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Figure 1: United Aerospace Ltd, Pembroke Dock







United Aerospace Ltd is a UK based engineering and manufacturing organisation specialising in composite part production, repair, assembly and 5 axis CNC machining for the aerospace and defence sector. Operating in a highly regulated industry, the company is required to maintain AS9100, ISO9001 and customer specific contractual requirements. Our product portfolio ranges from structural assemblies, composite flight control surfaces and precision engineered parts supplied to both prime contractors and tier-1 aerospace manufacturers. Figure 2: Example Image of Banshee UAV








As a supplier to tier-1 aerospace manufacturers, United Aerospace is required to produce components that consistently meet strict quality standards, with repeatability embedded across all production processes. The systematic collection of defective part data is essential to improving manufacturing performance, enabling trend analysis and supporting continuous improvement activities to maintain these quality expectations. Historically, quality inspectors visually assessed composite surfaces and part definition, reporting defects directly to engineering. However, despite this reporting structure, operators on the shop floor would often rework parts without authorisation, creating variation, traceability gaps and the risk of non-conforming products reaching customers. These issues led to the development and introduction of the Production Action Request (PAR) system and an associated defect identification list, providing a controlled, standardised method for capturing defects and managing rework activities. 
This project focuses on establishing a dedicated rework bay for all composite components while simultaneously introducing a VBA driven Production Action Request (PAR) system to standardise defect reporting. The rework bay provides a controlled environment, working hand in hand with the quarantine area. The introduction of both areas ensures authorised repairs can be carried out in accordance with engineering standards, eliminating the previous issue of informal, undocumented rework on shop floor. The introduction of the PAR system enables operators to record defects consistently, capturing key information such as defect type, location and affected part. The part would then be placed into quarantine with a PAR sticker containing the key information of the defect whilst also providing a visual indicator that the part is defective. The part will remain in quarantine until the engineering quarantine meeting is conducted, typically daily – early morning, which will either authorise a rework, request a concession or scrap the part. 
[bookmark: _Toc228859983]Define
The current composite manufacturing process lacks a controlled and standardised method for recording, authorising and analysing defects, resulting in inconsistent rework practices and limited visibility of process variation. Defects are identified by quality inspectors, but in the absence of a formal defect reporting system has allowed operators to carry out unauthorised rework on the shop floor, creating traceability gaps and increasing the risk of non-conforming products progressing through production. Without accurate structured defect data, engineering was unable to quantify defect frequency, identify recurring defects, or implement targeted improvements. This project aims to address these issues by introducing a dedicated composite quarantine area, rework bay and a VBA based Production Action Request (PAR) system to ensure controlled rework, accurate defect capture and reliable metrics to support continuous improvement. 
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Figure 3: PAR Process Flow Diagram








The process flow diagram illustrates the flow of composite components through inspection, defect identification and controlled rework using newly introduced Production Action Request (PAR) system. Each project inspector visually examines components and records defects within the PAR defect identification document, ensuring traceability and consistency across all production areas. Defective parts are routed depending on pass or fail. If the component has passed, it will be ready for further manufacturing operations or goods out. If the component fails the inspectors visual check, the part will then be placed into quarantine until the engineering quarantine meeting where an outcome will be decided, the component will then be placed in rework bay until the defect is corrected and signed off by the inspector. Engineering oversight ensures all rework actions are validated and documented before parts re-enter production or are ready for dispatch. This structured workflow eliminates unauthorised reworks, standardises defect reporting and provides a closed loop feedback function between inspection, engineering and production, forming the foundation for data driven process improvement. 


[bookmark: _Toc228859985]Customer Quality Requirements:
Feedback from tier-1 aerospace customers has consistently highlighted the importance of defect free components, full traceability and consistent product quality across all production batches. Customer expectations centre on compliance with aerospace standards, reliable documentation or rework and assurance that all parts meet specification before dispatching. Internally, engineering and quality teams have identified the lack of structured defect data and unauthorised rework as major risks to meeting these expectations. The introduction of the PAR system directly addresses these concerns by ensuring that defects are recorded, categorised and authorised through a controlled process. Customers often require the A surface of composite parts to be defect free for aerodynamic efficiency. The Critical to Quality (CTQ) factors client specification highlighted in the statement of work (SoW), including defect free parts, traceability for rework processes. Table 1: Example of Critical to Quality (CTQ) Table












