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The aim of is to reflectively analyse the strengths and weakness of the RPI Rig Development project. Analysis of various aspects of the project will be completed throughout the report. Some of these aspects include the aims of the reflective analysis, methods of analysis, research into relevant areas of the project and finally conclusions on the project.

From the reflective analysis it was found that on a whole the project was successful however, there were aspects which could have been improved upon. This will be covered in more detail within this report.
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This report will reflect on the RPI Rig Development. Before doing so it is important to include some context to the project.

What is Renishaw?
· Renishaw is a global, high precision metrology and healthcare technology group.
· We are also a world leader in the field of additive manufacturing (also referred to as metal 3D printing), where we design and produce industrial machines which ‘print' parts from metal powder.
· We have more than 79 offices in 37 countries, with over 4,400 employees worldwide. Over 2,500 people are employed within the UK where we carry out most of our research and development and manufacturing.

What us RPI?
· Renishaw offers a wide range of high speed, absolute and incremental, linear and rotary encoder systems to meet the diverse requirements of industrial automation.
· Laser interferometer encoders provide the ultimate accuracy in linear position feedback.
· The RPI30 converts 1 Vpp analogue quadrature signals from an RLE laser interferometer encoder system to provide ultra-high resolution (4096x interpolation) positional feedback in a parallel word format.
[image: RPI20 parallel interface]
[bookmark: _Toc104551282]Figure 1 - RPI Product Image
The aim of this project was to improve maintainability. Maintainability looks at how easy a product is to maintain. Maintaining a product may involve a number of different aspects. These include replacing faulty or defective components, carrying out preventative maintenance on a regular basis and maximising the products lifespan. This project looked to improve maintainability in multiple forms. This includes improving the maintainability of the RPI test rig and includes improving the maintainability of the RPI product range. The aim was to do this by making sure that if there are any defective components on product then the test rig will identify these so that they can be repaired before the product reaches the customer.
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The below project brief details the expectations and goals of the RPI Test Rig project. This brief was referred to throughout the project to make sure that the project is on track to meet the design brief.

Company Name: Renishaw plc

Client Division: Laser Calibration Product Division (LCPD)

Project Name: RPI Test Rig

Due Date for Competition: 10th May 2021

Key Objectives: The RPI Test Rig is used to test the RPI30 Interface which is used with RLE products. The current test rig does not step lock the testing process of the RPI30 which can result in customer returns if the product is built incorrectly. This project aims to introduce a new test rig that step locks the testing process and ensures that product quality is maintained.

Target Division: LCPD are the target division of this project as the test rig will be designed to thoroughly test the RPI30 interface which is designed by the Laser Calibration Product Division.

Regulatory Issues: The test rig will need to comply with multiple manufacturing legislations and standards. Compliance regulations will also have to be met such as CE marking certification of the test rig.

Scope: This project will involve designing the hardware of the test rig which includes the mechanical assembly and the electronics. The project will also involve designing the test software that will be used with the test rig.

Purpose and Function: The purpose and function of this project is to step lock the manufacturing process of the RPI30. This will involve camera checks through the software to confirm that the operator has applied the ID label onto the unit. It will also involve running various tests on the electronics to make sure that they are functioning as they are expected and designed to. All these results will be stored in a database to create traceability if the results ever needed to be checked in the future.
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When it comes to the design specification stage it is important to consider what the project stakeholders’ requirements are. If this is not done, then it is highly likely that the project will not meet the needs of the stakeholder which would eventually result in the project being unsuccessful.

For this project there were various stakeholders. The first one being the product division, LCPD (Laser Calibration Product Division). The purpose of this division is to design the products therefore they will have the best understanding of what the RPI interface does and what needs to be tested by the rig to ensure that it is fully functional before it goes to the customer. LCPD supplied a test specification which needed to be taken into consideration during the design phase.

Another stakeholder within this project was CPEG (Current Products Engineering Group). This group is responsible for maintaining the rig once it is in production. They are also responsible for making sure that production runs without any issues and if there were to be an issue then it is CPEG’s responsibility to resolve the issue. CPEG have requirements for the rig that also needed to be considered during the design phase and as they are the group that supports the rig once it is integrated into production it is important to make sure the requirements are fulfilled.

ASG (Assembly Systems Group) was also a stakeholder within this project. This is the group that are responsible for designing the electronics and software for test rigs used within the assembly side of the company. ASG also had their own departmental requirements that must be met when it comes to designing and manufacturing a test rig. These include standard practices and procedures that should be followed when it comes to designing and building any electrical system. There are also standard practices and procedures for writing test software that also need to be followed and taken into consideration.

