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Many projects measure success against time scale and overall product, many do not consider the journey that was undertaken to get to the end product. This report will take a project that has been previously completed, deeply reflecting on how the project was managed. By analysing the journey, an individual can identify room for improvement, not specific to an individual project but from an overall point of view, helping to cement ideologies that can be used to improve the proceedings of future projects. 
This report is a reflective report which details the undertaking of the Z-Axis tester project that was completed at Renishaw Miskin manufacturing site. This project was implemented in 2021 to improve the way in which the Z-Axis assembly was tested. The assembly itself is a crucial feature of the additive manufacturing machines which are produced at the Miskin site. 
The project itself was a critical part of the development of how the Z-Axis assembly was tested. The project was identified as a health and safety risk at first and was highly prioritised by key stakeholders within the additive manufacturing product division. 
The aim of this report is to reflect and analyse the way in which the project was undertaken, how it was managed both as a team and individually. The author will use well researched ideologies of both reflective methods and management methods to produce a critical analysis of the project undertakings. 
The end goal of the report is to be able to distinguish the ultimate success of the project, what went well as well as what could have gone better, cementing a plan for the improvement of future projects that the author will undertake. This reflective report will help to consider new methods of management and help the author view projects from different perspectives as well as improve the overall project proceedings and end goals.
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The project was undertaken between October 2020 and May 2021 at Renishaw Miskin (Manufacturing site). Renishaw was founded in 1973, the first product that the company marketed was touch trigger probing for precise inspection of the Olympus engines at Rolls Royce (Renishaw, 2022). Renishaw is a worldwide leader within the metrology, encoders, and machine tool sector of industry. Sectors that Renishaw supply to include research, healthcare and additive manufacturing as shown in Figure 1. Renishaw has a massive global presence with 81 locations across 36 countries (Renishaw, 2022). UK sites are utilised to conduct most of the research and development on new products as well as the manufacturing of products.
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The project was identified along the RenAM 500ML assembly line at Miskin, which is responsible for the assembly of all Additive Manufacturing machine variants. RenAM 500 Multi Laser (ML) platform is the third generation of additive manufacturing (AM) machine that Renishaw has manufactured. Renishaw (2022) describe AM as “the building up of thin layers of material”, this done via a sintering process and creates complex 3D shapes that cannot be created using traditional subtractive machining. 
Figure 2 illustrates the structure of the assembly line at the Miskin site. The line follows a Kanban styled approach. A Kanban system is a method of just-in-time (JIT) production working on the basis that each part of the production line pulls from the next (IFM, 2022). With reference to the cell layout in Figure 2, the line is designed such that each cell pulls from the previous. 
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[bookmark: _Toc104559748]Figure 2 – Simplified Assembly Line Layout

Cell’s:
Cell 1 – Chamber mechanical fitment	Cell 2 – Chamber Electrical Fitment
Cell 3 – Electrical Module 		Cell 4 – Filter and pump Module 
Cell 5 – Pump Module 			Cell 6 – Gas and Laser Fitment 
Cell 7 – First stage commission 		Cell 8 – Wrap Build and Fitment
Cell 9 – Optical Commission 
The assembly of the additive manufacturing machines is still developing, there are still issues from time to time with key assemblies along the production line. The data illustrated in table 1 was captured over a period of 8 months and illustrates faults per each cell along the production line. This data was key in the decision made by key stake holders within the product division to address the issues which were essentially causing the most disruption. The initial design idea mind map is shown in Appendix 2.
	Cell Fault Area
	Sum of Time taken to Fix (hrs)
	Cost 

	Cell 1
	119.9
	£8,153

	Cell 2
	22.6
	£1,536.80

	Cell 3
	8.58
	£583.44

	Cell 4
	11.75
	£799

	Cell 5
	2
	£136

	Cell 6
	14.33
	£974.44

	Cell 7
	27.5
	£1,870

	Cell 8
	0.25
	£17

	Cell 9
	110
	£7,480


[bookmark: _Toc104559840]Table 1- Assembly Line Cost Breakdown
Appendix 1 illustrates the cost breakdown per Cell throughout the 8 months recorded. The results from the pie chart are clear. Beside customer supplied parts, cell 1 was the most problematic. The cost of issues caused by problems within Cell 1 is approximately £8,153 spread across the 8 months and contributed to 24% of the overall cost. With further investigation, the main issue identified is problems with the verification process of the Z-Axis assembly.
[bookmark: _Toc104471136][bookmark: _Toc104568882]Main Body
[bookmark: _Toc104471137][bookmark: _Toc104568883]The Problem 
The Z-Axis assembly is a key part of the RenAM 500ML machine platform. The main purpose is to provide a level and straight build plate to allow for the ‘printing’ of an accurate and repeatable component. As its name suggests, the motor is powered to move the Heater Plate and Build Volume in the Z-direction during the build operation. The Z-Axis Assembly is a moderately complicated assembly with heavy/awkward components that are required to be assembled with a tight tolerance.

The main components of the Z-Axis Assembly include the Build Volume, Angle Bracket, Gearbox Assembly, Encoder and Motor Servo. There are several other parts such as fasteners, bellows, seals, and rails to make this assembly functional. Further components include the Heater Top Plate Assembly, the Chamber Blanking Kit and the Heater/Top Plate Conversion kit. 
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[bookmark: _Toc104559688][bookmark: _Toc104559750]Figure 4 - Z-Axis Build Plate CAD Model


