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Executive Summary

This project set out to improve the repeatability, objectivity, and efficiency of wind noise evaluation on Aston Martin’s DBX model by automating the existing subjective test method. The current process, which relies on a technician seated inside the vehicle during a 20-minute test cycle, has proven inconsistent and labour-intensive, contributing to an annual cost of over £140,000 and failing to detect wind noise issues that later result in significant warranty claims — totalling £233,000 in a 12-month period.
The proposed solution integrates a programmable robotic arm, wireless microphones, and a dedicated HMI, controlled via PLC and Samurai software, to run repeatable test cycles at 33 key locations around the vehicle. All test data will be automatically logged, linked to the vehicle’s VIN, and made available in real time, aligning with IATF 16949 traceability standards. Despite delays caused by the limited availability of the sole supplier for the wireless microphone system, confidence in the project remains high thanks to a detailed RFQ process and a robust Engineering Validation Plan (EVP), developed in collaboration with stakeholders from engineering, quality, and production.
Implementation is now scheduled for the Whitsun shutdown period. Once operational, the system is expected to improve defect detection accuracy, reduce cycle time, and free up skilled technicians for higher-value tasks — supporting both cost reduction and enhanced product quality. The approach also lays a solid foundation for future digital transformation and automation projects across the wider business.
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1.0 Introduction

Aston Martin Lagonda was founded in 1913 by British engineers Lionel Martin and Robert Bamford under the name Bamford & Martin Ltd. The name "Aston Martin" was inspired by Martin’s success at the Aston Clinton Hill Climb in 1914, a prestigious speed event in Buckinghamshire . The company aimed to build road cars with racing performance and distinctive design.
The company faced early financial struggles, and in 1920, Bamford left, with Count Louis Zborowski stepping in as the primary investor. However, after Zborowski’s fatal crash at the 1924 Italian Grand Prix, Aston Martin again faced financial difficulties. Cesare Bertelli, an Anglo-Italian automotive designer and racer, acquired the company in 1926, shifting its focus toward high-performance sports cars, introducing models like the International, T-Type, and Le Mans. Bertelli played a crucial role in shaping Aston Martin’s racing legacy.
A major turning point came in 1947 when British industrialist Sir David Brown purchased Aston Martin for £20,500 and later merged it with Lagonda. This led to the creation of the legendary "DB" series, named after Brown, which remains central to the brand’s identity. Aston Martin gained international recognition in 1964 when the DB5 featured in the James Bond film "Goldfinger." This partnership significantly boosted the brand’s global profile and demand for the DB5, cementing its status as a classic .
In 1955, Aston Martin established its first manufacturing facility in Newport Pagnell, producing over 13,300 vehicles in five decades, reinforcing its reputation for handcrafted luxury . In 2003, the company opened its global headquarters in Gaydon, England, becoming the main production hub. The launch of the DB9 in 2004 maintained an annual output of approximately 5,000 vehicles while Newport Pagnell transitioned to classic car restoration.
In response to the rising demand for luxury SUVs, Aston Martin opened a state-of-the-art facility in St Athan, Wales, in 2019. This expansion introduced the DBX, competing with models like the Rolls-Royce Cullinan and Lamborghini Urus. The launch of St Athan marked a significant milestone, with the DBX now accounting for around 60% of the company’s annual output.
Background and Motivation

Aston Martin has built its reputation on delivering ultra-luxury, handcrafted vehicles that offer an exceptional driving experience. Wind noise is a critical factor in achieving the refined cabin environment that customers expect from a high-end vehicle. Excessive wind noise can compromise perceived quality, detract from comfort, and undermine the brand’s commitment to excellence. As a result, rigorous wind noise testing is an essential part of the vehicle development process, ensuring that every model meets the highest standards of acoustic refinement.


Figure 1 – Image taken of current wind noise rig at Aston Martin, St Athan (Chris Beddoe, 2025)
Currently, Aston Martin employs a semi-automated wind noise testing process in which two 7-axis robots systematically move to predefined test points on the vehicle’s exterior, pausing at each location for ten seconds. During this process, a technician sits inside the vehicle, listening for wind noise and subjectively assessing whether the noise levels at each point are acceptable or unacceptable (see Figure 1, p.3 for test points). While this method leverages robotic precision for consistent positioning, it remains heavily reliant on human judgment, introducing variability due to subjective interpretation. Factors such as technician fatigue, environmental conditions, and individual perception can affect the consistency and repeatability of results. 
Figure 2 - Image of current wind noise test points as per Aston Martin spec (Aston Martin, 2025)

The need for automation arises from the desire to enhance the objectivity, reliability, and efficiency of the testing process. The integration of automated systems such as advanced microphones, data acquisition tools, and analytical software will be explored to determine if it is possible to quantify wind noise levels accurately, eliminate subjective bias, and improve test repeatability. Additionally, it will be analysed if full automation can reduce the dependency on skilled human resources, optimise testing time, and support data driven decision making during vehicle development, contributing to higher quality standards and more efficient workflows. 





Scope

The boundaries of this project are established to maintain a clear focus on evaluating the wind noise rig testing process at St Athan. The project will aim to develop a system that objectively assesses wind noise levels across thirty-three designated test locations on a DBX vehicle only, replacing the current subjective evaluation method performed by a technician. The scope will be limited to the automation of the noise assessment process, ensuring compatibility with the existing rig infrastructure and testing procedures. This project will not involve modifications to the vehicle’s design, changes to the rig’s mechanical operation beyond what is necessary for noise assessment, or the development of long-term maintenance protocols. Additionally, external environmental factors outside the controlled test environment will be excluded from the project’s scope. The final objective is to deliver an automated assessment system that meets operational requirements within the set timeframe, initially targeting completion by the end of 2024.

Report Structure

This report is structured to provide a comprehensive overview of the project, from the initial problem identification to the development, introduction, and evaluation of the proposed solution. The report is organised into the following chapters:
Introduction: This chapter outlines the background of the project, the problem statement, project objectives, and the rationale behind automating the wind noise rig testing process.
Literature Review: A review of relevant literature, focusing on existing wind noise testing methods, automation technologies, and similar case studies within the automotive industry. This section will help identify knowledge gaps and inform the project’s direction.
Methodology: This section describes the approach taken to achieve the project objectives, including the research methods, data collection strategies, system design considerations, and any experimental procedures.
System Design and Development: This chapter details the development process, including the design of the automated system, selection of components, integration with existing infrastructure, and technical challenges encountered.
Results and Analysis: Presentation and analysis of the data collected during system testing, evaluating the performance of the automated solution against the project objectives.
Conclusion and Recommendations: A summary of the key findings, conclusions drawn from the project, and recommendations for future work or further development.
References: A comprehensive list of all sources cited throughout the dissertation, following appropriate academic referencing guidelines.
Appendices: Supporting materials such as technical drawings, raw data, code snippets, and additional documentation relevant to the project but not included in the main body.

2.0 Literature Review
2.1 Wind Noise Testing within Automotive Industry
2.1.1 Methods

When researching current methods for automotive wind noise testing multiple strategies were discovered.
Wind Tunnel Testing: For many manufacturers wind tunnels are used to simulate aerodynamic conditions and measure wind noise. When using a wind tunnel, techniques such as near-field holography and beamforming are employed to identify external noise sources . No evidence could be found that OEMs use wind noise tunnels for internal cabin noise. Although scientifically a wind noise tunnel initially may appear ideal, wind noise tunnels cost between $100,000,000 and $200,000,000.  and 
On-Road Testing: This method utilises vehicles that are driven on test tracks or public roads to evaluate wind noise under real-world conditions. Portable systems like the Sonoscout Vehicle Audit System enable the acquisition of objective, repeatable data during these tests. 
Computational Fluid Dynamics (CFD) Simulations: Advanced simulation tools allow engineers to predict and analyse wind noise early in the design process, reducing the reliance on physical prototypes and enabling design optimisation.
Equivalent Body Hole Size (EBHS) analysis: EBHS analysis is a valuable technique used to quantify unintended air leakage paths within the vehicle structure, which can significantly contribute to wind noise. By pressurising the cabin and measuring airflow rates, engineers can estimate the total leakage area as an equivalent hole size. This method is especially relevant in evaluating the effectiveness of sealing systems and identifying sources of wind noise intrusion, making it an important tool in vehicle development and NVH refinement . The ability to digitally assess EBHS early in the design phase allows engineers to implement targeted improvements before physical prototypes are built, enhancing overall aerodynamic and acoustic performance .