To conclude this section, there were three main stakeholders within this project. All of which had their own requirements that must be fulfilled by the final design of this project. It was integral to the success of this project that the requirements were broken down within the design specification so they could easily be referred to during the design stage.
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There are various project planning tools and techniques that were used for effective project management. Some the project planning tools and techniques that were used are discussed in this section.

Microsoft Project

Microsoft Project is a software package that allows for simplified project management. One of the features available in MS Project is that it allows you to assign tasks to and particular individual. Another function of MS Project I that it has dynamic scheduling. This means it will automatically assign a time to a task depending on the effort required for the task. Various people can edit the project plan which is another useful tool of MS Project. This project planning technique is used across multiple industries and is also one of the planning techniques adopted in my place of work. The reason for this is that it is especially useful when planning complex projects with many different aspects.

Azure DevOps

Azure DevOps is another package offered by Microsoft which can also be used for project planning and management. This planning technique is used within the department I currently work in. The reason for this is that it allows for agile working. Activities can be easily be managed and kept track of using DevOps. Tasks can be assigned to users which then allows them to add effort points and the time remaining to the task. Once the task is completed it will be moved from ‘IN PROGRESS’ to ‘DONE’. Azure DevOps also provides insights into productivity which can result in more efficient working.

Gannt Chart

A Gannt chart is a simple project planning tool which can be used to outline the various stages of the project and when those stages need to be completed by. This project planning technique can be quite difficult to use if there are multiple aspects to a project however, it is useful to create a Gannt chart at the beginning of a project.

Milestone Presentations

Project milestone presentations is another technique that can be used to keep track of the project progress. Usually, a milestone presentation is given to management to update them on the project progress. Included within the presentation is the stages that have been completed and the stages that will be completed next.

For this project a combination of project planning techniques were used. These included MS Project, Azure DevOps and Milestone Presentations. The reason for this is that these are all standard techniques used within Renishaw. They also allow for agile working and useful insights which will ensure that the project is delivered by the deadline.
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Gantt Chart
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[bookmark: _Toc104551283]Figure 2 - Project Gantt Chart
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Critical path analysis is often used within project management to identify the longest sequence of tasks that must be completed to successfully conclude a project. Each activity in the critical path analysis is critical to the project completion. If one of these activities gets delayed, then the delivery of the whole project will be delayed. Identifying the critical path means that deadlines of activities can be determined.
[image: ]
[bookmark: _Toc104551284]Figure 3 - Critical Path Analysis
It can be determined from the above CPA that ‘Path B’ would be the critical path as it totals 120 whereas ‘Path A’ totals 80. Each activity was scored between 0 and 50 depending on the effort required to complete the activity.
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The feasibility study is used to evaluate multiple aspects of the project to then analyse the potential for success of the project. Some of the aspects covered in this feasibility study include the technical feasibility, operational feasibility, economic feasibility, legal requirement feasibility and the scheduling requirement feasibility.

This particular project can be considered to be technically feasible. The reason for this is because there is a substantial amount of technical resource that can be implemented to complete this project in the form of the engineering team that will be involved in the design and manufacture of the RPI test rig. There are various technical features of this project. These include the rig hardware such as the mechanical and electrical components of the rig. Another technical feature of this project is the software that will be used to step lock the test process and help maintain product quality. There are various engineering teams that specialise in the above areas which makes this project technically feasible.

The RPI Test Rig project can also be considered economically feasible. This is because the cost benefits that will come out of this project will eventually be larger than the initial cost to manufacture after the investment has been returned. The project is allocated a budget before it commences based on similar projects that have previously been completed. This project will have multiple economic benefits. The main one being the amount of customer returns will be significantly reduced due to the production process being step locked through the software rather than relying on buddy checks.

The legal factor of this project can also be considered feasible as all compliance legislations and standards will need to be signed off before the test rig can be introduced to the production line. Other legal considerations also include manufacturing legislations as the products that are tested with this rig will eventually be sold to customers therefore a number of legal requirements need to be met. This project is legally feasible as there are company procedures and documentation that needs to be completed before a test rig can be used for production.
Another aspect that needs to be considered for this project is the operational feasibility. This has been achieved through creating a detailed project plan which identifies key requirements of the project and includes project milestones. These project milestones highlight key points in the system development of the test rig. This helps to make this project operationally feasible.

Scheduling feasibility is another consideration of the feasibility study. This is one of the most important assessments to the project’s success as if the scheduling is incorrect then the project will fail. The RPI Test Rig project is feasible for scheduling as the time estimated for the project duration is feasible for a project of this scale.

Now that each of the five aspects of the feasibility study have been analysed it can now help the identify any constraints that there may be with the project. Fortunately, no constraints of this project have been identified from the feasibility study which means the project should be a first-time success.
[bookmark: _Toc104546702]Ideas Analysis

Once the brief had been understood and the specification and requirements had been taken into consideration, I was then able to come up with three main ideas that could potentially be the taken forward as a solution to the project design brief. Before a particular idea could be selected each one had to be carefully analysed to identify the best possible idea to use. To analyse these ideas various techniques were used such as mind maps and weighted matrix’s which can be found later on in this section.

