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[bookmark: _Toc196675358]Introduction
Renishaw PLC is a worldwide engineering technology company. Renishaw produces high-precision technology for metrology and healthcare, along with designing and developing solutions and systems for total control, precision, and reliability.
Renishaw is a global leader in metal additive manufacturing (also known as 3D printing). Renishaw creates devices that use metal powder to "print" parts. Renishaw's innovative technology revolutionizes product performance from transportation to electronics, healthcare, and agriculture Renishaw plc (2020).
The Six Sigma Green Belt project is being carried out in response to a complaint from our Renishaw India operations, regarding concerns of ceramic tubes being found out of tolerance. The complaint highlights a feature that is out of specification which can lead to customer dissatisfaction. 
This project is to aim to apply the Six Sigma methodology to analyse and improve the complaint addressing the concerns.
The benefits of this project will show, better quality control to enhance the service by identifying the root cause and implementing solutions to eliminate it in the future. By this being mentioned, this will also lead to building a stronger relationship with the subsidiary by listening and understanding the concerns and taking measurements to resolve the concern can increase in trust. 



The sections on Define, Measure, Analyse, Improve, and Control should use a range of techniques that are appropriate and relevant to the chosen Green Belt Project. 

1. [bookmark: _Toc196675359]Define
[bookmark: _Toc196675360]Problem Statement
Concentricity of both ends of Supplier A ceramic supplied tubes between the Outer diameter (O/D) and Inner diameter (I/D) over the drawing limit of 0.15mm. Captured and reported by India, intermittent issue first observed in 2022, 16 reported outside spec in this instance. 
CCAR: CA00155660 was generated to log the instance for traceability purposes and to drive corrective action and root cause. 

Process Mapping 
In the define phase, a process flow chart (Figure 1) was created to visualise and understand the current process. The benefits of process mapping highlight each stage of the process, identifying potential defects that may occur and detecting areas for improvement(basicsandbeyond, 2023), (ProcedureFlow, 2023). By defining the process, accurate data can be collected. This can offer a solid foundation for analysis and decision-making (IBM, 2021), (Staff, 2024).
[image: A diagram of a company

AI-generated content may be incorrect.][bookmark: _Toc196673791]Figure 1 - Process chart


















CCAR (Concern Corrective Action Report) is an internal abbreviation from the industrial term, CAPA (Corrective and Preventive Actions) (Croft, 2023). Renishaw’s internal CCAR software is built on CAPA and operates on DMAIC – Define,  Measure, Analyse, Improve, and Control. (Kinney, 2023). DMR, which stands for Defect Material Report, is an internal abbreviation for communicating non-conformities found with the supplier. The supplier is required to complete the form and return it to Renishaw. Once a DMR is raised, it affects the supplier's vendor rating. Suppliers have feedback meetings every three months, although some suppliers have different intervals for feedback depending on their vendor rating score.


[bookmark: _Toc196675361]Risk Assessment
A risk assessment (Figure 2) was carried out to identify issues that could have an effect on the project’s outcome. This helps visualise the plan to minimise or eliminate risks by being able to identify the risks earlier on at the define stage. The overall severity was categorised as low since there was no risk and low customer dissatisfaction. Although dimensional discrepancies were identified at the part level, they remain within acceptable limits once the components are assembled, resulting in a low risk to product performance. Given that the fault has been present since 2022 and that there have been four DMRs (Discrepant Material Reports) raised to date, the incidence was categorised as moderate. Because the ceramic tubes are inspected at the ceramic build stage of the assembly process in compliance with Work Instruction WI-07978, detection was given a low rating. As a result, Class B was assigned to the total risk, see CCAR QA418 report in Appendix A.
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[bookmark: _Toc196673792]Figure 2 - Risk assessment - QA418 report (George.C(2024))








[bookmark: _Toc196675362]Voice of the Customer/Critical to Quality
To make sure the changes align with the customer's values, a Voice of the Customer (VOC) and Critical to Quality (CTQ) was developed(Table 1). While CTOs communicate what is required to measure the project needss, the VOC captures the wants and expectations of the customer (Team, 2024), (Arcidiacono, Edoardo Risaliti and Pero, 2024). The team may concentrate on minimising variance and weaknesses in the areas that influence customer satisfaction and quality by knowing what matters most to the customer. This stage guarantees that the project provides true benefit and aids in defining goals (Tsung and Wang, 2023), (Stroud, 2010).


	Voice of Customer tool
	Voice of Customer
(VOC)
	Critical to Quality
(CTQ)
	Measurement tool:
	Quality Control 
(QC)

	Internal customer complaint
	Internal customer reports that the ceramic tubes are out of specification.
	Concentricity tolerance of 0.15 mm is important to quality as it defines the acceptable limits and maintains consistency in production to ensure each part meets the required specifications and quality standards.
	To conduct the inspection via CMM to measure concentricity at multiple points to 
BS standard, BS7172-1989. This British Standard is a guide which covers methods for evaluating accuracy and performance of CMM’s (Coordinate Measuring Machines) in measuring geometric features (British Standards Institution (BSI), 1989).

	Stock purge 2024-040 (Figure 3) was raised (Refer to CCAR QA418 report in Appendix A) and conducted to ensure all ceramic tubes within the UK were within tolerance. The following part numbers were also inspected in part of the Quality control process. 



[bookmark: _Toc196674050]Table 1 - VOC and CTO table

 The Voice of the Customer (VOC) and Critical to Quality (CTQ) have developed an understanding of the customer's values and defining goals to aid in the project’s success. 
[image: A checklist with numbers and a list of items

AI-generated content may be incorrect.][bookmark: _Toc196673793]Figure 3 - Stock purge form 2024-040


















 After the stock purge 2024-040 was conducted, 1 out of 20 parts failed the inspection therefore, the inspection had switched to 100% in accordance with QA328 (Figure 4) (Hill/RenishawPLC, 2023), an in-house inspection procedure. The other part numbers were also inspected as they were identified as being at risk due to being manufactured by the same supplier and extruded through the extrusion, with identical ID and OD dimensions. 
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AI-generated content may be incorrect.][bookmark: _Toc196673794]Figure 4 - QA328 - sample inspection procedure (Hill, T/RenishawPLC. (2023))



















[bookmark: _Toc196675363]Project Charter
A project charter (Figure 5) (Learn Lean Sigma, 2022)was conducted to help define a clear scope and the goals of the project. This tool is used. By outlining the problem statement, objectives, timeline, and team roles, this tool can assist in communicating with the project team and stakeholders to share an understanding of what the project aims to achieve and how to measure success (Raymond, 2023), (Right, 2024). 
[image: A close-up of a document

AI-generated content may be incorrect.][bookmark: _Toc196673795]Figure 5 - Project charter













This six-sigma project responds to a concentricity issue in ceramic tubes from Supplier A, an external vendor, raised by Renishaw India operations. The misalignment between the I/D and O/D at both ends of the tube is the concern; it exceeds the 0.15mm specification limit in the drawing. Since it exceeds the design specifications, this concentricity variation raises concerns for Renishaw India operations due to its potential risks.  
Renishaw India sent images (Figure 6) to Renishaw UK, where the misalignment was visibly apparent, further confirming the issue.
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[bookmark: _Toc196673796]Figure 6 - Concentricity over drawing limit




The objective of this project is to determine the root cause and put corrective action in place to ensure the ceramic tubes meet the specified tolerance. This will improve quality control, reduce the issues, and increase confidence in the supplied parts. 

2. [bookmark: _Toc196675364]Measure
[bookmark: _Toc196675365]Identify Measurement Variation 
To identify the variation occurring in the concentricity issue, measurement data will be collected from the affected ceramic tubes supplied by Supplier A. Comparing the actual measurements to the 0.15mm concentricity limit provided in the drawing.
It was confirmed that Supplier A did not apply the correct method of halving the deviation by an operator.  This demonstrated that the quality gate and documentation were not robust. To measure concentricity, measure both the outer diameter (OD) and inner diameter (ID) of the component using the vernier’s jaws. Calculate the wall thickness by subtracting the ID from the OD and dividing the result by two. Take measurements at several locations around the circumference and compare the wall thickness values. Consistency in the wall thickness indicates acceptable concentricity, while significant variations may indicate a potential concentricity issue (wikiHow, 2008) (Busch, 1989).

[bookmark: _Toc196675366]Determine Data Type 
The data collected through physical measurement is variable data.

