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[bookmark: _Toc171365139]Summary
The aim of this report is to carry out a comprehensive review and optimise a mechanical gripper produced by a leading robotic tooling manufacturer. Previously these have been made in smaller quantities because of the complexity of the design, the gripper now needs to be redesigned for mass production to meet increasing market demand, with production quantities looking to exceed 1000 units per week.
The initial design files were provided for this assignment, and the task was to further develop and refine the design to enhance efficiency and manufacturability. This is done by the three steps below.
1. Concept Design Appraisal: This section evaluates customer and end-user needs, public perception, and aesthetics. We will develop a Quality Function Deployment (QFD) and a detailed design specification to ensure the redesign aligns with stakeholder requirements.
2. Manufacturing Process Proposal: This section addresses business needs and cost drivers, justifying the manufacturing processes selected for mass production. It focuses on identifying efficient, cost-effective methods suitable for large-scale production.
3. Design and Development Work Undertaken: Here, we document the techniques and methods used to generate new designs or features. This includes applying design for ‘X’ evaluation techniques such as assembly analysis, SCAMPER, and risk management techniques like Failure Modes Effects Analysis (FMEA). Environmental and product life cycle considerations are also documented to ensure sustainability.
By addressing these areas, the project delivers a redesigned mechanical gripper that meets the demands of mass production while maintaining or improving functionality, reliability, and customer satisfaction. The optimised design will leverage advanced manufacturing techniques, ensuring cost-effectiveness and efficiency. This will allow the company to effectively meet market demands.
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[bookmark: _Toc171365141]Introduction
This concept design appraisal integrates customer and end-user needs, public perception, and aesthetic considerations through a structured QFD approach, leading to a comprehensive design specification. This ensures that the robot gripper meets performance, safety, and usability standards while maintaining a competitive edge in the market. 
The Author in this assignment is tasked with optimising the mechanical gripper to allow 1000 units to be made and assembled per week. The initial step to the assignment is to review the given grip for improvements, the main objective is to refine the design making it easier to manufacture to hit the 1000 per week target. 
Firstly, the author completed a Quality Function Deployment (QFD) along with a detailed design specification, this is completed to find out customer requirements and make sure they are met. 
The Design section will document the techniques and methods used to generate new designs or features. This includes documenting any design for ‘X’ evaluation techniques, such as assembly analysis, SCAMPER, and risk management techniques like Failure Modes Effects Analysis (FMEA). Additionally, it will consider environmental and product life cycle factors to ensure the gripper is not only efficient to produce but also sustainable throughout its lifecycle.














[bookmark: _Toc171365142]Task 1 Robot Gripper Redesign
Designing an effective robot gripper involves considering various factors such as the type of objects to be grasped, the required precision and strength, the environment in which the gripper will operate, and the integration with the robotic system. Too meet the target of 1000+ grippers a week, the design of the gripper needs to be slick meaning the gripper will need to be made in as little parts as possible which will allow the gripper to be built faster. Although the need for less parts and faster build time, the quality of the gripper can’t be compromised. Figure 1 displays a parallel jaw robot gripper given, the task is to make this product of less parts to allow an easier build. 
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[bookmark: _Toc171360798]Figure 1 - Robot Gripper	
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[bookmark: _Toc171360799]Figure 2- Robot Gripper Exploded View




[bookmark: _Toc171365143]Parallel Jaw Grippers
Parallel robot jaw grippers are essential tools in automation and robotics, designed to grip and manipulate objects accurately. These grippers usually have two or more parallel jaws that move to enclose an object, providing a firm hold. Below is a brief on the advantages and disadvantages.
Advantages:
· Simple and cost-effective.
· Good for handling objects with regular shapes.
· Easy to control and program. 
Disadvantages:
· Limited adaptability to different shapes and sizes.
· Requires precise alignment with the object.
The gripper must be robust and dependable, minimizing downtime and reducing maintenance expenses. It should seamlessly integrate with existing robotic systems and be compatible with industry-standard control interfaces. Safety is crucial, particularly for applications involving human interaction, such as with collaborative robots. Additionally, the gripper should be versatile, capable of handling a variety of objects and tasks to maximise its utility.
[bookmark: _Toc171365144]Market Competition
The market for parallel jaw robot grippers is highly competitive, with several leading companies offering a diverse range of solutions tailored to various industrial applications. Here is an overview of some of the key competitors in this market. 