Idea 1: The first idea consisted of developing a completely new test rig for the RPI product range. This would involve designing and manufacturing completely new mechanical and electronic aspects of a test rig which can be extremely time consuming however, the benefits are that any issues with past test rigs will be addressed with this one which will subsequently improve the maintainability aspect of the rig. Another benefit of this idea is that all the components will be new meaning obsolescence of components is not likely to affect this test rig for a number of years. Obsolescence as be found to be an issue on other test rigs which makes them difficult to maintain. Designing and manufacturing a completely new test rig would also allow for the process to be made more automated so that operator interaction during the test process would be reduced. Ultimately this would reduce the overall test time meaning that the testing process would be made more efficient as a higher volume of products could be tested in less time.

Idea 2: Another idea involved using an existing test rig but repurposing it to test the RPI product range. Within the company there are already a number of test rigs that test similar products to the RPI. One of the issues with this is that as a number of these existing test rigs have been manufactured a number of years ago meaning many of the components originally used are now obsolete. This would require new components to be sourced and if this is the case then it would be a good decision to go with idea 1 as this would address this issue. The benefits of using an existing test rig are that the technology is proven meaning it has already been tested and validated. This would save time during the design phase of the project as the changes needed would be minimal to adapt the existing hardware to test RPI.

Idea 3: The third and final idea would be to support the existing test rig that is currently being used to test the RPI product range. One of the problems with this is that it does not support step locking which means that there is potential that products that are tested through this rig may not be manufactured to the highest standard. For example, without step locking capabilities then there is potential for PCBs to be sent out without the correct identification labels which makes things difficult when it comes to product traceability. Another problem with supporting the current rig is that many of the components used are already obsolete which means it would be difficult to source them if they were to ever fail. The usability of the current rig is also an issue due to the fact the user will have to intervene at multiple stages which increases the overall test time. If a new test rig were to be designed, then this could be addressed.
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A weighted matrix, also known as a decision matrix, is another useful analysis tool which can be used when it comes to making difficult decisions during a project. They are often used during design engineering projects to evaluate multiple options to solve a design problem. Due to the complexity of this project, there is certain criteria that need to be considered. Using a weighted matrix helped to identify the idea that met that criteria the best.
	Weighted Matrix

	
	
	Ideas

	Criteria
	Weighting
	Idea 1
	Idea 2
	Idea 3

	
	
	Score
	Total
	Score
	Total
	Score
	Total

	Requirements
	5
	4
	20
	3
	15
	2
	10

	Step Locking
	4
	4
	16
	2
	8
	1
	4

	Obsolescence
	3
	3
	9
	2
	6
	1
	3

	Automation
	2
	4
	8
	2
	4
	2
	4

	Timescale
	1
	1
	1
	3
	3
	4
	4

	
	
	
	
	
	
	
	

	
	Total:
	
	54
	
	36
	
	25
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Each of the criteria was scored 1-5. 5 being the most important of the criteria and 1 being the least important. As you can see from the above weighted matrix based on all of the criteria idea 1 would be the most appropriate to proceed with. This is due to it scoring the highest total against the above criteria points. The next most suitable would-be idea 2 followed by idea 3.

Once each idea had been analysed using the weighted matrix analysis tool, the most appropriate idea was taken forward to the next analysis stage. Based on the results of these analysis tools it was determined that idea 1 would be the most suitable to proceed with. The reason this idea was chosen was because it scored the highest total in the weighted matrix. This means that it was the idea that met the criteria the most which made it the most appropriate idea to continue with.

In the next section I will closely analyse the chosen idea more closely using further analysis tools such as SWOT analysis. I also used morphological analysis to analyse the chosen idea. It is important that I closely analysed the chosen idea in more detail as it will help to identify the strengths and weaknesses of the idea which allowed me to take them into consideration further on into the project process.


[bookmark: _Toc104546704]Morphological Analysis/Objective Tree (SWOT)

In this section I will use a number of projects analyse tools to look at the chosen idea in more detail. Morphological analysis can be used to identify many possible solutions to a problem by ordering promising aspects and then combining them to find suitable combinations as a solution to the problem.
	Morphological Analysis

	Functional
	Operational
	Software

	Step locking capabilities during assembly of all RPI30 product variations.
	The test rig must not damage the product that is being tested on the rig.
	Engineers to have permissions to access additional software functions.

	Accurate electronic measurements to be taken by test rig.
	Maintainability of the rig must be made as simple as possible for engineers.
	Single executable for operators to run the software.

