would mitigate the risk of damage and ensure a high-quality finish. This approach enhances the versatility of cobots and ensures that they can perform at their best across a broader range of materials.
[bookmark: _Toc165306087]10. Conclusion
This study has elucidated the profound impact of collaborative robots (cobots), specifically the UR3 model, on automating metal polishing processes within the industrial manufacturing sector. The findings from this research underscore the capability of cobots to significantly enhance operational efficiency, safety, and productivity across pivotal industries such as aerospace, automotive, and consumer electronics. Through a series of experimental analyses focusing on critical performance indicators like surface finish quality and operational efficiency, it has been demonstrated that the strategic implementation of cobots can reduce dependency on manual labour while maintaining high-quality production standards.
The integration of cobots into traditional manufacturing environments, although met with initial resistance due to perceived complexities and initial investment costs, offers considerable advantages in terms of cost efficiency and adaptability to dynamic manufacturing needs. The UR3 robot, with its precision and flexibility, has proven especially effective in tasks requiring intricate surface finishes, showcasing the tangible benefits of robotic automation in enhancing workplace safety and operational throughput.
However, adopting such technology also brings challenges, including requiring skilled labour to manage and maintain robotic (EVS Robot. (n.d.)). systems and significant modifications to existing production lines. To address these challenges, this report strongly advocates for ongoing training programs to boost workforce proficiency with robotic technologies. It also suggests that manufacturers adopt a phased integration approach to facilitate the gradual assimilation of cobotic systems into existing infrastructures.
In summary, the potential for cobots to transform metal polishing processes and broader manufacturing operations is evident. With ongoing technological advancements and strategic implementation, cobots are set to become integral parts of the manufacturing industry, driving innovation and efficiency. As this technology progresses, it will undoubtedly create new opportunities for quality improvement and cost reduction, further cementing the role of automation in manufacturing excellence. Therefore, industry stakeholders must embrace these innovations, ensuring they stay competitive in a rapidly evolving technological landscape.
[bookmark: _Toc165306088]11. Reference
[bookmark: _Hlk165322248]How Robotic Welding is Revolutionizing the Manufacturing Industry. https://www.bhlmetalind.com/post/how-robotic-welding-is-revolutionizing-the-manufacturing-industry 
. http://pubs.sciepub.com/ajcea/2/6/2/index.html 
Robots Pave the Way for Reshoring Manufacturing - Robotics 24/7. https://www.robotics247.com/article/robots_pave_way_reshoring_manufacturing 
Collaborative robotic automation | Universal Robots Cobots. https://www.universal-robots.com/?gclid=CjwKEAjw3Nq9BRCw8OD6s4eI5HASJABsfCIarpUeUfmi8f7593fIf0RMTojkzjaYW8VBhmkXjQI0SRoCODnw_wcB 
EVS Robot. (n.d.). Next-Gen Robotics: Advancements in Polishing and Assembly Technologies. Retrieved from https://www.evsint.com/advancements-in-polishing-and-assembly-technologies/ 

Zhao, L., & Lee, J. (2023). Movement Modeling and Control for Robotic Bonnet Polishing. Chinese Journal of Mechanical Engineering. https://doi.org/10.1186/s10033-023-0075-x 

Lorenzini, M., Lagomarsino, M., Fortini, L., Gholami, S., & Ajoudani, A. (2023). Ergonomic human-robot collaboration in industry: A review. Frontiers in Robotics and AI, 9. https://doi.org/10.3389/frobt.2022.813907 

Agostini, L., Chen, Y., Palazzi, E., & Vertechy, R. (2024). Physical ergonomics monitoring in human-robot collaboration: A standard-based approach for hand-guiding applications. Machines, 12(4), 231. https://doi.org/10.3390/machines12040231 
Mitutoyo Corporation. (2013). Surftest SJ-210 series: Portable surface roughness tester [User manual]. Mitutoyo America Corporation. https://www.mitutoyo.com/webfoo/wp-content/uploads/Surftest_SJ210.pdf 

Dremel. (2021). Dremel 3000 User Manual [User manual]. Bosch Power Tools B.V. (https://www.dremel.com/storage/de-de/dremel-3000-1190-original-pdf-25069-de-de.pdf) 