 
[bookmark: _Toc196675367]Develop Data Collection Plan 
The following data was collected from India operations by conducting a vernier check. It indicates that the stock at their site is also impacted by the findings outlined (Refer to CCAR QA418 report in Appendix A). The samples highlighted in yellow represent the out-of-specification ceramic tubes.  Supporting data can be found in Appendix B. 

During the measurement phase of Six Sigma, data will be collected in Renishaw Miskin by measuring the ceramic tubes using a CMM (Coordinate Measuring Machine). This approach guarantees precise and accurate measurements at various points along the cylindrical profile, enabling the detection of any deviations in concentricity (see Appendix C)
The guidelines will be followed in accordance with BS7172-1989 (European Standards, 2025) to ensure the correct amount of points is being achieved to collect the required data. 
As stated in BS7172, the minimum touch for a cylinder is 12 (Table 2)

[image: A white paper with black text
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[bookmark: _Toc196674051]Table 2 - BS7172-1989 (European Standards, 2025)
To guarantee accurate measurements and reliable repeatability while minimising the risk of human errors, an automated CMM program was created as shown in Appendix D  


It is critical to eliminate potential sources of variability while measuring concentricity. For the measuring plane to be consistent over all sections, a constant measurement depth is required. The CMM may measure various parts of the cylinder due to depth variations, which might result in results that are not accurate and may not reflect the actual concentricity (Workbook, 2022). All measurements remain similar when the CMM program is kept at a constant depth, guaranteeing accuracy and consistency while evaluating various parts. This eliminates a risk (Rapid Direct, 2021). 

 
[bookmark: _Toc196675368]Process Capability
A process Capability study was conducted on the stock in India operations. Each ceramic tube was identified with ‘A’ and ‘B’ at each end to correspond the data (Figure7).
[image: A white pipe on a white surface

AI-generated content may be incorrect.][bookmark: _Toc196673797]Figure 7 - ceramic tube identified with 'A' and 'B' on each end









A histogram was produced from the process capability data – Supporting data can be found in Appendix B – for concentricity  A (Figure 8) which shows a high number of measurements in the range of 0.93 to 0.96, with a peak frequency of 27 parts, and 0.96 to 0.99, with a peak frequency of 19 parts. A second histogram was produced for B-concentricity (Figure 9) – Supporting data can be found in Appendix B - , which shows that the 31 parts had a range of 0.948 to 0.975. The Process Capability Index (Cpk) is <1.33; therefore, the process is not capable, according to the data from both graphs. To satisfy most customers, 1.33 is typically acceptable for most industries(Learn Lean Sigma, 2023c), (Hessing, 2014).

[bookmark: _Toc196673798]Figure 8 - histogram for concentricity A
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[bookmark: _Toc196673799]Figure 9 - histogram for concentricity A



3. [bookmark: _Toc196675369]Analyse
In comparison, the data from the India operation and Renishaw Miskin have been analysed, and the results show a consistent and growing pattern of non-conformance related to M-5004-8315-01. A CMM at Renishaw Miskin was used to measure the stock in the UK, guaranteeing accuracy and precision with a 0.15 mm tolerance. The India operation, on the other hand, used a Vernier for measuring, which would not have offered the same degree of precision.



[bookmark: _Toc196675370]India operations data
The data from India operations (figure 10) clearly identifies parts that are outside the 0.15mm specification. Each sample was marked with ‘A’ and ‘B’ at either end to accurately associate the data with the corresponding sample (Figure ABVOE). Supporting data can be found in Appendix B. [bookmark: _Toc196673800]Figure 10 – India Operations data






[bookmark: _Toc196675371]Renishaw Miskin data
Figure 11 shows a line graph representing the inspection data from Renishaw Miskin Supporting data can be found in Appendix C . The green line indicates the drawing tolerance limit, while the X-axis represents the number of samples inspected.  As reflected in Figure 3, there was a spike that indicated one part number had failed during the inspection. The 20 samples inspected were stock from Renishaw Miskin, (Figure 3).



[bookmark: _Toc196673801]Figure 11 - UK stock CMM data
 
The DMR rejects graph (Figure 12) shows the total quantity rejected for each year between 2022 and 2024. The dotted line shows the linear trend, while the bars show the total number of DMR rejections yearly. It is evident from the data that DMR rejections have been increasing over the last three years. The number of rejects increased from slightly over 130 in 2022 to 140 in 2023 and then to almost 152 in 2024. The upward trend line clearly shows a steady rise in rejection rates. This pattern underlines the required investigation into the underlying root causes of the rejections and corrective actions.

[image: A graph with blue rectangles
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[bookmark: _Toc196673802]Figure 12 - DMR rejects

The ceramic rejects over time graph (figure 13) displays the yearly sum of rejected ceramic tubes from 2022 to 2024. The linear trend is shown by the dotted line, while the total quantity rejected annually is represented by the solid line. Ceramic rejections have been increasing over the years, according to the data. The trendline supports this increased trend and points to a steady increase in quality problems over time.
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[bookmark: _Toc196673803]Figure 13 - Ceramic rejects overtime

Breaking down the data shown in the failure mode graph (Figure 14)  is a representative of the year of 2024, the graph shows a total of numbers rejected by the categorised failure modes. Upon analysing, the three categories are represented as damaged in process, dimension error and supply/vendor. The highest contributing factor is supplier/vendor. With a total of 104 parts rejected Supplier A was notified due to concentricity. Damaged in process follows with 50 rejects, suggesting handling issues internally. Due to this quantity being low, engineers are not concerned but will remain focused on monitoring the issue. 
[image: A screenshot of a graph
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[bookmark: _Toc196675372]Ishikawa diagram 
An ishikawa diagram (meadmin, 2024) (Figure 15) was used to assist in identifying the potential root causes. The main contributing factors were design and supplier.  The supplier section highlights the cause, such as inadequate training, and the design section highlights a cause, such as no standardisation of concentricity over the ceramic tube family range. The two highlighted primary causes are suspected root causes, which will be taken forward into the next stage of the 5-why. 
[image: A diagram of a company
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[bookmark: _Toc196673805]Figure 15 - ishikawa diagram (meadmin, 2024)



[bookmark: _Toc196675373]5-why root cause analysis 
A 5-why root cause (Figure 16) (Learn Lean Sigma, 2023), (Refer to CCAR QA418 report in Appendix A) analysis was carried out after the ishikawa diagram was conducted, which revealed the root causes which has stemmed from both supplier A and design. The design factors have shown inconsistent concentricity tolerances due to a lack of a standard drawing guide not being put in place before. However, supplier A’s factors have shown inadequate training on concentricity measurements and outdated SOPs. These factors have highlighted corrective actions for design to standardise drawings across the ceramic family range (Refer to CCAR QA418 report in Appendix A) and for Supplier A to improve their training procedure. 

[image: A screenshot of a computer
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[bookmark: _Toc196673806]Figure 16 - 5 why root cause analysis


[bookmark: _Toc196675374]Is/Is Not Matrix 


[image: A screenshot of a project
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As part of a Six Sigma project, an Is/Is Not Matrix (Figure 17) (Learn Lean Sigma, 2023b) has been developed to clearly define and scope the identified problem within project M-5004-8315-01 – Ceramic Tube, managed by Tim Hill. The matrix outlines a concentricity defect affecting the inner and outer diameters (ID/OD) of ceramic tubes, with tolerances exceeding the specified 0.15mm limit. This issue is isolated to products supplied by Supplier A and was detected during inspections conducted in India. The defect has occurred intermittently since 2020, with no evidence of involvement from other materials or suppliers. The issue was captured and reported exclusively by Renishaw India operations, impacting 16 units. This structured analysis  a clear and focused foundation for a root cause analysis and process improvement.


[bookmark: _Toc196675375]Design FMEA


[bookmark: _Toc196673808]Figure 18 - Design FEMA
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A design FMEA (learnleansigma, 2023) was conducted based on the 5- Whys. After the Design FMEA had been completed, the RPN (Risk P values that were produced helped identify important areas that needed to be improved, which prompted the implementation of corrective actions. The assessment's highest RPN of 240 was given to the problem of variable concentricity tolerances across the ceramic family range, which prompted urgent action to review and update drawings. Action was also prompted by an over-engineered tolerance, which received an RPN of 244. To determine if the drawing tolerance could be increased without affecting the functionality or customer satisfaction of the product, functional testing was conducted utilising non-conforming parts. A new, functionally justifiable tolerance was chosen in light of the findings.  To guarantee consistent processes and tolerance selection in all upcoming designs, the requirement for improved documentation was assigned the lowest RPN, 140.