[bookmark: _Toc171365145]Schunk GmbH & Co. KG
Key Robot Grippers:
· PGN: This robot gripper is renowned for its high precision and robust design as seen in figure 3, featuring a multi-tooth guidance system that ensures stability and a long service life (Schunk, 2023).
· EGP: An electric parallel gripper known for its compact design and high gripping force (Schunk, 2023). 
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[bookmark: _Toc171360800]Figure 3 - Schunk GmbH & Co. KG PGN Gripper (Schunk, 2023)
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[bookmark: _Toc171360801]Figure 4 - Schunk GmbH & Co. KG EGP Gripper (Schunk, 2023)
Strengths:
· Exceptional precision and reliability.
· A comprehensive range of products suitable for various applications.
· Strong global presence and support network.
[bookmark: _Toc171365146]Zimmer Group
Key Robot Grippers:
· GPP5000: Figure 5 displays this parallel gripper which has integrated position sensing and high gripping force, designed for durability and performance in demanding environments (ZimmerGroup, 2024).
· MGP800: Offers high gripping force in a compact and lightweight design, suitable for a wide range of industrial applications. As seen in Figure 6 this gripper is not as a sleek as the others but offers a higher gripping force (ZimmerGroup, 2024).
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[bookmark: _Toc171360802]Figure 5 - Zimmer Group GPP5000 (ZimmerGroup, 2024)	
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[bookmark: _Toc171360803]Figure 6 - Zimmer Group MGP800 (ZimmerGroup, 2024)
Strengths:
· Innovative technology with integrated sensing.
· High gripping force and compact design.
· Emphasis on durability and performance.
The market for parallel jaw robot grippers has significant competition, with leading players offering high-quality and innovative products. Companies such as (Schunk, 2023), (ZimmerGroup, 2024), are the leaders for supplying robot jaw grippers, providing robust, precise, and versatile grippers. Understanding the strengths and unique features of each competitor can aid in developing a product that meets current market standards while introducing new innovations to maintain a competitive edge.


[bookmark: _Toc171365147]Failure Mode and Effects Analysis
A Failure Mode and Effects Analysis (FMEA) is used to find, evaluate and prioritise potential failures in the product or process. The risk is calculated by S – severity O – Occurrence – D – detection, these all times to get to give the risk priority number (RPN) (RPN = S x O x D). This will help prioritise which potential failures need the most attention.
A robot parallel jaw gripper is usually made up from these critical components:
· Jaws: The gripping surfaces
· Actuator: Could be a motor or pneumatic system
· Control System: Includes sensors and software
· Mechanical Linkages: Connect the jaws to the actuator
· Power Supply: Pneumatic or electric
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[bookmark: _Toc171360804]Figure 7 - FMEA Table
As can be seen above in figure 7 a FMEA was carried out on the gripper, this allows the product to be assessed for potential failures within a system. By understanding the cause and impact, FMEA helps prioritise actions to prevent these failures. 
[bookmark: _Toc171365148]Lucas Design for Assembly Method
The Lucas Design for Assembly Method, is known as Design for and Assembly (DFA), this is used when designing products to make it easier for assembly. The aim of the method is to simplify the product by reducing the number of parts, and make the assembly process more efficient (Redford & Chal, 1994). See appendix 2 for the original robot gripper DFA method table. Appendix 3 for the assembly guide