2.1.2 Standards

ISO 5128:2023 provides a structured methodology for measuring interior vehicle noise, making it highly relevant for this project. Since wind noise becomes a dominant factor at higher speeds, this standard offers a framework for ensuring that the automated system provides accurate, repeatable, and comparable noise measurements. By aligning the testing approach with ISO 5128:2023, the project may be able to establish objective pass/fail criteria, replacing the current subjective assessments. Additionally, the standard’s emphasis on different driving conditions ensures that the methodology remains applicable across varying test scenarios, strengthening the reliability of automated wind noise evaluations. This alignment will not only enhance the scientific validity of the project but also facilitate industry adoption by adhering to internationally recognised testing protocols.

2.1.3 Equipment/Tools

Various tools are used within industry for wind noise detection and testing, the most relevant of which are outlined below: -
Acoustic imaging cameras: Acoustic imaging cameras are utilised for detecting the location of air leaks in noisy industrial environments by employing low-noise MEMS microphones. These cameras provide precise localisation and visualisation of compressed air noise sources . Given their capability for accurate noise source identification, they could be considered as a potential tool for locating cabin wind noise within vehicles. However, a review of the existing literature reveals a lack of research on the integration of such cameras into automated wind noise detection systems. Despite this limitation, acoustic imaging cameras may still be valuable for accurately pinpointing suspected wind noise leaks, facilitating more effective interventions by production re-workers.

Figure 3 - FLIR Si124 Acoustic Imager 




Microphones: Various manufacturers offer noise detection microphones for use within industrial applications such as traffic, construction, and occupational noise monitoring. 

Figure 4 - Crysound CRY3203-S01 microphone  
The above figure is an example of one of the types of microphones currently used in industry. “The CRY3203-S01 is a 1/2-inch free-field pre-polarised measurement microphone and preamplifier set widely used in acoustic testing environments, such as anechoic chambers and quiet rooms.”  
The technical specifications for this microphone state that it has a dynamic range of 16dBA to 135dB and frequency response of 3.15Hz to 20kHz ±2dB.
Dynamic Range: This range indicates the span between the microphone's inherent self-noise and the maximum sound pressure level (SPL) it can accurately capture. The lower limit, sixteen dBA, represents the microphone's self-noise, which is the minimal sound level it can detect without internal noise interference. The upper limit, 135 dB SPL, denotes the highest sound level the microphone can handle before distortion occurs. This wide dynamic range ensures the microphone can capture both subtle and loud sounds effectively.
Frequency Response: The specified range of 3.15 Hz to 20 kHz ±2 dB defines the spectrum of sound frequencies the microphone can reproduce accurately. The ±2 dB variation indicates that within this range, the microphone's output will not deviate more than 2 dB from a flat response, ensuring consistent and reliable sound reproduction across the specified frequencies. 



2.1.4 Competitor Methods/Practices

There are several opportunities for knowledge sharing between OEMs in the automotive sector, often offering mutual benefits.
Cost and Risk Reduction: Joint R&D helps OEMs share costs and reduce risk when developing technologies like EVs and autonomous systems. It improves resource efficiency and accelerates innovation .
Regulatory Compliance: Collaboration allows OEMs to align on solutions that meet strict global safety and environmental standards, reducing the risk of penalties and promoting compliance .
Aston Martin engages in such collaboration and, through knowledge sharing, identified that Bentley uses an automated wind noise detection system aligned to ISO 5128:2023 (see section 2.1.2, p.6). Porsche, by contrast, uses a system developed by German firm SINUS, which specialises in sound and vibration measurement. A CAD model of their setup is shown in Figure 5.

Figure 5 - CAD Image example used by Porsche (SINUS, 2024)
The CAD model illustrates a battery-powered wireless jig developed by SINUS, specifically designed to be suspended on each door card of a Porsche production vehicle. This jig employs two Crysound microphones to measure wind noise within the cabin, providing a practical solution for assessing inside cabin acoustic performance.
Aston Martin, as a competitive OEM, acknowledges Bentley and Porsche as significant competitors while positioning itself as a more luxurious brand. This strategic brand positioning underscores its commitment to maintaining a superior perception of luxury among its customers. To reinforce this image and remain competitive, it would be prudent for Aston Martin to examine the current testing methods utilised by its competitors. By evaluating and potentially enhancing these methodologies within its own testing environment, Aston Martin can uphold its reputation for luxury and performance while ensuring cutting-edge quality in wind noise detection.


2.1.5 Measure of Equivalent Body Hole Size (EBHS)

Equivalent Body Hole Size (EBHS) is a critical metric in vehicle Noise, Vibration, and Harshness (NVH) testing, employed to quantify unintended air leakage paths that contribute to wind noise within the vehicle cabin. EBHS testing involves pressurising the vehicle's interior and measuring the airflow required to maintain a specified pressure differential, enabling engineers to estimate the cumulative size of leaks as an equivalent hole . This measurement is essential in wind noise assessments, as excessive leakage can lead to turbulent airflow, generating noise that adversely affects cabin comfort and overall vehicle quality . In the context of Improving the wind noise testing at facility like St Athan, EBHS testing may offer an objective method to identify and quantify leaks, thereby reducing reliance on subjective human judgment. By integrating EBHS data, the process could be enhanced by improving test accuracy and consistency, ensuring reliable detection of defects in vehicle seals and body structures.

2.2 The DMAIC Approach in Engineering Projects

The DMAIC methodology is split into five parts Define, Measure, Analyse, Improve, and Control. DMAIC is a structured, data-driven approach integral to Six Sigma, aimed at enhancing existing processes by systematically identifying and eliminating defects. In engineering problem-solving, DMAIC provides a clear framework.
Define: Clearly articulate the problem, project goals, and customer requirements.
Measure: Collect relevant data to establish baselines and quantify the current process performance.
Analyse: Examine data to identify root causes of defects and process inefficiencies.
Improve: Develop and implement solutions to address root causes, enhancing process performance.
Control: Monitor the improved process to ensure sustained performance and prevent regression. 
This methodology is particularly effective in engineering contexts where precision and efficiency are paramount, as it emphasises the use of statistical tools and empirical data to drive decision-making and process improvements . By adhering to the DMAIC framework, engineering teams can achieve measurable enhancements in quality and operational efficiency .
3.0 Methodology
3.1 Define
3.1.1 Problem Definition

The current wind noise testing process at the St Athan facility relies on a technician sitting inside the vehicle while a robot moves at low speed to thirty-three test locations on the car. The pass/fail criteria for this test are currently subjective, potentially leading to variability in results and a lack of consistency in evaluating wind noise issues. This manual and subjective approach not only limits testing efficiency but also impacts the accuracy and repeatability of the results.
3.1.2 Problem Statement

The existing wind noise testing method lacks objectivity and consistency, leading to inefficient testing cycles and potential inaccuracies in noise assessment. The desired state is to improve this process to increase testing efficiency, accuracy, and repeatability, ensuring consistent and data backed objective pass/fail criteria. By closing this gap, it should be possible to enhance productivity and deliver more reliable noise evaluations for each vehicle assembled and tested by Aston Martin. 