The CTQ table above provides an illustrative example of how customers requirements translate into measurable quality attributes for this project. While the organisations detailed statement of work (SoW’s) and customer specific quality clauses are confidential, the example CTQ represents the typical expectations of an aerospace composite supplier regarding defect control, traceability and process repeatability. This example of CTQ demonstrates how the PAR system supports compliance by enabling measurable performance indicators such as defect rate, rework traceability and conformance to customer specifications. The table therefore represents the framework applied by the customer to drive their quality expectations and characteristics monitored within the project. 
[bookmark: _Toc228859986]Project Scope:
Figure 4: Quality Management System












This project focuses on the introduction of a controlled defect management process within the composite manufacturing area, achieved through the implementation of a dedicated rework bay, quarantine area and a VBA based Production Action Request (PAR) system. The scope includes mapping the current defect handling workflow, standardising how defects are identified and recorded and ensuring that all rework activities are authorised and traceable. The project covers composite part inspection, defect categorisation, engineering approval pathways and the flow of parts in and out of the rework bay. It includes the development of defect tracking metrics to identify high frequency defects and supporting continuous improvement for manufacturing processes. The project is limited to improving internal defect control and process repeatability within the composite manufacturing environment.




Project Charter:
Figure 5: Project Charter Form
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In the measurement phase, it is essential to understand the sources of variation within the current defect identification and rework processes. The current method records defect characteristics inconsistently, with inspectors using subjective judgement and operators performing unauthorised rework without documentation. This resulted in variation between authorised rework components and unauthorised rework components, loss of traceability and collection of poor defect data. This making it difficult to identify true defect frequency or identify recurring issues. There is also variation between how inspectors visualise defect severity and how the information is communicated back to engineering to implement corrective action. By implementing a structured PAR system with defined defect types, mandatory data fields, such as location (using a defect map), length width etc…., the project aims to reduce measurement variation and generate accurate, repeatable data. This reliable baseline is essential for analysing process performance, identifying high occurrence defects and supporting evidence-based improvement actions. 

[bookmark: _Toc228859988]Baseline Performance: 
With measurement variation identified, the next step is to establish a baseline performance for the composite manufacturing process. Baseline data provides a factual starting point for future process continuous improvement to improve the process by monitoring this data. Using the historical customer Non-Conforming Product (NCR) register and common defects in composite part production, a list of defects was compiled to identify defects in code name, such as, O.1, O.1.1.
Figure 6: Defect Identification List










These defect codes will be used in the PAR system as a streamlined method of typing a defects description into the system. This was built into the VBA code for the PAR interface. These defect codes allow inspectors to categories defects, allowing engineering to monitor groups, with defect dimensions and locations recorded. With this data collection, it allows engineering to evaluate defects occurrences per part, batch or series or production, allowing engineering to evaluate tool performance and process performance. Prior to the introduction of the PAR system, this data was unreliable and inconsistent with subjective inspection and failure in verbal communication the main factors. 



[bookmark: _Toc228859989]Determine Data Type:
To ensure the defect information collected through the PAR system can be analysed effectively, it is necessary to identify the types of data being generated. The PAR system captures a combination of qualitative and quantitative data. Qualitative data includes categorical information such as defect type, defect location, rework plan and approval status. Quantitative data includes numerical values such as defect size, defect count and frequency of occurrence. Prior to the PAR system, this information was inconsistent, resulting in incomplete and unreliable information. With the introduction of structured data fields, engineering can now generate accurate baseline metrics that reflect the true scale of process variation. Correctly identifying these data types ensures that appropriate analytical tools can be applied in the later phases 
[bookmark: _Toc228859990]Data Collection Plan
A structured data collection plan was developed to ensure that defect information is captured consistently and reliable throughout the composite manufacturing process. The plan specifies the exact data required for analysis, including defect type, defect location, defect size, part number, inspector name, rework action and engineering approval status. Inspectors are responsible for initiating data entry at the point of visual inspection, while operators and engineering staff update the PAR record as the part progresses through the rework bay. Data is collected in real time and stored within the PAR systems-controlled VBA database, ensuring accuracy and traceability. Standardised defect categories, mandatory input fields and the use of defect maps ensure that all relevant information is captured in a consistent format. This structured approach provides a reliable dataset for establishing baseline performance and supports robust analysis. 
Figure 7: Data Collection Types