[bookmark: _Toc196675376]Process FEMA 
[image: A screenshot of a computer
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A process FMEA (Figure 19) (learnleansigma, 2023) was conducted based on the 5- Whys. The RPN values that were obtained after Supplier A's Process FMEA had been completed identified many critical areas that needed to be improved upon and implemented with immediate effect. A quality plan was created and issued to Supplier A as a result of the inspection process receiving the highest RPN of 270. Furthermore, the supplier's SOP scored a high RPN of 252, prompting a request to amend the SOP (refer to Appendix E) to conform to the quality plan's objectives. With an RPN of 210, operator training was additionally identified as a significant issue. Inadequate training was fedback to Supplier A so that corrective measures could be taken. 



[bookmark: _Toc196675377]Identify Sources of Variation
To identify the sources of variation causing the concentricity issue, will be reviewed to determine the factor aspects. This involves reviewing the Supplier’s A manufacturing processes and documentation, which may impact the ceramic tubes, such as equipment used and its calibration, and the raw material. Furthermore, a review of the design drawings for the ceramic family range will be conducted to determine a possible contribution to a dimensional inconsistency. By analysising these factors could lead to identifying the root cause(s) and implementing corrective action to meet the required specification concentricity tolerance of 0.25mm 

After implementing the above tools, Vendor Assurance had contacted Supplier A to confirm if there had been any changes in the process or production. Supplier A had responded and informed Renishaw, due to the demand of workload Supplier A had new members of staff trained at the time of the manufacturing period the ceramic tubes were manufactured (Wong,2025) as indicated in Appendix F



4. [bookmark: _Toc196675378]Improve
[bookmark: _Toc196675379]Generate Improvement Alternatives
[image: A screenshot of a computer
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[bookmark: _Toc196673810]Figure 20 – Payoff Matrix
In the payoff matrix (Figure 20), scores were assigned as follows: 10 for poor, 5 for fair, and 1 for good. The generative alternatives with the lowest scores were examined in detail and incorporated into the improvement phase.
Alternative 1: mirroring the inspection in India, scored an overall score of 7 as the costings and the material were scored low due to a cell transfer which had recently taken place. This has given India all the same fixtures and probes to use to carry out the CMM inspection, giving repeatability and standarisation a score of 1. The drawing requirement scored 2 due to Renishaw India operations working to the same manufacturing drawing as to the UK. 
Alternative 2: The design process scored 27, with a cost rating of 9 and a materials rating of 8. The cost of developing a new design and testing materials needs to be authorised and signed off on before being handed over to production. The time frame is not efficient to implement as a quick solution in this project. There are currently no plans to alter the stem's material because of its benefits, due to its cost effectiveness and long-term durability. Given the nature of the application, the stems' reputation for being lightweight and resistant to corrosion increases their sustainability for consumer usage (Uchino, 2003), (admin, 2023). 

Alternative 3: documentation was scored 7, the material and costings were scored low, as there is no significant involvement in a new investment and does not involve any physical materials. Standardisation, repeatability, and efficiency are critical. Documentation can provide a repeatable process and clear instructions to the user, which can sustain efficiency and standardisation.
From 2 out of 3 generative alternatives, alternatives 1 and 3 will be incorporated into the improvement phase, as no costing has been added to alternative 1, as India has obtained the same fixturing and tooling for the inspection process within Renishaw Miskin. Furthermore, alternative 3 will help enforce practices and standards across teams.
Communications were sent to the India operations to ensure alignment with the inspection criteria used at Renishaw, Miskin (George,2024). The email specified the use of the same probe and fixturing part number (Figure 20) and included detailed instructions regarding the measurement depth and the number of touches on the cylinder. Refer to Appendix G.
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[bookmark: _Toc196673811]Figure 21 - CMM Fixturing and probe


[bookmark: _Toc196675380]Configure management:
Stated within ISO9001:2015, clause 8.3.6 (ISO, 2015), part of the design and development section, it is focused in dealing with the control of the design and development changes, ensuring any changes which are made to the design during the process do not impact the final product’s quality or functionality. This clause is relevant in managing design inconsistencies. 
The in-house process regarding design changes lacks the level of control and consistency featured in ISO9001 Clause 8.3.6 (ISO, 2015). Over the years, designer released updates without a structured evaluation of their impact, leading to inconsistencies in concentricity tolerances across the ceramic range. In accordance with ISO9001 (ISO, 2015), design changes should undergo a thorough evaluation, review, verification, and documentation to ensure they meet performance standards and maintain consistency. However, the in-house process did not follow a formal design change control process, resulting in poorly documented and uncommunicated tolerance variations. To align with ISO 9001, Renishaw needs to standardize the concentricity tolerances, implement a formal change control process, and ensure proper documentation and communication of changes, thereby improving consistency and preventing future design inconsistencies.
Furthermore, highlighted in ISO9001, clause 5.1.2 (ISO, 2015), the fundamental importance is on customer focus and satisfaction to ensure design changes meet customer expectations without impacting the quality of the product. Although Renishaw’s inconsistent concentricity tolerances have varied, the final built assembly has proven to pass inspection when the tolerance is increased to 0.25mm



[bookmark: _Toc196675381]Trails
The complaint from the India operations prompted a review for the whole ceramic family range. It was discovered during the drawing review that M-5004-8315-01, M-5003-2973-02, M-5000-3713-02, M-5000-7817-02, and M-5000-7799-02 have inconsistent concentricity tolerances over the ceramic family range. Throughout the range, the drawing tolerances varied, stating 0.1, 0.15, 0.2, and 0.25mm.  

As shown in Table 3, Design used 5 defective samples from India to conduct trials to determine their effects on the assembled part number. 
[image: A table with numbers and text

AI-generated content may be incorrect.]





[bookmark: _Toc196674052]Table 3 - India results for the 5 samples


The 5 defective samples were built into the final assembly part number ready for the trials to be conducted (Figure 22)



[image: A group of white tubes with numbers

Description automatically generated][bookmark: _Toc196673812]Figure 22 - defected samples from India










Design reviewed the assembled part using a CMM to verify the concentricity measurements. The data (Table 4) indicated that once the ceramic tube is built into the final product, no impact was found. As a result, the design team decided to increase the concentricity tolerance to 0.25 mm.
The concentricity tolerance of 0.5 mm for the extension and the parallelism tolerance of 0.1 mm for the extensions are specifications applicable to the assembled part.
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[bookmark: _Toc196674053]Table 4 - CMM data for the assembled samples


[image: A close-up of a document

AI-generated content may be incorrect.]In the meantime, to allow the use of the ceramic tubes, which were above 0.15mm, the design team raised concession, DU00087284 (Figure 23) to allow the use of ceramic tubes with a tolerance of 0.25mm as this poses no risk to the final product or customer dissatisfaction because of the final product trial. Concession is an internal abbreviation used as a temporary authorisation applied to a specific instance of time. This is in accordance with QA204, an internal procedure for concessions (Powell/RenishawPLC, 2011). This action is a temporary acceptance until the PCP-013493 has been approved via Teamcenter(Refer to CCAR QA418 report in Appendix A). [bookmark: _Toc196673813]Figure 23 – Concession DU00087284



[bookmark: _Toc196675382] “Should be/Future State” Process Map
A  “Should be/Future State” Process Map was established to gain a clear vision of the process after the corrective actions are implemented. This allows Renishaw teams and India and the stakeholders to align, by comparing the future state to the should be process map. This allows us to ensure improvements are measurable, efficient and sustainable. This allows teams and stakeholders to gain better decision making and to allow for the process map to be used as a guide to achieve consistent and achievable results (DeLadurantey, 2024), (Visual Paradigm, 2023).




Should be process map:
[image: A flowchart of a process
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Future state process map:
[image: ]















VA201 (Hill/RenishawPLC, 2023a) is an in-house procedure that specifies monitoring 5 conforming batches to inspect before certifying an item. Once the item meets the criteria outlined in VA201 (Hill/RenishawPLC, 2023a), it no longer requires inspection from the quality department. The benefits of the procedure are to maintain a high-quality standard by defining a clear inspection and to reduce the needs for continuous inspection. 


