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Abstract 
Project Purpose 
Vent discs were initially found to be above specification for the outer diameter. The chosen solution to rectify this issue was to propose a new tolerance. The project aim is to ensure the vent discs meet our testing requirements and perform to the required standard during application. 
Time allocated for project 
A total of 3 weeks has been allocated for the implementation of the project which includes the testing, dimensional analysis, and report creation. Refer to appendix 18 for timings.
Main Project aim 
The aim of the project is to ensure the oversized diameter can perform to the same standard as the diameter stated in the engineering drawing of the vent disc.
Brief description of project 
Following an inspection, it was found that the diameters of the inspected vent discs were above specification therefore a project was purposed to perform a compete inspection including a PPAP and any relevant testing to ensure that the discs meet EnerSys’s general requirements and can perform to the same standard as discs within the current specification. 
Implementation overview 
Below are the tests that are covered in the implementation section (refer to appendix 21 for more information) 
Visual/Cosmetic analysis 
Vent Disc Retention Test 
Vent Valve Pressure Test (including effect of doming)
Evaluation of Distortion on Assembly 
Evaluation of Vent Disc Seating Position
Conclusion
Project was completed successfully and on time.
Only issues were that the Covid 19 pandemic did increase the amount of time to create certain documents such as this technical report. 
Outcome was that the suppliers were to adhere to the engineering drawing changes (revised tolerance of diameter) and were to check the vent discs with a go no-go gauge supplied by an external company and sent over by EnerSys. 


Introduction
What is the project about / what I set to achieve? 
Following an inspection, it was found that the diameters for the inspected vent discs which are moulded in a Lupoy material which is a different material to the current in use Xantar are out of specification (oversized) so a solution must be provided to solve this issue as it can have adverse effects on the final product. The specification of the vent discs is in line with the drawing requirements therefore it does not cover anything above or below specification. This means that the failure mode of the part is unknown (i.e., max/min allowable diameter before failure occurs). 
Key objective is to ensure that the new proposed tolerance covered all the samples received with some leeway as any newly produced discs can potentially be marginally higher or lower than the max and min of the measured samples. To ensure the discs will perform at a high standard in production tests must be performed to replicate what the discs undergo during the operation of the battery to ensure they are within specification and will not cause any failures when a product is used by potential customers.
Below is what I expect to achieve:
· The samples must have a diameter of 18.25 – 18.55 (proposed tolerance) 
· The samples must pass all relevant testing criteria 
· The samples must perform to the sample standard as vent discs moulded in Xantar. 
Project overview 
The project started by creating potential solutions to an issue which was the diameter of the supplied vent discs. 
The solutions were all compared using evaluation techniques like feasibility tables. 
A final solution was chosen then all the project steps were planned using Gantt charts and pert charts. 
The research section included previous testing examples and H&S standards involved in the project. 
Documents such as plans of action, work breakdown structure and FMEA’s were all created in the planning section. Then the implementation section covered all the testing detailed in the timings and resources documents. 
All relevant appendix numbers can be found in the appendices section. 







Background
Planning 
Timings of how long the testing aspect of the project and dimensional analysis / report writing would take to complete were created. This was created by using how long it took for previous examples. 
Costings were calculated from all the inspection tools used for the testing and dimensional analysis. From the timings created the labour costs were calculated. 
Pert charts (refer to Appendix 8) were created on the time it took to completed specific sections of the project such as the creation of a CSM, FMEA, work breakdown structure etc. These pert charts were used to help define a more accurate Gantt chart (refer to Appendix 8). 
Use of resources included all the equipment used in the testing and inspection of the vent discs refer to appendix 15 for more information. 
The work breakdown structure was compiled into three sections which included the dimensional inspection, testing and summarisation of data which can be viewed in appendix 19. All sections were broken down and explained, including the time taken for each of the three sections.
A plan of action which can be viewed in appendix 20 was created for the overall process of the project giving an overview of each task that needs to be completed to ensure project success. This was done by creating a flow chart including each process involved in the project from start to finish. 
Initial solutions which are briefly described on page 7 (refer to appendix 4 for more detail) were evaluated to give the best solution considering many factors detailed in feasibility studies which were created for each of the 3 potential solutions (refer to appendix 5).
A responsibilities tracker was created (refer to appendix 20) to set actions with deadlines to meet. All actions were completed on time and pushed the project towards a successful completion. 
An FMEA was created to see the potential problems that can occur during the project and what had to be addressed first. The issues were scored with highest score being tackled first. 
Research 
This section was used to verify the process to be completed. This was carried out by speaking to the design manager and gathering previous examples that were completed. The gathered information allowed the testing procedures to be verified and completed correctly (refer to appendix 14). 
Component and material research were completed to ensure that measuring tools such as the quick vision machine were all used correctly (refer to appendix 12). 
Health and safety standards were found on the HSE.gov website (refer to appendix 13). 
Character selection matrices were created to select the best material used for the vent discs, the best measuring instrument to be used for the dimensional analysis and the best data summarisation techniques (refer to appendix 11).
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Implementation / Testing
There were 3 different colours of the new material to be inspected. The dimensional analysis off each colour was performed and the testing was generally only performed to replicate the worst-case scenarios i.e., the largest / smallest diameters. 
Refer to appendix 21 for a more detailed explanation of the testing activities including images and results. 
This section will include a brief description of the testing activities performed. 
Vent Plug Retention Test 

[bookmark: _Hlk41561242]Test Method: Vent Discs were assembled into a sample Lid moulding (including corresponding Vyon Disc and Vent Valve); a pressure of 12psi was applied to each Vent Valve at temperatures of +20°C, -30ºC & +55ºC. Sample was soaked at each temperature for a period of 24 hours prior to applying pressure.

Test Requirement: The Vent Plugs shall not be displaced with a pressure of 12psi applied to the Vent Valve at temperatures of +20°C, -30ºC & +55ºC.

Vent Plug Pressure Test

Test Method - Vent Discs were assembled into sample Lids (including corresponding Vyon Disc and Vent Plug). The assembly was then secured to the test jig as shown in Appendix 20 testing. The air flow was set and once the venting pressure was achieved the air flow was cut-off. The pressure was then allowed to decay for 5 minutes. The tightest and loosest fit of the LG PC/ABS material was tested and repeated 3 times using the same vyon disc and vent plug.

Vent Plug Drawing Number – 2210-9751 
Vent Plug Impression – CH35
Vent Disc Drawing Number – 2107-8881 
Vyon Disc Drawing Number - 2201-9041 
(above drawings cannot be shared due to company policy)

Test Requirements - The venting pressure shall be between 1.3-2.7 PSI as stated in drawing 2210-9751 (this drawing cannot be shared due to company policy)
Doming effect
Measurements were taken to show the curvature of the vent disc following assembly with the mating recess in the lid.
A height gauge was used to measure the height difference between the centre of the vent disc and 4 points on the lid surface (x+, x-, y+ and y-)


Implementation / Testing
Evaluation of LG PC/ABS Vent Disc Seating Position

Test Method: A Vent Plug Retention Test was performed to evaluate the effect on pressure the Vent Disc position has. A Vent Disc was pressed into the Vent Recess Diameter using different sized spacers giving varying levels of lifting (the corresponding Vyon Disc and Vent Plug were assembled as normal). The assembly was then secured to the test jig as shown in Appendix 20 testing. The air flow was set and once the venting pressure was achieved the air flow was cut-off. The pressure was then allowed to decay for 5 minutes. 

Below are the spacer sizes used to secure the Vent Disc (the test was repeated two times for each height):
1.5mm
1.0mm
0.5mm
0.25mm
Normal Assembly (0mm)

Test Requirements - The venting pressure shall be between 1.3-2.7 PSI as stated in drawing 2210-9751 (this drawing cannot be shared due to company policy).
There was an issue regarding the thickness measurement of the vent disc detailed in the cosmetic inspection (refer to appendix 21). A deviation will be allowed for tolerance from +0.1/-0.1 to +0.2/-0.1mm. This issue was more prominent on impressions 1, 5 and 8. 
There were no issues with other tests that were performed other than the initial issue with the diameter being above specification and two impressions being at the lower limit of the revised tolerance. 
Dimensional Analysis / Cosmetic Inspection 
A cosmetic inspection and dimensional analysis were performed to ensure the part meets our requirements (appendix 21). 







Testing against PDS 
All testing satisfied the PDS required detailed in appendix 21 All results and test methods can be viewed by referring to appendix 21 It is deemed that the vent discs are fit for purpose, but it would be best to ensure that the measurement method at EnerSys Newport and Arras and the supplier Hertus have their measuring methods aligned to ensure consistency of results. Therefore, it I recommended for a quick check that a go-nogo gauge is created to check if the discs are within specification or not. 
Further testing in the future will only need to be performed if a tool change, material change, or design change is made. 



Proposed Measurement Method for Ø23.12
It is recommended that ‘H’ Type ‘Go’, ‘No-Go’ Gauge are used by the Supplier and EnerSys QA as a common measurement method.
Disc must fall through ‘Go’ end with no pressure applied (just the mass of the Disc).
Disc must not go through ‘No-Go’ end with no pressure applied (must not grip the sides of the Disc with no pressure applied).
[image: ]
Image supplied by gauge supplier




Conclusions / Recommendations

The tolerance applied to Ø23.12 is to be adjusted from +0.2/-0.0 to +0.43/-0.13mm.
The tolerance applied to dimension 3.5 is to be adjusted from +0.1/-0.1 to +0.2/-0.1mm.
The Supplier is requested to evaluate if it is possible to correct dimension 3.5mm back to the original tolerance of +0.1/-0.1mm
The Supplier is requested to review the condition of the tool with regards to the level of flash at the Split Line; it is clear from the analysis that Impression 2 is distorting the results of the capability study.
The above measurement method is to be adopted by both the Supplier and EnerSys QA. EnerSys to place order for gauges and free issue to supplier.
The gauges were ordered and checked to the new specification of the vent discs (using a quick image to test the greatest and smallest diameter and check with the gauge) and were acceptable. 
Any relevant engineering drawings were changed to suit the new tolerance. 
It would be useful if the supplier would provide capability studies monthly so an eye can be kept on the tool ensuring that results off each impression do not deviate above or below specification.  
The project was successful, and the deadlines / budget was met. The discs are now in production to be used on the relevant products. 
The creation of programs on the quick image machine can lead to further projects for smaller parts that cannot be measured on the CMM. 


Reflective Analysis (Performed May 2021)
Aim of reflective analysis
The purpose of this analysis is to provide myself the opportunity to critically examine this experience and link it to learning opportunities. This allows me to highlight the negatives of my project and provide alternative methods to cover my pitfalls and help improve my performance when undertaking future projects by implementing newly found ideas.
Introduction
This project was a great experience for me not only from a learning point of view but also a way to analyse the experience to ensure that I perform better in future projects. The practical section was extremely useful as a gave me the chance to apply all the knowledge I have learned within my workplace to assess the performance of the part/product being tested. 
From this project and reflective analysis, I have learned that a successful project requires comprehensive and detailed planning, creativity, collaboration, active support and continual reviewing and adaptation of the project plan whilst making progress. 
I have learned how to work in teams for short term projects, how to manage and divide tasks within a small group and how to be creative when testing the performance of a product. 
There are plenty of opportunities for improvement especially in terms of project management that I could implement in the future to further develop myself.
The purpose of the project was to critically evaluate if the out of specification product was still fit for purpose. This reflective analysis will help improve critical moments as well as areas of concern by relating them to academic references, so that I can learn about the best practices and make use of them in future projects. 
I will focus mainly on project management and knowledge management. To conclude the analysis, I will talk about how the research and new methods / models I have found will be useful in the future. 



Reflective Analysis 
Knowledge management 
Throughout the project there was a lack of assurance in what had been achieved and what had to be done to finish the work in time. My solutions to the issues were found too quickly and I did not reflect on these solutions to make the most of the situation. The main issue was that I did not organise reviews throughout the project at the end of each project stage. 
Through researching project management, I found that including too many management tasks will overall affect the development of the project in a negative manner, which is not what I would want.
Instead of proactively reviewing and communicating the situation of the project in formal reviews with my manager and other relevant team members, I reacted to situations instantaneously myself which caused delays due to disorganisation (testing time could have been reduced to one week but I wasted time by juggling all the ongoing tests without a plan).
Alternative ways to approach knowledge management within projects
Though project organisations have become more popular, knowledge management within them is still in its infancy. However, if project organisations are to prevent knowledge fragmentation and lack of organisational learning, they must practise systematic and efficient knowledge management (Kasvi, et al., 2003).
Kasvi, et al. (2003) say the greatest the most challenging aspect of project management is collecting and storing useful information whereas Schindler, M., & Eppler, M. J. (2003) say project amnesia is causing confusion among project teams and that knowledge is the outcome of the experience. They both believe that knowledge is the outcome of experience but some authors such as Schindler, M., & Eppler, M. J. (2003) believe that relationships, products, and project memory are all examples of intelligence. Brooks, et al. (2006) say that project social capital generates knowledge and viewed it as a know-how that can improve project success.
From the literature it can be deduced that knowledge results from the actions you perform such as completing tasks. But what is the best way to collect, assess and share knowledge gained from a project? 
Generally, authors bring forward an idea of compiling a report in which we can gain knowledge from its recommendations and conclusions and that it is an important resource for successful project completions (Wiazmitinoff, 2010).


Reflective Analysis 
Project Learning Model 
There is a model that would have been very useful to have included into my project called the project learning model. 
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Project Learning Model. (Kasvi, et al., 2003).
To manage information generated in a project in a systematic manner, the projects themselves must be managed in a systematic manner. The Project Learning Model demonstrates this by relying on the systematic replication of Project Workshops to update the contents of two dynamically changing project documents: The Project Plan and the Team Contract. The Project Plan serves as a repository for ‘hard' project information such as project description, tasks, and outcomes. The Team Contract includes organisational information such as lessons learned and interactions. The project learns from itself when both are handled in a systematic manner (Kasvi, et al., 2003).
We must maintain both content and background awareness during the project process to enable a project to learn. If we want to transform a project organisation into a learning organisation, if we want to distil results and lessons from one project and deliver them into another, we will need very systematic project knowledge management. It is suggested that some form of information repository be developed, as well as work practises that encourage the use of this repository. Despite the growing popularity of project work, there is still a lack of research and analysis on project information management and learning project organisations (Kasvi, et al., 2003).
The above paragraph is still relevant to this day, reflections on previous project is still not as encouraged as it should be.


Reflective Analysis 
Knowledge management conclusion 
To conclude, this tool (project management model) will allow me to gain knowledge from assessing the lessons learnt from the project milestones and use that knowledge when attending milestone reviews with the project team to have a collaborative learning session on how we as a team can improve certain aspects of the project and how to carry out the remaining project milestones based on what we have discovered. 
Since I was always fully occupied with trying to complete project tasks, I never really considered documenting and reporting detailed reviews and assessments. Implementing a plan like this would allow me to personally develop from the tasks I perform by learning from them when they are fresh in my mind. This would also give me an opportunity to engage deeply with the project content and allow me to focus on long term retention on how to structure and manage and perform tasks in future projects. 
I should have set-up a clear project knowledge management plan from the start of the project. I have now learnt how important it is to communicate routinely with the project team throughout the project and to record the errors and successes of the project and lessons learned for reflection. 
Communicating allows us to increase our efficiency as we can share our knowledge and review each other’s work to avoid missed opportunities for learning during the course of the project. Therefore, I will ensure I implement knowledge management into future projects I take on as it will not only benefit me but also the project team I work with. 



Reflective Analysis 
Project change management models/tools
Reading through change management literature and looking back through the planning section of the project I noticed that other than completing a feasibility study on the project outcomes I have not utilised some project change management models that would have greatly benefitted me in covering the external factors of the project. 
External factors have a direct impact on project and will affect our ability to achieve objectives. 
Below is some research I have performed on project management models 
Models/Theories of leading change 
The literature of models/theories of change suggests that change can be separated into two types, one type is more traditional i.e., Lewins as an example and they generally view things as more controllable than they actually are such as employee behaviour as an example. They come across as a systematic type of approach where there are a number of logical steps leading to a review of the current situation and then all the way back to identifying change goals similar to a negative feedback system. 
Lewins Model of Change 
Lewins model of change follows the 3 stages below
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Unfreezing: It entails cultivating a realisation for shifting from one's current comfort zone to a transformed situation, as well as improving people's preparation and willingness to change (Mind Tools Content Team, n.d.).
Change: It entails a willingness to consider new ways of doing things. The people are unfrozen at this stage, and the real change is enforced (Mind Tools Content Team, n.d.). 
Refreezing: When people embrace or internalise new forms of functioning or change, accept it as a part of their lives, and form new relationships (Mind Tools Content Team, n.d.). 


Reflective Analysis 
Lewins Force Field Analysis 
Lewins force field analysis is a great tool for helping assess the likelihood of success for an upcoming change. If the factors that support the change outweigh the factors resisting the change, then there is a greater likelihood of success for the proposed change. 
Below is an example of a Lewins force field analysis I completed for a university assignment. 
Forces Resisting Change
Forces Driving Change








Reflective Analysis 
The second type of change model/theory pays more attention to the people within the organisation and generally emphasise communicating your vision of change to employees as it will increase their motivation, they focus more on the social side of change. Kotter’s model of change is a great example of this.  
Kotter’s Model
Kotter’s model has eight steps for leading change. It is often stated that project failure occurs due to a lack of employee engagement and the fact that most organisations do not put in an appropriate amount of planning into the project (AlManei, Salonitis and Tsinopoulos, 2018).
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Both Kotter and Lewins models focus heavily on organisational changes but other models such as ADKAR focus on individual change (AlManei, Salonitis and Tsinopoulos, 2018).
ADKAR Model
The ADKAR change model was created by management consultant Jeff Hiatt. The acronym stands for awareness, desire, knowledge and ability, and reinforcement (Stouten, Rousseau, & De Cremer, 2018).
“Awareness” entails instilling in employees the expectation that improvement is needed. It entails developing and sharing a shift vision. The "desire" stage involves putting the change vision into action and focusing on inspiring workers to participate actively in the change. To help their involvement in the transition, employees' "knowledge" and "ability" are built. Finally, the improvements are "reinforced" and consolidated into the organisations' processes and structures during the reinforcement stage. ADKAR pays special attention to the processes that enable employees to act as change ambassadors. It does so, for example, by considering their individual needs as well as the potential implications of the transition for particular classes of employees (Stouten, Rousseau, & De Cremer, 2018).
This type of model will not work well in a hierarchical structured organisation as people within positions of more responsibility such as directors will have the final decision on a particular change and can overrule the opinions of employees. 