[bookmark: _Toc228859991]Measurement System Analysis (MSA):
A measurement System Analysis (MSA) was conducted to evaluate the reliability and consistency of the defect identification process within the production area. Prior to the introduction of the PAR system, the measurement system relied heavily on inspector judgement, resulting in significant variation in how defects were identified and recorded. This subjectivity meant that two inspectors could assess the same component and report different defect types, sizes and severity level. This leading to poor repeatability and reproducibility. The MSA therefore focuses on assessing the inspector-to-inspector variation, consistency in defect categorisation and the accuracy of the recorded defect dimensions. 
With the implementation of the PAR system, standardised defect categories, mandatory dimensional fields and the use of defect maps were introduced to reduce subjective interpretation. The MSA demonstrated that these structured inputs improved repeatability by ensuring inspectors recorded defects using the same terminology and measurement criteria. Reproducibility also improved, as engineering and quality teams could now review consistent, traceable data allowing for continuous improvement on the manufacturing processes. The MSA confirmed that the new system significantly strengthens the reliability of the measurement process. This increased consistency and provided confidence that the baseline data collected is accurate. 
[bookmark: _Toc228859992]Data Collection and Assess Process Capability:
Following the development of the data collection plan, defect data was gathered using the structured PAR system to establish a factual understanding of current process performance. The collected data included defect type, defect location, defect size, frequency of occurrence and the proportion of components requiring rework. This dataset provided a reliable foundation for assessing the capability of the composite manufacturing process. Process capability assessment focused on determining how consistently the process produced components that met specification without requiring rework. Prior to the PAR system, the lack of consistent data made it impossible to quantify capability or identify the true rate of non-conformance. With structured and repeatable data now available, it becomes clear that the process exhibited significant variation, with reoccurring defect categories and high proportion of parts requiring rework. Although traditional statistical capability indices (such as Cp – Process capability and Cpk – Process capability Index) are not directly applicable due to the visual inspection nature of composite defects, the collected data allowed for a capability assessment based on defect frequency, rework rate and stability of the inspection process. This analysis establishes a clear baseline for comparison in later phases and highlights the areas where improvement efforts should be focused. 
[bookmark: _Toc228859993]Process Analysis:
To understand the underlying causes of defects within the composite manufacturing process, a range of process analysis methods were applied. The first method used was process mapping, which provided a visual representation of the current workflow from initial inspection through to the rework and final release. This highlighted several non-value-added steps, including repeated handovers, inconsistent communication between inspectors and engineering and uncontrolled rework activities occurring outside the designated rework bay. The process map also revealed bottlenecks where parts accumulated due to delays in engineering approval and engineering preventative measures. 
A cause and effect (Ishikawa) analysis was then conducted to identify potential sources of variation across key categories such as methods, materials, manpower, measurement and environment. This analysis showed that the absence of standardised defect categories, inconsistent measurement practices and variable operator skill levels significant contributors to recurring defects. The lack of a controlled rework process was also identified as a major cause of rework inefficiency and poor traceability. 
Finally, a pareto based defect review was used to determine which defect types occurred more frequently. This supported the principle that a small number of defect categories accounted for most rework activities. These combined analysis methods provided a structured understanding of where variation originated, and which areas required targeted improvement. The insight gained form the basis of root-cause investigation and prioritisation in the analyse phase. 
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Figure 8: Cause and Effect Analysis
















A cause-and-effect analysis was conducted to identify the underlying factors contributing to reoccurring defects within the composite manufacturing process. The analysis examined potential causes across five key categories, Manpower, Methods, Measurement and environment. Under Manpower, variation was linked to differences in operator skill levels, inconsistent training and reliance on individual judgement during visual inspection. The methods category highlighted the absence of standardised defect classification procedures and the lack of a controlled rework workflow, which previously allowed unauthorised repairs to occur without engineering oversight. Within materials, issues such as inconsistent resin transfer, contamination risks and variability in consumables were identified as contributors to defect formation. The measurement category revealed significant subjectivity in defect assessment, with inspectors using different criteria to judge severity, size and rework requirements. Finally, environment factors included insufficient lighting, workspace layout and the absence of a dedicated rework bay, all of which affected inspection accuracy and process repeatability. The cause-and-effect analysis provided and formed the basis for focusing the root-cause investigation in the analyse phase.
[bookmark: _Toc228859995]Review Analysis Method (Analyse Phase): 
The cause and effect (Ishikawa) analysis proved to be an effective method for identifying the underlying factors contributing to the reoccurring defects within the production department’s manufacturing processes. By examining potential causes across the categories of Manpower, Methods, Materials, Measurement and environment, the tool enabled a structured and comprehensive assessment of variation. This approach aligns with the contemporary quality management practice, where Ishikawa diagrams are widely recognised for their ability to organise complex, multi factor problems in manufacturing environments (Antony, 2019). The analysis successfully highlighted key issues such as inconsistent operator skill levels, lack of standardised defect classification procedures, contamination risks, subjective defect assessment and environmental limitations including poor lighting and the absence of a dedicated rework bay. The method was particularly appropriate for composite manufacturing, where defects often arise from interactions between human, material and process variables rather than a single root cause (Srinivasan & Muthu, 2020). A key strength of the Ishikawa approach is its ability to visually structure potential causes, supporting clearer decision making and prioritisation in the production schedule. However, the method does not quantity the relative impact of each cause, meaning further analysis is required to validate which factors contribute most significantly to defects (Brunetti et al., 2021). Overall, the Ishikawa analysis provided a strong foundation for focusing the root cause investigation in the analyse phase. 
[bookmark: _Toc228859996]Graphical Analysis Tools: 
Graphical analysis tools were used to interpret the defect data collected through the PAR system and to identify patterns that were not immediately visible through numerical summaries alone. The primary tool applied was the Pareto chart, which displayed the frequency of each defect category and demonstrated that a small number of defect types accounted for most rework activities. This aligns with the pareto principle, which is widely used in the quality improvement to prioritise the most impactful issues (Juran & Godfrey, 2021). The pareto chart provided clear visual evidence that defects such as resin rich, surface depressions and resin starvation were the dominant contributors to process variation, enabling focused improvement efforts. A bar chart was also used to compare defect occurrences across different component types and production batches. This visualisation helped identify whether certain parts were more prone to defects, suggesting potential links to tooling, lay-up complexity or operator familiarity.
Figure 9: Quarantine Part Recording

