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Introduction

Due to their rising popularity and affordability, additive manufacturing (AM) methods have revolutionised the manufacturing of components in many industrial sectors. Contrary to conventional production techniques, additive manufacturing makes it possible to produce intricate design elements and complicated geometries that were previously difficult or even impossible to produce. Design for Additive Manufacturing (DfAM) practices have emerged due to manufacturers' increased desire to experiment with new component designs and improve old ones to use additive manufacturing's capabilities.

This assignment will cover two tasks that emphasise the importance of DfAM and manufacturing process optimisation. Applying DfAM principles to a selected component while taking into account a variety of concepts and design tools is task one. DfAM principles will be successfully illustrated by choosing a component, such as a part used within Renishaw, with which there is a baseline familiarity. Furthermore, this written report will include documentation of design and development efforts, as well as the use of digital tools for evaluation, to support the choice of a suitable AM technique and material. Additionally, 3D solid models of the final design will be created using Autodesk Fusion 360. Numerous tools and methods can be used while taking into account the limitations imposed by the selected AM process.

Task two will consist of redesigning a portable wind turbine's parts and assembly to produce it in high quantities. The task is to assess an existing prototype that uses 3D printing to manufacture its parts as a manufacturing engineering consultant. The goal is to maximise the system's ability to be manufactured while taking into account the estimated weekly production quantities of 1000–2000 units. It is necessary to evaluate the designs thoroughly, taking into account public perception, aesthetics, and the needs of customers and end users. The completed design and development work will be recorded, emphasising the approaches and procedures used to provide fresh designs or features that consider business/company needs and cost drivers and includes a thorough explanation and justification of the chosen mass-production manufacturing processes. Finally, throughout the redesign process, environmental and product life cycle factors will be taken into account and documented.

By tackling these objectives, a comprehensive understanding of how to solve engineering problems can be demonstrated by using an integrated approach, analysing business, customer, and user needs, and taking into account a range of limitations and hazards. Additionally, the design and development work will demonstrate the use of practical and laboratory abilities.



[bookmark: _Toc139211964]DfAM Case Study

[bookmark: _Toc139211965]2.1 Agility Component

The current bracket used in the latest Renishaw Coordinate Measuring Machine (CMM) is currently a machined assembly, but due to design restrictions, it is not as effective as it could be. The bracket's sturdy design results in extra weight that detracts from overall performance and could raise material and labour expenses. Additionally, the design ignores ergonomics and user feedback, making it difficult for operators to install and remove the workpiece during maintenance activities. A redesign that incorporates additive manufacturing and Design for Additive Manufacturing concepts is advised to address these flaws. By enhancing the bracket's weight-to-strength ratio and incorporating user-centric features, this strategy would maximise the bracket's potential and boost usability and efficiency across the CMM sector. The fundamental requirement of this bracket is to hold 2 shafts along the horizontal bridge of the CMM, whilst avoiding the central quill. The main body of the bracket is held over a pneumatically sliding shaft and must move freely during operation. The movements of the shaft are dictated by scale and an encoder which is placed over the gap on the rear of the bracket.

[bookmark: _Toc139211966]2.1.1 Component DfAM
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Description automatically generated]Using Fusion 360, the design began by including the pneumatic shaft (Larger shaft) and the two smaller joining shafts. The foundations of this design involve creating the required diameters and lengths, and then extruding the sketches to create the 3D bodies as shown in Figure 1. 

[image: A picture containing cylinder, design

Description automatically generated]The next stage was to include the sections that required to be joined. The top cylinder is a body that attaches either side using bolts, whereas the bottom cylinder is an actual shaft which requires to be fully encased. The area where the quill operates was also included in this stage to avoid collision during design as shown in Figure 2. [bookmark: _Toc139211823]Figure 1 - Initial Design


Once all of the required components were created, it was time to generate the bracket for additive manufacturing. 

[bookmark: _Toc139211824]Figure 2 - Initial Design (2nd Stage)

[bookmark: _Toc139211967]2.2 Automated Modelling

An innovative tool in the design workspace called automated modelling automates the process of developing fresh design concepts based on straightforward descriptions of what to connect and what to avoid. A chosen design becomes a new body or element in the design that can be modified, improved, or simply utilised as inspiration to approach a well-known issue in a novel way. Multiple faces are defined to be connected and separate bodies are avoided with a straightforward configuration. Multiple design options will be generated within minutes, each with a different level of intricacy and style. The methods of approaching and investigating fresh concepts for various design difficulties will change as a result of automated modelling (Smell, 2022).  