[bookmark: _Toc171365149]Customer and End-User Needs
Understanding the needs and expectations of both the customer (typically businesses or industrial entities) and the end-users (operators, maintenance staff, or indirectly impacted workers) is critical for redesigning the robot gripper. Key considerations include:
· Reliability and Durability: The gripper must be robust and reliable, minimising downtime and maintenance costs (Riley, 2020).
· Ease of Integration: It should integrate easily with existing robotic systems and be compatible with industry-standard control interfaces (Smith, et al., 2019).
· Safety: It must be safe for human interaction, especially in collaborative robot applications (ISO, 2016).
· Versatility: The ability to handle a wide range of objects and tasks enhances the gripper's value (Riley, 2020).
· Cost: Both the initial acquisition cost and the total cost of ownership should be competitive (Brown, 2021).
[bookmark: _Toc171365150]Public Perception and Aesthetics
Public perception plays a role in the acceptance and adoption of robotic technologies. Aesthetic considerations include:
· Modern Design: A sleek, modern design can enhance the perception of advanced technology and reliability, Transparent or partially transparent materials can help in visualizing the inner workings, which can be appealing (Clark, 2017).
· Safety Indicators: Safety features and indicators (LED lights to show operational status) can reassure users and the public of the gripper's safety (Adams, 2020)
[bookmark: _Toc171365151]Quality Function Deployment (QFD)
QFD begins by gathering customer input through surveys, interviews, or focus groups. This input is then translated into customer requirements, which are listed in a structured format. Once this done the technical requirements that can meet these customer needs are identified. A relationship matrix is created to visualize the connections between needs and wants, helping to prioritise the importance. Finally, an action plan is created to implement the prioritised technical solutions, ensuring that the final product aligns closely with customer expectations.
As can be seen in Appendix 1 a QFD was completed for the robot gripper with a parallel jaw, for this a review was carried out for the product and also the competitors in the market. The QFD look at the requirements of the product and also the requirements of the customer. (Mizuno & Akao, 1960)
Regularly collect feedback from users to identify areas for improvement and ensure the gripper meets evolving customer needs. Implement iterative design changes based on this feedback to enhance performance and satisfaction.
[bookmark: _Toc171365152]Design Specification
Following on from the completion of the QFD a design specification can be formulated. The design specification outlines the features and the requirements for the robot gripper to meet the customer’s needs.
Performance:
· Gripping Force: Capable of lifting 5 kg.
· Precision: Positional accuracy within +/- 0.1mm.
· Speed: Closing and opening time of 1 second.
Materials:
· High-strength aluminium alloy for structural components.
· Flexible, durable rubber for gripper pads.
· Transparent polycarbonate for safety covers.
Safety:
· Built-in sensors for detecting human presence.
· Emergency stop functionality.
· Compliance with relevant safety standards (ISO 10218-1, ISO/TS 15066) (ISO, 2016).
Control System:
· Compatible with major robotic operating systems (ROS, PLCs).
· User-friendly interface for programming and control.
· Support for remote diagnostics and updates.
Maintenance:
· Modular design for easy part replacement.
· Self-lubricating components to reduce maintenance frequency.
· Diagnostics for predictive maintenance.
Aesthetics:
· Clean, modern design with visible moving parts.
· LED indicators for operational status.
· Compact form factor to minimize visual clutter.
[bookmark: _Toc171365153]Product Design Specification (PDS)
Product design specification (PDS) is document which is formulated to contain the requirements and specifications that the product must follow. It lists with plenty of detail the information required to make the product a success. 
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[bookmark: _Toc171360805]Figure 8- PDS Breakout

[bookmark: _Toc171365154]Initial Concept Design 
The design of the gripper must be reviewed, and additional steps taken to improve the design to allow for ease of assembly. The design was also reviewed for cost analysis less parts meaning cheaper to manufacture. The initial design was made up from many parts which was causing delays in production. Figure 9 below displays the gripper design given in the assignment.
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[bookmark: _Toc171360806]Figure 9 - Initial Robot Jaw Gripper
This design had to be simplified, for this the learner had to look at the parts which were essential and which ones were non-essential. The figure 10 below shows the list of parts, and which are essential or non-essential. This list was worked out by showing what are the essential parts of the gripper, the jaws and the body would be the easiest as without these it isn’t a gripper.

[image: ]
[bookmark: _Toc171360807]Figure 10 - Essential and Non-Essential Parts
Now the list was made the review began on how to lose some of the non-essential parts, first it looked at whether it could join some of the bodies together. Where the jaw was made up from different parts whether it could be machined out of a material in one block. There was an issue with this, the QFD looked at making the jaws easily interchangeable. So, with this in mind the next step was to review the screws holding the body together which are non-essential parts to the gripper and its function. 

[bookmark: _Toc171365155]Final Design
The original gripper had 6 screws and nuts holding the body the author reviewed how else these could be removed and replaced with something else. The author chose interference fit shafts to be fitted to hold the body together, these would be made from one of the back plates. Figure 11 below displays the final design the author had selected this removed several non-essential parts; the parts highlighted yellow have been selected to be replaced for the final design. Assembly guide found in Appendix 3.
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[bookmark: _Toc171360808]Figure 11 - Lucas Method with Removed Parts
Following this the design of the robot jaw gripper had to be changed to reflect these changes. During this review a consideration was taken for environmental factors and the product life cycle factors. 
[bookmark: _Toc171365156]Environmental Factors 
Material Selection: Environmentally friendly materials selected that are recyclable, selecting aluminium instead of steel to reduce the weight and energy consumption when the gripper is being used (Graedel & Allenby, 2010). 
Manufacturing Parts: By reducing the number of parts required to make the gripper it makes it cost effective, and less transport costs for the required parts which minimises the carbon footprint.
[bookmark: _Toc171365157]Product Life Cycle Factors
Enhanced Durability: Using inference fit shafts is more likely to last longer than screws which will give it less chance of failure or loosening over time.