One of the most difficult processes of the build is the verification of the build plate’s straightness, the Build plate is illustrated in Figure 4. The straightness is essential to the accuracy of the components printed. Previously the verification was completed using an engineer’s square and DTI (Dial Indicator). The build plate is then shimmed and re-tested, the whole process was time consuming and not highly repeatable. 
The first issue with the verification process was the need to remove the servo motor for the operator to access the drive using a handheld drill to drive the build plate up and down during the verification. The second issue was the potential manual handling issue due to access and shear amount of time taken to drive the build plate across 250mm. The final issue was the need for two operators for the full process, one operator required to drive the motor and the other use to read and mark the DTI measurements, this also presented human error in the verification. 
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The first step of the project was to establish a team of resource and set the project scope. The project charter was an important start to the project. The charter itself builds a foundation and was a great communication tool for key stakeholders. This also helped to provide direction to the project, which was essential to keeping key project stake holders well informed. (Bhajia, 2022). Appendix 3 shows the project charter for the Z-Axis Tester.
The key success of the project was to establish the team, this ensured that skills in key engineering disciplines could be utilised. The project itself was a challenge with several different skills required.  As a project manager it was essential that the planning phase was as detailed as possible. Thomas (2008) as cited by Seerador (2012) explains that even the most experienced project teams cannot overcome a poor project plan. 
Another factor that was key during the planning phase was the establishment of the design brief, the project design brief is illustrated in Appendix 4. In reflection, the design brief acted as a guiding document allowing the team to fully focus efforts on satisfying the essential project criteria (Riggie, 2018). The project brief really helped to streamline and focus the team’s attention on fulfilment of the key features. 
The Product Design Specification (PDS) (Appendix 5) played a key role in the successful delivery of the project. The PDS was drafted by the team to ensure that the project met the key stakeholders’ expectations. A large amount of time was invested into the PDS. The PDS was split into sections such as Functional, Operative, Rig mechanism. With each point split into ‘desirable’ and ‘essential’. The project manager ensured that there was full commitment for the PDS from the whole project team, Kent (2018) explains the necessity of this prior to the PDS being finalised and issued. 
The process flow was an essential part of the planning process, illustrated in Appendix 6. The process flow chart acted as an illustrative description of how the team wanted the Z-Axis rig to function. The project team really pulled together during this planning phase to ensure that the process flow was exactly as the key stake holder’s intended. To ensure the success of the process flow, key stake holders were heavily involved. Assembly line operatives had a major role to play as they would be using the equipment on a daily basis. As stated by Faller (2019), “Thanks to personas, designers are able to work more mindful by keeping the user at the heart of everything they do”. The process flow was also an essential part to the programming of the rig, the team utilized sequential flow charts (SFC) as the main technique when beginning the programming process. With such a complex sequence required for the Z-Axis test rig to function SFC’s as a programming language allowed for the ease of visualisation of such a complex sequential system (Devasia, 2020). The Programming list is illustrated in Appendix 7 and shows the sequence that required programming, this was a crucial part of the project success and planning for this was critical. 
The Gantt chart was used as the main tool for the planning of the project, The Gantt chart helped to break project tasks into smaller more manageable phases with the advantage of maintaining a solid overview (Wrike, 2022). The Gantt chart was subject to everchanging challenges; however, the tool allowed the team to document these changes and allow float to deal with these. The projects initial Gantt chart is shown in Appendix 8. The project team understood that the Gantt chart was always going to be subject to change but adapting to these changes was what paved the way to project success. The tool also played a key role in identifying the projects critical path. 

After the creation of the Gantt chart, it was essential that the projects critical path (CPA) was determined. This identified both crucial and independent tasks that could potentially compromise the project (Kenton, 2021). In reflection, the CPA was an important tool for the project team to visualise where the project could not slip. Illustrated in Appendix 9, the CPA was a well-planned and structured interpretation of key project dates that needed to be met to fulfil the promised end date. A CPA was done at each phase of the Gantt chart with key project meetings held at each milestone. Appendix 9 is the CPA for phase 2 (Conception & Initiation). CPA phase meetings were a crucial tool used by the team to de-construct the Gantt chart into crucial task breakdown. 
As the project manager, the author relied heavily upon the use of the project logbook updated on a week-by-week basis. The project logbook helped to keep close ties with all aspects of the project. With a large project team, there was need to ensure key actions were taken each week. In particular, the project logbook served as a tool to track item’s, issues and risks while managing the project (Das, 2022). At the end of the project, it was essential to track performance in order to improve, the logbook illustrated key decisions and focus areas for reflective discussions. The logbook is illustrated in Appendix 10, showing the January entries, however, the logbook was used every week throughout the project. The key area of the logbook was the weekly actions, the Project manager then utilised these during the project weekly meetings to track performance and identify where extra resource was required. 
[bookmark: _Toc104568885]Impact of Ethics & Legislation During Planning 
Ethical considerations played a massive role in the projects design planning. The constant scientific knowledge and technology advancements have deepened the awareness of design dimensions. It was essential that the project team considered all aspects of ethical design. Close attention was paid to the ergonomics surrounding operator’s interaction with the Rig. Height of the Human Machine Interface (HMI), Dual push buttons to operate servo motor and side mechanism design were all design areas that the project team payed close attention to. 
Ethics is crucially important for the project manager, as explained by Juneja (2022) carrying out complex projects and interacting with a variety of stakeholders is a must. Being ethical and following ethical norms are said to be “prerequisites”. Design meetings were at the fore front of the planning phase, this was to ensure that the design would not only be ethical but covers all legislative criteria required by the business. 
Z-Axis tester ethical considerations included:
· Usability - this was one of the most important ethical considerations. The design must be inclusive of all body types, whether that is height, strength, or technical knowledge. The main goal of the test rig was to make it as user friendly as possible designing for the majority and not the few. 
· Accessibility – like usability, inclusive design has become a standard item in the requirement list of many designers (Overkamp, 2019). 
· User Involvement – what data is required and how the data will be used, this was another big planning point from a project point of view.
· Sustainability – there was need to ensure that parts required for the rig were from a sustainable company to ensure that the project has minimal impact on the environment. Research was completed to understand companies’ and how sustainable they are before going ahead with any purchasing. 

