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Several non-conformances pertaining to out of specification relating to the water temperature of the Final Sterile clean wash have resulted in the initiation of a Corrective and Preventative Action project.
The project's initial assessment based on the Final Clean equipment controls indicated that it was straightforward. The business believed that if the temperature deviated outside the specified range, the wash tank timers would pause and restart upon returning to the specified range, thus ensuring the absence of product risk associated with temperature deviations.
However, subsequent investigations revealed that the wash controls behave differently and do not perform in accordance with the Qualification documents; additionally, the process-related documentation are old and outdated and fail to provide employees with the clear instruction required for such a critical activity.
Rework and scrap related with the final clean lines are extremely high, having surpassed the £1,000,000 mark in Q1 of 2022 alone; such volumes are unsustainable for any business. More importantly, the high volume of defects is affecting employee performance and well-being. The goal of this project is to investigate all aspects of the process, identify root cause(s), and implement corrective actions to eliminate or greatly reduce recurrence of the temperature falling out of specification.
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[bookmark: _Toc135413193]Zimmer Biomet
Zimmer Biomet is a global medical device company that designs, manufactures, and markets orthopaedic and musculoskeletal medical devices and related products. The company's products are used in a wide range of medical procedures, including joint replacement, spine surgery, dental implants, and sports medicine.
Zimmer Biomet was formed in 2015 through the merger of Zimmer Holdings, Inc. and Biomet, Inc. The company is headquartered in Warsaw, Indiana, USA, and has operations in more than 25 countries worldwide. Zimmer Biomet employs over 20,000 people globally and serves healthcare professionals and patients in more than 100 countries.
Zimmer Biomet's product portfolio includes joint reconstruction devices such as knee, hip, and shoulder implants, as well as bone cement and related surgical tools. The company also offers a range of spine and dental implants, along with trauma products.
Zimmer Biomet’s mission statement as shown in figure 1 is to ‘Alleviate pain and improve the quality of life for people around the world’. The company is also focused on delivering value to healthcare providers and driving positive healthcare outcomes through its products and services. (Zimmer-Biomet, 2022)
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[bookmark: _Toc135413260]Figure 1 - Zimmer Biomet Guiding Principles
(Zimmer-Biomet, 2022)
[bookmark: _Toc135413194]Zimmer Biomet Bridgend Manufacturing Plant
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[bookmark: _Toc135413261]Figure 2 - Zimmer Biomet, Bridgend Plant.
The plant is located at Waterton Industrial Estate, Bridgend, (figure 2) and it is one of Zimmer Biomet's largest facilities in Europe. The Bridgend plant produces a wide range of medical devices and implants, predominantly specialising in knee and hip replacements. The facility is fortunate to manufacture 3 of the most popular branded implants within the Zimmer Biomet corporation, the G7 and Taperloc hip family (figure 3), and the Oxford Partial Knee (figure 4). All three account for 80% of the overall sales at the Bridgend plant and are distributed to healthcare providers throughout Europe and other regions around the world.
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[bookmark: _Toc135413262]Figure 3 - Examples of the Taperloc & G7 Hip Implant Family
(Zimmer-Biomet, 2022)
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[bookmark: _Toc135413263]Figure 4 - Examples of the Oxford Partial Knee Implant
(Zimmer-Biomet, 2022)
The facility has a workforce of over 600 employees and is committed to maintaining high standards of quality, safety, and sustainability in its operations. The plant has implemented various environmental initiatives to reduce its carbon footprint and promote sustainability, including a waste reduction program and the installation of solar panels to generate renewable energy. The facility is one of few that has the capability of introducing new product development all the way through to manufacturing of raw material through to washing, packing & distributing directly to the customer.
The Manufacturing plant is split in to three sections, Machining, coatings, and End of Line(EOL). The process flow (figure 5) shows the route of a G7 Acetabular shell through the site, highlighted in blue is the machining area, Porous coating in green and finally EOL in orange. This paper will focus solely on the EOL area, in particular the final cleaning process.
[image: ]
[bookmark: _Toc135413264]Figure 5 - G7 Acetabular Process Flow
[bookmark: _Toc135413195]Background of The Project
This independent project relates a number of repeat non-conformances for temperature  being out of specification relating to the End of Line Final Clean lines, which is costing the business by having extended downtime and additional cost of rework. 3 events in a short period caused for action to be taken, project CA-06458 was initiated to investigate, identify root cause(s), and provide actions to eliminate or greatly reduce recurrence. CA standing for Corrective action, is part of the Corrective and Preventative Action (CAPA) sub system which are documented and controlled within the EtQ Reliance (Quality Management) System.
The project was believed to be straight forward however, following a thorough investigation many anomalies were identified within the process, in particular what we believed to be the wash line controls thus, throwing question the cleanliness of product and possible impact to the end customer, furthermore the project identified many other failures pertaining to the wash which is having more of an impact on the business than issues relating to temperature.
This paper sets out to explain to work carried out throughout the process all the way to the project being final approved by the Operations and Quality Directors.
[bookmark: _Toc135413196]Aims & Objectives
[bookmark: _Toc135413197]Aim
This dissertation aims to address the issue of non-conformances relating to the final clean lines of the manufacturing process, specifically temperature which is resulting in decreased Right First Time (RFT) rates and increased costs due to scrap and rework. 
[bookmark: _Toc135413198]Objectives
· Critically Analyse the validation/qualification documents referring to the Final Clean Lines.
· Identify the root cause(s) of non-conformances in the final clean lines of the manufacturing process related to temperature.
· Analyse process risk
· Propose and implement improvements to the documentation ensuring  that the process is easier to follow, more robust, and less prone to errors or non-conformances.
· Reduce costs associated with scrap and rework by implementing the corrective action plan.
· Verify that the changes made are effective.
[bookmark: _Toc135413199]Timing Plan
Figure 6 provides a snapshot of the Gantt chart used to represent project activities, schedule, and track project progress. Gantt charts are frequently used in many sectors to help with project planning and management. (Verzuh, 2019)
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[bookmark: _Toc135413265]Figure 6 - CAPA-06458 Gantt Chart
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[bookmark: _Toc135413201]CAPA Definition
CAPA stands for Corrective and Preventive Action. It is a systematic approach used to identify, investigate, and resolve problems or issues that arise within an organisation's processes, products, or services. 
Corrective action involves addressing an existing problem or nonconformance, such as a customer complaint, process failure, or quality issue. The goal of corrective action is to eliminate the root cause of the problem and prevent its recurrence. Preventive action, on the other hand, is taken to prevent problems or nonconformities from occurring in the first place. This involves identifying potential issues or risks and taking proactive measures to address them before they lead to problems. CAPA’s are a critical component of quality management system within Zimmer Biomet. By implementing an effective CAPA process, organisations can improve their products and services, reduce costs, increase efficiency, and enhance customer satisfaction.
[bookmark: _Toc135413202]Zimmer Biomet Quality Management System EtQ
EtQ is a software company that provides a Quality Management System (QMS) to assist businesses in managing compliance, mitigating risk, and improving quality. The EtQ QMS System is a comprehensive solution for quality management activities such as document control, corrective and preventative action (CAPA), audit management, risk management, and supplier management.
[bookmark: _Toc135413203]Zimmer Biomet CAPA Process
The CAPA process must be followed to the letter with each phase needing approval from the CAPA owners Department Manager as well as approvals from the Quality Systems Manager and CAPA coordinator.
Managed within the EtQ QMS system, each CAPA is broken down in to the following 5 phases. Figure 7 shows the process flow with each section of the CAPA.
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[bookmark: _Toc135413266]Figure 7 - CAPA Process Flow
(Paro, 2022)
[bookmark: _Toc135413204]Initiation
As part of the initiation, it is decided whether the CAPA is a Corrective action or Preventative action, the owner and approvers are chosen, and the Problem statement of the issue is also defined.
[bookmark: _Toc135413205]Containment
The Containment Phase of the CAPA process must be completed within 10 business days of the CAPA record's creation. This phase involves identifying and implementing initial corrective actions to address the nonconformance, assigning a CAPA/SCAR Risk Score, and documenting the rationale behind the risk score. If the product is impacted or potentially impacted, a product risk management assessment should be carried out. Any necessary containment actions must be identified and documented in the relevant fields, with the Containment Date recorded as the last date of the containment activities. While corrections may be implemented after routing the CAPA record for Containment Approval, an Investigation Plan should be established, with an expected investigation complete date recorded. 
The CAPA risk score is determined within this phase, to determine the CAPA risk score, the CAPA risk score procedure is consulted. The guidelines and examples for determining CAPA risk score may vary from site to site and are not exhaustive. The severity and occurrence of the risk are covered by the examples provided within the procedure, and further clarification for the occurrence may be needed using the guidelines for probable, occasional, and remote/limited in nature. It is important to provide objective evidence justifying how the non-conformance/potential non-conformance aligns with the risk of the issue.
[bookmark: _Toc135413206]Investigation & Root Cause
During the Root Cause/Action Plan phase, the investigator aims to identify and analyse the root cause(s) of a nonconformity or potential nonconformity. To facilitate the investigation, relevant background information is provided, and past data is analysed. Various root cause analysis tools may be employed, and the results are thoroughly documented. In addition, the investigator is responsible for identifying and discussing any issues that may impact other sites, as well as conducting risk assessments and containment efforts as required. The investigator must clearly record the root cause and likely cause, along with the systemic and technical analytical codes. To address the identified issues, an implementation plan is developed, with each action item linked to its corresponding root cause.
[bookmark: _Toc135413207]Action Implementation
The Implementation Phase of the CAPA involves describing the actions outlined in the Implementation Plan and providing justification for any incomplete items. It is important to ensure that corrective and preventive actions do not compromise regulatory requirements or the safety and performance of the product, and to disseminate CAPA information to those responsible for product quality. A Risk Summary is created based on the actions taken, and the need to update risk management documentation should be considered. The Verification of Effectiveness (VoE) Plan should be reviewed and revised as necessary before submitting the record to CAPA Approvers for approval.
[bookmark: _Toc135413208]Verification of Effectiveness (VoE)
To ensure that the corrective and preventive actions taken are effective and do not have any adverse effects, it is crucial to establish and document a Verification of Effectiveness (VoE) Plan. This plan will include specific, measurable criteria linked to the problem statement, root cause, and corrective or preventive action. Statistical methodology will be employed when possible to determine the VoE sampling plan, which will also be documented within the CAPA.
Additionally, the expected VoE date based on the required actions should be established and recorded, and all relevant supporting documentation should be attached to the CAPA record. Once completed, the record must be submitted to the CAPA Approvers for final approval and closure is deemed effective.