[bookmark: _Toc196675383]Validate Improvements
Due to the nature of this project, this project will go as far as how we are going to validate the improvements. A discussion will be held to discuss potential strategies for addressing the issue(Refer to CCAR QA418 report in Appendix A). 
Collaborate with the supplier to guarantee that employees receive the appropriate training and follow established measuring procedures, preserving consistency. A quality plan(Figure 24) has been developed to guarantee that procedures fulfil clearly defined criteria and exceed customer expectations.
 [image: A white paper with black text
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5. [bookmark: _Toc196675384]Control
By collaborating with Supplier A to maintain an ongoing monitoring of the concentricity issue by implementing an incoming Goods In inspection flag (Refer to CCAR QA418 report in Appendix A). This flag will direct the parts to Quality Control (QC) for further inspection. The data will later be reviewed in accordance with QA328 (Hill/RenishawPLC, 2023) with standard Goods In inspection review process flow (Figure 25).

[image: A diagram of a process

AI-generated content may be incorrect.][bookmark: _Toc196673815]Figure 25 - QA328 - process flow (Hill, T/RenishawPLC. (2023))



Concentricity is critical to production performance, and ensuring adherence to quality standards is essential. By working with Supplier A, Renishaw guarantees that the supplier aligns with the required quality standards and commits to achieving the design specifications for manufacturing. This collaboration will ensure consistent production of parts. Following approval of the PCP-013493 for the drawing modification (Refer to CCAR QA418 report in Appendix A), the new concentricity tolerance was updated, and a new drawing was made available on Teamcenter (Refer to CCAR QA418 report in Appendix A). According to Siemens(2025), Teamcenter is a software which is designed to support businesses manage a products lifecycle, from designing to manufacturing the product (Siemens, 2025).  As part of the control phase, the drawing update reflects the corrective actions implemented to resolve the concentricity issue. This modification level change has changed from a 01-mod level to a 02, including a define tolerance and standardised GD&T specifications to prevent imprecision in future manufacturing processes. The relevant stakeholders, including production, Supplier A and Quality has been communicated with the awareness of the drawing update. 


The supplier has provided a training procedure outlining the process for conducting and documenting employee training (see Appendix G for Supplier A’s training procedure). While this procedure offers a general framework for skill development and record-keeping, it does not confirm whether concentricity requirements. A potential risk identified is that, without confirmation that concentricity is addressed in the Standard Operating Procedure (SOP) (Kiran, 2020), there is a possibility that personnel may not be consistently trained to measure or control this critical tolerance. This could lead to nonconforming parts and process variation. Additionally, the supplier has stated that the batch in question was produced during a period when new staff members were being trained. We understand that, due to high demand for Renishaw orders at that time, new employees were brought on to meet production needs. It is believed that this influx of new employees and with the increase in demand, may have contributed to parts slipping through the inspection process (Wong,2025).
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	M-5004-8315-01 D7.3 CERAMIC TUBE 90LG D5.2 HOLE

	[bookmark: Sheet1!B3:I77]Sr. No.
	Spec.
	A - Min
	A -Max
	A - Concentricity 
	B - Min
	B - Max
	B - Concentricity