Legislation
Rules or laws relating to a particular activity that are made by the government. A prime example of this is the consideration and guidance given by the Health and Safety at Work Act (1974) which is the primary legislation governing health and safety at workplace in the UK. The HASAWA is the main legislation that all other legislations umbrella from.
In the planning of this project, legislation and compliance was considered and planned for. In the case of this project, the rig is intended for use by operators on the line and will therefore need to be CE marked. Tale 2 illustrates the documentation that was required to achieve CE marking. As the project manager it was essential that the documentation was well informed throughout the team and that expertise was utilized. It was essential that the project plan also considered the level of documentation and compliance to design a safe and ethical design.
	Document 
	Type

	Risk Assessment
	DTS150, DL412, EN ISO 12100

	Optical Safety
	EN 62471

	Machinery Instructions
	Machinery Safety

	Evaluation of EHSR
	DL431 – Machinery ISO 11553

	Standards by EUC
	ATEX 2014/34/EU (Ergonomics)

	Functional Safety
	FS321, EN ISO 13849

	Electrical Safety Assessment
	DTS125, DL430, EN 60204

	IP Rating
	DTS614, EN61010

	Electromagnetic Compatibility
	EMC: DTS200, EN 61326

	CE Marking
	Declaration: DL320


[bookmark: _Toc104559841]Table 2 - Table of Documentation for CE Marking
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Build Plate 
Y-Axis Keyence Sensor
X-Axis Keyence Sensor
Control Panel
Z-Axis Trolley
Z-Axis Assembly
Tester outer Shrouding
[bookmark: _Toc104559689][bookmark: _Toc104559751]Figure 5 - Z-Axis Tester with Trolley Loaded














Process Steps:
1. Operator safely loads the Z-Axis assembly onto the Z-Axis trolley following the work instruction, (Part of this is detailed in Appendix 11). The equipment provided for this operation provides a safe and repeatable method to manoeuvre and hold the Z-Axis assembly. Modification of the trolley was required to suit the new test rig. This mainly included the acrylic guarding and the addition of interlock keys as confirmation that the trolley was docked into the tester. 

2. The trolley is then docked into the test rig, this is confirmed via interlocks that are positioned on the test rig. the interlock keys are fixed to the trolley. There is also a dampener system that restricts the impact of the loading. The Z-Axis trolley’s key features are detailed in Appendix 12. The interlocks also act as positional guides to ensure that the Z-Axis remains in the same central position every time the trolley is docked. The interlocks work in cohesion with the trolley dampeners and locating blocks. The testing procedure will not begin unless the interlocks are active.

3. The operator then connects the key servo motor cabling to the Z-Axis assembly. This provides power to the Z-Axis assemblies’ motor and positional encoders which will provide feedback to the control panel. 

4. Both X-Axis and Y-Axis Engineers’ squares are clamped in position on the build plate, ready for sensor positioning. 

5. Y-Axis Keyence sensor is driven onto the Y-Axis Engineers’ square via an IAI elecylinder. This is powered via the program. The operator is then prompted to manually slide the X-Axis Keyence sensor into position, this is confirmed via contact with a proxy sensor. Sensor positioning is fully detailed in Appendix 13. The manual side mechanism that activates the X-Axis Keyence sensor is detailed in Appendix 14. 

6. At this point the verification procedure is ready to run and takes approximately 30 minutes, however, this is completely automated, and operators are free to continue the build on other assemblies. The Z-Axis begins lowering to -350mm, a measurement is taken every 1mm from both the Y and X axis. The measurements are stored and straightness of the build plate across 350mm is calculated. If this is out of tolerance, then re-work will need to be completed. 

7. Providing that the Z-Axis passes the straightness test, The build plate rises to 20mm above the top plate allowing the operator to fit the seals. The programme then prompts the undocking procedure. Y-Axis Keyence sensor retracts, operator slides X-axis Keyence to the side, Engineers squares unclamped, cabling disconnected and finally interlocks release. Z-Axis assembly is now ready to be loaded into the chamber at cell 2 of the assembly line with the confirmation of successful verification.