[image: A picture containing cylinder, LEGO

Description automatically generated]Using Automated modelling, the faces to be joined were highlighted blue, whereas the bodies to be avoided were highlighted red, as demonstrated in Figure 3. [bookmark: _Toc139211825]Figure 3 - Automated Modelling
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Description automatically generated with medium confidence]
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Description automatically generated]Once generated, Figures 4 and 5 show the final Automated design for the bracket. Although this generates a printable component that can be used for the CMM, there is no guarantee that this component would operate efficiently when subjected to the working loads. This is when the use of generative design is utilised. [bookmark: _Toc139211826]Figure 4 - Automated Modelling Final View 1

[bookmark: _Toc139211827]Figure 5 - Automated Modelling Final View 2




[bookmark: _Toc139211968]2.3 Generative Design

An effective cloud-based design tool is Autodesk Fusion 360 Generative Design. The Autodesk Fusion 360 software suite contains a specialised module that makes use of cutting-edge generative design techniques to help designers and engineers create optimised designs for diverse uses. Users can specify design objectives and constraints, such as load conditions, material qualities, and production constraints, using Fusion 360 Generative Design. The software uses computer techniques and artificial intelligence to explore and produce a wide range of design alternatives based on these inputs. Fusion 360 Generative Design gives designers and engineers the tools they need to break down the barriers of conventional design thinking, take advantage of additive manufacturing technology, and produce cutting-edge, optimised designs that are effective, lightweight, and customised to specific functional needs (Autodesk, 2021).	

[image: A picture containing LEGO, playground

Description automatically generated]Referencing Figure 6, the initial bodies were loaded into generative design, where the joining bodies were highlighted as green and the obstacles to be avoided were selected as red. Next, the design goals and constraints were defined, where load conditions were set on the top two washers as these would have a force acting downwards on them during operation. Finally, the manufacturing process was set to additive and various materials were selected for generation. Once generated, four recommended outcomes for the final product were generated from Inconel 625, Inconel 718, Stainless Steel 17-4, and Titanium 6Al-4V.[bookmark: _Toc139211828]Figure 6 - Generative Design Definitions
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[bookmark: _Toc139211829]Figure 7 - Generative Designs

[bookmark: _Toc139211969]2.3.1 Material Justification

· Inconel 625 and 718 – These materials are well-known for withstanding corrosion at high temperatures and are often referred to as superalloys which are made of nickel. They are frequently employed in the automotive, energy, and aerospace industries. Nickel alloys can be used in AM according to the guidelines provided by pertinent standards like ASTM F3055 and ISO/ASTM 52900. Health and safety issues may arise when handling powders, as nickel particles can be dangerous if inhaled. When printing, support structures are frequently required for overhangs, which can lead to extra procedures being implemented for their removal. With Inconel 625 and 718 AM parts, shrinkage distortion, porosity, and residual stresses are possible difficulties that call for rigorous production control and post-processing methods. Mechanical qualities may be impacted by anisotropy, and surface/tribological considerations might call for extra finishing. Inconel 625 and 718 are relatively expensive in terms of price, primarily because nickel is so expensive. Unfortunately, limitations in terms of the environment and sustainability can be found in the mining and extraction techniques that are used to make nickel-based alloys (Karmuhilan & Kumanan, 2022).
· Stainless Steel 17-4 - Precipitation-hardening stainless steel 17-4, commonly known as SAE type 630, is widely utilised in many sectors, including the aerospace, medical, and automotive industries. Stainless steel is a sustainable material choice since it is highly recyclable and has a long useful life. The health and safety issues associated with stainless steel powders used are typically minor, and standards like ISO/ASTM 52902 and ASTM F3184, which are pertinent, offer direction for stainless steel during AM. When using stainless steel 17-4, consideration of anisotropy and surface/tribological factors may be necessary, and support structures are frequently required, which again can lead to more expenditure for additional post-processes. With 17-4 stainless steel AM products, shrinkage distortion, porosity, and residual stresses can happen but can be controlled with good process control and post-processing. Although stainless steel 17-4 is more affordable than nickel-based alloys, it is nevertheless more expensive than several other widely used AM materials (Sabooni, et al., 2021).
· Titanium 6Al-4V - The extensively used titanium alloy titanium 6Al-4V, also known as Ti-6Al-4V or Grade 5 titanium, is renowned for its superior strength-to-weight and corrosion resistance. It is frequently employed in automotive, medical, and aerospace applications. Because of its high degree of recyclable material and long lifespan, titanium is regarded as an environmentally friendly metal. The health and safety issues associated with titanium powders used in AM are typically minor, as relevant standards like ISO/ASTM 52903 and ASTM F2924 offer direction. With titanium AM products, shrinkage distortion, porosity, and residual stresses can be problems that call for careful process control and post-processing procedures. Consideration of anisotropy and surface/tribological factors may be necessary, and support structures are frequently required. Due to the higher cost of titanium's raw materials and the difficulties involved in its manufacturing, titanium is often more expensive than stainless steel or alloys based on nickel (Liu & Shin, 2019).

