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[bookmark: _Toc171195819]Gripper Jaw Introduction

The robotic tooling industry is rapidly changing, and new improved designs are consistently being produced. A modification of an existing mechanical gripper is carried out with the goal of producing over 1000 units per week to stay competitive with small-scale production. The primary goal is to enhance design efficiency and manufacturability without compromising quality.
Beginning with an assessment of customer and end-user needs. Customers will require seamless integration, durability, and cost-effectiveness while end-users focus on ease of use, safety, and reliability. Quality Function Deployment (QFD) was used to meet these goals by converting specifications into design elements like strong gripping power, lightweight design, modular componentry, improved safety measures, and visually pleasing appearance.
The manufacturing process proposal highlighted product lifespan, production speed, and quality control as the main features that would be looked at. Key processes selected included injection moulding for plastic parts, CNC machining for metal parts, and automated assembly lines chosen for their precision, scalability, and cost-effectiveness.
Design and development involved SolidWorks for CAD modelling, allowing detailed conception and refinement. Finite Element Analysis (FEA) ensured performance and durability. Techniques such as Design for Manufacturability (DFM), reliability was given priority and speedy assembly was guaranteed.
Risk management was conducted using Failure Modes and Effects Analysis (FMEA) to identify and mitigate potential failure modes. Energy-efficient production, recyclable materials, and simple disassembly for recycling were all considered during each process for the design and manufacturing of the new gripper. 
This process will guarantee that the gripper is affordable, dependable, and sustainable, this redesign approach puts the organisation in a better position to meet market demand and strengthens its competitive advantage in the robotic tooling sector.







[bookmark: _Toc171195820]Concept Design Appraisal

The concept design appraisal phase is a crucial step in the redesign process, ensuring that the new gripper meets the needs and expectations of both customers and end-users. This phase is divided into four main stages: Manage, Explore, Create, and Evaluate. Each stage builds upon the previous one, creating a complete and organised approach to design.
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Fig 1. Concept Design Phases (Daniel, 2017)


[bookmark: _Toc171195821]Manage 
Project management is crucial to keeping the redesign project on course and within budget. Effective project management involves determining further work needed, deciding when to progress to the next stage, reviewing progress, and refining goals. This also ensures good communication between all project partners.



 The following activities were undertaken during the Manage phase.
[bookmark: _Toc171195822]Review and Plan Next Steps
Frequent progress reviews evaluated the project's state, noted any faults, and scheduled follow-up tasks to maintain the project's timeline.
[bookmark: _Toc171195823]Product Goals
Initial product goals were revisited and refined based on feedback to enhance functionality, manufacturability, and cost-effectiveness.
[bookmark: _Toc171195824]Build a Case
A detailed business case demonstrated the redesigned gripper's profitability by analysing production costs, projected sales, and potential return on investment (Daniel, 2017).
[bookmark: _Toc171195825]Ensure Common Understanding Among All Involved
Regular communication channels ensured all involved share a common understanding of the project's goals and progress, developing a unified approach.
These activities in the Manage phase provided a solid foundation for the subsequent stages of the redesign project, ensuring it remained focused, efficient, and aligned with both technical and business objectives (Daniel, 2017).
[bookmark: _Toc171195826]Explore
The Explore phase is dedicated to understanding the needs and expectations of customers and end-users. This phase involves extensive research and analysis to gather insights that will inform the design process. Key considerations include:

[bookmark: _Toc171195827]Customer Needs
· Compatibility: The gripper must seamlessly integrate with a variety of robotic arms and control systems used across different manufacturing environments.
· Reliability: Customers prioritize a gripper made from durable materials with a robust design to ensure consistent performance over time, minimizing operational disruptions.
· Performance: There is a strong demand for a gripper that delivers precise and reliable gripping force across a wide range of objects, from delicate components to heavier components.
[bookmark: _Toc171195828]End-User Needs
· User-Friendliness: Operators and maintenance personnel require a gripper that is easy to set up, operate, and maintain, reducing training time and operational complexities.
· Safety: Safety features such as fail-safes, ergonomic design with rounded edges, and advanced sensors are essential to prevent accidents and ensure safe operation in dynamic industrial environments (Hayes, 2023).
[bookmark: _Toc171195829]Public Perception
· Aesthetics: A modern and visually appealing design not only enhances user satisfaction but also reinforces the company’s commitment to quality and innovation.
· Brand Alignment: The gripper’s design should align with the company’s brand identity, reflecting reliability, precision, and advanced technological capabilities.
[bookmark: _Toc171195830]Quality Function Deployment (QFD)
Quality Function Deployment (QFD) was used to fully transform these diverse needs into precise technical specifications and design elements. This methodical approach comprised:
· Customer Requirement Identification: Prioritising client requirements and expectations using data collection methods such as surveys, interviews, and market analysis.
· Technical Requirement Translation: Translating known client needs into precise and comprehensive technical specifications that served as a roadmap for the design process.
· QFD Matrix Development: Developing a QFD matrix to map customer needs to matching technical features, ensuring alignment and prioritization of design attributes based on their importance to end-users and customers.
Implementing the use of a QFD, the redesign process was guided by a clear understanding of customer and end-user needs, ensuring the final gripper design not only meets but exceeds expectations in terms of functionality, reliability, safety, and visual appeal (Berk, 2000).

[bookmark: _Toc171195831]Create
In the Create phase, the focus shifts to developing design solutions that meet the identified needs. This involves generating new ideas, prototyping, and refining the design processes if needed. Key activities include:
To begin with, brainstorming sessions provide a multitude of ideas. Concept sketches are used to further develop these ideas by visualising their viability and addressing any obstacles.
Next, detailed CAD models are created using SolidWorks, allowing for precise design and analysis. Prototyping follows, where physical models are built and tested to evaluate functionality and durability. User feedback from these prototypes is crucial for making necessary adjustments to the design.
An iterative refinement process ensures continuous improvement based on testing results and feedback (Lambdin, 2016). Material selection is optimized, with high-strength aluminium for the main body and gripper arms, steel used in the gear mechanism and reinforced polymer for gripping surfaces. Safety features and modular design for easy maintenance are also integrated.
In summary, the Create phase develops practical, user-friendly gripper designs through brainstorming, sketching, CAD modelling, prototyping and iterative refinement ensuring readiness for mass production.
[bookmark: _Toc171195832]Evaluate
The Evaluate phase focuses on the efficiency of the design solutions in meeting the identified needs. This involves thorough testing, feedback collection, and iterative improvements to ensure the final product aligns with customer and end-user expectations. Key activities include:

· Testing and Validation: Conducting widespread testing of the prototypes to evaluate performance, durability, and safety. Tests include load tests, cycle time measurements, and safety checks.

· User Feedback: Collecting feedback from potential customers and end-users through surveys, meetings, and usability testing. This feedback provides insights into the practical use of the gripper and highlights areas for improvement.

· Iterative Improvements: Based on the feedback and test results, making necessary adjustments to the design. This iterative process ensures that the final product is refined and optimized to meet all requirements (Lambdin, 2016).

· Final Evaluation: Completing a thorough assessment of the finished design to make sure it satisfies all requirements and operates dependably in a range of scenarios. As part of this, the QFD matrix will be reviewed one last time to ensure that all customer and technical requirements have been met.
As a result, the concept design appraisal step is a systematic and thorough procedure that ensures the revised gripper satisfies the exacting specifications needed for large-scale manufacturing. The redesign process considers all important factors including customer and end-user needs, technical requirements, and realistic implementation by combining the Manage, Explore, Create, and Evaluate phases. This comprehensive approach ensures a final product that is not only functional and reliable but also user-friendly, safe, and visually pleasing.



