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[bookmark: _Toc228820715]Executive Summary
This project applies the Six Sigma DMAIC (Define, Measure, Analyse, Improve, Control) methodology to address rear door margin seal adhesion defects within the Trim and Final assembly process at Aston Martin Lagonda (AML).
Analysis of production data identified 188 defects across 1500 vehicles, representing a defect rate of 12.53%. This significantly exceeds acceptable quality levels and results in increased Defects Per Vehicle (DPV), reduced Right First Time (RFT), and additional rework cost. Root cause analysis confirmed that the issue was driven by common cause variation, primarily due to adhesive dependency, manual application variability, and excessive handling, indicating a systemic process failure.
A design-led solution was implemented, replacing the adhesive-backed seal with a mechanically retained crimped design and relocating installation to the main production line. This eliminated the primary failure mechanism, reduced process complexity, and removed non-value-added activities.
Post-implementation data demonstrates a step-change improvement in performance, with a p-chart showing elimination of seal-related defects immediately following introduction on 20 April 2026. This confirms that the process has transitioned from unstable to controlled, with significantly improved capability.
The Control phase establishes sustainability through Statistical Process Control (SPC), standardised work, operator training, and in-process validation. Overall, the project demonstrates that integrating engineering design changes with Six Sigma methodology delivers measurable improvements in quality, cost, and process performance.
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[bookmark: _Toc228820716]Introduction
Aston Martin Lagonda (AML) (2026) operates within the luxury automotive sector, where product quality is critical to maintaining brand reputation and competitive advantage. The St Athan facility produces the DBX model, with Trim and Final assembly representing the final stage prior to delivery.
Recent production data from FLAGS (2026) identified a recurring defect in rear door margin seal adhesion, with 188 defects recorded across 1500 vehicles (12.53%). This defect presents both functional risks, including water ingress and increased noise, and aesthetic issues affecting perceived build quality. Its frequency indicates significant process variation and failure to meet expected quality standards (Slack & Brandon-Jones, 2019; Sharma, 2014). 
This project is undertaken to address the root causes of this defect using the Six Sigma DMAIC methodology, with the objective of improving process stability and reducing variation (iSixSigma, 2026). The expected benefits include reduced rework, improved Right First Time (RFT) performance, lower Cost of Poor Quality (COPQ), and enhanced product quality aligned with customer expectations.
[bookmark: _Toc228820717]Aims
To reduce rear door margin seal adhesion defects through the application of Six Sigma DMAIC methodology to minimise process variation and improve product quality.
[bookmark: _Toc228820718]Objectives
The key objectives of this project are:
· Quantify the current defect rate using production data.
· Identify root causes contributing to seal adhesion defects.
· Analyse process variation using Six Sigma tools.
· Develop and implement improvement solutions.
· Validate effectiveness of improvements.
· Establish control measures to sustain improvements.