[bookmark: _Toc139211970]2.3.2 Final Design

Due to its high strength, corrosion resistance, design freedom, consistent material qualities, and compatibility with post-processing, stainless steel 17-4 is the best material to use when additively creating a support bracket in a CMM. It gives the bracket the stability it needs to endure forces and vibrations during measurements, and its resistance to corrosion guarantees long-term dependability no matter the operating environment. Additionally, when compared to the other materials, stainless steel 17-4 is more affordable, making it a sensible option for manufacturing the support bracket in a CMM application from a production point of view. Due to its relatively reduced cost and desired material qualities, it enables effective resource allocation without sacrificing the performance of the bracket. As a result, the management and planning of the design process can concentrate on other elements like expediting post-processing procedures, reducing material waste, and improving the manufacturing process. A good design process depends on accurate risk assessment and management methods. The use of stainless steel 17-4 reduces uncertainty related to the additive manufacture of the support bracket by carefully analysing potential hazards and putting into place appropriate mitigation techniques. Stainless Steel 17-4's constant material qualities help to produce predictable and dependable results while lowering the possibility of unanticipated problems during manufacturing.[bookmark: _Toc139211830]Figure 8 - Final Design View 1

[bookmark: _Toc139211831]Figure 9 - Final Design View 2
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Description automatically generated]Shown in Figures 8 and 9 is the final generated design using Stainless Steel 17-4, with the properties of the generation depicted in Figure 10. These properties state that this component would have a mass of only 2.181Kg. [bookmark: _Toc139211832]Figure 10 - Final Design Properties








[bookmark: _Toc139211971]2.4 Finite Element Analysis (FEA)

[image: ]FEA was used on the bracket to assess the displacement on the acting loads, which helps to understand the mechanical response. The FEA findings showed that the bracket's maximum displacement was estimated to be 0.001163 units. This number represents the bracket's degree of distortion as a result of applied loads. The displacement magnitude is a crucial factor in determining the bracket's structural integrity and operation because excessive distortion might result in failure or unintended deflections. With the help of this data, the performance of the bracket can be evaluated as its whole, guaranteeing that it satisfies design specifications and can successfully serve the intended function within the CMM.
[bookmark: _Toc139211833]Figure 11 - Component Finite Element Analysis

[bookmark: _Toc139211972]High-volume production – Portable Wind Turbine Redesign

[bookmark: _Toc139211973]3.1 Concept Design Appraisal

[bookmark: _Toc139211974]3.1.1 Design Specification

The goal of the redesign project is to maximise the component and assembly's ability to be manufactured for the high-volume production of portable wind turbines. The modified turbine needs to adhere to the following design requirements:
Performance: 
· The wind turbine should effectively transform wind energy into electrical power, delivering steady and dependable power production.
· The revised parts need to increase the turbine's capacity for power production and maximise its effectiveness under diverse wind conditions.
· The turbine should be able to function in a variety of wind conditions to ensure environmental adaptability.
Durability and Reliability:
· The turbine should have a long service life to reduce the frequency of maintenance and part replacement.
· To ensure dependable and continuous functioning, the revised components should have exceptional resistance to fatigue, wear, and corrosion.
Manufacturing Ease:
· The new components should be optimised for mass production, allowing for effective manufacturing procedures, and cutting down on production time.
· The production techniques picked should be economical while upholding high standards.
· To facilitate additive manufacturing processes and cut down on material costs, the components should have reduced geometries and little to no material waste.
Cost-effectiveness:
· In high-volume manufacturing scenarios, production costs should be optimised to assure profitability and accessibility.
· Cost-cutting strategies like component consolidation and material optimisation should be taken into account without sacrificing performance or dependability.
Aesthetics and Public Perception: 
· The revised turbine should have a visually appealing design that is pleasing to the eye, as this will help to create a positive public perception.
· The components ought to be simplified and visually harmonious, exhibiting a cutting-edge and modern design language.
Environmental and compliance considerations:
· The revised parts should reduce the environmental impact of the turbine during all stages of its life cycle, including production, use, maintenance, and disposal.
· Environmental responsibility and sustainability should be given priority when selecting materials and manufacturing techniques.
· To identify and handle potential hazards, risk assessment and risk management procedures like Failure Modes Effects Analysis (FMEA) should be used.
[bookmark: _Toc139211975]3.1.2 Quality Function Deployment (QFD)