Following the design improvement which was carried out in a design software called Fusion360 design software. Figure 12 below displays the final design minus the parts highlighted yellow in figure 11.
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[bookmark: _Toc171360809]Figure 12 - Final Design Gripper
As the figure displays the screws have all been removed and interference fit shafts installed. This has removed many non-essential parts. Figure 13 shows this in more detail.
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[bookmark: _Toc171360810]Figure 13 - Shafts Manufactured with Back Plate
[bookmark: _Toc171365158]Manufacturing Process Proposal
[bookmark: _Toc171365159]Business and Company Needs
To ensure the manufacturing process meets varying demands, scalability is crucial, allowing for both small batch and mass production (Miller, 2021). Cost efficiency is essential, requiring the company to minimise production costs while maintaining quality, covering material, labour, and overhead expenses (Johnson, 2018). Consistent quality and reliability must be achieved through stringent quality control measures (Deming, 1986). Reducing lead times to quickly respond to market demands highlights the importance of efficient manufacturing processes (Smith, et al., 2019). Additionally, incorporating sustainable practices is necessary to reduce environmental impact and comply with regulatory requirements (Anderson, 2020).
Cost Drivers
1. Material Costs: High-quality, durable materials are crucial but can be expensive (Brown, 2021).
2. Labour Costs: Skilled labour for assembly, quality control, and maintenance (Clark, 2017).
3. Equipment Costs: Investment in advanced manufacturing equipment and technology (Miller, 2021).
4. Energy Costs: Energy consumption for production processes (Johnson, 2018).
5. Overhead Costs: Facility costs, administration, and other indirect expenses (Porter, 1985).
[bookmark: _Toc171365160]CNC Machining
Computer Numerical Control (CNC) machining uses pre-programmed software to control the movement of tools and machinery.
CNC machining offers high precision working to tight tolerances, which are crucial for the gripper’s mechanical parts (Smith, et al., 2019). It is flexible enough to be used for both prototyping and mass production, making it a versatile manufacturing method. Additionally, CNC machining can work with a wide range of materials, including both metals and plastics, enhancing its material versatility.
[bookmark: _Toc171365161]Assembly Line Production
Parts are assembled as per the assembly instructions along a production line. each individual part is installed and a quality inspection completed to ensure it is fitted correctly.
By having an assembly line, the work completed efficiently as it streamlines the assembly process, this in turn helps to reduce labour costs and the production time (Miller, 2021). The assembly line is a place which can be easily sped up if demand is required or slowed down if the product demand is low. Quality control is easily carried out during each stage of the production line. 
The proposed manufacturing process for the robot gripper looks at CNC machining to manufacture the parts, to balance cost efficiency and quality. The process is designed to meet the company's business needs and cost drivers, ensuring high-quality production while minimising costs and environmental impact. By implementing this manufacturing process, the company can achieve a competitive edge in the market and meet customer demands effectively.
[bookmark: _Toc171365162]Scamper
The SCAMPER technique is a creative framework used to develop ideas for improving existing designs or creating new ones. It stands for Substitute, Combine, Adapt, Modify, put to another use, Eliminate, and Reverse. Below is an application of SCAMPER to the redesign of a parallel jaw robot gripper:
Substitute
Use more durable materials or cost-effective alternatives, such as replacing metals with high-strength composites to reduce weight without compromising strength (Brown, 2021).
Swap traditional pneumatic actuation for electric motors to achieve more precise control and easier integration with modern robotic systems (Smith, Wilson, and Baker, 2019).
Change standard rubber gripping pads to advanced materials like silicone or polyurethane to enhance grip strength and reduce wear (Jones, 2018).
Combine
Sensors and Actuators: Integrate force and position sensors directly into the gripper jaws for real-time feedback and improved control (Wang, 2019).
Functionality: Combine gripping with additional functionalities such as part inspection or orientation correction by using integrated cameras or sensors (Clark, 2017).
Adapt
Adapt the design to allow for adjustable grip force and jaw spacing to handle a wider variety of objects (Riley, 2020). Create an adaptable mounting interface that allows the gripper to be easily attached to different robotic arms and automation systems (Johnson, 2018).
Modify
Change the shape of the gripper fingers to improve adaptability and grip strength, possibly using a curved or contoured design (Jones, 2018). Improve the aesthetics by streamlining the design and using modern, sleek materials and finishes, which can also enhance the product's market appeal (Clark, 2017).
Put to Another Use
Design the gripper to handle a wider range of tasks within the same industry, such as both assembly and quality control, by integrating multifunctional capabilities (Jones, 2018).
Eliminate
Remove components that do not add value or functions to simplify the design and reduce manufacturing costs. Remove redundant or outdated features that may complicate the operation or maintenance (Smith, et al., 2019). Focus on reducing the overall weight of the gripper by removing unnecessary bulk and using lightweight materials (Brown, 2021).
Reverse
Reverse the traditional jaw movement mechanism to explore alternative gripping methods, such as using a scissor-like motion instead of parallel motion (Riley, 2020). Rethink the assembly process to identify steps that could be streamlined or automated to reduce production time and costs (Miller, 2021).

