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Introduction  

Renishaw PLC is a large engineering company focusing on equipment and products involving healthcare and precision measurement. Renishaw employs more than 5,000 people worldwide, where the company has operations in more than 36 countries. Renishaw's equipment is used in industrial, automotive, aerospace, and medical fields, all of which have been long time consumers of Renishaw’s products (Renishaw, 2023a).
Renishaw Medical and Dental production department is one of the many divisions within Renishaw and as stated by Renishaw (2023b) are “a leading supplier of in-lab dental CAD/CAM systems incorporating high accuracy contact scanners tested to ISO 10360-4”. Renishaw are using their knowledge of digital dentistry and metal 3D printing to produce dental frameworks. Additionally, they create patient-specific alloplastic implants (PSI) for cranio-maxillofacial (CMF) surgery, which is frequently necessary because of trauma or oncology treatment in hospitals (Renishaw, 2023b).
The Medical and Dental Department uses the process of Additive manufacturing (metal 3D printing) to create dental frameworks including dentures, crowns, bridges, and medical cranio-maxillofacial implants such as cranial implants, orbital implants, mandibular implants and more. Additive manufacturing improves on the traditional processes such as casting, milling, forging and removes the difficulties and limitations they bring (Renishaw 2023b). 
The project investigates areas where the process from additive manufacturing machines to the finished product can be improved; to reduce the need for regular maintenance and in turn reduce cost, time taken, failures of dental and medical products and improve on the quality of the products. The project was created with the theme of maintainability at its core, which is related to the issues that develop within the department's internal operations. The purpose of this reflective project report is to detail and clarify the methods employed to complete the planning of the project and to identify a production-related issue that can be resolved or improved upon to enable a project to be successfully completed. After that, a project review will be conducted, indicating the strategies that could be used to draw attention to its shortcomings, improvements, and strengths. Three production issues will be analysed. One of the concerns will be further investigated by conducting studies and research into the chosen concern.
The project chosen for this study contains health and safety problems that require to be resolved as well as maintainability challenges to the process and equipment. By completing various selection methods and analysis, an issue was chosen from three major problems within the production process. 
The chosen issue was related to the process finishing of medical implants, and the Rosler Tumbler was one step in this process that required investigating. The lack of equipment at this stage of the process resulted in media being scattered throughout the area when media batch changes were taking place. As a result, this problem may result in health and safety issues to the team members such as tripping and slipping hazards. In addition to being a health and safety concern, media contamination during batch changes could result in the need for rework on the medical implants, this significantly increases labour time and raises the costs owing to labour and media waste.
















Project Ideas Brainstorming

As used within the project, brainstorming is extremely useful as it can be completed individually or within a team. When participated with multiple people, a wide variety of ideas can be identified and completed more efficiently. Having multiple people involved with the brainstorming which should include the stakeholders and project team members, many issues and ideas can be discussed. The brainstorming session within the project included the production operators and sponsors, this provided more information on what could be worked on and what issues were not a high priority as these were the individuals who worked on the production processes daily. 
By including more people with differing experiences can prove to be an asset to providing a solution to a problem. This approach to project planning is like that of the ‘Bottom-Up Approach’, as stated by Waldow (2022) “a bottom-up approach involves all members of the team working together to determine the necessary tasks to reach that final end product”. Thinking aloud and conversing as many ideas as possible, without dissecting or judging the ideas preferably to allow for as many ideas to come forward. 
Using mind mapping tools when brainstorming can create a visual representation of the concepts that are being discussed (University of South Australia, 2023) as shown in Figure 1. This tool provides a significant help to project planning as multiple issues can be viewed and discussed to improve a process. Asana (2021) discusses that this approach allows for more informed decisions to be made as there is a collaboration with multiple team members, there is more creativity available and better team morale as all are inclusive in the decision making and planning. However, Wysocki (2003) argues that while the ‘Bottom-Up’ brainstorming approach has been successful in many project planning situations, there are possibilities of not defining important actions and defining too many low-level or high-level actions that can impede the progress of the project. Other negatives include, unsuitable ideas can be discussed in detail which can waste valuable planning time, can lead to arguments among team members and the alienation of some when solutions or ideas do not match the project. At this point, other team members can start to reject and resist the project and planning procedure. 
When communicating with sponsors and team members during the planning and brainstorming of the project, an effective project manager must explain the steps of the project and communicate clearly and effectively with their team. They must manage the process by protecting the views of the team and managing the discussion effectively. Deshler (2021) believes that they must also effectively address problems when they arise by being honest and accountable. 