	
	
	Importance Rating (IR): A scale of 1 to 5 is used to rate importance, with 5 representing the utmost importance.



	Design Requirements

	
	
	
	Power output optimization in different wind speeds
	Structural robustness and resistance to weather conditions
	Modular and easy-to-assemble components
	Cost-efficient manufacturing processes
	Streamlined and visually appealing design
	Use of sustainable materials and eco-friendly manufacturing
	Incorporation of safety features and adherence to safety regulations

	Customer rating 
(1 = least, 10 = most important)
	4
	Efficient power generation
	5
	4
	3
	3
	4
	2
	3

	
	6
	Durability and reliability
	4
	5
	4
	3
	3
	2
	4

	
	10
	Ease of assembly and maintenance
	3
	4
	5
	4
	2
	3
	4

	
	8
	Cost-effectiveness
	4
	3
	4
	5
	3
	3
	3

	
	7
	Aesthetically pleasing design
	3
	4
	2
	3
	5
	4
	3

	
	5
	Environmental sustainability
	2
	2
	3
	3
	4
	5
	2

	
	9
	Compliance with safety standards
	4
	4
	3
	4
	3
	3
	5


[bookmark: _Toc139211818]Table 1 - QFD
Explanation:
· Power output optimisation and efficient power generation have large relationships (5), while structural robustness and aesthetically pleasing design have medium correlations (4).
· A high association exists between structural robustness and safety features and durability and dependability (5).
· Modular and simple-to-assemble components are strongly correlated with ease of installation and maintenance (5).
· Cost-effective manufacturing practices and cost-effectiveness are strongly correlated (5).
· Visually appealing design and pleasing-to-the-eye design have a close association.
· Utilising sustainable materials has a strong link with environmental sustainability (5), whereas structural robustness has a medium correlation (4).
· Safety characteristics and compliance with safety regulations are strongly correlated (5).


[bookmark: _Toc139211976]
3.2 Manufacturing Process Proposal

Business/Company Needs - First and foremost, it's important to recognise and comprehend the unique needs and specifications of the organisation ordering the portable wind turbine redesign. This requires taking into account the company's or business's aims and ambitions. Cost reduction, higher productivity, a larger market share, or adherence to industry standards are a few examples. The project can generate considerable value and achieve the intended results by coordinating the designing of the components and assembly for mass production with these business/company needs.

Cost driver - It's crucial to pinpoint the main expenses involved in manufacturing the portable wind turbine. Analysing the elements that significantly affect production costs is part of this process. Costs of materials, labour, energy, equipment, transportation, and any other pertinent cost components are among the variables that should be taken into account. Understanding these cost drivers can give insights into areas where mass-production component redesign and optimisation can result in cost reductions and efficiencies.

Manufacturing Process Selection - A crucial choice that directly affects the project's success is selecting the best manufacturing methods for mass production.
· Components for portable wind turbines may be produced in large quantities quickly and cost-effectively using the injection moulding method. It accommodates a wide range of thermoplastic materials and has great reproducibility. Mould creation might be expensive at first, thus it is more cost-effective for large-scale production (CODA, 2014).
· Extrusion is a quick and versatile method for creating continuous profiles. It offers good material compatibility and reproducibility. However, it might not be suitable for intricate three-dimensional shapes (Plastikcity, 2023).
· For components with flat or shallowly curved geometries, stamping is a fast operation. It is suitable with materials used in sheet metal and has good reproducibility. However, scalability might be constrained, and tooling expenses might be high (Prestigemetals, 2022).
· The creation of complicated designs and complex geometries is made possible through additive manufacturing. With lower tooling costs, it is appropriate for low-volume production and customization. For high-volume production, it could fall short of other techniques in terms of speed and efficiency (Carlota, 2020)

