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[bookmark: _Toc230890707]Abstract 
This project investigated a customer complaint regarding the detachment of the ruby ball from the stem on a micro-sized stylus product supplied to Renishaw plc, Miskin, with 55 defective units reported. These stylus are critical for measuring high-precision and micro-sized components within coordinate measuring machine (CMM) applications. The defect reduced product reliability and measurement accuracy. Initial investigation identified excessive concentricity variation between the ruby ball and stem, exceeding the specified tolerance of 0.03mm, which weakened the brazed joint and caused detachment.
The project applied the Six Sigma DMAIC methodology, supported by 8D problem solving, CAPA, FMEA, process capability studies, and supplier quality management tools to identify the root cause and implement corrective actions. During the Measure and Analyse phases, Opticline non-contact measurement technology was introduced to assess concentricity on micro-sized products. As no established measurement method previously existed within Renishaw, the investigation developed and validated a standardised measurement process for future use.
Process capability confirmed that Supplier A’s manufacturing process was incapable of consistently meeting specification. Root cause analysis identified variation caused by wear within brazing fixtures and inadequate maintenance controls.
Corrective actions included remanufacture of graphite fixtures, introduction of a six-month maintenance schedule, optimisation of the stem design through a V-shaped contact feature, and improved inspection controls. Validation data demonstrated reduced process variation and restored process capability. The investigation successfully resolved the customer complaint, achieved the project objectives, improved supplier process control, and restored confidence in product quality and reliability.
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Chapter 1.  [bookmark: _Toc230890712] Introduction
Renishaw PLC was founded in 1973 by Sir David McMurtry and John Deer. The company’s first product was the touch-trigger probe, invented by Sir David McMurtry, which transformed precision measurement in manufacturing (Renishaw plc, 2018). Since then, Renishaw has become a global leader in high-precision metrology and healthcare technologies. The company designs and engineers advanced solutions with a strong focus on accuracy and reliability. Renishaw is also a recognised leader in metal additive manufacturing, specialising in metal 3D-printing machines that produce components directly from metal powders. Its innovations improve product performance across a wide range of industries, including manufacturing, research and science, electronics, and healthcare (Renishaw PLC, 2026; Renishaw plc, 2020).
This project report investigates a customer complaint relating to concerns about the detachment of the ball from the stem on the Stylus. Straight styli are commonly used to inspect simple geometric features. The use of a tungsten carbide stem provides high strength material that is resistant to deformation during contact (Renishaw plc, 2026) , whilst the use of ruby of a ball offers extreme hardness, wear resistance and dimensional stability, enabling highly accurate and consistent precision measurements (ITP, 2025) which is important for styli with micro-size ball and stem diameters (Renishaw plc, 2026). Shown below is a micro-sized Stylus, Figure 1.
[image: ]







[bookmark: _Toc230890818]Figure 1: Micro-size (1mm) Stylus product.



[image: ]Due to the micro-size of the stylus, careful handling and controlled probing conditions are required to prevent damage to the product. Renishaw PLC handling guidelines highlight the precautions and force limits associated with the Ø0.3mm stylus ball, as indicated in Figure 2.














[bookmark: _Toc230890819]Figure 2: Renishaw PLC handing guide for micro-size Stylus products.

A Stylus is commonly used in CMM appliaction. In CMM, the probe is the most critical part, as it is the element that directly interacts with the workpiece to collect measurement data (Renishaw PLC, 2026a). The accuracy, sensitivity, and reliability of the probe therefore have a direct impact on the overall precision and repeatability of the CMM.
Any issues affecting the probe, such as wear, damage, or miscalibration, can result in measurement errors, reduced repeatability, and unreliable inspection results. The probe is the primary interface between the machine and the component being measured; maintaining probe integrity and performance is essential to ensuring accurate and dependable measurement outcomes.
[bookmark: _Toc230890713]Chapter 2. Literature Review/Background/Research
[bookmark: _Toc230890714]2.1. Concentricity
Concentricity is a geometric tolerance that defines the central axis of a feature aligning with the central axis of a reference datum (GD&T Basics , 2015).
Micro-scale styli present measurement challenges due to their small size, tight tolerances, and sensitivity to handling. Accurate measurement is essential to ensure dimensional conformity and functional performance.
Measurement methods vary depending on the level of accuracy required. Optical systems, such as the Opticline machine, provide a non-contact solution, minimising the risk of damage while enabling high-resolution inspection of features such as tip diameter and form (Jenoptik, 2020). The measurement method is based on two-dimensional shadow profiling, which enables clear visualisation of alignment between the two components. While this provides effective detection of concentricity deviation, it may not fully capture three-dimensional misalignment (Harding, 2026). CMMs may also be used for high-precision measurement; however, contact-based methods can introduce uncertainty if not carefully controlled (Renishaw plc, 2026b). 
A dial gauge can be used to measure concentricity however depending on the operator preforming the measurement, factors such as force and the angle can differ which can affect the measurement value (Keyence, 2026). 
The selection of an appropriate measurement method depends on factors such as required accuracy, feature size, part geometry and ensuring to minimise measurement-induced error.

2.1. [bookmark: _Toc230890715]Introduction to Quality Improvement in Manufacturing
The application of structured quality improvement methodologies is central to this project, particularly within high-precision manufacturing environments where variation in micro-scale components can significantly affect product performance. In this case, the product is externally manufactured by a supplier before undergoing internal cleaning and assembly operations prior to delivery to the customer. As a result, both supplier and internal processes must be considered when investigating sources of variation that can affect the product. This review focuses on established structured problem-solving and continuous improvement frameworks used within manufacturing and quality management.


2.2. [bookmark: _Toc230890716]Six Sigma and DMAIC Methodology
Six Sigma is a data-driven methodology focused on reducing process variation and improving process capability. It is particularly effective in identifying, quantifying, and controlling variation across both supplier and internal manufacturing processes.
However, its application within this investigation presents some limitations, as the primary source of variation originates from an external supplier, reducing the level of direct responsibility process control. Additionally, the micro-scale tolerances involved increase sensitivity to measurement uncertainty, which may impact the reliability of collected data (DeLadurantey, 2024).
A key component of Six Sigma is the DMAIC framework (Define, Measure, Analyse, Improve, Control), which provides a structured approach to process improvement. The Define phase establishes the problem and customer requirements, followed by Measure, where current performance is quantified. The Analyse phase identifies root causes of variation, while Improve focuses on implementing corrective solutions. Finally, the Control phase ensures that improvements are sustained and monitored over time (Croft, 2023).
Within this project, DMAIC provides a structured, data-led approach to investigating the customer complaint and reducing process variation.

2.3. [bookmark: _Toc230890717]Eight Disciplines (8D) Problem Solving
The Eight Disciplines (8D) methodology is a structured problem-solving approach comprising eight stages: (1D) team formation, (2D) problem description, (3D) containment actions, (4D) root cause analysis, (5D) corrective action, (6D) validate corrective action, (7D) identify and implement prevention actions, and (8D) team recognition (learnleansigma, 2023c; Tarumingkeng, 1978). It is particularly effective in manufacturing environments where cross-functional collaboration is required to contain issues, identify root causes, and implement corrective actions.
Unlike Six Sigma, which is strongly data-driven, 8D places greater emphasis on immediate containment and structured team response, making it particularly useful in reactive quality scenarios. This makes it a relevant methodology for addressing customer-reported non-conformances within this project.

2.4. [bookmark: _Toc230890718]CCAR (CAPA) Systems
CAPA is a fundamental quality management system used to eliminate the root causes of non-conformities and prevent recurrence (Jordan, 2025). CAPA ensures that issues are not only corrected but also systematically analysed to prevent future occurrence.
Within Renishaw, the CCAR system is used, which incorporates principles from both CAPA and the 8D methodology (HillT/RenishawPLC, 2022). This combined approach ensures that corrective actions are documented, tracked, and reviewed for effectiveness, supporting continuous improvement.
Without robust root cause analysis, there is a risk that corrective actions address only symptoms rather than underlying systemic issues, reducing long-term effectiveness (Jordan, 2025).

2.5. [bookmark: _Toc230890719]Cost of Quality (COQ)
COQ is a key concept within Six Sigma that quantifies the financial impact associated with inefficiencies in a process. COQ is typically categorised into four components: prevention costs, appraisal costs, internal failure costs, and external failure costs (Indra, Gatot Yudoko and Nur Budi Mulyono, 2025).
Prevention costs relate to activities undertaken to avoid defects occurring, such as process design, training, and quality planning. Appraisal costs are associated with the inspection and testing of products to ensure they meet required specifications. While both prevention and appraisal costs are considered necessary investments, they aim to minimise COQ (Indra, Gatot Yudoko and Nur Budi Mulyono, 2025; Team, 2024).
Internal failure costs arise when defects are identified before the product reaches the customer, including scrap, rework, and process delays. In contrast, external failure costs occur when defects are detected after delivery to the customer, resulting in returns, complaints, warranty claims, or reputational damage (Indra, Gatot Yudoko and Nur Budi Mulyono, 2025; Deltk, 2026).
The Cost of Quality can also be represented using the “iceberg model", which highlights only a small proportion of costs such as defects, rework, scrap, and inspection are visible above the surface. On the other hand, a significantly larger proportion of costs remain less visible, such as equipment failures, inefficient processes, excess inventory, and lost sales. These hidden costs can have a substantial financial impact but are often not measured (Durmaz, 2012). 
Within this project, elements of internal and external failure costs are evident through rework and customer complaints associated with supplier-induced variation. While prevention and appraisal activities are in place, the recurrence of defects suggests that existing controls may not be fully effective. Although quantifying COQ can be challenging—particularly for indirect costs such as customer dissatisfaction—it remains a valuable framework for understanding the financial impact of quality issues and justifying improvement initiatives (Peterka, 2024).

2.6. [bookmark: _Toc230890720]Summary and Relevance to Project
This project will apply Six Sigma methodology supported by DMAIC, alongside elements of 8D and CAPA, to investigate and resolve the customer complaint. The combination of these methodologies provides both structured data analysis and practical problem-solving tools suitable for high-precision manufacturing environments with external supplier influence.


[bookmark: _Toc230890721]Chapter 3. Define
3.1. [bookmark: _Toc230890722]Problem statement 
Since January 2024, internal and customer-reported complaints have been raised regarding the detachment of the ruby ball from the ball stem on part number A-5000-7800-04.
The initial complaint was recorded on 15/01/2024 by production under reference PICA00136580 (as indicated in Appendix A) to investigate the issue.  At Renishaw,  PICA is the structured process used to document, investigate, and resolve reactive support issues across manufacturing operations (Hill, T/RenishawPLC. (2016)). 
The reported issue stated:	 
“Purchased ball stem M-5000-7760-02, the ball is detaching from the stem and received before assembly to holder. The ball is also detaching from the stem during the cleaning process in the acetone tank.” (as indicated in Appendix C)
However, following a customer complaint under CCAR: CA00147173, the investigation was subsequently driven through master CCAR: CA00151759. As a result, the PICA was closed.
[image: A close-up of a couple of pink lights
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[bookmark: _Toc230890820]Figure 4: Ruby ball is not present
[bookmark: _Toc230890821]Figure 3: Ruby ball appears to be offset relative to the stem.


Figure 3 shows the ruby ball appearing offset relative to the stem, while Figure 4 shows the stem with no ruby ball present, indicating complete detachment.
Further customer complaints were recorded from 29/01/2024 and 23/02/2024, reporting a total of 55 defective units. Images obtained from these customer complaints provide visual evidence of the reported defect, illustrating the detachment of the ruby ball from the stem. 

Based on the initial investigation, the problem statement was refined:
“Customers have reported issues with the ruby ball detaching from the ball stem. The failure is caused by concentricity of the ball to the stem exceeding the tolerance limit of 0.03 mm.” (George, 2024), as indicated in Appendix D.

3.2. [bookmark: _Toc230890723]Impact on business
Figure 5, presents data covering customer complaints, production rejects, and incoming inspection failures from early December 2023 to early March 2024. The part number reaching £196,656.52 provides strong justification for a full investigation.
[image: ]






[bookmark: _Toc230890822]Figure 5: Cost impact Quality issue graph.


3.3. [bookmark: _Toc230890724]Risk assessment
A risk assessment, Figure 6 was conducted by Product Design Division during the Define phase to evaluate the potential impact of concentricity between the ball and stem components supplied by Supplier A. The deviation exceeds the specified drawing limit of 0.03mm and has been associated with weakened brazing joints, resulting in ball detachment from the stem.
[image: ]
[bookmark: _Toc230890823]Figure 6 - Risk assessment - QA418 report (Cantrill.C(2024))

Severity was rated as high due to the functional impact associated with shank-out. In this context, shank-out refers to the stem making contact with the part rather than the ball during measurement,  leading to inaccurate measurement data. This results in false triggers that affect the accuracy of the probe, as the software is unable to compensate for the stem’s contact, resulting in a complete loss of product functionality (HigherPrecision, 2026). Therefore, a High severity rating was considered appropriate.
Occurrence was rated as moderate, given that the issue has been intermittently present since 2023 and has resulted in four DMRs, which stands for Defect Material Report, an internal abbreviation for communicating non-conforming defects with the supplier (McKenzie, J/RenishawPLC, 2016; Cantrill.D/RenishawPLC, 2024), where each instance involved the ball not being attached to the stem.
Detection was rated low due to no internal detection methology of the stated problem above, at the time the CCAR was raised. This low detection rating represents risk to the business and customer receiving defective product. 
Overall, based on the risk assessment, the problem statement was classified as a Class A, which is the highest criticality for CCARs (Cantrill.D/RenishawPLC, 2024).
3.4. [bookmark: _Toc230890725]Voice of the customer (VoC)
The Voice of the Customer (VoC) was used to develop an understanding of customer requirements and expectations relevant to the success of the investigation. Customer feedback indicated that detachment of the ruby ball from the stem prevented effective use of CMMs, resulting in process disruption and customer dissatisfaction (Preece, L, 2024) (as indicated in Appendix E).

3.5. [bookmark: _Toc230890726]Critical to Quality (CTQ)
CTQ was developed to define goals that aid the investigations success.  Maintaining concentricity within 0.03mm tolerance and the alignment of the ruby ball and stem is essential for ensuring the accuracy and reliability of the styli in CMM applications. 

3.6. [bookmark: _Toc230890727]Initial containment
Product Division authorisation is required for all Product Holds and Recalls, and communication with Subsidiaries & Customers is through the relevant Product Division Marketing function (Hill, T/RenishawPLC, 2022).

3.6.1. [bookmark: _Toc230890728]Hold Note
Following concerns reported by a customer, a hold note (HU00151759) was initiated on 20th March 2024 following returns of customer defective parts (as indicated in Appendix F).  A hold note is a controlled system function used within Renishaw to prevent shipments, the release of new or existing production jobs, the release of purchase orders, and the movement of parts within the system until the issue has been investigated and appropriate containment actions are implemented (Phillips, 2018; Cantrill.D/RenishawPLC, 2024) (Refer to CCAR QA418 report in Appendix B). 

Hold note had been considered in January 2024, but was not initiated due to the division's understanding at the time that this was more isolated to low quantities, not understanding that it was a concentricity non-conformance as indicated in Appendix D (George, 2024).