When applying the SCAMPER technique to the parallel jaw robot gripper. The approach allows for optimising the design for better performance and cost-efficiency
[bookmark: _Toc171365163]Task 2 – Design for Additive Manufacturing (DfAM)
[bookmark: _Toc171365164]Introduction
This assignment focuses on applying Design for Additive Manufacturing (DfAM) principles to redesign a wall bracket. The goal is to demonstrate a thorough understanding of DfAM concepts and apply them in this design for a wall bracket. This includes selecting an appropriate AM process and material, justifying these choices, and documenting the design and development process.

Additive Manufacturing (AM), often referred to as 3D printing, has revolutionised the manufacturing landscape by enabling the creation of complex geometries and intricate design features that are difficult or impossible to achieve with traditional subtractive and formative manufacturing methods. The flexibility of AM processes allows for the optimisation of components in ways that enhance performance, reduce weight, and consolidate parts, leading to significant advancements in various industrial domains (Johnson & Smith , 2019)

The chosen component should be complex enough to showcase a range of DfAM principles and design tools. This could include elements like component consolidation, the creation of internal lattice or cellular structures, multi-material designs, and optimization of build volume. Tools such as Finite Element Analysis (FEA), topology optimisation, generative design, Design Failure Modes & Effects Analysis (DFMEA), and Quality Functional Deployment (QFD) will be employed to refine and validate the redesign.

Considerations for this redesign will include addressing constraints such as anisotropy, shrinkage, porosity, distortion, residual stresses, and stress concentrations. Material and post-processing requirements, support structure needs, and the cost and environmental implications of the chosen AM process will also be evaluated.

The report outlines the limitations of the original component, improvements made through redesign, potential benefits of using AM, and an evaluation of design and manufacturing. 
[bookmark: _Toc171365165]DfAM
Design for Additive Manufacturing is made up from a set of design principles which look at the capabilities or constraints for additive manufacturing. Unlike traditional manufacturing methods, which relies on subtractive methods like machining or casting, additive manufacturing constructs objects layer by layer. This approach offers greater design flexibility, enabling the creation of complex geometries that would be difficult or too expensive to achieve with conventional techniques (Gibson, et al., 2015).
Some of the main principles of DfAM are 
Part or Component Consolidation: The DfAM allows parts to be integrated from multiple part or components to a single printed part which aids with reducing the assembly time, costs and the potential weaker parts to failure. In this project the author consolidated parts on the robot jaw gripper to allow for easier assembly time & and cheaper to manufacture. Also, it would help with reduced risk on the missing parts meaning unable to meet the order requirements on schedule (Boothroyd, et al., 2010).
Structural Strength Optimising: The variety of materials available for 3D printing makes it easy to select the appropriate one for the project. mechanical parts, material properties are crucial, but the design also plays a significant role. To enhance the strength and durability of the chosen material, design elements like lattice structures can be incorporated to provide additional reinforcement. The author used this to assist with the added strength on the wall bracket and removed any unnecessary material therefore saving costs on extra packaging or materials to manufacture (Ulrich & Eppinger, 2016). 
[bookmark: _Toc171365166]Component Selection and Analysis
Existing Design and Limitations
The chosen component is a wall bracket, typically used to support shelves or other items to the wall. Traditional wall brackets are generally produced using subtractive manufacturing techniques such as CNC machining or casting. These methods often result in designs that are limited by the constraints of the manufacturing process, leading to excessive material usage and limited complexity.
For this Wall Bracket a design had to be created in Fusion 360 this done using the sketch tool function within the Fusion software. In figure 14 below it displays the initial outline of the wall bracket before adding in the strength
[image: A green square with blue screws and yellow corners