Reflective Analysis 
SWOT Analysis 
SWOT stands for Strengths, Weaknesses, Opportunities, and Threats.
Strengths and weaknesses are internal to the company we have control over these and can change them (Parsons, 2018). 
Opportunities and threats are external things that are going on outside the company. We cannot control the threats we find but we can protect the company against them, and we can take advantage of the opportunities we find (Parsons, 2018).
SWOT analysis organises the strengths, weaknesses, opportunities, and threats into a simple table that is a very useful graphic used in project management. 
Performing this analysis gives a solid strategy for work prioritisation and allows me to look at the project from different directions (Parsons, 2018).
PESTLE Analysis 
A PESTLE analysis is a framework to analyse the key factors (Political, Economic, Sociological, Technological, Legal and Environmental) influencing an organisation from the outside. It offers people professionals insight into the external factors impacting their organisation. The analysis is flexible, so organisations can use it in a range of different scenarios. People professionals and senior managers can use the results to guide strategic decision-making it underpins the importance of considering the impact of external forces on a range of plans for change. It can also highlight the potential for additional costs, and prompt further research to be built into future plans (Morrison, 2020).



Reflective Analysis 
Nudge Theory 
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This model is based on seven fundamental elements that all companies must have to succeed. These elements may be used by organisations to determine where change and realignment are needed, as well as to ensure mutual reinforcement of each element to sustain high efficiency (CioPages, n.d.).
This model will work well with Kotter’s model as Kotter’s focuses on change leadership whereas this model focuses on improving the efficiency of individuals.


Reflective Analysis 
There are many similarities between the discussed models and many arguments that supports how valuable each model is, but gaps can be seen within each framework when compared to one another. For example, models such as Lewins and ADKAR have great arguments for improving an individual’s skills to improve efficiency but Kotter does not take this into account and mainly focuses on getting a change put through. 
Evidence Based Practice 
Within the past few years there has been a large push for evidence-based practice of managing project change. 
Evidence-based practice (EBP) is making judgments based on the best available information from various sources doing so in a careful, explicit, and judicious manner increases the probability of a favourable outcome (Barends, Rousseau & Briner, 2014).
In management, evidence-based practice for change is in its infancy. Several reports show that when making decisions, administrators of companies and other organisations do not check empirical evidence. We need to better understand practitioner perceptions and perceived obstacles to EBP adoption to promote its adoption (Barends et al., 2017). 
New models and theories may arise in due to the rise in research in favour of evidence-based change. 
Conclusion of Project Change Management Models/Tools
There are many differing opinions as to which models should be used for managing change. The literature suggests that it is circumstantial, some models are suited for larger hierarchical based organisations whilst some are more suited to smaller employee centralized businesses. The consensus from the literature covered is that models such as ADKAR, Lewins, and nudge are great for smaller scale projects, whereas Kottler and McKinsey 7-S Models synergise very well together and would work best for large scale projects for larger organisations. SWOT and PESTLE analysis work very well for all projects and give us an overview of important points to pay attention to. 
I believe that the use of Lewins force field analysis with the feasibility study I performed would have helped maximise the likelihood of the proposed project solution being successful by highlighting the forces for and against the change. 
For example, the solution I chose was to adopt a new measurement method to assess the diameter of the vent discs by using a go/no-go gauge. By performing a Lewins force field analysis I could have learned more about the positives and negatives of this type of measurement method and possibly have come to a different solution. 
I also believe that I would have gained a much greater understanding of the external threats that engineers must face when completing similar projects by performing a SWOT and PESTLE analysis. This would also be very useful as a visual aid for other team members to see the highlighted strengths and weaknesses of the proposed solutions and the threats and opportunities surrounding the project to be aware of. 


Reflective Analysis 
Overall Strengths of Project
Product Testing – I was able to efficiently deduce that the product being tested was fit for purpose by performing various tests to replicate the performance of the part in application 
Dimensional analysis – I was able to create and proof programs created on the quick image and CMM machines to ensure that results that I had obtained were accurate.
Overall Weaknesses of Project 
Project planning – As detailed within this section of the report I could have done so much more to improve the planning of the project such as performing SWOT analysis and Lewins force field analysis. The layout of the Gantt chart for the project itself was also quite poor but has been improved upon in the Gantt chart for the reflective analysis.
Team communication – I found this to be the biggest weakness of the project, there was not a lot of communication between the team members and the only time I would communicate with someone was to ask if I could use certain equipment.
Research – While the previous examples of testing found through researching my company’s procedures was extensive enough, the initial research of the project was very poor. It only contained a few screenshots of information and there were not enough comments from myself demonstrating my knowledge of the product itself. In the future I will ensure that I demonstrate that I fully understand the background knowledge of the project itself. 
Conclusion of Reflective Analysis 
After reflecting on my project and my errors I am determined to implement the methods I have discovered in my research into future projects. This project has allowed me to show my ability to learn and adapt in a new environment and demonstrate the skills I have learned throughout my apprenticeship such as product testing, programming of machinery and application of project management tools. This was my first company project and even though I grasped the main aspects of project management there is still a lot that needs to be considered to increase the quality of my work to the next level and to allow me to learn and adapt from project errors and delays. I plan to make knowledge and project managing my main areas of improvement to not only allow me to better plan future projects but to also reflect on any future mistakes I make to further develop my knowledge and experience throughout the entire process. 
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Appendix 1
Logbook
16/09/19
Today we went through an introduction to the course and went through the objectives of the course listed below 
1) Formulate and plan a project that provides a solution to an engineering problem
2) Conduct project activities to generate outcomes which will provide a solution to the problem
3) Produce a project report analysing the outcomes of each process and stage of the project 
4) Present a project report drawing conclusions on the result of the project 
We also went through some successful and failed projects to show that even a well-planned project can still fail.
We also went through root cause failures of projects and the common elements 
23/09/19
We went through each section of the project in detail.
We also came up with 2 solutions to a proposed project 
I have got a project to do from my workplace which will be sufficient enough to fill in all criteria for this subject 
30/09/19
We went through project mind map examples and started to work on our own 
07/10/19
I have finished and handed in my project mind map
We went through project introductions during our lesson
I gathered information from work relating to the project so I could complete my project introduction 
14/10/19
I completed and handed in my project introduction 
We went through the initial research section of our project and created a presentation on Jack the ripper to be present next week as a group
21/10/19
We presented our Jack the ripper research presentation 
28/10/19
Gathered more project related documents to do with the inspections I have to perform 
I gathered the specifications for our vent discs and all the relevant detailed drawings
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04/11/19
We went through how to conduct a feasibility study and looked at examples 
During the week I asked the design manager at EnerSys to the potential solutions to my project and the 3 most likely solutions we came up with were to 
Refurbish the tool
Buy a new tool 
Relax the tolerance of the diameter 
11/11/19
I completed and handed a document which was going into detail of the 3 project solutions I went through last week at work  
We carried on working on feasibility studies today 
18/11/19
We went through a PDS document 
I finished my feasibility studies 
According to my feasibility studies the most feasible solution is to relax the tolerance of the vent disc diameter so for my final solution I went into detail for what I would have to do to ensure the new tolerance would meet our requirements. 
25/11/19
We went through the project sanctioning document and final solution document 
02/12/19
I finished my project sanctioning and final solution documents 
We looked at pert charts and Gantt charts 
We created a pert chart in lesson 
09/12/19
Finished my PERT and Gantt Charts
Started my design brief document and PDS 
Looked up standard relating to lead acid batteries 
16/12/19
Started to organise my project folder 
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06/01/20
I have started to look into CSM’s first as I would like to select the correct tools for the dimensional analysis first before starting any research.
I first looked for information on the material that was chose for this project as well as any other relevant plastics that could have potentially be used as alternatives to use as a reference for the justification of material choice. 
I also looks through the Mitutoyo website for information on the specification and uses of measuring equipment that I could potentially use for my dimensional analysis of the Vent Discs. 
I have gathered information about different methods of summarising data by using Minitab at work and going through all the different ways of representing certain types of data. I found that using a combination of scatterplots and capability analysis will be the best ways to display the data because it gives all the information needed about the part for the supplier as well as the toolmaker. So, the toolmaker can see the differences of each impression and gain an understanding of what is happening to the tool used to create the Vent Discs. 
I have also created a pert chart similar to how I created my first one but, in this section, I have decided I have wanted to do most of the documents at the same time as each other. 
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13/01/20
This week I have started on 3 documents and have completed the CSM and pert chart documents 
Timings 
I have gone through all that needs to be done for the project and have given estimate times for each process. 
This was quite difficult as there are many processes I have not performed before so I am not really sure how long they will take so I have given a worst-case scenario for the timings. 
Costings 
For this document have gathered rough estimates as to how much our old machinery and tools costs as well as seen the receipts for our new machines so that I can compile them all into one costings table. 
I have included my labour costs by using the total time I have estimated from my timings document.
I have also included my training costs for when I went on a training course for the CMM and Quick Vision machines we have in our workplace. 
Material / Component List and research 
I have gathered information on the tools and equipment that I will be using in project from the Mitutoyo website as well as creating a list of the tools and equipment that will used for the various testing procedures and dimensional analysis. 
I have also included notes from my training on the CMM machine at Mitutoyo.
I went through my NVQ write ups to include some information about the CMM, and I have visited various plastics websites to gather information on the material we are going to use for our vent discs.
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20/01/20
I have completed the following documents: -
Component / material research 
Component / material list 
Costings 
Timings
I have started to work on the health and safety standards document. 
I have search online for various standards that will apply to me when I am performing any tests on the vent discs as well as standards that relate to any engineering drawings I will gather. 
I have found quality standards that will be relevant to this inspection as it is a quality inspection after all so they will also be included in this document. 
27/01/20
I have completed the health and safety standards research document and have now started to work on my previous examples, use of resources and plan of action documents.
During work my manager has gather documents that include testing we have previously performed on HX560 lids that had an issue with the spigot diameters. This was useful as it gave us some examples of pressure testing that been performed on another project that can used as a basis of our testing for this project. 
For the use of resources document, I talked about all the area of the technical centre I am going to use and the equipment I will be using.
My plan of action is essentially what I have talked about in my pert chart and timings document this will show the general route of my project and how I will go about it. 
03/02/20
I have completed the 3 documents I started last week 
This week I have started to add to my use of resources document including the availability of each resource. I have gathered the information on the availability by asking the relevant people in those specific area at what times I could use their equipment. I have inserted all this information into the same document as my use of resources, so it is easier to see the while picture rather than just have two separate documents on essentially the same thing. 
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10/02/20
I have completed my documents on the use and availability of my resources.
I have started to create a work breakdown structure. Essentially, I am just going to split my project up into 3 parts and create subsections of those parts.
Dimensional analysis 
Testing 
Creating of the report 
In these sections I will include the various tests I will perform and the steps of the dimensional analysis and report + PPAP creations. For the time taken I will give an overall time taken for each section as my timings document can be referred to for a more in-depth version when it comes to the length of time each task will take. 
FMEA’s 
I talked to my boss about potential problems that could occur when our product is in use in the field if the vent discs are oversized or undersized. All this information will be added to the document. 
I have also had to figure out some of the other potential failures that could occur such as incorrect drawings or no samples available from stores etc and went into detail on the issues that can arise from various problems. 
17/02/20
I have completed my FMEA and Work Breakdown Structure documents 
I have now started my Responsibilities Tracker document 
I have asked relevant people at work about how they are going to be involved in the project, at what times can I use specific resources and what their responsibilities will be when the project commences and have complied all of this data into two tables.
One table describes activities that need to be completed and by whom. The other table will talk about the resources that need to be used and confirmation that they will be available at specified dates. 
24/02/20
I have completed my Responsibilities Tracker Document and am now looking toward the implementation section of my project. 
20/03/20
I have completed the dimensional and cosmetic inspections and summarised all the data into one report. 
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16/03/20 
I have begun the testing of the vent discs; I have used previous examples of testing as a reference to what needs to be done. 
18/03/20
Today I have started the vent plug retention test. I tested samples that have been soaked at room temperature for at least 24 hours and the results are acceptable and have placed the samples in the hot room ready for tomorrow -
Test Method: Vent Discs were assembled into a sample Lid moulding (including corresponding Vyon Disc and Vent Valve); a pressure of 12psi was applied to each Vent Valve at temperatures of +20°C, -30ºC & +55ºC. Sample was soaked at each temperature for a period of 24 hours prior to applying pressure.
I have completed the Vent plug pressure test -
Test Method - Vent Discs were assembled into sample Lids (including corresponding Vyon Disc and Vent Plug). The assembly was then secured to the test jig as shown in the photograph below. The air flow was set and once the venting pressure was achieved the air flow was cut-off. The pressure was then allowed to decay for 5 minutes. The tightest and loosest fit of the LG PC/ABS material was tested and repeated 3 times using the same vyon disc and vent plug.
Results were considered acceptable.
I have also completed the doming effect evaluation of the vent discs in which I measured the difference in height between the disc and lid. I highlighted an issue where the larger the size of the vent disc diameter the greater the doming of the vent disc
19/03/20
I have taken the lids for the vent plug retention test out of the hot room and tested them. The results are acceptable. I have now placed the samples in the freezer ready for tomorrow. 
20/03/20
I have taken the lids for the vent plug retention test out of the freezer and tested them. The results are acceptable.
I have been working on my technical report adding parts to it whenever I completed an activity.
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24/03/20
I have completed the evaluation for the vent disc seating position – 
Test Method: A Vent Plug Retention Test was performed to evaluate the effect on pressure the Vent Disc position has. A Vent Disc was pressed into the Vent Recess Diameter using different sized spacers giving varying levels of lifting (the corresponding Vyon Disc and Vent Plug were assembled as normal). The assembly was then secured to the test jig as shown in the photograph below. The air flow was set and once the venting pressure was achieved the air flow was cut-off. The pressure was then allowed to decay for 5 minutes. 
I have completed summarising the data for all the testing activities. 
I have been working on my technical report adding parts to it whenever I completed an activity.
30/03/20 
I have now completed my technical report and all the work involving my project has been sent to the relevant internal and external personnel and a way forward has been devised. 
18/05/20
Due to COVID-19 I have only began to start my evaluations this week.
25/05/20
I have now completed all project work that can possibly be done. We will not be able to present our project therefore I have not completed a project presentation. 
I am now in the works of organise all my project documents so that they can be filed into my project folder. 
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Appendix 3
Project Introduction 

I work as a technical engineer at EnerSys the most common job I do is to inspect and test products when there has either been a design change, process change or new product release. I am also fully qualified to work in the chemical laboratory so if help is needed in that area I can cover. The chem lab covers all the essential routine tests such as testing of our lead grids, acid, IBC’s etc. 
EnerSys is the global leader in stored energy solutions for industrial applications. Manufacturing and distributing reserve power and motive power batteries, battery chargers, power equipment, battery accessories and outdoor equipment enclosure solutions to customers worldwide.
EnerSys Motive Power provides the best solutions for powering movement in all industrial sectors from industrial vehicles to material handling.
EnerSys has an enviable position in technology leadership thanks to significant investment in research and development, staying at the leading edge of product innovation by getting new products to market fast.
EnerSys’ integrated sales and service network provides customers with the best solutions and after-sales support for their business.
My project is an inspection on vent discs it will involve a cosmetic inspection, dimensional analysis and testing that replicates how the disc will perform during the operation of the products they are installed in. 
The reason this inspection is being carried out is because we were sole sourced for a material that we use for various product types. The issue with this is that the current supplier could charge extortionate prices and further increase the price over time, and we would have to go through the hassle of negotiating contracts with them. So, we went through with the best solution, which was finding a second source, this will have to be a different material which will involve a lot of testing. Because the new material has a different specification to our current in use material, we must perform tests and dimensional + cosmetic inspections to ensure that the products created from this alternative material are of the same standard of our current in use material. 
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Following our inspection, we have found that the diameters for the vent discs are out of specification (oversized) so we must provide a solution to solve this issue as it can potentially have adverse effects on our final products. The specification for our vent discs is in line with what has previously been tested, so the specification does not show the failure mode of the part (i.e., max/min allowable diameter before failure occurs) 
1. Allow a deviation 
Timescale – This project must be completed as soon as possible so we can begin the production of our vent discs in the newly proposed material. Allowing a deviation is the most time efficient solution as we would only have to perform tests at EnerSys to ensure the product is fit for purpose. Testing would have needed to be performed anyway as we are using a different material, so this solution is in line with our original plan. The testing would only take around 1-2 weeks and the written report would take 1-2 days. 
Budget – We do not have a specific budget, but the cost of the solution must be reasonable. This solution costs nothing as nothing will need to be changed if the new allowable deviation fits our testing requirements. 
Procedure – We must perform tests on the worst-case scenarios of the vent discs to ensure that all discs within our new deviation fall into our testing requirements (i.e., using the max/min diameter we have been provided into the max/min diameter mating hole on the mating moulded lid. 
Tests to be performed 
Visual/Cosmetic analysis – which has already been performed 
Vent Disc Retention Test 
Vent Valve Pressure Test (including effect of doming)
Evaluation of Distortion on Assembly 
Evaluation of Vent Disc Seating Position 
Pros-
Cheap to perform 
Short timescale 
Cons- 
If samples fail testing and are not fit for purpose, then it is essentially wasted time
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2. Replacing the tool 

Timescale – Replacing the tool will take the longest time out of the solutions as we must source out the best tool for the job, buy it in, get it delivered to the supplier, perform the dimensional analysis again and all the testing. This would most likely take 2 months. 
Budget – We do not have a specific budget, but the cost of the solution must be reasonable. This solution would roughly cost a few thousand and would be the costliest out of the 3 solutions. 
Procedure – 
The tool will need to be bought and shipped off to the supplier
The supplier will send us 30 first off samples of each colour
We would need to perform a first off inspection under the new tool number 
First off inspection – Dimensional, cosmetic, visual inspections and testing such as: 
Vent Disc Retention Test 
Vent Valve Pressure Test (including effect of doming)
Evaluation of Distortion on Assembly 
Evaluation of Vent Disc Seating Position 
The dimensions must be in line with our current spec.
Pros-
The samples will lie in our currently specification and would likely pass all the testing requirements 
New tool, so less likely to break down or develop issues  
Cons- 
Testing would not need to be performed if the material were the same but, in this case, we would have to do all the tests
The dimensional analysis needs to be completed again 
The cosmetic and visual inspections would need to be performed again 
It is a time-consuming venture 
It is a costly venture
Tooling documentation will need to be filled out 
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3. Refurbishing the tool 