Abicht, J., Hellmich, A., Wiese, T., Harst, S., & Ihlenfeldt, S. (2024). New automation solution for brownfield production – Cognitive robots for the emulation of operator capabilities. CIRP Journal of Manufacturing Science and Technology, 50, 104–112. https://doi.org/10.1016/J.CIRPJ.2024.02.007
Akella, P., Peshkin, M., Colgate, E., Wannasuphoprasit, W., Nagesh, N., Wells, J., Holland, S., Pearson, T., & Peacock, B. (1999). Cobots for the automobile assembly line. Proceedings - IEEE International Conference on Robotics and Automation, 1, 728–733. https://doi.org/10.1109/ROBOT.1999.770061
Berx, N., Decré, W., & Pintelon, L. (2024). A tool to evaluate industrial cobot safety readiness from a system-wide perspective: An empirical validation. Safety Science, 170, 106380. https://doi.org/10.1016/J.SSCI.2023.106380
Chen, M., Nikolaidis, S., Soh, H., Hsu, D., & Srinivasa, S. (2018). Planning with Trust for Human-Robot Collaboration. ACM/IEEE International Conference on Human-Robot Interaction, 307–315. https://doi.org/10.1145/3171221.3171264
Dilibal, S., Sahin, H., Danquah, J. O., Emon, M. O. F., & Choi, J. W. (2021). Additively Manufactured Custom Soft Gripper with Embedded Soft Force Sensors for an Industrial Robot. International Journal of Precision Engineering and Manufacturing, 22(4). https://doi.org/10.1007/s12541-021-00479-0
Fletcher, S. R., & Webb, P. (2017). Industrial robot ethics: The challenges of closer human collaboration in future manufacturing systems. Intelligent Systems, Control and Automation: Science and Engineering, 84, 159–169. https://doi.org/10.1007/978-3-319-46667-5_12
Hopko, S. K., Mehta, R. K., & Pagilla, P. R. (2023). Physiological and perceptual consequences of trust in collaborative robots: An empirical investigation of human and robot factors. Applied Ergonomics, 106, 103863. https://doi.org/10.1016/J.APERGO.2022.103863
Javaid, M., Haleem, A., Singh, R. P., Rab, S., & Suman, R. (2022). Significant applications of Cobots in the field of manufacturing. Cognitive Robotics, 2, 222–233. https://doi.org/10.1016/J.COGR.2022.10.001
Parmar, H., Khan, T., Tucci, F., Umer, R., & Carlone, P. (2022). Advanced robotics and additive manufacturing of composites: towards a new era in Industry 4.0. In Materials and Manufacturing Processes (Vol. 37, Issue 5). https://doi.org/10.1080/10426914.2020.1866195
Pires, J. N., Azar, A. S., Nogueira, F., Zhu, C. Y., Branco, R., & Tankova, T. (2022). The role of robotics in additive manufacturing: review of the AM processes and introduction of an intelligent system. Industrial Robot, 49(2). https://doi.org/10.1108/IR-06-2021-0110
Yang, X., Zhou, Z., Sørensen, J. H., Christensen, C. B., Ünalan, M., & Zhang, X. (2023). Automation of SME production with a Cobot system powered by learning-based vision. Robotics and Computer-Integrated Manufacturing, 83, 102564. https://doi.org/10.1016/J.RCIM.2023.102564
 















































(Abicht et al., 2024; Akella et al., 1999; Berx et al., 2024; Chen et al., 2018; Fletcher & Webb, 2017; Hopko et al., 2023; Javaid et al., 2022; Yang et al., 2023)
image3.png




image4.png




image5.png
Positive axis Y
(Left)
Negative axis X
(Backward)
Positive axis X
(Forward)





image6.png
Cartesian
movement

Direct control
Rotation of all six joints

movement





image7.png




image8.png




image9.jpeg




image10.jpeg




image11.jpeg




image12.png
| Mitutoyo

22- Apr 2024

N

Gl

Wl

50

50

Evaluation Profile

50

40

A
LA M

S
Niwi

al |
WL,

s

w
WY

35 a

00 0s 0 s 20 25 30
Work Name Sample Oprator Witutoyo
Hieasuring Tool SurfTest Comment Ver2.00
Standard 150 1997 N 5

Profile R Cut-Off 08mm
s 25pm Fitter GAUSS

Ra 1,682 pm.