Figure 1. Brainstorming mind map for Project Concepts.
Source: Barclay (2021)

Figure 1 above shows the Project Concepts brainstormed with the team. See Appendix 1, 2 and 3 for mind maps of each individual project idea. The tool shows that there was significant and efficient communication between the team members to be able to produce multiple concise and cohesive ideas. The negatives of including the sponsors such as the department manager, there was bias towards their idea to complete as they were the authority within the team and certain other ideas were being dismissed. To improve this issue, the ‘Bottom-Up Approach’ should have been completed by the team members and then relayed the ideas to the sponsors once completed.



Project Ideas and Investigation of Each Problem

Below are the project ideas discussed in detail including brief investigations into each idea problem to gather more information to progress further with the project. The procurement of the information below was identified by the team members during a process walkthrough within the department. Another valuable strategy as all team members were included and participated which boosted morale as things were beginning to progress further to improve the department. 
Project Idea 1 - Guyson Grit Blast Powder Feed Deterioration

Single crowns and multi-bridges are introduced to the Guyson grit blast tumbler after dental and medical products have been processed with carbide hand tools to remove undesirable material post Additive Manufacturing process. The product is then placed into the Guyson grit blast for 30 minutes. If the aesthetics of the frameworks do not match the physical standards of the process after 30 minutes, it proves that there is a problem with the Guyson grit blast. The following are some of the problems brought on by the grit blaster:

Grit blaster feed and hose deteriorate regularly causing Guyson grit blast to leak powder.
Reduction in visual quality of cobalt chrome dental parts and CMF (cranio-maxillofacial) implants.
Regular powder feed change creates downtime on production products that have critical dispatch times due to surgery appointments placed.
Regular deterioration of the powder feed is evidence of the poor quality of the material utilised to make the component. The material used for the feed should be changed to a higher-pressure wear resistant metal. 







Figures 2 and 3. Guyson grit blast feed and hose deterioration. 
Source: Barclay (2021)

A higher-pressure pipe should be utilised because the powder is used at a high pressure and speed. Currently, the hose pipe standard states that it can withstand 6 bars of pressure, but the grit blaster is set to use 6 bars of pressure. The length at which maintenance would be required to replace the pipe would be improved by using a higher gauge pressure hose pipe.

Project Idea 2 - Rosler Media Sieving and Media Change System

After the CMF implants have been hand process finished, the Rosler tumbler is used to complete the CMF process. There are three main media types used by the Rosler tumbler: media 1, media 2, and media 3. Each media stage lasts for 60 minutes and gives the implants varied degrees of finish. Media 1 is aggressive and greatly reduces tool marks on the implants, Media 2 offers a lighter finish that makes applying the pre-satin finish easier, and Media 3 polishes and shines the implants to some extent while facilitating higher-quality hand polishing. This process lasts at least three hours, and that is without changing the media after each step. 












Figure 4. Rolser tumbler during media change.
Source: Barclay (2021)
Each media batch frequently becomes contaminated due to the basic media change method and human mistake if the tumbler has not been completely emptied before adding the next stage of media. The rapid speed and volume of the media dropping from the tumbler causes a problem with media tipping when the batches are removed. The problems that result from mistakes in media batch changes are listed below:
Large batches of media are frequently discarded due to cross contamination and media deterioration. 
Mixture of different media results in more work on the cosmetic side of Cranial implants because of re-work.
Due to the inadequate tooling that is offered, media tipping is prone to occur when removing the media from the Rosler tumbler. The media can fall over the sides as the media is removed from the Rosler and into the trays. To avoid this, a funnel that attaches to the Rosler's must be created. This will allow the media to be gently funnelled into the trays without bouncing out and creating a hazard on the floor.
Project Idea 3 - Additive Manufacturing Machine Laser Lens Cleaning

After every use, the laser lenses of the AM (additive manufacturing) machines require to be maintained to make sure they are clear of dust and condensate powder. This guarantees that the AM machine-built products are produced with excellent quality and that the control chart measurements of each build pass examination. 