Timescale – Refurbishing the tool will take the second longest time out of the solutions as we must perform the dimensional analysis again and all the testing. This would most likely take 6 weeks.
Budget – We do not have a specific budget, but the cost of the solution must be reasonable. This solution would roughly cost a few hundred.
Procedure – 
The supplier will send us 30 first off samples of each colour after the refurbishment 
We would need to perform a first off inspection again 
First off inspection – Dimensional, cosmetic, visual inspections and testing such as: 
Vent Disc Retention Test 
Vent Valve Pressure Test (including effect of doming)
Evaluation of Distortion on Assembly 
Evaluation of Vent Disc Seating Position 
The dimensions must be in line with our current spec.
Pros-
The samples will lie in our currently specification and would likely pass all the testing requirements.
The suppliers have a lot of knowledge of the current in use tool and would make the necessary steps to get the vent disc diameters back in line. 
We keep our original tool and would not have to change any tooling documentation 
Saves a lot of money compared to buying a new tool 
Cons- 
Testing would not need to be performed if the material were the same but, in this case, we would have to do all the tests
The dimensional analysis needs to be completed again 
The cosmetic and visual inspections would need to be performed again 
It is a time-consuming venture 
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Feasibility study key
	Scores
	 

	1
	Very Poor

	2
	Poor

	3
	Moderate

	4
	Good

	5
	Very Good
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Final Project Solution 
My chosen solution is to increase the tolerance of the vent disc diameter. It is scored the highest in the feasibility study (98%).
The reasons why it is more feasible than the other solutions: 
Time efficiency 
Allowing a deviation is the most time efficient solution as we would only have to perform tests at EnerSys to ensure the product is fit for purpose. Testing would have needed to be performed anyway as we are using a different material, so this solution is in line with our original plan. The testing would only take around 1-2 weeks and the written report would take 1-2 days. 
Budget
This solution costs nothing as nothing will need to be changed if the new allowable deviation fits our testing requirements.
Technical knowledge 
I have performed all the testing / inspection work in previous inspections and have full knowledge of how to carry them out and summarise the data gathered.
What procedures need to be performed going down this route: 
Visual/Cosmetic analysis 
I will need to note down any cosmetic issues which are mainly found during the measuring stage via out of spec results. Any issues will need to have a picture taken of them and a description to go with it to go into the final report. 
Vent Disc Retention Test 
Ensure the pressure values are within specification 
Vent Valve Pressure Test (including effect of doming)
Ensure the discs remain parallel to the top face of the lid and stay secured when applying an external pressure through the bottom of each spigot. The lids will be tested at various temperatures as a plastic products dimensions will vary with temperature (usually by microns). Measure the amount of doming for the largest diameter into the smallest vent well (worst case scenario).  
Evaluation of Distortion on Assembly 
Ensure distortion is not present on the assembly of the discs. 
Evaluation of Vent Disc Seating Position
Used to find out the worst case for the seating position through using spacers.


Appendix 6
Initial Research 
I have had a look at the testing requirements and procedures we have used in the past on our vent discs located in appendix 14. 
This section contains information I have researched on the venting assembly / use and construction of the battery itself. 
Information on vent assemblies 
[image: Graphical user interface, text, application
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(C&DTechnologies, n.d.)
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Generic technical requirements of the valve 
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(Fusionforenergy, 2018)
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Construction of a battery 
[image: Diagram
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(Power Sonic, 2018)
Contains useful information on the relief valve. 
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Awais Ahmed
Project sanctioning document

Overview
Problem statement/ Customer requirements
Following our inspection, we have found that the diameters for the vent discs are out of specification (oversized) so we must provide a solution to solve this issue as it can potentially have adverse effects on our final products. The specification for our vent discs is in line with what has previously been tested, so the specification does not show the failure mode of the part (i.e., max/min allowable diameter before failure occurs)  

Project Objectives
We must perform tests on the worst-case scenarios of the vent discs to ensure that all discs within our new deviation fall into our testing requirements (i.e., using the max/min diameter we have been provided into the max/min diameter mating hole on the mating moulded lid. 

Tests to be performed 
Visual/Cosmetic analysis – which has already been performed 
Vent Disc Retention Test 
Vent Valve Pressure Test (including effect of doming)
Evaluation of Distortion on Assembly 
Evaluation of Vent Disc Seating Position 

Timescale – This project must be completed as soon as possible so we can begin the production of our vent discs in the newly proposed material. Allowing a deviation is the most time efficient solution as we would only have to perform tests at EnerSys to ensure the product is fit for purpose. Testing would have needed to be performed anyway as we are using a different material, so this solution is in line with our original plan. The testing would only take around 1-2 weeks and the written report would take 1-2 days. 

Budget – We do not have a specific budget, but the cost of the solution must be reasonable. This solution costs nothing as nothing will need to be changed if the new allowable deviation fits our testing requirements. 
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I have performed all the testing / inspection work in previous inspections and have full knowledge of how to carry them out and summarise the data gathered.

This solution will solve the problem, but we would have to keep an eye on the performance of our batteries when these discs are in production to ensure that it is a viable long-term solution. 

We would also have to ensure that our supplier and EnerSys Arras are measuring the diameters correctly once they receive the Go-No-go gauge as they are using Verners at the moment as Go-No-go gauges as a temporary measurement method. The testing would also ensure that the vent discs will not fail under specific conditions at the new diameter and will either match or exceed the current diameters discs performance.
Project scope
The Design Manager at Enersys will directly be involved with my work. 

Prior research conducted

I have spoken with the design manager to seek advice on how to structure the project work to be as efficient as possible. 

I have performed all the testing / inspection work in previous inspections and have full knowledge of how to carry them out and summarise the data gathered.

I have looked at previous reports on vent discs and I have also gathered previous testing data to use as a comparison with the new diameters. 
Affected Parties
Only the technical department will be affected as the project work will be performed mainly in the technical centre. Testing will be performed when equipment is not in use by others so it will not disrupt any co-workers’ activities.
Additional resources needed
I may require addition samples if there are any issues with the supplier new batch of samples. This can be done by talking to the design manager and emailing the quality manager that works for the supplier. 
Project feasibility
Feasibility studies have been performed on 3 solutions in a separate document. The chosen solution was the solution with the highest feasibility and that as to change to tolerance of the vent disc diameter. 
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Proposed time schedule
 Place a tick in the box to mark your intended month of completion.
	Activity
	Oct-19
	Nov-19
	Dec-19
	Jan-20
	Feb-20
	Mar-20
	Apr-20
	May-20
	Jun-20

	Initial research
	✓
	
	
	
	
	
	
	
	

	Assess feasibility/ Risk
	
	✓
	
	
	
	
	
	
	

	Seek project approval
	
	✓
	
	
	
	
	
	
	

	PDS
	
	
	✓
	
	
	
	
	
	

	Further research-Standards/ Legislation
	
	
	
	✓
	
	
	
	
	

	POA
	
	
	
	✓
	
	
	
	
	

	Procedures
	✓
	
	
	
	
	
	
	
	

	PERT chart
	
	
	
	✓
	
	
	
	
	

	Resource availability audit
	✓
	
	
	
	
	
	
	
	

	Implement project
	
	
	
	
	✓
	
	
	
	

	Data collection and analysis
	
	
	
	
	✓
	
	
	
	

	Evaluation against PERT
	
	
	
	
	
	✓
	
	
	

	Evaluation against PDS
	
	
	
	
	
	✓
	
	
	

	Conclusions/ Recommendations
	
	
	
	
	
	
	✓
	
	

	Technical report- Overview
	
	
	
	
	
	
	✓
	
	

	Final project presentation
	
	
	
	
	
	
	
	
	✓
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Estimated results
There are only two outcomes
1- Samples with new diameter pass all testing and get accepted to be produced for our batteries.
2- Samples fail testing, which we will then have to go with one of the two other solutions that were in my feasibility studies.

Potential risks 
There are not any risks when it comes to testing. The only problem that will cause project failure would be the vent disc failing any testing requirements. 

 Summary 
I believe that it is highly likely that the project will be a success as everything is available to me so I can complete every objective and it is unlikely that the samples will fail testing. If the samples do fail it will not be a big loss as we will know that the specification in the drawing must be stuck to as going any higher will cause a failure. 

There was a signed approval and authority to proceed document that was filled in on a paper copy for this document. 
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Appendix 9
Design Brief
Business name: Hertus
Client contact: EnerSys

Due date for completion: We do not have a specific dependency as to what date we would like this change to be finished by. But we do expect the testing and analysis section we perform at EnerSys to take at least 2-3 weeks. Hertus will only need to make changes if the product has not reached our performance requirements. 
Budget: Not specified 
Key objectives: Key objective is to ensure that the new proposed tolerance covered all the samples received with some leeway as any newly produced discs can potentially be marginally higher or lower than the max and min of the measured samples. We must also ensure that the discs will perform at a high standard in production by performing tests on them that replicate what the discs undergo during the operation of the battery to ensure they are within our specifications and will not cause any failures when a product is used by our customers.
Marketing objectives and target audience: The target audience are our current suppliers, and the main objective of this change is to ensure our products are long lasting and that each component outlives our warranty (marketing objective is to sell the longest lasting lead acid batteries in the market)
Scope: Below is a list of what this project is going to cover
Visual/Cosmetic analysis 
I will need to note down any cosmetic issues which are mainly found during the measuring stage via out of spec results. Any issues will need to have a picture taken of them and a description to go with it to go into the final report. 
Vent Disc Retention Test 
Ensure the pressure values are within specification 
Vent Valve Pressure Test (including effect of doming)
Ensure the discs remain parallel to the top face of the lid and stay secured when applying an external pressure through the bottom of each spigot. The lids will be tested at various temperatures as a plastic products dimensions will vary with temperature (usually by microns). Measure the amount of doming for the largest diameter into the smallest vent well (worst case scenario).  
Evaluation of Distortion on Assembly 
Ensure distortion is not present on the assembly of the discs. 
Evaluation of Vent Disc Seating Position
Used to find out the worst case for the seating position through using spacers.
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Purpose and function: The purpose of all this is to ensure that the vent disc functions correct when the battery its installed in is in use. The function of the relief valve the vent disc is used in, is to open and relieve the pressure in the case of excessive gas pressure build up inside the battery. The one-way valve not only ensures that no air gets into the battery where the oxygen would react with the plates causing internal discharge, but also represents an important safety device in the event of excessive overcharge.
Format: All the reports will be formatted in our standard RS069 report format the summary of the testing and results will be formatted in our new PPAP format. 
Design project plan: Please refer to the Gantt chart inside of the project folder 
Measures of success: If the design is appropriate, it will pass all the testing requirements which will ensure its success in its application.
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Vent Discs 
Vent Discs are used in relief values which in the case of excessive gas pressure build-up inside the battery, the relief valve will open and relieve the pressure. The one-way valve not only ensures that no air gets into the battery where the oxygen would react with the plates causing internal discharge, but also represents an important safety device in the event of excessive overcharge.
These are created with the mindset of mass production 
1.0 Performance 
1.1 The vent disc shall withstand a pressure of 12PSI after being soaked in temperatures of -30, 20 and 55 Degrees Celsius for 24 hours.
1.2 The venting pressure of the product shall be between 1.3-2.7 PSI as stated in the specification of our drawing for the vent plug (drawing 2210-9751)
1.3 The product can be stored/used in the temperature range of its product type which could be between -40-55 degrees Celsius
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2.0 Environment 
2.1 The product may experience humid conditions. Which will not affect the part.
2.2 The plastic used for the disc is corrosion resistant which is very important as its used-on lead acid batteries.  
2.3 Vibration resistance - the fit of the product will ensure that vibrations will not loosen the valve.
3.0 Product life span
3.1 The product must be able to operate correctly throughout the warranty of the battery type its used on. 
4.0 Maintenance 
4.1 There is no maintenance required on this specific part, but a visual inspection can be performed if any venting issues arise (which is highly unlikely) 
5.0 Size Restrictions 
5.1 These are all stated in our detailed drawing (2107-8953, 2107-8881 and 2107-9043 one drawing per colour). The restrictions are in place to ensure the disc functions and fits correctly into is corresponding recess. 
6.0 Manufacturing Processes 
6.1 These discs are created via injection moulding 
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7.0 Aesthetics 
7.1 There shall be no heavy flow lines observed – examples are given for acceptable and non-acceptable flow lines in a Visual Aid that is located in our database. 
7.2 There shall be minimal distortion and doming of the vent disc  
8.0 Quality and Reliability 
8.1 The product must be able to operate correctly throughout the warranty of the battery type its used on.
9.0 Standards and Specifications
9.1 Must comply with the same regulations as our batteries such as The Batteries and Accumulators (Placing on the Market) Regulations 2008 (as amended) and the Waste Batteries and Accumulators Regulations 2009 (as amended) are the underpinning legislation. (An accumulator is a battery that can store electrical energy.)
10.0 Cost 
10.1 Our batteries usually cost more than £1000 each and have long warranties 
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11.0 Ergonomics 
11.1 Can be fitted by one person 
12.0 Life in service
12.1 The product should be able to operate 24/7 for at minimum however long the warranty is for the battery type they are used on.
12.2 Life in service must be assessed against criteria outlined in the performance and environment categories.  
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Procedures

Pressure Testing Procedure
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Vent Plug Retention Test Procedure
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Procedures

PPAP Approval ProcessReceive PPAP form from manager
Gather all relevant detailed drawings and inspection record sheets
Once samples have been received perform dimensional analysis on critical dimensions only
Are the dimensions in specification?
Can a deviation be allowed?
Allow deviations and add them to the detailed drawing relevant to the part being inspected
Reject samples and propose solutions
Perform testing on samples
Do the samples pass all testing requirements?
Reject samples and propose solutions
Acceptance of samples
Fill in PPAP form with measured dimensions
Create a summary of testing and dimensional analysis
Receive supplier measurements results of samples to be inspected
Send summary and PAPP form to relevant personnel via email
No
No
Yes
Yes
Yes
No






























Appendix 11
CSM’s
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Appendix 12
Components / Materials Research and Material / Components List
Vernier Calliper 
A Vernier Calliper will be used to quickly check over any samples from production that do not need to be thoroughly examined and only need to be used as a reference. 
[image: A picture containing text, device, caliper
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(Mitutoyo, n.d.[1])
A digimatic calliper helps you to take accurate measurements while also providing the following advantages: (Mitutoyo, n.d.[1])
Induction style encoder AOS (Advanced Onsite Sensor) used in ABS coolant-proof callipers. (Mitutoyo, n.d.[1])
This calliper can be used without fear of contamination on the scale face during calculation thanks to the use of an electromagnetic induction style ABS encoder. Dirt (water, oil, etc.) on a scale's surface has no effect on the detection signal. (Mitutoyo, n.d.[1])
After power-on, the ABS (Absolute) scale needs no origin setting and has no response speed limit. (Mitutoyo, n.d.[1])
[image: A computer screen shot

Description automatically generated with low confidence]
(Mitutoyo, n.d.[1])
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Components / Materials Research and Material / Components List
Micrometer 
A micrometer will be used to prove that my program on the quick image works correctly and measures the vent disc diameter accurately within a 0.05mm range of a micrometer.
[image: A picture containing caliper, device
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(Mitutoyo, n.d. [2])
The digimatic micrometer offers the following benefits (Mitutoyo, n.d.[2]):
For regular applications, it is cost-effective and has simplified features. (Mitutoyo, n.d.[2])
Long-lasting battery (Mitutoyo, n.d.[2])
Constant power of measurement (Mitutoyo, n.d.[2])
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(Mitutoyo, n.d.[2])
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CMM 
The design manager will create a program on our CMM to give a graphical data showing the general exaggerated shape of each disc giving the largest and smallest diameter and where these are located. 
Below is some research information that was gathered during a Mitutoyo CMM training course with my notes. 
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CMM
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CMM
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CMM
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CMM
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CMM
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Quick Image 
This is the machine a program will be created for to measure many features of the discs but only recording the critical dimension which is the diameter at the gate of the disc and the diameter 90° to the gate. 
[image: qi-ab_web.eps]
(Mitutoyo, n.d.[3])
With one-click calculation, this is the ultimate in ease of use. (Mitutoyo, n.d.[3])
This non-contact 2D vision measuring device introduces a fresh approach to 2D vision measuring instruments. It has many unique features that help you calculate more efficiently, including a long focal depth and a large field of view. (Mitutoyo, n.d.[3])
Telecentric optical device of two lenses. (Mitutoyo, n.d.[3])
Colour camera with 3 Megapixels. (Mitutoyo, n.d.[3])
LED ring light with four quadrants. (Mitutoyo, n.d.[3])
Models with motorised stages have the highest measurement efficiency. (Mitutoyo, n.d.[3])



Appendix 12
Components / Materials Research and Material / Components List
Quick Image
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(Mitutoyo, n.d.[3])
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Minitab 
This is the program that will be used to create the capability studies of the vent discs. 
‘’Example of Normal Capability Analysis
Piston rings are produced using a forging process by an engine manufacturer. The quality engineers want to see how capable the process is. They calculate the diameters of 25 subgroups of five piston rings. The piston ring diameter specification limits are 74.0 mm ±0.05 mm. (Minitab, n.d.[1])
To determine the diameters of the piston rings in relation to the design limits, the engineers use standard capability analysis. (Minitab, n.d.[1])
‘’Open the sample data.
Choose Stat > Quality Tools > Capability Analysis > Normal.
In Single column, enter Diameter.
In Subgroup size, enter 5.
In Lower spec, enter 73.95.
In Upper spec, enter 74.05.
Click Options.
In Target (adds Cpm to table), enter 74.
Click OK in each dialog box.’’ (Minitab, n.d.[1])
Interpret the results
Both measurements fall within the parameters of the specification. The method is on track, and the measurements are roughly in the middle of the specification range. The capacity indices Cpk, Ppk, and Cpm are all greater than 1.33, which is the industry standard for a capable operation. As a result, the engineers conclude that the forging process meets the piston ring diameter specifications. (Minitab, n.d.[1])
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(Minitab, n.d.[1])
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Minitab
How to perform scatterplots 
Scatterplot can be used to look at the relationship between two continuous variables. In a coordinate plane, a scatterplot shows ordered pairs of X and Y variables. You can add a fitted regression line and select a linear, quadratic, or cubic regression model after you construct a scatterplot. (Minitab, n.d.[2])
This scatterplot shows that as a car's highway miles per gallon (X) increases, so does the city miles per gallon (Y). (Minitab, n.d.[2])
[image: Chart, scatter chart

Description automatically generated] 
(Minitab, n.d.[2])
Where to find this graph
To create a scatterplot, choose Graphs then Scatterplot and select an option that matches your data. (Minitab, n.d.[2]) 
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LG PC/ABS Material 
EnerSys has chosen LG PC/ABS to be the material the vent discs are going to be moulded in.
LG LUPOY® PC/ABS blend is an amorphous engineering thermoplastic with good chemical stability and colourability. (Distrupol, n.d.)