[bookmark: _Toc228820719]Define
[bookmark: _Toc228820720]Problem Statement
Rear door margin seal adhesion failures (Appendix 10.5) have been consistently identified at End-of-Line (EOL) inspection within the Trim and Final assembly process at AML. Analysis of production data shows 188 defects across the last 1500 vehicles produced, representing a defect rate of 12.53% (Appendix 10.4).
This performance is significantly above the expected quality standards, where near-zero defects are required to meet internal quality targets and customer expectations. The defect contributes to increased Defects Per Vehicle (DPV), rework time, and production inefficiencies, impacting throughput and operational performance.
[bookmark: _Toc228820721]Cost of Poor Quality (COPQ)
The Cost of Poor Quality (COPQ) represents the financial and operational impact of defects within a process (Dale, et al., 2016; Juran, 1999). Rear door seal defects result in both direct rework costs and production inefficiencies.
Based on an estimated rework time of 10–15 minutes per defect (£12.30–£18.45 per vehicle), 188 defects per 1500 vehicles equates to an internal cost of approximately £2,300–£3,470 per annum. In addition to labour cost, rework disrupts production flow, creating bottlenecks and reducing overall line efficiency.
Intangible costs include reduced customer satisfaction, potential warranty claims, & negative impact on brand perception. Given the importance of perceived quality in the luxury automotive sector, minimising COPQ is critical to both operational performance and maintaining customer expectations.
[bookmark: _Toc228820722]Process Mapping
Process mapping is used to visualise and analyse workflow, enabling identification of inefficiencies and sources of variation (Bicheno & Holweg, 2016). The current state process map (Appendix 10.2) highlights a manually intensive process, including reliance on adhesive bonding, repeated handling, and absence of in-process validation. As a result, defects are typically only identified at End-of-Line (EOL), increasing rework cost and impact.
The process begins with the rear door arriving at the assembly station, where the margin seal is supplied from logistics on the door trolley (Appendix 10.7). The process involves preparation of the door surface and application of the adhesive-backed seal (Appendix 10.10), with no intermediate inspection prior to downstream assembly. Final validation is conducted at EOL, where adhesion failures are identified and corrected through rework. The process is therefore highly dependent on operator technique. The absence of in-process validation represents a key limitation, allowing defects to pass through multiple stages before detection.
[bookmark: _Toc228820723]SIPOC Analysis
SIPOC was selected to provide a high-level overview of the process and identify key inputs and outputs before undertaking more detailed process mapping, where the objective is to establish process boundaries and key stakeholders rather than detailed operational steps (George, 2002). The SIPOC model in Table 1 highlights the key elements influencing the process and provides a structured framework for identifying where variation may be introduced.
[bookmark: _Toc228820776]Table 1 - SIPOC Analysis (Microsoft Corporation, 2019)
	Suppliers
	Inputs
	Process
	Outputs
	Customers

	Seal supplier
	Rear door margin seal
	Installation of seal
	Fully adhered seal
	End customer

	Logistics
	Packaging / 
	Surface preparation
	Assembled vehicle
	Dealer network

	Production
	Labour / operator skill
	Seal application
	Conforming vehicle 
	Internal stakeholders


[bookmark: _Toc228820724]Voice of the Customer (VOC)
The Voice of the Customer (VOC) defines the expectations that the process must meet, both internally and externally (Parasuraman, et al., 1985). Internally, stakeholders require a stable and efficient process that minimises rework and supports production flow, with Manufacturing Engineering focusing on repeatability and Quality Assurance targeting zero defects at EOL. Externally, customers expect fully adhered seals with no visible defects or functional issues such as water ingress or increased cabin noise. Failure to meet these expectations results in reduced customer satisfaction and potential reputational impact.
[bookmark: _Toc228820725]Critical to Quality (CTQ)
Based on the VOC, Critical to Quality (CTQ) characteristics are defined to translate customer requirements into measurable process outputs (George, 2002):
· Full adhesion of rear door margin seal
· Correct positioning and alignment of seal
· No lifting, peeling, or detachment of seal edges
· Consistent application across all vehicles
· Achievement of Right First Time (RFT) with no EOL defects
These CTQs define the measurable characteristics that must be controlled to ensure process performance meets customer expectations, The target condition for seal fitment is defined as full adhesion with no visible defects, as illustrated in Appendix 10.9.
[bookmark: _Toc228820726]Project Scope
The project scope set out in Table 2, is focused on the rear door margin seal installation process within the Trim and Final assembly. Defining the scope ensures that the project remains focused and achievable within the given timeframe, while allowing flexibility to expand if root cause analysis identifies external contributing factors.
[bookmark: _Toc228820777]Table 2 - Project Scope (Microsoft Corporation, 2019)
	In Scope
	Out of Scope

	Rear door margin seal installation process
	Other seal applications across the vehicle

	Operator methods and application techniques
	Upstream manufacturing processes unless identified 

	Environmental & process conditions affecting adhesion
	Supplier manufacturing variation unless proven 