	1
	0.15
	0.91
	1.12
	0.21
	0.94
	1.15
	0.21

	2
	0.15
	0.96
	1.13
	0.17
	0.95
	1.13
	0.18

	3
	0.15
	0.95
	1.16
	0.21
	0.97
	1.05
	0.08

	4
	0.15
	0.94
	1.02
	0.08
	0.93
	1.12
	0.19

	5
	0.15
	0.95
	1.04
	0.09
	0.95
	1.16
	0.21

	6
	0.15
	0.88
	1.06
	0.18
	0.96
	1.13
	0.17

	7
	0.15
	0.91
	1.14
	0.23
	0.94
	1.05
	0.11

	8
	0.15
	0.9
	1.12
	0.22
	0.96
	1.05
	0.09

	9
	0.15
	0.94
	1.02
	0.08
	0.96
	1.13
	0.17

	10
	0.15
	0.97
	1.05
	0.08
	0.94
	1.15
	0.21

	11
	0.15
	0.93
	1.12
	0.19
	0.97
	1.06
	0.09

	12
	0.15
	1.05
	1.12
	0.07
	0.97
	1.15
	0.18

	13
	0.15
	1
	1.08
	0.08
	0.95
	1.14
	0.19

	14
	0.15
	0.9
	1.04
	0.14
	0.87
	1.12
	0.25

	15
	0.15
	0.93
	1.1
	0.17
	0.99
	1.12
	0.13

	16
	0.15
	0.96
	1.07
	0.11
	0.97
	1.14
	0.17

	17
	0.15
	0.96
	1.12
	0.16
	0.97
	1.06
	0.09

	18
	0.15
	0.99
	1.14
	0.15
	0.99
	1.15
	0.16

	19
	0.15
	1.01
	1.12
	0.11
	1
	1.17
	0.17

	20
	0.15
	0.95
	1.13
	0.18
	0.98
	1.12
	0.14

	21
	0.15
	0.87
	1.08
	0.21
	0.84
	1.11
	0.27

	22
	0.15
	0.97
	1.13
	0.16
	0.99
	1.09
	0.1

	23
	0.15
	0.96
	1.15
	0.19
	0.96
	1.12
	0.16

	24
	0.15
	0.97
	1.16
	0.19
	1.01
	1.16
	0.15

	25
	0.15
	0.93
	1.07
	0.14
	0.97
	1.14
	0.17

	26
	0.15
	0.97
	1.15
	0.18
	0.98
	1.08
	0.1

	27
	0.15
	0.99
	1.07
	0.08
	0.95
	1.11
	0.16

	28
	0.15
	0.92
	1.13
	0.21
	0.94
	1.17
	0.23

	29
	0.15
	0.92
	1.09
	0.17
	0.98
	1.06
	0.08

	30
	0.15
	0.97
	1.16
	0.19
	0.98
	1.14
	0.16

	31
	0.15
	0.94
	1.14
	0.2
	1.01
	1.14
	0.13

	32
	0.15
	0.98
	1.07
	0.09
	0.95
	1.12
	0.17

	33
	0.15
	0.95
	1.17
	0.22
	1.01
	1.15
	0.14

	34
	0.15
	1.01
	1.12
	0.11
	0.99
	1.18
	0.19

	35
	0.15
	0.96
	1.1
	0.14
	0.98
	1.16
	0.18

	36
	0.15
	0.95
	1.13
	0.18
	0.96
	1.12
	0.16

	37
	0.15
	0.93
	1.14
	0.21
	0.98
	1.12
	0.14

	38
	0.15
	0.9
	1.07
	0.17
	0.93
	1.07
	0.14

	39
	0.15
	0.96
	1.09
	0.13
	0.97
	1.15
	0.18

	40
	0.15
	0.97
	1.05
	0.08
	0.96
	1.13
	0.17

	41
	0.15
	0.95
	1.13
	0.18
	0.97
	1.09
	0.12

	42
	0.15
	0.96
	1.16
	0.2
	1
	1.12
	0.12

	43
	0.15
	0.98
	1.14
	0.16
	0.99
	1.09
	0.1

	44
	0.15
	1
	1.09
	0.09
	0.97
	1.14
	0.17

	45
	0.15
	0.96
	1.13
	0.17
	1
	1.1
	0.1

	46
	0.15
	0.95
	1.14
	0.19
	0.97
	1.08
	0.11

	47
	0.15
	0.99
	1.11
	0.12
	0.99
	1.18
	0.19

	48
	0.15
	0.98
	1.16
	0.18
	0.99
	1.14
	0.15

	49
	0.15
	0.99
	1.13
	0.14
	0.94
	1.11
	0.17

	50
	0.15
	0.92
	1.09
	0.17
	0.95
	1.03
	0.08

	51
	0.15
	0.89
	1.12
	0.23
	0.95
	1.07
	0.12

	52
	0.15
	0.91
	1.09
	0.18
	1.02
	1.12
	0.1

	53
	0.15
	0.95
	1.13
	0.18
	0.96
	1.05
	0.09

	54
	0.15
	0.95
	1.08
	0.13
	0.98
	1.15
	0.17

	55
	0.15
	0.88
	1.07
	0.19
	0.89
	1.09
	0.2

	56
	0.15
	0.98
	1.15
	0.17
	0.99
	1.08
	0.09

	57
	0.15
	0.94
	1.15
	0.21
	0.92
	1.11
	0.19

	58
	0.15
	0.97
	1.09
	0.12
	0.94
	1.11
	0.17

	59
	0.15
	0.95
	1.09
	0.14
	0.93
	1.13
	0.2

	60
	0.15
	0.99
	1.16
	0.17
	1.01
	1.12
	0.11

	61
	0.15
	0.93
	1.06
	0.13
	0.88
	1.11
	0.23

	62
	0.15
	0.94
	1.16
	0.22
	0.96
	1.09
	0.13

	63
	0.15
	0.98
	1.09
	0.11
	0.96
	1.13
	0.17

	64
	0.15
	0.96
	1.11
	0.15
	0.95
	1.12
	0.17

	65
	0.15
	1.04
	1.12
	0.08
	0.97
	1.15
	0.18

	66
	0.15
	1.03
	1.15
	0.12
	0.95
	1.16
	0.21

	67
	0.15
	0.96
	1.13
	0.17
	1.01
	1.09
	0.08

	68
	0.15
	0.99
	1.17
	0.18
	0.98
	1.13
	0.15

	69
	0.15
	0.95
	1.1
	0.15
	0.92
	1.11
	0.19

	70
	0.15
	0.99
	1.16
	0.17
	1.01
	1.18
	0.17

	71
	0.15
	0.92
	1.11
	0.19
	0.96
	1.09
	0.13

	72
	0.15
	1
	1.12
	0.12
	0.97
	1.14
	0.17

	73
	0.15
	0.93
	1.15
	0.22
	0.98
	1.13
	0.15

	74
	0.15
	0.96
	1.08
	0.12
	0.94
	1.12
	0.18

	
	
	
	
	
	
	
	

	
	Min
	0.87
	1.02
	0.07
	0.84
	1.03
	0.08

	
	Max
	1.05
	1.17
	0.23
	1.02
	1.18
	0.27

	
	Average
	0.96
	1.11
	0.16
	0.96
	1.12
	0.15

	
	Mode
	0.96
	1.12
	0.08
	0.97
	1.12
	0.17

	
	Median
	0.96
	1.12
	0.17
	0.97
	1.12
	0.17
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A & B End Concentricity 

Spec.	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	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	0.15	End A	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	0.16300000000000001	0.14799999999999999	0.14799999999999999	0.125	8.7999999999999995E-2	0.19	0.13400000000000001	0.14099999999999999	0.13	0.153	0.105	0.03	1.9E-2	0.23300000000000001	0.154	7.5999999999999998E-2	0.16200000000000001	0.155	0.111	0.16600000000000001	0.27800000000000002	0.14499999999999999	0.16500000000000001	0.18099999999999999	0.14000000000000001	7.5999999999999998E-2	5.5E-2	0.105	9.8000000000000004E-2	0.152	0.154	3.7999999999999999E-2	0.218	5.6000000000000001E-2	0.14199999999999999	0.129	0.157	0.17499999999999999	0.14699999999999999	4.7E-2	8.3000000000000004E-2	0.2	4.2000000000000003E-2	8.1000000000000003E-2	0.108	4.2999999999999997E-2	8.7999999999999995E-2	0.106	9.7000000000000003E-2	0.111	0.16200000000000001	4.0000000000000001E-3	0.20399999999999999	0.13400000000000001	0.188	3.7999999999999999E-2	0.157	7.1999999999999995E-2	0.153	8.9999999999999993E-3	0.12	0.13300000000000001	0.111	7.1999999999999995E-2	0.14099999999999999	7.0999999999999994E-2	9.5000000000000001E-2	0.111	0.19400000000000001	0.14599999999999999	0.14699999999999999	3.3000000000000002E-2	0.248	0.161	End B	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	0.126	0.16800000000000001	6.7000000000000004E-2	0.127	0.158	0.122	7.3999999999999996E-2	9.9000000000000005E-2	0.11899999999999999	0.104	6.9000000000000006E-2	3.3000000000000002E-2	2.1999999999999999E-2	0.24199999999999999	0.154	6.2E-2	0.109	6.4000000000000001E-2	9.5000000000000001E-2	0.123	0.24399999999999999	8.8999999999999996E-2	0.183	0.13600000000000001	0.129	7.5999999999999998E-2	5.1999999999999998E-2	0.20799999999999999	0.14299999999999999	0.153	0.04	0.11899999999999999	0.13900000000000001	7.5999999999999998E-2	0.22	7.9000000000000001E-2	9.6000000000000002E-2	0.217	0.16800000000000001	6.3E-2	0.14099999999999999	0.13400000000000001	2.9000000000000001E-2	5.8999999999999997E-2	0.12	0.10299999999999999	8.4000000000000005E-2	9.1999999999999998E-2	0.129	0.13100000000000001	0.113	4.1000000000000002E-2	0.124	7.5999999999999998E-2	0.25700000000000001	2.1000000000000001E-2	0.16400000000000001	0.11899999999999999	0.189	2.7E-2	0.19600000000000001	0.17499999999999999	0.106	0.16900000000000001	0.11899999999999999	0.16600000000000001	4.7E-2	5.0999999999999997E-2	0.17699999999999999	0.124	0.20399999999999999	8.7999999999999995E-2	0.13700000000000001	0.192	

Concentricity 0.15mm
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Problem& Risk
Problem Statement:  Concentricity of both ends of morgan ceramic supplied tubes between the O/D & /D over

drawing limit of 0.15mm. Captured and reported by India, intermittent issue first observed
in 2020, 16 report outside spec in this instances.
Risk assessment Comments.

Severity: LOW Low risk and low customer dissatisfaction, the dimensions out at
the part level stillin once assembled therefore, there is low risk to
product performance.

Occurrence: MODERATE The defect has occurred since the year of 2022, with 4 DMRs
raised (DMRs: 677889, 773435, 834180 and 89018)
Detection: LOW The ceramic tubes are inspected within WI-07978 of the creamic

builds as part of the assembly process
CCAR QA418 Class: B
Completed By: Carissa George: 08/03/2025
Is the problem likely to have a high severity or affect other product shipped to a subsidiary / customer?NO
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STOCK PURGE CHECKLIST Stock Purge No. 2024|040
Form mspsos-02 Owner: | Carissa George
ITEM NUMBER:| M-5004-8315-01
DESCRIPTION; D7.3 CERAMIC TUBE 90LG D5.2 HOLE
‘OTHER AFFECTED ITEMS| Yes CCAR Number| CA0D155660
Other Ref (PICA,MRR, etc) N/A Date started:} 04/08/2024
Concenticity of both ends of Supplier A ceramic supplied tubes between the O/D &
Nature of Concern: /D over drawing limit of 0.15mm.
: Sample inspect to procedure QA328, volume to be determined by ‘Tightened
Frequency.
STOCK LOCATIONS TO BE CHECKED Stock in Location Actioner (s)
Syteline Stock Locations Yes cG
Stock Ready to Despatch No
Work In Progress (WIP) No
Engineering Jobs and Locations No
Customer Service Centre Locations No
Sage Stock Locations (E.g. RoW, A1, A8, A9) No
Ireland / India Locations No
REVIEWED PARTS
Type Location or Job | Qtyon Quantity Checked
{Stock /wip) Item Number Nombor P e I e tiassid i
Stock M-5004-831501 | M-017-18C1A | 90 20 19 1 cG 3100t
Stock M-5003-2973-02 | M017-03A1A | 50 20 20 0 cG 3100t
Stock M-5000-3713-02 M-017-19D 88 20 20 0 cG 3100t
Stock M-50007817-02 | M017-01F3C | 76 20 20 0 cG 3100t
Stock M-5000-7799-02 mo17.02828 | 218 50 50 0 cG 3100t
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4 Ssampling Chart

Nomalinspection

Bt sie Sampl sze ecept Reject
28 2 0 1
o 3 0 1
525 5 0 1
%% 0 0 1
EED ) 0 1
91-150 = 0 1
[EET] 2 0 1
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320130000 2 0 1
30000- 35000 E) 0 1
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Lean Six Sigma Project Charter Template

[Project Name

'I-5004-8315-01 - Ceramic Tube.

Trrofect Vansger

Tim Hill

[Project Sponsor [steve Hughes

Project Description

The projects aim s to implement corrective action and to determine the root cause of the supplied ceramic tubes

Business Case / Problem Definition

Expected Deliverables / Goal State

Renishaw India opertions has reported an issue where concentricity of both ends of Supplier Al
ceramic supplied tubes between the 0/D and I/D over drawing limit of 0.15mm.