ABS makes PC more processable and has a lower temperature effect. At room temperature, PC contributes to high temperature resistance and effect. (Distrupol, n.d.)

LG LUPOY PC/ABS offers a wide variety of general purpose, flame retardant, injection and extrusion, glass filled, food touch, and other products. (Distrupol, n.d.)

‘’Product range
· General purpose
· Flame retardant
· Food approved
· Glass filled
Advantages
· High impact over a wide temperature range
· Good electrical properties
· Good mechanical properties
· Chemical stability
· Flame retardant grades
Typical applications
· Automotive interior
· Electronics (wall sockets, enclosures)
· TV housing
· Keypads
· Adapters and chargers
· Flash lights
· Wheel covers
Processing
· Injection moulding
· Extrusion’’
(Distrupol, n.d.)
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Health and Safety Regulations Relevant to the Project
Health and Safety at Work Act 
The main piece of legislation governing occupational health and safety in the United Kingdom is the Health and Safety at Work etc Act 1974. It is also known as the HSWA, the HSW Act, the 1974 Act, or HASAWA. (HSE, n.d.[1])
It lays out the general responsibilities that: 
• employers have to their workers and the general public (HSE, n.d.[1])
• employees have to themselves and to each other (HSE, n.d.[1])
• some self-employed people have to themselves and others (HSE, n.d.[1])
This act will apply throughout the plant
Health and Safety (first aid) regulation 1981 
In the workplace, first aid must be available. If an employee is injured, any employer must have appropriate first aid equipment. All staff must be aware of the location of the first-aid boxes and who the first aiders in their field of work are. (HSE, n.d.[2])
Due to some of the testing needing to be performed in the chemical laboratory and teardown area there must be first aid equipment nearby and a first aider within the building. 
Control of noise at work regulations 2005
Everyone who works in an engineering setting is subjected to noise, and it is the employer's duty to keep the noise to acceptable levels. This is primarily accomplished by supplying personal protective equipment (PPE) such as earplugs and headphones. The noise level must be low enough that long or short-term exposure does not cause damage. Anyone who is exposed to an excessive amount of noise risks developing severe health problems such as permanent or temporary hearing loss, headaches, exhaustion, and so on. (HSE, n.d.[3])
The noise control at work law mandates that employers minimise or remove noise levels that are harmful to employees' health. (HSE, n.d.[3])
At some points of testing there will be other employees working in the teardown area sectioning batteries for teardown analysis and due to the noise that this process produces the control of noise at work regulation applies. 
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COSHH
COSHH will apply when working in the chemical laboratory as throughout the day various chemicals are used by the lab technicians to perform various tests. 
Nanomaterials are regulated in the workplace under the Control of Substances Hazardous to Health Act (COSHH). COSHH, or Regulation of Hazardous Substances in the Workplace, is a statute that allows workers to control hazardous substances, which includes nanomaterials. Worker exposure to dangerous material can be avoided or reduced by following the measures highlighted by the HSE below: (HSE, n.d.[4])
· ‘’finding out what the health hazards are.
· deciding how to prevent harm to health (risk assessment).
· providing control measures to reduce harm to health.
· making sure they are used.
· keeping all control measures in good working order.
· providing information, instruction and training for employees and others.
· providing monitoring and health surveillance in appropriate cases.
· planning for emergencies.’’ (HSE, n.d.[4])
Many companies use substances or goods made up of substances. Some processes result in the development of substances. Employees, contractors, and others can be harmed because of this. (HSE, n.d.[4])
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ISO 9000:2015 principles of Quality Management
The ISO 9000:2015 and ISO 9001:2015 quality management standards are based on seven quality management concepts that senior management should use to enhance the organisation. (Asq, n.d.)
[image: ISO 9000 Quality Management Principles]
(Asq, n.d.)
ISO9000 plays a large role in our product inspections 


Appendix 13
H&S / Standards Research
BS888
The British Standard BS 8888 specifies the technical specifications for products and their component parts. The standard describes how engineering drawings outline and present these requirements, as well as all the symbology and details that engineers and designers must provide on their drawings, regardless of whether they are generated in 2D or 3D, using CAD systems and 3D modelling. (BSI, 2017)
This standard will apply to any drawings used to gather dimensional information about the product to be inspected. 
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Above is a previous test I have performed on our HX560 Lids to assess the venting pressure of each valve as there was an issue with the spigot diameter causing lower pressure readings to be recorded. This will be the basis of the pressure testing I will perform in my project. 
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Above is the example I will use to create the graphs of the pressure results.
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Above is a previous test I performed on our HX560 Lids to assess the integrity of the venting assembly. I will use this method as a basis for the vent plug retention testing in this project. 
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Above are the results I gathered for the Vent Plug Retention Test.
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Above are some previous quality analyses’ I have performed that will form the basis of how I will present the data from the dimensional analysis section of my project.
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During the process of implementing the test procedures and dimensional analysis of the Vent Discs the following departments were used. 

Design/Inspection Room 
Availability – This room will be readily available as I know the passcode for the entrance and where all the equipment lies. Also, for most of the measuring tools there are two of them so if one is in use, I can use the other. 
This room contains all the equipment needed to complete the inspection process of this project. 
This room houses the CMM machine which will be used to created graphical data of the shape of the vent disc allowing us to see where the max and min diameter lie. The Design Manager Roger Knight will create the CMM program and input the gathered data into a report format.
Awais Ahmed will need to create a program for the Quick Image Machine that will measure the diameter of the vent discs at the gate and 90° to the gate. The program will need to be verified by using a micrometer to ensure that the readings given by the quick vision machine are accurate to the micrometer reading and within a 0.05mm range of each other. 
Awais Ahmed will have to use the Minitab software to conduct capability studies and scatterplots to give a graphical representation of the gathered dimensional data.  
The effect of the doming effect will be assessed in this area using a CMM to record the height of the vent disc in comparison with the surface it is mating lid when assembled. 

Design Department 
Availability - There two design engineers in charge of creating engineering drawing work at the same time as me and are always available to send drawings.
A jig will need to be created by Senior Design Engineer Graham Court to secure a vent disc onto a flat surface to be measured with the CMM. This jig will consist of a peg with 3 locating pillars that will need to be drawn up in CAD and created using a 3D printer. 
Drawings of the vent discs will need to be gathered by Awais Ahmed and will be located in a drawing directory on the EnerSys network. 
Design Manager Roger Knight will gather relevant information from previous inspections that will apply to this project to help plan out the testing procedures. 
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Chemical Laboratory 
Availability – The chemical laboratory pressure testing equipment will be readily available from Monday to Thursday as they usually use the equipment to perform tests on Fridays. 
Dave Roden will be in charge of calibrating the pressure testing jig that will be used to conduct various tests on the vent discs. 
Testing that will be performed in the Chemical Laboratory 
Evaluation of seating position
Vent Plug Pressure Test 
The pressure testing jig will be used to perform both tests. 

Teardown area 
Availability – The teardown area equipment is readily available as the pressure setting equipment is rarely in use.
The teardown area will be available to perform a vent plug retention test of the vent valves. The adjustable pressure restricting device will be used to perform this test. 

Technical Centre Office Area 
Awais Ahmed will create a report summarising all the data gathered during the project to be distributed to the supplier (Hertus). 

Electrical Testing Area
Availability – A time slot will need to be provided by one of the electrical engineers as the fridges and hot room are usually in use due to new projects related to certain products requiring a lot of OCV testing at various temperatures. 
Winford Worner will control the temperature soaking of the samples when performing the vent plug retention test. Samples will need to be soaked for a period of 24Hrs at temperatures of -30°C, 20°C and 55°C so the hot room and freezers that are located in the electrical testing area will need to be used.
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	Equipment/Component list

	Item
	Description
	Quantity
	Unit Cost

	Digital Vernier Calliper
	Give a quick check of vent discs before testing to ensure the correct discs have been chosen
	1
	£50

	Digital Micrometer
	Used to program prove the CMM and quick image programs ensuring that they are measuring correctly
	1
	£70

	Band Saw
	Saw used to section parts of a lid to view the assembly of the vent ensuring that everything is in the correct position
	1
	£600

	Vent Discs
	Item to be tested for project
	30 off each impression
	Negligible

	SBS190 Lid
	Lid for one of our products used to create the testing assembly
	2
	Negligible

	Vent Valve
	Used to allow a certain amount of pressure to flow through a valve
	1
	Negligible

	Vyon Disc
	Flame retardant present in vent assembly
	30
	Negligible

	CMM and program
	Coordinate measuring machine will use a probe to measure all features of the vent disc
	1
	£85,000

	Quick Image Machine and program
	This machine is similar to a shadowgraph and will display the vent disc through a camera onto a PC then a program can be created to measure certain features
	1
	£5000

	PC, Keyboard, Mouse
	Used to control the CMM and Quick image machine
	1
	£500

	Pressure Testing Jig
	Used to perform various venting tests
	1
	£300

	Pressure Jig used for push out test
	Used to apply pressure through the bottom of each valve
	1
	£150

	Height Gauge
	Used to measure distortion of the vent disc when assembled
	1
	£120
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Pert Chart for Research and Planning
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Timings and Costings

Below is the timing for the dimensional analysis 
	Action
	Time Taken

	Set-up of Machine 
	10 Minutes 

	Measurement of Red Samples (8 impressions)
	7 Hours

	Tabulation of Red sample Readings 
	30 Minutes 

	Checks for errors or anomalies 
	30 Minutes 

	Capability Analysis 
	1 Hour

	Set-up of Machine 
	10 Minutes 

	Measurement of Black Samples (8 impressions)
	7 Hours

	Tabulation of Black sample Readings 
	30 Minutes 

	Checks for errors or anomalies 
	30 Minutes 

	Capability Analysis 
	1 Hour

	Set-up of Machine 
	10 Minutes 

	Measurement of Black Samples (8 impressions)
	7 Hours

	Tabulation of Black sample Readings 
	30 Minutes 

	Checks for errors or anomalies 
	30 Minutes 

	Capability Analysis 
	1 Hour 

	Total Time
	27 Hours 30 Minutes 



Below is the timing for the Vent Disc Retention Test  
	Action
	Time Taken

	Samples to be soaked at a temperature of 20°C 
	24 Hours 

	Calibration of Pressure Testing Machine
	10 Minutes 

	Setting machine to 12PSI
	5 Minutes 

	Applying Pressure to each Vent
	5 Minutes 

	Tabulating Results 
	10 Minutes 

	Samples to be soaked at a temperature of -30°C 
	24 Hours 

	Calibration of Pressure Testing Machine
	10 Minutes 

	Setting machine to 12PSI
	5 Minutes 

	Applying Pressure to each Vent
	5 Minutes 

	Tabulating Results 
	10 Minutes 

	Samples to be soaked at a temperature of 55°C 
	24 Hours 

	Calibration of Pressure Testing Machine
	10 Minutes 

	Setting machine to 12PSI
	5 Minutes 

	Applying Pressure to each Vent
	5 Minutes 

	Tabulating Results 
	10 Minutes 

	Total Time
	73 Hours 30 Minutes 
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Below is the timing for the Vent Valve Pressure Test
	Action
	Time Taken

	Set-up Testing Equipment 
	20 Minutes 

	Testing of Vent Discs
	1 Hour 

	Creating Graphs from collected data 
	30 Minutes 

	Creating a write-up of the Testing 
	10 Minutes 

	Total Time
	2 Hours 



Below is the timing for the Cosmetic Analysis 
	Action
	Time Taken

	Running through Cosmetic Check list whilst viewing sample
	20 Minutes 

	Recording any issues
	5 Minutes 

	Taking photographs of any issues  
	15 Minutes 

	Inserting Data into a Report  
	20 Minutes 

	Total Time
	1 Hour 



Below is the timing for the Evaluation of Distortion 
	Action
	Time Taken

	Measuring cell diameter and Vent Disc diameters
	20 Minutes 

	Choosing correct disc to cell mating for maximum and minimum distortion 
	10 Minutes 

	Assembling parts  
	10 Minutes 

	Measuring Distortion   
	20 Minutes 

	Take Images for Report 
	10 Minutes

	Total Time
	1 Hour 10 Mins



Below is the timing for the Evaluation of Seating Position  
	Action
	Time Taken

	Spacer Size Set-up X5
	25 Minutes 

	Testing Equipment Set-up 
	10 Minutes 

	Pressure Testing X5  
	1 Hour 

	Creating Graphs from collected data
	20 Minutes

	Inserting Testing Data into Report
	30 Minutes

	Total Time
	2 Hour 25 Mins
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Costings 
There is no specific budget to perform the inspection of this project but for the proposed solution we would want to take a route that does not require a lot of time to implement and is not as expensive as replacing the tool used to create the vent discs.
For the costs I will not include energy costs such as: -
Electricity 
Lighting 
Heating 
As the company will cover this.
Since this project is an inspection only and nothing will need to be ordered for its completion the costs of the equipment and the labour costs will be included as a reference 
Costs of general training for the CMM and Quick vision machines will be included. 
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Costing of Equipment
	Item
	Description
	Quantity
	Unit Cost

	Digital Vernier Calliper
	Give a quick check of vent discs before testing to ensure the correct discs have been chosen
	1
	£50

	Digital Micrometer
	Used to program prove the CMM and quick image programs ensuring that they are measuring correctly
	1
	£70

	Band Saw
	Saw used to section parts of a lid to view the assembly of the vent ensuring that everything is in the correct position
	1
	£600

	CMM and program
	Coordinate measuring machine will use a probe to measure all features of the vent disc
	1
	£85,000

	Quick Image Machine and program
	This machine is similar to a shadowgraph and will display the vent disc through a camera onto a PC then a program can be created to measure certain features
	1
	£5000

	PC, Keyboard, Mouse
	Used to control the CMM and Quick image machine
	1
	£500

	Pressure Testing Jig
	Used to perform various venting tests
	1
	£300

	Pressure Jig used for push out test
	Used to apply pressure through the bottom of each valve
	1
	£150

	Height Gauge
	Used to measure distortion of the vent disc when assembled
	1
	£120

	Total
	£91,790



Cost of Training
	
	Cost

	CMM Training
	£1650

	Quick Vision Training
	£750

	Total
	£2400
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Labour Costs
Not including out of work hours 
	Action
	Time / Costs

	Dimensional Analysis
	27 Hours 30 Mins

	Vent Plug Retention Test
	1 Hour 30 Mins

	Vent Valve Pressure Test
	2 Hours

	Cosmetic Analysis
	1 Hour

	Evaluation of Distortion 
	1 Hour 10 Mins

	Evaluation of Seating Position 
	2 Hours 25 Mins 

	Total Time
	35 Hours 35 Mins

	 Labour Cost - Awais Ahmed 
	35.583 x 13 = £462.58





Appendix 19
Work Breakdown Structure and FMEA’s





[image: Diagram

Description automatically generated]

























Appendix 19
Work Breakdown Structure and FMEA’s

[image: Graphical user interface, table

Description automatically generated]



Appendix 19
Work Breakdown Structure and FMEA’s

[image: Table

Description automatically generated]


Appendix 19
Work Breakdown Structure and FMEA’s

FMEA Key
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Plan of Action and Responsibilities Tracker
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Plan of Action and Responsibilities Tracker
Responsibilities Tracker
	Activity
	Person Responsible
	Start date
	Estimated completion date

	Create scanned profile of vent disc
	Roger Knight
	14/03/20
	14/04/20

	Send vent disc drawings and inspection record sheet to Awais
	Graham Court
	11/03/20
	11/03/20

	Calibrate pressure testing jig
	Dave Roden
	17/03/20
	17/03/20

	Deliver PPAP samples to design office
	Andrew Block
	11/03/20
	11/03/20

	Summarise CMM measurement data
	Roger Knight
	14/03/20
	14/03/20

	Perform all Testing requirements for Vent Discs
	Awais Ahmed
	17/03/20
	20/03/20

	Perform dimensional inspection of Vent Disc Diameter and height using Quick image, micrometer and Vernier calliper
	Awais Ahmed
	11/03/20
	17/03/20



	Resource 
	Available?
	Agreed date
	Agreed time

	Band Saw
	Yes – Confirmed by Andrew Block
	17/03/20
	1pm – 2pm

	Pressure Testing Jig
	Yes- Confirmed by Dave Roden
	17/03/20
	All day – may be needed for longer

	Pressure Testing equipment for push-out test
	Yes – Confirmed by Winford Worner
	18/03/20 – 20/03/20
	18/03/20 – 20/03/20 throughout those entire days

	Hot room for push-out testing
	Yes – Confirmed by Winford Worner
	18/3/20 – 19/03/20
	18/03/20 at 12pm for 24hrs

	Freezer for push out testing
	Yes – Confirmed by Winford Worner
	19/03/20 – 20/03/20
	19/03/20 at 12pm for 24hrs

	All measuring equipment
	Yes- Confirmed by Roger Knight
	11/03/20 – 16/03/20
	11/03/20 – 16/03/20
throughout those entire days
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Cosmetic Inspection

	
Comments

	Photogrpah showing distortion of bottom surface located opposite to injection point
	
[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\Blip 2.jpg]
Distortion results in thickness measurement (3.5 ±0.1) deviating above specification 
3.5

	Distortion more prominent on impression 1, 5 & 8

Concession required until tool has been corrected 
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Cosmetic Inspection

	
Comments

	Photogrpahs showing hard flash present around Vent Disc at Diameter 23.12 
	
[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\P8083131.JPG]

[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\P8083132.JPG]
[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\P8083133.JPG]
	Supplier to ensure level of flash does not exceed modified tolerance for Diameter 23.12

RE: 23.12 from +0.2/-0.0 to +0.43/+0.13
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Cosmetic Inspection

	
Comments

	Photogrpahs showing hard flash located on the weld line opposite to the injection point 
	

[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\Small Blip Imp 2 Yellow.bmp]
[image: Icon

Description automatically generated]
	Supplier to ensure level of flash does not exceed modified tolerance for Diameter 23.12

RE: 23.12 from +0.2/-0.0 to +0.43/+0.13
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[image: Graphical user interface, application

Description automatically generated with medium confidence]Measurement Results for red colour Vent Disc diameter  
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[image: Graphical user interface, application

Description automatically generated]Measurement Results for red colour Vent Disc height 
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Description automatically generated with medium confidence]Measurement Results for black colour Vent Disc diameter 
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[image: Graphical user interface, application, table

Description automatically generated]Measurement Results for black colour Vent Disc height
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Description automatically generated with low confidence]Measurement Results for black colour Vent Disc diameter 
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[image: Graphical user interface, application

Description automatically generated]Measurement Results for black colour Vent Disc height 
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Vent Plug Retention Test 

Date of test: 17/03/20

Test Method: Vent Discs were assembled into a sample Lid moulding (including corresponding Vyon Disc and Vent Valve); a pressure of 12psi was applied to each Vent Valve at temperatures of +20°C, -30ºC & +55ºC. Sample was soaked at each temperature for a period of 24 hours prior to applying pressure.