[bookmark: _Toc171195833]Manufacturing Process Proposal
[bookmark: _Toc171195834]Business and Company Needs
Prioritising the business needs and manufacturing requirements of the company is crucial when moving towards mass production of the robot gripper. Cost efficiency through waste reduction along with labour cost reduction are top concerns. Scalability is crucial to meet targets of over 1000 units per week, while maintaining consistent quality across all units is essential for reliability and customer satisfaction. To manage large volumes within established deadlines and have the flexibility to make any changes in design, efficient production speed is essential. Sustainability is still important, with an emphasis on sustainable materials and energy-saving techniques to reduce environmental effect.
[bookmark: _Toc171195835]Cost Drivers
Understanding cost drivers is crucial for selecting and justifying manufacturing processes. ‘Keeping tabs on activity cost drivers is important, as doing so can help boost efficiency and company profits’ (Banton, 2023). The cost of materials has a substantial influence on production costs, therefore choosing economical materials without sacrificing quality is prioritised. Equipment expenses need to be carefully considered, from the initial purchase to maintenance. Utilities, manufacturing space, and administrative expenditures are examples of overheads that add to total costs and should be efficiently handled. Reducing waste through effective production techniques improves sustainability initiatives while also cutting expenses (Cassid and Schmid, 2010). 
[bookmark: _Toc171195836]Selected Manufacturing Processes
Three manufacturing processes were selected based on an analysis of business needs and cost drivers: injection moulding for polymer parts, CNC machining for metal parts, and automated assembly lines.
[bookmark: _Toc171195837]Injection Moulding for Polymer Parts
Injection moulding is highly suitable for the mass production of polymer components due to its ability to produce large volumes of parts with high precision and consistency. The injection moulding involves melting thermoplastic polymers, injecting them into a mould, and then cooling the mould to create a solid object. This process is essential for creating a wide range of plastic parts, from straightforward home goods to intricate auto parts (Ronan, 2024). Efficient mould design and cooling systems are vital for reducing cycle times and maintaining accuracy. Quality control involves automated inspection for defects.

[bookmark: _Toc171195838]CNC Machining for Metal Parts
CNC (Computer Numerical Control) machining is vital in producing high-precision metal components, such as the main body of the gears. This process uses computer-controlled machines to remove material from a solid block or casting to create the desired shape, this is all done using the programs software to produce G-Codes which the machine then reads to create the part (Goodwin University, 2018).
For the main body and gears CNC machines are used to manufacture high-strength aluminium components. Aluminium is chosen for its strength, weight, machinability, and corrosion resistance. CNC Milling and turning operations create the cylindrical components where in manufacturing the gears tooling steel will be used for its high strength an ease of machining. Post-machining processes such as anodizing, enhance the finish and protect against corrosion.

[bookmark: _Toc171195839]Automated Assembly Lines

For the gripper components to be assembled effectively and reliably, automated assembly lines are essential. Automation ensures that the grippers are precisely constructed and uphold quality requirements while lowering labour costs and speeding up production. 
To fulfil the high-volume production target, manufacturing speed must be increased greatly through the efficiency of automated assembly lines. By using automated procedures, consistency is guaranteed and the possibility of human error is decreased. Although automation technology requires a large initial investment, there are long-term cost benefits due to reduced labour costs and higher production efficiency. The ability to quickly modify production procedures is another benefit of flexibility, since automated systems can be configured to do a variety of assembly jobs.

The planned selection of injection moulding, CNC machining, and automated assembly for the robot gripper's mass production aligns with the company’s goals of cost efficiency, scalability, quality control, and sustainability. These processes not only meet the demanding requirements of high-volume manufacturing but also position the company to enhance market competitiveness and customer satisfaction. 











[bookmark: _Toc171195840]Design and Development Work Undertaken
The redesign of the robot gripper focused on innovative approaches to simplify assembly, enhance functionality while ensuring reliability. Emphasis on optimizing the gear mechanism was done to align with the companies demands as well as the customers.
[bookmark: _Toc171195841]Streamlining Gripper Assembly
Modular design principles were applied to critical components, enabling easier maintenance and faster replacement of parts. By optimizing material use, this ensures that each component served multiple purposes, thereby minimizing complexity without compromising performance.
[bookmark: _Toc171195842]Development of New Gear Mechanism
A significant aspect of the redesign involved developing a new gear design, this included introducing hardened bushes for the bolts to go through. New bushes will not only allow the arms to wear considerably less when rotating but also only these bushes would need to be changed rather than the complete arm leading to a reduction in future costs. Shoulder bolts were also introduced for a smoother rotation of the gripper arms and to improve operational efficiency and reliability. Extensive Finite Element Analysis (FEA) and CAD simulations were conducted to evaluate various gear designs. This rigorous analysis helped in selecting a design that balanced simplicity with performance. Specific materials that had the capability to be hardened were carefully chosen for the gears to ensure durability and minimize wear over the gripper’s lifespan. Prototyping and testing of functional prototypes validated the gear mechanism’s ability to transmit torque effectively while maintaining efficiency.
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Fig 2 & 3. Design changes for the Gripper Assembly.
[bookmark: _Toc171195843]Design Evaluation Techniques
[bookmark: _Toc171195844]SCAMPER Technique Application
The SCAMPER technique was helpful in creating innovative design solutions and improvements for the gripper assembly:
· Substitute: Explore alternative materials and manufacturing methods to simplify assembly and reduce costs.
· Combine: Combined multiple assembly steps into single operations where feasible to streamline production and minimize assembly time.
· Adapt and Modify: Altered component designs to improve ease of assembly and reduce difficulty.
· Eliminate: Identified and removed unnecessary steps or components that added complexity without significant functional benefits. Although this was not achieved the introduction of a bush will ultimately enhance the products lifespan. 
· Rearrange: Improved the layout of components or change components within the gripper assembly to enhance workflow and minimize potential errors during assembly.
[bookmark: _Toc171195845]Failure Modes and Effects Analysis (FMEA)
The team performed an exhaustive Failure Modes and Effects Analysis (FMEA) “which is a step-by-step approach for recognising all potential failures in a design, a manufacturing or assembly process, or service. It is a common process analysis tool” (Unknown, 2021). To reduce risks and guarantee reliability. Potential critical component failure modes, their causes, their consequences on performance, and their criticality levels were all determined using this methodical methodology. Strategies were developed and integrated into the design to address high-risk failure modes. 