To maintain the machine, the lens is cleaned daily inside the machine and taken out of the machine once a week to clean both sides of the lens. This will lessen the possibility that the lens may be damaged when it is taken out of the machine. When the lens is removed from the machine to clean, it can damage the lens and chip the edges. This significantly lowers the quality of builds due to porosity and control testing shows test parts reading below the minimum control limit, necessitating an investigation. Also, the laser lens has a high replacement cost and is not frequently stocked due to this. A jig must be designed to allow the lens to sit within the machine to allow for the cleaning of both sides of the lens to be processed. This reduces the risk of damage as it negates the need to transport the lens around the area.  











Figure 5. AM machine lens assembled into the machine.
Source: Barclay (2021)


















Project Charters for Each Project Idea

Typically, project charters are concise documents that provide a clear and simple explanation of the project.  Project charters serve as agreements between the project sponsor, in this case, the Production Manager and Department Group Leader—and the stakeholders, Renishaw—detailing obligations of the project. They often define the scope of the planned project, reveal the project goals, and more. According to Martins (2023), key stakeholders will utilise project charters to pitch and secure support for the project to be able to use company resources. 
In the absence of a project charter Karim (2012) and Wong (2017) note that if plans and strategic benefits are not written down, decided upon, and formally acknowledged, issues might arise such as risks of lost value from the cost and time of the project.  Without a project charter, there is no clear, recorded declaration of the project's aims, making it difficult to achieve hierarchy or management approval. This can result in the project failing before it has begun. Without a project charter, the project may alter often and run the risk of diverging from the delivery target specified at the project's outset, which could place a financial strain on the project and department depending on the size of the project. 
When writing a Project Charter, the charter must be kept brief and concise as a lengthy charter may never get read by the managers and stakeholders, but the summary must not be vague as it must keep the reader interested in the proposal (Webster, 2023). The Project Charters referenced in 4.1, 4.2 and 4.3 are concise and provide all the information required for approval. When presented to the Stakeholder and Sponsors, no issues were raised for approval.







Project Charter for Guyson Grit Blast Powder Feed Regular Deterioration

Project Charter: Guyson Grit Blast Powder Feed
Process Name & Purpose:	Cobalt Chrome Dental Finishing (Guyson Grit Blast Powder Feed) - The powder feed allows the aluminium oxide media to feed through the pipe to allow the use of grit blasting on Titanium and Cobalt Chrome additive manufacturing parts. The feed deteriorates quickly and stops the flow of powder which reduces the quality of the dental parts.	Process Owner:	Aneurin Barclay - Medical/Dental Production Operator
	Department Manager:		Rhys Jones - Medical/Dental Production Group Leader
Process Boundaries:	Starting Point: 	Grit blasting hand finished Cobalt Chrome dental frameworks.		Ending Point:	Inspection of frameworks before packing and dispatching.	Team Members:	N/A
Process Sponsor:	Shaun Clutterbuck - Additive Manufacturing Production Manager	Rhys Jones - Medical/Dental Production Group Leader			Process Sponsor Expectations:	The powder feed deteriorates at a slower rate.	Low cost to produce the feed and to install.	None to little time taken in work to create.	Less maintenance required to change the feed.	Quality of dental frameworks cosmetics improved.
Resource Team:	Sarah Lewis - Further Education Department	Steve Jenkins - Medical/Dental Production Engineer	Rhys Jones - Medical/Dental Production Group Leader		
Stakeholders: Renishaw