[bookmark: _Toc135413209]Introduction to the Final Cleaning process.
The final clean and biologic upgrade process starts by running the parts through a vapour degreaser (VD). The VD submerges the components into boiling solvent while applying ultrasonic agitation. More ultrasonic agitation is applied when the parts enter the rinse tank, before being raised into a solvent vapour zone and finally dried before exiting the machine. 
Final Clean lines 1&2 are automatic multi-stage clean and passivation systems. The process is used for surface preparation to remove processing surface contaminants including aluminium oxide grit blast; aluminium oxide dust; glass bead dust; cutting oils; polishing compounds and general surface contaminants. The process contains 16 stages which  include an a detergent clean, acid biologic upgrade step, rinsing and drying.
All components are placed in carriers which are fitted to bespoke holding fixtures and operator loaded at the start of the process. The pick and place conveyor moves the carrier through the various 16 stages of the wash system in accordance with the selected process parameters before depositing on an outfeed conveyor.


















[image: ]Figure 8 provides current state drawing of FC2 showing (from left to right) the loading conveyer, tanks 1-4, acid back section 5-8, tanks 9-13, air knife step 14, the dryers 15-16 and the reject or unload conveyors. Table 1 provides the tank contents and process settings of the Final clean equipment.
[bookmark: _Toc135413267]Figure 8 - Final Clean Line Current State Drawing
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[bookmark: _Toc135409911]Table 1 - Final Clean Process Settings
(Hughes, 2023)
[bookmark: _Toc135413210]Literature review 
[bookmark: _Toc135413211]Cost of Poor Quality (COPQ)
Over the years, many scholars and organisations have been interested in the cost of poor quality, with countless studies revealing its negative impact on businesses. We will look at the many expenses associated with poor quality and how organisations might decrease or eliminate them in this research review. The cost of rework, which entails repairing errors or mistakes in products or services, is one of the most significant costs of poor quality. According to an American Society for Quality study, rework expenses can range from 15% to 40% of total operating costs for many organisations (ASQ, 2020). This cost can be particularly significant in industries such as manufacturing, where defective products can result in recalls or legal action, further adding to the overall cost of poor quality.
Another cost of poor quality is the cost of warranty claims, which can be substantial for Organisations that produce products that are prone to defects. According to a study by the National Bureau of Economic Research, the cost of warranty claims can account for up to 2.5% of total revenue for some businesses (Bloom, et al., 2019). Additionally, warranty claims can damage a company's reputation and lead to a loss of customer trust. The cost of poor quality can also include the cost of lost business due to dissatisfied customers. Research has shown that dissatisfied customers are more likely to share their negative experiences with others, resulting in lost sales and revenue for the Organisation (Heskett, et al., 1990). Furthermore, poor quality can lead to a decline in customer loyalty, which can have long-term negative effects on the Organisation's profitability. In addition to these direct costs, poor quality can also result in indirect costs such as reduced employee morale and productivity. A study by the International Journal of Quality and Reliability Management found that poor quality can lead to increased stress, job dissatisfaction, and turnover among employees (Sila, et al., 2017). These indirect costs can further add to the overall cost of poor quality for Organisations. To reduce or eliminate the cost of poor quality, Organisations can implement quality management systems such as Total Quality Management (TQM) or Six Sigma. These systems focus on improving processes and reducing defects, ultimately leading to improved product and service quality. Additionally, Organisations can implement customer feedback mechanisms to identify areas for improvement and address customer complaints promptly.
In conclusion, poor quality can result in significant costs for Organisations, including the cost of rework, warranty claims, lost business, and reduced employee morale and productivity. However, by implementing quality management systems and focusing on continuous improvement, Organisations can reduce or eliminate these costs, ultimately leading to improved profitability and customer satisfaction.
[bookmark: _Toc135413212]Costs of Preventing Poor Quality
Effective prevention of poor quality is essential for businesses to maintain high levels of customer satisfaction and avoid costly errors. This can be achieved through a variety of methods, including quality planning, education and training, design reviews, supplier reviews and selection, quality system audits, process planning and control, product modifications, and equipment upgrades. (Feigenbaum, 1991)

Quality planning, according to Crosby, is a proactive approach that entails recognising prospective quality issues before they occur and taking steps to prevent them from occurring. Employee education and training are crucial to ensuring that they have the necessary skills and knowledge to do their tasks appropriately, hence lowering the likelihood of errors and defects (Oakland, 2014). Design reviews are an essential component of a successful quality management system that can aid in the prevention of costly faults (Gryna & Juran, 2000). It is vital to choose the correct suppliers to ensure that items satisfy quality standards (Ishikawa, 1985). Quality system audits are an integral component of a good quality management system that can aid in the prevention of costly defects (Feigenbaum, 1991). Process planning and control are a key component of a successful quality management system that can assist avoid costly defects from occurring (Shewhart, 1931). Product modifications can improve quality or lower costs, and they are an important part of an effective quality management system (Taguchi, 1986) . Finally, equipment modifications can increase product quality and are required for a successful quality management system.
[bookmark: _Toc135413213]Internal Costs of Poor Quality
Internal costs of poor quality have a substantial influence on a company's financial performance and customer satisfaction (Wortman, 2015). These costs encompass expenses associated with in-process scrap and rework, troubleshooting and repairs, design modifications, inventory necessary to support low process yields and rejected lots, as well as re-inspection and retesting of reworked items (Pyzdek, 119). Such expenses can significantly impact a company's profitability and its ability to meet customer expectations.
In-process scrap and rework refer to materials that do not meet the company's quality standards and need to be reworked or scrapped, which can significantly increase production costs (Oakland, 2014). Troubleshooting and repairing also incur additional costs, including labour, materials, and lost productivity, as a result of failed products or systems (Crosby, 1978).
Design changes can be costly and time-consuming, as they often require a complete overhaul of production processes and may involve additional training and resources (Gryna & Juran, 2000). The inventory required to support poor process yields and rejected lots can also be significant, tying up resources that could be used elsewhere in the company (Ishikawa, 1985).
Re-inspection/retest of reworked items is another cost of poor quality that can significantly impact a company's bottom line. This involves retesting or inspecting products that have already been reworked, resulting in additional labour, materials, and lost productivity (Feigenbaum, 1991). To reduce internal costs of poor quality, companies must focus on improving quality throughout the production process and implementing effective quality control measures. This includes identifying potential quality issues early on, investing in employee training and education, and regularly reviewing and updating quality management systems (Taguchi, 1986).

[bookmark: _Toc135413214]External Costs of Poor Quality
COPQ can significantly influence various aspects of a company's external operations, including customer satisfaction, reputation, and financial viability (Rosenfeld, 2009). External costs stemming from poor quality manifest in several ways, including sales returns and allowances, expenses incurred from replacing defective products, fines resulting from service level agreement breaches, costs associated with managing customer complaints, expenditures related to product recalls and potential legal claims, loss of clients and missed business opportunities, downgrading of the company's image, and resources expended on processing customer complaints. These external costs underscore the profound impact that poor quality can have on a company's overall performance and success.
Sales returns and allowances relate to the costs experienced by companies when customers return or request refunds for products that do not match their quality requirements (Hendricks & Singhal, 2003). Replacing defective products also incurs additional costs for businesses, such as the cost of making and transporting replacement products, as well as income lost due to the defective products (Simchi-Levi, et al., 2003).
Another external cost of poor quality is service level agreement penalties, which can be imposed on businesses that fail to fulfil the agreed-upon service levels with their consumers (Dean & Bowen, 1994). Companies incur additional costs as a result of complaint handling, such as the cost of researching and resolving customer complaints, as well as paying customers for any losses suffered (Bitner, et al., 1990).
Product recalls and legal claims can have a substantial influence on a company's bottom line, as they incur costs for collecting and replacing defective products, as well as legal fees and potential damages (Mitra & Golder, 2006). Missed clients and opportunities are also substantial external costs of poor quality, as they can result in income loss and reputation damage (Fornell, et al., 1996). Downgrading is lowering the price of defective products in order to sell them, which can have a considerable impact on a company's profitability (Deming, 1986). Finally, the processing of customer complaints may incur additional costs, such as the cost of researching and resolving complaints, as well as the cost of paying customers for any losses incurred (Wilson, et al., 2016). Companies must focus on increasing quality throughout the manufacturing process, investing in customer service and complaint management, and employing effective quality control procedures to reduce the external costs of poor quality (Hendricks & Vinod, 2003).

[bookmark: _Toc135413215]Hidden Costs of Poor Quality
The hidden costs of poor quality in Organisations are significant and can be detrimental to their success. Poor quality can result in lost revenue, decreased customer satisfaction, decreased employee morale, increased rework, and increased warranty costs, among other things. While the visible costs of poor quality, such as scrap and rework costs, are relatively easy to identify and measure, the hidden costs can be much more difficult to identify and quantify. One study found that the hidden costs of poor quality could be as much as 15-20% of an Organisation's total revenue (Ahire, et al., 1996). Other studies have shown that the costs of poor quality can be up to ten times the visible costs (Chowdhury, 2013). These hidden costs can include lost sales due to dissatisfied customers, lost customers due to poor quality products or services, increased employee turnover, and increased training costs.
Organisations that fail to address poor quality not only suffer financial losses but also experience decreased employee morale and increased turnover rates. A study by the American Society for Quality found that employees who work in Organisations that prioritise quality management are more satisfied and less likely to leave their jobs (Goetsch & Davies, 2015). In contrast, employees who work in Organisations with poor quality management practices are more likely to experience stress, burnout, and dissatisfaction, leading to increased turnover rates and decreased productivity. Effective quality management practices can help Organisations reduce the hidden costs of poor quality (Juran, 1951). By implementing quality management systems, Organisations can identify and address quality issues before they become major problems. Quality management systems can also help Organisations reduce rework, increase customer satisfaction, and improve employee morale. (Johnson, et al., 2019)
In conclusion, the hidden costs of poor quality can have a significant impact on an Organisation's success. These costs can be difficult to identify and quantify but can be reduced through effective quality management practices. Organisations that prioritise quality management can reap the benefits of increased customer satisfaction, decreased employee turnover rates, and increased revenue.
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[bookmark: _Toc135413217]CAPA Initiation
[bookmark: _Toc135413218]Background
The Final Clean lines at the Bridgend plant are critical to the manufacturing process, as all products manufactured on site must pass through these washes. As a result, this process has become the most constrained work centre on site. However, there is a significant issue with rework associated with the Final Clean lines, which puts strain on the business due to the high volume of rework required. As a result, the business has had to change the shift pattern of the washroom team to 24/7 to mitigate this risk, incurring an additional cost of £465,000 in staff wages alone. This increased cost is not sustainable and could threaten the company's competitiveness within the corporation.
[bookmark: _Toc135413219]Problem Statement
The current process monitoring form used for the final clean wash of sterile implant products has a recurring issue with the accuracy of temperature recordings in the wash tanks. This issue poses a serious risk to the quality of the final product and could lead to severe consequences for both the Organisation and its customers. 
On September 5th, 2022, during routine monitoring, an operator recorded a temperature of 56°C for Tank 4 of Final Clean 1, which is below the specification of 65°C which has a tolerance of ±5°C. A review of the QMS system revealed three additional out of specification occurrences against the Final Clean lines located in the End of Line area of the Bridgend site. To address this issue, CAPA CA-06458 has been initiated to evaluate the associated risks, identify the root cause, develop and implement corrective actions and establish preventive measures to prevent recurrence.
[bookmark: _Toc135413220] Risk Scoring
Referring to internal risk scoring documents as shown in table 2, the issues relating to the problem statement fell under the High-risk category for ‘Out of tolerance/specification (accepting NC parts) and parts released to the field where there are a lack of adequate equipment controls or controls in place but not followed’. (Paro, 2022)
This occurred due to a portion of the product not being properly contained during previous events, resulting in products being shipped and having to be recalled. Product recalls can have a significant impact on how a company is perceived and hence can be detrimental to the business's reputation.
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[bookmark: _Toc135409912]Table 2 - CAPA Risk Guidance
(Paro, 2022)