These graphical tools enhanced the analyse phase by transforming raw defect data into clear, interpretable insights. They supported evidence-based decision making, highlighted priority areas for root cause investigation and provided a visual baseline against which future improvements can be measured. Their use aligns with the best practice in Lean Six Sigma, where graphical methods are essential for understanding variation and communicating findings effectively (Antony, 2019).Figure 10: Defect Recorded During March

[bookmark: _Toc228859997]Identify Sources of Variation:
Analysis of the PAR system data and supporting tools identified several key sources of variation within the composite manufacturing process. Human related variation was significant, with differences in operator skill, inspection techniques and subjective judgement affecting defect identification. Method based variation arose from inconsistent defect classification practices and uncontrolled rework activities prior to the PAR system. Material variation was linked to inconsistent resin transfer, consumable quality, contamination and process adherence. Measurement variation was evident in the inconsistent recording f defect size and severity, previously reliant on individua interpretation. Environmental factors, including lighting, workspace layout and the absence of a dedicated rework bay, further contributed to the inconsistent inspection outcomes. Understanding these sources of variation provides a focused basis for root cause verification in the analyse phase. 
[bookmark: _Toc228859998]Improvement Alternatives: 
Based on the finding from the analyse phase, several improvements alternatives were developed to address the key sources of variation within the production processes. The first alternative is the introduction of a Product Quality Standard (PQS), this quality document highlights the importance of quality, the customer requires. It also has limitations on defect sizes in specific zones of the component. This would work in conjunction with defect maps to analyse where defects are occurring within the components, demonstrating areas of high frequency occurrence and areas to prioritise improvement in the manufacturing processes. Additional alternatives include, improving the environmental conditions, such as upgrading lighting and reorganise the inspection area and strengthening material handling controls to minimise contamination. These alternatives provide a structured set of options that directly target the root cause identified and form the basis for selecting the most effective improvement actions. 
[bookmark: _Toc228859999]Failure Modes and Effects Analysis (FMEA) 
A failure modes and effects analysis (FMEA) was conducted to evaluate the risks associated with the proposed improvement alternatives and to prioritise actions that would most effectively reduce defect occurrence within the production department and the manufacturing processes. FMEA is widely recognised as a systematic and proactive quality method for identifying potential failure modes and assessing their impact on product quality and process performance (Stamatis, 2019). The FMEA focused on key failure modes identified during the analyse phase, including inconsistent defect classification, uncontrolled rework activities, contamination during lay up and subjective inspection practices. Each failure mode was assessed using severity, occurrence and detection ratings to create a priority order, enabling structured comparison of improvement opportunities. The analysis showed the highest risk failure modes were linked to uncontrolled rework and inconsistent inspection, both of which had high severity and occurrence scores due to their impact on product conformity and traceability. Implementing standardised defect classification criteria, enforcing a controlled rework workflow and improving the operator training were identified as the most effective actions for reducing the number of PAR entries recorded. Environmental improvements, such as enhanced lighting and workspace organisation, also contributed to lowering detection related risks. The FMEA provided a systematic basis for selecting the preferred improvement solutions and ensured that actions targeted the most critical sources of process variation. 