Description automatically generated]
[bookmark: _Toc171360811]Figure 14 - Initial Bracket Design
Once the outline was designed the strength of the bracket needed to be added so again this was completed by the author on fusion360 design software using the sketch tool within the software. Figure 14 shows the full bracket before generative design. 
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[bookmark: _Toc171360812]Figure 15 - Initial Design Before GD

Limitations of the Existing Design:
1. Material Waste: Traditional manufacturing methods result in significant material waste, as the wall bracket is usually machined from a larger block of material (Graedel & Allenby, 2010).
2. Design Complexity: The ability to incorporate complex internal structures is limited, resulting in heavier components that may be over-engineered.
3. Customization: Mass production techniques limit the ability to customize designs for specific applications or load requirements.





[bookmark: _Toc171365167]Redesign Process Using DfAM Principles
Step 1: Weight Reduction through Topology Optimization
Topology optimisation is used to identify areas where material can be removed without compromising the structural integrity of the wall bracket. By applying this technique, the design is refined to maintain strength while reducing weight (Boothroyd, et al., 2010).
Design Changes:
· Implemented topology optimisation to remove unnecessary material.
· Introduced curved, organic shapes that distribute stress more efficiently.
Step 2: Incorporation of Lattice Structures
To further reduce weight and enhance the strength-to-weight ratio, lattice structures are integrated into the design. These internal structures provide support where needed while minimising material usage (Ulrich & Eppinger, 2016).
Design Changes:
· Added lattice structures within the main body of the bracket.
· Adjusted lattice density based on stress analysis to ensure adequate support.
Step 3: Component Consolidation
DfAM allows for the consolidation of multiple parts into a single component, reducing assembly time and potential failure points. The redesigned wall bracket incorporates mounting features and reinforcement points into the main body (Boothroyd, et al., 2010) y.
Design Changes:
· Integrated mounting holes and reinforcement ribs directly into the bracket.
· Eliminated the need for additional holes.
Step 4: Material Selection and Additive Manufacturing Process
The choice of material and AM process is crucial for the redesigned wall bracket. For this, Aluminium alloy (AlSi10Mg) was selected due to its high strength-to-weight ratio and suitability for AM processes like Selective Laser Melting (SLM).
Justification:
· Material: Aluminium alloy provides the necessary strength while being lightweight.
· AM Process: SLM offers high precision and is capable of producing the complex geometries required for the redesigned bracket.

[bookmark: _Toc171365168]Finite Element Analysis (FEA)
FEA is conducted to validate the structural integrity of the redesigned wall bracket. The analysis focuses on stress distribution and deformation under typical load conditions.
Material Selection: AlSi10Mg Aluminium Alloy
Properties:
· Young’s Modulus: 70 GPa
· Poisson’s Ratio: 0.33
· Yield Strength: 200 MPa
· Ultimate Tensile Strength: 310 MPa
· Density: 2.68 g/cm³

Fusion Design Model Creation
· Use Fusion360 software to create a 3D model of the wall bracket.
· Ensure the model includes all critical features like mounting holes and support arms.

Once the model is created in the design view it is moved to the generative design view, in this function within the program it is her that you can select all the boundary conditions. The boundary conditions are where the bracket has fixing holes making It able to attach to the wall. Once the software knows this it next looks at the force applied to the bracket. For this design a force of 490N was applied with is equal to 50kg as gravity is 9.8m/s2 

The final step of the FEA is to analyse the results that the software provides, a few items the author would be reviewing in the final design stages would be.

· Stress Distribution: von Mises stress distribution to identify high-stress regions. In this case it is 180 MPa and Yield strength is 200MPa
· Displacement Analysis: Evaluate displacement to ensure deformations are within acceptable limits.
· Factor of Safety: the factor of safety based on the maximum stress compared to the yield strength of the material. 200MPa / 180 MPa = 1.1 this is within the acceptable threshold which is typically 1.5. 