[bookmark: _Toc104559690][bookmark: _Toc104559752]Figure 6 - Graph shows Improvement Post Implementation
The implementation of the project was very successful. As can be seen from the graph, there is a downward trendline of faults per month related to the Z-Axis assembly within Cell 1 of the production line. In the first 8 months recorded, the average faults per month were approximately 3.75 prior to installation, which reduced to approximately 1.38. There were some initial teething issues when introducing the test rig, however, this was expected. The team reacted well to the initial software bugs and had full support from key stakeholders which was crucial to successful implementation. There was a very positive response from the operators along the assembly line, as previously mentioned removal of the handheld drill and manual process was the main goal of the project. 
[bookmark: _Toc104471140][bookmark: _Toc104568887]Reflective Analysis 
As stated by Bost (2022), “reflection is something that is not usually done, this is because individuals are too concerned with getting on with the next project”. However, reflection is crucially important. Project teams should certainly take time to reflect at regular intervals to highlight mistakes made and learn a lesson from these to improve the undertakings of future projects. 
Project management was crucially important to the project. There is an emphasis on the importance of project managers throughout many organisations. There has been a growing understanding of the impact of both good and bad project management. Project management as described by Teamwork (2022) is more than just managing timings and budgets. Good project management leads to more successful results and happier team members. 
[bookmark: _Toc104471141][bookmark: _Toc104568888]Motivation
A project leader is a key motivator, this was an important trait throughout the project’s completion. Motivation allowed for a well organised and efficient team. The project leader used Herzberg two-factor motivation theory to understand factors that motivated, along with considering factors that de-motivated team members. The two-factor theory as described by EPM (2022) works to get to the root of motivation. The theory was essentially utilised by the project manager to get the best possible performance from the team. Key motivators also known as growth factors written by Herzberg (1959) cited by (CMI, 2012) were utilised by the project manager. Continually instilling a mass sense of achievement during project milestone meetings ensured the team stayed motivated, along with relaying information between the team kept communication at the forefront of the project. Continuous recognition of how well the team was progressing with key project builds provided the motivation to constantly and successfully meet deadlines highlighted by the plan. 
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Adair’s leadership model played a key role in the project’s performance. Each of the three steps with focus on the team, task and individual were successfully met which led to an effective well driven project throughout. Particular attention was paid to Adair’s (1973) Eight Leadership Functions cited by The Team Building company (2022). 
Defining the task was an essential part of setting clear objectives utilising both the design brief and product design specification. Setting SMART (Specific, Measurable, Achievable, Realistic and Time Controlled) targets to ensure that all stakeholders would be satisfied with the end effect. 
Planning and setting clear project milestones with use of the Gantt chart helped to track and allocate resource to ensure clear project destination. The project leader also encouraged team members to challenge the plan. Being open minded, positive, and creative in the search for alternative Ideas. 
Team Briefings and meetings were also resorted to as a way of creating a positive atmosphere. Milestone meetings were scheduled at the end of each phase of the Gantt chart. These meetings were used as a motivating tool for the group, praise was given but there was also reflection in which areas for future improvement were suggested. This tool worked very well and pulled the team together. 
A key area was control. The project logbook stood as an excellent control system. The project leader kept a logbook entry every week of the project, which allowed for the tracking of progression. An action list was made a note of every week and sent via email to remind each project member what was needed to be complete by the next weekly meeting. This delegation and monitoring of team performance helped to achieve maximum results. 
Evaluation was again another vital part of project management. In reflection this was an area of improvement. Assessing the consequences of Items on long lead times within the project build and understanding the overall effect on the deadline would have helped to put systems in place to keep the project progressing. Critically evaluating the team’s performance week on week as well as individual performance would have shown parts of the project that were starting to struggle. 
Understanding 50:50 motivation rule written in Adair’s (1987) book effective motivation as cited by Eduflow (2014), “50% of motivation comes from within a person, and 50% from his or her environment, especially from the leadership encountered there in”. Motivation was the important factor in the successful completion of the project. There was always a positive atmosphere created during project meetings that motivated individuals to meet phase deadlines. 
Organisation was very much a project challenge. The change leader did organise the project management very well. However, with the nature of the project undertaken, in some areas it was very difficult to keep track. The project manager underestimated the technical complexity in some areas, therefore there was some difficulties in re-directing the project. 
In reflection, setting an example worked in cohesion with positively motivating the team. The project leader was very much involved both practically and technically. Getting extensively involved in all project aspects. This gave the project manager a real sense of exactly how the project was maturing. This gave the leader the ability to accurately feedback to stakeholders. 
[bookmark: _Toc104471143][bookmark: _Toc104568890]Self-Management & Communication 
Initial Gantt Chart 
The initial Gantt chart (Appendix 8) was brief, it was decided by the team to assign task owners in a separate meeting. this is the reason that the ‘task owner’ column of the Gantt chart was initially empty. The initial Gantt chart highlights the main body and structure of the project, however, there was much change and more detail added as the project progressed through the stages. 
At the early stages, the team reviewed the initial Gantt chart and made recommendations for improvement, this included:
· Assigning task owners
· Breaking down the main titles in subcategories / tasks
· Percentage complete column to get a better idea of where the project needs more input to progress. 
· Breakdown of the CAD column into workable parts, the team were unable to do this at this stage of the project due to there not being full a full design plan. 
· Allocation of slack for critical Tasks.
All possible improvements were considered by the project team implemented at the next phase of the project as the Gantt chart evolved through different phases. 
Final Gantt chart 
The team quickly decided that the best way to track the CAD modelling of the implement phase was to break down the CAD modelling into parts as highlighted in Appendix 15. Another development was the identification of task owners and percentage complete for tasks. Assigning task owners gave more responsibility for team members to ensure that they knew what tasks needed completing and when. 
Improving Communication for Future Projects
An area of improvement for the Gantt chart was the communication amongst the team. The Gantt chart was very much a tool used by the project manager. To improve the project this should have been a shared document for all the team to feed into as opposed to being discussed once a week. The main form of online sharing that could have been utilised was Microsoft teams and shared to each of the project members. To improve the Gantt chart as a key self-management & communication tool, each area of the project, be that programming, electrical build or design would have benefitted by having individual timing plans. This would have served to further break down sub tasks to ensure completion and keep the project organised. Pushing project information through emails leads to communication issues. To solve this issue, it is essential that more interactive techniques are utilised. Effective communication starts with being clear and concise Palmer (2021), For future projects it is essential that the team consider exactly who they are communicating with. To ensure that the relaying of information is communicated to the correct people. 



[bookmark: _Toc104471144][bookmark: _Toc104568891]Areas of Improvement 
Having reflected, the overall final design of the project could have been improved. With such a short timescale to complete a project of such complex demand, finalising the design with key stakeholders was difficult. The project team were not efficiently receiving timely feedback or information throughout the design. As stated by PMAlliance (2020) “The best way to find out where improvement is needed is to ask stakeholders”. 
Some parts of the design were difficult to machine. Having been given the time and opportunity, the project certainly would have benefitted from using Design for Manufacture (DFM) techniques during the CAD design stages. Parts used on the Z-Axis tester would have had much less of an impact on cost if model features were better considered. DFM is vitally important in maximising efficiency over product development timeline (SeaComp, 2017). The project build was a long process and contributed to the strain on the project schedule. In some cases, the project team realised that parts needed modifications and therefore they required re-design and manufacture which impacted overall time and project cost. Having been given a more generous time scale, part design would not have had to be rushed and would’ve had less of a financial impact on project proceedings. 
Design for Assembly (DFA) is another technique which would certainly benefit the overall project build. The use of Lucas Method would reduce the amount of fastening required to fit components to the Z-Axis test rig, further driving the cost of the assembly down. To maximise ease of assembly, there should have been more self-aligned parts that required a small amount of time to fasten, push fit parts are a perfect example of this and will be considered in future design. As explained by Velling (2021) The total number of parts in a product is a key indicator of design quality. The test rig build would have benefitted from more mistake proofed parts. Poka-Yoke is a form of design error proofing, implementation of this technique would have sped up the build process in knowing exactly how parts should fit and align.  
The programming of the test rig took a toll on the time scale set for the project. Much of this was due to in-experience in programming OMRON products. Advice and guidance were given by the company when requested, however meetings were difficult to set up due to the demand. This certainly was a key learning point for the project manager in the fact that, it is important to ensure that there is adequate resource for every part of the project. 
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[bookmark: _Toc104568892]Conclusion
In conclusion, reflecting on the proceedings of the Z-Axis test rig project has helped to identify mistakes made that will help to improve future projects. The reflective analysis has shed new light on techniques that can be used to help create a well designed and ethical project. Overall, the Project was very successful in improving the verification process of the Z-Axis assembly. 
There was a high level of personal development not only in mechanical, electrical, and programming knowledge, but the experience of utilising key management ideologies to get the best performance out of the team. There were many unforeseen problems that were very difficult to plan for which is the difficulty in any project undertaking. Some of the main issues as highlighted by the report was expertise, as there were plenty of learning curves throughout the project, with hardware and software requiring high levels of resource. 
As is the nature of project management, timescale never remains the same and no matter how well the Gantt chart / Planning technique is used, there will always be limiting factors that strain and impact a projects duration. There is no doubt that the Z-Axis tester has had a positive impact on the AM500ML assembly line and has drastically improved the verification procedure of the Z-Axis assemblies’ straightness. 
Project management is key in the measurement of a projects’ success. Even though there were some areas of improvement highlighted in the report, all stakeholders were satisfied upon the delivery of the test rig. Leadership enables team members to perform to their very best, providing vision, motivation, coaching and inspiration for the team to accomplish tasks. Without the management, the project would have lacked focus with vague and nebulous goals. The project success was very much measured by the reaction of the key stakeholders, satisfying those individuals meant that the project was certainly deemed a business success within the Additive Manufacturing Product Division. 
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	Project Charter: Chamber Module Assembly – Z-Axis