3.1.3 Project Goals and Objectives

The primary objective of this project is to automate the wind noise testing process at the St Athan facility to enhance testing efficiency, accuracy, and repeatability. To achieve this, the following SMART goals have been established:
Specific: Improve the current test process into a system that can objectively measure wind noise at the current thirty-three test locations on the vehicle.
Measurable: Achieve an increase in testing efficiency and improvement in result consistency compared to the current manual method. Sources such as current test times, failure rates and warranty data could be used to measure this.
Achievable: Utilise existing robotic systems and integrate advanced sound measurement technologies within the available budget and resource constraints.
Relevant: Align with the organisational objective of enhancing product quality and reducing testing cycle times.
Time-bound: Complete the development and implementation of the automated system by the end of 2024.
The above SMART objectives provide a clear direction for the project, ensuring that the automation solution meets both operational needs and strategic goals of the business. 
3.1.4 Stakeholder Analysis

A comprehensive stakeholder analysis is essential to the successful implementation of the wind noise testing automation project. Identifying and understanding the interests, roles, and influence of all relevant stakeholders enables effective communication, informed decision-making, and strategic alignment throughout the project lifecycle. In this context, stakeholders include individuals and groups directly or indirectly affected by the project outcomes, as well as those with the power to impact the project’s success. Conducting a thorough analysis ensures that the needs and expectations of each stakeholder are considered, thereby minimising resistance and enhancing project acceptance. This approach not only supports effective change management but also contributes to optimising resource allocation and achieving the project’s strategic objectives. The following section outlines the key stakeholders involved in the project and their respective roles and contributions. 
Project Lead – Chris Beddoe
Responsible for leading the overall project and maintaining effective stakeholder engagement. Ensures strategic alignment with organisational goals and oversees project delivery from initiation to completion.
Engineering Team – Chris Beddoe, George Griffiths
The project is being executed within the Vehicles Confirmation area. Chris Beddoe leads the project, while George Griffiths, as the Process Engineer, provides critical input from a process and plant perspective. Their combined expertise ensures the automation solution is effectively integrated into existing operations.
Health and Safety Officer – Gareth Ranson
Evaluates and mitigates safety risks associated with the new automation equipment, ensuring compliance with health and safety regulations and maintaining a safe working environment throughout the project lifecycle.
IT Support Team – Nathan Henry, William Firth
Responsible for delivering the necessary IT infrastructure, including network connectivity and data security. Their support is crucial for the seamless integration and reliable operation of the automated system.
Maintenance Team – Headed by Martin Griffiths
Ensures the continued functionality and reliability of the automated system post-implementation. This team is also responsible for conducting maintenance, providing technical support, and facilitating training to ensure a smooth transition to operational use.
End Users – Vehicle Test Engineers
Directly impacted by the automation, they provide essential feedback on system usability and functionality. Their engagement and acceptance are critical for the successful implementation and operational effectiveness of the new automated testing process.

3.1.5 Voice of the Customer

The end users of the wind noise testing automation system, primarily Vehicle Test Engineers, have high expectations regarding the system’s performance, usability, and impact on workflow efficiency. Their requirements can be summarised as follows:
Accuracy and Consistency of Results
Expectation is that the improved system should deliver accurate and consistent wind noise measurements across all test locations. The system should eliminate subjectivity and provide repeatable results, ensuring reliable data for vehicle validation.
Enhanced Testing Efficiency
The improved solution should streamline the testing process, reducing the time required to complete assessments without compromising data quality. The expectation is of increased productivity, allowing production to conduct more tests within the same timeframe.
User-Friendly Interface and Operation
The system must feature an intuitive user interface that is easy to navigate, requiring minimal training. Engineers expect straightforward controls for setting up tests, monitoring progress, and reviewing results.
Seamless Integration with Existing Systems
To maintain workflow continuity, the improved system should integrate smoothly with existing testing equipment and data management systems. Compatibility with current infrastructure is crucial for operational efficiency.
High Reliability and Minimal Downtime
End users expect the system to be robust and reliable, minimising disruptions during testing. They require quick troubleshooting and maintenance support to reduce any potential downtime.
Comprehensive Data Analysis and Reporting
Engineers require advanced data analysis tools to interpret results effectively. The system should provide detailed reports with clear visualisations, enabling informed decision-making in the vehicle validation process.
Health and Safety Compliance
Users expect the improved system to enhance safety by eliminating the need for personnel to be present in the vehicle during testing. The solution should comply with all relevant health and safety standards.
Meeting these expectations is crucial for ensuring user satisfaction and achieving the strategic objectives of the wind noise testing project.

3.1.6 Project Charter

The deliverables for this project include the development and introduction of a fully functional process or system with sensors to capture consistent and accurate noise data at all test locations. This should be supported by data analysis and reporting software from the chosen supplier for detailed reports and visualisations to aid vehicle validation decisions. The system will be seamlessly integrated with existing testing equipment and data management systems to maintain workflow continuity. It will feature an intuitive user interface for test setup, monitoring, and result review. Comprehensive user training, operational manuals, and maintenance guidelines will be provided, ensuring ease of use and sustainability. Additionally, the system will undergo verification and validation to comply with all relevant health and safety standards.

3.1.6.1 Timelines

Phase 1: Requirements Gathering and Feasibility Analysis (Q2 2024)
Identify stakeholder requirements, assess technical feasibility, and establish project specifications.
Phase 2: System Design and Development (Q2 – Q3 2024)
Design hardware and software components, develop prototypes, and conduct initial testing.
Phase 3: Integration and Testing (Q4 2024)
Integrate the system with existing infrastructure, conduct rigorous testing for accuracy and reliability, and perform safety validation.
Phase 4: Deployment and Training (Q1 2025)
Implement the improved system in the operational environment, provide end-user training, and transition to full operational use.
Phase 5: Project Closure and Review (Q1 2025)
Review project outcomes, gather user feedback, and document lessons learned for continuous improvement.

Figure 6 – Timing plan for wind noise project (Aston Martin, 2024)


Measure
3.2.1 Data Collection

At this stage of the project, the focus is on gathering data to assess the effectiveness and limitations of the current subjective wind noise evaluation method. Since there are no internal systems in place for collecting wind noise-specific data, warranty information becomes the key metric. This data gives insight into how robust the existing process is, considering that all customer vehicles would have passed the current test criteria. Figure 7, below, shows wind noise-related warranty claims on the DBX model over a 12-month period, with a total cost of £233,000 reported between January 2023 and January 2024.
Looking at the breakdown of these claims, it appears the current process is targeting the right areas of the vehicle for testing. However, the way parts are described in the claims could be misleading. For instance, the cantrail seal is listed as the second most common source of wind noise issues. Cross-referencing this with figure 2 (p.3), test points 26, 20, 18, 9, and 4 all cover sections of the left-hand cantrail seal, while points 41, 47, 49, 58, and 62 address the right-hand side. This suggests that although those areas are being tested, issues are still slipping through, indicating the current method is not robust enough to catch all defects before vehicles leave the factory. This gap in detection has real consequences. A process that fails to identify wind noise defects at the manufacturing stage leads to high warranty costs and can damage both customer satisfaction and brand reputation. The financial impact alone makes a strong case for replacing the current method with a more objective, reliable, and data-driven system.

Figure 7 – Warranty claim data for wind noise issues from Jan 2023 – Jan 2024 (Aston, Martin 2024)
Beyond the effectiveness of detection, the current method’s efficiency in terms of time and cost also needs to be questioned. Each test takes around 20 minutes and requires a technician to be physically present inside the vehicle. This not only limits the number of tests that can be carried out but also ties up skilled labour at a significant cost. Based on a production volume of 3,000 units per year and factoring in technician hourly rates including overheads, the total cost of running these tests manually is estimated at £142,590 annually. This highlights the financial burden of the existing process and strengthens the argument for automation. Not only could automation cut cycle times and free up technicians for more value-added tasks, but it would also remove the subjectivity from the process—improving consistency and reliability in defect detection.


Figure 8 - 2025 technician cost per minute calculation for the wind noise process (Aston Martin, 2025)


3.2.2 Current Process Mapping
The current wind noise assessment process is entirely subjective, relying on a technician seated inside the vehicle while a robot sequentially moves through thirty-three test locations. No quantitative data is recorded, and the technician’s pass/fail decision is based purely on personal perception. When a failure is identified, the response is reactive, with the technician attempting to apply a fix without any structured data collection to support root cause analysis. This lack of objective measurement and historical data tracking limits the ability to identify recurring patterns, optimise solutions, or drive continuous improvement in wind noise mitigation. 
Current Process Flow
Process Steps:
Vehicle Setup – The test vehicle is prepared and positioned in the wind noise rig.
Technician Enters Vehicle – A technician sits inside to assess noise levels.
Robot Moves to Test Locations – The robot sequentially moves through thirty-three predefined test locations.
Subjective Noise Assessment – The technician listens at each location and makes a pass/fail judgment.
Failure Detected – If excessive wind noise is perceived, the technician notes the issue (no formal data recorded).
Attempted Fix – The technician applies a quick fix (e.g., adjusting seals, adding tape).
Retest – The robot revisits the failed locations, and the technician reassesses.
Final Decision – If the noise is acceptable, the vehicle passes. If not, further adjustments are made.
End of Process – No data is collected for future analysis or root cause tracking.