[bookmark: _Toc135413221]Containment
[bookmark: _Toc135413222]Process Containment
After examining the process specification, it states that the machine controls would stop the tank's time if the temperature deviated from the defined specification. This action guaranteed that the minimal validated time of 300 seconds was satisfied for every batch. As a result, it was concluded that no process containment was necessary at that time however, this was later proven to be incorrect during investigations.
[bookmark: _Toc135413223]Product Containment
Product containment had already been evaluated within the previous events, due diligence had to be taken and a review of each event was undertaken. The events all differed, for first event the temperature of 71˚c was recorded for tank 9.
Despite the temperature in tank 9 being higher than the specified temperature, it does not result in any negative effects on the product. This is supported by the following justification:
The higher temperature is proven to enhance the rinsing process and effectively eliminate any remaining contaminants from the parts as proven within Final clean Performance Qualification (PQ) protocol, the PQ protocol did not include any higher temperature challenge conditions, as it indicates that increased temperature will lead to better reduction of bioburden. Since all the washed parts were made of metal, there would be no impact on their dimensions. Therefore, despite the 1°c difference from the specified temperature, there was no risk to the product.
For the other events that had been raised for this CAPA the temperatures fell under the bottom tolerance of 60˚c, and temperatures of 56˚c & 58˚c were recorded during routine daily checks.
Final Clean Installation Qualification (IQ) protocol provided written evidence that the equipment has been validated to stop if the temperature goes out of spec, and an alarm will be present on the HMI screen, the timer will only recommence once the temperature is back within specification. Furthermore, validation study Performance Qualification (PQ) protocol includes challenge conditions at a lower temperature of 55˚c, providing documented evidence that temperatures as low as 55˚c will clean the parts and remove process contaminants.
Therefore, despite product being processed at 56˚c & 58˚c, there is no risk to the product.
According to the rationale provided in the three instances, it was determined that no product containment was required at this stage of the project.
[bookmark: _Toc135413224]Investigation & Root Cause
Without a doubt, the investigation phase is critical in the project, as poor evaluation of the issue can result in identifying the incorrect root cause(s) and carrying out ineffective actions. The investigation strategy aimed to examine several parts of the process as well as the effects of non-conformances on employees. The subsequent investigation plan attempted to investigate the cause of the tanks failing to meet specifications and whether the scope should be expanded to include other aspects associated to final clean lines and non-conformances.


[bookmark: _Toc135413225]Investigation Plan

1. Review validation documents for temperature impacts on part cleanliness.
2. Investigate equipment controls to understand how they operate during out-of-specification temperature events.
3. Investigate how Operators conduct the daily process monitoring.
4. Summarise all non-conformances relating to the final clean lines.
5. Analyse Scrap/Rework data for wash line defect trends.
6. Review the Process Failure Mode Effect and Criticality Analysis (PFMECA) document.
7. Conduct root cause analysis based on information acquired from tasks 1-6.
[bookmark: _Toc135413226]Investigation results
[bookmark: _Toc135413227]Review validation documents for temperature impacts on part cleanliness.
The validation documents determined the following effects of lower and higher temperatures on the cleanliness of the parts.
The challenge conditions in the Operational Qualification (OQ) Report provide documented evidence that rinse tanks were adjusted to a lower temperature of 55˚c to give evidence that water at this temperature can clean product and satisfy the applicable pass criteria.
The OQ report did not look at challenge conditions of higher temperatures as it states that increased temperature will improve the ability to reduce bioburden.

[bookmark: _Toc135413228]Investigate equipment controls to understand how they operate during out-of-specification temperature events.
Investigations have revealed that there are differences in the actual controls governing Final Clean 1 (FC1) and Final Clean 2 (FC2). If the temperature falls out of specification at any moment, FC2 will alarm and pause; the timer will resume when the tank temperature returns to specification, delivering the right clean time while staying within the required temperature range, as per the qualification documents
Upon investigation of FC1, several anomalies were discovered in the process. Specifically, FC1 is designed to pause only during start-up, and in the event that the temperature falls outside of the specified range at any other point in the process, the timer in each tank will not stop and will continue to process the product. The identified anomalies in the process of FC1, which prevent the timer from stopping when the temperature falls outside of the specified range, not only pose a risk to product by allowing processing outside of the validated set point but also raise doubts about the validity of the justification given for past out of specification events associated with FC1.
The above information prompted further investigation into the amount of time batches spend in each tank.

Tank 1, which contains the Citural cleaning detergent, is an Ultrasonic Heated Immersion Wash tank. Due to the poor risibility of Citural, elevated cytotoxicity levels have been previously linked to it. To prevent issues, any product left in the tank for more than 600 seconds must be scrapped. As a result, Tank 1 is the only tank that is monitored, and after a batch completes a full cycle, the Operator scans the batch number, which returns the time it spent in the tank, If the time is greater than 600 seconds it will appear in red, indicating that the batch must be placed on hold and scrapped.
Subsequent review of the records of Tank 1 time found a number of historical undertime events that fall outside the minimum validated state of <240 seconds, that were not identified nor highlighted to operators by the software.
The process time in tanks is measured by both final clean lines and includes an overall time in tank 1 which is then recorded in a  Structured Query Language (SQL) database via a bridge PC between the wash Programmable Logic Controller (PLC) and the network database location. The SQL data is then presented in an Excel format, the Excel form has access to tank 1 time data since February 2020 when the form was first introduced.  
Tank time data was recorded in an archived SQL database from 17th of July 2019 to 20th of October 2019, after which a networking issue resulted in no data being retained until 14th of February 2020. From that date, the data has been captured and presented in accordance with various document revisions, these revisions have only impacted the way the data is presented and not the underlying PLC or SQL database. However, it was found that only overtime in tank 1 was being monitored and no detection mechanism was in place for undertime, despite the availability of data. As part of a system revision in 2019 the PLC was modified to allow Tank 1 immersion time to be logged by addition of extra data tags. Review of the documents show that undertime occurs at a frequency that is unlikely to have been detected due to the sample size used in the validation.

Optimal Technologies (OEM) were engaged to support and visited site on 27-28th of September 2022 to conduct investigation into the issue. No obvious reason could be found despite a code review and running the system continuously with blank baskets to simulate production. The undertime event was witnessed once after 60 cycles but the PLC logic showed that the condition for a process to move on was not met (time had not completed). However, the tank was unlatched allowing the robot logic to pick up and move the cycle to next stage. This is counter to the programme intent, but no root cause was established. 

Examination of the frequency and timing of the undertime event does not reveal any underlying triggers or patterns based on time, soft patterns, loadings or other external factors. Currently it is understood that the undertime event is linked to the changes to introduce tank priority and overall time control as part of the system update and revalidation in July 2019. This is indicated because the changes introduced at this time affected how the PLC program prioritises available cycles to be processed by the pick-and-place robot. These program changes were performed by the OEM Optimal Technologies, but with the machine in-situ and as an add-on to the original PLC program. 

Analysis for FC1 shows that there are no data points for tank 1 time below the minimum validation requirement of <240 seconds per the UKF0753 Excel log. The PLC changes that were made on FC1 for tank time do not appear to have had the same effect although it should be noted the machines FC1 and FC2 are not the same build standard.

After the investigation into undertime in tank1, the parts in scope were classified into three groups based on the duration of undertime:
1. Batches undertime outside of the validated state and where no data is available for <240 seconds - Qty = 13,406 parts
2. Batches undertime within the validated state >240 and <300 seconds - Qty = 127 parts
3. Batches undertime outside of the validated state <240 seconds and no Vapour Degreaser Boil Tank Ultrasonic - Qty = 1440 parts

Batches in the first group were deemed acceptable, based on the validation of the Vapour Degreasers which established that the cleanliness of parts prior to Final Clean process are already within the cleanliness requirements. 

Batches that have been through an undertime event, but within the validated state of >240 seconds per group 2 are covered by an approved Concession based on the challenge conditions within the qualification documents.

For the third group, an Engineering cleaning study will be required as currently there is no information available to justify product concession. The SQL and excel software were immediately updated to capture both under and overtime in tank 1.
[bookmark: _Toc135413229]Investigate how operators conduct the daily process monitoring.
To determine whether timing, plant state, or other circumstances can alter the water temperature, the process was reviewed with the Operators and subject matter expert (SME) with conclusions described below. The daily process monitoring of all final cleans are captured on the daily form, the checks that are to be captured are described below in table 3:
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[bookmark: _Toc135409913]Table 3 - Final Clean Test and Frequency.
Note 1: Tank temperatures to be taken directly from the optimal equipment control panel display.
Note 2: Refractometer Check for Citural Cleaning Detergent.
Note 3: Conductivity value displayed on the monitoring unit on the optimal line above the tank.
Note 4: Basket count taken directly from the HMI
Note 5: Nitric Acid Density Test Method and/or Nitric Acid Adjustment taken with a hydrometer.
Note 6: Sonocheck Vial Test Ultrasonic Monitoring Check.
Note 7: Ultrasonic Generator PPM Procedure to be performed weekly by the maintenance team.

According to the table, acid tests are conducted twice during each shift, and ultrasonic checks are performed daily. These checks necessitate the activation of the manual mode of the wash, which results in the deactivation of the tank heaters. If manual mode is used for extended periods, it may cause a decrease in temperature. This may occur when repeat testing is conducted or when the chemical needs to be replenished to bring it within the guard band range.
However, the current procedures do not provide clear guidelines on the order in which temperature checks should be performed, and there is no standard for operators to follow. Interviews with operators have revealed that they conduct the checks in different orders, increasing the likelihood of an out of specification  temperature being recorded.

[bookmark: _Toc135413230]Summarise all non-conformances relating to the final clean lines.
A review of the QMS system discovered 16 recorded instances of non-conformances pertaining to the Final Clean lines. These NCs occurred over a period of 5 years and were related to various issues. However, action was taken on 4 occasions within a 2-month period, which led to the initiation of the project described in this paper. A summary of the non-conformances can be found below.