Injection moulding turns out to be the best manufacturing technique for the mass production of parts for a portable wind turbine. High production rates, good reproducibility, and broad material compatibility are all advantages of injection moulding. Even though it would need a sizable initial tooling investment, its cost-effectiveness becomes clear for large-scale production. Additionally, injection moulding enables the development of sophisticated shapes and complex geometries that satisfy the unique specifications of wind turbine components. Additionally, this process can also be used to produce parts in a variety of colours, reducing the need for processes such as painting and finishing, which also leads to lower production costs. Injection moulding emerges as the best option for effectively producing parts for portable wind turbines when criteria like production speed, scalability, repeatability, material compatibility, and cost-effectiveness are taken into account. 



[bookmark: _Toc139211977]3.3 Design and Development

[bookmark: _Toc139211978]3.3.1 Design failure mode and effect analysis (DFMEA)
[bookmark: _Toc139211819]Table 2 - Portable Wind Turbine DFMEA



DFMEA is a systematic set of procedures used to identify and assess probable failures in processes, products, and systems. The impacts and results of these mistakes or behaviours are identified using DFMEA. It gives a written record of the task done and eliminates or lessens failures (Montgomery, 2019). 
The recommended steps are designed to address the probable failure modes that have been identified and lessen their severity, occurrence, and detection. The manufacturing engineering consultant's redesigning efforts, as shown in Table 1, dramatically reduce the RPN. 

[bookmark: _Toc139211979]3.3.2 Design for Manufacturability (DFM)

DFM focuses on improving the component design to ensure simplicity in manufacturing, cost-effectiveness, and successful production methods. The design will be adjusted to work with the capabilities of injection moulding by putting DFM ideas into practice, such as component simplification, standardisation, and manufacturability concerns. With this method, the necessity for intricate tooling is minimised, production time and costs are decreased, and overall product quality is increased. Additionally, DFM makes it possible to spot and address any manufacturing problems early in the design process, ensuring a seamless transition from the design to the production phase (Păcurar, 2019).[bookmark: _Toc139211834]Figure 12 - Redesign 1 - View 1


[bookmark: _Toc139211980]3.3.3 Redesigns

The first modification made was the inclusion of an annular snap-fit ball joint. This consists of balls being added to the turbine housing in place of a thru-hole used previously for a bolt. This, in turn, would be pushed into its assembly location, securing it firmly, whilst also allowing it to rotate freely. The use of this ball joint would also mean that the design of the housing that this part is pressed into would not need to be modified. The annular snap-fit ball joint streamlines installation by doing away with the need for fasteners, threaded holes, and tightening tools. As a result, there are fewer components needed, assembly procedures are simplified, and manufacturing takes less time overall. The snap-fit design makes installation simple and rapid, lowering the possibility of assembly mistakes and assuring reliable connections.[bookmark: _Toc139211835]Figure 13 - Redesign 1 - View 2
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Description automatically generated][bookmark: _Toc139211836]Figure 14 - Redesign 1 - Bottom View
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Description automatically generated]The second modification made was the addition of a Poka-yoke keyhole on the turbine which it assembles into the housing. During assembly, the Poka-yoke keyhole acts as a foolproof mechanism to guarantee the turbine is oriented correctly. By including this design element, reduces the chance of errors and rework by eradicating the possibility of mismatched assembly. Due to the ease and confidence with which employees can now align and attach the turbine to the housing without the need for further adjustments or corrections, the assembly process is now substantially more effective and efficient. During mass production, this simple feature reduces the need for complicated instructions or specialised training for assembly personnel, enabling easier training and quicker onboarding of new employees.[bookmark: _Toc139211837]Figure 15 - Redesign 2 - Keyhole
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Description automatically generated with low confidence][bookmark: _Toc139211838]Figure 16 - Redesign 2 - Key







[bookmark: _Toc139211839]Figure 17 - Redesign 2 - Assembly




[image: ][image: ]The final modification made was to combine the multiple parts used for the body into one singular component. The design update offers significant benefits for mass production and assembly by integrating the various body sections into a single component. The manufacturing process is first made simpler, requiring fewer separate parts to be produced and handled. As a result, production processes are streamlined, labour and material costs are reduced, and the possibility of assembly mistakes is reduced. Secondly, the assembly process is more effective when pieces are combined into a single component. The assembly process takes less time overall when there are fewer components to put together, which enables shorter production cycles and higher output. Additionally, fewer connections and interfaces between parts reduce the possibility of misalignment or fitting problems during assembly, improving the quality and dependability of the final product.[bookmark: _Toc139211840]Figure 18 - Initial Body Exploded View