According to internal procedure QA205: Hold and Recall Process, a recall may be initiated when a product malfunctions and affects its operation. In this case, detachment of the ruby ball from the stem would prevent the stylus from functioning correctly within a CMM, therefore meeting the criteria for recall containment (Phillips, L/RenishawPLC, 2018). The internal hold and recall process used within Renishaw is illustrated in Figure 7.
[image: ]




















[bookmark: _Toc230890824]Figure 7: Hold / Recall process (Phillips, L/RenishawPLC, 2018)





3.6.1.1. [bookmark: _Toc230890729]Partially released
To allow supply to affected customer a concession (DU00082370) was raised and approved on 25 March 2024 for a replacement order for the affected customer whilst hold note was still active, as indicated Appendix G. Despite the parts being in specification, a concession was needed due to the hold note. The customer was informed and provided with full visibility of the concession documentation, ensuring transparency and reassuring them that the complaint was being actively investigated. 
Following the immediate containment actions, the hold note was partially released. During this stage, stock was inspected and measured to identify conforming parts, allowing Renishaw to continue supplying verified conforming products to the customer whilst the investigation remained ongoing. This controlled approach enabled the customer to continue operating their CMM and resume normal business operations, as indicated in the Voice of the Customer (VoC) as indicated in section 3.4.

3.6.1.2. [bookmark: _Toc230890730]Fully released
[image: ]The hold note (HU00151759) was fully released on 09 April 2024 following verification of internal stock (Figure 8). The hold note was removed once all internal stock had been purged and verified through inspection ensuring effective containment (8D, Step 3). At this stage, any remaining risk was controlled through an active incoming inspection flag, ensuring that all new stock received from Supplier A was routed through Quality Control for inspection (Refer to CCAR QA418 report in Appendix B).[bookmark: _Toc230890825]Figure 8: Hold note (Rogers, R/RenishawPLC, 2024)




3.6.2. [bookmark: _Toc230890731]Product bulletin
A Product Bulletin (PBSF-03227 ) was raised (as indicated in Appendix H) and subsequently approved and distributed to subsidiaries on 20/03/2024 to communicate the quality concern (Cantrill.D/RenishawPLC, 2024) (Refer to CCAR QA418 report in Appendix B). A Product Bulletin is a formal method used within Renishaw to communicate product-related information from product divisions to customers. Within this context, the term “customer” includes any party receiving Renishaw products or services, such as subsidiaries, original equipment manufacturers (OEMs), distributors, agents, retrofitters, service centres, and end users (Britton, 2024). The bulletin instructed subsidiaries to return affected stock to Renishaw for inspection and verification.

3.6.3. [bookmark: _Toc230890732]Stock
Following the customer complaint, immediate containment actions were implemented to prevent further non-conforming product from reaching the customer. At this stage, three primary sources of stock were identified for review and inspection: existing stock, supplier-reworked stock, and new incoming stock. 

3.6.3.1. [bookmark: _Toc230890733]Existing stock
Existing stock held in the styli quarantine area was subject to 100% inspection under a controlled salvage process (Cantrill.D/RenishawPLC, 2024) (Refer to CCAR QA418 report in Appendix B) . The inspection focused on concentricity. A temporary work instruction (WI-90849) was created (as indicated in Appendix I), approved on PCA0112797 (as indicated in Appendix J), and issued to define the inspection method and measurement program to be used. A PCA is a controlled, documented approval process that ensures any change to manufacturing or assembly processes is properly assessed for impact, validated, and formally authorised before it becomes part of the live production process (Dark, E/RenishawPLC, 2017).
When creating a new document, the PCA must reference the material at the operation the document will control.
Once a document has been assigned a unique document number and issued, any future updates must reference that same document directly as a material in the PCA.
 Required from the following representatives:
· Authoriser – supervisor or technical representative.
· Design – secondary technical representative if divisional acknowledgement is required.
· Production – PGL / Cell Leader to inform of and acknowledge the change.
· Trainer – Cell trainer 
· PED Admin – MSD technical administrator responsible for update control.
 
Depending on the nature of the change, in some scenarios, the originator may have the ability to override Design, Production and Trainer authorisation where necessary, however will be accountable for the decision to bypass these controls.

In accordance with EC04, Figure 9 demonstrates a process flow chart of the steps required to create / modify and implement an SDP / WI (Dark, E/RenishawPLC, 2017).
[image: ]







[bookmark: _Toc230890826]Figure 9: Process flow chart (Dark, E/RenishawPLC, 2017)


3.6.3.2. [bookmark: _Toc230890734]Reworked Stock
Returned stock that had been inspected by Supplier A was initially checked visually under microscope by the supplier for concentricity. Parts considered acceptable were returned to Renishaw, while non-conforming parts were retained by the supplier for possible rework. However, based on Supplier’s A’s inspection methodology, all returned stock was re-inspected by Renishaw. Inspection was carried out at a tightened level in accordance with internal inspection procedure QA328 to ensure non-conforming parts were detected (Hill, T/RenishawPLC, 2023; George, C. 2025) (as indicated in Appendix K). If rejects were identified, inspection would escalate to 100%  or, the entire batch would be rejected.

3.6.3.3. [bookmark: _Toc230890735]Incoming stock
An active incoming inspection flag has been set to INSP REQ (Inspection required) (as indicated in appendix L) (Cantrill.D/RenishawPLC, 2024) (Refer to CCAR QA418 report in Appendix B)  where the units will be inspected to the alerted instructions on the manufacturing part numbers supplied by Supplier A (Kannemeyer, A, 2025; Yemm.N/RenishawPLC, 2025). 

3.6.3.4. [bookmark: _Toc230890736]Stock purge
[image: ]As part of containment actions, a stock purge 2024-095 (Figure 10) was carried out to identify parts potentially affected (Cantrill.D/RenishawPLC, 2024). Other part numbers were included within the inspection scope due to shared risk (Refer to CCAR QA418 report in Appendix B). Part numbers classified as “Manufactured” represent internal top-level assemblies; however, these assemblies included purchased lower-level components supplied by Supplier A. [bookmark: _Toc230890827]Figure 10: Stock purge form, 2024-095


The lower-level part number M-5000-7760-02, along with the other M-**** part numbers, is supplied by Supplier A, where the manufacturer bond the ruby ball and stem. Although some assemblies are manufactured internally, they contain supplied parts and are therefore considered at risk.
A detailed breakdown of the affected part numbers and their sourcing classification is provided in Table 1.
	Part number:
	Source:

	M-5000-7760-02
	Purchased

	A-5000-7800-04
	Manufactured 

	M-5002-5415-0B
	Purchased

	M-5003-4248-0A
	Purchased

	M-5000-7765-03
	Purchased

	M-5000-7389-04
	Purchased

	M-5000-7764-01
	Purchased

	A-5004-7398-00
	Manufactured 


[bookmark: _Toc230372729]Table 1: Breakdown of part numbers and sources

After the stock purge was conducted, >1 unit of each part number had failed inspection; therefore, the inspection was switched to 100% in accordance with QA328 (as indicated in Appendix M) (Hill, T/RenishawPLC, 2023). 

3.6.4. [bookmark: _Toc230890737]Quality Alert
A Quality Alert (QA28465) (Saunders, A/RenishawPLC, 2024) was formally raised on 21/01/2024 as part of the immediate containment actions (Figure 11) (Cantrill.D/RenishawPLC, 2024) (Refer to CCAR QA418 report in Appendix B) . The alert was issued to inform operators that any packaging not displaying the required green sticker should be quarantined, due to the risk that the product had not undergone Opticline inspection. However, packaging with a green sticker was deemed acceptable for use.
[image: A screenshot of a document
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[bookmark: _Toc230890828]Figure 11: Quality Alert, QA28465 (Saunders, A/RenishawPLC, 2024)


Quality Alerts are implemented within the production cell to enhance operator awareness of identified issues, acting as a form of Quality Control and preventing recurrence. Quality alerts are designed as a temporary purpose whilst the corrective and preventive actions are implemented. Quality Alerts have advantages over informal communications as they provide a visual reminder and signed evidence of communication. They can also be used to provide evidence to the customer that the problem has been communicated effectively (HillT/RenishawPLC, 2022). The Quality Alert is scheduled to expire in April; however, it is subject to review and may be extended where necessary to ensure risk is eliminated (Hill,T/RenishawPLC,2019).

3.6.5. [bookmark: _Toc230890738]Subsidiary returns
Containment actions also included returning stock held by key subsidiaries. Returns were processed through RMA (Smith, M/RenishawPLC, 2026) (RMAs: USWC000880, SIWC000059 and SLWC000322) (as indicated in Appendix N). These subsidiaries were prioritised due to the high volume of product supplied to end users.
An RMA is a formal request raised by subsidiaries to MSD Sales to return goods, in accordance with procedure SDP-1612-02. The RMAs were received back at Renishaw as the top level assembly, and the returned products were regraded to the supplier part number level to allow a DMR to be raised against Supplier A. This process enables Renishaw to recover associated unit costs from the supplier (McKenzie, J/RenishawPLC, 2016).
Upon receipt, returned items were booked into the system and directed to the appropriate site and personnel depending on the reason for return, as indicated in Appendix O (Smith, M/RenishawPLC, 2026). 

3.6.6. [bookmark: _Toc230890739]Information only DMR
An information-only DMR 928962 (as indicated in Appendix P) was raised at the initial containment stage to formally notify Supplier A of the non-conformance and prompt their investigation, after detecting a 30% failure rate found during an ongoing internal stock inspection carried out by Renishaw UK (Yemm.N/RenishawPLC, 2025) (Refer to CCAR QA418 report in Appendix B). This DMR was also raised at the first point of the complaint to ensure full traceability (McKenzie, J/RenishawPLC, 2016; Yemm.N/RenishawPLC, 2025) (Refer to CCAR QA418 report in Appendix B).

3.7. [bookmark: _Toc230890740]Project charter
A project charter (Table 2) was established to define the project scope, objectives and timeline, ensuring that the investigation remains focused and is achievable. By assigning roles and responsibilities, the project charter provides a structured framework for managing and analysing the process, while also supporting effective communication between key stakeholders throughout the project. 
The project charter delivers both business and customer benefits. Internally, reducing defect rates and inspections supports cost reduction and process stability and maintains Renishaw's reputation in stylus probes. Externally, customers benefit from increased product reliability, reduced downtime, and improved confidence in the quality of supplied components, thereby strengthening long-term customer relationships. These benefits demonstrate how the project aligns structured quality improvement methodologies with product quality and reliability outcomes. 



	Sponsor 
	Steve Hughes 
	Project Leader 
	Carissa George  

	Start date 
	21/03/2024 
	Target completion date 
	07/2025 



	Project name: 
	 Detachment of ball and stem 

	Problem statement 
	Customers have reported issues with the ruby ball detaching from the ball stem. 

	Project scope 
	· Develop an inspection methodology for measuring micro-sized Styli components. 
· Verify existing in-house stock for potential defects. 
· Create Working Instruction (WI) 



	Objective 
	Baseline Value 
	Target Value 
	Units 

	1. Failure rate 
	25 
	0.4 
	% 

	2. Inspection 
	100 
	0 
	% 



	Business benefits 
	· Reduce customer complaints and improve customer satisfaction  
· Maintain Renishaw's reputation for precision products.  
· Reduce cost of poor quality and distribution  

	Customer benefits 
	· Restored Confidence in Renishaw Products 
· Reliable Styli components 
· Reduce downtime 
· Rebuild supplier relationship 

	Team 
	Senior Quality Technician: Carissa George  
Quality Manager: Tim Hill 
Design: Nick Yemm 
Production Section leader: Steve Jenkins / Anna Saunders 
Opticline inspector: Arthur Hudson 
Production engineer: Paul Terrell 
Supplier Quality Engineer: Stanley Wong 
Purchasing: Richard McCallum   

	Schedule 
	Start Date 
	Define End Date 
	Measure 
End Date 
	Analyse 
End Date 
	Improve 
End Date 
	Control 
End Date 
	Project End Date 

	 
	15/01/2024
	26/03/2024
	30/05/2024
	20/06/2024
	05/12/2025 
	10/06/2025
	16/07/2025 



	Role 
	Signature 
	Date 

	Sponsor 
	S.Hughes 
	21/03/2024

	Project Leader 
	C.George 
	21/03/2024


[bookmark: _Toc230372730]Table 2: Project Charter.


[bookmark: _Toc230890741]Chapter 4. Measure
4.1. [bookmark: _Toc230890742]Determine Data Type
During the Measure phase, variable data were collected through physical measurement of the part to assess the manufacturing process performance and capability. This data allowed assessment of the critical feature related to product performance.

4.2. [bookmark: _Toc230890743]Develop Data Collection Plan
At the initial stage of the investigation, there was no established method within Renishaw to measure the concentricity of the ball and stem, given their micro-size (as indicated in Appendix B and D) (George, 2024;Cantrill.D/RenishawPLC, 2024). 
The CMM may present limitations when measuring micro-size features due to probe size and contact forces (Leach, 2014). Additionally, the visual alignment of very small features may increase the potential for error. Due to these factors, the CMM was considered unsuitable as an inspection method. To address this limitation, an alternative measurement method was identified, leading to the introduction of the Opticline measuring machine.
Data collection was carried out using the Opticline measuring machine. This equipment was selected for its suitability in measuring micro-sized components with a high level of precision and repeatability (Cantrill.D/RenishawPLC, 2024) (Refer to CCAR QA418 report in Appendix B). The Opticline uses a non-contact, automated measurement method, which prevents damage to delicate components (Jenoptik, 2024).
The machine uses green light technology in combination with a high-resolution IP52-rated camera to capture accurate dimensional data. The machine provides an accuracy of 1μm (0.001mm) and a resolution of 0.1μm (0.0001mm), making it appropriate for measuring concentricity within the defined CTQ tolerance of 0.03mm (Jenoptik, 2020)

4.3. [bookmark: _Toc230890744]Inspection methodology
Inspection was conducted in accordance with internal inspection procedure QA328, which defines the sampling inspection structure and inspection escalation process (Yemm.N/RenishawPLC, 2025) (Refer to CCAR QA418 report in Appendix B). The procedure is based on BS6001-1 single sampling plans using general inspection level II and an AQL of 0.4% (Hill, T/RenishawPLC, 2023; British Standards Institution, 2013)
This approach provides a structured method for increasing or reducing inspection levels depending on the outcome of each batch. The inspection flow defined within QA328 is illustrated in Figure 12:
[image: A diagram of a process
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[bookmark: _Toc230890829]Figure 12 - ‘In Process’ Sample Inspection Flow Chart. (Hill, T/RenishawPLC, 2023)

4.4. [bookmark: _Toc230890745]Inspection cost
Based on a batch of 5,000 units (as indicated in Appendix Q), the inspection time was estimated at 1 minute per unit. Using a rate of £15 per hour, the cost was calculated as follows:
Cost per minute:
£15 per hour ÷ 60 minutes = £0.25 per part / per minute. 

Total cost for 5000 units :
£0.25 × 5000 = £1,250.00

Total time
5000 minutes ÷ 60 = 83.33 hours

This results in a total inspection time of 83.33 hours, which is equivalent to approximately 2 weeks and 1 working day. Although the Opticline machine provides a rapid measurement, the overall inspection duration is significantly influenced by the high volume of units. To ensure sufficient control of conforming and non-conforming product, a bin system was implemented in accordance with MS550, where green indicated units have been inspected & have been deemed acceptable to the specification, yellow identified units pending inspection, and red indicated units that have been inspected and do not conform to specification. This approach ensured clear segregation of parts and reduced the risk of non-conforming units entering the assembly process (Hill, T/RenishawPLC, 2022).