Goal state:

Toidentify and elimate root causes in supplied stems
Reduce the rejected rate within the following 8 months

Deliverables:

To engage and work with the supplier to product high quality products
To review and standardise drawings.

[Teams Members

[Role/ Responsibiity Fours (est)

Risks and Constraints

Vendor Assurance - to
[communicate the issue with

Pot

alex Lewis the supplier. 2
Design - To review drawings to
ensure DFM (Design For

iohn Phillips Manufactuer) 4

Carissa George

Quality - to create a repeatable
programme and to conduct the

inspection E

[No engagement from supplier A

tential delays in implementing changes.

Budget constraints

Estimated Benefit

Stakeholder Sign Off

[Resolving the concentricity issue should result in a 20% reduction in product defects during.
the first four months. Itis expected that this enhancement would save money and improve
customer satisfaction by lowering the demand for scrap in our Renishaw India operations.

[There will be no effect on customer orders

Role Name Date Signature
Design [John Phillips [1-Phillips
Production [Aan Rees [ARees
[Alex Lewis [A-white
[vendor Assurance

LEARN #
LEANGSIGMA
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Table 1 — Minimum number of points (see 6.3)

Element Minimum number of points Comment
Mathematical (1)] Recommended
Line 2 5
Plane 3 9 Approximately three lines of three
Circle 3 7 To detect up to six lobes
Sphere 4 9 Approximately three circles of three in parallel planes
Cylinder |5 12 Circles in four parallel planes for information on
straightness
15 Five points on each circle for information on roundness
Cone 6 12 Circles in four parallel planes for information on
straightness
15 Five points on each circle for information on roundness





image10.png




image11.png
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B - Concentricity
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Ceramic Rejects over Time
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Method

Non-standardisation
processes.

Operator training documented, but no —»
confirmation that concentricity
requirements are included

SOP content not verified to include
concentricity control steps.

Tolerance stack

—

Design

— -
No standardized concentricity

tolerance across the ceramic family

range
Tight tolerances

specified without
considering supplier’s
actual process.

capability.

Designers used varying tolerance values

Concentricity of both ends of Supplier A ceramic

>

Inadequate
training at
Supplier A

supplied tubes between the O/D and I/D over drawing

CMM calibrated wee
limit of 0.15mm.

Measurement errors. Effect

Manufacture's

process. —,

Material defects.
—

Supplier

Temperature fluctuations
(CMM)

Supplier A tubes.
exceed 0.15mm
concentricity limit

Inconsistent measurement
4 methods between Supplier A and
Renishaw

Measure
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5 Whys Root Cause Analysis

LEARN #

LEANGSIGMA
5 Whys Owner: Carissa George Date: 31/10/2024
Problem Concentricity of both ends of Supplier A ceramic supplied tubes between the O/D and /D over drawing limit of 0.15mm.
First Why Ceramic tubes did not meet drawing specifcation.
Second Why  [Supplier's inspection method was carried out incorrectly and the drawing tolerances varied across the ceramic range family.
ThirdWhy  |Operators did not halve the reading when using a vernier, and the drawings had inconsistent tolerances.
Fourth Why  [New operators did not receive adequate training and over the years, designers released drawings without a structured review.
) [Supplier A's training procedure did not include a guide on inspection of concentricity and design updates were not governed by a
Fifth Why amning &
standard drawing guide.

incorporating a quality plan in supplier A's process and for concentricity to be defined in the supplier's training procedure. Design to
review all ceramic family range to identify inconsistent concentricity tolerances and to create a standard drawing guide to establish a

stable process.

Action Owner
To create a quality plan for supplier A Vendor Assurance
o include a concentricity inspection within the training procedure. Supplier A
drawings over the ceramic range to be reviewed. Design
A standard drawing guide o be created. Design

Priority

Due Date Status
10/01/2025 In Progress
17/04/2025 In Progress
18/03/2025 In Progress
20/02/2025 In Progress
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Is/Is Not Matrix Last Updated:| _04/11/2024
LEARN # ProjectName:|  M-5004-8315-01 - Ceramic Tube. Project Mznzger:

LEANGSIGMA

Is Is Not Questions Distinctions Changes
Concentricity issue of the | Carbon fibre N/A N/A N/A
ID/OD ceramic tubes over  [Steel
What |drawing tolerance of |Aluminium
0.15mm. I Tungsten Carbide
Supplier A supplied. No other vendors. N/A N/A N/A
Where |Both ends and during |At the vendor in UK.

inspection in India.

Intermittenly since 202 Is not before 2020. N/A N/A N/A
during inspection. [Vendor is not shipping
When directly to Renishaw India
operations.
Captured and reported by |N/A N/A N/A N/A
Renishaw India operations.
Who
16 affected. N/A N/A N/A N/A

Extent
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FMEA Form LEARN #
LEANGSIGMA

Process/Product Name: M-5004-8315-01 Prepared By: Carissa George
Responsible: Design FMEA Date (Orig.): 1311212024

Process Stoplinput Potential Failure Mode Potential Failure Effects _  Potential Causes Current Controls Action Recommended Actions Taken

-10)
10)

3 3
E E
g &
& &
8 8
Updates made without
Tolerances chosen wihout reviewing the functional
Over engineered parts: issues To create  standard drawing Standrd document guide
el fiecton 7| requirements, and ider | 5 | No fomaldocu 4| o Des AR
vt et o | O g sy ieauremens oo o mentaton gue pretiey - P
anaiyis.
Align drawing tlerances
No impact was found upon the
Over the years, alack of
v engneorsd | Over constaned design oad e the yoars, alack o To confim functonaity, conduc ras theefor, the design team
o e s \ratawere | 7| Logacyof tlerance pracices. | 4 | 244 | consoled ests onnon- Design ecideatomncreasethe | 2 | 2 | 3 [ 12
Gesign phase. conforming pars. concentricty olerance to 025
Dravings created by v
[ pe— iAo 8 R and s
tolerance across ceramic famiy olerances (0110025 mm)| Missignment 8 | soverolyears,using | 6 | Drawings obereviowed | 5 | oup [ copcentiaty tolerances acoss Design Drawing updates nprogressrer:| 3 | 2 | 2 [ 12
components ‘across famiy dravings outdated orvarying design famiy: update al afeciod
pms rawings in cesign guideine
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FMEA Form

LEARN #
LEANGSIGMA

Process/Product Name: M-5004-8315-01
Responsible: Supplier A

Prepared By: Carissa George
FMEA Date (Orig.): 1311212024 (Rev.): 1.0

Process Stoplinput Potential Failure Mode ~ Potential Failure Effects Potential Causes Current Controls Action Recommended Actions Taken

-10)
10)

= z
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= =
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Payoff Matrix

Cost

Materials

Efficiency

Repeatability

Standardisation

Drawing requirement |Total

Alternative 1:
Mirroring the
inspection in India

Alternative 2:
Design process

Alternative 3:
Documentation

1

1

Scale: 10 poor, 1 good
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M-5004-8315-01 D7.3 CERAMIC TUBE 90LG D5.2 HOLE

Sr. No. Spec. EndA End B
14 0.15 0.233 0.242
33 0.15 0.218 0.139
35 0.15 0.142 0.22
38 0.15 0.175 0.217
73 0.15 0.248 0.137
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0.5 Extension_ Extensions_ | 0.1 Extensions_
Assembled Part | Extension_ Concentricity | Extensions_ | Ext. Length Extensions_ | Parallel
Number Concentricity | Result Ext. Length | Result Parallelism | Result
A-5000-7727-04 0.492 | Passed 100.128 | Passed 0.005 | Passed
A-5000-7727-04 0.169 | Passed 99.991 | Passed 0.015 | Passed
A-5000-7727-04 0.049 | Passed 100.17 | Passed 0.008 | Passed
A-5000-7727-04 0.053 | Passed 100.13 | Passed 0.01 | Passed
A-5000-7727-04 0.051 | Passed 100.142 | Passed 0.008 | Passed
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Concession: DU00087284