	Test process to be made as automated as possible to decrease overall test time.
	Operation of the test rig must not be very complex to increase rig efficiency.
	Pass and fail status to be displayed to the operator at the end of the test.

	Product must be secure during testing to achieve a high standard product.
	A defined calibration procedure should be issued with the rig.
	Software to be written using the LabVIEW programming language.
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Now that various parameters of idea 1 had been defined I was able to identify relationships between each of these parameters. The highlighted parameters are the ones with possible relations which helped to solve complex problems that may be encountered during this project. There were several different combinations between the above parameters which may be picked up on later in the project process.

Some of combinations were not possible. This is the case for many of the parameters that were selected to include in the morphological analysis however, it allowed to identify the parameters that were configurable. It is important not to eliminate too many parameters that will not have any combinations. The reason for this is that they may come into play later on in the project.

The next stage was to complete a SWOT analysis. Once this was completed then the project solution would have been analysed in detail which will mean any potential issues will have hopefully been identified and addressed at the beginning of the process. This is important to avoid delays to the project. When working in manufacturing delays can result in economical loses so it is important that they are avoided or minimalised.
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SWOT analysis is another useful tool that can be used to identify the strengths, weaknesses, opportunities and threats of a product. Using this project analysis tool will help to avoid the possibility of failure as the weaknesses and threats of the project would have been identified early on in the process. Each aspect of the SWOT analysis is defined below.

Strengths: The strengths are the aspects of the project that are going to work particularly well. It is important for a project to have strengths as it will help to ensure the success of the project overall.

Weaknesses: It is likely that the project will have weaknesses. The weaknesses are areas of the project of which could be improved upon. It is important that the weaknesses are identified and addressed early on.

Opportunities: The opportunities can be seen as the aspects of the project that something positive could come out of. If opportunities are identified, then they can be looked at in more detail to try and improve the project.

Threats: The threats are the aspects of the project that not negatively affect the overall outcome of the project. It is important that threats are identified and overcome so that the project is a success.
	SWOT Analysis

	Strengths
	Weaknesses
	Opportunities
	Threats

	There will be plenty of resource to put into this project due to it being a high priority to production.
	The effort required to design and manufacture a new test rig is high which could cause delays.
	Will allow me to develop my knowledge and understanding of electronics design and manufacture.
	Due to it being a new rig there are many unknowns that may be encountered along the way.

	Due to agile working multiple members of the team will be able to work on this helping complete the project by the deadline.
	A large amount of validation and testing would need to be carried out before the rig could be implemented onto production.
	Allows me to improve my project management skills.
	The deadline for the project may mean that it is not feasible to finish the project within this timeframe.

	Good knowledge within the team on what works well for this type of test rig which will be of benefit throughout the project.
	Experience with writing completely new software is low which is a weakness that needs to be improved upon.
	An opportunity to collaborate with various other departments and build new relationships.
	With electronics there is often many issues which get identified only after the PCB has been manufactured.
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[bookmark: _Toc104551285]Figure 4 - RPI Rig CAD Model
Above is the CAD drawing of the test rig. This was created in the NX CAD package. As it can be seen in the image the drawing is very detailed and complex which assists when it comes to building the rig.
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[bookmark: _Toc104551286]Figure 5 - RPI Rig PCB CAD Model

The above CAD drawing is taken from Design Force. It is a 3D model of the test PCB that is located inside the structure of the rig. This model allows us to check various aspects such as the dimensions and simulate signals transmission.
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Overall, I believe that this is an effective report due to the level of detail that it contains about the various aspects of the project. Due to the many different factors of this project, it would be difficult for someone to come along and build the rig solely based upon this report due to the complexity of it. If someone were to come along and be able to build the rig solely based on this report then all the circuit schematics and test software would need to be included which is not feasible due to each aspect being considered a project on its own. This report gives an overall view as the project as a whole rather than looking too closely at each individual aspect.

Another reason I believe that this is an effective report is due to the balance between the technical detail and the project management side of the project. I feel that this report has a good balance between the two things which makes it interesting for the reader and also informative at the same time. It also gives the reader an insight into the decision-making aspect throughout the project.

The formatting of this report is also another benefit. Good formatting makes the report easy to follow. This is especially important if the reader is unfamiliar with the project because they will then be able to follow the project from start to finish when reading this report.

If I were to write this report again then I may include a few more details for the design process to help the reader visual the process rather than just reading about it. Also, I would include the progression of the design throughout the design process so that the initial design and final design could be compared.
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Throughout the project multiple communication techniques were used. As there were many people involved in this project communication was an especially important factor to ensuring the project’s success. One of the main communication techniques used throughout this project was Microsoft Teams. Due to the current climate and COVID 19 restrictions Microsoft Teams was an important communication technique as it allowed me to communicate with the project team on a regular basis while complying with COVID 19 guidelines. It also allowed me to collaborate with project team members on different aspects or when I needed guidance on a particular task, I was able to receive it using Microsoft Teams.