Figure 6. Project Charter for Guyson Grit Blast Powder Feed Regular Deterioration.
Source: Barclay (2021)




Project Charter for Rosler Media Sieving and Media Change System

Project Charter: Rosler Tumbler Media Sieving and Media Change System
Process Name & Purpose:	Cranio-maxillofacial finishing process (Rosler Tumbler Media Sieving and Media Change System) - Rosler tumbler process improves the cosmetic surface finish of medical cranial implants after manual finishing of the parts. Currently no sieving system of different media in place which results in media mixing and in turn contaminating the media batches. Spill of media is high due to no media change system.	Process Owner:	Aneurin Barclay - Medical/Dental Production Operator
	Department Manager:	Rhys Jones - Medical/Dental Production Group Leader
Process Boundaries:	Starting Point: 	Deburring and polishing of cranial implants in Rosler Tumbler.		Ending Point: 	After Media 1, 2 & 3 have been used and removed from tumbler.	Team Members:		N/A			
Process Sponsor:	Shaun Clutterbuck - Additive Manufacturing Production Manager	Rhys Jones - Medical/Dental Production Group Leader			Process Sponsor Expectations:	To produce a media sieving system and media change over system which helps to reduce the contamination of media.	This in turn will improve the cosmetic surface finish of cranial implants.	Less re-work which reduces the cost of manual labour on each cranial implant job.	Ease of use.	Training of operators is quick and efficient.	Less spillage of media improving Health and Safety.	
Resource Team:	Sarah Lewis - Further Education Department	Steve Jenkins - Medical/Dental Production Engineer	Rhys Jones - Medical/Dental Production Group Leader		
Stakeholders: Renishaw


Figure 7. Project Charter for Rosler Media Sieving and Media Change System
Source: Barclay (2021)


Project Charter for Additive Manufacturing Machine Laser Lens Cleaning

Project Charter: Additive Manufacturing Machine Laser Lens Cleaning
Process Name & Purpose:	AM 250/400 turnover process (Additive Manufacturing Machine Laser Lens Cleaning) - When maintaining the machine after every use, the laser lens must be cleaned to ensure a high quality of additive manufacturing build produced. The current process can scratch and damage the lens which causes faults when producing the build and replacing a high-cost item.		Process Owner:	Aneurin Barclay - Medical/Dental Production Operator
	Department Manager:	Rhys Jones - Medical/Dental Production Group Leader
Process Boundaries:	Starting Point:	AM 250/400 turnover and clean down, removal of lens to clean.		Ending Point: 	Machine put into an inert vacuum state.	Team Members:	N/A			
Process Sponsor:	Shaun Clutterbuck - Additive Manufacturing Production Manager	Rhys Jones - Medical/Dental Production Group Leader			Process Sponsor Expectations:	Produce a lens holding jig to remove any need of holding the lens when cleaning.	Introduce an easier cleaning solution to reduce the amount of scratches that can be caused when cleaning.	Reduce the time it takes to clean a lens.	Adding changes to WI to follow production SOP’s.
Resource Team:	Sarah Lewis - Further Education Department	Steve Jenkins - Medical/Dental Production Engineer	Rhys Jones - Medical/Dental Production Group Leader		
Stakeholders: Renishaw


Figure 8. Project Charter for Additive Manufacturing Machine Laser Lens Cleaning
Source: Barclay (2021)



Selection Criteria Matrix

The selection criteria matrix served as a tool for identifying the project proposal that would be most advantageous and viable moving forward. Given that it assesses and ranks a list of options, a selection matrix is a tool for decision-making (Tague, 2005).  A list of options that you format into the selection criteria matrix is rated and evaluated using the tool. It is also a helpful visual tool for outlining the results and the methodology you used to get there for those that will view it. By examining the three separate ideas in the columns that are vertical and the sections in the horizontal columns, the most important idea can be selected. 
There are some issues with a Selection Matrix with RAG Analysis and as Hamilton (2020) and Best Outcome (2023) argues the tool can be deceiving as projects that are green and continue to be green throughout the project timeline, could not be relaying the true nature of the project and hiding the truth that there are serious issues with the outcome of the project. 
Selection Matrix Process with RAG Analysis