· 63% of the non-conformances are relating to FC1 (Optimal 1)
· 37% of the non-conformances are relating to FC2 (Optimal 2)
· Out of the 16 non-conformances 60% are relating to temperature issues.
· 40% of the total NCs are relating to Ultrasonic failures.
· On 3 occasions operators have written out of spec temperature readings without knowingly doing so, leading to rework due to no evidence to determine otherwise.


[bookmark: _Toc135413231]Analyse Scrap/Rework data for wash line defect trends.
2022 Scrap Analysis.
Scrap and rework are significant issues encountered at the Bridgend site, with the root causes predominantly located at the beginning and end of the manufacturing process. A pie chart has been presented in figure 9 provides a graphical representation of the overall scrap rate at the Bridgend plant. The work centre that contributes the most significant scrap rate is the Index R200, which is a G7 Shell CNC machining cell. The extremely tight tolerances required in this area are responsible for the majority of scrap generated. However, for the purposes of this analysis, we will focus solely on the Final Clean lines, specifically the Sterile Passivation Ultrasonic Clean process. This work centre comprises Final Clean 1 and Final Clean 2 and is the second-highest contributor to scrap at the Bridgend facility.
It is important to note that when a product is scrapped at the Final Clean stage, the value lost is far higher than when it occurs at the R200 due to the extensive value addition from various manufacturing areas such as blasting, plasma coating, and polishing. Table 4 summarises of the total number of pieces scrapped for each work centre and the corresponding production value lost has been presented for reference.
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[bookmark: _Toc135413268]Figure 9 – Pie Chart – Bridgend Site Total Scrap
	Row Labels
	Sum of Scrap QTY
	Sum of Scrap Value

	Index R200
	11376
	£1,333,525

	STERILE PASSIVATION ULTRASONIC CLEAN
	10194
	£744,055


[bookmark: _Toc135409914]Table 4 - Top 2 Causing Work Centres Qty vs Cost







2022 Rework Analysis
The analysis of the 2022 rework data reveals that the Final Clean Lines pose a significant issue for the Bridgend site. Specifically, the Final Clean Lines work centre has the highest rework rate across the entire site, with 12,828 reworked units. Although it is possible to sell reworked products for profit, excessive rework in manufacturing can also be harmful to the environment. Reworking damaged products can result in higher energy usage, waste generation, and emissions. This has the potential to contribute to pollution, resource shortages, and climate change. Decreasing rework in manufacturing can result in considerable environmental benefits such as lower energy usage, greenhouse gas emissions, and waste generation (Golinska, et al., 2015). As a result, it is critical for businesses to address the environmental implications of rework and implement methods to reduce it, such as enhancing quality control and optimising manufacturing process. In a pie chart format, Figure 10 shows how much rework associated with the final clean lines.
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[bookmark: _Toc135413269]Figure 10-Pie Chart – Bridgend Site Total Rework





Scrap Pareto of the Final Clean Line
Pareto analysis is a widely used tool in quality management for identifying and prioritising the causes of problems in various industries. It is named after the economist Vilfredo Pareto, who first noted the unequal distribution of wealth in society. The Pareto principle, also known as the 80/20 rule, suggests that roughly 80% of effects come from 20% of causes. (Kock, 1998)
Using Pareto analysis, we can analyse the scrap data for the work centre "Sterile Passivation Ultrasonic Clean" as follows: 
· CC-Exceeded Process Time: (7223/8924) * 100 = 80.9%
· SC-Exceeded Process Time: (667/8924) * 100 = 7.5%
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[bookmark: _Toc135413270]Figure 11 – Scrap Pareto Analysis for Reason codes
From the above analysis as shown in figure 11, we can conclude that the two main causes of scrap at the Sterile Passivation Ultrasonic Clean work centre are CC-Exceeded Process Time and SC-Exceeded Process Time, which are for the same issue and together account for almost 89% of the total scrap. The issue of exceeding the process time limit in Tank 1 has been a longstanding concern, as previously discussed in this paper, when a wash basket surpasses the designated 600-second time limit, it is categorised as overtime, leading to the scrapping of all the products within the basket. Despite the well-known reasons behind this issue, they have been ignored, and resolving it would necessitate a lengthy and expensive revalidation process. Additionally, the downtime incurred would only leave Final Clean 3, which lacks the capacity to meet customer demand. Consequently, the business has accepted the existence of exceeded process time as an unavoidable circumstance, at least for the time being. 
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[bookmark: _Toc135413271]Figure 12 - Scrap Caused by Exceeded Process Time
The cause of scrap is outside of scope for the project; therefore, we will focus predominantly on the causes of rework.












Rework Pareto of The Final Clean Lines
According to figure 13, "SC-Out of specification" is the predominant cause of rework, contributing to the majority of the total rework quantity, which has contributed to 8840 part or 69% of the total rework amount.
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[bookmark: _Toc135413272]Figure 13 – Rework Pareto Analysis for Reason Codes
Therefore, it is imperative to focus efforts on addressing this issue to minimise rework and improve the overall manufacturing process. However, to tackle the issue of "SC-Out of specification," it’s important to determine the underlying cause of the problem. The current data system for processing scrap and rework does not have sufficient reason codes to pinpoint the root cause. In 2022, the primary factors leading to rework in the washes were either temperature-related issues or failures relating to the ultrasonic test failing. As "SC-Out of specification" is the only code used, additional analysis is necessary to identify the specific causes of rework and develop targeted solutions.
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[bookmark: _Toc135413273]Figure 14 - Out of Specification Rework Analysis
Upon conducting an analysis of the Maintenance SAP data, it was observed that there exists a direct correlation between specific events that took place on a weekly basis. Figure 14 depicts that nearly every peak observed per week can be attributed to either temperature or Ultrasonic failure. Notably, temperature-related problems constituted the majority of the identified issues, with a significant portion being associated with the tripping of the In-line heater or complications with the chiller (as indicated in Table 5).
Out of the total sixteen events, four of them were a result of ultrasonic failures, whereas the remaining incidents were caused by temperature-related issues. Notably, eight of these temperature-related issues were directly linked to problems with the in-line heater. This provides compelling evidence that the malfunctions occurring with the in-line heater have a direct impact on the failures related to temperature
· Total Value of rework associated to Ultrasonic Failures = £204,723
· Total Value of rework associated to Temperature issues = £612,000
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[bookmark: _Toc135409915]Table 5 - Maintenance Notification Data
[bookmark: _Toc135413232]Review Process Failure Mode Effect and Criticality Analysis (PFMECA) 
During this investigation a review of the PFMECA took place to evaluate the potential impact of varying temperatures on the product. PFMECA 00018 Rev.2, which was last revised in 2015, was found to be inadequate in capturing a significant number of failure modes pertaining to the wash line. While the document identifies "Incorrect tank temperature" as a potential failure mode, the associated effects are limited to "Residual cleaning agent not removed from component," and do not offer a comprehensive understanding of the risks associated with low or high temperatures. Additionally, none of the recent failure modes identified during the investigation are documented with the PFMECA. Considering the critical nature of the document with respect to the process, it is evident that the information presented in PFMECA00018 is insufficient to meet the requisite standards of precision and comprehensiveness that are expected of a PFMECA for a critical process.
[bookmark: _Toc135413233]Root cause analysis
Root cause analysis is significant because it assists in identifying the fundamental causes of issues and incidents rather than simply treating the symptoms (Pyzdek, 119). Organisations can prevent future instances of similar problems and enhance overall performance by identifying and resolving the root cause. It has been stated that root cause analysis assists businesses in improving their safety, quality, and productivity, while also lowering costs and increasing customer satisfaction (Womack, et al., 1991).
[bookmark: _Toc135413234]Cause and Effect Diagram
A cross-functional team comprised of Operations, Ops Engineering, Ops QA, Validation, Maintenance, and washroom operators conducted root cause analysis based on the information acquired from the investigation.
The RCA was split in to two sections, the first addressing the problem statement of the CAPA, however during the investigation phase other non-conformances relating the washes have become just as critical as the initial problem statement. Data shows that the ultrasonics have become a serious concern and is costing the business in many ways.
The 5M Plus Diagram is an Ishikawa diagram managed within the QMS system, this diagram will be used to detail the causes and effects of repeat issue of out of spec temperature recorded on the daily Process Monitoring Log. A cross functional team have been selected to be involved within the meeting, this would ensure that all causes and effects could be captured which will aid in deep diving to the correct root cause. Figure 15 provides the details highlighted the causes and effects of the issue.
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[bookmark: _Toc135413274]Figure 15 - Ishikawa Diagram
Several causes were identified during the meeting which could potentially affect the tank temperatures, each of which was ranked as shown in table 6. To eliminate or greatly reduce future recurrence improvements would need to be made to the process and captured within the CAPA. 
Based on the cause-and-effect diagram, it was found that the primary cause of the issue with the inline heater tripping and resulting in the addition of cold water to the tank 13 cascade system, it was also observed that the inadequate procedure relating to the process was another cause of the problem, which was evident from the feedback provided by the operators. They reported that the procedures were poorly written and lacked sufficient guidance, and that there were too many documents to manage efficiently, thereby leading to longer processing times and adversely affecting training. Furthermore, the confusion among operators regarding each tank's specifications has led to errors on the Form. Although there were other factors that were ranked, their priority may be lower. For instance, while shift patterns could contribute to errors being made, they are considered part of the day-to-day routine and are not considered a priority for the time being.
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[bookmark: _Toc135409916]Table 6 – Ishikawa Ranking Results


[bookmark: _Toc135413235]5 Why’s 
The rework analysis identified that the ultrasonics are a huge issue for the business, repeat testing of aged Ultrasonic equipment is causing the wash to be in manual mode for long periods, thus leading to the possibility of the tank temperatures falling below spec. 
A 5 Why’s as shown in figure 17 was carried out to understand the root cause of why we’re seeing so many Ultrasonic test failures. 
Background of the sonic check:
The Medical Device Directive 93/42/EEC stipulates that medical equipment used for the cleaning & disinfecting of surgical instruments must be validated & quality assured. The SonoCheck is made up of a small vial (figure 16) containing an indicator solution and several glass nuclei beads that, when subjected to the appropriate cavitation forces within an Ultrasonic washer, cause a colour shift in the vial solution. The vials are unobtrusive and simple to use and provide quick, objective results. (Anon., 2023)
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[bookmark: _Toc135413275]Figure 16 - SonoCheck Vial
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[bookmark: _Toc135413276]Figure 17 - 5 Why's relating to Ultrasonic Failures
5 Why’s conclusion.
Although the main factor of the Ultrasonics failing is due to the transducers, the business is aware the equipment is outdated and have accepted the risk previously. However, following quantification of the impact of scrap and rework the business must choose to invest in upgrading the Ultrasonics. 
Although the current Sonocheck Vial test provides a conclusive pass/fail, they do not offer any monitoring of ultrasonic performance or degradation, additionally the business is spending £100,000 per annum on testing Vials for both washes, the test method is also causing 1 hours down time each day to conduct the test which leads to Operator inefficiency and a loss in capacity. 