Figure 9 – Current process flow diagram (Beddoe, 2025)

Process mapping is a valuable tool used to visually represent the steps involved in a process, helping to identify inefficiencies, improve understanding, and support process improvement initiatives. In this case it assists in highlighting a lack of data collection that can feed back into internal quality systems such as Value Stream Groups (VSGs) and flags, which is Aston Martins internal quality tracking system.
Process mapping is essential for identifying non-value-added activities. These can then be targeted for elimination or improvement, supporting lean principles and continuous improvement strategies .
In the context of compliance and standardisation, process mapping helps ensure that procedures are consistently followed and aligned with quality management systems such as ISO 9001. It creates an auditable trail and supports documentation requirements .

3.2.3 Process Failure Mode Effect Analysis

To accurately assess the capability and reliability of the current wind noise evaluation process, a comprehensive and up-to-date Process Failure Modes, and Effects Analysis (PFMEA) has been conducted. This analysis quantifies the detection capability of the existing wind noise rig, which is known to be below the required standard, highlighting critical areas for improvement.
PFMEA is a systematic methodology used to identify potential failure modes within a process, evaluate their impact on overall system performance, and assess the associated risks. It is widely utilised across various industries as a proactive tool for enhancing process reliability and product quality by identifying weaknesses early and implementing corrective actions before failures occur . In the context of wind noise testing, PFMEA serves as a valuable framework for assessing the effectiveness of the current detection methods and pinpointing areas where automation could offer significant improvements.
The PFMEA, illustrated in Figure 10 (p.24), outlines specific failure modes, their likelihood of occurrence, and the current detection controls in place. This analysis establishes a baseline against which potential future automated solutions can be compared. A key finding from the PFMEA is the high detection ranking, indicating that the current method lacks the necessary sensitivity and consistency to identify wind noise issues reliably. This reinforces the need for process improvements and supports the case for automation. By systematically analysing these failure modes, the study provides a clear justification for refining the detection process to enhance accuracy, reduce subjectivity, and improve overall test effectiveness.
For a detailed breakdown of severity, occurrence, and detection rankings, refer to the PFMEA table in Appendix A.





Figure 10 – PFMEA analysing current wind noise process (Beddoe, 2025)
3.3 Analyse
3.3.1 Root Cause Analysis

To fully understand the inefficiencies present in the current wind noise testing process, and support the findings in the FMEA, a detailed root cause analysis has been carried out using an Ishikawa (Fishbone) diagram (figure 11, p.26). This analysis aims to systematically uncover the underlying issues that contribute to the process's limitations. The primary concern identified is the subjectivity inherent in the current test method, which relies heavily on human perception rather than objective, data-driven measurements. This subjectivity introduces variability, as individual assessors may perceive and evaluate wind noise differently, leading to inconsistent results.
Several contributing factors were considered in the analysis, including operator variability, environmental conditions, limitations in the test procedures themselves, and constraints in the equipment used for detection. These factors could collectively undermine the reliability and consistency of the results. Furthermore, warranty data, shown in Figure 7 (p.18), indicates a concerning trend that some vehicles that had passed the wind noise test on the rig were later reported by customers as having wind noise issues. This gap between the testing results and customer complaints suggests that the current test method is failing to identify certain issues before the vehicles are delivered to customers.
Additionally, the Process Failure Modes and Effects Analysis (PFMEA), presented in Figure 10 (p.24), further supports these findings, revealing that the detection capability of the current system is below the necessary threshold. This analysis highlights the critical need for an improved, objective measurement system that can provide consistent and reliable results. By addressing these root causes and improving the process with calibrated sensors and well-defined pass/fail thresholds, it becomes evident that the testing process could be significantly enhanced, improving both the accuracy and consistency of the wind noise assessments and ultimately reducing the risk of overlooking potential issues.


Figure 11 – ISHIKAWA analysis of wind noise not being detected at rig (Beddoe, 2025)

The Ishikawa diagram, also known as a fishbone diagram, is a tool that can help identify the possible root causes of a problem. It’s been around since the 1960s and is commonly used in quality control to make sure all contributing factors to an issue are considered, grouped under typical headings like people, process, equipment, and environment .
Ishikawa was chosen for this project to help understand the reasons why the wind noise test often gives inconsistent results. Since the method relies on someone sitting in the vehicle and making a subjective call, it was important to step back and look at all the variables that could be influencing the outcome.
Putting the fishbone diagram together helped visualise the situation clearly. It also made sure that nothing major was overlooked, whether it was environmental factors, hardware issues, or even operator habits. It formed a solid base for the more detailed risk work later done through PFMEA.
One of the best things about the Ishikawa method is how simple and effective it can be. Although, it is quite limited in that it won’t help you rank or prioritise problems, so it’s more of a starting point than a solution .

3.3.2 Process Analysis

With respect to the process map figure 9, p.21. There are some important points to consider that may result in an improved process overall. 
Time – Currently, the presence of a technician inside the vehicle limits the robot's operating speed to 200 mm/s, resulting in an average process duration of 20 minutes. However, the Kawasaki robots utilised in the rig are capable of operating at speeds of up to 2000 mm/s, meaning and increased speed of 900% is possible if the person can be removed from the test cell.
Eliminating the need for a technician inside the vehicle would allow for a significant reduction in cycle time, enhancing overall process efficiency.
Quality Feedback – To assess the quality feedback in wind noise process, Six Sigma principles are drawn upon. Six Sigma is a data-driven approach focused on reducing defects and improving process quality by eliminating sources of variation. It uses statistical tools within DMAIC..
A key element of Six Sigma is the use of quality feedback, both internal and external, to support continuous improvement and enhance process understanding. Currently there is external feedback available in the form of warranty data, but there are no forms of internal feedback from the test process. This should be addressed when considering the solution to improving the wind noise process. 
Subjectivity – One of the biggest limitations in the current process is the reliance on human perception to determine a pass or fail result. At present, the technician sits in the vehicle during testing and uses their own judgement to decide whether wind noise levels are acceptable. This introduces a high degree of subjectivity into the process, which directly impacts consistency and repeatability. What one technician considers acceptable may differ from another’s opinion due to the variability in perception of certain frequencies, especially when fatigue, concentration levels, or environmental conditions come into play. 
 It should also be taken into consideration that the technician is also only ever sat in the drivers’ seat of a vehicle. This could lead to a defect that is prevalent on the left side of the vehicle being harder to detect manually if testing a right-hand drive vehicle.
The lack of a defined, quantifiable threshold means the process outcome can vary from test to test, even under identical conditions. This undermines confidence in the results and makes it difficult to use the data for process improvement or product refinement. To bring this in line with a more robust, data-driven approach such as Six Sigma, this subjective step needs to be replaced with objective measurement remove variability and improve the reliability of the test output.

3.3.3 Analysis Conclusion

The current wind noise test process presents several opportunities for significant improvement. From a time perspective, the presence of a technician in the vehicle is a clear bottleneck, unnecessarily limiting the robot's potential and extending cycle times. Eliminating this constraint could unlock a considerable increase in speed and throughput. In terms of quality, the absence of internal feedback mechanisms limits process visibility and hinders continuous improvement. While external feedback through warranty data offers some insight, it is delayed, reactive by nature and cannot be relied upon to drive real-time improvements.
Furthermore, the reliance on human judgement introduces subjectivity into a process that ideally should be governed by measurable, repeatable standards. Inconsistent assessments compromise both product quality and customer confidence. Addressing the three areas cycle time, internal feedback, and subjectivity will be key to developing a more efficient, accurate, and robust wind noise evaluation process aligned with modern quality management principles. The removal of a technician from the test cell may also result in in a safety improvement. As the health and safety of its employees is a pillar of Aston Martin’s operational ethos, reducing the need for personnel to be present in confined test environments directly supports the company’s commitment to workplace safety. By integrating automation and objective measurement tools, Aston Martin not only advances the reliability of its testing process but also reinforces its dedication to protecting its workforce by further aligning engineering excellence with responsible corporate practices. 
3.4 Improve
3.4.1 Solution Requirements