	Process Name & Purpose: 
Z-Axis test – This is where the Z-Axis is tested for straightness before it is fitted back on to the machine. This process is not only time consuming but is also a health and safety concern from an ergonomics point of view. The operator will manually move the Z-Axis down in 10mm increments down to -250mm taking a rough reading form the DTI, with another operator driving the Z-Axis down using a handheld drill. 
	Process Owner: Paul Gay

	
	Workshop Leader: Leigh Taylor / Karl Rees

	Process Boundaries:

Starting Point: Z-Axis is assembled and tested in Cell 1

Ending Point: Fitted to the chamber before moving along to Cell 2
	Team Members:
Line operators – For expertise of the process
Ryan Harris / Michael Cheeseman – Mechanical design
Paul Gay / Ryan Harris – Documentation
Alun Lloyd / Michael Cheeseman – Programming
Alun Lloyd / Michael Cheeseman / Mark Sailes – Electrical Design

	Process Sponsor:
Leigh Taylor (Line Manager)
Paul Richards (Assembly Development Manager)
	Process Sponsor Expectations: 

To faster verify that the straightness of the Z-Axis is > or = 0.15mm and to be able to store this information for traceability. Fit the heater plate seals at cell 1 to remove the current process of fitting them in cell 6. Remove the handheld motor and use the servo motor to drive the bed up and down. 


	Resource Team: 
Line operators – For expertise of the process
Ryan Harris / Michael Cheeseman – Mechanical design
Paul Gay / Ryan Harris – Documentation
Paul Richards - Budget
Alun Lloyd / Michael Cheeseman – Programming
Alun Lloyd / Michael Cheeseman / Mark Sailes – Electrical Design
	

	Stakeholders: 
Line operators, Line manager, Assembly Development Manager, Process Owner.


Project charter 
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Detailed Z-Axis Tester Design Brief.
	Z-Axis Tester Design Brief
	

	Business Name / Main Client 
	The main client for the project is the RenAM 500 assembly line at Renishaw with the Stake holders including Line Operators, Line Manager, Assembly Development Manager, and the Process Owner.

	Problem Statement 
	The Z-Axis assembly needs to be square within 0.15mm across 350mm of the Z-Axis movement to function successfully when used by customers.

During the maintenance and build of the AM500ML machine platform, The Z-Axis is required to be assembled and tested for squareness.

There is a concern regarding the ergonomics of the current process. There needs to be a process implemented to verify the Z-Axis squareness in a safe and efficient way. 

	Design Statement 
	Design, build and implement a system that can test the Z-Axis assembly before it is fitted inside a chamber during its assembly and maintenance. 

The testing must include the straightness test of the heater plate as it is driven down the build volume.  The solution requires the Z-Axis assembly to be driven up and down using the fitted motor. It would be ideal if the design could be replicated to be able to test the Z-Axis on the NexGen AM machine.  

The solution should be repeatable, easy to use and safe for the operators. The solution will need to be CE compliant, and fully documented following the tooling process used within ADG. Any measuring equipment used will have to be calibrated to ensure it is accurate before releasing to production. 


	Due date for completion 
	The due date for the project’s completion is 04/05/21. With the volume of compliance documentation, the project could span across to June, however the Physical tester is targeted for completion 04/05/21.

	Review Dates
	The main Design review date is targeted for 03/02/21.

	Budget 
	The budget for the full Z-Axis project is £10,000.

	Product Name
	The product name is Z-Axis Alignment Rig. 

	Regulations and Compliance
	Standard Documentation: Specification, Risk Assessment, PUWER.

CE Marking: Risk Assessment, Optical Safety Assessment, Machinery Safety, Electrical Safety, Electromagnetic compatibility, EU Declaration, EU DoC.

Markings on Equipment: Company Name, EUC name, Serial Number, Country of Origin, Safety Warning, CE Mar ETC.

User Guide

Electrical Safety


	Constraints 
	There are some restrictions to satisfy several regulations and compliance documentation. The main constraint is for the tester to be compatible with the Z-Axis Trolley and Must fit in the assembly Cell. 