[bookmark: _Toc135413236]Zimmer Biomet Case Study
[bookmark: _Toc135413237]Zimmer Biomet Bridgend - Cost of Poor Quality 2022.
Table 7 provides a breakdown of the total scrap for 2022 across various value streams. The largest contributor to scrap was Shells G7, which accounted for £2,226,284. Other significant contributors include Oxford Fems & Trays (£843,487), Stems (£573,403), and Mouldroom (£214,521). 
The grand total of scrap for all value streams in 2022 was £4,295,196 which is 5.25% against the £81,736,525 realised by the business.
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[bookmark: _Toc135409917]Table 7 - Zimmer Biomet 2022 COPQ Results
[bookmark: _Toc135413238]Employee Survey
Zimmer Biomet like other large businesses suffer with impact of COPQ within the workplace, to gain a better understanding on its impact on the business an employee survey was created and delivered to Operators from the End of Line area. The survey asked 45 participants about their experiences surrounding COPQ. 
The following are the key findings:
1. Figure 18 shows that 31% (14 out of 45) of respondents report weekly stress or irritation as a result of scrap and rework, whereas 22% (10 out of 45) report it on an hourly basis. The majority of the frustration is from having to complete additional paperwork each time a product must be held, as well as additional procedures on both the clocking machine and a hold ticket for each non-conformance. Operators said that all they want to do is ‘come in and do their job’, however, poor processes prevent them from doing so, resulting in frustration rather than stress.
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[bookmark: _Toc135413277]Figure 18 - Employee Survey Question 1 Result
2. Figure 19 shows that the productivity of a significant number of participants was reported to be heavily influenced by scrap and rework, with 47% (21 out of 45) indicating high impact while only a mere 4% (2 out of 45) reported no impact. This is primarily attributed to the need to reprocess defective products, resulting in zero standard time for each reworked operation, thereby causing Operators to lose out on the time they had initially put in. Consequently, this leads to reduction in productivity.
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[bookmark: _Toc135413278]Figure 19 - Employee Survey Question 2 Result
3. According to the survey results (figure 20), a significant proportion of the participants, 69% (31 out of 45), expressed moderate to high confidence in their capacity to mitigate scrap and rework in their workplace, while the remainder had either slight or no confidence in this regard. It should be noted that those with low confidence were primarily new to the company, having been employed for less than a year. This outcome indicates that the Operators possess commendable process awareness, which the company should acknowledge and not overlook.
[image: ]
[bookmark: _Toc135413279]Figure 20 - Employee Survey Question 3 Result
4. A significant number of participants, 58% (26 out of 45), reported daily management help in addressing and minimising scrap and rework. In comparison, only 4% (2 out of 45) claimed to receive no assistance (figure 21). This result is positive for the business since it indicates that the Operators feel supported by their individual line managers. However, other comments suggested that the support departments lack the appropriate effort to address such problems, which contributed to the elevated rejection rates.
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[bookmark: _Toc135413280]Figure 21 - Employee Survey Question 4 Result
5. The survey results revealed in figure 22 show that an overwhelming majority of the participants, accounting for 95%, reported facing scrap and rework issues on a daily or weekly basis, with none reporting encountering such issues hourly or never having to deal with them. This is corroborated by the current rejection rate of the business, and the Operators have observed a progressive increase in these occurrences. This is a cause for concern for the business, as it indicates that the processes are out of control.
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[bookmark: _Toc135413281]Figure 22 - Employee Survey Question 5 Result
6. More than two-thirds of the participants expressed scepticism that any significant steps would be taken as a result of this survey (figure 23). Corporate surveys are conducted annually, but little constructive action is taken. While some view this survey as merely a ‘Tick box exercise’, many remain optimistic that meaningful measures will be implemented, particularly since the survey targets realistic questioning. Some Operators have already witnessed progress within the area since the project was launched, such as the work carried out with the Interim control pertaining to the in-line heater.
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[bookmark: _Toc135413282]Figure 23 - Employee Survey Question 6 Result
7. Figure 24 shows that that 78% of participants stated they have never been asked to assist with scrap reduction, despite a high proportion feeling they have the confidence to support in scrap reduction. This is a knowledge base that should be utilised, but evidently, it is not. The key to reducing defects lies in working with the shop floor staff, who are the true subject matter experts. The business should take note of this and involve Operators more actively in scrap reduction initiatives.
[image: ]
[bookmark: _Toc135413283]Figure 24 - Employee Survey Question 7 Result
8. Figure 25 shows that 82% employees who took the survey feel the lack the support and resources to maintain quality standards, most comments relate to ageing equipment and a lack of investment throughout the site.
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[bookmark: _Toc135413284]Figure 25 - Employee Survey Question 8 Result
[bookmark: _Toc135413239]Survey Conclusion.
According to the survey results, scrap and rework are a serious issue affecting the productivity and well-being of its employees. This may have an adverse effect on the quality of the company's products or services. Employees' differing levels of confidence in reducing scrap and rework suggests a need for extra training or resources. The fact that some employees do not believe they have the resources and support they need to maintain high quality standards in their job indicates a need for improved communication and collaboration between employees and management.
To address these concerns, the organisation should consider introducing scrap and rework reduction solutions, such as process improvements or improved quality control measures. Additionally, the organisation could provide employees with extra training and resources to boost their confidence in decreasing scrap and rework. According to the survey results, management support is essential, thus the organisation may need to ensure that staff feel appropriately supported in their attempts to reduce scrap and rework. Finally, the organisation should take the survey results seriously and make a concerted effort to address the difficulties raised by employees to foster a happy work atmosphere and uphold high quality standards.
[bookmark: _Toc135413240]Implementation plan
The investigation plan revealed numerous process-related issues that significantly complicated the Corrective and Preventive Action (CAPA) process. Upon discovering an issue related to the in-line heater, the Quality team stopped the wash process for a second time until it could be demonstrated that the risk was manageable. This was the first step taken to enable Production to resume. The decision to take this action was made at the last minute on a Friday, which necessitated spending the entire weekend developing an Interim control and form to monitor the process as a temporary measure until long-term engineering solutions could be identified to eliminate the need for manual, non-productive checks.
Based on the investigation's findings, additional measures were developed to address the underlying causes and other factors identified in the CAPA. This implementation plan outlines all of the actions taken to eliminate or significantly reduce the likelihood of the root cause recurring.
1. Create Interim Control for the additional monitoring on the In-line heater
2. Upgrade In-Line heater
3. Simplify the work instructions
4. Update PFMECA
5. Update the Process Specification
6. Reconfigure the daily monitoring to limit operator errors when taking the temperature.
7. Review business case for Ultrasonic Upgrade.
8. Review possibilities of engineering the Interim control out.
9. Create and deliver training for all updates captures within the project
[bookmark: _Toc135413241]Action Implementation
[bookmark: _Toc135413242]Interim Control
Interim controls (IC) are temporary procedures used in Zimmer Biomet to manage quality issues or non-conformance until a permanent solution can be introduced.
Interim controls are employed as a short-term solution to solve quality issues while a permanent solution, such as altering the production process, strengthening quality control methods, or resolving supplier quality issues, is developed, and implemented. Interim measures can only be withdrawn once the permanent solution is in place.
The In-line heater has been identified as the root cause of Out of Specification events in relation to the final clean lines. To address this issue temporarily, an Interim Control measure (IC 0047) was implemented, aiming to enhance control over the In-line heater. Consequently, the Quality Director decided to halt operations on the Final Clean line until additional control measures were implemented.
Under IC 0047, a Quality Technician was required to report to the control panel, as depicted in figure 26, and verify the operational status of the in-line heater. This check had to be conducted every 2 hours to minimise the potential impact if further issues were identified. Table 8 provided a decision table that assisted the technicians in determining the appropriate course of action. Recognising the impracticality of this frequent check and the resulting burden on the Technicians' workload, it became crucial to find a solution to render the Interim Control obsolete. However, to achieve this objective, it was necessary to identify and implement improvements that would effectively address the issue. The following actions were undertaken to introduce additional control measures.




[image: ]
[bookmark: _Toc135413285]Figure 26 - Inline Heater Control Panel
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[bookmark: _Toc135409918]Table 8 - Control Panel Decision Table
1) Chiller Replacement and Maintenance
While the primary cause of the issue points to the In-line heater, the original equipment manufacturer (OEM) identified faults within the Water plant chiller system. If the incoming temperature exceeds a certain threshold, it triggers the tripping of the in-line heater, resulting in the entry of cold water into the system and causing the tank temperatures to fall below the acceptable limit. Therefore, it is recommended to service and replace the Chiller to address this problem effectively.

2) Parameter Modification
By making slight adjustments to the inlet and outlet parameters, it is possible to achieve an improved water temperature supplied to the in-line heater. This modification serves two purposes: firstly, it reduces the demand placed on the in-line heater, and secondly, it enhances temperature regulation, thereby reducing the likelihood of the in-line heater tripping out.