The RAG analysis created and analysed in the project is shown below:
(1 = Low, 10 = High)
Problem	C1	C2	C3	C4	C5	C6	C7	Total
Guyson Grit Blast	4	7	7	5	6	6	8	43
Rosler Tumbler	7	8	8	9	9	8	9	58
AM Lens Cleaning	6	4	8	5	9	7	6	45

1 - 4 = Low	5 - 7 = Average	8 - 10 = High


C1 - High Impact, C2 - Low Effort, C3 - Acceptable Cost, C4 - Acceptable Time, C5 - Acceptable Risk, C6 - Resource Availability, C7 - Addresses Root Cause
Figure 9. Selection Matrix for the 3 problems
Source: Barclay (2021)

By filling out the selection criteria matrix, it became clear that the Rosler tumbler issue, which had a substantially higher score than the additive manufacturing lens cleaning and Guyson grit blast, necessitates the use of process improvement for an improved maintainability of the production process. 





















Feasibility Study

After the project is selected from the selection matrix, it can advance to the feasibility stage.  To determine if a project is feasible, all relevant factors must be considered, including the financial, legal, planning, and technological aspects. It is also employed to determine a project's advantages and disadvantages. The resources needed for the project, the likelihood of success, and the possibilities and dangers existing in the surrounding environment can all be identified and evaluated. The ability of a project to save money or whether it would ultimately increase profit can highly influence the project (CFI Team, 2023). A feasibility study frequently assesses how practical a project or plan is.  Below were the sections included in the Feasibility Study:
Description of Products and Services
Technology Considerations
Product/Service Marketplace
Marketing Strategy
Organization and Staffing
Schedule
Financial Projections
Findings and Recommendations
The Feasibility Study's financial component had a role in choosing which project proposal to pursue. The analysis offered information regarding the financial loss the process was causing as well as the cost and cost-saving if the problem were to be addressed. The department paid between £42 and £60 per bag, including shipping, to regularly order the media each month and to replace scrap and contaminated media. Depending on how many medical products customers required, the media occasionally would be ordered twice each month. Because of the two deliveries per month, replacing media for the department can cost up to £360 per month.
This might amount to £4320 over the course of the year. The cost would be significantly decreased and there would be less need to acquire fresh media monthly if a procedure to lessen contamination and waste were to be developed. It takes the media two months to completely disappear due to natural wear. Therefore, the cost would drop to £960 per year, a 78% decrease, by acquiring new media once every two months.
Through the study, it was determined that the total material cost for the problem's solution would be £30 for the ordering of new acrylic material to create the new lid design. Any additional materials would be obtained from departmental scrap and recycling, hence lowering the cost of scrap within the department.  The estimated total cost of the problem's solution was £30, and this provided another push to progress with the Rosler tumbler issue.



















Project Plan and Gantt Chart

Using a Gantt chart enhances project planning and enables the project manager to establish precise deadlines and timetables to successfully complete the project. The Gantt chart gives a timetable for each job within the project, and as the project progresses over the course of the year, it should be updated often to ensure that deadlines are reached or that specific activities are changed to match with the setbacks that can inevitably happen (Gantt Chart, 2023).  Numerous drafts of Gantt Charts completed provide guidance on how the project progresses and the changes made over the project timeline (see Appendix
A Gantt chart is one of the most widely used and effective methods of displaying activities (tasks or events) against time, according to Duke (2023). The chart can be used to display the many tasks that must be accomplished, their beginning and completion dates, the length of time allotted for them, the activities that overlap and by how much, as well as the start and finish dates of the entire project.
The Gantt chart is a useful technique to use when planning a project. As used within this project, the Gantt chart allows for the planning and scheduling deadlines, tasks and allows for the critical tasks to be identified. Most projects include a Gantt chart as they are extremely helpful and therefore it was used within this project. Tasks and specific deadlines are clear when using one, each task has its own bar which represents its duration. Project Manager (2023) describes that as with most things, the Gantt chart has its pros and cons, the cons are that it can be time consuming when creating one if a template was not used and can sometimes take a considerable amount of time to update and change when deadlines change. Another con is that it cannot be presented on one sheet if there are many tasks and many weeks planned. This can make it look confusing and incomplete. The pros include, can plan with any duration of time; days, weeks, months, years. Improves time management, if there are many members within the project team, all can work from one Gantt Chart (Meardon, 2023).