[bookmark: _Toc171195846]Environmental and Product Life Cycle Considerations
Throughout the gripper redesign, two important factors were product life cycle management and environmental sustainability:
· Material Sustainability: The choice of recyclable materials for the gripper components was prioritised to reduce the impact on the environment. For non-critical parts, this included utilising polymer materials with high recycling rates.
· Energy-Efficient Manufacturing: Production procedures were streamlined to cut down on waste production and energy usage. This required reducing material waste during production and using effective machining processes.
· End-of-Life Disassembly: The gripper assembly was made to be easily disassembled at the end of its useful life to aid in material recovery and recycling. To facilitate effective disassembly procedures, standardised fastening techniques and modular components were used.


[bookmark: _Toc171195847]Conclusion
The redesign of the robot gripper arm where improving quality, efficiency, and sustainability guaranteed. The robot gripper's redesign enabled a smooth transition to mass production. The assembly process was made simpler, which improved dependability while improving assembly time, labour costs, and errors.

Superior performance and durability were achieved by developing a new gear mechanism and using more efficient fasteners thorough kinematic simulations and Finite Element Analysis (FEA). Optimised components and high-strength materials reduced wear, and thorough prototype confirmed the effectiveness and noise reduction of the mechanism. Through the investigation of substitute materials, the fusion of functions, and the removal of superfluous parts, the SCAMPER process promoted creative methods. Reliability and safety were guaranteed through the application of mitigation techniques and the identification of potential risks through Failure Modes and Effects Analysis (FMEA).
Sustainability was enhanced via the use of recyclable materials, energy-efficient production techniques, all of which took environmental factors into account. The new gripper is now very competitive, giving great quality and durability across a variety of sectors, and it can produce over 1000 units per week.

In general, the redesign met its objectives and laid the groundwork for upcoming sustainability and innovation. The company's dedication to efficiency, quality, and environmental responsibility is reflected in the new gripper design, which will guarantee the company's success in the production of robotic tools. By meeting present needs and projecting future desires, this all-encompassing strategy places the business in a competitive market.












Redesign of a Road Bike Pedal Using Design for Additive Manufacturing (DfAM) Principle.

[bookmark: _Toc171195848]Bike Pedal Introduction
Additive Manufacturing (AM), also referred to as 3D printing, has transformed manufacturing procedures by making it possible to create detailed designs and complicated geometries with previously unheard-of simplicity and accuracy. In contrast, classic subtractive manufacturing techniques entail removing material from a solid block through cutting. Directly from digital models, additive manufacturing (AM) creates components layer by layer, providing notable benefits in terms of design complexity, customisation, and manufacturing efficiency for a variety of industries.
This report focuses on leveraging Design for Additive Manufacturing (DFAM) principles to redesign an essential component in cycling, the bike pedal. Traditionally manufactured using machining processes from aluminium alloys or composites, bike pedals often face challenges in weight reduction, design complexity, and functional optimization. By integrating (DFAM) principles, this report explores how advanced CAD tools, topology optimization, lattice structures, and material selection can enhance the pedal's performance and manufacturability.
This object of this report aims to illustrate the benefits and viability of using additive manufacturing (AM) technology during the redesign process. It will go through how (DFAM) concepts can be strategically applied to strengthen grip reliability, optimise weight distribution, increase structural integrity, and expedite production processes. We'll also look closely at factors including material selection, economic effects, environmental advantages, AM process selection, and feasibility assessments.