4.5. [bookmark: _Toc230890746]Logistics cost
Alongside the Internal inspection of existing stock at Renishaw, returning of uninspected stock to Supplier X was also ran in parallel to reduce the burden on Renishaw resource. Additionally, rejected stock was returned to the supplier to support the ongoing investigation.
The cost of returning the units from Renishaw UK to the supplier in Switzerland is £46.99. This cost is based on a box with dimensions of 32×26×16cm, shipped using UPS (George,C, 2026). The express service was selected due to the urgency of the issue, as it reduces lead-time compared to standard shipping. Although the shipping cost is relatively low, the risk during transportation was considered. If the units were to be damaged or lost during transit this could result in significantly higher costs. These may include replacement of parts, increased lead time, and delays to meeting customer orders, affecting more than one customer. 
The cost of lost or damage parts can equal to £124,100.00 This figure is based on M-5000-7760-02 , for 5,000 units at a cost of £24.82p per unit (as indicated in Appendix R). Additionally, the estimated consumable cost is £5 per package, covering bagging the units, boxing and printing off the label. 

4.6. [bookmark: _Toc230890747]Return Material Authorisation (RMA) return quantification
In relation to the product bulletin, products from subsidiaries were recalled as part of a containment action and returned to Renishaw Miskin for inspection. This process enabled verification of whether the returned products were affected by the reported customer complaint and ensure no further outflow of defects.
Upon receipt, all products were measured for concentricity using the Opticline measuring machine. Conforming products were returned to the subsidiaries, while non-conforming items were contained within Renishaw UK, Miskin site. The information in this section is expanded in page 26. 
4.7. [bookmark: _Toc230890748]Trends Over a Yearly Period
Figure 13 shows total cost over time and highlights periods where issues were detected, shown by clear spikes in cost. The information in this section is expanded in page 27. 
[image: ]
[bookmark: _Toc230890830]Figure 13:  Total cost over the years graph

4.8. [bookmark: _Toc230890749]Process capability 
A process capability study exercise was carried out to statistically evaluate weather Supplier A’s process is capable of consistently meeting the specified tolerance, 0.03mm for concentricity. 

A total of 100 specimen parts were measured to analyse the Supplier’s process capability. To support data analysis, Statistical Process Control (SPC) was applied. An SPC disturbance plot graph was created to demonstrate process change over time; the data was plotted to understand common cause variation (inherent in the process) and special cause variation that require correct action (Peterka, 2024). 
In addition, a combined frequency and cumulative graph was developed to show the number of occurrences at each measured value and the overall accumulation of results across the dataset. This allowed the data to be organised into grouped values (Sanja Dodos, 2019; BBC, 2026).  The information in this section is expanded in page 35. 

4.9. [bookmark: _Toc230890750]Cpk and Cp index
Process capability indices were used to quantify the ability of the process to meet the specified tolerance limits. For this study, the lower specification limit (LSL) was defined as 0mm and the upper specification limit (USL) as 0.03mm for concentricity.
The process capability index (Cp) evaluates the potential capability of the process by comparing the spread of variation to the tolerance range, assuming the process is centred. In contrast, the process capability index (Cpk) considers both the spread and the centring of the process, providing a more representative measure of actual performance (Hessing, 2014).
A Cpk value of less than 1 indicates that the process is not capable of consistently meeting specification, while values greater than 1 suggest that the process is capable. In high-precision manufacturing environments, a Cpk value of 1.33 or greater is typically required to demonstrate a capable and robust process (learnleansigma, 2025b).
These indices were used to support the statistical analysis and confirm whether the process was capable of manufacturing within the defined tolerance limits (learnleansigma, 2025b).


[bookmark: _Toc230890751]Chapter 5. Analyse
5.1. [bookmark: _Toc230890752]Initial Observation of the Defect
[image: ]Initial in-house inspection was conducted using the Opticline measuring machine. During inspection, parts showed a visible offset between the ruby ball and stem. This observation was consistent with the customer complaint, in which the ruby ball appeared misaligned to the stem which relates to weaker brazed joint and causing detachment of ball from steam. The Opticline shadow profile enabled the defect to be clearly identified during inspection. An example of this observation is shown in Figure 14.



	

[bookmark: _Toc230890831]Figure 14: Observation of off-set found evident upon Opticline inspection (Hudson, 2026)

5.2. [bookmark: _Toc230890753]Return Material Authorisation (RMA) Analysis
Figure 15 illustrates the total quantity of products returned via subsidiaries, categorised by part number, enabling quantification of the distribution of recalled items across the product range.
[image: ][bookmark: _Toc230890832]Figure 15: Total quantities returned via RMA per part graph

It is acknowledged that the recalled items were returned as they were deemed at risk and potential suspects based on the product range. All products were returned for investigation. As these products had been supplied within Renishaw UK, Miskin, , they were returned for inspection. M-5000-7760-02 accounts for the highest volume of returned items with a total of 12,442. This was expected, as this part number is a high-volume part and is commonly sold. Therefore, the elevated return quantity does not necessarily indicate a higher defect rate, but rather reflects a high risk within the fields.

5.3. [bookmark: _Toc230890754]Trends Over a Yearly Period analysis
Figure 16 presents a monthly quality related cost, across a three-year period (2023-2025), allowing both month – to – month and year – on – year analysis to be conducted. 
[image: ]
[bookmark: _Toc230890833]Figure 16: Total cost over the years graph timeline

Overall, the data demonstrates a low and stable baseline during the late year of 2023, indicating a stable process. However, in 2024, following the customer complaint, two high costs were observed. The largest spike occurs in March, reaching £124,120.50 and is related to DMR 926736 (as indicated in Appendix Q), where 5,000 units were rejected due to failing concentricity. 

Further analysis of the total cost of rejects per part number Figure 17 shows that M-5000-7760-02 represents the highest recorded cost, totalling £308,861.45 across all part numbers. This aligns with the spike observed in Figure 16 for March 2024, as this part number is the primary contributor to the costs associated with DMR 926736. The dataset for the graph presents inspection rejects of incoming stock and extends further into late 2025, beyond the period shown in the timeline graph.

[bookmark: _Toc230890834]Figure 17: Total cost per part number graph



During this timeline event, in March, an information-only DMR (928962) (as indicated in Appendix P) was raised to inform the supplier of the issue whilst Renishaw were currently investigating (McKenzie, J/RenishawPLC, 2016). 

Referencing Figure 16, a secondary spike occurred in November 2024, reaching £78,787.32, associated with old supplier stock. This was caused by inadequate control of non-conforming product at the supplier, where old stock was not segregated within their stock control system and could be inadvertently selected and dispatched.
In response to the ineffective stock control at Supplier A, all old stock was identified and segregated from new stock, with new dedicated locations introduced within the supplier’s ERP system to prevent incorrect stock selection. Material can now be shipped only after verification and transferred to an approved dispatch location on the EPR system. The supplier has standardised these improved controls to categorise non-conforming and suspect stock, preventing recurrence of the issue.
In February 2025, a smaller increase in cost is observed. Further review identified that 11 units were scrapped against the Styli cell due to initial containment measures not being fully implemented at the start of the customer complaint in January 2024.
The total recorded cost includes both production-stage and inspection-stage rejects. Prior to the customer complaint, the Cost of Poor Quality remained consistently low. This masked the underlying supplier issue, as most failures were categorised as “damaged in process,” leading engineering to believe the defect originated in-house.

5.4. [bookmark: _Toc230890755]Renishaw data – Stock inspection
It is acknowledged that part number A-5004-7398-00 was assessed through RMA data (as indicated in Appendix N). All inspected units were measured using the Opticline machine and found to conform to specifications; therefore, no quantifiable measurement data were generated.

5.4.1. [bookmark: _Toc230890756]M-5000-7765-03 
Figure 18 presents data variation across the measured specimens. The trend line shows a slight upward progression, remaining just above 0.04 mm, supporting data can be found in Appendix S. Peaks are observed within the dataset, indicating fluctuations in Supplier's A process performance. 
[bookmark: _Toc230890835]Figure 18: Concentricity data graph for M-5000-7765-03

A Pareto analysis (Figure 19)  further examines the distribution of rejection counts across the defined concentricity ranges. The largest proportion of rejections occurs within 0.0303-0.0423mm, accounting for 15 specimens, followed by 9 in the next range of 0.0423-0.0543mm. Only a small number of results fell within the higher ranges, with 0.0663-0.0783mm accounting for 2 specimens, supporting data can be found in Appendix S
[bookmark: _Toc230890836]Figure 19: Count of rejects graph for M-5000-7765-03













5.4.2. [bookmark: _Toc230890757]M-5000-7760-02
Figure 20 presents measurements for 38 specimens. The trend line represents a constant dotted line slightly above 0.04mm supporting data can be found in Appendix T The dataset is above 0.03mm tolerance. Additionally, specimens 20 and 28 show significant spikes of  recorded values of 0.0813mm and 0.0901mm
 





[bookmark: _Toc230890837]Figure 20: Concentricity data graph for M-5000-7760-02


From the Pareto analysis (Figure 21) it is clear that rejection counts are heavily concentrated in the lower ranges. The interval 0.0307–0.0437mm contains 27 observations, followed by 8 in the next range, while only isolated values appear in the remaining ranges, supporting data can be found in Appendix T. 









[bookmark: _Toc230890838]Figure 21: Counts of reject graph for M-5000-7760-02


The cumulative percentage line shows how the total rejections accumulate across the ranges, increasing rapidly at the beginning before gradually levelling off, indicating that all rejects exceed the specified tolerance. 

5.4.3. [bookmark: _Toc230890758]M-5000-7389-04
Concentricity measurements for 15 specimens are presented in Figure 22, with a trend line representing a slight decrease just above 0.04mm supporting data can be found in Appendix U. A significant spike occurs at specimen 8, reaching 0.0651mm, where the second largest spike occurs at specimen 2, reaching 0.0526mm. 







[bookmark: _Toc230890839]Figure 22: Concentricity data graph for M-5000-7389-04


A Pareto analysis (Figure 23) shows how rejection counts are distributed across the concentricity ranges. Most of the rejections fall within 0.0309–0.0459mm, with 11 observations. Fewer values are seen in the higher ranges, with 3 in the mid-range and only 1 in the highest range, 0.0609-0.0759mm, supporting data can be found in Appendix U.






[bookmark: _Toc230890840]Figure 23: Count  of rejects graph for M-5000-7389-04



The cumulative percentage line shows how the total rejections accumulate across the ranges, increasing rapidly at the beginning before gradually levelling off, indicating that most rejections are within the lower range.

5.4.4. [bookmark: _Toc230890759]A-5000-7800-04
Results are presented in Figure 24. The results show some variation across the specimens, with values ranging from approximately 0.035mm to 0.063mm supporting data can be found in Appendix V. The highest value occurs at specimen 3, while the lowest is observed at specimen 8.







[bookmark: _Toc230890841]Figure 24: Concentricity data graph for A-5000-7800-04



The trend line shows a gradual decrease from just above 0.05mm towards 0.04mm, indicating a slight downward trend across the specimens. Despite this, the data fluctuates around the trend, suggesting no consistent pattern of change.







A Pareto analysis (Figure 25) shows how rejection counts are distributed across the concentricity ranges. Most of the rejections fall within the lower range (0.0355–0.0515mm), with 6 observations, while only 2 results are found in the higher range (0.0515–0.0675mm), supporting data can be found in Appendix V.










[bookmark: _Toc230890842]Figure 25: Count of rejects graph for A-5000-7800-04



The cumulative percentage line shows how the total rejections build up across the ranges, rising quickly at the start and reaching 100% after the second range, indicating that most values are towards the lower end of the scale.










5.4.5. [bookmark: _Toc230890760]Conclusion
The analysis demonstrates that all parts exceed the specified tolerance. The process capability at the supplier is poor and this is demonstrated in the variation. There is observed repeatability in the process which is evident in that majority of results are within 0.0303-0.0423mm however this range is above the 0.03mm tolerance suggesting that if supplier A adjust their process they are able to achieve some consistency in process within the tolerance of 0.03mm.

5.5. [bookmark: _Toc230890761]Process capability: non-conforming units
Figure 26 represents concentricity values ranging from 0.0301mm to 0.0829mm, demonstrating significant variation within the process, as indicated in Appendix W. The majority of values are clustered around 0.045mm, which is above the specified tolerance of 0.03mm, indicating that the process is not correctly centred. The wide, positively skewed distribution, with a long tail extending beyond 0.06mm, highlights excessive variation and confirms a lack of process capability.








[bookmark: _Toc230890843]Figure 26: SPC graph for non-conforming units



Figure 27 presents a combined frequency and cumulative analysis of concentricity results. The data shows that the majority of measurements are concentrated above the specified tolerance of 0.03mm, confirming that non‑conformance is not an isolated instance (as indicated in Appendix W). The cumulative curve indicates that around 60% of the total measurements occur at approximately 0.045mm, with nearly 90% of results exceeding the specified tolerance when values up to 0.08mm are included. This analysis supports the findings of the SPC distribution.

[bookmark: _Toc230890844]Figure 27: Concentricity trend graph for non-conforming units

Overall, this analysis demonstrates that the process is unstable and far exceeding that  of a controlled and stable process to achieve required drawing tolerance. The information in this section is expanded in page 52. 

5.6. [bookmark: _Toc230890762]Is / Is Not Matrix
As part of the investigation, an Is/Is Not Matrix exercise (Figure 28) (Learn Lean Sigma, 2023b) was developed to clearly define and scope the problem relating to the detachment of the ruby ball from the ball stem. The Is/Is Not matrix was used to distinguish where the problem is occurring and, equally importantly, where it is not occurring. This enables the project team to conduct an investigation and avoid incorrect assumptions regarding potential root causes.
The analysis confirmed that the issue relates specifically to ruby ball assemblies, where the ball detaches from the stem. The problem occurs when the concentricity between the ruby ball and the stem exceeds the specified drawing tolerance of 0.03mm, resulting in misalignment that compromises the strength of the brazed joint (Cantrill.D/RenishawPLC, 2024).
The Is/Is Not matrix also helped to confirm the boundaries of the issue. The defect is not present in assemblies produced using alternative suppliers, indicating that the problem is isolated to a specific supplier. Additionally, the analysis showed that the issue occurred not due to wear and tear or damage of the product but due to concentricity. 
By clearly distinguishing where the problem exists and where it does not, the Is/Is Not analysis provided a structured foundation for the subsequent Ishikawa diagram and 5-Whys root cause analysis, ensuring that the investigation focused on the correct root causes analysis and process improvement. 

[image: ]
[bookmark: _Toc230890845]Figure 28: Is/Is Not Matrix (learnleansigma, 2023b)

5.7. [bookmark: _Toc230890763]Ishikawa diagram 
A Ishikawa diagram (Figure 29) (learnleansigma, 2025) was developed to identify potential factors contributing to the problem statement. The analysis considered multiple categories, including design, methods, people, measurements, supplier processes, and environmental conditions.

[image: A diagram of cause and effect
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[bookmark: _Toc230890846]Figure 29: Ishikawa diagram (learnleansigma, 2025)

The Ishikawa diagram identified numerous possible causes, including handling damage, cleaning processes, and the supplier's manufacturing process. Following further investigation and discussion with relevant stakeholders, these were narrowed down to a smaller number of key contributing factors.
The primary causes selected for further investigation were the design of the stem, equipment maintenance, and the cleaning process as highlighted in Figure 29.