[bookmark: _Toc139211841]Figure 19 - Redesign 3












[bookmark: _Toc139211981]3.3.4 Design for Assembly (DFA)

DFA is an approach that concentrates on improving product design to support quick and affordable assembly procedures. The design will be adapted using DFA principles to maximise ease of assembly, reduce part count, and improve overall product manufacturability. Modifications to the design will be made to include elements like standardisation, simplification of the assembly process, and modularization. The number of assembly procedures can be decreased, resulting in quicker production times and cheaper assembly, by taking DFA into account throughout the design phase. Additionally, this method improves product quality by lowering the possibility of assembly errors and increasing consistency all around. A smooth and effective transition from the design phase to the manufacturing phase is also made possible by DFA, which enables the early identification and resolution of potential assembly issues. Implementing DFA practices results in a more simplified, cost-effective, and efficient assembly process and a higher-quality final product (Păcurar, 2019).

[bookmark: _Toc139211982]3.3.5 Assembly Analysis Techniques

Throughout the redesigning phase, the two assembly analysis techniques Poka-yoke and the Lucas methodology were employed to optimize the assembly process and improve overall product quality.
Poka-yoke, which translates to "mistake-proofing" in Japanese, is a method for avoiding mistakes and flaws in the assembly process. It entails including design elements or techniques that make faulty component assembly all but impossible (Calhoun, 2021). The Poka-yoke technique was used in the component redesign by including a keyhole feature on the turbine and housing, assuring the proper orientation and alignment during assembly. This design element serves as a surefire mechanism, instructing assembly workers on the proper component placement and lowering the possibility of misalignment or improper assembly. The redesign uses Poka-yoke to reduce assembly errors, boost assembly effectiveness, and improve the wind turbine's overall reliability.

On the other hand, the Lucas methodology takes a methodical approach to assembly analysis and optimisation. Its main objective is to assess and enhance the ergonomics and sequencing of assembly activities. The Lucas methodology aims to increase output and lower the risk of mistakes or accidents during assembly (ResearchGate, 2017). The Lucas methodology was used to analyse the assembly process step by step for the redesign. It was used to highlight the essential components and the non-essential components which were then in turn targeted to be designed out. This analysis led to the modifications in which the use of nuts and bolts were minimised. The redesign sought to improve assembly effectiveness, boost worker productivity, and guarantee a simple and comfortable assembly procedure.



[bookmark: _Toc139211983]Conclusion

This assignment has demonstrated the significance of Design for Additive production (DfAM) and production process optimisation in the area of additive manufacturing. The case study concentrated on two tasks: the redesign of components for high-volume production of a portable wind turbine and the DfAM of a support bracket for a Coordinate Measuring Machine (CMM).
In the DfAM case study, Fusion 360, automated modelling, and generative design were utilised to rework the CMM's existing bracket. The redesign included complex geometries and user-centric elements in an effort to increase the bracket's functionality, usability, and effectiveness. Finite element analysis (FEA) was used to optimise the final design to ensure structural performance and integrity.
The redesign project took into account a variety of design criteria, including performance, durability, dependability, manufacturing simplicity, cost-effectiveness, aesthetics, public perception, and environmental sustainability, for the mass production of the portable wind turbine. Understanding the goals of the business or organisation, identifying cost drivers, and choosing acceptable production techniques were all part of the manufacturing process proposal.
Overall, this project exhibits a thorough understanding of the integrated approach to solving engineering challenges that takes into account company, customer, and user needs as well as a variety of restrictions and dangers. It demonstrates how to leverage digital tools and methods like Fusion 360, automated modelling, generative design, and FEA to optimise designs and achieve desired results in high-volume production processes and additive manufacturing. It also demonstrates the knowledge and implementation of techniques used to modify and adapt a current component for new given specifications. 

[bookmark: _Toc139211984]4.1 Improvements

If this project was to be conducted again then other tools such as topology optimisation would have been utilised to further basic knowledge and understanding of different software packages. Furthermore, time management could have been optimised to complete certain tasks more efficiently and productively, especially when there were difficulties with technology which delayed certain tasks.

Dylan Payne
Renishaw Quality Control Technician
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