	Defects identified at End-of-Line (EOL) inspection
	


[bookmark: _Toc228820727]Project Charter
The project charter provides a structured framework for the improvement activity.
Project Title: Reduction of Rear Door Margin Seal Adhesion Failures 
Business Case: High defect rate (12.53%). increased DPV, rework cost, & reduced efficiency 
Goal Statement: Achieve a ≥50% reduction in defect rate 
Timeline: 6 weeks using DMAIC methodology 
Key Stakeholders: Manufacturing Engineering, Quality, Production, Supply Chain 
Success Metrics: 
· Reduction in defect rate (%) 
· Improvement in DPV 
· Improvement in RFT performance 
The project charter ensures alignment across stakeholders and provides a clear direction for the improvement effort (Pande, et al., 2000).

[bookmark: _Toc228820728]Measure
[bookmark: _Toc228820729]Identification of Measurement Variation
In this project, rear door seal defects are identified through visual inspection at End-of-Line (EOL), which introduces some subjectivity due to differences in operator judgement (Pyzdek & Keller, 2018). However, the high defect rate of 12.53% indicates that the variation observed is primarily process-driven rather than a measurement error. The data is therefore considered sufficiently reliable to support further analysis. However, many manufacturing processes do not follow ideal statistical distributions, limiting the direct application of traditional capability metrics and requiring alternative methods of performance assessment (European Journal of Operational Research, 2024).
[bookmark: _Toc228820730]Determination of Data Type
The project data is attribute-based, with each vehicle classified as conforming or non-conforming. This supports the use of proportion-based tools such as Pareto analysis and p-charts (Montgomery, 2013), which are used to identify dominant defect categories & monitor process performance over time. Unlike continuous data, attribute data does not allow for direct calculation of traditional capability indices such as Cp and Cpk.
[bookmark: _Toc228820731]Data Collection Plan
A structured data collection plan (Table 3) was used to capture production volume, defect occurrence, defect type, operator/station, and environmental conditions (Kumar, et al., 2011). The data set is retrospective and does not capture all variables, such as application pressure or exact surface condition, but provides a suitable baseline for analysis. Linking defect occurrence to these conditions allows identification of correlations that may not be visible from aggregate data (Emerald Insight, 2026).
[bookmark: _Toc228820778]Table 3 - Data Collection Plan (Microsoft Corporation, 2019)
	Data Collected
	Source
	Frequency
	Purpose

	Total vehicles produced
	Production records
	Daily
	Establish sample size

	Number of seal defects
	EOL inspection
	Daily
	Calculate defect rate

	Defect type/location
	EOL inspection
	Per vehicle
	Identify patterns and trends

	Operator / station
	MES system
	Per vehicle
	Assess process variation

	Environmental conditions (temperature)
	Shopfloor records
	Daily
	Evaluate impact on adhesion


A limitation of the data set is that it is primarily retrospective and may not capture all influencing variables, such as exact application pressure or surface cleanliness at the point of installation. However, it provides a sufficient baseline for identifying trends and guiding further analysis.
[bookmark: _Toc228820732]Measurement System Analysis (MSA)
A formal Gauge Repeatability and Reproducibility (Gauge R&R) study was not completed as part of this project. Whilst this is a limitation, the consistently high defect rate (12.53%) suggests that process variation is the dominant factor. However, the absence of a formal Gauge R&R introduces uncertainty in measurement system reliability, particularly the reliance on visual inspection. This may result in variation in defect classification due to differences in operator judgement, lighting conditions, and inspection criteria. Whilst the data is considered sufficient to identify trends, the results should be interpreted with awareness of potential measurement bias (Pyzdek & Keller, 2018).
[bookmark: _Toc228820733]Data Collection and Baseline Performance
Analysis identified 188 defects across 1500 vehicles, resulting in a defect rate of 12.53% (Appendix 10.4). This represents the baseline performance and confirms the need for improvement. This level of performance indicates that the process is operating far from the desired target of near-zero defects, & with the acceptable defect rates being significantly lower, this highlighting the need for improvement (Pande, et al., 2000).
[bookmark: _Toc228820734]Assessment of Process Capability
Whilst Douglas C. Montgomery (2013) states that capability should only be assessed on stable processes, this limits application in unstable real-world environments. The consistently high defect rate indicates the process is not stable and is subject to common cause variation (Slack & Brandon-Jones, 2019).  As a result, traditional capability indices such as Cp and Cpk are not applicable. Instead, defect rate itself serves as a key indicator of process capability, with 12.53% clearly demonstrating that the process cannot meet quality requirements. A limitation of the measurement phase is the reliance on retrospective data and absence of controlled experimentation. Further validation through Design of Experiments (DoE) could provide a more robust understanding of variable interaction (Montgomery, 2013).