RENISHAW/&J

apply innovation™

Item: M-5004-8315-01 . .
Originator: ny136348 - Nick Yemm
wc:
Expiry Date: 20-Mar-2025 Approver Nams Date
Date Entered: 22-Jan-2025 Authorisation Jack Clarke 22/01/2025
Type: Material Design Nick Yemm 22/01/2025
Status: Complate QA Tim Hill 23/01/2025
MRR: Purchasing Andrew Gibbons 22/01/2025
: Production. Control Anna Saunders 22/01/2025
Process: Production Engineering  Lokesh Karandikar 23/01/2025
CCAR: CA00155660
Concession Type: Use Out of Spec Parts
Non conformity: Tube concentricity tolerance is 0,15mm.
Deliveries measured at 0,21-0,27mm
Concession: Accept deliveries with a revised concentricity tolerance of 0,25mm.
Applies to:  Completed Released Future Prove Out Purchase Specific Item Specific ltem Other
Jobs Jobs Jobs Jobs Orders (serialised) (non-serialised)

v
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Quality PROCESS CONTROL PLAN

Page 1of 1
Company Approval Date (Qrig) Date (rev) Control Plan Number
Supplier A
Print sig 04/11/2024 07/11/2024 o1
Part Name/Description Part No(s) Profotype Production
M-5004-8315-01 - Ceramic Tube 1 (YES/NO) (YES /NO)
Process Name/ Equipment Sample Non-conformity
Operation Description Controls/Settings/Tolerances Approved Operator(s) Verification method Size/Frequency Reaction plan
Material receiving inspection Equipment 2 Visual 10% | Eachbatch | Rejectand return to
Inspection instruments OD Micrometer supplier
Digital Indicator
Toolmaker microscope
Front face cosmetics Equipment 2 Visual to the controls specified 100% | Eachbatch | Rework outside
Proprietary NO Dinks/ Dents/ Scratches specification
requirements
Concentricity check
Equipment 2 Digital vernier 10% Each batch | Rework
Inspection instrument
Record the results
Target: 0.25mm
Periodic checks Equipment 2 Digital vernier 10% Each batch | Rework
Inspection instrument
Inspect Equipment Digital vernier Each batch | Reject
Inspection instrument 8 100%
2 Record the results
Target: 0.25mm
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Renishaw CCAR QA418 Report CCAR: CAO0155660

[CCAR Details
Originator:
Deptsub:

tem:

Problem Description:
Initial Actions:

Kedar Kulkari
o

M-5004.8315.01

Product defect

Renishaw India
D7.3 CERAMIC TUBE 90LG D5.2 HOLE

Concessions DUOD0B7284, DU000BT285, & DU000BT286 raised.
PCP-013493 has been raised.

Problem Risk
Problem Statement:

Risk assessment
Severity:

Occurrence:

Detection:

CCAR QA418 Class:
Completed Bv:

Concentricity of both ends of morgan ceramic supplied tubes between the O/D & ID over
drawing limit of 015mm. Captured and reported by India,intermitent issue frst cbserved
in 2020, 16 report outside spec in this instances.

Low

MODERATE
Low

B
Carissa George

Comments
Low sk and low customer dissatisfaction, the dimensions out at
the part level st in once assembled therefore, there i low risk to
product performance.

The defect has occurred since the year of 2022, with 4 MRS
raised (DMRs: 677889, 773435, 834180 and 89016)

The ceramic tubes are inspected within WL.07978 of the creamic
buids as part of the assembly process

08i03/2025

Is the problem likely to have  high severity or affect other product shipped to  subsidiary / customer?NO

Containment
Stock Purge

Quality Alert (MSD803):
‘Stop Shipment Flag:

Product recall (Divisional

Formal (WSDB02):

Hold Note (QA205):

Responsibilty):
Stock Purge - Informal:

2024.010

Problem Occurrence:

Comploted By:

nspection/Test 0
POGtoNTeSt 0P 11 Incoming Goods Inwrds inspection fag has been added
Completed By: Carisa George av0ur2025

Root Cause

Drawing tolerances not standardised over the ceramic range.

“The drawings over the ceramic range are old and were designed by diferent designers
with different tolerances over a long period with desiqn rule changed over the years.

‘Samples of ceramic tubes in stock were measured using a CMM. Findings showed
eramic tubes did not meet the drawing specifcation of 0.15mm.

Carissa George

Where ‘human error"is given, has a CCAR Root Cause Review form (A51406) been completed? NG
Has 5 Whys been complated for problem occurrence and (if applicable) problem detection? o

0310412025
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Renishaw CCAR QA418 Report CCAR: CAO01S5650

Corrective Action

Detection: - An Incoming Goods In inwards inspection lag has been added to part number - M-5004-
8315.01 - detaiing inspection crteia, using sample inspection procedure QA328 0
inspect inial at an 100% inspection level.

Prevention:  Ref PCP-013493 has been raised and approved. New drawing has now been released and
is avaible on Teamcenre.

Completed By: Carissa George 03104/2025

Comments: - Incoming Goods In inward inspection flag as been added at Renishaw to monitor future.
deliveries in accordance to QA328 and 1o ensure the corrective action remains effectective.
over time.

A 100% inspection on part number M-5004-8315.01 s to be caried out o ensure allparts
meet the new drawing specification, 0.25mm,

What actions have been taken to VERIFY that the problem has been resolved? NO.

Completed By: Carissa George 2700412025

‘Standardise

Description: Al ceramic tolerances to be standardised
across al drawing ranges.

Has the solution been standardised across other VS,
productsiprocess?

Has the Process FMEA been updated? NO
Completed By: Carissa George 0310412025,

Stock purge status ‘Complete? o
Stop Shipment flags removed? NO
Hold Release actions cleared and hold release note issued? NO

Quality Alert status complete and copies removed  NO
from circulation?

Temporary containment Inspection /Test ops removed? NO
Root Cause / Corrective action / Verify stages complete? NO
CSR Complete and passed to product line Rep (where required)? no
Quarantined product has been correctly dispositioned? o
Comments:  Stock purge is st on going
Solved and Approved by:
Investigation completed by:
QA48 Not Required: NO
QA418 Not Required - Justification:
QA418 Not Required - Completed By:
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Stock:

Concentricity

90 End1 End2 |Tolerance|
Sample: 1 0.045 0.056 0.15
13 2 0.031 0.140 0.15
3 0.042 0.020 0.15
4 0.020 0.107 0.15
5 0.090 0.026 0.15
Supplier A's 6 0.042 0.050 0.15
batch number: 7 0.143 0.141 0.15
283445 8 0.042 0.091 0.15
9 0.114 0.117 0.15
Tolerance: 10 0.004 0.010 0.15
0.15 1 0.191 0.184 0.15
12 0.038 0.068 0.15
Reciver: 2411310 13 0.066 0.035 0.15
14 0.056 0.080 0.15
15 0.021 0.068 0.15
16 0.062 0.063 0.15
17 0.102 0.074 0.15
18 0.050 0.025 0.15
19 0.055 0.046 0.15
20 0.104 0.116 0.15
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HODE/PROG, MAN

SSTEXT/OPER, *****ALTGNMENT****"

$S<HERS_PLANE name =
HODE/PROG, ANl
#(Plane)=FEAT/PLAIE, CART, 0, 3.675,0,0,0,1
HEAS/PLANE, F(Plane) 4

$5GOTO/CART, -0.001,3.125,0

PTHERS/CART, -0.023031, 3.066252, -3.659726,0.04167,0.11785,0.99215
$SGOTO/CART0.342,3.187,-2.225

PTHEAS/CART, 0. 365028, 3. 204315, -3..653274,0.04177,0.11652,0.99222
$5GOTO/CART, 3.474,3. 185, -2.219

PTHERS/CART, 3498234, 3. 208622, -3..665543,0.04192,0. 11595,0.99233
$5GOTO/CART, 3.474,0.325,-2.218

PTHERS/CART, 3.496123,0. 252349, -3..673215,0.04205,0.11562,0.99241
$SGOTO/CART, 3.66,-3.641, 2,602

PTHERS/CART, 3651764, -3.625945, -3.632437,0.04222,0.11495,0.99252
$SGOTO/CART 0,20, -2.399, 2.6

PTHERS/CART, 0, 245657, -2, 576954, -3.671124,0.04234,0.11505,0.99245
$SGOTO/CART, -2.762,-2.968,-2.615

PTHEAS/CART, -2.781461, -2.952512, -3.676721,0.04195,0.11602,0.99256
cnones

SS<\HERS_PLANE = Plane>

Plane”>

DATDEF/FA(Plane), DAT(C)
D(2)=DATSET/DAT(C) , ZDIR, Z0RIG

GOTO/CART,.009,0.201,2.492
$3<MEAS_CYDLINDER name = "Outter_Cylinder”>

HODE/PROG, MANl
F(Outter_Circle)=FEAT/CYDLINDER,OUTER, CART, 6,0,0,6,6,1,7.35
MEAS/Cylinder, F(Outter_Cylinder),12