The design of the stem may influence the seating and alignment of the ruby ball during brazing. If the seating surface does not provide adequate constraint, the ball may become misaligned relative to the stem. The misalignment can result in concentricity deviations exceeding the specified drawing tolerance. This was supported by the observation from the supplier who proposed to optimise the stem's design to improve the alignment. A discussion was held between, Nick Yemm (Design), Stanley Wong (SDE), Supplier A. This suggests that the original flat design may not fully support consistent positioning of the ball (Wong, S. and Yemm, N, 2024) .
Inadequate maintenance of the supplier’s equipment may result in process variation during manufacturing. The problem statement was detected prior to the cleaning process in assembly; however, a controlled trial was undertaken to eliminate potential causes.
The highlighted primary causes are suspected root causes, which will be taken forward into the next stages.

5.8. [bookmark: _Toc230890764]Internal cleaning tank process – trials
To understand the potential root cause, a controlled trial was conducted by the engineering team to determine whether the cleaning process could contribute to the detachment of the ruby ball from the stem. Prior to the trial, a sample of parts was selected and verified using the Opticline measuring machine to confirm that the parts were within the 0.03mm specification before actioning the trial, allowing the results of the investigation to be considered reliable. The concentricity measurements obtained prior to the cleaning trial are presented in Table 3, confirming that the components were within the specified tolerance before the trial was conducted.

	Nominal:
	0.03mm

	 
	 

	Results:
	 

	 
	0.0028mm

	 
	0.0019mm

	 
	0.0007mm

	 
	0.0013mm

	 
	0.0025mm







[bookmark: _1839142592][bookmark: _1838187447]
[bookmark: _Toc230372731]Table 3: Measurements prior to cleaning trail

The parts were then subjected to the standard cleaning cycle used in production in order to determine whether the detachment failure could be replicated.
The results of the trial indicated that the detachment issue could not be reproduced during the cleaning process. In addition, production personnels noted that other similar micro-size parts that pass through the same cleaning process do not experience detachment issues. Based on these observations, the cleaning process was considered unlikely to be the root cause of the failure.


5.9. [bookmark: _Toc230890765]5-why root cause analysis
A 5-Whys Root Cause Analysis (Figure 30) (learnleansigma, 2023) was conducted following the Ishikawa diagram to further investigate the underlying causes of the ruby ball detachment issue (Cantrill.D/RenishawPLC, 2024) (Refer to CCAR QA418 report in Appendix B). The 5-Whys method is a structured problem-solving technique commonly used within Six Sigma to identify the fundamental cause of a problem by repeatedly asking “why” until the root cause is revealed (Learn Lean Sigma, 2023). In some cases, the root cause can be identified after the 3rd why or after the 7th why. 
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[bookmark: _Toc230890847]Figure 30: 5-why root cause analysis (learnleansigma, 2023)

The analysis determined that the immediate failure was a weakened brazed joint, which allowed the ruby ball to detach from the ball stem. Further investigation revealed that the joint weakness was caused by misalignment between the ruby ball and the stem, resulting in concentricity values exceeding the specified drawing tolerance of 0.03mm. This misalignment was traced back to variation within the supplier’s fixture used during the brazing process, which did not consistently maintain alignment between the two components (Cantrill.D/RenishawPLC, 2024).
Therefore, the root cause was identified as process variation within Supplier A’s brazing fixtures. Based on this evidence, four corrective actions were identified. These included reviewing and validating Supplier A’s current fixture, conducting a process capability study, and developing a reaction plan to ensure improved process controls and proactiveness. Additionally, a review of the engineering drawings was initiated to confirm that the design of the stem adequately supports the manufacturing process.


5.10. [bookmark: _Toc230890766]Current state Failure Modes and Effects Analysis FMEA
A current state FMEA (learnleansigma, 2023; Jones, I/RenishawPLC, 2012) was reviewed to assess the existing risk controls associated with the detachment of the ball and stem. Figure 31 is the current state FMEA, which was in place prior to the customer complaint and developed during the initial supplier approval stage. Colour coding is used within the FMEA to visually represent the level of risk associated with each failure mode, based on the calculated RPN (Penn, 2022). Green indicates low risk, where no immediate action is required. Yellow represents a moderate level of risk, which may require monitoring or minor improvement. Orange highlights high-risk areas that require corrective action, positioned between moderate (yellow) and critical (red) risk levels. while red indicates critical risk levels that exceed acceptable limits and require immediate attention (Hartwell, 2017).
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[bookmark: _Toc230890848]Figure 31: Current state FMEA (Jones, I/RenishawPLC, 2012)

The calculated RPN were used to identify areas of elevated risk, highlighting where improvements were required.  The review identified that the inspection method was initially assigned an RPN of 48, indicating that it was considered a relatively low risk within the process. This was based on the assumption that the CMM was suitable for measuring the required features.
However, this assessment did not fully consider the limitations of the CMM when applied to micro-size parts. While engineering personnel were familiar with the general operation of the CMM, a lack of specialised training and programming experience meant that its capability to accurately measure small features was not critically evaluated. As a result, the detection capability was overlooked, leading to the risk not being fully recognised.
In contrast, the review highlighted that the supplier process failure mode relating to misalignment of the ball and the stem was assigned an RPN of 180, indicating that the risk was recognised within the FMEA and exceeded Renishaw’s acceptance threshold of 100. Although Renishaw does not define a mandatory RPN threshold (Figure 32), values exceeding 100 are generally considered to require corrective action. 
[image: ][bookmark: _Toc230890849]Figure 32: RPN (Jones, I/RenishawPLC, 2018)








In cases where no action is taken despite a high RPN rating, the justification should be clearly documented in the FMEA (Austin, S/RenishawPLC, 2018). However, despite this, the effectiveness of the FMEA in preventing the issue was inadequate.
Although Supplier A provided validated measurement data at the time of the initial FMEA, reliance on this data, along with acceptance of the drawing requirements, meant that the process capability was not fully understood. The data was assumed to be representative of process performance, without sufficient amount of potential variation. As a result, the existing controls gave a level of confidence in the supplier process that did not truly reflect the risk. 
Overall, this demonstrates that whilst the failure modes were identified, the FMEA was not robust to eliminate the risks.  
[bookmark: _Toc230890767]Chapter 6. Improve
6.1. [bookmark: _Toc230890768]Generative improvement alternative
To generate alternative ideas for improvement, a brain storming (Figure 33) exercise was undertaken. 
[image: ][bookmark: _Toc230890850]Figure 33: Brainstorm














6.2. [bookmark: _Toc230890769]Improved state Failure mode and Effective Analysis (FMEA)
An FMEA should be treated as a living document, requiring regular review and update to reflect any significant changes in product design or manufacturing and assembly processes. It is essential that the FMEA remains aligned with the current state of the process at all times. Where it is determined that no further action is required for a specific failure mode or cause, this decision should be clearly justified and documented within the FMEA. Furthermore, the assignment of Severity, Occurrence, and Detection rankings is inherently dependent on team judgement, introducing a degree of subjectivity and variability (Jones, I/RenishawPLC, 2018).
An improved FMEA exercise was conducted in accordance with QA208 by following the generic process detailed in Figure 34 below:
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[image: ][bookmark: _Toc230890851]Figure 34: FMEA process flow (Jones, I/RenishawPLC, 2018)




















An improved state FMEA (Figure 35) was updated to reflect changes in the Supplier's process (Jones, I/RenishawPLC, 2018; Cantrill.D/RenishawPLC, 2024) (Refer to CCAR QA418 report in Appendix B). 
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[bookmark: _Toc230890852]Figure 35: Improved state FMEA (Jones, I/RenishawPLC, 2012)

The analysis highlighted that the inspection method was a key risk. The initial use of a CMM was not suitable. This resulted in a high RPN of 224. To address this, the inspection method was reviewed and an optical measuring machine was introduced, which is more suitable for micro-size units. This change reduced the RPN to 16, showing a clear improvement in detection. Supplier process variation was also identified as a significant risk, particularly in relation to misalignment between the ball and stem. This misalignment could lead to detachment and loss of function. Improvements such as process validation, new fixtures, and the introduction of a maintenance schedule were implemented. These actions reduced the RPN from 180 to 45, indicating improved process control.
Additional risks were identified and included in the updated FMEA. Concentricity was included due to its impact on alignment and overall function. Handling was also introduced as a risk due to the small and delicate nature of the components. In response, the assembly process uses tweezers to pick up the Stylus. 


In comparison between the initial (Figure 31) and improved (Figure 35)  FMEA demonstrates a significant improvement in both the depth and scope of the risk identified. The current-state FMEA was limited in detail, identifying only high-level failure modes and lacking consideration of key process and product. In contrast, the improved state FMEA includes a broader set of failure modes, including inspection limitations, fixture repeatability, and supplier process variation. Furthermore, additional critical factors such as concentricity and component handling were introduced, reflecting a more complete understanding of failure mechanisms in micro-size products. 

Overall, the Improved- state FMEA supported the identification of key risks and helped guide improvements in inspection, supplier processes, and handling methods. The reduction in RPN values across multiple areas shows that the actions taken were effective in reducing the likelihood of failure.

6.3. [bookmark: _Toc230890770]Validation of Supplier A’s Corrective Actions 
6.3.1. [bookmark: _Toc230890771]Defect Material Report (DMR)
The DMR information is converted into a Excel document (Figure 36) where the buyer aligns with the supplier regarding the non-conformance.  




[image: ][image: ][image: ][bookmark: _Toc230890853]Figure 36: DMR: 947854  (Supplier A, 2024)


In this case, 38 units were rejected due to non-conformance. Consequently, Renishaw issued a “credit only” commercial response, requiring the supplier to provide a credit note for the non-conforming units. This ensures cost recovery for defective units supplied (Gaston, W/RenishawPLC, 2014).

The vendor’s root cause analysis identifies the defect was caused by a weak brazed joint resulting from excessive concentricity variation beyond the 0.03 mm tolerance. This issue was attributed to wear and tear of the supplier’s graphite fixtures, combined with a lack of routine maintenance (Cantrill.D/RenishawPLC, 2024).
To verify this, a comparison trial was conducted using a new fixture alongside the existing worn fixture. The results showed that components produced using the new fixture met the required tolerances, whereas those produced with the old fixture continued to exceed specification. This confirmed the root cause of the defect.
Initially, an inadequate inspection methodology was used, with checks being carried out visually under a microscope. Following the DMR, Renishaw Supplier Quality Engineer and Renishaw buyer worked closely with the supplier to review and improve inspection procedures and the overall quality management system, particularly in relation to fixture maintenance and control.
During the investigation, Supplier A had confirmed they have access to an Opticline machine, which they can use. This also helped Renishaw improve internal procedures, recognising that outside of Supplier A, other supplier’s standards may have declined since being approved and this has led the SQA team to review improvements to their supplier visit and approval protocols, as supplier processes can change over time following initial approvals
As a corrective action, the supplier introduced a maintenance schedule requiring inspection of the graphite fixtures every six months to ensure continued alignment and process stability. Additionally, the fixtures used in the brazing process were remade to eliminate the wear that previously caused misalignment. These remanufactured fixtures reduced the failure rate to 5% from 30%. Supplier A further optimised the stem design by introducing a V-shaped seating feature, which reduced the failure rate to 0% (George, C. 2025; Yemm.N/RenishawPLC, 2025) (as indicated in Appendix B and D). These improvements have since been implemented  and standardised across the wider product range to prevent recurrence. The completed report was signed by the supplier and returned to the buyer and SDE for review and approval.


6.3.2. [bookmark: _Toc230890772]Incoming Renishaw inspection validation 
Following the implementation of supplier corrective actions, incoming batches were validated upon receipt via incoming inspection using the Opticline measuring machine. Table 4 presents a sample of part numbers, associated purchase orders, and inspected quantities. 
	Part number:
	Purchase order:
	Line:
	Quantity:
	Inspected quantity (QA328)

	M-5000-7764-01
	PU03707854
	2
	200
	32

	M-5000-7765-03
	PU03706782
	2
	300
	50

	M-5000-7765-03
	PU03706782
	3
	700
	80

	M-5000-7765-03
	PU03708403
	1
	300
	50

	M-5000-7764-01
	PU03710431
	1
	200
	32

	M-5000-7765-03
	PU03708403
	2
	485
	50

	M-5000-7389-04
	PU03703546
	5
	163
	32


[bookmark: _Toc230372732]Table 4: Incoming inspection validation

An active incoming inspection flag was implemented to validate the new supplied stock from supplier A to ensure the stock conforms to drawing specifications prior to the release into production. This control measure was implemented to prevent the reintroduction of non-conforming components into the assembly process and reaching the customer. The results demonstrated a conforming product, providing confidence in the effectiveness of the supplier's corrective actions. In addition, weekly updates were provided to management to communicate progress, inspection outcomes, and supplier performance. 
In order to support the closure of the CCAR, additional validation of the supplier’s manufacturing process was required. However, for part numbers M-5003-5415-0B, M-5000-7764-01 and M-5003-4248-0A, progress was limited because they were in low demand (‘slow runner’), resulting in an insufficient number of delivered batches to meet validation requirements (Kannemeyer, A, 2025; Yemm.N/RenishawPLC, 2025) (Refer to CCAR QA418 report in Appendix B).
To address this, a request was raised to Production Material Control to increase demand for these part numbers (as indicated in Appendix X). This aimed to accelerate the delivery of additional batches, enabling completion of the required validation (George,2025).
This approach ensured that supplier process validation could be achieved without compromising verification requirements, while also demonstrating proactive management of supply chain constraints.

6.4. [bookmark: _Toc230890773]Process Capability: Conforming units
Figure 37 represent the SPC distribution of concentricity results following implementation of supplier corrective actions. The data shows a significantly reduced range, with values approximately between 0.0008mm and 0.0180mm (as indicated in Appendix Y), all of which conform to the specified tolerance.[bookmark: _Toc230890854]Figure 37: SPC graph for conforming units


The majority of results are clustered around 0.005mm, demonstrating that the process has been successfully re‑centred below the tolerance limit. Compared to the initial dataset (Figure 26), the distribution is narrower and ccentre point of distribution has moved to be well within tolerance, indicating a substantial reduction in process variation.
The consistent shape of the distribution confirm that the process is now stable and capable. 


Figure 38 shows the frequency and cumulative distribution of concentricity results following the implementation of supplier corrective actions. All measured values conform to the specified tolerance of 0.03mm (as indicated in Appendix Y), with the majority of results clustered around  0.006mm.
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[bookmark: _Toc230890855]Figure 38: Concentricity trend graph for conforming units
This demonstrates that the process has been successfully re‑centred below the tolerance limit.
The data spread compared to (Figure 27) indicates a substantial reduction in process variation. The cumulative trend reaches 100% within a tight concentricity range, confirming a stable and controlled process. 

Overall, the SPC and the frequency and cumulative distribution analysis provide clear evidence that the corrective actions implemented during the Improve phase were effective. In contrast to the Analyse phase results, where the majority of values exceeded the specification, the Improve phase data confirms sustained conformity and improved process capability.