This research explores these concepts to show how AM and (DFAM) can spur innovation, improve product performance, and support sustainability in contemporary manufacturing processes. It focuses specifically on how AM could have a revolutionary effect on bike pedal development to satisfy changing cycling needs and automation applications. 



[bookmark: _Toc171195849]Existing Design Changes 

Traditional bike pedals, typically manufactured from aluminium or composites using subtractive methods, these present inherent restrictions in design flexibility and optimisation potential. Solid structures often result from these methods, which can be damaging for achieving weight reduction and enhancing performance. Complex geometries are difficult to create through traditional manufacturing, although they have the potential to improve user experience and performance.
An extensive investigation of the current bike pedal design is the first step in the redesign endeavour. This thorough evaluation pinpoints crucial areas where the concepts of Design for Additive Manufacturing (DFAM) can be successfully applied to produce significant gains. Enhancing structural integrity, maximising weight distribution, boosting grip reliability, and streamlining assembly procedures are the main factors to consider.
[bookmark: _Toc171195850]Application of DFAM Principles
A key component of the redesign process is topology optimisation. Robust Computer-Aided Design (CAD) instruments enable progressive improvement of the pedal's form through material removal from non-essential regions while strengthening crucial load-bearing sections. The goal of the redesign is to improve impact resistance, stiffness, and strength-to-weight ratios by refining the pedal's internal structure and shape.
Creative changes to the design, such adding tiny side walls to the pedal surface, address unique user concerns about performance and safety, especially in bad weather. These improvements are essential for boosting grip consistency and guaranteeing stable footing, which improves user comfort and control in general when riding.
Using (DFAM) concepts, framework structures are carefully incorporated into low-stress areas of the pedal design. Customised internal geometries are used to maximise mechanical attributes like weight distribution, durability, and stiffness. Superior performance qualities are achieved with minimal material consumption in the revised pedal by customising the structures to individual stress patterns and functional needs.
Component consolidation contributes to simplifying assembly processes and improving reliability. By mixing multiple traditional parts into a unified structure, potential points of failure are reduced, thereby enhancing overall durability and performance consistency. This approach not only simplifies manufacturing processes but also contributes to the pedal's longevity and operational reliability.
[bookmark: _Toc171195851]Selection of AM Process and Material
Selective Laser Melting (SLM) is chosen as the optimal AM process for fabricating the initial redesigned bike pedal due to its precision in controlling the melting and solidification of powdered metals. This technology allows for intricate geometries and internal structures that optimize performance characteristics. The selected material, Titanium Alloy (Ti-6Al-4V), is known for its exceptional strength-to-weight ratio, corrosion resistance, and biocompatibility.
[bookmark: _Toc171195852]How Selective Laser Melting Works
The first step in the printing process is to prepare a 3D model and create an STL file, which is then delivered to the printer. Metal powder is then poured into and frequently pre-heated construction chamber. A build plate is covered with a thin layer of powder using a specialised roller once the machine is ready.

The initial layer of the future part is formed when the powder is selectively melted by the laser beam. Subsequently, a fresh coating of metal powder is applied on top of the previous one while the build platform gently descends. Together with the previous layer, this new layer is melted and fused. Repeat these actions until the portion is finished and the final layer is constructed.

The model can be withdrawn and mechanically separated from the build surface once it has cooled down inside the build chamber. The model is now suitable for usage after the support structures have been eliminated, though post-processing will probably be necessary because the surface texture of SLM printed items can be a little rough (Ewy, 2023).
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Fig 4: SLM Process Diagram (Ewy, 2023).