Rq 2117 ym

Rz 9.493 ym





image13.jpeg




image14.png
Evaluation Length

Direction
of Travel





image15.jpeg




image17.png
Steel Aluminum
Facel I Face2 I Face3 l Faced Face 1 I Face2 I Face3 I Faced
7 (gm] 0.7 (pm)] 06 (pm)] 0.3 (pm] 23(pm 0.9 (pm)] 06 (pm) 0.3 (pm)
ol ] F sl 2l R sl 2l LR sl 2l F s 2l E| sl 2| E| g | E| g
vi| 52| 5 | |edlss| 5 | [vf|sE| 5| |e5|sE| B | |eE| sE B||ef| sl 5| |eE|cEl B||eE| i B
$3|2%of | (23|20t | |23 2|9t | (22|23t | (23| 22|et_||22| £5|at| (2] 2%t | |23 23|t
A R B R R R EH R EH R AR
B B B B B B B IR B R B R B R
BEHES R P P R PR FHIEE EH F FH I P P I FE P PR | F AT PR
1.71] 2.24] 9962 [0.724] 089] 5.168| | 0.59] 0.77] 3539] [0.289] 0.43[ 2437] | 2.269] 3.002 12:375| | 0.931] 1.182] 4719] | 0.47] 0.638] 2971] | 0.179[ 0.223] 1031
1.73] 2.26] 9817| |0656| 081 4.063| | 0.58] 076 3401| _[0282] 042[ 2413| | 2238| 2948| 12.256|of 0.925] 1.173] 4639 | 0427| 0514 23090 0173 0217 1083
o 1.76] 2.38] 10.939|o| 0.652] 082 4537| | 0.58] 0.75| 3.426| | 0.249] 0.45| 3.355|o| 2.224] 2955| 12.247| [(0.845] 109 4451|o| 0.428] 0511] 2198 | 0.173[ 0.216] 1022
1.89] 246] 10.619| | 0.656] 081 4.063| | 0.58] 0.75] 3426 [0217] 034] 235| | 2212 2.94[ 12.097| | 0.732] 0.954] 5.804] | 0.614] 0.777] 4414 | 0489 063[ 3025
137] 203]10086| |0649| 08[ 4.124[ | 048] 06| 3242 [0488| 063 3762| [ 1.181] 1404 6.164|[ 0742] 0.963 5765| | 0612] 0780| 4364 | 0491] 062| 2669
1.79] 249]11.727 0618 08| 485~ 0.51] 065 3537|~|0.481] 063 3.851| | 2.257] 2.827] 12:373| [0.737] 0.961] 5.818|| 0.611] 0.787] 4351 | 0.722[ 0.998| 5981
204 267)11.762| [0614] 08[ 5304 [ 0.49] 062 3416| [0.475] 06| 3272| | 2007] 2567| 11.504] | 1.008] 126] 6.172| [ 1.138 1451 7672 0.5] 0.638] 281
| 268] 351/ 15.007|~( 0613 0.8 4854 | 0.39] 05 2:661] [0.489] 063 3.746| | 2.095 2701 12.371| | 1.022] 1276 6.341| | 1.144] 1461] 749 | 1088 1396] 7.233
27| 358| 15416 | 061] 079 4825 | 0.35] 046 2616|2[ 0478 0.6 3.093| [ 1.912] 2.43[ 10.221|7| 1.008] 1264] 6.193|Q| 1.132] 1.44] 7421|S| 1075 1385 7.164]
2.73] 362[15672| | 059] 0.76] 4668 | 035 0.45] 2528 [0.473] 059] 3113 | 1177 1.433] 682 [ 1006 1267 6.266 | 1032] 128 553 1.1 1408] 7.254
0.41] 059 2.791| [0.494] 062 27052 0.35] 046 2616] |0.498] 065 4.045 | 1.176] 1.434] 6902| | 0.857] 1099 5.781| | 1.082] 128 552 | 1815] 224] 9774
o 0.38] 0.54] 2903|S[ 0.486] 061 265 | 0.35 045 2528 | 0.49] 063 4.072|2| 1.169] 1.423] 6.885|| 0.834] 1068| 5.67| | 1.006] 1.288] 6.156|&] 1682 2.117] 9493
| 0.34] 045 2323 | 05/ 063[ 2775 [ 0.33] 043 2.349| Q[ 0.489] 062 3732 | 1.16] 1419] 6.75| 0.815] 1.046| 5693| | 0973 1.21] 5231 | 1559 1965] 8846
0.34] 045 2322 [0.404] 052 3.092| [ 0.33] 043 2489| [0.484] 062 3738| [ 1.137] 1.397] 6:813| [0.901] 115] 5976|Q| 0.944] 1.178] 5158 | 1393 1.713] 8.098
0.34] 0.54] 3.546|o| 0.401] 051 2764 | 0.39] 051 2947 [0464] 06 347 | 0.191] 0242] 1.045| | 0.968] 1.189] 5.838] | 1.159] 1.419] 6.986|o| 1337 1.749] 9.768
Q| 0.33] 0.51] 3692~ 0.39] 05 2869|Q[ 0.26] 0.32] 1.902 [0.141] 0.17 0.741| | 2.338] 2.508] 9.048|| 0.993] 1223 6.079| | 0.937] 1.189] 6593 1277| 1688 1688
0.31] 042 2797] | 04] 052 3137 [ 0.25] 031] 1.782| o|0.121] 0.16] 0.709|Q| 1.691] 2.006] 8.495| | 0.968| 1.189] 5.838| | 0.91] 1.156] 6391| | 1119 1429] 7.141
0.29] 043 2437 |0.396] 049 2551 | 0.23] 0.31] 2.293|®[0.116] 0.16] 0.746| | 1.48] 1.783] 7.808] S 0.902[ 1.144] 6.291]
o 028] 042 2413|0392 05 2827 [0.23] 03] 168] [0.099] 0.13[ 0.569] [ 0.823] 1.058] 5432
| 025] 045] 3355| 0.385] 0.49] 2584 | 0.28] 0.37] 2.308 1607] 1.887] 8614
0.22] 0.34] 235| [0.385] 049] 2.575|”| 0.27] 0.36] 2.249) 1.605] 1944] 8739
0.27] 035 2167 1592] 1932 8556
0.25 046 3.347 8 0.928] 1.178] 6.115
0.759] 0.963] 4.439)
0.738] 0.935] 4.43)
0.762] 0.971] 4.649





image18.jpeg




image19.png
Surface Finish 1.7 (pm)