Another form of communication technique that was regularly used throughout this project was emails. This technique was mainly used to communicate with the stakeholders when they required an update. I also used this technique when contacting suppliers for parts and components for the test rig. The use of the calendar function within Microsoft Outlook helped me plan when the most suitable time was to gather the project team together weekly so that we could communicate on the progress we had made that week and what activities were going to be completed the following week.

Phone calls were also used throughout the project as a communication technique. If I required a more informal update or had a quick question, then I would use this communication technique. Even though this technique was used less than the others it was still effective. Phone calls were also used to contact suppliers as sometimes it was easier to communicate this way rather than over email. This also helped to save time as sometimes an email response can take a few days.
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Even though I am happy with the final design of the RPI Test Rig I still believe that some design improvements could have been made to improve the design of the rig even further. One of these improvements would be removing the second camera mounted on the side of the rig. This is shown in the below image.
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[bookmark: _Toc104551287]Figure 6 - RPI Rig Camera CAD
The reason for doing this is because we now have the capabilities to check the dip switch position through the electronics therefore making this second camera redundant. Removing the camera would also make the rig which is another benefit at it would make it easier to maintain. The vision system camera can be seen in the below image for context.
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[bookmark: _Toc104551288]Figure 7 - Cognex Camera

Another improvement that I would suggest for this rig is making the adapter that connects to the unit under test interchangeable. The reason for this is that it is highly likely that different variants of the RPI product range will be introduced in the future. This means that there will likely be multiple connector types which will need to be tested on this rig therefore if the connector is interchangeable then the rig will need minimal design changes in the future if this is the case.

The final design improvement that I would make to the RPI Test Rig is changing the material that the front, back and side panels of the enclosure are made out of. The reason for this is because at the moment they are not aesthetically pleasing which makes the build quality of the rig poorer.
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I would consider this project has been an overall success due to the fact that the test rig was delivered to the stakeholder. Even though it was slightly delayed I believe the issues that caused the delays could not have been accounted for during the planning process of the project. This project has helped me develop my project management knowledge and understanding and also appreciate how difficult it is to run a project that has various different aspects. I found that having a weekly catch up with team members working on the project helped deliver the over project. Without this I believe that timescale to deliver the project would have increased dramatically. If I were to carry out this project again then I would try and get more resource early on rather than later on in the project process. If I had done this then it is likely that the project would have been delivered on time.

For further improvements for this project, I would try and use one project management tool rather than multiple methods like I did this time. The reason for this is that I found it was easier to have everything managed in one place. I would also try and allow for more time for certain activities such as writing the test software. The reason for this is that I did not take into account debugging time which was a considerable chunk of time that I had not planned for at the beginning of the project. Also, I would allow for additional time when it comes to testing the electronics as I found there were many issues that needed resolving and some of the issues were not simple fixes. This added additional time onto the project duration which was not planned for.

To evaluate my own behaviour throughout this project I would say I was organised despite the delays. I would also say that my problem-solving skills were used often to overcome the issues that were regularly encountered. There are many benefits this project will bring to production. These include product traceability which was not previously implemented. The production process is also now step locked which means there is less likelihood of defected products reaching the customer. This will also reduce the number of customer returns which is another economic benefit and will also help maintain the reputation of the company.

This project has helped me develop a number of new skills. I will now be able to use the knowledge and understanding that I have developed throughout this project for other similar types of work. Some of the specific areas where I have furthered my knowledge and understanding include software design. Previously I had not had much experience in this area, but I feel I have learnt a great deal throughout this process. Another area I feel I have developed my knowledge and understanding in is within PCB design and manufacture. There are various design considerations that need to be taken when it comes to designing a PCB. This means that components have to be based in particular places otherwise it is likely the PCB will not function correctly.
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This section includes the Product Requirements Document (PRD). The purpose of the PRD is to outline various aspects of the product such as the features that the product must include. Also included in the PRD is the release criteria of the product. It is important for all of this to be outline before commencing work on the product to make sure that the final product meets the initial criteria.
	Product Requirements Document

	Purpose
	The purpose of this product is creating a test rig with step locking capabilities to maintain high manufacturing standards of the RPI device. Another aspect of the purpose of this product is to reduce the possibility of customer returns by ensuring that all parts that are tested through this rig are manufactured to the best possible standard.

	Key Features
	· Electronics Testing
· Step Locking Capabilities
· Vision System
· Test Software (LabVIEW)
· User Ergonomics
· Maintainability
· Safety and Compliance
· Aesthetics

	Release Criteria
	Before the product can be released to be used within production there is a criterion that needs to be met. The main point of this criteria is making sure that validation and testing has been completed on the rig electronics, test software and the step locking. Also included in the release criteria is the completion of all necessary compliance documentation.