[bookmark: _Toc230890774]Chapter 7. Control
7.1. [bookmark: _Toc230890775]DMR monitoring & responsibility
To ensure that the improvements implemented are sustained, responsibility for managing supplier non-conformances is clearly defined within the organisation. The Buyer maintains the commercial relationship with the supplier and, in accordance with VA309, is responsible for coordinating activities associated with non-conforming purchased parts through the DMR process. This includes monitoring open DMRs, liaising with suppliers, and coordinating with internal stakeholders to support investigations.
Supplier Development Engineers (SDE)  responsibility for the technical management of supplier non-conformances. Their role focuses on root cause verification, implementation of corrective actions, and prevention of recurrence. These teams work directly with suppliers to ensure that issues identified through DMRs are fully understood, and that corrective actions are robust, verified, and effectively closed (McKenzie, J., Renishaw PLC, 2016).
In addition, supplier performance is continuously monitored in accordance with VA312, which defines the company’s supplier grading system. Suppliers are assessed biannually based on four key criteria: conformity, delivery, corrective action response, and commercial performance. Each DMR contributes to the corrective action response metric, ensuring that non-conformance management directly influences supplier evaluation. Figure 39 shows the ratings assigned to each DMR by the SDE: 
[image: ]
[bookmark: _Toc230890856]Figure 39: VA312: Supplier Rating (Mckenzie, J/RenishawPLC, 2018)
The combined performance rating is calculated from these criteria and formally communicated to suppliers at six-month intervals. Monthly reporting is also conducted to provide ongoing visibility of supplier performance and to ensure that any emerging issues are identified and addressed proactively.
This structured approach ensures that supplier performance is continuously monitored, corrective actions are sustained, and the risk of recurrence is effectively controlled.

7.2. [bookmark: _Toc230890776]Supplier A’s process control and standardisation:
The corrective actions implemented during the Improve phase have been standardised across the product range. This includes the use of remanufactured graphite fixtures and the introduction of a six-month maintenance schedule to ensure continued alignment and process stability. Furthermore, optimisation of the V‑shaped stem seating feature has been incorporated into the design to improve consistency and reduce process variability across the family range (Yemm.N/RenishawPLC, 2025) (Refer to CCAR QA418 report in Appendix B). 

7.3. [bookmark: _Toc230890777]Inspection strategy
Following the successful implementation of corrective actions and verification of suppliers A's process capability, the internal inspection flag was set to 'certified' (as indicated in Appendix L) as more than three consecutive batches pass inspection on each part number (Kannemeyer, A, 2025).. The internal inspection ended on the 23rd of June 2025 (as indicated in Appendix Z). This reflects the increased confidence in the supplier's process. 

7.4. [bookmark: _Toc230890778]Reaction plan
A reaction plan (Figure 40) exercise was undertaken to define the actions required should non-conforming product be identified following implementation of the supplier’s corrective actions. The reaction plan was developed to ensure that appropriate containment, escalation, and communication were established between Supplier A and Renishaw.
[image: ]
[bookmark: _Toc230890857]Figure 40: Reaction plan
The plan focused on the CTQ feature of concentricity between the ruby ball and stem, with Supplier A responsible for conducting 100% Opticline inspection prior to shipment to Renishaw PLC. The reaction plan defines the immediate actions required in the event of a non-conformance, including suspected products quarantine, shipment containment, notification of Renishaw Supplier Quality Engineer and Purchasing, and corrective action.
The implementation of the reaction plan supports the Control phase of DMAIC by ensuring that process controls and responsibilities remain clearly defined to prevent recurrence of the defect and reduce the risk of non-conforming product reaching the customer.


[bookmark: _Toc230890779]Chapter 8. Conclusion
Figure 41 demonstrates the customer complaints process in relation to the Customer Solution Report (CSR) (Worrell, J/RenishawPLC, 2023). 
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[bookmark: _Toc230890858]Figure 41: QA311:customer complaint process (Worrell, J/RenishawPLC, 2023)


CA00151759 was formally closed on the 25th of June 2026, with the customer accepting the closure based on the robust actions put in place (as indicated in Appendix Z). Following the overall investigation, customer satisfaction and confidence has been restored and no further instances, have been reported internally or externally at end users. A CSR is raised (Figure 42) where requested by the customer, following completion of the investigation (Yemm.N/RenishawPLC, 2025) (Refer to CCAR QA418 report in Appendix B). The report is then reviewed and finalised before Product Division  issue the report to the customer in line with procedure QA311 (Worrell, J/RenishawPLC, 2023; Hill, T/RenishawPLC, 2022).

[image: ][image: ][bookmark: _Toc230890859]Figure 42: Customer Solution Report (CSR)










This project investigated the detachment of the ruby ball from the stem on micro-sized stylus assemblies supplied to Renishaw PLC, where customer complaints and internal rejects identified a significant quality concern affecting product reliability and measurement performance. The investigation confirmed that excessive concentricity variation between the ruby ball and stem exceeded the specified tolerance of 0.03mm, resulting in weakened brazed joints and detachment of the ruby ball from the stem.
A range of quality methodologies, including DMAIC, 8D, CAPA, FMEA, and 5-Whys analysis, was applied throughout the investigation to provide a structured, data-driven framework for problem-solving and corrective action implementation. The DMAIC process enabled the investigation to systematically define the problem, measure process performance, analyse process variation, implement corrective actions, and establish controls to ensure measurable improvement. Supporting quality tools such as 8D, CAPA, and 5-Whys analyses were used to identify process flaws, validate root causes, and ensure that corrective actions were both effective and sustainable. The Define phase established the severity of the issue through customer complaints, internal rejects, risk assessment, and Voice of the Customer analysis. The Measure and Analyse phases demonstrated that the supplier process was not capable of consistently meeting specifications and identified excessive variation within Supplier A’s brazing fixture process as the primary root cause.
Strong collaboration between the Supplier Quality Engineer, Purchasing, and Supplier A supported both the investigation and implementation of corrective actions. Corrective actions implemented during the Improve phase included the remanufacture of worn graphite fixtures, implementation of a six-month maintenance schedule of the fixtures, and optimisation of the stem seating design through the design of a V-shaped feature. These actions significantly reduced process variation verified through process capability, with validation data confirming that the supplier process was capable of consistently achieving conforming results within specification.
The Control phase established long-term measures to sustain the improvements and prevent recurrence. Supplier process ownership was strengthened through standardised inspection methods, supplier performance monitoring, updated FMEA documentation, DMR management, and implementation of a formal reaction plan. Responsibility for 100% concentricity inspection was implemented by Supplier A into their processes, demonstrating increased confidence in Supplier A’s Quality.
Overall, the investigation successfully resolved the customer complaint and restored confidence in both the product and supplier process. The projections outlined in the project charter have been achieved, along with the objectives set, reducing inspection to zero and bringing the failure rate within the AQL target of 0.4%. Following implementation of the corrective actions, no further internal or external complaints relating to the issue have been reported. In addition to improving product quality and reducing process variation, the investigation highlighted the importance of robust supplier validation, effective process control, and continuous monitoring within high-precision manufacturing environments. The investigation also demonstrated the value of combining structured quality methodologies with cross-functional collaboration to achieve sustainable process improvement and long-term customer satisfaction.


[bookmark: _Toc230890780]Chapter 9. Lessons learnt
9.1. [bookmark: _Toc230890781]Reliance on supplier expertise
It was identified that the initial control strategy relied on the supplier’s technical expertise and their acceptance of drawing requirements, supported by capability data demonstrating that the process was capable at the time of approval. However, the occurrence of the failure indicated that this initial validation did not guarantee sustained process capability over time. This highlighted that supplier performance may decline following initial approval (Wong and Yemm, 2026).
As a result, the SQA team recognised the need to enhance their approach to supplier audits, monitoring, and re-validation activities. This includes adapting supplier visit strategies and approval processes to ensure that ongoing supplier capability is maintained, rather than assuming continued compliance based solely on initial approval data (Wong, S. 2026).

9.2. [bookmark: _Toc230890782]Design optimisation and Supplier Interpretation
It was identified that no formal design change had been implemented within the internal drawing, despite the supplier introducing the V‑shaped feature to improve seating of the ball on the stem, whereas the original design specified a flat surface.
The drawing was not updated internally in order to maintain flexibility for alternative suppliers, recognising that different suppliers may apply their own technical expertise to achieve the required function. However, this approach introduces a potential risk, as critical design features are not formally defined within controlled documentation. This may lead to variation in how the component is manufactured across different suppliers.

9.3. [bookmark: _Toc230890783]Supplier engagement
Historically, supplier engagement had been conducted remotely, primarily due to cost constraints and the assumption that supplier's documentations which were requested (including capability data) provided sufficient assurance. However, the presence of variation within this investigation highlighted that this approach can reduce visibility of real-time process conditions and limit understanding of potential process changes at source.
In parallel to this investigation, the Supplier Quality Assurance and Purchasing teams had begun implementing increased on-site supplier engagement, including international visits to key suppliers. While not directly driven by this investigation, this initiative aligns with the findings of the investigation and reinforces the importance of supplier interaction. Increased face-to-face engagement and process walkthroughs are expected to improve process transparency, strengthen working relationships, and support more effective identification and control of variation at source.
9.4. [bookmark: _Toc230890784]Renishaw inspection methodology
At the initial stage of the investigation, Renishaw did not have a defined method for measuring the concentricity of micro-sized units. It is acknowledged that this was the first occurrence of the issue, and the limitations of existing inspection methods were not fully understood at the time. However, in high-precision manufacturing environments, it is considered best practice that critical product features can be reliably measured. The absence of a suitable inspection method, therefore, represents a risk of trusting the supplier's results without having an internal verification. In contrast, a suitable measuring machine  has been identified for future investigations. 


[bookmark: _Toc230890785]Chapter 10. Recommendations
10.1. [bookmark: _Toc230890786]Standardisation of Opticline Inspection Procedures:
It is recommended that Renishaw develops a dedicated internal procedure or work instruction (WI) for the use of the Opticline measurement system, rather than relying solely on the supplier’s manual. While the supplier manual provides general guidance, it may not fully reflect Renishaw-specific requirements or may become outdated over time.
Establishing a controlled internal procedure would ensure consistency in measurement practices, improve repeatability, and provide clear guidance tailored to the specific application. This would also enhance process control and reduce the risk of variation in inspection results.

10.2. [bookmark: _Toc230890787]Short term recommendations:
It is recommended that enhanced supplier monitoring and more frequent review meetings with Supplier A are maintained in the short term to ensure the sustainability of the implemented corrective actions. Increased focus should be placed on process capability performance, adherence to the fixture maintenance schedule, and the effectiveness of the 100% concentricity inspection process. This would provide continued oversight following the issue and ensure that any future variation is identified and addressed at an early stage.

10.3. [bookmark: _Toc230890788]Medium term recommendations:
It is recommended that Supplier A conduct a site visit to Renishaw, Miskin to gain a greater understanding of the product and its application. The visit would also provide an opportunity to strengthen the supplier relationship through improved collaboration, communication, and knowledge sharing, supporting a more proactive partnership approach.

10.4. [bookmark: _Toc230890789]Long term recommendations:
It is recommended that the lessons learned from this investigation are incorporated into future supplier non-conformance management activities. Applying the knowledge gained from this investigation with respect to Key findings relating to inspection method development, supplier visits, and supplier's processes declining after original approval, would help strengthen future risk assessments, improve early identification of process variation, and support a more proactive approach to supplier quality management and continuous improvement. In addition, a supplier risk assessment plan should be developed to evaluate the supply chain and identify high-risk suppliers based on product criticality and process capability. Based on the nature of the brazing process and the level of variation identified, Supplier A would be classified as a high-risk supplier requiring increased monitoring and oversight. Applying the knowledge gained from this investigation would improve early identification of process variation, support more proactive risk management, and drive continuous improvement across the supplier network.
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	Specimen
	Spec.
	Result

	1
	0.03
	0.0495

	2
	0.03
	0.0328

	3
	0.03
	0.0337

	4
	0.03
	0.0444

	5
	0.03
	0.0454

	6
	0.03
	0.0317

	7
	0.03
	0.0385

	8
	0.03
	0.0702

	9
	0.03
	0.0356

	10
	0.03
	0.0394

	11
	0.03
	0.0392

	12
	0.03
	0.0582

	13
	0.03
	0.0481

	14
	0.03
	0.0359

	15
	0.03
	0.0355

	16
	0.03
	0.0516

	17
	0.03
	0.0531

	18
	0.03
	0.0442

	19
	0.03
	0.0368

	20
	0.03
	0.0557

	21
	0.03
	0.0303

	22
	0.03
	0.0360

	23
	0.03
	0.0468

	24
	0.03
	0.0541

	25
	0.03
	0.0362

	26
	0.03
	0.0328

	27
	0.03
	0.0548

	28
	0.03
	0.0671

	29
	0.03
	0.0305
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	Specimen
	Spec.
	Result

	1
	0.03
	0.0336

	2
	0.03
	0.0384

	3
	0.03
	0.0309

	4
	0.03
	0.0387

	5
	0.03
	0.0428

	6
	0.03
	0.0342

	7
	0.03
	0.0358

	8
	0.03
	0.0324

	9
	0.03
	0.0438

	10
	0.03
	0.0553

	11
	0.03
	0.0408

	12
	0.03
	0.0431

	13
	0.03
	0.0546

	14
	0.03
	0.0363

	15
	0.03
	0.0567

	16
	0.03
	0.0526

	17
	0.03
	0.0376

	18
	0.03
	0.0371

	19
	0.03
	0.0586

	20
	0.03
	0.0813

	21
	0.03
	0.0404

	22
	0.03
	0.0419

	23
	0.03
	0.0427

	24
	0.03
	0.0310

	25
	0.03
	0.0325

	26
	0.03
	0.0415

	27
	0.03
	0.0476

	28
	0.03
	0.0901

	29
	0.03
	0.0554

	30
	0.03
	0.0313

	31
	0.03
	0.0412

	32
	0.03
	0.0357

	33
	0.03
	0.0338

	34
	0.03
	0.0472

	35
	0.03
	0.0409

	36
	0.03
	0.0322

	37
	0.03
	0.0361

	38
	0.03
	0.0307
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	Specimen
	Spec.
	Result

	1
	0.03
	0.0309

	2
	0.03
	0.0526

	3
	0.03
	0.0330

	4
	0.03
	0.0365

	5
	0.03
	0.0349

	6
	0.03
	0.0318

	7
	0.03
	0.0518

	8
	0.03
	0.0651

	9
	0.03
	0.0316

	10
	0.03
	0.0354

	11
	0.03
	0.0498

	12
	0.03
	0.0379

	13
	0.03
	0.0358

	14
	0.03
	0.0333

	15
	0.03
	0.0311
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	Specimen
	Spec.
	Result

	1
	0.03
	0.0541

	2
	0.03
	0.0415

	3
	0.03
	0.0632

	4
	0.03
	0.0369

	5
	0.03
	0.0445

	6
	0.03
	0.0501

	7
	0.03
	0.0441

	8
	0.03
	0.0355
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Total cost of rejects per part number













Total	
A-5000-7800-04	A-5004-7398-00	M-5000-7389-04	M-5000-7760-02	M-5000-7765-03	M-5003-4248-0A	31269.854700000098	2663.6399999999994	13313.947400000001	308861.4522	52208.6	223.05540000000002	Part number