Once the analysis conclusion was completed, a clear vision for the solution becomes more evident. The proposed solution for automating wind noise testing must incorporate the collection of objective sound level data via calibrated microphones positioned at key locations within the vehicle cabin, aligning these positions with the requirements of ISO 5128:2023 is considered essential. These positions must be repeatable, meaning seat positions must remain consistent across all vehicles. The jog that holds any microphone equipment must also support consistent positioning of any microphone equipment. This will allow consistent and repeatable measurement and quantification of wind noise, reducing reliance on the technician and subjective human judgment. The solution would also have to be wireless to ensure that all doors could be closed, and cables were not interfering with seals or sealing surfaces.
Sound data must be timestamped and stored against individual vehicle identifiers (e.g. VIN or build number), ensuring traceability and enabling trend analysis across production changes. Crucially, the system must support easy retrieval and accessibility of this data to facilitate root cause analysis when deviations from noise targets occur.
Integration with the existing quality monitoring platform, known as flags, is also essential. Automated test results must feed directly into this system to trigger alerts and initiate upstream process reviews where necessary, such as door alignment, glass set, seal integrity, or body shell variation as this will drive continuous improvement. In doing so, the system must not only detect defects but actively contribute to defect prevention through data-informed process adjustments by the engineering and production teams. A software interlock that stops a vehicle from progressing through the production system without a successful cabin noise test should also be considered.
In addition to enhancing quality, the solution must contribute to operational efficiency by reducing test cycle time. This could be achieved through increased robot speeds, and ensuring repeatable, but minimal setup time between vehicles. The system must also be designed with scalability in mind by supporting updated vehicle models, the potential for more testing points if required.
Robust environmental compensation should also be considered, ensuring test results remain valid despite fluctuations in ambient conditions such as temperature, or humidity. Furthermore, the solution should allow for statistical reporting and visualisation tools to aid engineers and quality personnel in identifying recurring issues and opportunities for process improvement. Long-term, it should be explored for the system to have the flexibility to accommodate machine learning algorithms to identify subtle patterns and predict potential NVH issues before they occur.

Request for Quote (RFQ)

A Request for Quote, or RFQ, is a document used to invite suppliers or contractors to provide a price for carrying out a specific piece of work. It usually includes the technical requirements, scope, and any other information a business would need to prepare an accurate quote. The idea is to give all potential bidders the same clear brief, so they can respond with like for like pricing and terms .
In this project, and RFQ was created (figure 12, p.31) and sent out to businesses identified as potentially capable of supplying and integrating an automated wind noise test system. Before an RFQ is submitted, it is important to make sure the requirements are properly thought through. Things such as the required microphone specs, mounting details, data logging, software interfaces, and any support or training that is expected need to be included.
An RFQ is also useful for spotting potential issues early. Suppliers might notice something that has not been considered, or ask questions that help refine the plan, this was evident once the wind noise RFQ was distributed and is evidenced in figure 12. 
An RFQ is not just about cost. It is also about finding a supplier or business that understands the work and can deliver it properly and on time.
Getting the RFQ right helps avoid misunderstandings, scope creep, and cost overruns. It also gives a solid basis for comparing quotes fairly and choosing the right supplier, and not just the cheapest, but the one who best meets the technical and commercial needs of the project .


Figure 12 – Sample page from RFQ V2 evidencing comments from AML and potential partner (Aston Martin, 2024)
Figure 12 presents a sample page from Request for Quotation (RFQ) Version 2, which outlines the detailed equipment requirements defined through collaboration with a multifunctional team within Aston Martin. This team comprised representatives from engineering, IT, maintenance, facilities, and health and safety, ensuring that all relevant technical and operational perspectives were considered. The initial RFQ was distributed to a shortlist of potential suppliers, including Premier Automation, who installed the rig initially. It was deemed that Premier Automation would be best placed to assist in the upgrade due to being the technical experts of the rig and roots currently in use.
In response, several suppliers including Premier Automation and AC Soft raised queries or suggested considerations regarding the specification and scope, which are annotated in red within the document. These supplier inputs were reviewed and addressed systematically, resulting in the development of RFQ Version 2. This revised version incorporated clarifications, amendments, and responses to supplier feedback, and was then reissued to all prospective suppliers to ensure transparency and consistency in the procurement process. Once completed, it was evident that due to the niche requirements from the suppliers, Premier Automation and AC soft were the only partners able to quote for the project due to the wireless technology required. Although a step forward, having limited options for project partners raises concerns. While narrowing down to just two viable suppliers streamlined the selection process, it also introduced a level of dependency and risk. With fewer choices, the ability to negotiate terms or compare a broader range of solutions was somewhat reduced. This situation highlighted the importance of early supplier engagement and technical dialogue to fully understand market capability before formalising the RFQ. In future projects, a more extensive pre-RFQ market sounding exercise may help identify additional suppliers or technologies that might not be immediately apparent. Nevertheless, the feedback gained through the RFQ process was invaluable. It not only helped refine the technical requirements but also ensured that the proposed solution was grounded in supplier capabilities and aligned with the operational context of the test rig.



RFQ Highlights and Considerations
3.4.3.1 Hardware, Safety and PLC requirements

Following the distribution of the RFQ, quotations were received from two suppliers: AC Soft (see appendix B) and Premier Automation (see appendix C). Each provided responses tailored to the scope and technical requirements outlined in the RFQ. Premier Automation, as the original integrator of the existing wind noise rig, submitted a comprehensive quotation that included a detailed breakdown of their proposed scope of supply.
The quotation from Premier Automation covered three principal areas: system hardware and integration, safety modifications, and PLC software updates. Additionally, four new emergency stops would be installed outside the booth, and existing cable management infrastructure would be used to minimise disruption.
From a safety and production perspective, two modes of operation were addressed – with and without a driver in the vehicle. This was specified in the RFQ to allow production to roll back to a manual process, should any of the sound equipment fail at any point in the future.
Proposed safety enhancements included additional safety relay cards, a Fortress pod key for in-vehicle operation, a pre-op station with warning sounders, and software updates to allow the robot to run at full speed in automatic mode.
Health and safety is a critical consideration in the design and upgrade of industrial systems such as the wind noise rig. Employers have a legal duty to ensure the health, safety, and welfare of employees under the Health and Safety at Work Act 1974 (HASAWA). The Health and Safety ant Work Act states that: “It shall be the duty of every employer to ensure, so far as is reasonably practicable, the health, safety and welfare at work of all his employees” . Implementing the proposed safety enhancements helps to fulfil this duty by reducing the risk of accidents during automatic operation and ensuring emergency measures are accessible and effective. By considering safety at this stage of the project, the employer demonstrates compliance with legislative requirements and commitment to the well-being of personnel.
3.4.3.2 Alternative/Backup Production Strategy

Having an alternative or backup production method is vital when dealing with essential factory equipment, particularly in high-dependency operations such as automotive manufacturing. In the event of a system failure, the lack of an immediate and reliable contingency plan can result in significant production downtime, missed delivery schedules, and financial losses. Business continuity planning, which includes disaster recovery and alternative routing strategies, is therefore critical to maintaining operational resilience within Aston Martin.
Disaster planning involves identifying risks, evaluating their potential impact, and developing alternative strategies, including secondary production lines, or even outsourcing options. According to , supply chain disruptions caused by equipment failure, cyber threats, or external factors can be mitigated through strategies like capacity buffering and network flexibility. In a manufacturing facility such as St Athan, this translates into having pre-defined alternative production workflows, secondary equipment that can be brought online quickly, or arrangements with third-party partners for temporary output handling.
Furthermore, Slack, et al (2022) highlight that in operations management, robustness is a key feature of resilient systems. This includes designing processes that can continue to function, at least in a reduced capacity, during abnormal conditions. Being able to revert to the original subjective method involving a technician in the vehicle, is therefore critical for this project. 
Failure to plan adequately can lead to critical bottlenecks. As stated by Sheffi (2007), even short-term disruptions can cascade through tightly coupled systems, especially in just-in-time, amplifying their impact and recovery costs. By integrating backup methods and clear recovery protocols into the project scope, such risks can be mitigated early on as highlighted in the RFQ.