	Product Scope
	The scope of this product is to produce a quality test rig to be used within production of the RPI30 interface. It is important that the scope is stuck to throughout the project as scope creep can result in various issues. One of these being that the project is likely to overrun if the scope is not stuck to.


[bookmark: _Toc104551292]Table 4 - Product Requirements Document
[bookmark: _Toc104546714]Product Design Specification (PDS)

This product design specification aims to outline the requirements for the RPI test rig. All of the requirements will be broken down into categories. These categories consist of functional, software, environmental, transport, setup, operational and legislative/safety requirements. These can be found in the below table.
	Functional Requirements

	Functional Specification Requirement
	Justification
	Achieved (Y/N)

	RPI30 products must be able to be assembled at the workstation where the rig is located.
	As requested by CPEG.
	Y

	The maximum total cycle time of the test is 8 minutes.
	This has been requested in the specification background document.
	Y

	The UUT (Unit Under Test) must progress all the way through the test to prevent production build up.
	To prevent build up and reduce feedback loop times.
	Y

	All measurements taken by the rig must be verified to ensure they are accurate.
	Ensure that the measurements taken can categorise a good versus a bad product.
	Y

	Software Requirements

	Software Specification Requirement
	Justification
	Achieved (Y/N)

	The software must require a single executable to run the entire assembly/test process.
	To simplify the process and to minimise the process cycle time.
	Y

	Operator required to scan ID before start of test. This will then check operator skills level to ensure they have been trained.
	For production traceability and to ensure the operator is sufficiently trained.
	Y

	UUT job number and serial number to be scanned before test is started.
	This is to ensure production traceability and to make sure the unit is booked to the correct job.
	Y

	Software to display pass or failure result to operator depending on outcome of the test.
	To allow only functional products through to the next stage of assembly.
	Y

	Environmental Requirements

	Environmental Specification Requirement
	Justification
	Achieved (Y/N)

	Typical rig operation will be between 15C and 30C meaning components used within this rig must have this operating temperature range.
	Due to temperatures within the workplace.
	Y

	The rig must be usable in a range of ambient lighting conditions.
	These are the conditions that the rig will need to be used in.
	Y

	Transport Requirements

	Transport Specification Requirement
	Justification
	Achieved (Y/N)

	The rig should be liftable as a single unit and weigh under 10kg. It must also have suitable lifting points.
	To allow for the rig to be moved with ease in the case of a layout change.
	Y

	Set-Up Requirements

	Set-Up Specification Requirement
	Justification
	Achieved (Y/N)

	The rig must be suitable to be used on a bench that is situated 860mm off the floor.
	So that the rig can be used by operators appropriately.
	Y

	Operational Requirements

	Operational Specification Requirement
	Justification
	Achieved (Y/N)

	The rig must not damage components on the UUT.
	To ensure product quality and maintainability.
	Y

	ESD (Electrostatic Discharge) compliance of the rig is required.
	The rig will be test electronic parts which can be damaged by ESD.
	Y

	Calibration procedures for the rig must be defined to ensure that the measurements taken by the rig are accurate and precise.
	For measurements taken by the rig to be accurate and precise.
	Y

	Preventative maintenance requirements must be assessed, and defined procedures provided to ensure the rig is maintainable.
	So that the rig is easily maintainable.
	Y

	Legislative & Safety Requirements

	Legislative & Safety Specification Requirement
	Justification
	Achieved (Y/N)

	The rig must be CE certified.
	This is to comply with company policy.
	Y

	An ergonomic assessment must be carried out prior to the rig being implemented onto production.
	To ensure that the rig is user friendly.
	Y
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The design phase of this project was complex due to the various aspects that were being worked on simultaneously. This meant that each aspect of the design process could potentially have several people working on it at one time. The first stage of the design process was the mechanical design stage. Once the mechanical design had been completed work could then commence on the electronics of the test rig. Finally, once the electronics have been designed then work can begin on the software.