Costing




Concentricity data for M-5000-7765-03

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	4.9500000000000002E-2	3.2800000000000003E-2	3.3700000000000001E-2	4.4400000000000002E-2	4.5400000000000003E-2	3.1699999999999999E-2	3.85E-2	7.0199999999999999E-2	3.56E-2	3.9399999999999998E-2	3.9199999999999999E-2	5.8200000000000002E-2	4.8099999999999997E-2	3.5900000000000001E-2	3.5499999999999997E-2	5.16E-2	5.3100000000000001E-2	4.4200000000000003E-2	3.6799999999999999E-2	5.57E-2	3.0300000000000001E-2	3.5999999999999997E-2	4.6800000000000001E-2	5.4100000000000002E-2	3.6200000000000003E-2	3.2800000000000003E-2	5.4800000000000001E-2	6.7100000000000007E-2	3.0499999999999999E-2	Specimen


Results



Concentricity data for M-5000-7760-02

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	3.3599999999999998E-2	3.8399999999999997E-2	3.09E-2	3.8699999999999998E-2	4.2799999999999998E-2	3.4200000000000001E-2	3.5799999999999998E-2	3.2399999999999998E-2	4.3799999999999999E-2	5.5300000000000002E-2	4.0800000000000003E-2	4.3099999999999999E-2	5.4600000000000003E-2	3.6299999999999999E-2	5.67E-2	5.2600000000000001E-2	3.7600000000000001E-2	3.7100000000000001E-2	5.8599999999999999E-2	8.1299999999999997E-2	4.0399999999999998E-2	4.19E-2	4.2700000000000002E-2	3.1E-2	3.2500000000000001E-2	4.1500000000000002E-2	4.7600000000000003E-2	9.01E-2	5.5399999999999998E-2	3.1300000000000001E-2	4.1200000000000001E-2	3.5700000000000003E-2	3.3799999999999997E-2	4.7199999999999999E-2	4.0899999999999999E-2	3.2199999999999999E-2	3.61E-2	3.0700000000000002E-2	Specimens


Results



Concentricity data for M-5000-7389-04

1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	3.09E-2	5.2600000000000001E-2	3.3000000000000002E-2	3.6499999999999998E-2	3.49E-2	3.1800000000000002E-2	5.1799999999999999E-2	6.5100000000000005E-2	3.1600000000000003E-2	3.5400000000000001E-2	4.9799999999999997E-2	3.7900000000000003E-2	3.5799999999999998E-2	3.3300000000000003E-2	3.1099999999999999E-2	Specimen


Results



Concentricity data for A-5000-7800-04

1	2	3	4	5	6	7	8	5.4100000000000002E-2	4.1500000000000002E-2	6.3200000000000006E-2	3.6900000000000002E-2	4.4499999999999998E-2	5.0099999999999999E-2	4.41E-2	3.5499999999999997E-2	Specimens


Results



SPC

Distribution	3.2599999999999997E-2	3.2199999999999999E-2	4.4400000000000002E-2	3.1699999999999999E-2	3.85E-2	3.56E-2	3.9399999999999998E-2	3.9199999999999999E-2	3.5900000000000001E-2	3.5499999999999997E-2	4.4200000000000003E-2	3.6799999999999999E-2	3.0300000000000001E-2	3.5999999999999997E-2	3.6200000000000003E-2	3.2800000000000003E-2	3.0499999999999999E-2	3.3599999999999998E-2	3.8399999999999997E-2	3.09E-2	3.8699999999999998E-2	4.2799999999999998E-2	3.4200000000000001E-2	3.5799999999999998E-2	3.2399999999999998E-2	4.3799999999999999E-2	4.0800000000000003E-2	4.3099999999999999E-2	3.6299999999999999E-2	3.7600000000000001E-2	3.7100000000000001E-2	4.0399999999999998E-2	4.19E-2	4.2700000000000002E-2	3.1E-2	3.2500000000000001E-2	4.1500000000000002E-2	3.15E-2	4.1500000000000002E-2	3.15E-2	3.3799999999999997E-2	4.0899999999999999E-2	3.2199999999999999E-2	3.61E-2	3.2800000000000003E-2	4.4299999999999999E-2	3.0099999999999998E-2	3.1099999999999999E-2	4.3799999999999999E-2	4.3900000000000002E-2	3.0499999999999999E-2	3.1399999999999997E-2	3.1899999999999998E-2	3.49E-2	3.8699999999999998E-2	4.2599999999999999E-2	4.3900000000000002E-2	3.1099999999999999E-2	3.1199999999999999E-2	3.7199999999999997E-2	4.5499999999999999E-2	4.5400000000000003E-2	5.8200000000000002E-2	4.8099999999999997E-2	5.16E-2	5.3100000000000001E-2	5.57E-2	4.6800000000000001E-2	5.4100000000000002E-2	5.4800000000000001E-2	5.5300000000000002E-2	5.4600000000000003E-2	5.67E-2	5.2600000000000001E-2	5.8599999999999999E-2	4.7600000000000003E-2	5.5399999999999998E-2	4.7199999999999999E-2	4.5999999999999999E-2	5.0099999999999999E-2	5.11E-2	5.3499999999999999E-2	5.2600000000000001E-2	4.9099999999999998E-2	5.6800000000000003E-2	5.4800000000000001E-2	5.8599999999999999E-2	4.6100000000000002E-2	5.0299999999999997E-2	7.0199999999999999E-2	6.7100000000000007E-2	6.13E-2	6.2799999999999995E-2	6.7599999999999993E-2	6.2199999999999998E-2	6.54E-2	8.1299999999999997E-2	8.2900000000000001E-2	7.7700000000000005E-2	7.6600000000000001E-2	19.834344123682186	19.205738818560317	32.135534758764173	18.42098288551944	28.268210111715941	24.430523814592028	29.250941473792334	29.042847049757199	24.864971124406662	24.284246650611419	32.114835700811916	26.123433060122984	16.249128560140083	25.008248107952038	25.292354749146483	20.148466916355268	16.555862895566428	21.399829998116687	28.151932281788262	17.173420896518746	28.496655270883505	31.738586594690595	22.328102151725933	24.720909274363994	19.520046501171194	32.04848843242663	30.527071416423382	31.852957389716209	25.433138112384601	27.175146659802216	26.52588790599415	30.196086042648446	31.287999618430725	31.696436558154957	17.328562669886054	19.677206808046819	31.037338753446143	18.107898557465823	31.037338753446143	18.107898557465823	21.710524671356222	30.605412969332821	19.205738818560317	25.150717037137628	20.148466916355268	32.126226878888303	15.943934256301649	17.483970310042608	32.04848843242663	32.068186580711298	16.555862895566428	17.951608455964855	18.73461237721947	23.392864165061667	28.496655270883505	31.652286548796887	32.068186580711298	17.483970310042608	17.639625923382813	26.657949446158813	32.100195835135366	32.113834471732162	17.939113341252764	31.032017126193875	27.663827395995789	25.700962705586779	21.85304840060893	31.735288384861473	24.272514275960358	23.230156218038804	22.469308769372436	23.530959652317431	20.292858725364944	26.382071415519249	17.316141308512083	31.341329869930512	22.315807355145477	31.554085760568469	32.000896406735919	29.344604704437188	28.258957783149622	25.139349804916108	26.382071415519249	30.274679354988869	20.135907451659758	23.230156218038804	17.316141308512083	31.974842304739063	29.139326237639477	3.9534415370012663	6.3909981530361026	13.27499677596694	11.220918517167375	5.9396129066636609	12.02243506898068	8.0993394468809186	0.42439134191517552	0.28800568714686708	0.9554011746301172	1.2038644095736772	count	3.2599999999999997E-2	3.2199999999999999E-2	4.4400000000000002E-2	3.1699999999999999E-2	3.85E-2	3.56E-2	3.9399999999999998E-2	3.9199999999999999E-2	3.5900000000000001E-2	3.5499999999999997E-2	4.4200000000000003E-2	3.6799999999999999E-2	3.0300000000000001E-2	3.5999999999999997E-2	3.6200000000000003E-2	3.2800000000000003E-2	3.0499999999999999E-2	3.3599999999999998E-2	3.8399999999999997E-2	3.09E-2	3.8699999999999998E-2	4.2799999999999998E-2	3.4200000000000001E-2	3.5799999999999998E-2	3.2399999999999998E-2	4.3799999999999999E-2	4.0800000000000003E-2	4.3099999999999999E-2	3.6299999999999999E-2	3.7600000000000001E-2	3.7100000000000001E-2	4.0399999999999998E-2	4.19E-2	4.2700000000000002E-2	3.1E-2	3.2500000000000001E-2	4.1500000000000002E-2	3.15E-2	4.1500000000000002E-2	3.15E-2	3.3799999999999997E-2	4.0899999999999999E-2	3.2199999999999999E-2	3.61E-2	3.2800000000000003E-2	4.4299999999999999E-2	3.0099999999999998E-2	3.1099999999999999E-2	4.3799999999999999E-2	4.3900000000000002E-2	3.0499999999999999E-2	3.1399999999999997E-2	3.1899999999999998E-2	3.49E-2	3.8699999999999998E-2	4.2599999999999999E-2	4.3900000000000002E-2	3.1099999999999999E-2	3.1199999999999999E-2	3.7199999999999997E-2	4.5499999999999999E-2	4.5400000000000003E-2	5.8200000000000002E-2	4.8099999999999997E-2	5.16E-2	5.3100000000000001E-2	5.57E-2	4.6800000000000001E-2	5.4100000000000002E-2	5.4800000000000001E-2	5.5300000000000002E-2	5.4600000000000003E-2	5.67E-2	5.2600000000000001E-2	5.8599999999999999E-2	4.7600000000000003E-2	5.5399999999999998E-2	4.7199999999999999E-2	4.5999999999999999E-2	5.0099999999999999E-2	5.11E-2	5.3499999999999999E-2	5.2600000000000001E-2	4.9099999999999998E-2	5.6800000000000003E-2	5.4800000000000001E-2	5.8599999999999999E-2	4.6100000000000002E-2	5.0299999999999997E-2	7.0199999999999999E-2	6.7100000000000007E-2	6.13E-2	6.2799999999999995E-2	6.7599999999999993E-2	6.2199999999999998E-2	6.54E-2	8.1299999999999997E-2	8.2900000000000001E-2	7.7700000000000005E-2	7.6600000000000001E-2	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	5	5	5	5	5	5	5	6	6	6	6	Concentricity results
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RENISHAWE

apply innovation™

Handling guide for the @0.3 mm micro

stylus

CAUTION: A stylus is a piece of precision metrology equipment and must be handied with extreme care.

Every effort has been made to make this stylus as robust as possible. However, due to ts size, itis
delicate and could be easily damaged. Renishaiw recommends the precautions listed below:

Handli

Keep the protective cover on the stylus to protect it when not in use, or when aftaching or removing it
rom the probo. Once the stylus is correctly fted, remove the cover by pulling it parallel 0 the sylus
stom, taking care not o knock the styus stem or ruby ball.Clearing of the ball must be carried out
with great care due 1o the low maximum forcks given In the specification below.

CAUTION: Avold contact with the stylus tp, as the force it can easily be exceeded by touch.

Specification
Maximum side (shear) force: 04 N.
Probing

Due 1o the low force quoted in the specification, it s essential that the following parameters are
observed:

+ Tgger force must not excesd 0.2 N i the ow orce directon n he XY axis at the stylus tp.
+ When using the TR20 or TP200 probe, thelow force modue i recommended.
Probing speed

Renishaw recommends a probing speed of less than 5 mms (0.19 in's) when using 00.3 mm micro
syl

For more information, refer to the user guides for your Renishaw probe. For speciflc styll probing
‘enquiries, contact your local Renishaw representative.
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Problem& Risk
Problem Statement: Customers have reported issues with the ruby ball detaching from the ball stem.

Risk assessment Comments
Severity: HIGH High customer dissatisfaction, out of tolerance parts can cause a
risk to shank out. This can negatively affect the customers

measurements. The brazing joint is weaker is the concentricity is
out of spec, leading to the ball detaching from the stem.

Occurrence: MODERATE The defect has occurred since the year of 2023, with 4 DMRs
raised (DMRs: 831117, 849383, 873440 and 884635).
Detection: LOW No current detection due as parts are microsized therefore,

difficult to measure.
CCAR QA418 Class: A

Completed By: Daniel Cantill 27/06/2024
Is the problem likely to have a high severity or affect other product shipped to a subsidiary / customer? YES
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Is/Is Not Matrix Last Updated 06/052024 |

LEARN ‘ Project Name:| Detachment of the stem and ball Project Manager| Steve Hughes
LEANGSIGMA
Is Is Not Questions Distinctions Changes
Ruby ball detaching from the ball stem due to
What concentricity exceeding the 0.03mm tolerance. General stylus damage or wear & tear. N/A N/A N/A
Where | Observed on stylus assemblies containing Supplier's A part | Not observed on other assembles without A A A
numbers. Supplier's A part numbers.
When Intermittently since 2023 during Renishaw assembly. Is not before 2023 N/A N/A N/A
Who Affecting the end user and internal production. Not linked to a spedfic operator nor N/A N/A N/A
internal assembly process.
Extent 55 defective units reported by end user. N/A N/A N/A N/A
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‘ 5 Whys Dwneﬁ‘ Carissa George Dater 3/5/2024‘

problem | CUstomers have reported issues with the ruby ball detaching from the ballstem.

First Why |Ruby ballis detaching from the ball stem due to weakened brazed joint.

Second Why |The ruby ball and stem detached because concentricity is off-set.

Fourth Why |Conaemric|ly ‘exceeds the drawing tolerance because the ruby ball and stem are not perfectly align during the brazing process.

‘ Third Why |Conaemric|ly is exceeding drawing tolerance of 0.03mm ‘

Fifth Why | The alignment varied because of the variation in Supplier A's jigs / fitures in the process.

_To ‘work with Supplier A to improve process to ensure consistent alignment of the ruby ball and stem during the brazing

Action Owner

Review and validate Supplier A's current Jig / fixture used

A Vendor Assurance
during brazing process.

26/06/2024 In Progress

Conduct a process capability study Quality 9/9/2024. Open

Vendor Assurance

Create a Quality plan for Supplier A 11/11/2024

Open

17/06/2024

Review drawings Design
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For ease of identifying the priority in which to action risks, the RPN column is colour-coded
as follows:

Green = RPN value 1 - 100

Yellow = RPN value 101 - 150

Red = RPN value 151 and higher

A threshold value for RPNs is not recommended. In other words, there is no value above
which it is mandatory to take a Recommended Action or below which the team is
automatically excused from an action.