Limitations of Solution
The proposed solution presents several potential limitations that have been identified must be addressed to limit their impact. One key concern identified is the potential increase in vehicle failures during wind noise evaluation due to the system’s heightened sensitivity and the introduction of a more stringent Aston Martin 'golden standard', which could impact production targets due to a reduced throughput. The requirement for new calibration procedures for the test equipment and an automated testing process may also change the wind noise technicians daily work responsibilities. This could potentially lead to workforce resistance. Inadequate change management could further exacerbate this, especially if existing working practices are not effectively challenged and adapted. Maintenance teams will need specialised training to support the new technology, and without a comprehensive critical spares strategy, any equipment failure could result in significant downtime. Early-stage system calibration and validation carry risks, as inconsistent or inaccurate trial results could undermine confidence in the solution. The enhanced sensitivity may also increase the likelihood of false positives or false negatives, risking unnecessary rework or the release of non-conforming vehicles. Integration with current testing systems may prove complex, potentially requiring parallel operations that increase short-term costs and operational complexity. Lastly, the shift to a data-driven approach will generate information currently not handled by Aston Martins internal data systems. This increase in data collection will demand robust data management systems to safeguard data accuracy, security, and traceability.

Limitation Mitigation
To tackle the limitations identified previously, several practical steps need to be put in place to support the introduction of the new wind noise evaluation process. One of the immediate concerns is the expected increase in vehicles failing initial tests due to the system’s improved sensitivity and the introduction of an Aston Martin golden standard. To help manage this, the robot will be programmed to run faster between test points. This will keep overall cycle times down and offset the expected rise in re-runs, which will help maintain production targets without compromising test quality.
Staff training will also play a key role in making the system work safely and effectively. Production technicians will need to understand how the new system works, how to spot genuine faults versus possible false positives, and how to respond quickly when issues are flagged. Understanding the new test equipment, and how to calibrate it prior to use will also be essential to ensure it is recording accurate data. 
The maintenance team will need specific training on fault-finding and how to keep the process running smoothly. In parallel, a full review of critical spare parts should be carried out before implementation. Items such as sensors, safety components, and control modules should be identified and held in stock to prevent extended downtime in the event of a failure. Establishing a critical spares strategy early will ensure any breakdowns can be resolved quickly, without putting production or system confidence at risk. Studies show that investing in training and spares readiness has a direct impact on reducing maintenance delays and improving overall equipment reliability .
Introducing any major change to how people work is likely to meet some resistance, especially if job roles or responsibilities shift. Following a structured approach to change management is important to reduce this resistance. Lewin’s Change Management Model (1951) should be considered as it provides a simple but effective framework for change management (see Appendix E). It starts with ‘unfreezing’ the current way of working, this could be done by being open about why the change is needed, involving people in the process early, and addressing any concerns technicians or production management may have. Once the team is on board, the ‘change’ phase can begin, which includes training, testing, and gradually rolling out the new system. Finally, the ‘refreezing’ stage is about locking in the new way of working through regular feedback, updates to work instructions, and making sure the changes stick. This approach has been proven effective in engineering environments where changes in technology impact the workforce .
Lastly, shifting to a data-driven process means more information will be generated than previously. A robust data management system will be needed to keep the data secure, accurate, and easy to trace. By taking the steps of speeding up the robot, investing in training, identifying critical spares, managing the change process properly, and handling the data effectively, the main risks can be controlled, and the long-term success of the new system can be secured.

Testing of Loan Equipment
 
Prior to committing to purchase the proposed solution from both AC Soft and Premier Automation, it is important to ensure that risks identified in section 3.4.4 are reduced. With an overall solution price of £136,814, it is essential that the equipment is bought off via acceptance testing. To support this, upon request AC Soft provided loan equipment comprising hardwired microphones and a PC pre-configured with the Samurai software and calibration tools. This system is capable of accurately measuring wind noise at the existing thirty-three test points currently assessed manually. The use of loan equipment will allow for a realistic trial of the measurement process in a live vehicle environment, enabling the project team to validate the functionality, reliability, and repeatability of the proposed setup. This testing phase will also help determine whether the automated system meets the required sensitivity and resolution for consistent pass/fail criteria, ultimately informing the final procurement decision and mitigating the risk of investing in an unsuitable solution.

Type 1 Gage R&R and Results

A Type 1 Gage Repeatability and Reproducibility (Gage R&R) study is a quick way to assess the precision of a measurement system using one operator, one part, and one device. It focuses on bias (the difference between the measured average and a known reference) and repeatability (variation when the same item is measured multiple times by the same person and tool) . This method is typically used early on to check if a new system is stable and consistent before testing more variables like different users or parts.
The main advantages are speed, simplicity, and its ability to highlight instrument-related issues early . However, it does not capture variation from different operators or parts, so its use is limited if applied in isolation . It is best seen as a starting point, not a complete evaluation.
In this project, a single vehicle will be used to test the wind noise detection system. All thirty-three test points will be measured three times using hardwired microphones and Samurai software from AC Soft. This controlled setup removes operator and environmental variation, allowing focus on system repeatability. Note: the equipment is not wireless, so engineers must sit in the car to take readings, which could introduce some variability and should be factored into analysis.
The outcome will show whether the system provides consistent, objective results that align with current subjective assessments and can support future automation.

Figure 13 – Type 1 Gage R&R results on single test vehicle (Beddoe,2024)

The study used A-weighted dB values across three runs to assess measurement consistency. A-weighting adjusts sound levels to match human hearing sensitivity, reducing influence from frequencies humans hear less effectively (IEC, 2013). This makes it ideal for NVH testing. Measurements covered the full audible range (16 Hz to 20 kHz), with results showing no more than ±1.1 dB variation across runs. For example, at 100 Hz, values were 35.0, 34.0, and 33.9 dB(A), well within tolerance limits (AIAG, 2010). Stability was also observed in the 1–4 kHz range, where hearing is most sensitive, confirming that the system is repeatable and reliable for use on the wind noise rig.
A second test followed the same method but used three different vehicles. Results for vehicles 822623 and 822910 were similar at test point forty-one, but vehicle 822781 showed up to 9 dB higher readings, particularly at 400 Hz, 2 kHz, and 8 kHz. As the first test proved the system’s repeatability, these results suggest a potential fault. Test point 41 (right front quarter glass, see Figure 2, p.3) has also been linked to £36k in warranty claims from Jan 2023 to Jan 2024 (Figure 7, p.18), highlighting it as a known issue zone.

Figure 14 – Type 1 Gage R&R results on three different test vehicles (Beddoe,2024)

Control
Control of the project will follow Aston Martin’s internal Equipment Validation Process (EVP), which sets out the steps needed to confirm that any new or modified systems meet safety, functional, and compliance requirements before they are cleared for operational use. Each stage of the project, from initial concept through to commissioning, will pass through EVP checkpoints to ensure accountability and traceability. (See Appendix D for detailed EVP).
Key control measures will include upfront planning with all key stakeholders, regular review meetings, and risk assessments, with any changes managed through a formal change control process. Progress will be tracked using Aston Martin’s internal tools, and any issues around cost, timing, or scope will be escalated through EVP routes for resolution.
Once the system is live, control does not stop. Performance will be monitored against the agreed acceptance criteria, and any problems will be dealt with through structured root cause analysis and corrective actions, all in line with the company’s continuous improvement approach.

3.5.1 Implementation Plan
3.5.1.1 Equipment Validation Plan

The implementation will follow a phased approach in line with Aston Martin’s Equipment Validation Process (EVP) to ensure each stage is validated before progressing. Key phases include:
Planning and Preparation: Resources allocated, risks assessed, schedules confirmed, and documentation aligned with EVP. Early stakeholder involvement to prevent delays.
Factory Acceptance Testing (FAT): As this is an upgrade to existing robots, traditional FAT is not possible. On-site testing will replace FAT, focusing on minimal disruption. This change is reflected in the project risk assessment, with additional checks during commissioning to mitigate risks.
System Installation: Installation of hardware (PLCs, sensors, HMIs) and software, following approved drawings and version control procedures.
Site Acceptance Testing (SAT) and Commissioning: A structured testing process including Pre-Delivery Inspection (PDI) and Site Acceptance Testing (SAT), with all results documented and reviewed under EVP.
Training and Handover: Training for operators and maintenance teams, followed by handover once all EVP signoffs are complete.
Post-Implementation Support: Post-go-live monitoring and resolution of any issues through the continuous improvement process.