Images below show the assembled lids

LG PC/ABS Black Lid Impression 1&2 with Black LG PC/ABS Vent Plugs
[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\IMG_20190807_142915.jpg]














LG PC/ABS Yellow Lid Impression 1&2 with Yellow LG PC/ABS Vent Plugs
[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\IMG_20190807_142915.jpg]
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Vent Plug Retention Test 

Test Requirement: The Vent Plugs shall not be displaced with a pressure of 12psi applied to the Vent Valve at temperatures of +20°C, -30ºC & +55ºC.

Test Result: Samples evaluated: 

		Yellow Lid– Part Number - 2107-9023, Material – PC/ABS – LG
Black Lid– Part Number - 2107-8882, Material – PC/ABS – LG
		Black Vent Plug – Part Number - 2107-8881, Material – PC/ABS – LG
Yellow Vent Plug – Part Number - 2107-9043, Material – PC/ABS – LG

			The fit of Vent Discs into the lid samples were considered acceptable.
             The tightest and loosest fit for both colours were assessed.

	
	Temperature
(ºC)
	Pressure
(Psi)
	Result

	LG PC/ABS Yellow Lid Impression 1 with Yellow LG PC/ABS Vent Plugs
	20
	12
	OK

	
	-30
	12
	OK

	
	55
	12
	OK

	LG PC/ABS Yellow Lid Impression 2 with Yellow LG PC/ABS Vent Plugs

	20
	12
	OK

	
	-30
	12
	OK

	
	55
	12
	OK

	LG PC/ABS Black Lid Impression 1 with Black LG PC/ABS Vent Plugs
	20
	12
	OK

	
	-30
	12
	OK

	
	55
	12
	OK

	LG PC/ABS Black Lid Impression 2 with Black LG PC/ABS Vent Plugs
	20
	12
	OK

	
	-30
	12
	OK

	
	55
	12
	OK
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Vent Plug Pressure Test
Date of test: 17/03/20
Test Method - Vent Discs were assembled into sample Lids (including corresponding Vyon Disc and Vent Plug). The assembly was then secured to the test jig as shown in the photograph below. The air flow was set and once the venting pressure was achieved the air flow was cut-off. The pressure was then allowed to decay for 5 minutes. The tightest and loosest fit of the LG PC/ABS material was tested and repeated 3 times using the same vyon disc and vent plug.

Vent Plug Drawing Number – 2210-9751
Vent Plug Impression – CH35
Vent Disc Drawing Number – 2107-8881
Vyon Disc Drawing Number - 2201-9041

Test Requirements - The venting pressure shall be between 1.3-2.7 PSI as stated in drawing 2210-9751
Pressure Testing Set-Up
[image: C:\Users\ahmeda\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\9ILXOZOH\IMG_20190610_090232.jpg]Pressure Testing Jig

Data Recording Device 
[image: C:\Users\ahmeda\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\PEFLR12U\IMG_20190610_090250.jpg]
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Vent Plug Pressure Test
Test Results:
Repeats give a consistent result. 
Venting pressure is greatest in the loosest fit (using smallest vent plug diameter). 
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Doming effect
Below are the measurements taken to show the curvature of the vent plug following assembly with the mating recess in the lid. 
Method of measurement 
A height gauge was used to measure the height difference between the centre of the vent disc and 4 points on the lid surface (x+, x-, y+ and y-)
	Xantar Yellow (impression unknown)
	Xantar Yellow (impression unknown)

	[image: Diagram

Description automatically generated]X+
X-
Y-
Y+

	[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\Xantar 2.jpg]

	Xantar Black (impression unknown)
	Xantar Black (impression unknown)

	[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\Xantar 3.jpg]
	[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\Xantar 3.jpg]
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Doming effect
	LG PC/ABS Yellow Vent Disc - Impression 2 Smallest vent recess diameter assembled with largest vent disc diameter (tightest fit)
	LG PC/ABS Yellow Vent Disc - Impression 8 Largest vent recess diameter assembled with smallest vent disc diameter (loosest fit)

	[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\LG 5.jpg]
	[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\LG 1.jpg]

	LG PC/ABS Black Vent Disc - Impression 2 Smallest vent recess diameter assembled with largest vent disc diameter (tightest fit)
	LG PC/ABS Black Vent Disc - Impression 8 Largest vent recess diameter assembled with smallest vent disc diameter (loosest fit)

	[image: A picture containing text, electronics

Description automatically generated]
	[image: A picture containing text, black

Description automatically generated]
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Doming effect
Summary of Measurements
	
	Xantar Max/Min
	LG PC/ABS Max/Min

	X+
	0.23/0.12
	0.14/0.05

	X-
	0.20/0.09
	0.17/0.10

	Y+
	0.26/0.06
	0.16/0.00

	Y-
	0.38/0.14
	0.21/0.08



The deformation of the Vent Disc due to the tightness of the fit is no worse than that recorded for the xantar material. Vent Pressure Testing has confirmed that the Vent Discs are fit for purpose. 
The larger the size of the vent disc diameter the greater the doming of the vent disc as shown below. 
Largest Vent Disc Diameter 
[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\P8073132.JPG]

Smallest Vent Disc Diameter 
[image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\P8073134.JPG]
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Evaluation of LG PC/ABS Vent Disc Seating Position

Date of test: 24/03/20

Test Method: A Vent Plug Retention Test was performed to evaluate the effect on pressure the Vent Disc position has. A Vent Disc was pressed into the Vent Recess Diameter using different sized spacers giving varying levels of lifting (the corresponding Vyon Disc and Vent Plug were assembled as normal). The assembly was then secured to the test jig as shown in the photograph below. The air flow was set and once the venting pressure was achieved the air flow was cut-off. The pressure was then allowed to decay for 5 minutes. 

Below are the spacer sizes used to secure the Vent Disc (the test was repeated two times for each height):
1.5mm
1.0mm
0.5mm
0.25mm
Normal Assembly (0mm)

Vent Plug Drawing Number – 2210-9751
Vent Plug Impression – CH35
Vent Disc Drawing Number – 2107-8881
Vyon Disc Drawing Number - 2201-9041

Test Requirements - The venting pressure shall be between 1.3-2.7 PSI as stated in drawing 2210-9751
Pressure Testing Set-Up
 [image: I:\DESIGN\Awais\HX Vent Plug Measurements\Images\IMG_20190812_085524.jpg]Spacers
Pressure Testing Jig
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Evaluation of LG PC/ABS Vent Disc Seating Position

Test Results:




Appendix 21
Implementation / Testing 

Evaluation of LG PC/ABS Vent Disc Seating Position
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Evaluation of LG PC/ABS Vent Disc Seating Position


As shown by the results above the varying heights of the Vent Disc does affect the venting pressure value with the largest decrease between the 1.5mm and 1.0mm spacers and the smallest decrease between the 0.5mm and 0.25mm spacers. Below is a table showing the highest-pressure value for each spacer size. 
	Spacer Size (mm)
	Pressure Peak Value (PSI)