	Project Milestones
	Key Project Milestones can be viewed on the next page. 
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Detailed Project Product Design Specification.
Key:
E = Essential		D = Desirable
 = Specification point met
 = Specification point requires testing (The spec may be met by design but requires testing)
 = Specification point has not been met
	[bookmark: _Toc393977537][bookmark: _Toc462049222][bookmark: _Toc55818639]Functional Requirements

	
Ref
	Target  Requirement
	E / D
	Justification
	Solution
	Validated

	1.1
	To be a fixed test rig for validation of the Z-Axis Assembly at its Sub Assembly stage and its variants.
	E
	Required to be fixed in order to facilitate the safe validation of the Z-Axis.
	
	




	1.2
	To be able to drive the completed Z-axis assembly up and down using the fitted motor. 
	E
	To be able to test the entire completed assembly.
	
	

	1.3
	To measure the straightness of the build plate as it travels down the assembly. 
	E
	As part of the current test procedure. 
	
	

	1.4
	To be able to fit the seals to the heater plate as part of the Z-axis assembly and to test the sub assembled unit.
	E
	To be able to correctly test the assembly.
	
	

	1.5
	Compatible with the Z-Axis Trolley T-99205
	E
	Reduce transportation waste
	
	

	1.6
	Test straightness of both X and Y axis simultaneously 
	E
	To reduce section of testing time ≥50% 
	
	

	1.7
	Needs to hold a measurement device in a locked and stable position
	E
	Essential to Ref 1.1, 1.3 and 1.6
	
	

	1.8
	Increase range of vertical testing to test full capacity of Z-Axis movement
	D
	Current Test only measures to -250mm. Z-Axis can travel up to  - 350mm
	
	

	1.9
	The Z-Axis Assembly must be secure and stable when tested
	E
	Essential to Ref 1.1
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Ref
	Target  Requirement
	E / D
	Justification
	Solution
	Validated

	2.1
	Complete the test with the motor fitted to the assembly
	D
	To prove-out the full assembly to ensure it works as expected. 
	
	




	2.2
	Rig to fully support build volume during the testing process.
	E
	Health and Safety
	
	




	2.3
	Fully enclosed rig that is compatible with the current Z-Axis Assembly
	E
	To ensure safe operation of the motor and gearbox of the Z Axis.
	
 
	



	2.4
	Rig Requires Main Power Supply 
	D
	To enable safe operation, HMI, data logging, movement of Z Assembly.
	
	



	2.5
	Suitable HMI
	E 
	Operator ease 
	
	



	2.6
	Traceability of testing 
	D
	To be able to Trace testing
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Ref
	Target Requirement
	E / D
	Justification
	Solution
	Validated

	3.1
	Must be RoHS and WEEE Compliant
	E
	To be able to make it CE compliant.
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Ref
	Target  Requirement
	E / D
	Justification
	Solution
	Validated

	4.1
	
Intention is for the rig to be in one position.

	E
	Requirement for a fixed, robust rig to cope with large heavy components and their transfer
	
	




	4.2
	Rig needs to be able to move if required.
	E
	Required for relocation.
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Set-up Requirements

	
Ref
	Target Requirement
	E / D
	Justification
	Solution
	Validated

	5.1
	The rig must have a minimal set up time.
	D
	Save time needed to set up the test rig. 
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Ref
	Target  Requirement
	E / D
	Justification
	Solution
	Validated

	6.1
	Test results must be recorded.
	E
	For traceability of products
	
	


	6.2
	All test should be able to run automatically without the need of operator supervision.
	D
	To be able to free up operators if required. 
	
	



	6.3
	Rig to allow retry attempts of any unit that failed to pass test successfully.
	E
	Setting may require multiple attempts.
	
	


	6.4
	Work and rework procedure must be intuitive with on-screen prompts.
	D
	Ease of use and to assist in error prevention / missed steps.
	
	



	6.5
	Needs to be simple for users to easily understand how to use the jig correctly and efficiently
	E
	So the process is efficient and no time is wasted trying to understand how the tooling works
	
	

	6.6
	Components of test rig should be error proofed, so incorrect set up of tooling is impossible
	E
	Jig setting errors are non-value adding, contributing to poor operational efficiency yields and poor quality
	
	

	6.7
	Extra tooling needed to operate the tooling design should be minimised or easily accessible
	D
	Reduce any non-value-added time within the process
	
	

	6.8
	Instructions on how to operate tooling need to be clear and easily accessible
	E
	So the process is efficient and no time is wasted trying to understand how the tooling works
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Ref
	Target  Requirement
	E / D
	Justification
	Solution
	Validated

	7.1
	Must Conform to CE and UKCA Requirements
	E
	To ensure the bench is safe to use by operators
	Complete DL440 and risk assessment to achieve CE through compliance procedure.
	



	7.2
	To meet the requirements outlined in the Risk assessment &, machine safety report.
	E
	To obtain CE certification
	Actions addressed although Risk assessment has not been reviewed.
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Ref
	Target  Requirement
	E / D
	Justification
	Solution
	Validated

	8.1
	Lighting to be 1000 Lux or greater
	E
	Required for accurate assembly and inspection
	Provided with current level of factory design
	



	8.2
	Needs to be designed ergonomically using guidance from DS312
	E
	Reduce exposure to work hazards and improve productivity 
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Project process flow
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Programming List 
	Program
	Description

	Main Screen
	Home screen to access all screens

	Enter Japan Serial Number
	Screen to enter serial number

	Enter Badge Number
	Screen to enter employee number 

	Dock Trolley
	Looking for Interlock signals, instruction to dock trolley 

	Connect Cabling
	Looking for feedback cable instructions for wiring

	Power Up Servo
	Power up servo using manual button at 500 RPM

	Drive and set Zero position
	Using depth gauge, measure back plate take average measurement, move to actual zero