3.5.1.2 Post Installation Gage R&R

A full Gage R&R will be carried out following system installation to ensure the measurement process is both repeatable and reliable before being released to production. This mirrors the earlier test with loan equipment but now validates the final setup.
The study will be planned during a plant shutdown to allow for uninterrupted testing. It will consist of two parts:
Repeatability: A single DBX will be passed through the system at least ten times to assess consistency under controlled conditions.
Reproducibility: A minimum of ten different DBX vehicles will be tested to simulate production variability.
Although traditional Gage R&R studies include multiple operators and parts, in this case, operator variation is minimal due to system automation. The focus is on equipment performance and part-to-part variation.
As per AIAG guidelines, a Total Gage R&R below 10% is considered acceptable, with 10–30% requiring review (AIAG, 2010). Data will be analysed using Analysis of Variance (ANOVA) to determine how much of the variation comes from the measurement system itself .
This post-installation check will support sign-off through Aston Martin’s Equipment Validation Process (EVP) and confirm the system is production-ready.





Monitoring and Control Systems

Once the wind noise rig is fully operational, the monitoring and control systems will play a critical role in ensuring repeatability, traceability, and ease of use for production and test personnel. A dedicated HMI outside the rig will allow operators to initiate test cycles, monitor real-time robot positioning, and view microphone signal levels at each of the thirty-three measurement locations. The system will also log test data automatically to Aston Martin’s central server and record it in FLAGS via the Samurai software. Each test will be linked to the vehicle VIN and timestamp, ensuring full traceability and alignment with IATF 16949 requirements for automotive quality management (IATF, 2025).
Referring to figure 15 (p.44), the collected data will not only determine pass/fail status but will also be used to support value stream groups (VSGs) in root cause analysis or escalated to vehicle line quality (VLQ) meetings for chronic and complex issues. This data will be available in real time, enabling technicians to adopt a data-driven rework approach rather than relying solely on subjective judgement or trial and error. By enabling informed decision-making at the point of rework, the system significantly reduces downtime and increases first-time-through (FTT) rates. Furthermore, historical data trends can be analysed to proactively identify recurring issues, support continuous improvement initiatives, and drive product refinement upstream in the design and engineering process.
Alarm thresholds will be configurable within the PLC and HMI software to flag any anomalies in robot movement or signal quality, helping reduce test variability and minimise rework. The monitoring system will include basic diagnostics and maintenance prompts to support preventative upkeep and enhance operator accountability. Ultimately, the new system aims to eliminate subjectivity from the process, replacing it with a data-driven method that ensures consistent evaluation of wind noise issues over time, aligning with wider industry trends toward automated NVH testing (Xue et al., 2023).



Figure 15 - Improved process flow with data collection and analysis feeding into quality and improvement teams (Beddoe, 2025)

4. Conclusion and Recommendations
4.1 Summary of Findings

The current wind noise evaluation process, while partially effective in identifying some common defect areas, relies heavily on subjective assessments and manual testing methods. Analysis of DBX warranty data revealed a significant cost of £233,000 over a 12-month period due to undetected wind noise issues, indicating that the existing process lacks the robustness needed to consistently detect defects before vehicles reach the customer. The involvement of skilled technicians during each 20-minute test cycle represents a considerable operational cost and limits throughput. Furthermore, inconsistencies in how defects are recorded and interpreted suggest that test coverage, while seemingly adequate, is not translating into reliable defect prevention. These findings highlight the need for a more consistent, objective, and automated approach to wind noise testing—one that reduces subjectivity, improves traceability, and aligns with automotive quality standards such as IATF 16949.

4.2 Recommendations

To address the limitations identified in the current wind noise evaluation process, it is recommended that the automated test rig be implemented as planned during the upcoming Whitsun shutdown. Although the initial target was to complete installation during the December shutdown and commission early January, reliance on a single supplier for the bespoke wireless microphone system introduced delays due to limited availability for installation. This highlights a risk associated with specialist equipment sourcing and should be factored into future planning by exploring secondary supplier options or building in greater schedule contingency. Despite the delay, confidence in the chosen solution remains high, supported by a detailed RFQ process and document involving all key stakeholders. The solution will also be governed by a robust EVP to ensure technical performance, integration quality, and alignment with operational needs. Once deployed, the system is expected to deliver significant improvements in test consistency, traceability, and labour efficiency, supporting enhanced product quality and reduced warranty costs. 
To ensure the long-term relevance and performance of the system, it is also recommended that the test rig be regularly reviewed against emerging technologies, particularly advancements in AI and machine learning, to identify opportunities for further automation, predictive analysis, and smarter fault detection. The solution should also enable the testing of future DBX variations, and entirely new models.

4.3 Final Thoughts

This project represents a significant step forward in modernising wind noise evaluation process at Aston Martin. By replacing a subjective, labour-intensive method with an automated, data-driven system, Aston Martin is investing not only in improved product quality but also in operational efficiency and long-term cost savings. The process of developing this solution has highlighted the importance of cross-functional collaboration, structured planning, and realistic scheduling when working with bespoke technologies. 
While challenges around supplier availability have caused some delays, the project remains firmly on track to deliver lasting value. Looking ahead, the insights gained here can serve as a blueprint for further automation and digital transformation initiatives across other areas of testing and validation within the business.
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[bookmark: _Toc198293920]Figure 21 – EVP Installation Phase document (Aston Martin, 2025)
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[bookmark: _Toc198293921]Figure 22 –Blank EVP Site Acceptance Testing (SAT) Document (Aston Martin, 2025)
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[bookmark: _Toc198293922]Figure 23 - EVP Commissioning Phase document (Aston Martin, 2025)
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d noise customer warranty claims

Period Part Claim Value (£k) [Comments
1an 2023 - Jan 2024 |Window Regulator 62

DLO Finisher 1

| Windsheild 22

Front Door Qtr Glass )

|Cantrail seal 54

Door Glass Assembly a8

Total 223
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2025 Hourly Costs Per Area Calculator

ares Direct Labour | Overhead | Fully Loaded | [ Fully Loaded/ | Fully Loaded/ EnterMins/ [ oo | [Enterseconds/ T oo 1 [ Total

Rate Rate Rate Min Second Area Area Cost

BodyShop £42.50 £95.82 £138.32 £231 £0.0384 £0.00 £0.00 £0.00
Paint £43.46 £82.12 £125.58 £2.09 £0.0349 £0.00 £0.00 £0.00
T&F £39.26 £84.32 £123.58 £2.06 £0.0343 £0.00 £0.00 £0.00
vc £39.64 £102.96 £142.60 £2.38 £0.0396 20.00 £47.53 £0.00 £47.53
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Project Scope

The vendor should return a technical specification and quotation - this should include
the supply, install and commissioning of required equipment to satisfy the functional
specification requirements. All prices should be broken down as appropriate and
detailed in the quotation.

5.1 Equipment Requirement

‘Audio Testing Equipment (Acsoft) - Correct.

Fixturing for in vehicle and home docking (Acsoft) - AML To supply.

Portable Power supply for testing equipment (AML) - AC Soft to Supply.
External Kill switch on test cel (can this be an e-stop) - Ves.

Automated cell guarding with fortress cell entry interlock (this should alreacly
be in place with escape release can you double check) - Yes, already in place
(door on left upon entering)

Line side industrial PC/Siemens HMI to review results and station control (PA
Supply we plan to copy the existing HMI located inside the cell area) - Yes.
Offine monitor/Pendant programming for robots (PA to supply robot
programming) - Yes

Maintenance of current pendant controlled test facilty n the event of parallel
processing f required (Do you mean you want an operator inside the booth at
the same time as running the test. Ifhis is the case the robot speed wil have to.
be reduced) - Manual mode requires a secondary back up (manual process as
currently completed)
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OUR REFERENCE: 1508658A
QUOTATION VALIDITY: 11-Oct-2024

Acsoft EST. LEAD TIME: TBC

e Quotation
QUOTATION FOR DATE 13-Aug-2024
iAstoniMartintagondal td CONTACT: Chris Beddoe
Gaydon Engineering Centre
Lighthorne TELEPHONE: 01446 385137
Cv3s 0DB EMAIL chris beddoe@astonmartincom

PART NO. RIPTION UNIT TOTAL
PRICE

SINUS-TS-Stath Acoustic Test Hardware and Software-  £14.40500 i £14.405.00
AML-AL

PC_CABAML PC Cabinet and 19" monitor - AML. £655000 1 £6.550.00

W_LStAth Shure Wireless Receiver System Rack  £11.97400 1 £11.97400
1A

WT-1-StAth Wireless Measurement Microphone £21321.00 4 £21321.00
Transmitter System-1-A 7 sets and
charging

sv33B Class 1acoustic calbrator: 1000 Hz/114  £662.00 1 £662.00
a8

UKAS_SV338 UKAS Calibration of single level £12500 1 £12500
calibrator

Install AML1 Development, installation and £6500.00 1 £550000
configuration of Sinus Samurai-
SAMOPC wireless system

oLtz Programmer Samurai SAMOPC £1.20000 2 £2.40000

configuration training online per day

osT_2 Onsite support inc. subsistence and £1400.00 1 £1400.00
travel per day.