	1.50
	2.06

	1.00
	2.26

	0.50
	2.34

	0.25
	2.40

	0.00
	2.52
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Appendix 22
Gantt Chart for Reflective Analysis 
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Pressure (PSI)
1.0mm Spacer
Pressure 1st Run	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	0	0	0	0.02	0.06	0.12	0.2	0.24	0.26	0.32	0.4	0.44	0.48	0.54	0.62	0.66	0.68	0.74	0.8	0.82	0.88	0.92	1	1.02	1.06	1.1000000000000001	1.18	1.2	1.24	1.28	1.36	1.4	1.42	1.46	1.54	1.56	1.6	1.64	1.7	1.72	1.74	1.78	1.84	1.86	1.9	1.94	1.96	1.98	2	2.02	2.06	2.08	2.08	2.12	2.14	2.14	2.14	2.16	2.1800000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2200000000000002	2.2200000000000002	2.2200000000000002	2.2200000000000002	2.2200000000000002	2.2200000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2599999999999998	2.2599999999999998	2.2599999999999998	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2599999999999998	2.2599999999999998	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2000000000000002	2.1800000000000002	2.14	2.1	2.04	2	1.98	1.96	1.92	1.9	1.88	1.86	1.84	1.82	1.82	1.8	1.78	1.76	1.76	1.74	1.74	1.72	1.72	1.7	1.68	1.68	1.68	1.66	1.64	1.64	1.62	1.62	1.6	1.6	1.6	1.58	1.56	1.56	1.56	1.56	1.54	1.54	1.54	1.52	1.52	1.52	1.5	1.5	1.5	1.5	1.5	1.48	1.46	1.46	1.46	1.46	1.46	1.44	1.44	1.44	1.42	1.42	1.42	1.42	1.42	1.4	1.4	1.4	1.38	1.38	1.38	1.36	1.38	1.38	1.38	1.36	1.36	1.36	1.34	1.34	1.34	1.34	1.34	1.32	1.32	1.32	1.32	1.32	1.32	1.3	1.3	1.3	1.28	1.3	1.3	1.3	1.28	1.28	1.26	1.26	1.28	1.28	1.26	1.26	1.24	1.26	1.26	1.26	1.24	1.24	1.24	1.24	1.24	1.24	1.24	1.24	1.22	1.22	1.2	1.22	1.22	1.22	1.22	1.2	1.2	1.2	1.2	1.2	1.2	1.18	1.18	1.18	1.18	1.18	1.18	1.18	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.18	1.18	1.18	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1399999999999999	1.1399999999999999	1.1200000000000001	1.1399999999999999	1.1399999999999999	1.1399999999999999	1.1399999999999999	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1000000000000001	1.1000000000000001	1.1200000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.08	1.08	1.08	1.08	1.1000000000000001	1.1000000000000001	1.08	1.08	1.08	1.08	1.08	1.08	1.08	1.08	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1	1	1	1.02	1.02	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.96	0.96	0.96	0.98	0.98	0.96	0.96	0.96	0.96	0.96	0.96	0.96	0.96	0.96	0.94	0.96	0.96	0.94	0.94	0.94	0.94	0.96	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.92	0.94	0.94	Pressure 2nd Run	Highest Value -2.26
1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	0	0	0	0.02	0.02	0.08	0.18	0.22	0.28000000000000003	0.34	0.42	0.46	0.48	0.56000000000000005	0.62	0.64	0.68	0.74	0.82	0.86	0.88	0.94	1	1.02	1.08	1.1399999999999999	1.18	1.22	1.24	1.3	1.38	1.4	1.44	1.46	1.54	1.58	1.6	1.64	1.7	1.74	1.78	1.8	1.86	1.88	1.9	1.94	1.98	2	2.02	2.04	2.08	2.1	2.1	2.1	2.14	2.14	2.16	2.16	2.1800000000000002	2.1800000000000002	2.1800000000000002	2.2000000000000002	2.2200000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2200000000000002	2.2400000000000002	2.2400000000000002	2.2200000000000002	2.2200000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2400000000000002	2.2000000000000002	2.1800000000000002	2.1	2.06	2.04	2	1.98	1.96	1.94	1.9	1.88	1.88	1.86	1.84	1.8	1.8	1.8	1.78	1.76	1.74	1.74	1.74	1.7	1.7	1.7	1.7	1.68	1.66	1.66	1.66	1.64	1.62	1.62	1.62	1.6	1.6	1.58	1.58	1.58	1.56	1.56	1.56	1.54	1.54	1.54	1.52	1.52	1.52	1.5	1.5	1.5	1.5	1.5	1.48	1.46	1.46	1.46	1.46	1.46	1.44	1.44	1.44	1.44	1.42	1.42	1.42	1.42	1.4	1.4	1.4	1.4	1.4	1.38	1.38	1.38	1.38	1.36	1.36	1.36	1.36	1.36	1.34	1.36	1.36	1.34	1.34	1.34	1.34	1.32	1.32	1.32	1.32	1.32	1.3	1.3	1.3	1.3	1.3	1.28	1.3	1.3	1.3	1.28	1.28	1.28	1.28	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.24	1.24	1.24	1.24	1.24	1.22	1.22	1.22	1.22	1.24	1.22	1.22	1.22	1.22	1.22	1.2	1.2	1.2	1.2	1.2	1.18	1.2	1.2	1.2	1.18	1.18	1.18	1.18	1.18	1.18	1.18	1.18	1.18	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1399999999999999	1.1399999999999999	1.1399999999999999	1.1399999999999999	1.1399999999999999	1.1399999999999999	1.1200000000000001	1.1200000000000001	1.1399999999999999	1.1399999999999999	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.1000000000000001	1.08	1.08	1.08	1.1000000000000001	1.08	1.08	1.08	1.08	1.08	1.08	1.08	1.08	1.08	1.08	1.08	1.08	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.06	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.04	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1.02	1	1	1.02	1.02	1	1	1	1	1	1	1	1	1	0.98	0.98	1	1	1	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.98	0.96	0.96	0.98	0.98	0.96	0.96	0.96	0.96	0.96	0.96	0.96	0.96	0.96	0.96	0.96	0.94	0.94	0.94	0.96	0.96	0.96	0.94	0.94	0.94	0.94	0.94	0.94	0.92	0.94	0.94	0.94	0.94	Time (s)
Pressure (PSI)
0.5mm Spacer
Pressure 1st Run	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	0	0.04	0.1	0.14000000000000001	0.24	0.26	0.3	0.34	0.46	0.5	0.54	0.6	0.66	0.72	0.74	0.8	0.86	0.88	0.9	0.98	1.04	1.08	1.1200000000000001	1.1599999999999999	1.22	1.28	1.3	1.34	1.42	1.46	1.5	1.54	1.6	1.62	1.68	1.72	1.78	1.82	1.84	1.9	1.98	1.98	2.02	2.06	2.1	2.12	2.14	2.16	2.2000000000000002	2.2200000000000002	2.2400000000000002	2.2599999999999998	2.2799999999999998	2.2799999999999998	2.2999999999999998	2.2999999999999998	2.2999999999999998	2.2999999999999998	2.2999999999999998	2.3199999999999998	2.3199999999999998	2.3199999999999998	2.34	2.34	2.34	2.34	2.34	2.34	2.34	2.34	2.34	2.34	2.34	2.2999999999999998	2.2799999999999998	2.2400000000000002	2.1800000000000002	2.16	2.14	2.12	2.08	2.08	2.06	2.06	2.04	2.02	2.02	2.02	1.98	1.98	1.96	1.96	1.94	1.94	1.94	1.94	1.92	1.92	1.9	1.9	1.88	1.88	1.88	1.86	1.86	1.86	1.84	1.84	1.84	1.84	1.84	1.82	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.78	1.78	1.78	1.78	1.78	1.76	1.76	1.76	1.76	1.74	1.74	1.74	1.74	1.72	1.72	1.72	1.72	1.72	1.72	1.72	1.7	1.7	1.7	1.7	1.7	1.68	1.68	1.68	1.68	1.68	1.68	1.66	1.66	1.66	1.68	1.68	1.66	1.64	1.64	1.64	1.64	1.64	1.64	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.6	1.6	1.6	1.6	1.6	1.6	1.58	1.6	1.6	1.6	1.6	1.6	1.58	1.58	1.58	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.54	1.54	1.54	1.54	1.54	1.54	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.48	1.48	1.48	1.48	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.4	1.42	1.42	1.42	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.34	1.34	1.34	1.34	1.34	1.34	1.36	1.36	1.36	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.32	1.32	1.34	1.32	1.34	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	Pressure 2nd Run	Highest Value -2.34
1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	0	0	0.04	0.08	0.12	0.16	0.28000000000000003	0.34	0.36	0.42	0.48	0.52	0.56000000000000005	0.6	0.68	0.7	0.76	0.8	0.88	0.9	0.92	1	1.06	1.1000000000000001	1.1200000000000001	1.2	1.26	1.28	1.32	1.36	1.44	1.48	1.52	1.56	1.62	1.64	1.7	1.72	1.8	1.82	1.88	1.9	1.98	2	2.02	2.08	2.12	2.14	2.1800000000000002	2.2000000000000002	2.2400000000000002	2.2400000000000002	2.2599999999999998	2.2599999999999998	2.2799999999999998	2.2999999999999998	2.2999999999999998	2.3199999999999998	2.3199999999999998	2.3199999999999998	2.3199999999999998	2.3199999999999998	2.34	2.3199999999999998	2.3199999999999998	2.2599999999999998	2.2200000000000002	2.1800000000000002	2.16	2.14	2.1	2.08	2.08	2.06	2.04	2.04	2.04	2.02	2	1.98	1.98	1.98	1.96	1.96	1.96	1.96	1.94	1.92	1.92	1.9	1.9	1.9	1.9	1.9	1.88	1.88	1.86	1.86	1.86	1.84	1.84	1.84	1.84	1.82	1.82	1.82	1.82	1.82	1.82	1.8	1.8	1.8	1.78	1.78	1.78	1.78	1.78	1.78	1.76	1.76	1.76	1.74	1.76	1.76	1.76	1.76	1.74	1.74	1.72	1.72	1.72	1.72	1.72	1.72	1.72	1.7	1.7	1.7	1.7	1.7	1.7	1.68	1.68	1.68	1.68	1.68	1.68	1.66	1.66	1.66	1.64	1.64	1.64	1.64	1.64	1.64	1.64	1.64	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.6	1.6	1.6	1.6	1.6	1.6	1.6	1.6	1.6	1.58	1.58	1.58	1.58	1.58	1.58	1.58	1.58	1.56	1.56	1.56	1.58	1.58	1.58	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.5	1.5	1.5	1.52	1.52	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.48	1.48	1.48	1.48	1.48	1.48	1.48	1.46	1.48	1.48	1.48	1.48	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.44	1.44	1.42	1.42	1.44	1.44	1.44	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.36	1.36	1.36	1.36	1.36	1.38	1.38	1.38	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.34	1.34	1.34	1.36	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.3	1.3	1.3	1.3	1.3	1.32	1.32	1.32	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.28	1.28	1.3	1.28	1.28	1.28	1.28	1.28	1.28	1.28	1.28	1.28	1.28	1.28	1.26	1.28	1.28	1.28	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.26	1.24	1.24	1.24	1.26	Time (s)
Pressure (PSI)
0.25mm Spacer
Pressure 1st Run	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	391	392	393	394	395	396	397	398	399	400	401	402	403	404	405	406	407	408	409	410	411	412	413	414	415	416	417	418	419	420	421	422	0	0.02	0.08	0.14000000000000001	0.18	0.24	0.32	0.34	0.4	0.44	0.54	0.56000000000000005	0.57999999999999996	0.64	0.72	0.74	0.8	0.82	0.92	0.96	0.98	1.04	1.1000000000000001	1.1200000000000001	1.1599999999999999	1.2	1.3	1.34	1.36	1.4	1.48	1.52	1.54	1.6	1.66	1.68	1.72	1.76	1.84	1.88	1.9	1.94	2	2.02	2.08	2.1	2.16	2.1800000000000002	2.1800000000000002	2.2200000000000002	2.2400000000000002	2.2599999999999998	2.2599999999999998	2.2799999999999998	2.2999999999999998	2.2999999999999998	2.3199999999999998	2.3199999999999998	2.3199999999999998	2.3199999999999998	2.34	2.34	2.34	2.34	2.34	2.34	2.36	2.36	2.36	2.36	2.36	2.38	2.38	2.38	2.38	2.4	2.4	2.4	2.4	2.4	2.38	2.38	2.38	2.38	2.38	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.36	2.36	2.3199999999999998	2.2599999999999998	2.2200000000000002	2.2000000000000002	2.16	2.14	2.12	2.1	2.08	2.06	2.06	2.06	2.04	2.02	2.02	2	2	1.98	1.98	1.98	1.96	1.94	1.94	1.94	1.94	1.92	1.9	1.9	1.9	1.9	1.88	1.88	1.88	1.86	1.86	1.86	1.86	1.84	1.84	1.84	1.84	1.82	1.82	1.82	1.8	1.8	1.8	1.8	1.78	1.78	1.78	1.78	1.78	1.78	1.78	1.78	1.78	1.76	1.76	1.76	1.76	1.74	1.74	1.74	1.72	1.74	1.72	1.72	1.72	1.72	1.72	1.72	1.7	1.7	1.7	1.7	1.7	1.7	1.68	1.68	1.68	1.68	1.68	1.68	1.66	1.66	1.66	1.68	1.66	1.66	1.66	1.66	1.66	1.64	1.64	1.64	1.64	1.64	1.64	1.64	1.62	1.62	1.62	1.62	1.62	1.6	1.6	1.62	1.62	1.6	1.6	1.6	1.6	1.6	1.58	1.58	1.58	1.58	1.58	1.58	1.58	1.58	1.58	1.58	1.56	1.58	1.58	1.58	1.56	1.56	1.56	1.56	1.56	1.56	1.54	1.56	1.56	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.52	1.54	1.54	1.54	1.52	1.52	1.54	1.54	1.54	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.5	1.52	1.52	1.5	1.5	1.52	1.52	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.48	1.5	1.5	1.48	1.48	1.48	1.48	1.48	1.48	1.46	1.46	1.48	1.48	1.48	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.44	1.44	1.46	1.46	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.38	1.38	1.38	1.4	1.4	1.38	1.38	1.38	1.4	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.36	1.36	1.38	1.38	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.38	1.38	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.34	1.32	1.32	1.32	1.34	1.34	1.34	1.32	1.32	1.34	1.32	1.32	1.32	1.32	1.32	1.32	1.32	1.3	1.32	1.32	1.32	1.32	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	Pressure 2nd Run	Highest Value -2.40
1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	391	392	393	394	395	396	397	398	399	400	401	402	403	404	405	406	407	408	409	410	411	412	413	414	415	416	417	418	419	420	421	422	0	0	0.14000000000000001	0.16	0.24	0.28000000000000003	0.4	0.44	0.48	0.54	0.62	0.64	0.7	0.74	0.84	0.88	0.9	0.96	1.04	1.06	1.1000000000000001	1.1399999999999999	1.22	1.26	1.28	1.34	1.4	1.44	1.5	1.52	1.6	1.62	1.64	1.7	1.78	1.8	1.84	1.88	1.94	1.98	2	2.06	2.08	2.12	2.14	2.16	2.2000000000000002	2.2400000000000002	2.2599999999999998	2.2599999999999998	2.2799999999999998	2.2799999999999998	2.2799999999999998	2.2999999999999998	2.3199999999999998	2.34	2.34	2.34	2.3199999999999998	2.3199999999999998	2.34	2.34	2.36	2.36	2.36	2.36	2.36	2.36	2.36	2.36	2.38	2.38	2.38	2.38	2.4	2.4	2.4	2.4	2.4	2.38	2.38	2.38	2.38	2.38	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.36	2.34	2.2599999999999998	2.2400000000000002	2.2200000000000002	2.2000000000000002	2.16	2.14	2.12	2.1	2.06	2.06	2.06	2.04	2.02	2.02	2	2	1.98	1.98	1.98	1.96	1.96	1.96	1.94	1.94	1.9	1.9	1.9	1.9	1.9	1.9	1.88	1.88	1.88	1.86	1.86	1.86	1.86	1.86	1.86	1.84	1.82	1.82	1.82	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.78	1.78	1.78	1.76	1.76	1.76	1.78	1.78	1.78	1.76	1.76	1.74	1.74	1.74	1.74	1.74	1.74	1.74	1.72	1.72	1.72	1.72	1.7	1.72	1.72	1.7	1.7	1.7	1.7	1.68	1.68	1.68	1.68	1.68	1.68	1.68	1.68	1.68	1.66	1.66	1.64	1.64	1.66	1.66	1.66	1.66	1.64	1.64	1.64	1.62	1.62	1.64	1.64	1.64	1.64	1.62	1.62	1.62	1.62	1.62	1.62	1.6	1.6	1.62	1.62	1.6	1.6	1.6	1.6	1.6	1.6	1.6	1.6	1.6	1.58	1.58	1.58	1.58	1.56	1.58	1.58	1.58	1.58	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.48	1.48	1.48	1.48	1.48	1.48	1.48	1.48	1.48	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.42	1.42	1.42	1.42	1.44	1.44	1.44	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.4	1.4	1.38	1.4	1.4	1.4	1.4	1.4	1.4	1.38	1.38	1.38	1.38	1.4	1.4	1.4	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.38	1.38	1.38	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.34	1.34	1.34	1.36	1.36	1.36	1.34	1.34	1.34	1.34	Time (s)
Pressure (PSI)
No Spacer
Pressure 1st Run	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	391	392	393	394	395	396	397	398	399	0	0	0.02	0.06	0.1	0.22	0.26	0.28000000000000003	0.34	0.42	0.44	0.48	0.52	0.6	0.66	0.68	0.74	0.8	0.86	0.88	0.94	1	1.02	1.06	1.1000000000000001	1.18	1.22	1.24	1.3	1.38	1.4	1.46	1.5	1.54	1.6	1.6	1.66	1.74	1.76	1.8	1.84	1.92	1.96	1.98	2.02	2.08	2.1	2.14	2.16	2.2000000000000002	2.2400000000000002	2.2400000000000002	2.2799999999999998	2.3199999999999998	2.3199999999999998	2.34	2.36	2.38	2.38	2.38	2.4	2.42	2.42	2.44	2.44	2.46	2.46	2.46	2.46	2.46	2.48	2.48	2.48	2.48	2.48	2.48	2.48	2.48	2.48	2.48	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.52	2.5	2.5	2.5	2.5	2.46	2.42	2.4	2.34	2.2999999999999998	2.2799999999999998	2.2599999999999998	2.2400000000000002	2.2000000000000002	2.1800000000000002	2.1800000000000002	2.16	2.14	2.14	2.12	2.1	2.08	2.06	2.06	2.06	2.04	2.04	2.04	2.02	2	2	2	2	1.98	1.98	1.96	1.96	1.94	1.94	1.94	1.94	1.92	1.92	1.9	1.9	1.9	1.9	1.9	1.88	1.88	1.88	1.86	1.86	1.86	1.86	1.86	1.84	1.84	1.84	1.84	1.84	1.82	1.82	1.82	1.82	1.82	1.82	1.82	1.8	1.8	1.78	1.8	1.8	1.78	1.78	1.78	1.76	1.76	1.78	1.78	1.76	1.76	1.74	1.74	1.74	1.74	1.74	1.74	1.72	1.72	1.72	1.72	1.72	1.72	1.72	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.68	1.68	1.68	1.68	1.68	1.68	1.68	1.68	1.66	1.66	1.66	1.66	1.66	1.66	1.66	1.64	1.64	1.66	1.66	1.64	1.64	1.62	1.62	1.62	1.64	1.64	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.6	1.6	1.6	1.6	1.6	1.6	1.58	1.6	1.6	1.6	1.6	1.58	1.58	1.58	1.58	1.58	1.58	1.58	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.54	1.54	1.54	1.56	1.56	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.5	1.5	1.52	1.52	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.48	1.48	1.5	1.5	1.48	1.48	1.48	1.48	1.5	1.48	1.48	1.48	1.48	1.48	1.48	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.44	1.46	1.46	1.46	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.44	1.42	1.44	1.44	1.44	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.36	1.36	1.38	1.38	1.38	Pressure 2nd Run	Highest Value -2.52
1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	391	392	393	394	395	396	397	398	399	0	0	0	0.06	0.12	0.22	0.26	0.36	0.42	0.44	0.5	0.6	0.64	0.68	0.72	0.8	0.84	0.86	0.92	1	1.02	1.06	1.1000000000000001	1.2	1.22	1.24	1.3	1.38	1.4	1.46	1.48	1.56	1.6	1.62	1.68	1.74	1.76	1.8	1.84	1.92	1.96	1.98	2.02	2.06	2.1	2.12	2.16	2.2200000000000002	2.2200000000000002	2.2599999999999998	2.2599999999999998	2.3199999999999998	2.34	2.34	2.36	2.38	2.38	2.4	2.42	2.42	2.42	2.42	2.44	2.46	2.46	2.46	2.46	2.46	2.48	2.48	2.48	2.48	2.48	2.48	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.52	2.5	2.5	2.5	2.5	2.5	2.52	2.52	2.5	2.5	2.5	2.5	2.52	2.52	2.5	2.5	2.5	2.5	2.52	2.52	2.52	2.46	2.42	2.38	2.36	2.3199999999999998	2.2799999999999998	2.2599999999999998	2.2200000000000002	2.2000000000000002	2.2000000000000002	2.1800000000000002	2.1800000000000002	2.14	2.12	2.12	2.1	2.08	2.08	2.08	2.06	2.06	2.02	2.02	2.02	2.02	2	2	1.98	1.96	1.96	1.96	1.96	1.96	1.96	1.94	1.94	1.92	1.9	1.9	1.9	1.9	1.9	1.9	1.88	1.88	1.86	1.86	1.86	1.86	1.86	1.84	1.84	1.82	1.82	1.82	1.82	1.82	1.82	1.82	1.82	1.8	1.8	1.8	1.78	1.78	1.78	1.78	1.78	1.78	1.76	1.76	1.76	1.76	1.76	1.76	1.76	1.76	1.74	1.74	1.72	1.72	1.72	1.72	1.72	1.72	1.72	1.72	1.72	1.72	1.7	1.7	1.72	1.72	1.7	1.7	1.7	1.68	1.68	1.68	1.7	1.7	1.7	1.68	1.68	1.68	1.66	1.66	1.66	1.66	1.66	1.66	1.66	1.66	1.66	1.64	1.64	1.64	1.64	1.64	1.64	1.64	1.64	1.64	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.62	1.6	1.6	1.6	1.6	1.6	1.58	1.58	1.6	1.58	1.58	1.6	1.6	1.58	1.58	1.58	1.56	1.56	1.56	1.58	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.56	1.54	1.54	1.54	1.54	1.54	1.54	1.54	1.52	1.52	1.52	1.52	1.52	1.54	1.54	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.52	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.5	1.48	1.48	1.48	1.5	1.5	1.5	1.5	1.5	1.5	1.48	1.48	1.48	1.48	1.48	1.48	1.48	1.48	1.48	1.48	1.48	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.44	1.44	1.44	1.44	1.44	1.46	1.46	1.46	1.46	1.46	1.44	1.44	1.44	1.44	1.44	1.42	1.42	1.42	1.42	1.42	1.44	1.44	1.42	1.44	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.42	1.4	1.4	1.4	1.4	1.42	1.42	1.42	1.4	1.4	1.4	1.42	1.4	1.4	1.4	1.4	1.38	1.38	1.4	1.4	1.4	1.4	1.4	1.4	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.38	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.36	1.34	1.34	1.36	1.36	1.36	1.36	1.36	1.34	1.34	1.34	1.34	1.34	Time (s)
Pressure (PSI)
Pressure Test Using Largest Vent Plug Diameter (LG  PC/ABS Black Impression 8)
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Pressure (PSI)
Pressure Test Using Smallest Vent Plug Diameter (LG  PC/ABS Yellow Impression 2) 
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‘Allow a deviation (chosen solution)

“This project must be completed as s00n as possible so production of the vent discs in the newly
proposed material can begin. Allowing a deviation is the most time efficient solution as only
testing requirements will need to be met to approve the samples and to ensure the productis fit
for purpose. Since a new materialis used testing would have needed to be performed regardess

so this solution s in ln

‘e with the original plan

Positives

Negatives

Cheap to perform

Short timescale

If samples fal testing and are not it for.
purpose, then it s essentially wasted time
Alternative solutions can be found below
the cons for outweighed the pros with
these solutions.

Replacing the tool used to create

Positives

Negatives

“The samples will lie with the current
specification and would likely pass all the
testing requirements

New tool,less likely to break down or
develop issues

Testing will need to be performed again as
2 new tool / materialis use.

‘The dimensional analysis and cosmetic /
visual inspection need to be completed
again

Very costly and time-consuming venture
Tooling documentation will need to be
filled out and the tool wil take a long time.
tocreate

Refurbishing the tool used to creaf

te vent discs (alternative solution)

Positives

Negatives

“The samples will lie in our currently
specification and would likely pass allthe
testing requirements.

The suppliers have a lot of knowledge of
the current in use tool and would make the
necessary steps to get the vent disc.
diameters within specification

We keep our original tool and would not
have to change any tooling documentation
saves 2 lot of money compared to buying a
new tool

Testing will need to be performed again as
2 new tool / material is used

‘The dimensional analysis and cosmetic /
visual inspection need to be completed
again

Very time-consuming venture
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Cosmetic Inspection

Photographs showing hard flash present around Vent Disc at Diameter 23.12

Diameter 23.12

Enlarged Views Looking at Flash at Split Line (Diameter 23.12)

(Magnification x400)

Supplier to ensure level of flash does not exceed the following deviation

for Diameter 23.12

RE: Adjusted tolerance for Diameter 23.12 from +0.2/-0.0 to +0.43/+0.13
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Distortion due to Interference fit with mating Lid Recess
The assessment below was carried out to quantify the amount of distortion (curvature of the top
surface of the Vent Discs) that occurred on assembly with the mating Lid Recess due to the
diameter 23.12 being above specification.
Method of measurement
A height gauge was used to measure the height difference between the center of the Vent Disc
and 4 points on the Lid surface (x*, x-, y*+ and y-)
Summary of Measurements
Xantar Max/Min LG PC/ABS MaxiMin
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Vent Discs 2519 Vent Discs 2319

Summary of Testing:
Distortion due to Interference fit with mating Lid Recess

Vent Disc Retention Test at temperatures of +20°C, -30°C & +55°C Result - PASS

Vent Valve Pressure Test. Result— PASS
Evaluation of Distortion on Assembly: Considered acceptable

The larger the size of the Vent Disc diameter the greater the doming / distortion as shown

below. Proposed Measurement Method for ©23.12

Largest Vent Disc Diameter

Itis recommended that 'H' Type ‘Go’, "No-Go’ Gauge are used by the Supplier and
EnerSys QA as a common measurement method

Disc must fall through ‘Go’ end with no pressure applied (ust the mass of the Disc)
Disc must not go through "No-Go end with no pressure applied (must not grip the sides
of the Disc with no pressure applied).

‘Smallest Vent Disc Diameter

Conclusions / Recommendation:

The deformation of the Vent Disc due to the tightness of the fit is no worse than that recorded
for the Xantar material. Vent Pressure Testing has confirmed that the Vent Discs are fit for
purpose in both the above conditions.