3) Installation of Alarms
Previously, there was a lack of alarm system to alert the operators about the issue, which led to the unawareness of cold water being fed into the tanks. Collaborating with the OEM, we have arranged for the installation of an audible and visible alarm system that activates once the in-line heater trips, as depicted in figure 28. This implementation ensures early detection and provides a prompt alarm to the team, enabling them to respond swiftly and attempt to resolve the situation before the wash process deviates from the required specifications.
[image: IMG_7298.jpg]
[bookmark: _Toc135413286]Figure 27 - New Installation of Audible Alarm To The Control Panel
[bookmark: _Toc135413243]Simplification of Documentation
During root cause analysis we identified that there was no clear standards or sequence in which the daily process monitoring took place by the Operators, further investigation of the process and people identified a lack of and poor instructions for the Operators to follow.
There are 5 separate Documents for the Operators to follow which are neither linked in any way, the Process Spec contains basic instructions of how to take other checks however, there is no clear guidance in which sequence the checks should be carried out.
The 5 separate documents are:
1. PS no 113 - Final Cleaning and Biological Upgrade of Sterile Implant Products
2. I001050 – Refractometer Testing of Chemical Concentration 
3. I001052 – Nitric Acid Density Test Method 
4. I001053 – Final Wash Chemical, Filter Change and Nitric Acid Procedure 
5. I001054 – Sonocheck Test Ultrasonic Monitoring Check
The lack of instructions and standards are not only contributing to out of specifications against the Final cleans, but they’re also having a detrimental effect on training. During conversations with the team, each Operator demonstrated how they complete the checks differently, not only can this lead to mistakes it is also a safety and compliance risk, some operators were not following the work instruction safety which could lead to serious harm when dealing with nitric acid.
To improve consistency, safety, and training - a review of the above documents took place with the aim in creating a singular document for the process checks.
Instead of having to switch back and forth between various papers, a new single document  I001843 - Final Cleaning of Sterile Implant Products - Process Monitoring Procedure was developed to outline the steps to be taken to carry out each test and in what sequence, making it significantly more user friendly. In addition to the previous checks, this document captured the checks required for the In- line heater and provided explicit instructions on the escalation process if the In-line heater was to alarm, thus allowing us to obsolete the Interim control. The Furthermore, it allows us to obsolete the other documents meaning less documents within the QMS system which is a Goal and Objective of the site for 2023.
[bookmark: _Toc135413244]Process Failure Mode Effect Criticality Analysis (PFMECA)
A PFMECA (Process Failure Mode Effects and Criticality Analysis) document is an essential tool for identifying potential failure modes in a process and prioritising corrective actions based on their severity. In the case of the sterile wash process, it is critical to ensure that the process is effective in eliminating all contaminants to maintain sterility.
However, the current PFMECA document for the sterile wash process was outdated and was inadequate to capture all the potential failure modes relating to the wash. The previous revision was last revised in 2017 therefore, did not capture any of the risks and failure modes identified previous to the CAPA and during. The previous revision document was simply 1 page and was inadequate. Previous investigations had identified many issues that could lead to contamination and sterility breaches, which were not included in the document. Therefore, it was necessary to update the document to ensure that all the critical failure modes were addressed.
To achieve this, a cross-functional team was assembled, which included members from various departments, including quality, production, engineering, validation, and maintenance. The team reviewed the previous investigations and conducted a thorough analysis of the process to identify all the potential failure modes relating to the wash.
The updates to the PFMECA document which included a template update to capture all the identified failure modes and prioritise the corrective actions needed to address them. With this updated document, the sterile wash process can now be executed with confidence that all potential failure modes have been identified and addressed, ensuring the maintenance of sterility. 
[bookmark: _Toc135413245]Process Monitoring Form Design
Documented previously within the is paper, non-conformances relating to the wash have been caused by Operator errors, this includes writing the wrong temperature specification for a specific tank. Operators are honest and state that some do not remember the specification for each tank as the temperature ranges based on its contents, to look at what the temperature for each tank is they have to revert to the Process Specification which can be time consuming giving they have targets to achieve, and whilst this is a requirement, efforts should be made to simplify the form to ensure the operators have everything they need to complete the task correctly and efficiently.
Figure 28 provides an example of the previous revision whilst figure 29 shows the new for which was created and introduced to the process. 
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[bookmark: _Toc135413287]Figure 28 - Final Clean Process Monitoring Log Revision 13
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[bookmark: _Toc135413288]Figure 29 - Final Clean Process Monitoring Log Revision 14




The changes to the form were made directly from feedback from Operators, all checks are critical to the process so have to remain however, how they’re documented or how the operators interact with the form should be decided by the team themselves, based on feedback from the team the following changes/improvements have been made to the process monitoring log:
1. Template change.
According to the feedback provided by the team, the boxes allocated for each check were deemed too small, thereby causing certain members of the team to perceive the recorded values as illegible. As the operations have now transitioned to a 24/7 schedule, rendering the afternoon shift check redundant, the opportunity was taken to consolidate the form into a single document for each check. This alteration resulted in two improvements. Firstly, it enabled the team to allocate larger boxes, and subsequently, to focus on the temperature with greater precision. Secondly, each form shall be subject to immediate review and sign off following its use, thus facilitating the prompt identification and rectification of any potential errors. In contrast, under the previous protocol, the forms were not reviewed until 24 hours later, which impeded the early detection of errors and expanded the scope of potential consequences.
2. Temperature.
The new layout presents a clear specification of the temperature range for each tank, removing the requirement to review the Process Spec. The temperature range is now colour-coded to indicate whether it falls within the top, middle or bottom spec. Instead of writing the temperature value for each tank, an ‘x’ is now used to indicate the corresponding temperature. This change aims to prevent the inadvertent recording of an incorrect temperature value. In case the temperature falls outside the specified range, a new box has been added at the bottom of the form to indicate this. By doing so, the importance of escalating the issue immediately is emphasised, which was not emphasised previously. This is particularly significant as any delay in identifying an issue could lead to adverse impacts on more product.
3. Specifications / Guard Banding added.
In cases where a check requires a specification, the specification and its corresponding value have been provided to the user. This modification has been introduced to eliminate the possibility of users mistakenly recording incorrect values. The Cultural concentration is highly likely to fluctuate within a short period of time. Therefore, guard banding has been introduced to control the specification range. Despite the upper and lower ranges for Citural concentration being between 0.98 to 1.96 %Brix, a control target of 1.3 to 1.7% Brix has been introduced to control the specification and restrict any potential out of specification events.
4. In-Line Heater Check
The final step towards making the Interim control redundant was to incorporate the in-line heater check into the existing standard monitoring process. However, instead of conducting the check every 2 hours, it will be performed once during each shift by the Operator. Additionally, an alarm will sound in the event of the in-line heater tripping for any reason, enabling Operators to take necessary action. To further improve the process, Operators have been provided with an additional box and instructions to record the temperature of each tank immediately in the event of the in-line heater tripping. This reading will then become the last known good reading, and if the temperature falls outside the specified range, it will limit the impact on the overall amount of product.
[bookmark: _Toc135413246]Verification of effectiveness (VoE)
Verification of effectiveness is a crucial aspect of the corrective and preventive actions (CAPA) process within the medical device industry. It involves validating that the implemented corrective action has successfully addressed the underlying cause of nonconformities, thereby preventing their recurrence. This is a vital step in ensuring the safety and efficacy of medical devices, as it helps to mitigate the risks associated with product failures and noncompliance with regulatory requirements. (Wernle & Paro, 2022)
In accordance with ISO 13485:2016, medical device manufacturers are required to validate the effectiveness of their corrective actions and document the results. This ensures that the CAPA process is effective in addressing the root cause of nonconformities and preventing their recurrence, thereby improving the quality and safety of medical devices. (Standardization, 2016)
The VoE is completed within 2 stages, the VoE plan is assembled immediately prior to completion of all actions, following the specified timeframe the plan is carried out and the results are documented before routing to final approval.
The VoE plan and results must fulfil procedural and regulatory criteria and may be audited; the type of plan generated will depend on the type of issue related to the CAPA; for this CAPA, the chosen VoE plan will be based on the 'Statistical Sample VoE' as defined in the global VoE procedure. 
To develop a statistical sampling plan for a CAPA, first conduct a risk assessment to evaluate the level of risk associated with the CAPA. The CAPA risk score is determined to be Medium as per (Paro, 2022)
The next stage is to set the sample size and acceptability parameters based on the intended Lot Tolerance Percent Defective (LTPD) level, as well as the desired confidence and reliability levels. This entails determining an acceptable sample size and acceptance criteria for the population of records being reviewed using statistical tables as defined within the global procedure and shown in table 9. (Wernle & Paro, 2022)
Where,
· AQL =  Acceptable Quality Level
· n = mean
· a = significance level
· r = correlation coefficient
· LTPD - Lot Tolerance Percent Defective
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[bookmark: _Toc135409919]Table 9 - Sampling Plan Statistical Table for 95% Confidence / 95% Reliability
(Wernle & Paro, 2022)
[bookmark: _Toc135413247]VoE Plan
Therefore, the following VoE plan was set to verify the effectiveness of the implemented changes. Internal process monitoring form UKF0070 captures all checks pertaining to the Final cleans, therefore will capture any non-conformance relating to the washes.
After a 3-month period, Internal process monitoring forms will be randomly retrieved from archive and reviewed. The AQL for the VoE is zero failure, all 60 forms retrieved must be 100% conforming to the local procedures, any nonconformances will result in the VoE failing. In the event of a failure, the CAPA is deemed ineffective and would therefore start from the beginning.
The following instructions are provided for the reviewer:
1) Pull 60 UKF0070 forms from archive for review.
2) Examine each UKF0070 form, checking that all temperature checks are within specification as described within the process spec. If values are out of specification, ensure that operators have taken appropriate action and escalated to their leader.
3) Document findings on a signed memo for VoE evidence.
The sampling plan rationale is as follows: 
Based on table 9 a sample size of 60 daily process monitoring forms will be reviewed to provide a 95% confidence level and 95% reliability. The rationale for this sample size and confidence intervals is that the CAPA risk is medium. It is estimated that in a 3-month period there would be sufficient samples of records to review and verify effectiveness.
[bookmark: _Toc135413248]VoE Result
The Verification of Effectiveness (VoE), conducted between February 13th and April 10th, 2023, employed a random sampling approach to review 60 UKF0070 forms from the archive. The assessment concluded that all temperature values were accurately recorded and fell within the specified range. Additionally, all other process monitoring checks were found to be within the prescribed specifications. The findings from Table 10 present the outcomes of the 60 selected forms, confirming that on the designated date/shift, each form was accurate with all values falling within the specified range, and the respective operator had undergone the necessary training. To further illustrate this, Figures 30 and 31 exemplify two forms that were appropriately selected and correctly completed.
This complete analysis illustrates the successful implementation of the specified steps, establishing the efficacy of the implemented actions.
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[bookmark: _Toc135409920]Table 10 - Verification of Effectiveness Results

[image: ]
[bookmark: _Toc135413289]Figure 30 - Verification of Effectiveness Results
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[bookmark: _Toc135413290]Figure 31 - Verification of Effectiveness Results
[bookmark: _Toc135413249]Final risk summary
The identified corrective actions have implemented sufficient controls to reduce the occurrence of out of spec temperatures being recorded on the daily process monitoring form UKF0070 without the appropriate escalation, as demonstrated in the supporting evidence provided within the VoE, all other risks have been assessed through the new PFMECA. Therefore, as per (Paro, 2022), the final risk has been classified as low.