[bookmark: _Toc228860000]Cost Analysis: 
	Operation:
	Assignee
	Cost
	Benfits

	PAR VBA System
	G.W
	£300 – Operator time to create a VBA system
	-Defect Recording & Engineering Advisories

	Rework Bay
	G.W
	£300 – bought additional adhesive guns, tools and workstations to accommodate the introduction of rework bay.
	-Controlled area for rework allowing all rework to be carried out using standard rework plans

	Quarantine Bay
	G.W
	£150 – Re-used shelving and storage items. Laid tape for floor marking, signs and a barrier around the quarantine area
	-Prevents parts from continuing operations when it is defective
-Prevents defective parts being used in the organisation

	Operator Training
	G.W
	£500 – in down time, where the operators aren’t producing parts.
	-Allow all operators to have full training for the system to work correctly.


Table 2: Cost/Benefit Analysis
A cost analysis was carried out to compare the investment required for the proposed improvement with the operational gains expected. Costs included training, rework bay upgrades and developing standardised defect classification materials, while benefits focused on reduced rework hours on composite components. Cost/benefit analysis is widely used in Lean Six Sigma to prioritise actions that deliver the greatest value (Antony, 2019). The assessment showed that standardised defect classification criteria and a controlled rework workflow offered the highest return, with environmental improvements such as upgraded lighting also provided strong benefits at a low cost. Most of the costs were in house as the PAR system was developed by engineering learning how to code VBA projects.
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Figure 11:Process Flow Diagram























A future state process map was developed to illustrate how the workflow should operate once proposed improvements are implemented. The redesigned process removes unnecessary handovers, eliminates uncontrolled rework and introduces a standardised defect classification and inspection practices. All defects are now recorded directly into the PAR system using predefined classification, ensuring consistency and traceability. Components requiring rework are routed exclusively through the controlled rework bay, where repairs are carried out under engineering oversight. The future state map also incorporates improved environmental conditions, such as enhanced lighting and reorganised inspection lay out, to support more accurate and repeatable inspections. This streamlined process reduces variation, shortens rework cycle time and provides a stable foundation for ongoing process control. 

[bookmark: _Toc228860002]Pilot Proposals:
Pilot proposals were developed to test the feasibility and effectiveness of the selected improvement actions before full implementation. Piloting is a recognised Lean Six Sigma strategy for validating solutions in a controlled, low risk environment (Antony, 2019). The first pilot introduces standardised defect classification criteria within a single inspection area to assess inspector consistency, data accuracy and the usability of the visual defect guides. A second pilot tests the controlled rework bay using limited set of components, enabling evaluation of workflow stability, engineering oversight and rework cycle time. A third pilot proposes enhanced lighting and workspace layout changes in one inspection zone to measure improvements in defect detection accuracy. Piloting these improvements allows performance data to be gathered, risks to be mitigated and procedures to be refined prior to a wider deployment, consistent with best practice in continuous improvement (Brunetti et al., 2021).

[bookmark: _Toc228860003]Validate Improvements: 
The improvements were validated to confirm that the proposed changes delivered measurable benefits and addressed the root cause identified in the analyse phase. Validation involved comparing pilot phase performance data with baseline PAR system metrics, focusing on rework frequency, defect classification accuracy and inspection consistency. Early results demonstrated reductions in subjective defect assessments, improved traceability and controlled rework workflow preventing unauthorised rework. Validation also included operator feedback and engineering review to ensure the solutions were practical and sustainable. This approach aligns with Lean Six Sigma best practice before full deployment (Antony, 2019; Montgomery, 2020). The validation confirmed that the improvements were both operationally beneficial and ready for wider implementation. 
ControlFigure 12: PAR Process File

To ensure the improved composite manufacturing process remains stable and continues to deliver consistent quality products, several control measures would be implemented. The primary control is the continued use of the PAR system, which acts as the central point for recording defects, monitoring rework activity and tracking metrics trends over time. Standardised defect classification criteria and inspection procedures will be embedded into updated Standard Operating Procedures (SOP), internally raised as UA-120, to ensure consistent and application across all operations. 
A process monthly metric session for defective parts will be introduced, allowing all members of staff to be aware of the defects currently effecting production and the plan of action to improve some of the manufacturing processes to reduce defect occurrence. This information will be displayed in forms of bar graphs, dotted graphs and line graphs. Operator training will be maintained through periodic refreshers to prevent skill drift and ensure continued alignment with the improved process. 
Engineering oversight will remain in place for all rework activities, supporting by a documented escalation process for any deviations. Together, these measures provide a structured framework for sustaining the improvements, preventing regression and ensuring long term process capability. 
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