« The tolerance applied to @23.12 is to be adjusted
from +0.2/-0.0 to +0.43/-0.13mm.
« The tolerance applied to dimension 3.5 is to be adjusted
from +0.4/-0.1 to +0.2-0.Amm.
« The Supplier is requested to evaluate ifitis possible to correct dimension 3.5mm
back to the original tolerance of +0.1/-0.1mm
« The Supplier is requested to review the condition of the tool with regards to the level
of flash at the Split Line; it's clear from the analysis that Impression 2 is distorting the
resuls of the capabilty Study (refer to pages 2 and 3).
« The above measurement method is to be adopted by both the Supplier and EnerSys
QA EnerSys to place order for gauges and free issue to supplier.
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1 Produce the Technical Report for the Project 

2 Read through Project and think about improvements 

3 Look at reflective analysis examples 

4 Create the introduction of the Reflective Analysis 

5 Perform research on methods and ideologies that can be used to improve upon project weaknesses 

6 Create the main body of the reflective analysis 

7 Summarise the strengths and weaknesses of the project 

8 Create the conclusion 

9 Review the analysis for errors 

10 Submit the analysis 
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Inspection of LG -PC/ABS Vent

Discs due to a material change 

Costs

Find out fromfinance the cost 

savings of this project 

Research other materials and 

compare the costs 

Findout why Xantar 

(current material)is 

becoming more 

expensive 

Time

Showing diameter values for 
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Tables with results

Process capability analysis

Show summarisation data for 

all impressions

Graphsonly

Data distribution tables

Data Summarisation Methods

Total time = approx 3

weeks

1 Week of 

measurements/cosmetics

2 Weeks of 

Testing

Measurementsto take

Measure every
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Measureonly critical 

dimensions
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take measurements

Measurement Method

Quick Image

Vernier Calliper

CMM
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Program Verification

Program Creation

Data summarisation 

Points to be taken

Not accurate enough
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Check doming 

effect of assembled

disc

Gather material data

GatherTest 

Methods

Gather engineering 

drawings

Design Department

Use correct PPAP 

format

Vent Plug PressureTest

Test worstcase 

scenario -highest / 

lowest diameters

Residual Stress Test

Testing

Vent Plug Retention 

Test 

How to set up the 

pairing of vent disc 

and slot

What temperatures should 

the samples be tested at
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use

How long should pressure 

decay be recorded

How to 

represent the 

data

How long should

each sample be 
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Yes Maybe No

Total

Percentage

Is the solution feasible? Yes

HASAWA 1974 All necessary PPE will be worn within the various areas of the technical centre  5

Regulations, legislation, 

company polices

COSHH 2002

PUWER 1998

All of the chemicals used in the lab will all be stored in accordance with COSHH

All work equipment that is needed for testing will be used in accordance with 

PUWER regulations 

5

5

54/55

98%

HNC Criteria 

Does the project allow me to fulfil all 

aspects of the HNC criteria 

All Pass, Merit and Distinction criteria can be met on completion of this project  5

Solution 1: Increasing Tolerance of Vent Disc Diameter

Criteria Additional Information

Answer

Additional Comments 

Feasibility Rating    

1-5

Time Management 

This project must be completed as soon as 

possible so we can begin the production of 

our vent discs in the newly proposed 

material. 

Allowing a deviation is the most time efficient solution as we would only have 

to perform tests at EnerSys to ensure the product is fit for purpose. Testing 

would have needed to be performed anyway as we’re using a different 

material, so this solution is in line with our original plan. The testing would 

only take around 1-2 weeks and the written report would take 1-2 days. 

5

Can the solution be 

produced within the 

proposed budget 



This solution costs nothing as nothing would need to be changed if the new 

allowable deviation fits our testing requirements. 

5

We do not have a specific budget, but the 

cost of the solution must be reasonable

Resources Required  

Previous Inspections



We must perform tests on the worst case scenarios of the vent discs to ensure 

that all discs within our new deviation fall into our testing requirements (i.e. 

using the max/min diameter we have been provided into the max/min 

diameter mating hole on the mating moulded lid). Since all of the 

measurements and capability studies have been completed we only need 

access to our chemical laboratory to perform tests such as residual stress and 

pressure tests. So we require the equipment such as chemicals and testing jigs 

for this section of the project which are all available to us and located in the 

same building. 

5

Mating Parts 

Programming Software 

Measuring Instruments 

5

Practicality  Space Availability 

Project work will be performed mainly in the technical centre. Testing will be 

performed when equipment is not in use by others so it will not disrupt any co-

workers activities. 

5



I have performed all of the testing / inspection work in previous inspections 

and have full knowledge of how to carry them out and summarise the data 

gathered. 

Technical Knowledge  Personal Knowledge 

5

Advice from experts

Testing from previous reports 

Does it solve the problem?

The problem - Following our inspection, we 

have found that the diameters for the vent 

discs are out of specification (oversized) so 

we must provide a solution to solve this 

issue as it can potentially have adverse 

effects on our final products. The 

specification for our vent discs is in line 

with what has previously been tested, so 

the specification does not show the failure 

mode of the part (i.e. max/min allowable 

diameter before failure occurs)  



It does solve the problem but we would have to keep an eye on the 

performance of our batteries when these discs are in production to ensure that 

it is a viable long term solution. We would also have to ensure that our supplier 

and EnerSys Arras are measuring the diameters correctly once they receive the 

Go-No-go gauge as they are using Verners at the moment as Go-No-go gauges 

as a temporary measurement method. The testing would also ensure that the 

vent discs will not fail under specific conditions at the new diameter and will 

either match or exceed the current diameters discs performance. 

4

Information Available 

Internet 



I have gathered all of the information on the testing performed on this product 

to ensure that it is fit for purpose. The tests are listed below Visual/Cosmetic 

analysis 

Vent Disc Retention Test 

Vent Valve Pressure Test (including effect of doming)

Evaluation of Distortion on Assembly 

Evaluation of Vent Disc Seating Position 



Any questions I have I can ask the design manager directly 
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Yes Maybe No

Total

Percentage

Is the solution feasible? Yes

Regulations, legislation, 

company polices

COSHH 2002

PUWER 1998

All of the chemicals used in the lab will all be stored in accordance with COSHH

Project work will be performed mainly in the technical centre. Testing will be 

performed when equipment is not in use by others so it will not disrupt any co-workers 

activities. 

5

5

5

All work equipment that is needed for testing will be used in accordance with PUWER 

regulations 

5

Information Available 



I have gathered all of the information on the testing performed on this product to 

ensure that it is fit for purpose. The tests are listed below Visual/Cosmetic analysis 

Vent Disc Retention Test 

Vent Valve Pressure Test (including effect of doming)

Evaluation of Distortion on Assembly 

Evaluation of Vent Disc Seating Position 



All of the inspection data is readily available as it has already been performed on the 

first batch. 



Any questions I have I can ask the design manager directly 



I can seek help from other engineers in the technical department 

Internet 

Advice from experts

Testing from previous reports 

All Pass, Merit and Distinction criteria can be met on completion of this project  5

Resources Required  



The tool will need to be bought and shipped off to the supplier

The supplier will send us 30 first off samples of each colour

We would need to perform a first off inspection under the new tool number 

First off inspection – Dimensional, cosmetic, visual inspections and testing such as: 

Vent Disc Retention Test 

Vent Valve Pressure Test (including effect of doming)

Evaluation of Distortion on Assembly 

Evaluation of Vent Disc Seating Position 

The dimensions must be in line with our current spec.



To perform the inspection I will need access to the below:



The chemical lab - For access to the pressure testing jig and chemical for testing 

The teardown area and electrical lab for access to the equipment needed for the Vent 

Valve Pressure Test 

The design room- for access to the measuring and programming equipment such as 

micrometres, CMM's and the Quick Vision machine. 

5

Measuring Instruments 

Does the project allow me to fulfil all aspects of 

the HNC criteria 

HNC Criteria 

Previous Inspections

Mating Parts 

Programming Software 

Solution 2: Replacing the Tool

Criteria Additional Information

Answer

Additional Comments 

Feasibility Rating    

1-5

Time Management 

This project must be completed as soon as 

possible so we can begin the production of our 

vent discs in the newly proposed material. 

Replacing the tool will take the longest time out of the solutions as we have to source 

out the best tool for the job, buy it in, get it delivered to the supplier, perform the 

dimensional analysis again and all of the testing. This would most likely take 2 months. 

3

Can the solution be 

produced within the 

proposed budget 



This solution would roughly cost a few thousand pounds and would be the most costly 

out of the 3 solutions. 

2

We do not have a specific budget, but the cost of 

the solution must be reasonable

Technical Knowledge  Personal Knowledge 



I have performed all of the testing / inspection work in previous inspections and have 

full knowledge of how to carry them out and summarise the data gathered. 



I have very little knowledge on tooling and would require alot of help from others in 

the technical department when carrying out this solution 

3

Practicality  Space Availability 

87%

HASAWA 1974

Does it solve the problem?

The problem - Following our inspection, we have 

found that the diameters for the vent discs are 

out of specification (oversized) so we must 

provide a solution to solve this issue as it can 

potentially have adverse effects on our final 

products. The specification for our vent discs is in 

line with what has previously been tested, so the 

specification does not show the failure mode of 

the part (i.e. max/min allowable diameter 

before failure occurs)  



This is a long term solution as the discs will be the correct size stated in the design 

drawings. We also very rarely have issues with our in production vent discs.

5

48/55

All necessary PPE will be worn within the various areas of the technical centre  5
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Yes Maybe No

Is the solution feasible? Yes

51/55

Regulations, legislation, 

company polices

All work equipment that is needed for testing will be used in accordance with PUWER 

regulations 

5

COSHH 2002 All of the chemicals used in the lab will all be stored in accordance with COSHH 5

Total



This is a long term solution as the discs will be the correct size stated in the design 

drawings. We also very rarely have issues with our in production vent discs.

5

I have gathered all of the information on the testing performed on this product to ensure 

that it is fit for purpose. The tests are listed below Visual/Cosmetic analysis 

Vent Disc Retention Test 

Vent Valve Pressure Test (including effect of doming)

Evaluation of Distortion on Assembly 

Evaluation of Vent Disc Seating Position 



All of the inspection data is readily available as it has already been performed on the 

first batch. 



Any questions I have I can ask the design manager directly 

5

Internet 

Testing from previous reports 

Percentage

All Pass, Merit and Distinction criteria can be met on completion of this project  5

Resources Required  



The tool will need to be bought and shipped off to the supplier

The supplier will send us 30 first off samples of each colour

We would need to perform a first off inspection under the new tool number 

First off inspection – Dimensional, cosmetic, visual inspections and testing such as: Vent 

Disc Retention Test 

Vent Valve Pressure Test (including effect of doming)

Evaluation of Distortion on Assembly 

Evaluation of Vent Disc Seating Position 

The dimensions must be in line with our current spec.



To perform the inspection I will need access to the below:



The chemical lab - For access to the pressure testing jig and chemical for testing 

The teardown area and electrical lab for access to the equipment needed for the Vent 

Valve Pressure Test 

The design room- for access to the measuring and programming equipment such as 

micrometres, CMM's and the Quick Vision machine. 

5

Measuring Instruments 

Does the project allow me to fulfil all 

aspects of the HNC criteria 

HNC Criteria 

Previous Inspections

Mating Parts 

Programming Software 

Solution 3: Refurbishing the Tool 

Criteria Additional Information

Answer

Additional Comments 

Feasibility Rating    

1-5

Time Management 

This project must be completed as soon 

as possible so we can begin the 

production of our vent discs in the 

newly proposed material. 

Refurbishing the tool will take the second longest time out of the solutions as we must 

perform the dimensional analysis again and all the testing. This would most likely take 6 

weeks.

4

Can the solution be 

produced within the 

proposed budget 



This solution would roughly cost a few hundred pounds. 4

We do not have a specific budget, but 

the cost of the solution must be 

reasonable

Advice from experts

I have performed all of the testing / inspection work in previous inspections and have 

full knowledge of how to carry them out and summarise the data gathered. 



I have very little knowledge on tooling and would require alot of help from others in the 

technical department when carrying out this solution 

3

Practicality  Space Availability 

Technical Knowledge  Personal Knowledge 



Project work will be performed mainly in the technical centre. Testing will be performed 

when equipment is not in use by others so it will not disrupt any co-workers activities. 

5

Information Available 



PUWER 1998

93%

All necessary PPE will be worn within the various areas of the technical centre  5

Does it solve the problem?

The problem - Following our inspection, 

we have found that the diameters for 

the vent discs are out of specification 

(oversized) so we must provide a 

solution to solve this issue as it can 

potentially have adverse effects on our 

final products. The specification for our 

vent discs is in line with what has 

previously been tested, so the 

specification does not show the failure 

mode of the part (i.e. max/min 

allowable diameter before failure 

occurs)  

HASAWA 1974
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that could damage the plasti
voids warranty.

containers. Use of any unauthorized solvents

For seismic (EP) racks, spacers between cells are req Note: Depending on the EP
rack type, spacers
provided may be foam
or molded PVC.

Add front and end restraining rails and install front-to-back restraining rail tie rods if
supplied, for EP racks. End rails should be placed within one-eighth-inch from end
cells. Reference *Rack Instructions” for more information. Do not tighten end rails
against cells s it can result in jar damage. Tighten tie rodsicell restraining rails to
allow a business card to fit between the cell jar and the restraining rail

Where multiple standard type racks are installed end-to-end, no more than one-eighth-
inch of cell length should rest over a support rail that is not rigidly spliced.

CAUTION

Never move or adjust a rack with batteries loaded on

After cells have been installed and connected, remove the orange shipping
vents and installthe flame arrestors and dust cover vent assemblies provided in the
acoessory kit

4.4 Flame arrestors

Al G&D standby cells use flame arrestors, see Figure 1.4.4. Most cells are shipped
‘with orange colored vent plugs which must be removed and discarded before
instaling the flame arrestors. DRY-CHARGED CELLS MUST BE STORED WITH
ORANGE VENT CAPS AND PLASTIC FILM IN PLACE UNTIL READY FOR
ACTIVATION

4.5 Numbering cells, labels and warnings for battery

C&D TECHNOLOGIES, INC. provides labels and warnings to help you maintain
your battery and to apprise you of certain hazards. Be certain to attach
maintenance and operating labels to cells so they may be read by anyone
‘working on o in the vi of the battery. Reference Part 4, para 1.9 for
examples.

Every cell has an identfication label on the cover. This label is very important
since it ists cell type, date code, and order number. This information is needed for
‘warranty purposes

The cell ID label is usually placed prior to shipment at the factory. However, some
cells are prepacked in order to enhance delivery. In this case, the ID labels wil be
shipped separately and must be placed by the installer during installation.

For ease of identification, all cells of a battery should be numbered. Plastic peel-
and-stick numbers are fumished in the accessories package. Common practice is
to start with “1" at the positive terminal of the battery and follow the electrical circuit
‘with succeeding numbers. Remove the plastic backing and firmly press the number
into position on the appropriate cell. Be careful not to scratch the plastic jar.

Note: This is a good time to confirm proper cell orientation, insuring correct polarity
‘and terminal location (i.e. positive to negative to positive, etc.).

4.6 Preparing electrical contacting surfaces Example of an D fabel
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fluid. The process fluid will be as described in the Valve Data Sheets (see Appendix A)
Boundaries of jurisdiction shall be the valve ends where the valve's pressure boundary connects

10 the adjoining piping. The valves are pressure accessories in accordance with DIRECTIVE
2014/68/EU [Ref[2.1]]

5. Technical Requirements

5.1  Design Conditions

The CWS valves and actuators shall be designed to ASME B16.34 [Ref. [2.23]]. Each valve
purchased in accordance with this Specification is described in, and its detailed design data,
including special technical requirements, are provided in the Valve Data Sheets of Appendix A

The material of the valve shall be compatible with the CWS piping, which is either ASTM
A312M [Ref. [2.26]] grade TP304L or TP316L and the intended process fluid as described in
the Valve Data Sheets (see Appendix A)

The body, bonnet or cover, body joint bolting, and body-bonnet or cover bolting, shall be
constructed of materials as listed in the respective ASTM specifications referred to in ASME
B1634 Table 1 [Ref. [2.23]]. Identical materials in accordance with the ASME Boiler and
Pressure Vessel Code, Section II [Ref. [2.24]] may also be used for these parts

5.2 Design/ Construction Details

The valve shall have a design life of 20 years at the specified conditions, excluding items such
as gaskets, packing, elastomer parts, and lubrication materials. Valve components of the same
type and size shall be mutually interchangeable.

5.3 Environmental Conditions

All valves and actuators shall be designed to operate during the combination of the loads as
defined in the Load Specification [Ref. [25]]. Additional environmental conditions are
provided for in Appendix A of this Specification

5.4 Valve Dimensions

End-to-end dimensions and face-to-face dimensions for butt welding-end valves and for
flanged-end valves shall be in accordance with ASME B16.10 [Ref. [2.21]]. Each valve shall
be examined to ensure it meets the dimensional requirements of this section.

5.5  Valve Body

The internals of the valve body shall be designed to limit the deposition of possible corrosion
product and other erogenous materials inside the valve body. This may be performed by in the
design of the internals eliminating:

- sharp angles

- strong reductions

- spaces likely to trap the deposits of products of corrosion

- zones of retention
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Battery Construct

Terminals Relief valve
Depending on the model,batteries come either with AMP Faston type. In Gase of excessive gas pressure build-up
terminals made of tin plated brass, post type terminals of the same s 1 bty B ot sahos e o
composition with threaded nut and bolt hardware, or heavy duty fiag. N P T e )
= hos ol bedkos ot only ensures that no ai gets into the
battery where the oxygen would react with
the plates causing internal discharge, but
also represents an important safety device in
the event of excessive overcharge.

Aspecial epory is used as sealing material surrounding the terminals.

Vent release pressure is between 2.6 psi; the.
Seal ring material i neoprene rubber.

Plates (electrodes)
Power Sonic uiizes the latest
technology and equipment o
cast grds from a lead-calcium
alloy free of antimony. The.
smll amount of cacium and
tin in the grid alloy imparts Separators
strenghto the plate and Power Sonic separators are made
guarantees durabilty even in of non-woven glass fiber cloth
extensive cycle service. Lead with high heat and oxidation
dioxide paste is added to the resistance. The materia further
£1id to form the electrically offers superior electrolyte
active material. absorption and retaining abiity,

Z as wellas excellent ion
In the charged state, the: e conductivy.
negative plate paste is pure o 7
lead and that of the positive
lead dioxide. Both of these are.
in a porous or spongy formto.
optimize surface area and
thereby maximize capacity. The
heavy duty lead calcium alloy
grids provide an extra margin of
performance and ife n both
cycic and loat applications and
gve unparalieled recovery from
deep discharge.