[bookmark: _Toc135413250]Results
[bookmark: _Toc135413251]Rework Reduction
The project improvements have resulted in significant benefits for the business, particularly in the form of a significant reduction in rework. As evidenced by the graph in the Figure 32, from the beginning of 2022 until May 2023, there has been a clear downward trend in the amount of product reworked. Since the implementation plan was put in place, only £35,640 worth of product has been reworked, compared to £612,000 relating to out of specification temperature prior. This is a clear indication that the changes made to the documentation and processes have resulted in substantial cost savings. Moreover, there have been zero non-conformances relating to temperature since the changes were implemented.
While the in-line heater has tripped twice due to mechanical failures, the new alarm and audible alert systems have allowed the Operators to respond quickly and limit the impact to only a few batches, as opposed to entire shifts rework as previously experienced.
[image: ]
[bookmark: _Toc135413291]Figure 32 - Out of Specification Rework Reduction
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[bookmark: _Toc135409921]Table 11 - Total Out of Specification Rework Jan 2022 - May 2023
[bookmark: _Toc135413252]Improved productivity
The considerable extent of rework has a direct impact on Operator performance, as they are only allotted standard time for products manufactured on the initial attempt. When rework becomes necessary, the time spent on rectifying non-conforming product is effectively lost, leading to reduced productivity. For example, if an Operator dedicates an entire shift to rework, their productivity rate for that shift would be 0%. Moreover, it is common for Operators to log downtime to indicate to managers that they are engaged in rework activities, which accounts for the observed increase in downtime hours during periods of heightened rework.
Figure 33 provides compelling evidence that the reduction in rework levels has positively influenced the performance of the wash area, leading to greater stability and consistent achievement above the target of 85%. Notably, the wash area recently achieved an impressive 90.7%
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[bookmark: _Toc135413292]Figure 33 - Productivity Performance
[bookmark: _Toc135413253]Improved Employee Moral & Wellbeing
Based on the findings from the Employee survey presented in chapter 12.2, it is evident that Operators' morale and well-being are affected by the presence of high rework and defects. They strongly perceive the negative impact on their performance, as demonstrated by a decrease in productivity when out-of-specification events occur. A study conducted by Bakker et al. (2008) revealed a positive association between employee engagement, which is closely tied to employee happiness, and job performance as well as organisational commitment.
To gain further insights, a subsequent questionnaire was provided to the same group of employees who participated in the initial survey. The purpose was to assess their perspectives on the implemented improvements, with specific focus on areas where we received low scores in the earlier survey, indicating a lack of engagement among Operators in improvement activities.
The results of this questionnaire, as depicted in Figure 34, indicate that the employees expressed a sense of engagement, with research suggesting that they are likely to perform at a higher level than before. A significant majority, 87% of the surveyed employees, reported feeling involved in the project, with 42% expressing a high level of involvement throughout. It should be noted that 13% of the respondents indicated no contribution however, considering factors such as current shift patterns and individual skill sets, it was not feasible to involve every single employee in the project.

[bookmark: _Toc135413293]Figure 34 - Project Close Employee Question 1
The results shown in figure 35 show that an astonishing 87% of participants feel that the changes made during the project have had a high impact on their daily work, this further validates that as per the literature that companies that focus on reducing the COPQ have a happier work force.

[bookmark: _Toc135413294]Figure 35 - Project Close Question 2
The adjustments achieved through simplicity of documentation, template changes and less rework have allowed the business to favourably impact the employee’s health and wellbeing. While improvements are being made, some long-serving employees have responded negatively to changes in process and procedures. 78% of respondents believe the changes will have a positive impact, while 7% believe it would have a negative impact (figure 36).

[bookmark: _Toc135413295]Figure 36 - Project Close Question 3

[bookmark: _Toc135413254]Work in Progress (WIP) Reduction
Owing to the extensive rework volume linked to the concluding cleaning process, WIP levels have surged due to insufficient capacity within the washing operations. Notably, the WIP levels have reached a record high value of £5,134,632, exceeding the target by £2,100,000 based on product lead times and loadings.
Figure 37 offers a visual representation of the aggregate WIP value, the value of WIP aged over 60 days, the total count of open Manufacturing Handling Records (MHR), and the number of MHRs surpassing the 60-day threshold at the end of each month. This Key Performance Indicator (KPI) examines the backlog of orders across the entire site.
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[bookmark: _Toc135413296]Figure 37 - Bridgend Site WIP Data
In summary, the total work-in-progress (WIP) value in the preceding 9 months demonstrates a clear downward trend, decreasing from £5,134,632 to £3,527,199, although it remains £527,199 above the target. This reduction in WIP has brought about several advantages for the business, including the realisation of production value and the provision of highly sought-after products to our customers.
Lower WIP levels provide several advantages to manufacturing businesses, primarily encompassing the reduction of lead times and the enhancement of operational efficiency (Womack, et al., 1991). 
Reduction of WIP levels directly contribute to improved cash flow, liberating capital that would have otherwise been tied up in unfinished products (Pavnaskar, et al., 2003). This enhanced cash flow can be redirected towards other facets of the business, such as research and development, equipment procurement, or operational expansion which is much needed at the Bridgend site.



[bookmark: _Toc135413255]Conclusion
The project aimed to address the issue of non-conformances in the final clean lines of the manufacturing process, specifically relating to temperature, which had resulted in significant costs due to scrap and rework. Literature surrounding COPQ highlights the impact is has on organisations, stating that Organisations that fail to address poor quality not only suffer financial losses but also experience decreased employee morale and increased staff turnover rates. A study by the American Society for Quality found that employees who work in Organisations that prioritise quality management are more satisfied and less likely to leave their jobs (Goetsch & Davies, 2015), This was supported during the employee survey which concluded that high defect rates are having a significant negative impact on employee performance and wellbeing, additionally, employees do not feel engaged in improvement activities even though they’re confident in their process knowledge and ability to support scrap/rework reduction.
The investigation highlighted gaps within the equipment controls that introduced significant risk to the process to be forced to stop, with each hour being down costing the business £14,000. Through, hard work, quick thinking and dedication, additional controls relating to capturing undertime in tank 1 batches and the interim control relating to the In-line heater minimise the impact to just 48 hours, where production was allowed to resume, such actions were completed during the weekend, demonstrating a ‘What ever it takes to get the job done attitude’.
Following a comprehensive investigation, action plans were formulated to address the identified problem statement and underlying root causes contributing to the temperature deviations from the required specifications. The valuable input from team members and the feedback received from surveys were carefully considered throughout the project, ensuring close engagement with the Operators at critical decision points.
The implemented action plan has yielded numerous benefits, streamlining the workflow for Operators, and establishing a robust process capable of delivering products to customers on time without the need for extensive rework.
The effectiveness of the Corrective and Preventive Actions (CAPA) undertaken is evident from the fact that, over a period of three months, there were no instances of non-conformances related to temperature and no documentation errors made by the Operators following the template changes. Furthermore, subsequent to a successful final approval signed on April 27, 2023, no further instances of non-conformances have been identified.
The data presented in chapter 11 validates the significant positive impact that the project has had on the Bridgend Site, rework associated to the wash has decreased dramatically, the data shows there has been a clear downward trend in the amount of product reworked. Since the implementation plan was put in place, only £35,640 worth of product has been reworked, compared to £516,000 prior, such savings can be reinvested in the business. Employee performance has increased with data showing an increase in Productivity with a clear downward trend in downtime. Research findings indicate that efficient Work-in-Process management yields numerous advantages for manufacturing facilities, including decreased lead time and enhanced customer satisfaction. Notably, the reduction in lead time constitutes a critical factor for competitiveness within the medical device industry. The observed decline in WIP levels, amounting to approximately £2 million over a span of nine months, along with the associated reduction in rework and heightened productivity, has led to WIP levels reducing to normal levels. Despite still above target by £500,000, this reduction in WIP has significantly improved the cash flow of the business, thereby fulfilling its crucial financial requirements.
Lastly, the project closing questions presented to the team members show that they have been listened to and the improvements made throughout the CAPA have had a significant positive impact on them, further validating the success of the project.
Given the substantial cost reductions and capacity improvements achieved, the business now has an opportunity to enhance its sustainability and competitiveness in the global manufacturing landscape by upgrading the Ultrasonic equipment. Data analysis has revealed that the said equipment significantly contributes to a substantial portion of non-conformances. This upgrade would serve as an additional stride towards fortifying the business's position relative to rival manufacturing plants worldwide.
However, it is crucial to acknowledge the limitations inherent in any project. Upon reflecting on the project's success, several limitations emerge, primarily stemming from the CAPA process itself. Due to stringent completion deadlines imposed to meet corporate key performance indicators, the business faced immense pressure to expedite project completion. Consequently, team members had to endure long working hours to effectively address the issues at hand. Unlike operational project plans within the business, CAPAs lack sufficient resources, leaving team members vulnerable and lacking adequate support.
When critical issues and processes necessitate the initiation of CAPAs, the business should exercise careful consideration and allocate the necessary resources to ensure successful task completion. Additionally, since CAPAs are not budgeted, most changes must be implemented without available funds, further exacerbating resource constraints.
[bookmark: _Toc135413256]Recommended Further Work – Final Clean 2 Upgrade
[bookmark: _Toc135413257]Purpose
The business has decided that they can no longer sustain the level of scrap and rework as highlighted within this paper, therefore it is taking the opportunity to upgrade Final clean 2 in line with the newly validated Final Clean 3 (FC3), this work has already commenced and Final Clean 2 was taken out of Operation in January 2023 where it will remain down for 6 months during its upgrade, once upgraded the plan is the decommission Final Clean 1 which since its age does not have the capability to be upgraded.
The existing ultrasonic generators will be replaced with state-of-the-art NexTgen 1500 Ultrasonic Generator units (figure 38). These modern generators offer enhanced capabilities for measuring and recording additional data and controls. This upgrade will ensure that the ultrasonic performance during the cleaning process is consistently achieved and can be reliably demonstrated.
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[bookmark: _Toc135413297]Figure 38 - NexTgen Ultrasonic Trending Example

· FC3 Equivalence – The wash will be set up and programmed to run an equivalent process to that of FC3. This includes:
· Transfer over to CIP100 cleaning detergent.
· Pipe Modification - Pipes will be modified as required to achieve the desired water flow and tank order.
· Install temperature sensors to each tank and link them to the PLC.
· Align all alarms and I/Os for Ultrasonic monitoring general alarm and high/low temperature alarms.
[bookmark: _Toc135413258]Benefits
The upgrade of FC2 is anticipated to yield a multitude of significant benefits for the business, including:
1) Scrap Reduction:
Previous analysis has revealed that process time exceeding resulted in scrap costs amounting to £610,000 in 2022 alone. The upgrade involves replacing the current cleaning detergent, Citural, with CIP100. CIP100 offers enhanced cleaning and has been validated to allow the product to remain in the tank for up to 900 seconds. Data indicates that only 2% of batches exceed this duration. If the upgraded system demonstrates similar performance, it could potentially lead to a scrap reduction of approximately £597,800 in the first year.

2) Rework Reduction:
In 2020, a total of 8,840 pieces required rework due to temperature and Ultrasonic failures, resulting in a loss of 11.3 days' worth of capacity. The value of the products associated with these 8,840 pieces amounted to £825,715. If the processes were executed correctly the first time, the business could have benefited from increased loadings. Therefore, the upgrade holds the potential to significantly reduce rework and enhance overall operational efficiency.