	Centre Heater Plate
	Instructions to centralise heater plate & torque down 

	Drive down -350mm
	Drive -350mm at 3000 RPM

	Release Trolley
	Disconnect cabling then unlock trolley 

	Dock Trolley
	Dock trolley, Connect cabling, Power up servo after 2 seconds

	Drive to Zero
	Auto move from -350mm / 350mm to move at 3000 RPM

	Drive up to 23mm
	Manual move 23mm relative at 500 RPM 

	Fit Both Seals
	Instructions to fit seals

	Drive to Zero position Manually
	Manual control move -23mm relative at 500 RPM 

	Drive down -200mm
	Auto control move -200mm relative at 3000 RPM

	Drive to Zero
	Auto control move 200mm relative at 3000 RPM

	Fit Squares
	Instructions to fit squares 

	Move and Zero Probes
	Instructions to move X and Y axis probes into position 

	Straightness Test
	Drive 10mm delay 2 seconds read, repeat across 300mm

	Return to Zero
	Move relative 300mm at 3000 RPM

	Calculations
	Complete calculation for ‘suggest shims’ once shimmed and confirmed 0, pass

	Pass
	Green light shows, display pass screen relative, move 0.7mm up from 0 position 

	Retract Sensors / Probes
	Instructions to retract probe X and signal to retract Y axis probe

	Remove Hardware
	Instructions to remove hardware

	Disconnect Cabling
	Instruction to remove cabling 

	Remove Trolley
	Instruction to release trolley 

	Return to Main screen
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Z-Axis Test Rig: Initial Gantt Chart. 
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Critical Path Analysis used to identify possible disruptions to the project. [image: Graphical user interface, application
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Project logbook: January Entries.
	Date: 05/01/2021
	Time: 11:30
	Week: 14

	Progress Report

	Wiring diagram added to SharePoint.
Frame imported from Item into NX ready for next stage of mechanical modelling.
Main task to ensure that the framework was added into NX and team centre ready to continue with mechanical design.
Simon Hudson emailed about dual button design.
No changes made to current project plan.

	Issues

	Training on ZUKEN to get up to speed with Renishaw standard format for the structure of wiring diagram drawings. 
May be an issue using a dual switch (on screen as well as manual) to jog the Z-Axis. 
No issues with the plan, still on target.

	Problems

	Some issues when importing ITEM frame into NX but nothing substantial.
Long process of adding each part to Teamcenter for future reference. 
Issues identified with control panel wiring diagrams, need to be updated and reviewed before being re-added to SharePoint. 

	New Ideas / Concepts

	No new ideas mechanically, the idea needs drafting. 

	Personal Achievements 

	Now able to import parts from ITEM model into NX to fully model component.

	Tasks Planned 

	Continue with mechanical modelling. 
Review DL440 and submit to understand what compliance documentation needs to be completed.
Update drawings and email for signatures, add document to SharePoint.

	Project Status

	On Schedule

	Actions 

	Project actions this week - No meeting
Continue with mechanical modelling - RH
Review DL440 and submit to understand what compliance documentation needs to be completed - MC
Update drawings and email for signatures, add document to SharePoint - MC 





	Date: 12/01/2021
	Time: 08:00
	Week: 15

	Progress Report

	Simon Hudson replied advising against the use of on screen in conjunction with manual push button.
Paul Gay emailed previous test results for Z-Axis straightness, may be of use to project.
Mechanical design progressing well, bridge design currently being constructed. 

	Issues

	Risk identified with proposed use of manual push button in conjunction with HMI, there is a concern that the HMI button may malfunction allowing operator to move Z-Axis with manual PB. 

	Problems

	New concept for Push button needs to be discussed.
IAI actuator needs to be looked at for bridge design. 

	New Ideas / Concepts

	2 manual push buttons may be used on either side of tester to allow Z-Axis movement need to ensure:
-Buttons are in reach, no stretch by operator.
- Buttons clearly identifiable and function correctly together. 

	Personal Achievements 

	Communicating well with team. First email with compliance team. 

	Tasks Planned 

	Continue with bridge design.
think about starting the wiring of the control panel.
Start learning ZUKEN for wiring drawing.
DL440 review and submission.
New conceptual design for push button operation discussed.
IAI actuator meeting. 

	Project Status

	On Schedule

	Actions 

	Project actions this week - No meeting
Continue with bridge design - RH 
Think about starting the wiring of the control panel - RH, MS
Start learning ZUKEN for wiring drawing - RH
DL440 review and submission - MC
New conceptual design for push button operation discussed - MC, MS, RH
IAI actuator meeting - RH
Book process flow review meeting - RH 





	Date: 19/01/2021
	Time: 10:00
	Week: 16

	Progress Report

	Mechanical bridge design progressing well, need to start getting the mechanical design work up to the same speed as the electrical.
New conceptual design in place, PB's to be added to side of tester for operator to press in order to move the Z-Axis.
Process flow meeting complete, the process flow now suits the changes made to wiring diagrams and needs to be added to the SharePoint system. 

	Issues

	Mechanical design work starting to dip and progress slow.
No issues on project plan, still on target to finish for the deadline. 

	Problems

	Mechanical design is progressing at a slower pace than expected due to my lack of NX design experience, some mechanical work will be handed to MC to bring the project up to the same speed as the electrical side. 

	New Ideas / Concepts

	Spring loaded cushion to help contain the impact of the Z-Axis getting pushed into the tester. 
Mechanical design needs to be developed. 

	Personal Achievements 

	Slowly gaining more experience with NX, Teamcenter.

	Tasks Planned 

	Add process flow to SharePoint 
Wiring control panel 
Further ZUKEN experience 
DL440 review 
IAI actuator meeting 
Continue with mechanical design 

	Project Status

	On Schedule

	Actions 

	Outcomes from Z-Axis Process flow review 19/01/21 @ 10:00
Add process flow to SharePoint - RH 
Wiring control panel - MS, RH 
Further ZUKEN experience - RH
DL440 review - MC
IAI actuator meeting - RH 
Continue with mechanical design - RH 





	Date: 26/01/2021
	Time: 12:00
	Week: 17

	Progress Report

	Updated process flow added to SharePoint.
Wiring the control panel is progressing well.
MC started foot design has completed the bridge design and foot dampeners. 
MS printed component idents for control panel
made changes to panel layout, detailed in wiring diagrams.
Still on track with deadlines.
Some changes made to Gantt chart, some of the order has been re-arranged.