Case Sealing
Depending on the model the case:
sealing i ultrasonic, epory or
hea seal

Container
Case and id maeria s ABS,
high impact, resin with high
resistance to chemicals and
flammabilty. Case and cover are:

Electrolyte made of non-conductive ABS

Immobilized dilute suffuric plastic to ULS4-HB or L34 V-0,

acid: HiSO..

This case has molded:n dividers
for each 2 vottcell.

Leakproof Design & Operational Safety
The leak proof construction of Power Sonic batteries has  U.L's component recogtion
ensured that our batteries have been approved for program for emergency lighting and
shipment by air, both by D.0.T. and LATA. Copies of power batterieslsts PowerSonic.
these approvals are avaiabie on our websie: under file number MH20845
wikpower sonic.com.
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Pert chart for Vent Plug Retention Test
A- Assemble vent discs into sample lid — 2 mins H- Place sample in freezer and set to -30 2C — 2 mins
B- Apply a pressure of 12 PSI to each vent valve — 2 mins I- Remove sample from freezer — remove after 24 hours
C- Record Results — 2 mins J- Apply a pressure of 12 PSI to each vent valve — 2 mins
D- Place sample in +55 2C hot room- 1 mins K- Record Results - 2 mins
E- Remove sample from hot room — remove after 24 hours
F- Apply a pressure of 12 PSI to each vent valve — 2 mins
G- Record Results — 2 mins
Done at. 2 2
some time
m m Total Time = 2891 Minutes = 48 Fours 15 Mins
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Appendix C
Vent Plug Pressure Test
Date of test: 05.06.2019

‘Test Method ~ Vent Valves, Vyon Discs and Vent Plugs were assembled into each Vent Well of
‘each Lid sample (1 impression 1 and 1 impression 2). The Lid was then secured to the jig
‘shown in the photograph below. The air flow was then set and once the venting pressure had
been reached the air flow was cut off. The pressure was allowed to decay for a period of 5
minutes to allow assessment of the reseat pressure.
List of part numbers used:

Vent Valve Drawing Number — 2210-9751

Vent Disc Drawing Number — 2107-8981

Vyon Disc Drawing Number - 2201-9041

The Vent Plug Impression number used throughout the test was - CG08

Test Requirements —
The venting pressure shall be between 1.34.7 PSI
The reseat pressure shall be above a pressure of 0.75 PSI
Pressure Testing Set-Up

IR pressure
TestingJ
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Appendix F
Vent Plug Retention Test

Date of test: 12.06.2019 - 14.06.2019

‘Test Method  Prior to the assembly of the parts listed below into each Vent Well of each Lid
‘sample, the outside diameter of the Vent Discs were measured using a
to ensure that they were within specification (see table below for results).
List of parts used
Vent Valve Drawing Number — 2210-9751
Vent Disc Drawing Number — 2107-8981 (materil VE101 cak grey).
Vent Disc Drawing Number — 2107-9084 (mateis P3H+-AT g rey).
Vyon Disc Drawing Number - 2201-9041

The parts were then assembled into each Vent Well. The Lid samples were then
soaked at each of the following temperatures +20°C, -40°C & +55°C for a period of
24 hours prior to the application of a pressure of 12psi to the underside of each
Vent Spigot.

Photographs below show the assembled lids

AF365 Impression 1 Lid with Grey VE101 Vent Plugs

AF365 Impression 2 Lid with Light Grey Vent Plugs (P3H-AT)
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Flow Chart Symbol

Meaning

Explanation

Start and end

The symbol denoting the
beginning and end of the
flow chart

Step

This symbol shows that the
user performs a task.

(Note: In many flow charts
steps and actions are
interchangeable.)

Decision

This symbol represents a
point where 2 decision is
made

——
-
*

r—4

Action

“This symbol means that the
user performs an action.
(Note: In many flow charts
steps and actions are
interchangeable.)

Flow line

Aline that connects the
various symbols in an
ordered way.
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Aesthetically | Final
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pvC 19
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EnerSys has decided on using LG PC/ABS as the material used to create the vent discs
Scores
1
2
3
2
5
Pagelof4  831words [R  English (United Kingdom) D Focus B - T + 120%
= - = 1910
£ Type here to search O @ = H € u @ & AC® YNy B





image26.png
CSM - Saved to this PC ~ Awais Ahmed (2012416)

1% Share & Comments

Fle  Home Inset Design  layout  References  Maiings  Review  View  Help
s A s OFind « =
0 Glibi Body) <11 <A AT Aav Ao = 2L fnoboone| aspbcee AaBbC( AaBoCet AQB asebcer aasbeeo: aasbeed acsbcco: madbeede aasbCe || oo @
Paste - ¢ - - - - TNormal | TNoSpac.. Heading1 Heading2 Title: Subtitle  Subtle Em. Emphasis  Intense E. Strong uote |3 5 Dictate. Editor Reuse.
" Sromatpaimer | B L U@ x XA L2- A P 9 9 i s Q@ I Select - reuss
Cipboara 5 Font 5 Faragaph 5 styes 5l Eatng | voke | senstwty | eator |reuseriesl ~
csM's
Measurement Time Taken to Measure Final
Instrument Scale Each Disc Recording of Results Availability | Accuracy score
Ruler e
Micrometer 19
cavm 23
Quick Vision Machine 2
Vernier Calliper 18
1 have decided to use the quick vision for all diameters but the CMM will be sed to give a scanned profile of the diameter and the Vernier calliper and
micrometer will be used for program proving of the Quick Vision and CMM machines.
Scores
1
2
3
4
5
I Focus B - ¥ + 120%

Page2of4  s3iwords [R English (United Kingdom)
1812

NG AN Ly B

I
(]
a'

O Type here to search (©





image27.png
CSM - Saved to this PC ~ Awais Ahmed (2012416) A4

Fle  Home Insert Design layout References Malings  Review View Help & Share 3 Comments
= c A PFind ~
[i§] ColtriBody) <11~ A A Aav Ao aagocone | assbccde AaBbCC Aseocet AQB aseocee aasbceor aosbeeo aasoceor pasbeedn aosbeeoe | |y o Q
Paste . . . quote [ | S5 pictae Editor | Reuse
u- Lo A Nowmal | TNoSpac.. Heading! Heading2 T  Subtile SublleEm.. Em ItenseE..  Stong  Quote |5
S e | BT Yo e m E0 & 9 4 9 I select~ e
Cipboara 5 Font 5 Faragaph 5 styes 5l Eatng | voke | senstwty | eator |reuseriesl ~
Method of Summarising How many pages will | Is teasy to
ethod of summaris Time Taken o Create Information Given oo B i | wedeecainge | Visualt Appeaing
A boxplot willshow the ranges of data for each
impression, but it doesn't say  lot about the
Boxplot consistency of results and If a deviation was allowed s
ow likely would the discs be within specification
seatterpiot Yes, as the results il look
Pl clear and easy to read
A histogram willshow the range of data a5 3 whole
giving the number of discs atthe high and low end of
Histogram the specification but it doesn't give data on the
consistency of resuts and if a deviation was allowed
how likely would the discs be within specifiation
Capability Study
Wi readings rom e
P the data, only numbers.
For this CSM ['ve come to the conclusion to use both the capability study and scatterplot for the summarisation of my data as it will make the results easier
to see from a quality point of view and a toolmaker point of view.
Page3of4  &3lwords [ English (United Kingdom) [ Focus - + T
" i = 1017
- " = ;
P Type here to search 0O # @ » B € u @ & Gm ) NGy B





image28.png




image29.png
@ ntpss x | [ Very x | G ghost x | @] NoGT x | [ (WFec x | BB poken x | @ TME x | N quits x | Wl Home X | i pleev X | @ Ladde X | @ Introc x | B3 Ovenv X | A Ladde x | [ logose x | @ Systen X M Mitwe X+ = x
<« C @ shopmitutoyo.co.uk/web/mitutoyo/en_GB/all/all/AbsoluteS20Digital%20Caliper/Scatalogue/mitutoyoData/PR/500-173/keywords xhtml?result=1507801258026 % O@ @ :
affected by dirt (water, ofl etc) on surface of a scale. B

« The slider provides smooth, stable and comfortable operation.
« Character height: 9 mm (150 and 200 mm), 11 mm (300 mm)
« ABS (ABSOLUTE) scale requires no origin setting after power-on and has no limit to response speed.

Range: 0-12"
Depth bar: flat
Data output: Yes
Mass: 350g
Digital step: 0.01mm
Max. response speed: Unlimited
Battery life: approx. 18000 hours
Delivered: Inacase, including 1 battery
ORIGIN (ABS-Zero): Yes
ZERO/ABS: Yes
ON/OFF: Yes
Low voltage alarm: Yes
Digital/Analog: Digital
Accuracy: =200 mm : £0,02 mm /> 200 mm : £0,03 mm
(excluding quantizing error)
Functions: ‘With thumb roller
Inch-Metric: Inch/Metric
mensions =
A 22mm
B 27.5mm
D: 64mm
H: 20 mm
. L 404mm
Variants +
Arraccnviac o
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(when ordered before Zpm)*

Description

‘This standard model digimatic micrometer is an affordable device that offers the following benefits:
« Itis cost-effective with simplified functionality for standard applications.

« Extraordinary battery lfe of 2.4 years. Without data output.

« Constant measuring force

Range: 0-25mm

Accuracy: 2pm

Flatness: 03pm

parallelism: 2pm

Mass: 275g

Digital step: 0,001 mm

Scale: thimble and sleeve satin chrome finish, @ 18 mm

Measuring surfaces: Carbide tipped, micro-lap finish

Measuring spindle: ©6.35 mm, spindle pitch 0.5 mm

Measuring force: 5-10N

Battery life: approx. 2.4 years (approx. 8700 hours)

Delivered: Including box, key, 1 battery,
certificate of inspection

ORIGIN: Yes

Auto Power OFF Yes

after 20 min. non use:

Low voltage alarm: Yes

Digital/Analog: Digital

Accuracy: 2mm

Functions: With ratchet stop

Inch-Metric: Metric
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Day 1 CMM Training
First, I was taught how to power up the machine
First Ensure that the pressurised air supply was switch on

Ensure that the pressure is around 0.4 PSI by looking at the reader located below the
‘power switch.

Then press the start button on the machine and joystick
‘The machine has two modes

Manual ~ Used to move the machines probes around manually and to take manually
measured points

Automatic ~ Used during the running of an automated program it will allow the
‘machine to reach a much higher speed when performing automated measurements
Part Manager: ICONS

There are different boxes located at the top of the screen and below is what they do

Part Program editor — Allows to edit programs you can cither add new functions to a
program or change existing ones.

CMM Learn Mode — This allows you to start creating part programs
CMM Repeat Mode — Runs through a program that you have created.

Protacol Manager — Allows you to design how things like your results appear afier a
program has run
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Icons on the left
Create New Part — Used to create a file in which you can create a new part program
Change part name — Allows you to edit a part program name
Copy Parts — Copies a part program useful for when you want to add something new
‘but don’t want to affect the original program.
Mark Parts — Highlights them making them easier to search for
Sort Parts List— You can sort your parts by name or date etc.
Second parts list — Allows you to copy parts between folders
Change part directory — Used to change between your directly which are basically
different folder to sperate your programs out making them better laid out and easier to
find.
Backup part directory — Does as it says
Notepad- You can put your notepad files into a part program so people can see it
‘before running a program, so you can include important things such as set up .
instructions which we followed from the CMM manual for some parts 2
‘When you load up a program in learn mode ensure your coefficient of expansion is
correct for the part you are going to measure then click OK.
Another window will appear saying change probe you can keep it as the probe you've
already got on the machine or change it to another one you've got on your probe rack.
W i ] %, ! £ E
Above are the basic elements, the angle and distance both require two elements to
have been measured.
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Above are the coordinate system alignment options on the first day we went through
creating an origin which s the point at which you want to pin your part to the stage.
The align base plane which does as it says it will align your plane to the coordinate
system so the machine knows where the base of the part is located and align axis
‘parallel to axis element which is used to locate the edge of the part
First, we learned how to define a probe
“You click Probe at the top bar then probe data management
Probe Data Management m‘
Another window will appear, and you must click probe builder
Probo Buitder WIS
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‘The window below will appear once you know the information about the probe you

want o add to the system you build it from the start in this window ensure you select

the correct probe module and stylus

rﬁm Configure probe sys THEE

Below is an image showing where the probe module and stylus are located
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Once you have created your probe click OK

Now we learned how to define our probe so that e can measure at different angles

First click define probes
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Below is an image showing the angles of rotation
Muatoro et proves |
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‘When in the define probes window you will see an infographic showing you're the
‘angle at which your selected prob will be at and there’s a table below with all the
different angles you can select. Select any angles you want then click add to add it to
your probe then click OK once you have all the angles you need.

‘Iﬁﬁn etine Proves 2

et

Probe one is your reference probe everything is worked out from this probes position
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Now to calibrate click the red tick which selects all your probe angles then click
calibrate then the window below will pop up

T

‘There are some things to make sure of when you first calibrate 2 probe on a new cmm
‘The number of executions is 2 ~ One for touch probe one for scanning

‘The Number of circles is one and the number of points per circle is 4

Only for your first calibration ensure manual point at top of sphere is selected as your
machine will not know where the master ball is located once you do this once so long x
as you always place the master ball in the same location the machine will know its 3
location. We screwed the master ball into the correct position for every calibration.
Keep the parameters and height angles the same then click OK

Tt will ask you to touch the top of the master ball so using the joystick touch the top of
the master ball with the probe and the rest of the calibration will be automatically done
The left joystick moves the probe in the Z axis and the right joystick moves the probe
in the X and Y axis ensure that measure mode is selected before touching the top of
the master ball for slower and more precise movement and to read the point

By doing this calibration you are calibrating the probing system not the master ball
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This covers what we were tavght on basic elements and calibration.
I comptied with all my duties and obligations defined under the health and safety at 1
work act and any other relevant regulations and guidelines 1
I presented myself suitably prepared for the activities to be undertaken by taking a 3
note pad and pens for note taking and a camera for taking images of sefups we've
created for futue reference.
I followed Mitutoyo’s accident and emergency procedures which the trainer went 4
through with us at the start of the course including — Procedures in the event of a fire
and showing us all the fire exits, which are used for evacuation in the case of  fire sc
We followed procedures such as staying away from the machine when itis invse asit | 3b
constifutes as 2 fast-moving object shown. He also went through what to do if the 7
‘machine malfunctions (press the emergency stop button). We recognised the machines | 54
speed is a hazard when in use and controlled the hazard by staying away from the 6
‘machine when it's in operation.
Using work practices that do not follow Mitutoyo’s laid out procedures can result in 7
the machine hitting 2n object at 2 high speed or malfunction of the machine that is
why the machine must be sed correctly. The only hazard present in our working 7
environment as stated before was the machine when in use. The machine must be used -
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including:

+ Long focal depth and wide field of view.
- Double telecentric optical system.

« 3Mega-pixel colour camera.

« Four-quadrant LED ring light.

+ Motorized stage models provide highest measurement efficiency.

Specification

Model:

Travelling range X-, Y-axis:
Travelling range Z-axis:

Stage glass size:

Measuring Mode:

Optical system working distance:

Optical system
depth of focus

Accuracy 0

Optical system magnification:
CCD camera:

llumination:

Accuracy within the screen (+20):

Repeatability (+2 0)
within the screen:

Functions:

Variants

Accessories

eos

Spare parts

620100%204%20100%20mm/Scatalog

Je/mitutoyoData/PR/361-850A/indexxxhtml

QI-A1010D
100 x 100 [mm]

100 [mm]

170 x 170 [mm]

High-resolution mode and Normal mode

90 mm

High-resolution mode : 0.6 mm; Normal mode : +11 mm

Eqxy) = £(3.5+0.02L) ym*L = measuring length (mm)
QI-A models : 0.2X

3 Megapixels colour CCD camera

- Contour- Coaxial- 4-quadrant LED (RL)

specifications when at focal position QI-A models : £2 pm (high-
resolution mode) +4 ym (normal mode)

-A models : +1 um (high-resolution mode) £2 pm (normal mode)

QI-A models, 0.2x Magnification, Manual stage

+ + + o+
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Appendix C
Vent Plug Pressure Test
Test Results:

HXS60Lid AF365 Impression 1 Pressure Results

HX5601id AF365 Imprassion 2 Prassure Results

VE101- HX560 (original tool no.2008) and Xantar- SBS190 resuls have been included in the graphs for
reference only

The results show thatfor the AF365 samples (mpressions 1 and 2) the Venting and Reseat pressures
are either on bottom lmit or below the specification. This result coincides with the Vent Spigot diameters
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Appendix F
Vent Plug Retention Test

Test Requirement: The Vent Plugs shall not be displaced following the application of a
pressure of 12psi applied to the Vent Valve at temperatures of
+20°C, -40°C & +55°C.

Vent Plug Diameters Measured Prior to Assembly for Reference
Specification = 23.12 (+0.25, -0)

Cell Number | Dark grey plug Tight Grey plug
[ ettt
EE— I — —

2333

Results of Pressure Tests

AF365 Impression 1
with Grey VE101 Plugs

AF365 Impression 2
with Light Grey Plugs
P3H-AT

The results are considered acceptable
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Summary of Measurements for @ 22.10+0.061-0.03mm using QI Optical Measuring m/c.
Diameter 22.10 was measured 90° to the Ijection Point. The results were combined in the following Proces

Capability Reports for both Lupoy and Xantar. The Report for Lupoy covers measurements of 5 samples of cach of
the 8 impressions. The Report for Xantar covers measurements of 40 samples.

Process Capability Report for All Measured Diameters Lupoy

& 525 0 55 0045

meters Xantar

25
NGO NG B

I





image48.png
R Previous Bamples - awaisndgte. X+ - x

¥ @ incogrito

< C @ mailgoogle.com/mail/u/0)

&

Graphs Showing Measurement Ranges for each LG Vent Disc Impression
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