[bookmark: _Toc104546716]Mechanical

This stage of the design can be very difficult if the requirements are not made clear. Due to there being a clear set of requirements for this project this made the mechanical design phase easier. The overall mechanical design was based upon similar encoder interface test rigs such as the Tonic Interface Rig. This meant that the vision system was mounted above the product that was being test with the PCB sitting in a nest below. The nest itself had pin holes so that the PCB would also be placed in the correct orientation. To electrically connect the PCB to the test rig electronics a connector was mounted at a 90-degree angle to the PCB with a swivel handle. This could then be used by the operator to connect and disconnect the PCB that was being tested. To design this test rig a CAD package called NX was used. This allows for 3D modelling with 360 degrees of movement to be able to view the design from various angles. Below is an image taken from CAD of the nest section of the test rig.
[image: Diagram
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Various aspects of the mechanical design can be seen from this image including the swivel handle which is used to connect the unit under test and the locating pins used to position the PCB in the correct place. One of the vision systems cameras can also be seen in this image. The purpose of this is to check the positions of the dip switches on the outside of the PCB. The operator will set the dip switches to the correct positions based on where the software indicates to put them.
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The next phase of the design was the electronics. Once the mechanical design of the jig had been completed then a main test PCB could be designed which would fit inside the test rig. The purpose of this test PCB is to carry signals from the unit under test back to the PC where the data would then be processed. Due to this the PCB consists of multiple operational amplifiers which are used to amplify the signal. The purpose of this is to maintain signal integrity. Without these then the signal that would be fed back to the PC would be incredibly weak and would not be an accurate signal measurement. Below is an example of an operational amplifier circuit.
[image: Inverting Operational Amplifiers Working and Applications]

Another common circuit that is used with test rig PCBs is a current sense circuit. The purpose of this is to measure the current from the unit under test to determine whether the unit is faulty or not. If the current measurement is not within the specified test limits, then that PCB will fail the test and could potentially be scrapped. Below is the circuit diagram for a current sense circuit.
[image: Diagram
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All of the circuit design was done using CAD packages from Zuken which include CR8000 and Design Force. All of the schematic is drawn in CR8000 with the PCB layout being done in Design Force. These CAD packages allow for complex PCB design while at the same time making it accessible to people of varying skill levels.
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Finally, after the electronics design stage had been complete then next step was to begin work on the software. For test rigs such as this one the software can get very complex due to the number of aspects that need to be tested to ensure product quality. Most of the software written within Renishaw is done using LabVIEW. LabVIEW offers a graphical programming approach that helps you visualize every aspect of your application, including hardware configuration, measurement data, and debugging. Due to it being a graphical software language people of various skill levels can pick it up with more ease than programming languages such as C++ and Python.
[image: LabVIEW - Wikipedia]

The first stage in software design for test rigs is creating a flow chart of the software. It can then be determined what the software will be required to do at each stage. This makes it easier when it comes to the programming stage. After the flowchart has been completed the programming can begin. The main part of this is creating a process loop which will run each step in the test process. Alongside this you will have a hardware loop which the software will use to communicate with the test hardware. In this case the test hardware would include the electronics and the vision system.

One of the reasons LabVIEW is used is because of the front panel that is displayed to the user throughout the test. This helps to visualise what is happening during the testing process. Below is an example of the software front panel.
[image: Tips for Creating an Effective User Interface in LabVIEW – Digilent Blog]
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The completion of a risk assessment is crucial before the test rig can be implemented onto production. This is also the case with identifying any other safety considerations. The purpose of this risk assessment is to ensure that any risks with the RPI Test Rig are picked up on and the risks are mitigated to minimise the risk of injuries within the workplace. A risk assessment is a legal requirement for an organisation to complete. See the risk assessment below for risks associated with the RPI Test Rig. The uncontrolled risk rating and risk rating with controls are calculated by adding the severity to the likelihood. This results in an overall score for each factor.
	RPI Test Rig Risk Assessment

	Significant Hazards
	Potential Risks
	Uncontrolled Risk Rating
	Risk Control Measures
	Risk Rating with Controls
	Further Actions and Improvements

	Loose clothing and long hair getting caught in rig moving parts.
	Could result in the loss of limbs in severe cases and cause injury to rig user.
	4
	3
	7
	All of the moving parts are enclosed with casing to prevent them being accessible.
	4
	1
	4
	Any operator of the test rig is to receive in depth training before using the rig.

	Electric shock from touching the internal parts of the test rig.
	Serious injury to the user which could potentially be fatal.
	5
	2
	7
	Rig electronics are completely enclosed meaning they are not accessible unless rig is disassembled.
	4
	1
	4
	No further actions needed.

	Rig falling off desk and onto a person.
	Would result in injury to anyone in nearby proximity.
	3
	2
	5
	The weight of the rig means it is difficult to move without trying to intentionally move it.
	2
	1
	3
	PPE is supplied to all staff. This includes safety shoes which will protect feet from falling objects.