Critical Path Analysis

A Critical Path Analysis is a method of planning that identifies the tasks that are critical for the project to be undertaken. As stated by MindTools.com (2021), 
As with Gantt Charts, the essential concept behind Critical Path Analysis is that you cannot start some activities until others are finished. These activities need to be completed in a sequence, with each stage being more-or-less completed before the next stage can begin.
There are jobs that must wait until another has finished before moving on, as indicated in the Gantt chart in Figure 7, but there are also tasks that can only run concurrently with other tasks. The project's duration will increase and the due dates for each job will be pushed back if these specific tasks are not completed before the next task. Consequences could include missed deadlines established by the stakeholders, rising costs, and extended deadline. This occurs when unanticipated circumstances develop or when unreasonable goals are set. The tasks and deadlines of the project can be affected by a variety of factors, not all of which can be prepared for. 
The project's critical path analysis might reveal more details about the tasks that must be completed first for it to proceed effectively. Prioritising tasks that require more time and are more important than others require careful planning with realistic deadlines. The following key tasks can be seen by referring to the Gantt Charts made for the project:

Figure 11. An image of a critical path within the Gantt Chart provided in Figure 7.
Source: Barclay (2021).

The Covid-19 pandemic introduced many obstacles within the project and deadlines and targets set continuously required to change. These include critical tasks, and often the tasks were unable to be completed on time. The deadline for the project was extended multiple times.

Conclusion 

The project loosely followed a systematic approach in Project Methodology in that it began with the Initiation Phase, then the Planning Phase, moved to the Execution Phase and then the Closing Phase (Burke, 2013). The Initiation Phase is the process at which the project begins, and the project starts with the Brainstorming/Mind-Mapping tools. These helped to gain insight on the issues within the department that the team members have identified and collaborated with. The Project Charter was then created, and this enabled the project to gain approval on the issue to be progressed on. 
The Planning Phase included tools such as Feasibility Study which helped to improve the knowledge on the issues and the scope of the project ideas. Other tools methods used at this stage were Product Design Specification, Stakeholder’s Design Specification and the Legislation and Ethics of the Design Specification for the improvement of the Rosler tumbler issue. These were not included within this Reflective Report as the main aim was to reflect on the management of the project planning.  
The project's initial phase gave directions on how to create the project and how to begin preparing the project. Selecting three departmental concerns was initially not a difficult assignment since the department manager had already identified several problems that required to be resolved. The department manager guided the project in the direction of the Rosler tumbler issue from the beginning. This created some challenges because it was still necessary to assess and compare the other concerns to determine which idea was more feasible, this bias towards this project impacted the project as team members were not fully invested post project planning. 
The project's planning had both good and bad aspects; there were numerous areas that could have been strengthened and more methods could have been employed to help create a more detailed plan. The Gantt chart and project plan were delayed from the beginning, which led to multiple tasks being left incomplete while the most crucial ones were worked on. The initial scheduling was unrealistic as unforeseen circumstances caused the project to extend further. The unrealistic planning was mostly caused by a lack of project management experience, and in future projects, greater attention will be paid to the initial planning to aid in an effective conclusion.
Overall, the project was not completed due to lack the lack of project management experience at the time. A design was created following the Planning and Execution Phase, but COVID-19 sickness and Lockdown procedures at the time of the project inhibited the progress. Improvements include, realistic deadlines and planning, problem solving when issues arise, and to critically evaluate tasks completed to provide further solutions for tasks. A successful and efficient plan can supersede any problems that a project can face (Mobley, 2014).


