N
15}

e RA (Arithmetic Average Roughness)

=
[}

e RQ (Root Mean Square Roughness

3}

Surface Finish mejsurement (pm )
15}

|

0 1 10 20 30
Iterations




image20.png
Surface Finish measurement (um)

Steel Intail Surface Finish 0.7 (pm)

= RA (Arithmetic Average Roughness)

=—RQ (Root Mean Square Roughness

1 10 20 30
Iteration




image21.png
Steel Intial Surface Finish 0.3 (Jm j==RA (Arithmetic Average Roughness)

s ——RQ (Root Mean Square Roughness

= RZ (Average Maximum Height of the Profile)
4

3.5
3
25
2
1.5
1

0.5

Surface Finish measurement (pum)

0 1 10 Iteration20 30




image22.jpeg




image23.png
2o e
N & 0 ® 5 B &

Surface Finish measurement (um,

o

Surface Finish 2.3 (um)

M

Iteration,
2 R (Arithm e Average R3Jghness)
——RQ (Root Mean Square Roughness
——RZ (Average Maximum Height of the Profile)




image24.png
Surface Finish measurement (um)

12

10

Surface Finish 0.5 (um)

ST e e

o

1 10 20 30
Iterations

=8=RZ (Average Maximum Height of the Profile)

«=8==RQ (Root Mean Square Roughness

== RA (Arithmetic Average Roughness)




image25.png
Surface Finish measurement (um)

[
N

=
o

[oe]

Surface Finish 0.2 (pm)
1 10 20 30
Iterations

==@==RA (Arithmetic Average Roughness)
=@ RQ (Root Mean Square Roughness
@@= R7 (Average Maximum Height of the Profile)




image26.png
w

Steel Vs Aluminium (Ra)

fom)

=
o

-

Surface Finish measurement
)
o

o 1 10 20

Iterations
—=®=—Steel (RA)  =@=Aluminium (RA)




image27.png
Surface Finish measurement (um)

2

Steel Vs Aluminium (Rz)

1 10

—e—Steel (R2)

20

terations
—e— Alumirium (R2)

EY




image28.png
(hm)
N

25

Surface Finish measurement

Steel Vs Aluminium (Rq)

1 10

—e—Steel (Ra)

20

Iterations
—e—Aluminium (Rq)

a0




image1.png
PRIFYSGOL CYMRU
Y Drindod Dewi Sant
UNIVERSITY OF WALES

Trinity Saint David

SWANSEA - ABERTAWE




image2.png
Description £[rasks and key Decision oints Outputs & Deliverables
b I e e P —
14/12/23) [evatuste current polishing processes for DA suitabil focumentation
(15/12/23 of 2 ol Report on manufacturabilty and
o) O Bty
— 3[R s o o e o et e e e ottty [ Skl s of
Prototyping Phase. 4 [process. o
eosin ol St topes et on ok e e P
iy S50 oo P e s oo g cne,
Sl etonon et e ot v e
o el e ol o s o5 T T G e —
S 03[t o e oo o e e s 1 s oo e S [ S
(15/02/24 4 | manufacturing and assemblv workflows. v
iy o e e i [ —
by g e et .
(23/03/24 5.2 Conduct a pilot production run to validate manufacturing and assembly. Final DMA evaluation report with
oy o e s
3 oot rn vl odpte ey s
e et
:‘"""““’""’“ 6.1[entire process and findings. This phase is crucial for capturing the lessons learned and providing a roadmap for | Comprehensive DIMA project report.
pocumentation |  future imolementation.
o oo ST o s [ ——
iy e e o e,
o el e nd e
ot
Task orace |79 [months 1 months 2 months 3 months 4 months 5 months 6 months 7 months 8
Dissertation Report Deadine 106 Jres
Dissertation Final Viva 63|
FEA Analysis o

Prototype Development

Draft Report
Feedback Integration

Design Review
Conceptual Design
DfMA Suitability Analysis
Process Mapping
Prototyping and FEA

DfMA-focused documentation
Preliminary design decision
initial UR10 tooling design
intern viva

Evaluate current processes
literature review

2]





image16.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