However, in general terms those with a score above 100 (yellow or red) must be actioned.
Where the non-action of a yellow or red score has been agreed due to company policy,
feasibility or cost Vs benefit etc a justification must be entered into the Recommended
Actions' column to explain
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FAILURE MODE AND EFFECTS ANALYSIS

RENISHAW ¢

apply innovation™

Responsible Suppler A FMEA Number: 548 s 1
Part/ Process Name: Detachment of ball and stem Responsibility: Jo Bloggs Date (Orig.) 17/05/2013
Application: Styli micro-size product range. 2’3'9"’ Date (Rev.) 15/11/2024
Item or i Action Results
Process / Potential e @] potental | Recommended | Responsitiity &
Function ailure (s) 2| cause(s) Action(s) arge! ) g
Mode Failure Completion Date| Actions Taken | &
Requirements ge
At not sutabie el
1o1ts imitatons for
micro-sized product
Inspection methods |Non-conforming units| Desn WW"::;! a2
(Renishaw) not detected a5 boen entiied 5|
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Process variation at
Misaignment of ball Supple resulting n Suppler A/ Vendor
andstem misaignment curing “Assurance.
assembly
Suppler A's process
Bal misaignment o Suppler A/ Vendor
stem ‘Assurance.
Loss of funcation
(scrap rework),
Balland stem ot | Detachment of bal Suppler A/ Vendor
Concentricity ‘concentric: and stem; Assurance.
misaignment during
assembly process.
[ Loss o fncatin; Implement handing
tary x| 2R e
accuracy Sty

QA411 ISSUE 3, 11/12/12

Page 1 of 22

FOR USE WITH PROCEDURE QA208
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e gl e erreat RENISHAWZ

WOTTONUNDER £0GE appiy inovation”
‘GLOUCESTERSHRE GL12 808

Defect Material Report DMR No. 947854

[
oate: 2030020
RocanerNo. 2300872
Buper: ‘Scaro Goodand s comvet
BuyerEmai: ‘Scaret Goodand@Renshau.com

c

Qualty Cones) o

Fax No: I

Fart Rov Doscrpton Vendor Part No-
M50007760.02 o BALLSTEM sosess,
iy under Concession: © Qy Reected: 35

[Probiem Description ER

[Comcerienysxsecses wawmg weranes G

[oramngocsicn s

[mages sndor Supporing Data

Commercial Response:

Credit Only Required

The section above indicates details of the non-conforming part and problom description. The commercial
rosponse which Renishaw roquiros is also stated.

The next. istobe by the Vendor. This form must be. N within 10 working
days unless. agreed with the buyer. and, will bo audited and signed off
by a Renishaw quality ropresontative when complte. Failure to comply wil rosult in a negative impact on your
Vendor grading and may affect your abilty to recelve new business from Renishaw.
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1 default value

2 indicates DMR sent to Supplier

3 basic response received eg replaced parts

4-5  reasonable response received with elements of corrective actions

6-8  good response received with effective corrective actions and preventive measures

9-10 Excellent response, effective solution including supporting documentation and
subsequent deliveries proven.
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Reaction plan

Product type: |Stylus (family

Micro-size

Doc. Number: R374
range)
Customer: _|Renishaw PLC| Date of issue: 10/05/2025
avproval | M | Email address: PE16348@renisha
Ref: Process o tety or CTQ| Specification |Measurement| Sampling size Control method Reaction plan
Description
If non-conforming units
are identified,
affected and suspected
stock shall be
Concentricity Supplier A conducts 100% quarantined and
1 of ruby ball c1Q 0.03mm Optciline 100% concentricity inspection using shipment stopped
to stem

Opticline prior to shipment

immediately.
Supplier A shall notify
Renishaw (Vendor
Assurance and
purchasing team) of non-

conformance.
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Close complaint

Complaint is
recorded at
Renishaw

Respond to
customer with
Contentment Action

Containment Action
s to be performed
where necessary

v

Analyse, Correct
and Verifythe
complaint

v

Raise Customer
Solution Report
(CSR) where
requested and send
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v

Follow up on
customer response

Review concerns
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Renishaw
Customer Solution Report Seply lanovation

Cause (The root cause of the problem)
Detached ballto stem is due to weak brazed joint caused by concentricity exceeding 0.03mm tolerance. Root cause of
concenticity problem statement is wear and tear of supplier’s graphite fixtures and lack of maintenance, leading to
process not stable in achieving concentric ball to stem during assembly.

Concentriity exceeding tolerance of 0.03mm leading to weak brazed joint. This is caused by wear and tear of Supplier
A's graphite fixtures used for brazing causing the stems are no longer held concentric to the balls. This lack of
concentiicity causes the ball-stem assembly to appear wonky, and reduces the bond sirength between the two parts, as
they are no longer perfectly aligned.

Containment (Immediate actions to provent. y
1) Formal stock purge 2024-035 raised to conduct
2) Quality alert QA28465 raised
3) Hold note HUOD151759-0 raised to prevent the following, shipments, new and released jobs, purchase orders from
being released and parts o be moved on the syste.
4) Product bulletin PBSF-03227 raised to recall all stock from Renishaw subsidiaries.
5) Information only DMR 928962 raised to inform Supplier A of the non-conformance found.
- Supplier 100% inspection on WIP.

Correct (The actions taken to eliminate the cause of the failure):
Process corrections have been implemented to address the problem statement. The graphite fixtures used during the.

brazing processes were remade to eliminate the wear that previously caused misalignment between the stem and ball

As preventative action, a maintenance schedule has also been introduced, requiring the supplier to inspect and verify
the condition of the graphite fixtures every six months to ensure continued alignment and process stabillty These
improvements have now been applied across the entire micro-size product range.

To standardise the corrective actions, the updated process has been implemented for all other variants of this product
range:

M-5000-7760-02

M-5003-5415-0B.

M-5003-4248-0A

M-5000-7765-03

M-5000-7389-04

M-5000-7764-01

Complled by: Nick Yemm Authorised by: Steve Hughes.

Page 2 of 2
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Renishaw RENISHAW¢
: apply Innovation
Customer Solution Report sl
CCAR: CAWD1S17SS
Subsidiary Ref: Hong Kong
‘Date ontorod: 2510672025
Customer Details
Problem Detai
Problem Type:  Product
Hom:  A5000-7800-04 (M2 STY D3R L10 EWL1,8 40.2TC)
Product Code:  03-STYL!
Quany: 55
Target Date: 1710812025
Prolem Text. Purchased Bal Stem M-5000-7760-02, the bal s detached from stem.
Date Manufactured: -

Date Received in UK:

‘Serial Numbers:

N/A - non serialised parts.

Page 10f 2
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Renishaw CCAR QA418 Report CCAR: cans1rss

CoarDstis
Orignstor:pau o
Depusub: 3120 Cureprocss wsin
o AS000.720004  M2STY DO3R L10 EWLL8 4021C
Problem Descrpon: Masor CCAR
i Actions:_Hold ks conession DUOOOR270 1o 250324
Conmament
Stock
romsekPuSe 2020085 100t sk was nspocainbouse, o ws o
Quatty Aer 450003 Qnz0465
Stop shpmentFiag: Produts cotiing 500076002 vere on b
oasirss
HoldNoe (QAZDS: WUDDISTISS  Proccts coninn W SOB0TT6002 on ik
Produc recol Dsonat
i, PaSEO1 Pt e PS03z i b ssias o
Stock Purge - forma:
f—
Lt A —————'

Completed By:

Dariel Canit 2062024





image42.png
Root Cause
Problem Occurrence:

Problem Detection:

Problem Verify:

Graphite jigs used in the Supplier's manufacture process of micro-ballstem products are
susceptible to wear. These jigs hold the stems concentric to the balls placed, while brazing
the parts together. When the jigs wear, the stems are no longer held concentric to the
balls. This lack of concentricity causes the ball-stem assembly to appear wonky, and
reduces the bond strength between the two components, as they are no longer perfectly
aligned

Due to their micro-size, Renishaw did not have a method to measure the concentricity,
therefore the non-conformance in concentricity was not recognised. Initially, the rejects
were thought to be caused by poor incoming packaging from Saphirwerk and the
production cleaning process.

Samples of the parts in stock were measured using an Opticline measuring machine.
Findings showed these parts did not meet the drawing specification of 0.003mm.

Where human error’ is given, has a CCAR Root Cause Review form (A51406) been completed? NO

Has 5 Whys been completed for problem occurrence and (if applicable) problem detection? ygs

Completed By:

Daniel Cantrill 25/06/2024

Corrective Action
Detection:

Prevention:

Completed By:

The supplier's fixture used to hold the stem had worn over time, causing the stem to
become non concentric during assembly. Prior to optimising the ruby ball fixture, replacing
the worn stem holding fixture had already

reduced the reject rate from approximately 30% to 5%.

In addition, the fixture used to hold the ruby balls during brazing has been optimised,
improving control throughout the supplier's process. This has significantly reduced stem to
ball concentricity variation and ensured consistent compliance with the 0.03 mm tolerance.
Over 1,000 parts have been inspected since the improvement, all of which conform,
reducing fallout from 5% to 0%.

An Incoming Goods In inwards inspection flag has been added to the following part
numbers;

M-5000-7764-01

M-5000-7389-04

M-5000-7765-03

M-5003-4248-0A

M-5003-5415-08

M-5000-7760-02

detailing inspection criteria, using sample inspection procedure QA328 to inspect initially at
sample rate.

Nick Yemm 07/04/2025
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Comments: QA328 Inspection policy adhered to on all incoming parts ﬁomH
Inspection on-going, some low volume parts are yet to be ordered enough times to allow

inspection to be removed.

As of 07/04/25 M-5000-7760-02 , M-5000-7389-04, and M-5000-7765-03 are the only part
numbers which have been certified as conforming.

We were waiting for 5 conforming batches of the following part numbers before
certification, but these have now been received and all passed verification inspection.
M-5003-5415-0B (Completed 19/06/25)

M-5003-4248-0A (Completed 15/06/25)

M-5000-7764-01 (Completed 17/06/25)

What actions have been taken to VERIFY that the problem has been resolved? YES

Completed By: Nick Yemm 25/06/2025
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Problem Text: Purchased Ball Stem M-5000-7760-02, the ball i detaching from the stem as recaived before assembly 1o
holder. The ball is also detaching from the stem during the cleaning process in the acetone tank.
PICAQD136580 - balls off before acetone tank from weekend 22 from one job.
This is a recurring problem.

Initial Actions: Hold release concession DU00082370 raised 25/03/24
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RE: Saphirwerk Inspection project

(& Copyto~ « Replyall v+ @ Zoom Print B B

REJ 1nspection project:

Carssa Georga <Carissa.George@Renishaw.com>

To: Tim Powelt Tim Hill

€ Reply € Replyall > Forward
T 031092024 1557

Good aftermoon, Tim,

Problem statement:
‘Customers have eported ssues with the ruby balldetaching from the ballster. The ailure is caused by the concertricity of the bal to the stem excoeding the tlerance Uit of 0.03mm, resulting i a weak brazed font.
Thisissue wos frst identiied by production inJanuary 2024, when instances of dﬂhww detected. At that tme, Renishow did not have a method to messure the concentriciyof the bel stems due to thesr micro size, therefore the non-conformance in concentricty was not recognised

Initialy, th rejects were thought to be caused by poor incorming packaging from |and the production cleaning process.

Overview:
Follwing the mutlaconcerns rported b customat, s was escalata 53 cuantes rjctac wreat s hghast sinc sat fprocctwit SRR

APt Hokdwa it on 200 Harch 2024 fllowing e of cusorsr toctve o, [ - e cosiaedin sy 2024t o o i rdorstancin ot h o i s ore st o ow uances
notuncerstanding twes & concontricy non-conformance.

Procuct Bl was ubtoquenty spproved an dseged 0 subsics, Stock was returneto Raisha for nspection.

Thr 4 AR cptr th ivetigtion o dv th ction, CCAR:CABO1S1759
Yoo hais oot ourcedby marufactrsdi an il syt o v, i conit of 4 500077602 i sppted v verve i i harsh mantactrs b e saman ol

The concentrctyfeature o the by ball wil be nspected. The nspection will b covered by the temporary W1 detaling the nspection process and which programme to use. Production has been Inspecting wihin the meariime and have been documenting the findings trough an Excel
document.

Any further questions or any further details on how the nvestigation has progressed, please lat me know. In the meantime, | will keep you Informed of the progress of the project o emove the products from 100% nspection.
Kind regards

Carisa George

Quaity Technician (Miskin)

= 0143221642

RENISHAW.
oty

<000
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Re: A-5000-7800

From:
Sent: Wednesday, Janurary 31, 2024 09:47

To: Renishaw Sales Office <sales.ofice@renishavi.com>
Subject: R A-5000-7800

Hiin,

A total of 5 dafective unt have bsen repartad

Dificultto 58y which PO thass are from s they are notlodgad i batenes.

ditonsly, this s prevnting usfrom using our CMNI's. This has now 69 2 prozess 9 be disrupted snd patentlly picing s on 05,

Froms Renizhaw Sales Offics <sals offce @ranishavicom>

SentTocedzlana 20 2025227 o
-

Subject A-5000.7300

Good shemaon
Thank you for your enguir, can you plssse It e know the PO number that th was ordired an and £ Quantiy?

Many tharks

Lin Preece
‘Sales Co-andinator Renishaw UK Sales Limited





image48.png
Hold Release Note Hold ID:HU00151759-0 Status : Complete

Title : SAPHIRWERK AG BALLSTEM QUALITY CONCERNS: M-5000-7760-02

Originator : RICHARD ROGERS Release Authoriser : Leigh Taylor
Request Date: 20/03/2024 Rolease Authorised Date: 09/0412024
Type : Vendor-v001266- Original Hold Date: 20/03/2024
SAPHIRWERK AG

Reason For Hold : M-5000-7760-02 has been supplied defeciive. Concenticity of the ball 1o the stem s regularty out of
‘specification, leading to a poor brazing joint, with balls etaching from the stem. Defective parts are being
highlighted by customers and production.

Release Reason: Temporary mitigation through Opticine testing of all product il long-term solution found from either supplier
or new supplier.

‘Subject: Hold ltem code  Description
M-5000.7760.02  BALL STEM

Hold Cteia: [ |New Jobs [Jpurchase orders [[]service cenve
D Released Job Transactions Hold Shipment
Product Bulletin
e feagoun. Product Code Group Stock
o1-cMm 0
og.STYLI 1

11-MAPD. o
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Concession: DU00082370

RENISHAW]

apply innovation

Ttem: A-5000-7800-04
we:
Expiry Date: 25-Mar-2024
Date Entered: 25-Mar-2024
Type: Material
Status: Complete
MRR:
Process:
CCAR: CA00151759
Concession Type: Hold release

Originator: ny136348 - Nick Yemm

“Approver Name
|Authorisation Jack Clarke
[Design Nick Yemm
[Production Richard Rogers
laa Not Required
|Assombly Mgr Leigh Taylor

[ Material Controlier Calvin Hemmings

2500372024
250032024
250372024

250372024
250312024

Non conformity: Purchased Ball Stem M-5000-7760-02, the ball is detaching from the stem as received before assembly to

holder. The ball s aiso detaching from the stem during the cieaning process in the acetone tank.

PICA00136580 - balls off before acetone tank from weekend 22 from one job.

This is a recurring problem.

Concession:  Allow 568 good inspected parts (See attached emails) to be booked into stock for use.

Applies to: Completed  Released
Jobs. Jobs

ProveOut ~ Purchase  Specificltem  Specific ltem Other

Orders. (serialised)  (non-serialised)
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Ronishaw pic [ uguem RENISHAWE

New Nills, Wotton-Under-Edge,
Gloucestérshire GL12 8JR UK@renishaw com apply innovation™
United Kingdom www.renishaw.com

Renishaw Styli & Fixturing Product Division
Product bulletin number: PBSF-03227

Title: Urgent product recall - A-5000-7800 & A-5004-7398
Product: A-5000-7800 & A-5004-7398 Original 20/03/2024
Issue Date:
Name Signature:
Paul Edmonds P Edmonds
Reviewer: Patrick Tampkins P Tampkins
Confidentiality: Confidential Type: Quality Issue - Recall

Summary:

Subsidiary action required. Recall of all subsidiary stock. Product currently on hold.

Distribution — select at least one

¥ Subsidiaries I” Customers I Service centres I” OEMs, Agents & Distributors
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PE421 Issue 14
‘W1 90849 - 03 | Sheet 6 of 10 Product: OPTICLINE Desc: STYLI OPTICLINE INSPECTION

Set Up The PC

- Tum on/wake the PC and log in using the details labelled on the monitor stand.