[bookmark: _Toc228820735]Analyse
[bookmark: _Toc228820736]Classification of Process Variation
Process variation can be categorised as common cause or special cause variation (Slack & Brandon-Jones, 2019; Pande, et al., 2000).
· Common cause variation is inherent within process and results from the effect of multiple small factors
· Special cause variation arises from specific, identifiable events or anomalies
The consistent occurrence of rear door seal defects across production indicates common cause variation, suggesting the issue is systemic and requires process redesign rather than isolated corrective action. Six Sigma tools such as Pareto analysis, Fishbone diagrams, and control charts are widely used to identify, analyse, and control process variation (ASQ, 2026).
[bookmark: _Toc228820737]Pareto Analysis
Pareto analysis suggests that a small number of defect modes account for the majority of failures, supporting the 80/20 principle (Pande, et al., 2000). However, it does not consider the interaction between process variables or underlying causes and must be complemented with root cause analysis techniques. The analysis shows that the rear door seal defects are dominated by leading-edge seal lift. By focusing on the dominant defect categories, improvement efforts can be prioritised effectively to achieve the greatest impact on overall defect reduction (Appendix 10.4).
[bookmark: _Toc228820738]Cause and Effect (Fishbone) Analysis
[image: ]A Fishbone (Ishikawa) diagram (Figure 1) was used to identify the potential sources of variation contributing to rear door margin seal adhesion failures.[bookmark: _Toc228820780]Figure 1 - Ishikawa Diagram (Microsoft Corporation, 2019)

The key categories: Man, Method, Machine, Material, and Environment, are commonly used within Six Sigma to structure root cause identification (Pyzdek & Keller, 2018; Harry & Schroeder, 2000). Results indicate that key drivers include operator-dependent variation, lack of standardisation, adhesive sensitivity to contamination and temperature, and absence of controlled installation methods.
[bookmark: _Toc228820739]Identification of Key Sources of Variation
The primary sources of variation are manual application, adhesive dependency, environmental sensitivity, and lack of in-process validation. As defects are only identified at EOL, the process relies on detection rather than prevention, confirming it is not capable of consistently meeting quality requirements.
[bookmark: _Toc228820740]Root Cause Analysis (5 Whys)
The 5 Whys technique is widely used within Six Sigma to systematically identify root causes of process issues (Pyzdek & Keller, 2018). 

· Why is the seal lifting?
· The adhesive is not bonding effectively

· Why is the adhesive not bonding effectively?
· Surface preparation and application are inconsistent

· Why is surface preparation inconsistent?
· There is no clearly defined or enforced cleaning standard

· Why is there no defined standard?
· The process relies on operator judgement rather than a controlled method

· Why does the process rely on operator judgement?
· There is a lack of standardised work instructions and process control

This analysis confirms that the root cause is not a single failure point, but a systemic lack of process control and standardisation.

[bookmark: _Toc228820741]Critical Evaluation of Analysis
The analysis is based on observational data and does not capture all influencing variables, such as application pressure and environmental conditions. However, the consistency of the defect rate provides sufficient evidence of process variation. A range of analytical techniques have been applied, Pareto analysis, Fishbone diagrams, & 5 Whys, each providing a different perspective on process variation. Whilst these tools are effective in isolating dominant causes, they are primarily qualitative and rely on interpretation. More advanced techniques such as Design of Experiments (DoE) or regression analysis provide a more quantitative understanding of variables (Montgomery, 2013).