Bibliography

Asana (2021) Top-down approach vs. bottom-up approach: What’s the difference?. [Online]. Available at: https://asana.com/resources/top-down-approach (Accessed: 10 May 2023)
Barclay, A. (2021) Managing a Professional Engineering Project. Bridgend College: Unpublished Essay.
Best Outcome. (2022). Project RAG status meanings and best practice. [Online]. Available at: https://bestoutcome.com/knowledge-centre/how-many-rags/ (Accessed: 23 April 2023)
Burke, R. (2013). Project Management: Planning and Control Techniques. 5th edn. Cornwall: TJ International LTD.
CFI Team. (2023). What is a Feasibility Study?. [Online]. Available at: https://corporatefinanceinstitute.com/resources/management/feasibility-study/ (Accessed: 19 May 2023)
Deshler, R. (2021) The Role of Leadership in Change Management. [Online]. Available at: https://alignorg.com/the-role-of-leadership-in-change-management/ (Accessed: 23 April 2023)
Duke, R. (2023). What is a Gantt Chart?. [Online]. Available at: https://www.gantt.com (Accessed: 20 May 2023)
Gantt Chart. (2023). Gantt Charts for Project Management and Planning. [Online]. Available at: http://www.gantt-chart.co.uk/ (Accessed: 20 May 2023)
Hamilton, D. (2020). RAG Status: a tool not a weapon. [Online]. Available at: https://www.apm.org.uk/blog/rag-status-a-tool-not-a-weapon/ (Accessed: 23 April 2023)
Investopedia. (2023). What Is a Feasibility Study?. [Online]. Available at: https://www.investopedia.com/terms/f/feasibility-study.asp (Accessed: 20 May 2023)
Karim, S (2012) A project with no project charter. [Online]. Available at: https://www.projectmanagement.com/blog/blogPostingView.cfm?blogPostingID=8417&thisPageURL=/blog-post/8417/A-Project-With-No-Project-Charter-#_=_ (Accessed: 14 April 2023)
Martins, J (2023) 3 Elements every project charter needs. [Online]. Available at: https://asana.com/resources/project-charter (Accessed: 14 April 2023)
Meardon, E. (2023). What are Gantt charts?. [Online]. Available at: https://www.atlassian.com/agile/project-management/gantt-chart (Accessed: 20 May 2023)
Mindtools. (2023). Critical Path Analysis and PERT Charts. [Online] Available at: https://www.mindtools.com/pages/article/critical-path-analysis.htm (Accessed 24 May 2023)
Mobley, R. (2014). Maintenance Engineering Handbook. 8th edn. USA: McGraw-Hill Education.
Pears, R. and Shields, G. (2022) Cite them right: the essential referencing guide. 12th edn. London: Bloomsbury Academy.
Project Manager. (2023). What Is a Gantt Chart?. [Online]. Available at: https://www.projectmanager.com/guides/gantt-chart (Accessed: 20 May 2023)
Renishaw PLC (2023a) About Renishaw. [Online]. Available at: http://www.renishaw.com/en/About-renishaw-6432 (Accessed: 08 April 2023)
Renishaw. (2023b) Renishaw: Medical and healthcare. [Online]. Available at: https://www.renishaw.com/en/medical-and-healthcare--32082 (Accessed: 04 April 2023)
Tague, N. (2005). The Quality Toolbox. Milwaukee: Quality Press.
University of South Australia. (2023). Mechanical engineering design. [Online]. Available at: https://lo.unisa.edu.au/mod/book/view.php?id=424249&chapterid=69969 (Accessed: 19 May 2023)
Waldow, D. (2022) Bottom-up vs. top-down project management 101. [Online]. Available at: https://monday.com/blog/project-management/bottom-up-vs-top-down-project-management/ (Accessed: 10 May 2023)
Webster, W. (2023) What Is a Project Charter? [Online]. Available at: https://project-management.com/what-is-a-project-charter/#why (Accessed: 14 April)
Wong, L. (2017) Everything You Need to Know About a Project Charter. [Online]. Available at: https://www.workzone.com/blog/project-charter/ (Accessed: 14 April 2023)
Wysocki, R. (2003). Effective Project Management. 3rd edn. Indianapolis, Indiana: Wiley Publishing.