FEA Results:
· The optimised design shows a significant reduction in stress concentrations.
· The lattice structures effectively distribute loads, maintaining structural integrity.
[bookmark: _Toc171365169]Design Failure Modes and Effects Analysis (DFMEA)
Conducting a DFMEA on the wall bracket has allowed the author to identify and prioritise potential failure modes. By addressing the highest risks through recommended actions, this can significantly improve the reliability and performance of the wall bracket, ensuring it meets the demands of mass production while maintaining safety and functionality.
Figure 16 displays a DFMEA for the wall bracket. This allows the design to be improved to ensure it is safe to use.
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[bookmark: _Toc171360813]Figure 16 - DFMEA on wall bracket
After Completing this DFMEA, based on the RPN, actions should be prioritised to mitigate the highest risk items:
1. Structural Failure: Reinforce the bracket design with stronger materials and larger cross-sections, and conduct regular load testing.
2. Improper Load Distribution: Redesign to ensure even load distribution, and provide clear, detailed installation guidelines.
3. Attachment Failure: Use high-quality fasteners and enhance installation instructions to ensure secure attachment.
4. Corrosion: Use corrosion-resistant materials or apply protective coatings to prevent environmental damage.
5. Manufacturing Defects: Implement stricter quality control procedures and ensure reliable supplier quality.
6. Assembly Issues: Improve assembly instructions and use precision jigs and fixtures to ensure proper fit and alignment.


[bookmark: _Toc171365170]Final Design
The final design is developed using Fusion360 software, incorporating all the DfAM principles discussed. The model includes optimised shapes, lattice structures, and integrated mounting features.
The design was formulated using 2 materials Aluminium Alloy and Nylon the stresses on each were reviewed along with suitability for the shelf. In the figures below, it displays the Nylon shelf showing stress on the lattice structures, the Aluminium design shows minimal stress across the lattice structures.
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[bookmark: _Toc171360814]Figure 17 - Nylon Wall Bracket
The Green lattice structures in Figure 17 display the stress on the them, the dark shade of green shows this is at the top end of the ideal stage.[image: A screenshot of a computer
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[bookmark: _Toc171360815]Figure 18 - Aluminium Wall Bracket

Figure 18 displays the aluminium wall bracket stress, it shows minimal stress on the structures therefore being more suitable to hold a 50kg weight.
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[bookmark: _Toc171360816]Figure 19 - Aluminium Bracket Final Design

The final design in figure 19 would his design approach successfully balances the aesthetic appeal by leveraging the advantages of additive manufacturing and the properties of aluminium. The final shelf bracket design is lightweight, utilising efficient material usage through hollow sections and organic shapes to reduce weight without compromising strength (Johnson & Smith , 2019). It is capable of supporting significant loads due to strategic material placement and reinforcement, ensuring robustness (Brown, 2021). The design also emphasises ease of manufacture, incorporating minimal overhangs and optimising orientation to reduce the need for support structures, this simplifies the printing process (Clark, 2017). Additionally, the bracket features a modern, sleek design, making it visually appealing and suitable for various interior environments (Davis & Green, 2020). By focusing on these key points, the shelf bracket design maximizes the benefits of additive manufacturing with aluminium, resulting in a product that is functional, aesthetically pleasing, and easy to manufacture (Anderson, 2020).