[bookmark: _Toc228820742]Improve
[bookmark: _Toc228820743]Purpose of the Improve Phase
Initial improvement concepts focused on traditional process-based solutions, including standardised work instructions, operator training, and the introduction of application tooling to control pressure. Whilst these reduce variation to some extent, they do not eliminate dependency on adhesive bonding, which remains highly sensitive to environmental conditions and operator technique (George, 2002; Snee, 2010).
It was determined that a design-led solution would provide a more effective and sustainable improvement. This approach aligns with Six Sigma principles of moving from detection-based control to prevention-based design, where the process is engineered to prevent defects from occurring.
[bookmark: _Toc228820744]Design Improvement – Elimination of Adhesive Dependency
The primary improvement is a redesign of the rear door margin seal, replacing the existing adhesive-backed seal with a mechanically retained seal incorporating an integrated crimping frame (Appendix 10.14).
This eliminates the reliance on adhesive bonding, which was identified as the primary source of variation. Adhesive performance is inherently sensitive to factors such as surface preparation, application pressure, temperature, and contamination (Appendix 10.12). A crimped retention mechanism ensures that the seal is physically secured to the door structure, providing a more robust and repeatable method of installation (Appendix 10.13). 
This change is considered a form of error-proofing (poka-yoke), where the process is designed to prevent incorrect assembly and eliminate the possibility of the original failure mode (Ohno, 1988).
[bookmark: _Toc228820745]Process Improvement – Relocation of Installation
In addition, the seal installation process has been relocated from the door sub-assembly area to the main production line prior to door removal.
The seal installation process was relocated to the main production line prior to door removal. This reduces handling, prevents contamination, and improves process flow, supporting Lean principles (Shah & Ward, 2007). The elimination of non-value-added activities reduces waste and improves process flow, in this case, it also reduces the number of variables influencing the outcome, further improving process stability (Bicheno & Holweg, 2016).
[bookmark: _Toc228820746]Future State Process
The future state process (Appendix 10.3) has been redesigned to eliminate key sources of variation identified in the Analyse phase, whilst maintaining alignment with existing production flow. The revised process removes adhesive dependency, reduces handling risk, and introduces controlled installation with in-process verification.
In the improved state, the rear door is removed from the painted body and placed onto a door trolley. The margin seal is supplied lineside in protective packaging and fitted directly to the door using a mechanically retained crimp design, ensuring consistent retention and minimising contamination risk. Following installation, fitment is verified immediately through in-process inspection. Any non-conformances are contained and corrected at source, preventing defects from progressing further through the build.
The door trolley is then transferred to sub-assembly for completion before being returned to the main line for vehicle fitment. End-of-Line (EOL) inspection is retained as a confirmation step rather than the primary detection point. This redesigned process reduces operator dependency, removes adhesive-related variability, and introduces early defect detection. As a result, process stability is improved, quality is built into the process, and Right First-Time performance is enhanced.
[bookmark: _Toc228820747]Failure Mode and Effects Analysis (FMEA)
Failure Mode and Effects Analysis (FMEA) was used to evaluate the risk associated with the rear door margin seal installation process before and after implementation of improvements. FMEA provides a structured approach to assessing process risk by considering the Severity (S), Occurrence (O), and Detection (D) of potential failure modes (Juran, 1999).
In the current state, the process exhibits a high-risk profile, with a PFMEA rating of S=6, O=9, D=8 (RPN = 432). The high occurrence reflects the observed defect rate (12.53%), while poor detection is due to reliance on End-of-Line inspection. This indicates a process that is both unstable and reactive, with defects identified at the latest stage.
Following implementation, the PFMEA rating improves to S=6, O=7, D=2 (RPN = 84). The reduction in occurrence is achieved through elimination of adhesive bonding and introduction of a mechanically retained seal, removing the primary failure mechanism. Detection is significantly improved through the introduction of in-process verification, enabling earlier identification and correction of defects.
[bookmark: _Toc228820748]Cost-Benefit Analysis
The current process defect rate of (12.53%) 188 defects per 1500 vehicles with each defect requiring 10–15 minutes of rework, equating to £12.30–£18.45 per vehicle. This results in an estimated total rework cost of £2,300–£3,470 per annum. In addition, the original seal carries a material cost of £15 per part, if all defective seals had to be replaced this would be an additional £2,820.
The redesigned seal reduces material cost to £6.70 per part, representing a saving of £8.30 per car. Across 1500 vehicles, this equates to a saving of £12,450. Overall, the combined material cost reduction and decreased rework requirements, demonstrate that the piloted solution delivers both quality improvement and cost reduction. Equating to a total direct saving exceeding £14,000 per annum when combining material and rework reductions.
[bookmark: _Toc228820749]Pilot Implementation and Validation
A pilot trial was conducted to validate the proposed improvements under controlled production conditions. The trial focused on 15 sample vehicles, measuring defect rate, Defects Per Vehicle (DPV), and Right First Time (RFT) performance.
Results demonstrated a significant reduction in defect occurrence, with no rear door seal adhesion failures recorded during the pilot phase. In addition to quantitative results, operator feedback confirmed that the redesigned process was practical, repeatable, and easier to execute compared to the previous method. Whilst the pilot provides strong evidence of improvement, it represents a limited sample size. Continued monitoring through Statistical Process Control (SPC) is therefore required to confirm long-term process stability and capability following full implementation.