	Sharp edges on the metal parts of the test rig enclosure.
	If contact is made, then this could result in serious cuts and injuries.
	4
	2
	6
	Metal parts of the rig enclosure have been machined and finished to remove any sharp edges and burrs which may cause an injury to the persons using the rig.
	3
	1
	3
	Regular maintenance carried out on the rig which would identify any of these issues.
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A FMEA (Failure Mode and Effect Analysis) is important to carry out on a new product or in this case a new test rig as it can be used to identify the ways in which the test rig may fail. If a failure has been identified then you can then identify the consequences of that failure, which is known as the effect. The FMEA should be completed by a team with knowledge of the test rig. During this the below table should be filled out with the ways the rig could fail and the consequence. The severity of the failure can then be scored from 1-10. For each of the failures the root cause should also be identified. The occurrence should also be score from 1-10. The current process controls should also be identified for each of the failures. Detection of the failure must also be scored between 1 and 10. The risk priority can then be calculated by multiplying the three previous scores. After this has been done then recommended actions can be thought of. Below is the FMEA for the RPI Test Rig
	Process
	Potential Failure Mode
	Potential Failure Effect
	Severity
	Potential Causes
	Occurrence
	Current Process Controls
	Detection
	Risk Priority
	Recommended Action

	RPI Test Process
	Defect/damaged unit could pass through the test without detection.
	The unit would be sent to the customer even though there is a defect.
	7
	Operator not following the process correctly.
	1
	Assembly process is step locked with vision systems and software.
	1
	7
	No action needed. Risk priority too low.

	
	PCB could be connected to the rig in the incorrect orientation.
	Part could get damaged along with the rig electronics.
	6
	Process not being followed correctly.
	2
	Locating pins to prevent the PCB from being connected incorrectly.
	1
	12
	No action needed. Risk priority too low.

	
	Untrained operator could test parts on the rig.
	Products built incorrectly and quality issues.
	7
	Operator training is required before using rig.
	1
	Software looks to skills database to check operator skill level.
	1
	7
	No action needed. Risk priority too low.

	
	Product labelled incorrectly with wrong serial number label.
	Parts getting mixed up with one another.
	8
	Operator getting labels mixed up by not following process guide.
	4
	One label printed at a time after each test.
	3
	96
	Programme vison system to check each serial number.
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image2.png
Project - RPI RIG DEVELOPMENT

PROJECT TITLE
PROJECT MANAGER
W8S NUMBER TASKTITLE
1 Project Conception and Initiation
11 Project Research and Background
111 Project Charter Revisions
12 Research
13 Projections
14 Stakeholders
15 Guidelines
16 Project Intiation
2 Project Definition and Planning
21 Scope and Goal Setting
22 Budget
23 Communication Plan
24 Risk Management
3 Project Conception and Initiation
31 Status and Tracking
32 Design Ideas
321 Monitoring
322 Forecasts
33 Project Updates
331 Chart Updates
4 Project Performance / Monitoring
41 Project Objectives
42 Quality Deliverables
43 Effort and Cost Tracking
44 Project Performance

RPIRIG DEVELO

Joseph McBride

TASKOWNER

M
M
M
M
M
M
M

M
M
M
M

M
M
M
M
M
M

M
M
M
M

PMENT

START DATE

05/10/20
07/10/20
12/10/20
15/10/20
19/10/20
20/10/20
22/10/20

DUEDATE

06/10/20
09/10/20
14/10/20
16/10/20
19/10/20
21/10/20
23/10/20

DURATION

PCT OF TASK
COMPLETE

0%
0%
0%
0%
0%
0%
0%

0%
0%
0%
0%

0%
0%
0%
0%
0%
0%

0%
0%
0%

COMPANY NAME Renishaw
DATE 05/10/20

PHASE ONE PHASE TWO PHASE THREE

[ ewseoe ]
[N o [ wes [ wexs | wexg [ wexa | wexo
a1 v e T [w T Tw R Fw T Tw R [M T Tw R e (M fw R [F [T [ e |





image3.emf



Critical Path Analysis (RPI Project)



Start Finish



Understand 
project brief



Program vision 
system for step 



locking



Write test 
software for 



rig



Validation and 
testing of rig



Order spare 
parts for rig



Fix issues 
identified with 



electronics
10



10



20



40



30



40



30



Path A – Start, Understand brief, Program vision system for step locking, Write test software, Validation and testing, Finish



Path B – Start, Order spare parts for rig, Write test software, Fix issues identified with electronics, Validation and testing, Finish



20










Critical Path Analysis (RPI Project)

Start Finish

Understand 

project brief

Program vision 

system for step 

locking

Write test 

software for 

rig

Validation and 

testing of rig

Order spare 

parts for rig

Fix issues 

identified with 

electronics

10

10

20

40

30

40

30

PathA–Start, Understand brief, Program visionsystemforsteplocking,Writetestsoftware,Validation and testing, Finish

PathB–Start, Order spare parts for rig, Writetestsoftware,Fix issues identified with electronics, Validation and testing, Finish

20


image4.tiff




image5.tiff




image6.png




image7.jpeg
Rf

Vin

o

W
+Vee
o]
R1
W
o
_vee

oe—7§





image8.png
R1

(a)




image9.jpeg
= LabVIEW




image10.png




image1.jpeg