3) Reduction in Manual Testing:
The upgrade, involving the enhancement of Ultrasonic equipment and temperature alarms, will eliminate the need for extensive process monitoring. Currently, operators are required to empty the wash to safely complete the process testing. By reducing the amount of testing required, the overall process efficiency will be improved, leading to a reduction in the likelihood of errors and the recapturing of lost capacity. Testing alone accounts for a loss of 33,600 pcs parts per year.
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Do you believe you have contributed to the project?
1 = No contribution
2 = Some contribution
3 = Large Contribution

Do you feel you have been involved in the improvements realtig to the project?
1 = No involvement	
2 = Some involvemnet
3 = High Involement	
1	2	3	6	20	19	

Do you believe that the improvemnets made will have a positive impact on your daily work? 
(1-3 scale)
1 = No impact 
2 = Moderate
3 = High Impact 

How do you believe the project has affected your daily work? (1-3 scale)
1 = No impact	
2 = Moderate Impact
3 = High Impact	
1	2	3	1	5	39	

Do you believe the changes made during the project will positively impact your health and wellbeing ? (1-3 scale)
1 = No, Negative impact.
2 = No Change.
3 = Yes, positive impact.

Do you believe the changes made during the project will positively impact your health and wellbeing ? (1-3 scale)
1 = No 	
2 = No Change
3 = Yes	
1	2	3	3	7	35	
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Notification Notif.date Description week

10121512 13/01/2022Inline Heater Chiller Fault 3

10121791 22/01/2022Inline Heater tripped 4

10121793 22/01/2022Inline Heater Chiller Fault 4

10144865 02/02/2022Ultrasonic Generator Card U/S 5

10122587 20/02/2022Ultrasonic Generator Fault 8

10145936 01/03/2022Tank 13 Temperature OOS 9

10123066 08/03/2022In line heater Tripped 10

10133191 08/03/2022In line heater Tripped 10

10133756 22/03/2022Ultrasonics Failed Tank 1 & 9 12

10123552 25/03/2022Ultrasonic Generator Tripped 13

10147327 19/04/2022Tank 13  Temperature OOS 16

10150668 26/07/2022Tank 13 Temperature low 30

10150681 27/07/2022Inline heater Tripped 30

10126444 30/07/2022Sonics not working 31

10126735 06/08/2022Inline heater Tripped 32

10139285 23/08/2022Inline heater chiller off 34
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First Why

Question

Why is the ultrasonic check failing?

Answer:

Because the ultrasonic fransducers are ageing

Second Why

Quesfion

Why are the ultrasonic transducers ageing?

Answer:

Because the transducers are being repaired instead of being replaced

Third Why

Question

Why aren't the transducers being replaced?

Answer:

Because specific transducers and ultrasonic cards are now obsolete

Fourth Why

Quesfion

Why are the transducers and ultrasonic cards obsolete?

Answer:

Because the business is using ageing and outdated ultrasonic technology no longer supported by the
OEM.

Fifth Why

Question:

Why is outdated technology being used by the business?

Answer:

Because the business has not invested in updating the ultrasonic equipment.

Sixth Why

Question

Why has the Business not invested in updating the equipment?

Answer:

Because it is not fully aware of the impact of failures and has not considered it a priority in the budget.
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Value stream Total Scrap 2022 Actual Credit from Delivery 2022 Sum of Scrap Variances13_2

Shells G7 £2,226,284 -£23,179,620 51.83%

Oxford Fems & Trays £843,487 -£14,812,900 19.64%

Stems £573,403 -£23,416,503 13.35%

Mouldroom £214,521 -£6,093,680 4.99%

Vanguard Femorals £137,807 -£1,697,372 3.21%

Plastics £130,510 -£5,789,438 3.04%

LPS £118,428 -£4,441,324 2.76%

Shells Non G7 £29,423 -£350,273 0.69%

Heads £8,912 -£366,767 0.21%

SPS £7,796 -£1,127,048 0.18%

STAAY & Extremities £2,488 -£22,821 0.06%

Semi Finished £2,138 -£438,780 0.05%

Grand Total £4,295,196 -£81,736,525 100.00%
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1. Onascale of 1-5, how often do you feel stressed or frustrated due to
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2.  How much of an impact does scrap and rework have on your
productivity? (1-5 scale)

1= No Impact

2= Minor Impact

3= Moderate Impact

4 = High Impact

5 = Causes you to underachieve
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3. How confident are you in your ability to reduce scrap and rework in
your work? (1-5 scale)

1= No confidence

2= Small amount of confidence

3= Moderate amount of confidence
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4. How much support do you feel you receive from management to
address and reduce scrap and rework? (1-5 scale)
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5. How often do you encounter scrap and rework in your daily work? (1-
5scale)

1= Never
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4 = Daily

5 = Hourly
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6. Do you believe this survey will result in meaningful action?

mYes

=No
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7. Have you ever been asked to help with scrap reduction? (Yes / No)

mYes

=No
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8. Do youfeel that you have the necessary resources and support
to maintain quality standards in your work?

mYes

" No
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Condition

Control Panel Condition

Action

Operational

Tthe "24VDC Confrol Healthy”

ight is visible and the Red

ight “Over Temperature

Thermostat Healthy” is not

visible, the Inline heater HAS
NOT TRIPPED and s in

Operational mode, no further

action required.

If the “High Temperature alarm
& Heater on” lights are on, these
are deemed as NON.CRITICAL.

and no further action s required

No action required.

Record Yes and sign
and date ICF 0031 (UK)

Tboth, the White lignt “24VDC
Control Healthy” and the red
light “Over Temperature
Thermostat Healthy” appear at
the same time, this is deemed
as a critical alarm and the inline
heater ,
Immediate
Engineering/maintenance

Escalate to
Engineering/Maintenance
‘complete ICF 0031 (UK)
and document action in
comments section.

intervention required
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Final Cleaning of Sterile Implant Products - Process Monitoring Log
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UKFO070 Rev. 14  Final Cleaning of Sterile Implant Products — Process Monitoring Log

DATE: FINAL CLEAN LINE No: | SHIFT: |
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Ref: PSNo. 113 (Form vill be archived in FileStream) Pagelof1
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95% Confidence / 95% Reliability

Type Parameters AQL LTPD
Single n=60,a=0 0.09% %
Single n=95,a=1 0.38% %
Double n1=65, a1=0, r1=2, n2=80, a2=2 0.47% %
Single n=125,a=2 0.66% %
Double . 1=0, r1=3, n2=110, a2=3 0.79% %
Single n=150,a=3 1% %
Single n=60,a=0 0.09% %
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Date Shift Operator

Temperatures in 

Spec?

Operator 

trained?

All other checks 

within spec?

13-Feb-23 B Clive Trigg Yes Yes Yes

14-Feb-23 D Zoe Lewis Yes Yes Yes

14-Feb-23 C Ross Morgan Yes Yes Yes

15-Feb-23 D Tum Chakphim Yes Yes Yes

15-Feb-23 C Jason Bevan Yes Yes Yes

16-Feb-23 A Matthew booth Yes Yes Yes

16-Feb-23 D Holly Hiscock Yes Yes Yes

17-Feb-23 A Gareth Price Yes Yes Yes

17-Feb-23 D Mark Rees Yes Yes Yes

18-Feb-23 A Lee Richards Yes Yes Yes

22-Feb-23 C Jason Bevan Yes Yes Yes

22-Feb-23 D Zoe Lewis Yes Yes Yes

23-Feb-23 D Zoe Lewis Yes Yes Yes

23-Feb-23 C Neil Ridley Yes Yes Yes

24-Feb-23 A Matthew Booth Yes Yes Yes

24-Feb-23 D Zoe Lewis Yes Yes Yes

25-Feb-23 A Matthew booth Yes Yes Yes

26-Feb-23 B Clive Trigg Yes Yes Yes

26-Feb-23 A Matthew booth Yes Yes Yes

27-Feb-23 B Clive Trigg Yes Yes Yes

28-Feb-23 B Owen Evans Yes Yes Yes

08-Mar-23 C Alan Lyons Yes Yes Yes

09-Mar-23 C John Davies Yes Yes Yes

09-Mar-23 B Morgan Phipps Yes Yes Yes

10-Mar-23 C Ross Morgan Yes Yes Yes

11-Mar-23 C Jason Bevan Yes Yes Yes

11-Mar-23 D Tum Chakphim Yes Yes Yes

12-Mar-23 A Matthew booth Yes Yes Yes

12-Mar-23 D Mark Rees Yes Yes Yes

13-Mar-23 D Tum Chakphim Yes Yes Yes

13-Mar-23 A Matthew booth Yes Yes Yes

14-Mar-23 B Owen Evans Yes Yes Yes

14-Mar-23 A Kevin Hall Yes Yes Yes

15-Mar-23 B Tom Jones Yes Yes Yes

16-Mar-23 B Clive Trigg Yes Yes Yes

16-Mar-23 C Alan Lyons Yes Yes Yes

17-Mar-23 B Morgan Phipps Yes Yes Yes

17-Mar-23 C John Davies Yes Yes Yes

18-Mar-23 D Tum Chakphim Yes Yes Yes

18-Mar-23 C Jason Bevan Yes Yes Yes

19-Mar-23 D Byron Rees Yes Yes Yes

19-Mar-23 C Jason Bevan Yes Yes Yes

20-Mar-23 D Tyler Langdon Yes Yes Yes

20-Mar-23 A Matthew booth Yes Yes Yes

01-Apr-23 C John Davies Yes Yes Yes

02-Apr-23 C Kevin Hall Yes Yes Yes

02-Apr-23 B Morgan Phipps Yes Yes Yes

03-Apr-23 C John Davies Yes Yes Yes

03-Apr-23 D Tyler Langdon Yes Yes Yes

04-Apr-23 D Mark Rees Yes Yes Yes

04-Apr-23 C Jason Bevan Yes Yes Yes

05-Apr-23 A Matthew booth Yes Yes Yes

05-Apr-23 D Stephen Ellis Yes Yes Yes

06-Apr-23 A Samuel Ellis Yes Yes Yes

06-Apr-23 A Matthew booth Yes Yes Yes

07-Apr-23 B Clive Trigg Yes Yes Yes

08-Apr-23 B Clive Trigg Yes Yes Yes

08-Apr-23 A Lee Richards Yes Yes Yes

09-Apr-23 C Jason Bevan Yes Yes Yes

10-Apr-23 B Owen Evans Yes Yes Yes
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UKFO070 Rev. 14 - Final Cleaning of Sterile Implant Products - Process Monitoring
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Causing WC 1110.027

Reason Code SC-Out of specification

Row Labels Sum of Rework QTY Sum of Rework Value

2022 8840 £825,715

3 76 £8,734

4 224 £29,939

5 2003 £182,439

6 6 £465

7 138 £14,003

8 1767 £199,425

9 221 £24,817

10 186 £21,729

12 2446 £177,042

13 539 £56,410

16 52 £6,196

20 12 £1,299

30 53 £5,122

31 34 £2,981

32 121 £12,244

33 24 £3,190

34 866 £70,686

39 24 £2,655

42 0 £0

43 0 £0

44 0 £0

46 24 £2,732

47 0 £0

48 24 £3,605

51 0 £0

2023 123 £13,324

13 90 £9,605

14 0 £0

17 33 £3,719

Grand Total 8963 £839,039
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