Launch the Tolaris Optic software by double clicking on the icon on the desktop (see Fig 6a).

Open the relevant program file by:
© Clicking the ‘Menu'til in the ribbon (see Fig 6b).
© Click on*My Computer’ (see Fig 6¢.) and navigate to ‘Documents > Styli Production Programs’ (see Fig 6d).

© Select the program that matches the part number you're testing and click ‘Open’ or double click on it.

Ifthere isn't a relevant program, contact engineering

Fig 6b Fig 6c Fig 6d
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Approvals
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T e

Mat Type: [Oher
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o,

Authorisation 9142639 | Gaby Harper 121032025

2 Design mh1384 | Mark Hodge 121032025

3 Production as151024 | Anna Saunders 12032025

4 Trainer bh140082 | Ben Hughes 12002025

5 PED Admin em0014 | Elaine Moody 13032025
DaGEUs 4 e—————————————————————— B
Goode

Reason For Change:

PICAO0173311
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s Material tem Job Ops: [Na.
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Fw:- Inspection project:

These sources are split across the below part numbers:

Part number: Source:
M-5000-7760-02 Purchased
A5000-7800-04 Manufactured
M-5003-5415-08 Purchased
M-5003-4248-0A Purchased
M-5000-7765-03 Purchased
M-5000-7389-04 Purchased
5000776401 Burchased
A-5004-7398-00 Manufactured

Existing Stock:
Contained on the Styli quarantine shelf pending Inspection will be 100% inspected via a salvage job.

Rework stock:

Return stocked has been visually inspected uwav concentricity, including that rejected by the subsidiaries. If {J Ml visuatly deemed themfit for use, they were return to Renishaw for use with no action taken by [l 1 bal! stems tooked
borderline or above spec, parts were reinspected geometrically. f failed, the parts were kept with supplier to potentially be reworked. Based on the given evidence, as the supplier’s inspection is not robust, It propose to put this stock through a tightened level of
inspection based on QA328, if rejects are found in due course a discussion of switch to 100% or reject will need to be taken. This again could be controlled via a salvage job.

New stock (incoming parts) -

Supplier's corrective action and containment;

_ has replaced the fixtures used for the ball stem assembly as they had deteriorated. By replacing the fixture has reduced the fallout from 30% to approximately 5%. Further optimisation was implemented on the fixture used to hold the ruby ball during
razing process, this improvement has reduced the fallout from 5% to 0%.

Renishaw action:
Ensure all purchase part numbers have an inspection lag detailng nspection riteria, using th flow and inspection methodology of QAJ28 toinspect iniialatatighten level, then escalats orrecuce the nspestion as per th flow of QA326.

Kind regards
Carissa George

Quality Technician (Miski
® 01443221642
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6.2.1 By Inspection Frequency
Inspection frequency specific inspection requirements are as follows:

+ CERTIFIED - No inspection is required.

+ ISIR - Parts to be inspected to ISIR engineering drawing. See VA307 for guidance on how
to record ISIR inspection results and complete the Syteline transactions. ISIRs for PCBs
require the completion of the VA403 form.

+ NEW - Partsto be inspected to part type requirements (see section 6.2.2). The QC Items
page for the part should be certified after at least one batch has passed inspection.

+ INSP REQ - Parts to be inspected to the QC Items alert instructions. If there is any doubt
regarding these inspection instructions, contact the signatory of the alert to clarify. Unless
otherwise stated on the QC Items page, parts should be certified after a minimum of three
consecutive batches have passed inspection, the parts should be certified and the signatory
of the alert should be notified.
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RMA Shipment List

RENISHAW,

apply innovation™

RMA: USWC000880

(R

From: 88503

RENISHAW INC
1001 WESEMANN DRIVE
WEST DUNDEE

IL 60118

USA

Currency: US Dollar (USD)

Date: 26 Mar 2024

Ship To: Woodchester

RENISHAW PLC
BATH ROAD
WOODCHESTER
GLOUCESTERSHIRE
GLS SEY

UK

Tine Ttem QiyTo UM Unit Value Credit Disposition QC Location
Description Return Line Value Reason for Return CCAR#

T AI-D-05C90D-RBE 100 UN 209741 Yes Investigate (INV) W-QC-COMPLAINT
SFM-AI 5uM STRAIGHT REJECTED BY SUBSIDIARY
SPM-ALSuM S 2097.41 v CANIS3114
Commodity Code: 90319000 Country of Origin: UNITED KINGDOM
avvssi

2 AS000-780004 35500 UN 5039 Yes Chock goods to identify fem (CHK) W-QC-CHECK
M2STY DOSRLIOEWLL 17.888.45 PRODUCT RECALL (PDR) CAODIS1759

d0.2TC
Commodity Code: 90319000
Retum per PBSF-03227

Country of Origin: UNITED KINGDOM
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RMA Shipment List

RENISHAW.&

apply innovation™

RMA: SIWC000059

Date: 25 Mar 2024

Ship To: Woodchester

E! HAW UK SALES RENISHAW PLC
LIMITED BATH ROAD
A8 WAREHOUSE WOODCHESTER
UNIT 2 SWORDS BUSINESS GLOUCESTERSHIRE
PARK GLS SEY
SWORDS K67 FX67 UK
IRELAND
Currency: Pounds Sterling (GBP)
Line Item QtyTo UM Unit Value Credit Disposition QC Location
Description Return Line Value Reason for Return CCAR#
T A-5000-7800-04 8300 UN 2964  Yes Check goods to identify item (CHK) W-QC-CHECK
M2 STY DO,3R L10 EWLL,8 2.460.12 STOCK RETURN TO BE
d0.21C 460, CHECKED (CHK)
‘Commodity Code: 90319000 Country of Orig UNITED KINGDOM
2 A-5004-7398-00 300 UN 5460  Yes Check goods to identify item (CHK) W-QC-CHECK
M2 STY DO.3R L20 EWL2 16350 STOCK RETURN TO BE
DO2TC - CHECKED (CHK)

Commodity Code: 90319000

Country of Origin: UNITED KINGDOM
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RMA Shipment List

RENISHAW/&)

apply innovation™

RMA: SLWC000322

RENISHAW UK SALES

Date: 20 Mar 2024

Ship To: Woodchester
RENISHAW PLC

LIMITED BATH ROAD
BATH ROAD 'WOODCHESTER
WOODCHESTER GLOUCESTERSHIRE
GLS SEY GLS SEY
UK UK
Currency: Pounds Sterling (GBP)
Line Item QtyTo UM Unit Value Credit Disposition QC Location
Description Return Reason for Return CCAR#
1 A-5000-7800-04 91.00 Yes Check goods to identify item (CHK) W-QC-CHECK
M2STY DO3R L10 EWLLS -
d0.21C PRODUCT RECALL (PDR)

Commodity Code: 90319000

Country of Origin: UNITED KINGDOM
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PE573 Issue 06

SDP 1612-02 | Sheet 30f 20 | Desc: RMA HANDLING/PROCESSING RETURNS

Introduction

An RMA (Retur Material Authorisation) is a request made by our subsidiaries to MSD Sales to return goods. These returned goods can include:

Excess stock — to be inspected by QA before returning to stock.
Faulty goods - returned on CCARS for investigation.

Product Bulletin ~ returned at the request of the division.
Product Bulletin ~ return of RoHS non-compliance products.

A request for an RMA is requested by the subsidiary to MSD sales for goods they wish to return stating the reasons why.

Reasons may include —
« Customer complaints,
« Retums to stock, due to excess or slow-moving stock
« Product bulletin or product recall
« Compliance issues .g. non-RoHS products.
MSD Sales willissue an RMA number which is quoted on the RMA paperwork / label and returned with the goods. (See Fig 1)

Once returned goods have been received and booked in, they are automatically directed to a pre-determined location dependent upon the reason
for their return,

All RMAS should be processed through QC - there will be a minimum of an identification check will take place to confirm that the goods received
match the ones listed on the RMA paperwork and are in a sellable condition.
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QC MRR Form

04103/2026 09:03:10

From MRRNum: 928962
Renishaw plc, Htom: M-5000-7765-03
New Mils, Description:  DO.SR BALLSTEM L7,5 EWL3 D0,34TC

Wotton-u-Edge,
Gloucestershirs,
GL128IR
UK

To V001268

SAPHIRWERK AG
ERLENSTRASSE 36
CH.2555 Briigg
SWITZERLAND
2585
SWITZERLAND.

Rework Job:

Revr Num: 2304872 Create Date: 2810312024
Qty Accepted: 10000 Quantity Received: 1.0000
Quantity On Hold: 00000 Gty Rejected 0.0000

SPECIFICATION/DESCRIPTION OF NON-CONFORMITY:

Problem Description:

“INFORMATION ONLY*

Found at Renishaw end user, concentricity exceeded drawing tolerance, should be 0.003mm, actual 0.0583mm.

Upon further investigation at Renishaw Miskin, 40 units were inspected 40 units were found to be out of specification. Leading to a 30% failure.
rate

Drawing reference: C4

Other parts also affected: M-5000-7760, M-5003-4248, M-5000-7764, M-5000-7389

Cause of Defect:

Information only DMR, no concession required. Information only DMR raised to notfy the supplier of the non-conformance whilst
inspection is being carried out to understand the extend of the problem.

Correction/Containment

Cause of Defect: 019 Vendor Issue
MRR Information

Create Date: 2810312024
Inspector: Payne, Dylan
Assigned To: 151495
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QC MRR Form

ov0az0z6 07:35:02

From MRk saerss

[ o wso0oTrs002

e Descripon: AL STEM

e e WA Reviion: &

e

s

T voorass Rty P

sapHmERK AC Po.Linesa:

ERLENSTRASSE 6 -

Chizess aromy

STz

e

Srzesuan

Rowork Job
R, 2a00m0  crest e Tooszane
Qty Accepte 00000 Quaniy Recavc s000000
uanty on o 00000 aty Refctc s000000

‘SPECIFICATIONIDESCRIPTION OF NON-CONFORMITY:
Problem Descripton:

Concantrcity sxcaecing craving specicaion of 0.mm
Orawing locaton G

Cause of Defect:

Detached bl o stom s due o weal razed it cause b conceniricy excaeding 0.03mm erance. oot cause of concenticy problom
Salemant £ wear an earofSUFPISC Qa1 a8k of el nanca. sting t pocess noksabe i acheving concenr 5l 1 e
ing sssembly.

‘Concentrity excaedingtleanca of 0. lacing 1o weak bazed . Ths s caused by wear and aar ofSupplr As raphe g used or
Erazing Causig e e are 1 anger Nl concenir o 1 bl The 3k of conceniiy Causes he bl st Sesemy 1o 9Pt wonky.
and roduces the bond siengih betwoe he o part, a5 they ara o longer paracty akgned

ComsetionCantainmant

100% inspect WP

Cormsctive Action:
Process caracions have been implameried t addres the probiem statemert. The gaphia s used durig e
2z pocesses wera romads 1 SIMINat (he wear 1l raviousl causas misaignment bafween (s Stam and bal

s proveniain acton, a maintenance scheduls has aisc been noducd, requiing he supplar o inspect and verdy he condn o th raphts
s ovary six monin 1> ansura coniued alignmant and rocess stabafy Thess mprovemants hava now baen appled cross i antfa Mcro
Sz product range.

To standariss the corsciive actons, the pdaled process has besn implementafor al tha variants o i produc ange:
S0 8175 08
15003 4248 08
M 5000 7765 03
V15000 7360 04
5000 7764 01

Cause of Defect: 019 Vandor ssue
MRR Informtion

Cresta Date 10032024
Inspoctor: Wong, Stanley
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Item: l M-5000-7760-02 No Logo

Description | BALL STEM

Main Planning Additional Planning Controls Sales User Defined User Defined 2 Attribute Setup Compliance GST Details Hold L  » More...

Required Miscellaneous Costs

Eng. Doc. Ref. _ Revision: ‘:l Standard Unit Cost: 24.8241




image63.emf
Concentricity (mm) count Distribution STD Ave Bins Frequency Cumilative
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Data trends

Inspection data


image64.png
From: Carissa George <Carissa.George@Renishaw.com>
Sent: Thursday, May 22, 2025 10:37

To: Calvin Hemmings <Calvin Hemmings@Renishaw.com>
Ce: Anna Saunders <Anna.Saunders@Renishav.com>
Subject: CA00151759

Morning both,

In elation to the titled CCAR, there are two part numbers which are pending certification however due to the part numbers being slow runners the CCAR is unable to be closed as not 5 batches have been delivered to validate the supplier's
manufacturing process.

Would it be possible as a proposal, if the cell could pull more demand to allow manufacturing processes to be validated?

Part numbers:
* M-5003-5415-08
+ M-5003-4248-0A
+ M-5000-7764-01

Kind regards
Carissa George.

Qualty Technician (Miskin)
2 o3 21602

o By

000
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Concentricity (mm) count Distribution STD Ave Bins Frequency Cumilative
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Summarise this email

Fw: Saphirwerk Inspection project:

From: Tim Hill <Tim.Hill @Renishaw.com>
Sent: 26 June 2025 06:27

To: Nick Yemm <Nick Yemm@Renishaw.com>; Carissa George <Carissa.George@Renishaw.com>; Jack Clarke <lack.Clarke@Renishaw.com>; Stanley Wong <Stanley:Wong@Renishaw.com>; Ben Hughes <Ben.Hughes@Renishaw.com>; Harry Crane <Harry.Crane@Renishaw.com>; Jo Hussey
<Io.Hussey@Renishaw.com>

Cc: Steve Hughes <teve.Hughes@Renishaw.com>; Tim Powell <Tim.Powell@Renishaw.com>; Jim Long <Jim.Long@Renishaw.com>

‘Subject: RE: Saphirwerk Inspection project:

Great work Carissa, thanks for the update.

Regards
Tim

From: Nick Yemm <Nick Yemm@Renishaw.com>
Sent: 25 June 2025 11:31

To: Carissa George <Carissa.George@Renishaw.com>; Jack Clarke <lack.Clarke@Renishaw.com>; Stanley Wong <StanleyWong@Renishaw.com>; Ben Hughes <Ben.Hughes@Renishaw.com>; Harry Crane <Harry.Crane@Renishaw.com>; o Hussey <Jo.Hussey@Renishaw.com>
Cc: Tim Hill <Tim Hill @Renishaw.com>; Steve Hughes <Steve. Hughes@Renishaw.com>; Tim Powell <Tim.Powell@Renishaw.com>; Jim Long <lim.Long@Renishaw.com>

‘Subject: Re: Saphirwerk Inspection project:

Hi Carissa,

Thanks very much for the final summary, and for your continued support on this issue, much appreciated!

Ican confirm that the QA-418 for CCAR CA00151759 is now complete and the CCAR closed

Kind Regards

Nick Yemm

Styli Design Team Leader
Styli and Fixturing Product Division (SFPD)

From: Carissa George <Carissa.George@Renishaw.com>
Sent: 23 June 2025 11:43

To: Nick Yemm <Nick Yemm@Renishaw.com>: Jack Clarke <Jack Clarke@Renichaw.com>: Stanley Wong <Stanlev.Wone@Renishaw.com>: Ben Hughes <Ben Huehes@Renichaw.com>: Harry Crane <Harrv.Crane@Renichaw.com>: Jo Hussey <Jo.Hussev@Renichaw.com>
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