PTMEAS/CART, 3.95475,8.242158, -1.5,0.996289,0.127654, -6. 055059
GOTO/CART,5.097, -3.634, -1.547

PTMEAS/CART, 3.122878, -2.137027,-1.5,0. 865006, -0. 49454, -0. 04467
GOTO/CART, 3.963, -4.87, -1.567

PTMEAS/CART, .443972, -3.456735, -1.5,0. 053855, -0.9973, -0. 049931
GOTO/CART, -3.82, -4.474,-1.597

PTMEAS/CART, -2.186383, -2.628094, -1.5, -6.995394, -6. 083177, -6. 047667
GOTO/CART, -5..598, -0..394, -1.61

PTMEAS/CART, -3.310065, -0.239977, -1.5, -0.99186,0. 115265, -0. 047157
GOTO/CART, -4.381,3.691,-1.64

PTMEAS/CART, -2.637662,2.53958, -1.5, -6.160645,0. 98587, -6. 047466
GOTO/CART,0.028,6.161,-1.716

PTMEAS/CART, 6.067582, 3. 89453, -2.5,0.037455,0.997939, -6.052113.
GOTO/CART, 3.924,5.009, -1.737

PTMEAS/CART, 2.584386,3.35204, -2.5,0. 744039, 0. 666545, -0. 046049
GOTO/CART,6.023,3.951,-1.75

PTMEAS/CART, 4.512349,2.614697, -2.5,0.799342,0. 599214, -6. 046775
GOTO/CART, 7.256,0.897,-1.77

PTMEAS/CART, 5.927086,8.612869, -2.5,0. 887655, 0. 460984, -6. 050163
GOTO/CART,5.032,-2.003,-1.5

PTMEAS/CART, 3.726579, -1.319218, -2.5,0. 795648, -6. 601058, -6. 050184
GOTO/CART, 4876, -0.058, -1.85

PTMEAS/CART, 3.154628,6. 385922, -2.5,0.922349,6. 385376, -6. 054083
ENDHES.

$3<\MEAS_cylinder = Outter_Cylinder>GOTO/CART,3.445,3.835,6.303




image35.png
GOTO/CART,0.31,-0.115,6.315
GOTO/CART,0,0,0
GOTO/CART,0,0,-1.5

$SCHEAS_CYLINDER name =
HODE/PROG, AN
F(THNER_DIAMETER)=FEAT/CIRCLE, TNNER, CART, 0. 300475,0. 193933, -1.691063,0,0, 1,5. 281404
HEAS/CYLTNDER, F(INNER_CYLINDER) 12

PTHEAS/CART, 0. 650003, 2. 516399, 1.5, -0.132364, -0.991201,0

GOTO/CART, 0.675,0.746, -1.553

PTHEAS/CART, 2.593174,0. 700153, 1.5, -0.951522, -0. 139306,

GOTO/CART, 0.325,0.306, -1.576

PTHEAS/CART, 2.454725, 1. 31412, 1.5, -0.519574,0.572974,0

GOTO/CART, 1.114,0.538, -1.603

PTHEAS/CART, 0.774111, 2. 398946, -1.5, -0.17936,0.953784,0

GOTO/CART, 0.315,0.234, -1.627

PTHEAS/CART, -1..551375, 1683604, -1.5,0.701273,0.712693,0

GOTO/CART, 0.491,0.203, -1.649

PTHEAS/CART, -2..210562, 1.016244, -1.5,0.950893, -0. 309505,
GOTO/CART, 0. 206,2.697, -1.63

PTHEAS/CART, -0.759019, 2. 617771, -2.5,0.401217, -0.915963,0

GOTO/CART, 0.777,0.578, -1.706

PTHEAS/CART, -0..609716, 3.038764, -2.5,0.420814,0.907133,0

GOTO/CART, 1,053,0.321,-1.73,

PTHEAS/CART, 1.912074, 2. 566345, -2.5, -0..530655, 0. 556369,

GOTO/CART, 1/452,1.235, -1.76

PTHEAS/CART 0. 686127, -3.472815, 2.5, -0. 261315, 0.965569,0

GOTO/CART, 0.983,1.305, -1.78.

PTHEAS/CART, -2..564723, -1.564315, -2.5,0..832407, -0.554312,0

GOTO/CART, 11304,0.457, 1.5

PTHEAS/CART, -3.002476, 1.590401, -2.5, -0..604237,0.795427,0

cnones

$5<\HERS_CYLTNDER

"INNER_CYLINDER">

INNER_CYLINDER>

GOTO/CART,0.77,0.605,5.435
GOTO/CART,0.769,78.38,5.131

DATDEF/FA(Outter_CYLINDER), DAT(A)

T(0)=TOL/CONCEN, 0.15,DAT(A)
OUTPUT/FA(TNNER_CYLINDER, TA(0)

s3paUSE
ENDFIL
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Form 063 TrainingRecord Sheet 3
4 Evaluate competency Form 006 Training matrix Z
Form 344 Training Competence 4
5 Annual evaluation Form 006 Training matrix
Form 290 Job Chat S

) wmer

Process I Document O Question
Y on





image37.png
5.2 Internal training

¥ ‘ Actions Support Deployment

Department

Line Manager Trainer i
Cerarm e Trainee

1 Training requirementidentified

2 Identify asuitable trainer Formot8Tranngmatix

3 Arrange asuitable time for training

4 Camy out training onsapmosare

Form 063 Training Record Sheet, or
Form 344 Training Competence Evaluation,
Form 006 Training marix

5 Review competency
6 Isthe trainingsufficient?
7 Isthe trainee suitable?

8 Inform trainee of the outcome

Form 063 Trainng Record Sheet, or
9 Complete training record Form 523P rocess Record Traning Sheet,

Training older

Form 006 Training marix

10 Update training matrix

11 Monitorand review

() wiwaor Process I ] pocument O Question
Y N
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Froms Stanley Wong <Staniey Wong @Rerishaw.com>
Sent: 17 Apr 2025 1435

ey
S RN ...

Follow-up Questions:
« Howwillrobust training be ensured when demand increases, and new team members fequire onboarding?

- Al team members £0 through documented formal onboarding process with supervision and sign off by the Value Stream Leader. Specific training in inspection techniques and equipment use is provided by the Quality team, again with formal s of of the capabillty to inspect once competence is consistently observed. Team members then
work in accordance with their documented OMS

« Wil training outtine competency for specifi foles and include a sign-off procedure?
Yes. As described above. All competencies for each team member are clearly documented on the site Training Matrix

« Provide a copy of the Standard Operating Procedure (SOP)
« Piease find attached a copy of their training process.

Cheers,
Stanley Wong

Supply Chsin Enpineer
Manutctuing Serices Divsion (N5D)
RENISHAW <

sopiy nnovation™

(N -NCHE]

A e et otren et e pent
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Fw: M-5004-8315-01 D7.3 CERAMIC TUBE 90LG D5.2 HOLE -CCAR CA00155660

0 CAR155660.DMI o 0 India stock inspection.DMI
4KB Saved

From: Carissa George
Sent: Wednesday, November 06, 2024 09:23

T
Cc: Tim Hill;
Subject: RE: M-5004-8315-01 D7.3 CERAMIC TUBE 90LG D5.2 HOLE -CCAR CA00155660

Hi AL,
As discussed in yesterday’s meeting, below are the details for the ceramic tube inspection.

Please find the relevant details for the ceramic tube inspection criteria:
Depth: 1.5mm

Touches of cylinder: 12 points

Probe used: TP25_LF_1x20_Ruby.1.20.1.A0.0-B0.0

Chuck part number: R-CJ-3




image40.png
There were two CMM programmes used to carry out the inspection (attached in email).
* Used programme ' CAR155660' for part number M-5004-8315-01

* Used programme 'India Stock Inspection’ for the following part numbers:
M-5000-7799-02
M-5000-7817-02
M-5000-3713-02
M-5003-2973-02
The inspection criteria details are correct for both programmes.
Please see the attached photo for the fixture set up to carry out inspection

If you require any more information or have any question, please let myself know.

Kind regards,
Carissa

Quality Technician (Miskin)

Sent: 06 November 2024 08:52