	Issues

	Lack of wiring knowledge from myself may slow the wiring process but will be a good experience. MS there to guide.

	Problems

	Learning fast from MS on the electrical side. May slow down the process but will remain in the time scale projected.

	New Ideas / Concepts

	New idea of sliding mechanism to be used for the X-Axis of the Z-Axis tester. 

	Personal Achievements 

	Enjoying the electrical side of the project gaining further knowledge. 
Also gaining experience of the ordering procedure at the company. 

	Tasks Planned 

	Finish off design work 
Finish Wiring Panel 
Order framework for Z-Axis tester.
Organise project team meeting to review Z-Axis tester design.

	Project Status

	On Schedule

	Actions 

	Outcomes from Z-Axis Design review 27/01/21 @ 14:00
Finish off design work - MC, RH
Finish Wiring Panel - RH, MS
Order framework for Z-Axis tester - RH, MC
Organise project team meeting to review Z-Axis tester design - RH, MC.
DL440 Review and sent to group compliance - RH, MC
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Z-Axis method of mobilisation prior to fitment to AM500ML machine:








Fig 34.1

Fig 34.4


Fig 34.2

Fig 34.3

The primary function of the equipment enables a safe and repeatable working method to manoeuvre and hold the Z-Axis assembly used within the RenAM platform machines. The trolley has been designed to be used by a single operator. There is built in locator positioning tooling, providing a safe method of lowering and positioning the Z-Axis assembly on to the trolley in a controlled manner. 
The overview of the Z-Axis trolley shows the trolley populated with the Z-Axis (Fig 34.3), The Z-axis is lowered onto the trolley via 2 x Locating claw’s (T-99205-P040) (Fig 34.1). The locating claw’s help to locate the bar to safely lower the assembly onto the Z-Axis trolley (Fig 34.2). There is also locating blocks that help to ensure that the assembly is positioned evenly on the trolley.
The trolley will be located on the RenAM 500ML assembly line in cell 1 at Miskin. The trolley will be used to store completed assemblies and to transport assemblies for test. All caster wheels need to be locked during the lowering of the Z-Axis, when being stored and during test.  
Skills required to safely use the equipment 
	Type of role / person 
	Assembly Operator

	Experience
	WI training 

	Training needs
	Manual Handling, WI-12667
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Trolley Modification
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The first step of the project was to modify the pre-existing Z-Axis trolley to ensure that it is safe to use during the testing process. Acrylic panelling was added to shroud the Z-Axis to guard the moving parts of the Z assembly to ensure that the operators cannot trap hands in moving parts.
Doors have been added to the side of the trolley to allow access to key components and reduce any obstruction to the current process. The tester will accommodate the Z-Axis trolley allowing for the testing to be solely completed on the trolley. The connector plate is a key component of the trolley as it allows the necessary cabling to be connected from the control panel to the Z-Axis assembly to allow movement. 
The locating blocks highlighted on the image allow the Z-Axis to be lowered safely, securely, and square. This ensures that the Z-Axis assemblies’ weight is distributed evenly and ensures that the Z-Axis is central within the trolley ready for the testing procedure. 


Trolley Impact Dampening & Interlocks 

[image: A picture containing graphical user interface
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The sole purpose of the trolley dampener is to ensure that when the trolley is docked into the tester the force generated is reduced to allow smooth connection between the interlock key and interlock as shown in the image below. 
It is important that the tester does not move or rock when the operator docks the trolley. The dampener is in two pieces, 3D printed from MJF via the rapid manufacturing team at Renishaw. Springs are slotted between the 2 central holes (highlighted) and 4 screws are used to secure the pieces together allowing for a spring action. 








the interlocks are mounted to the framework via brackets on the extrusion as pictured in appendix, The interlocks are programmed to ensure that the operator cannot remove the Z-Axis during the testing procedure.
The interlocks also act as positional guides to ensure that the Z-Axis remains in the same central position every time the Z trolley is docked. The interlocks work in cohesion with the trolley dampeners and locating blocks. The testing procedure will not begin unless the interlocks are active.
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Sensor Positioning  
[image: Diagram, schematic

Description automatically generated]
The sensor positioning is a key feature of the tester, the Keyence sensors are required to be depressed approximately 6mm against the engineer’s square. They are required to remain central to the engineer’s squares to ensure that the squareness readings are precise. The Y-Axis sensor is moved to position via the elecylinder illustrated on the left-hand side of the model, this is programmed to remember the forward and backward position. The X-Axis Keyence sensor is positioned manually with use of the side mechanism as described on the previous page. 







The Locating blocks also ensure that the Z-Axis assembly remains central in the tester to accurately verify the straightness value of the Z-Axis. The locating blocks are made out of MJF and are 3D printed, this plastic is very durable but also soft to ensure that it doesn’t damage the trolley.  
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[image: Diagram
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The Side Mechanism is a crucial feature in the positioning of the X-Axis Keyence sensor on the engineers’ square to verify the straightness of the assembly in the X-Axis direction. The side mechanism is made up of 5 key components, the rail and slide which is a component used on the AM machine itself which has been repurposed. The rail allows for the sliding movement. The lever mechanism, the lever shaft and sleeve work in unison. The lever sleeve is lifted upwards towards the knob which pulls the pin out of the locked position. The Keyence sensor and clamp which provides the measuring data, the clamp ensures that the Keyence sensor is held in place. 
The X-Axis support which holds all the components on the slide, this is made of sheet aluminium which durable and lightweight. The pull pin housing holds the indexing pull pin to ensure that there is no movement. 
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Cell 1 Z-Axis Faults per Month (Oct 2020 - Jan 2022)  Faults Prior to Project Implementation 

Cell 1 Z-Axis Faults per Month (Oct 2020 - May 2021) 	Faults Prior to Project Implementation 	Cell 1 Z-Axis Faults Per Month (June 2021 - Jan 2022)	4	3	5	2	3	4	5	4	0	3	3	2	1	1	0	1	0	Oct 2020 - Jan 2022

Number of Faults in Cell 1
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