[bookmark: _Toc228820750]Control
[bookmark: _Toc228820751]Purpose of the Control Phase
The Control phase ensures improvements are sustained through standardisation, monitoring, and ownership. Without effective control measures, there is a significant risk that the process will revert to its previous state, resulting in the recurrence of defects.
In Six Sigma methodology, the Control phase focuses on maintaining the gains achieved by eliminating variation, standardising the improved process, and implementing monitoring systems to detect any deviation from expected performance (Pande, et al., 2000). This ensures that improvements are embedded within the organisation and not dependent on short-term interventions (International Journal of Production Economics, 2024).
[bookmark: _Toc228820752]Process Monitoring and Statistical Process Control (SPC)
Whilst Douglas C. Montgomery (2013) suggests that Statistical Process Control (SPC) should be used to establish process stability prior to capability assessment, this assumption is somewhat limited in the current context. The process is already known to be unstable due to a high and consistent defect rate, meaning SPC is used here primarily as a validation tool post-improvement rather than as a diagnostic tool for initial capability assessment (Snee, 2010). This distinction is fundamental to Six Sigma, as it enables engineers to determine whether a process is stable or requires intervention (Slack & Brandon-Jones, 2019). Given that the data associated with this project is attribute-based (defective versus non-defective), a p-chart is the most appropriate control chart for analysing the proportion of defective units.
[image: ]
[bookmark: _Toc228820781]Figure 2 - p-Chart - EOL Data (Microsoft Corporation, 2019)
A p-chart (Figure 2) was constructed using End-of-Line defect data aggregated on a weekly basis, aligned to a production volume of 34 vehicles per week. Control limits were calculated using the baseline defect rate prior to implementation of the improvement.
As shown in Figure 2, the process exhibits significant instability prior to implementation, with multiple data points approaching or exceeding the upper control limit. Following implementation of the improvement on 20 April 2026, a clear shift in process performance is observed. The defect rate reduces significantly, with no defects recorded in the immediate post-implementation period. This represents a step-change in process capability and indicates that the primary source of variation has been successfully addressed. Sustained reduction in defect proportion following implementation indicates a shift from an unstable process to one operating within statistical control, demonstrating improved process capability. Control limits for the p-chart are calculated based on the baseline defect proportion, using standard SPC methodology (Equation 1) (Montgomery, 2013). Points approaching or exceeding the Upper Control Limit (UCL) indicate the presence of special cause variation, confirming that the process was not in statistical control prior to improvement. Following implementation, the absence of points beyond control limits and the sustained reduction in defect rate indicate a fundamental shift in process performance.
Equation 1 - p Chart Formula (QIMacros, 2026)
[image: ]
[bookmark: _Toc228820753]Control Plan
A structured control plan has been developed to ensure that the improved process is consistently applied and monitored. The control plan (Table 4) ensures that all critical aspects of the process are monitored and that clear ownership is assigned to each activity. This structured approach reduces the risk of process drift and ensures accountability across stakeholders.
[bookmark: _Toc228820779]Table 4 - Control Plan (Microsoft Corporation, 2019)
	Control Measure
	Method
	Frequency
	Responsibility