[bookmark: _Toc171195853]Material Selection
The selected material, Titanium Alloy (Ti-6Al-4V), is known for its exceptional strength-to-weight ratio, corrosion resistance, and biocompatibility. Due to its extraordinary qualities, titanium is valued in many different industries. It is strong and lightweight at the same time, making it the perfect choice for applications where strength must be maintained without sacrificing weight due to its exceptional strength-to-weight ratio. Furthermore, Ti-6Al-4V has outstanding resistance to corrosion, which guarantees robustness in abrasive conditions like aerospace and maritime settings (SGS, 2022).
Material Benefits:
· Strength-to-Weight Ratio: Ti-6Al-4V provides superior strength while being lightweight, crucial for enhancing pedal performance without compromising on durability.
· Corrosion Resistance: Its resistance to corrosion ensures longevity and reliability in outdoor or moisture-prone environments, typical in cycling applications.
· Biocompatibility: Suitable for applications where user safety and compatibility are essential, such as consumer products and medical devices.
In conclusion, the combination of Selective Laser Melting (SLM) with Titanium Alloy (Ti-6Al-4V) provides a robust solution for manufacturing the redesigned bike pedal. This approach leverages the precision of SLM technology and the superior material properties of Ti-6Al-4V to achieve enhanced performance, durability, and sustainability, meeting rigorous design requirements for cycling and automation applications effectively.






[bookmark: _Toc171195854]Addressing AM Constraints
When using SLM, there are several built-in limitations that must be carefully managed during the redesign process. Common AM process features, anisotropy, and inhomogeneity are carefully reduced by strategically orienting the build layers and optimising the design parameters. By taking these steps, the mechanical characteristics of the pedal are guaranteed to be consistent, which improves overall performance and dependability (Wang, 2024).

It is essential to precisely manage processing parameters to minimise potential problems including shrinkage, porosity, and distortion. Finite Element Analysis (FEA), one of the more refined modelling techniques, is used to verify the structural integrity of the pedal under various loading scenarios. By verifying adherence to safety procedures and industry regulations, these simulations play a crucial role in validating the pedal's functionality and dependability in practical settings (Quhao, 2024).


[bookmark: _Toc171195855] CAD Modelling and Validation
Detailed CAD modelling using industry-standard software such as SolidWorks is integral to the digital prototyping of the redesigned bike pedal. These CAD models capture intricate design details and structural considerations, enabling precise simulations and analyses of the pedal's behaviour under operating conditions. Advanced features of SolidWorks facilitate the creation of complex geometries and internal structures, which are crucial for optimizing the pedal's performance and manufacturability.
Finite Element Analysis (FEA) simulations are pivotal in validating the pedal's mechanical performance attributes, including stress distribution, deformation behaviour, and fatigue resistance. These simulations allow for the identification of potential weak points and stress points. This all contributing to guiding iterative design refinements to enhance the pedal's durability and functionality. By simulating real-world loading conditions, FEA helps ensure that the pedal can withstand the stresses encountered during cycling and automation tasks.
During the iterative design process, the pedal's geometry is improved, Side walls are added to create an anti-slip guard for when the pedal is wet, material distribution is optimised, and structural integrity is strengthened based on FEA data. This method guarantees that the final design satisfies manufacturability limitations in addition to functional requirements. Throughout this procedure DFAM concepts are applied to create a highly optimised, high-performance bike pedal that fully utilises additive manufacturing technologies.
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Fig 5: Iterative CAD Design for Bike Pedal.
[bookmark: _Toc171195856] Design Failure Modes & Effects Analysis (DFMEA)
During the bike pedal redesign, the Design Failure Modes & Effects Analysis (DFMEA) method is a systematic approach used to identify probable failure modes, evaluate their impact on performance, and prioritise mitigation solutions (ANSYS, 2023). This procedure guarantees the pedal's dependability and longevity in a range of operational scenarios.

Identification of crucial parts such as the axle interface, pedal body, and internal lattice structures is the first step in the DFMEA process. To foresee probable failure modes including fatigue, wear, or problems with structural integrity, each component is examined. To inform design enhancements, Finite Element Analysis (FEA) simulations verify stress distributions and deformation patterns (Eisner, 2024).
The foot surface undergoes scrutiny for factors like material compatibility and grip under certain conditions to mitigate risks related to wear, grip or mechanical stress. Internal lattice structures are designed to minimise weight while maintaining strength, guaranteeing uniform mechanical characteristics all the way through the pedal.
The chance of an occurrence, detection capabilities, and risk severity are used to determine which mitigation activities should come first. DFMEA makes sure that from the very beginning of the design process, improvements in material selection, manufacturing processes, or design enhancements effectively improve pedal performance and reliability.
[image: DFMEA process]
Fig 6: “The DFMEA process helps identify, assess, and mitigate the risk of unexpected product failures” (ANSYS, 2023).