SUBTOTAL: £63337.00

CONTACT: lan Macfarlane  TELEPHONE 01234639550 | EMAIL: offico@acsoftcouk
ADDRESS: 11 Abbey Courl, Fraser Road. Priory Business Park. Bedford. MKa4 3WH

Resenvtionof T T o goocs o ot passLntlgooos are el foin L Allgoodsare supplicsublect o ourterms anclconeitions o sae whichcan be
“eenibyclknghere for hee by cleking ere.
Regstere i Englnct No 02677237, VAT Re 639 885081 ’,
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emier

Introduction utomation

We have pleasure in submitting our proposal for the supply of the following scope for the St Athan Wind Noise Cell In-Car Acoustic System, generally
as described in the following specification.

This quotation covers Premier Automations scope of supply to Aston Martin Lagonda (AML).
Please note all mechanical mounting for the equipment have been excluded as requested.

The cycle time of the equipment will be improved however we cannot guarantee the cycle time as this will be reliant on the amount of point
measured and the time spent at each position.

The proposal below includes 2 weeks onsite production support and 1 week’s remote support from both a robot programmer and software engineer.
The remote support will require a Modem installing that can be provided at an additional cost or a PC we can remote desktop into.

Total Prices £64,409.00

Contact:
Mark Faulkner
01234 266922
07712 535260 Authorized
3 value
provider

Solution Partner e
') "
Automation SIEMENS W M
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ent Descriptior:

|Advanced Manufacturing Engineering

Required
(YES/NO)
Yes

AM8
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Design
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Station Number:

Programme Phase

Factory Acceptance Testing
Required
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Approval Date

Required
(YES/NO)
Yes

N/A

Site Acceptance Testing

Approval

Vehicle Confirmation (VC)

Date

Equipment Vender: Premier Automation/AC Soft

Responsible Engineer Chris Beddoe

‘Agreement with NVH team to setrig to current AML standard

Facilties / Maintenance Engineering

Yes

04710/2024

Yes

Facilities agree implementation

[Controls Engineering

Yes

23/10/2024

Yes

Controls understanmd scope of upgrade and potential changes to program

[Current Manufacturing Engineering

Yes

04/11/2024

Yes

CME understand all stakeholders given ok

Production Yes

Quality Yes

Safety Representative 0471072024 Yes Safety team now Understand scope and improvement to rig safety required
[Manufacturing Systems T4/10/2024 Yes Interation of results into FLAGS understood

Business Improvement Yes

Environmental 23/10/2024 Yes No effect on environmental after discussion

(MP&L Yes

[ 04112024 Yes TTtospecify and install network

Purchasing Yes 07/11/2024 Purchasing received quotations
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quipment Safety Phases

Programme: AME Dar

Equipment Description: ‘Wind Noise Rig PRRBSTSIN \ chicic Confirmation (vC)|

PRV premicr Automation/AC Soft Station Number: N/A

Installation Phase

s Whenin theinstalation phase the following s n effect:
1) This equipment 1 n the Instalation of CORSEFUCton Phase and has NOE ben AUENOZEd (o DE POWETed on via any SUpIY
.q. clectrical pneumatic etc.
[2: Apply lock out process at al times .. keeping all nergy supply locked of.

Complete the following steps n order to proceed to the commissioning phase

TaskList YES/NO

Docs the equipment show any signs of damage?

Have allload testing been completed & certificates provided?

Has the cquipment been set and levelled correctly?

[Have al fasteners been torqued up correctly & matched marked?

Has the design risk assessment been provided, reviewed and approved?

[Have al safety warning label / signs been installed as per design risk assessment?

[Have al safety quards and systems been installed to design risk assessment?

[Has the work area been cleaned of any it tools, packaging etc.?

Has the electrical, mechanical, pneumatics and hydraulic drawings been provided?

Vender Installation sign off Company Name Date

Electrical supply installation completed?

Pneumatic supply installation completed?

Hydraulc supply installation completed?

Other utilty supply installation completed?

“The signatures below are required to enable processing into the commissioning phase:

Title Print Name Signature:

Equipmentinstallation supervisor

Equipment commissioning Supervisor

Project Engineer

Maintenance Engineer

Safety representative
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Assembly Line: VehicleConfrmation (vC) Equipment Vender:

Staton Number: NA [——
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Programme: ame Assembly Line: Veficle Confirmation (VC)
Equipment Description: Wind NoiseRig Station Number: N/A

Required  Acceptable
(YES/NO) _(YES/NO)

Reguiation

i the cquipment surtabie or design intent?

Equipment Vender: Premier Automation/AC Soft

Responsible Engneer Chris Beddoe

Comments  Evidence

[ he cquipment being used as per design ntent”

L St cqpment Tocaid witin 3 uablc environment?

equipment
rhisinciudes ventilation requirements and or loca exhaust ventiation.

i he cquipment design suitable for crgonomically use?

S cauipment covered via 3 plnned preventatve maTerance SEheme

JArc any partsof the equipment subject o condtion monftoring?

N maicnance og maainea?

[Arc peopie carrying out the mainteranez operaton Comperent?

a5 the cquipment been nspected before being putinto use or thefirst time?

/s rcen specied before being pUr o work afr Being relCated Toanew
location?

s the cquipment sUBjct o Statitory nspecion’

it yes, state which requiation applies e.g. COSHH, LOLER etc.

5 the use or this cquipment restrcted to speciic rained personn”

[P O S N s repairs, maintenance,or servicing o the equipment restricted to adequately
erained persons who have been designated to perform those operations?

Reguiation:nformasonand | ASIIFITCH A

JArc mantenance mstrucions avalabic?
nstructions

s herea standard operating procedurc avaiabie?

a5 training nccessary or competency to operate tis equipment been cvallated?

Regulation 9:Traning [Arc hereiovant compercndies dentfcd n he raining asscssment or Taming
instructons?

[Fios other refevant raining becn carried outwhen necessary”

Fasthe cquipment been buft orsuppled afte 31 December 15927

Fas the cquipment been BuTt o supplied before 3T December 199 BUt her baen
LR S oiicantly moified orrefurbished after thatdate?

P T =S v it comply ichthe commuity direcives - docsieplay aCE

Jor UKCA mark and has a decaration o conformity beenissued?

[ ArcaTdangerous part o the machnery GUarded 0.3 T prever = Tesonbly
pracacabie thersk on entanglement?

el dangerous parts of he achinery GUSFAed 5035 0 prevent & ressonably
praccicabie the rsk on ips with counter rotating machine parts that could pinch
skin or parcsof he body?

Arcall dangerous parts o the machinery guarded 50,3 T prevent 3 reasonably
practicable the risk of trapping with parts of the body?

v anqerous parts ofthe machinery guarded 505 o prevent = resombly
Tt Bl o ocicabie the risk of impact with anyoneinthe vicinity?
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Unfreezing

Planning

Recognise the need for change
Determine what needs o change
Encourage the repiacement of old
behaviours and atttudes

Ensure thee i strong support
from management

Manage and understand the
doubts nd concerns.

Changing

Action

Plan the chnges
Implement the changes
Help educators o learn new
concepts orperspectives

Refreezing

Result

hanges ae reinforced and
stablised

Itegratechanges ntothe nomal
way o dong things

Develop ways o sustainthe.
change

Celebrae success