	Defect rate monitoring
	KPI tracking (p-chart)
	Daily / Weekly
	Quality / Manufacturing Engineering

	Process compliance
	Process audits
	Weekly
	Manufacturing Engineering

	Operator competency
	Training and assessment
	Ongoing
	Production / Manufacturing Engineering

	In-process validation
	Visual verification of seal fitment
	Every vehicle
	Production Operators

	Environmental monitoring
	Temperature checks
	Daily
	Production



[bookmark: _Toc228820754]Standardisation of Process
Standardisation is a critical element in sustaining process improvements, ensuring that the benefits achieved during the Improve phase are consistently maintained over time. All changes introduced must therefore be formalised through updated Standard Operating Procedures (SOPs) and supporting work instructions. The pre-improvement process is documented in (Appendix 10.10), while the revised process following implementation is detailed in (Appendix 10.11).
The updated documentation defines the revised seal installation method using the mechanically retained crimped design, along with handling requirements to prevent damage during installation. In addition, the inclusion of in-process validation checks ensures that correct fitment is verified at the point of installation, rather than relying solely on End-of-Line inspection.
[bookmark: _Toc228820755]Training and Competency Control
Operator training is essential to ensure consistent execution of the improved process. All operators involved in seal installation must be trained on the new method, including correct use of the redesigned component and updated process steps. Competency assessments should be conducted to confirm that operators understand and can correctly apply the process. In addition, periodic refresher training should be implemented to reinforce standards and address any identified gaps.
[bookmark: _Toc228820756]In-Process Quality Control
A key improvement introduced in this project is the shift from detection-based quality control to prevention-based control. This is achieved through the introduction of in-process validation.
Seal fitment will be verified immediately after installation, ensuring that any issues are identified and corrected before the vehicle progresses further along the production line. This reduces reliance on End-of-Line inspection and significantly lowers the cost of defects. This approach aligns with Total Quality Management principles, which emphasise building quality into the process rather than inspecting it at the end (Dale, et al., 2016).
[bookmark: _Toc228820757]Validation of Improvements
To confirm the effectiveness of the implemented improvements, a structured validation strategy will be applied.
This includes:
· Monitoring defect rates post-implementation
· Comparing performance against the baseline defect rate of 12.53%
· Assessing improvements in DPV and RFT metrics
A successful outcome would demonstrate a statistically significant reduction in defect rate, indicating that the root causes of variation have been effectively addressed.
[bookmark: _Toc228820758]Change Management & Continuous Improvement
Effective implementation of process improvements requires a structured approach to change management to ensure stakeholder alignment and long-term sustainability. Without this, there is a risk of regression to previous methods.
Lewin’s Change Model (Visual Paradigm, 2022) (Appendix 10.15) provides a suitable framework. The change phase includes implementation of the revised seal design, removing adhesive dependency and introducing in-process validation. Regular review enables early identification of variation, while operator feedback supports further optimisation. By combining structured change management with continuous improvement, the process remains stable while retaining the ability to adapt, supporting sustained performance in line with Lean Six Sigma best practice (Antony, 2014).
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