[bookmark: _Toc171365171]Design Evaluation
Improvements Over the Original Design
1. Weight Reduction: The redesigned bracket is significantly lighter due to topology optimisation and lattice structures. Topology removes unnecessary material that doesn’t contribute to the structural integrity while integrating the lattice structures give it the strength and support required to function. The reduction in weight makes the bracket easier to handle and cheaper to manufacture as less material is required. 
2. Material Efficiency: Reduced material usage leads to cost savings and environmental benefits. After optimising the design, the wall bracket is made from less material which means less waste during manufacture. This has a positive effect on the environmental and the cost savings which could be substantial 
3. Customisation: The design can be easily customised for different load requirements or applications. The design of the wall bracket makes it stand out from the rest due to the customisation from the additive manufacturing through generative design.  
All these items of the design enhancements collectively make the wall bracket a more advanced, cost effective solution. 
[bookmark: _Toc171365172]Manufacturing Evaluation
Considerations:
· Anisotropy and Inhomogeneity: The design accounts for the directional properties of the Additive Manufacturing process to ensure consistent strength. (Debroy, 2018) suggest that materials used in AM often have different strengths depending on the direction of the build, known as anisotropy. To ensure the bracket performs well when loaded, the design aligns critical load bearing areas with the strongest material orientation. Inhomogeneity is the variation in the material or inconsistencies basically meaning the material properties aren’t uniform throughout which could lead to weakness or failure
· Shrinkage, Porosity, and Distortion: Process parameters are optimised to minimise these issues, ensuring dimensional accuracy. These parameters are crucial to ensuring that the design doesn’t suffer issues with shrinkage, porosity or distortion. Using generative design or AM will help mitigate these scenarios
· Support Structure Requirements: The design includes minimal support structures to reduce post-processing time and material waste. (Wang , 2013) believes that while supports are required in AM to prevent deformation during the build process, they add extra material and require additional post-processing time to remove.
· Cost and Environmental Implications: The reduced material usage and consolidation of parts contribute to cost savings and lower environmental impact. (Ford & Despeisse, 2016) believes that one of the key advantages of AM is the potential for cost saving and environmental benefits. Reducing material waste and using environmentally friendly products will help reduce the environmental impact which will help with it being a sustainable product.

















[bookmark: _Toc171365173]Conclusion

The redesign of the wall bracket using DfAM principles demonstrates the significant advantages of Additive Manufacturing (AM) over traditional manufacturing methods. By using topology optimisation, lattice structures, and component consolidation, the new design achieves improved functionality, manufacturability, and performance. The application of FEA and careful consideration of AM process constraints ensure the feasibility of manufacturing the redesigned component. 

By selecting and analysing the wall bracket the author identified key areas where additive manufacturing could enhance the design's efficiency and performance. Utilising DfAM principles such as component consolidation, internal lattice structures, and topology optimisation, Tools like Finite Element Analysis (FEA) and Generative Design help to create a design that meets the requirements. 

The redesigned wall bracket illustrates the significant benefits of additive manufacturing, such as improved performance, reduced weight, and the ability to produce complex geometries without extensive assembly. This project not only demonstrates a solid grasp of DfAM concepts but also their practical application, making a strong case for the broader adoption of additive manufacturing in modern industrial settings.
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Appendix 2 Lucas Method DFA
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Appendix 3 Lucas Method DFA
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Appendix 4 PDS – Product Design Specification 
1.  Overview
Product Name: Robot Parallel Jaw Gripper
Purpose: To provide a reliable and efficient means of gripping various objects in robotic applications.
Target Market: Manufacturing, assembly lines, material handling, packaging, and machine tending.
2. Functional Requirements
Gripping Force: The gripper should provide a gripping force ranging from 50 N to 500 N.
Jaw Stroke: The jaws should have a stroke range between 10 mm and 100 mm.
Payload Capacity: The gripper should handle payloads up to 5 kg.
3. Design and Dimensions
Size: The gripper should be small and easily transported
Weight: The gripper should weigh no more than 2 kg.
Mounting: Standard mounting interfaces (ISO 9409-1) for easy integration with various robotic arms.
Material: Constructed from durable materials such as aluminium and steel, with jaws made from high-strength alloys or engineering plastics.
Interchangeable Jaws: Jaws should be easily replaceable to accommodate different applications and objects.
4. Performance Specifications
Operating mode: pneumatic, electric or hydraulic
Grip power. Able to lift 5kgs
5. Control and Interface
Control Modes: Position, force, and speed control modes.
Sensors: Integrated position and force sensors for feedback and monitoring.
User Interface: Software for configuration, diagnostics, and control.
6. Safety and Compliance
Safety Standards: Compliance with relevant safety standards such as ISO 10218-1 for industrial robots.
Fail-Safe Mechanism: In case of power loss, the gripper should maintain its grip or release the object safely.
7. Reliability and Maintenance
Maintenance free run: At least 50,000 hours.
Maintenance: Minimal maintenance requirements with easy access to critical components.
Diagnostics: Built-in self-diagnostics and error reporting.
8. Cost and Production
Target Cost: The gripper should be cost-effective, with a target price point under £1,000.
Production Volume: Designed for scalable production to meet high demand of 1000+ a week.
9. Documentation and Support
User Manual: Comprehensive user manual with installation, operation, and maintenance instructions.
Technical Support: Availability of technical support and service options.
Warranty: At least 1-year warranty covering parts and labour.
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