[bookmark: _Toc171195857] Quality Functional Deployment (QFD)
Quality Functional Deployment (QFD) mixes customer requirements into specific design characteristics and engineering specifications during the bike pedal redesign. This method aligns practical performance with user preferences, enhancing overall satisfaction and usability.
Gathering Voice of the Customer (VoC) via surveys and market research is the first step in QFD. User significance determines the order of importance for requirements like ergonomic comfort and grip reliability in wet situations. These requirements are immediately met by design elements like the incorporation of modest side walls for improved grip.
QFD matrices are used to map engineering qualities into technical standards. The alignment of design, engineering, and manufacturing teams with customer expectations and operational feasibility is ensured through cross-functional collaboration. The pedal is guaranteed to meet or surpass user needs thanks to traceability from requirements to design features and validation criteria.

The bike pedal design changes to prioritise market competitiveness and user delight by implementing QFD. To maintain the pedal's unique and responsive qualities in cycling and automation applications, it is continuously refined in response to customer input (IONOS,2021).
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Fig 7: QFD of The Bike Pedal Redesign. 
[bookmark: _Toc171195858] Considerations for AM Process

A significant development in manufacturing is Selective Laser Melting (SLM), which has several advantages over conventional manufacturing techniques. SLM makes it possible to fabricate complex internal structures and geometries, which are crucial for maximising pedal performance. SLM reduces material waste by layer-by-layer melting and solidifying metal particles, improving material efficiency and conforming to sustainable manufacturing norms.

Designers can reduce assembly complexity and possible sites of failure by combining several components into a single part because to SLM's versatility. This consolidation helps to reduce overall production costs while simultaneously enhancing the pedal's dependability. To optimise return on investment, however, cautious cost management techniques are needed due to the initial investment in SLM equipment, and the operational knowledge needed. 
Moreover, SLM offers benefits in terms of lead times by streamlining production cycles and enabling faster repetitions of design improvements. Post-processing procedures, such as heat treatment and surface finishing, are crucial for achieving the desired mechanical properties and visual standards of the pedals. These steps ensure that the pedals meet all dimensional accuracy and performance requirements, enhancing their overall quality and market competitiveness.
[bookmark: _Toc171195859] Evaluation and Feasibility
The bike pedal redesign is a prime example of how Design for Additive Manufacturing (DFAM) concepts can revolutionise product performance, sustainability, and manufacturability. Significant gains in weight reduction, structural integrity, and overall efficiency above conventional designs are made possible by thorough study and comparative analysis.

The integration of lattice structures and topology optimisation are used to minimise weight and improve or preserve strength-to-weight ratios. Simulations using Finite Element Analysis (FEA) are essential for verifying the pedals' structural integrity under varied loads and operating circumstances. Through these simulations, safety regulations and durability specifications are met, giving users confidence in the pedal's dependability in practical applications.
Testing in real-world settings confirms the improved pedals' usefulness and performance in a range of operating environments. Through extensive testing, it has been shown that the pedals meet and even surpass market standards for high-performance, lightweight, and long-lasting parts.
[bookmark: _Toc171195860] Conclusion
In conclusion, a major development in manufacturing technology can be seen in the redesign of the bike pedal utilising (DFAM) principles. The new pedal delivers excellent strength, durability, and functional integration for a variety of applications by utilising additive manufacturing technologies and high-performance materials. The precise optimisation of the pedal's design, made possible by the integration of cutting-edge CAD modelling and FEA simulations, has increased weight distribution, strengthened grip reliability, and improved structural integrity.
This project shows innovation in meeting industry demands for lightweight, high-performance components, setting a example for future advancements in (DFAM) applications across various industries. The thorough application of topology optimization, lattice structures, and component consolidation has demonstrated how (DFAM) can transform traditional manufacturing constraints into opportunities for substantial improvements in product design and performance.
In redesigning a bike pedal, this expanded report offers a thorough analysis and application of (DFAM) principles, highlighting strategic enhancements, stringent validation procedures, and specific considerations necessary to achieve superior performance and efficiency in automation and cycling applications. 
It addresses significant production issues such shrinkage, porosity, and residual tensions while highlighting the financial and environmental advantages of additive manufacturing (AM), including lower energy and material waste. This study is a useful tool for future efforts to use (DFAM) to innovate and improve manufacturing procedures since it documents the use of advanced simulation techniques and the iterative design process.
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