Appendix

Appendix 1. Additive Manufacturing Machine Lens Cleaning Mind Map
Source: Barclay (2021)



Appendix 2. Guyson Grit Blast Powder Feed Deterioration Mind Map
Source: Barclay (2021)
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Appendix 3. Rosler Media Sieving and Media Change System
Source: Barclay (2021)
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TASKTITLE

PPLANNING - Problem Identification/Project Conception

TASKOWNER STARTDATE DUE DATE

1 Creation of Finished Gantt Chart BarclayA  08/10/20 27/05/21 32
11 Introduction BarclayA  27/05/21 28/05/21 1
12 Identify Three Production Issues BarclayA  08/10/20 22/10/20 2
13 Investigate Facts of Issues  BarclayA  22/10/20 14/01/21 12
14 Draft Project Charters BarclayA  12/11/20 14/01/21 9
15 Project Stakeholders BarclayA 12/11/20 14/01/21 9
16 Project Team Members BarclayA 12/11/20 14/01/21 9
17 Feasibilty Study for EachIdea  BarclayA  22/10/20 14/01/21 12
18 Selection Matrix BarclyA  19/11/20 14/01/21 8
19 Brainstorming ProjectPlan  BarclayA  14/01/21 28/01/21 2
11 Project Specification Evaluation BarclayA  28/01/21 11/02/21 2
17 Planning Phase Gantt Chart  BarclayA  28/01/21 11/02/21 2
2 PLAN & DESIGN SPECIFICATION - Project Definition and Planning
21 Final Project Charter Created 10221 180221 1
Design Brief and Stakeholder
22 Design®r o2 sz 1
Project Design Specification and
23 e e 18/02/21 04/03/21 2
24 broject Planand 2nd Draft Gantt 04/03/21 11/03/21 1
25 Critical Path Analysis 040321 /0321 1
26 Project Planning Techniques 110821 180321 1
27 Project Plan Evaluation 18/03/21 250321 1
28 Legislation and Ethics 18/03/21 250321 1
3 DESIGN AND ANALYSIS- Project Conception, Intiation & Project Analysis
31 Three Ideas For Problems 250321 01/04/21 1
32 Final Design and 3D Design 010821 060521 5
33 Design and Planning Evaluation 06/05/21 13/05/21 1
34 Project Analysis 06/05/21 13/05/21 1
341 LogBook 08/10/20 28/05/21 32
3.42  Role of Design Specification 06/05/21 13/05/21 1
343 Assess Design Solution 06/05/21 13/0521 1
Effectiveness of Indust
344 gd a4 06/05/21 13/05/21 1
35 Project Findings Analysis 06/05/21 20/05/21 2
4 PRESENT-Project Performance / Monitoring
41 Methods of Communcation 20/05/21 27/0521 1
Effectiveness Of The
A teay 200521 27/0521 1
Evaluation of Personal
43 paatonof 200521 27/0521 1
Critical Evaluation of Project
44 Outcomes and Improvements to 00821 270521 1
be Made
447 Feedback Received from 27/05/21  27/05/21 28/05/21

Presentation
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Final Project Charter Created 11/02/21  18/02/21 1
Design Brief and Stakeholder

Influence 11/02/21  18/02/21 1
Project Design Specification and

Compare 18/02/21  04/03/21 2
ghmajftm Plan and 2nd Draft Gantt 04/03/21  11/03/21 1
Critical Path Analysis 04/03/21  11/03/21 1
Project Planning Techniques 11/03/21  18/03/21 1
Project Plan Evaluation 18/03/21  25/03/21 1
Legislation and Ethics 18/03/21 25/03/21 1
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