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[bookmark: _Toc228449565]Introduction 

Automotive manufacturers in the luxury vehicle sector face increased pressure to deliver consistent high levels of production quality whilst still maintaining sustainable operational performance. A significant contributor to customer perception is the visual appearance of the vehicle paint finish, with customers often expecting as close to mirror like finish with minimal surface texture. Which incur large material, labour and time costs, with the process often requiring the car to be fully sanded and polished within the final stages of the paint process. 
Within Aston Martin’s paint operations, surface texture defects such as orange peel which is an irregularity of the surface appearance that resembles the skin of a orange” (Sone and Watanabe, 2017) present as a key quality concern due to it being a customer visible and requiring downstream rework. Reducing the occurrence of orange peel has the potential to minimise rework requirements. Therefore, reducing the reliance on full flatting and polishing activities at the finishing line, which in turn lowers the cost of poor quality and improves overall paint shop efficiency. Consequently understanding the process conditions that contribute to orange peel formation is crucial for a structured, data driven improvement approach. 



[bookmark: _Toc228449566]Define 
[bookmark: _Toc228449567]Problem statement 
Within the paint shop, the primer flatting process prepares the primed surface prior to basecoat application and therefore has a direct influence on downstream paint appearance. Current performance indicates the effects of the primer sanding process, with poor primer sanding is equalling increased orange peel(Thomas and Leroux, 2020). With rectification costing an approximate £105.19 per effected panel (Aston Martin Lagonda, 2026) which includes labour and material costs this amounts to an approximate £1,069,362 per year based on recorded orange peel occurrences data, see appendix table 3. 
From a theoretical perspective, there is an expected correlation between primer flatting quality and occurrence of downstream orange peel defects. However, this relationship hasn’t been formally quantified or analysed. This project will investigate the primer flatting process to understand sources of variation affecting surface quality and to identify opportunities to reduce orange peel occurrence and therefore reduce associated rework and overall cost of poor quality within the paint processes. 

[bookmark: _Toc228449568]Voice of the customer (VOC)  
The visual appearance of a vehicles paint finish has a significant influence on perceived vehicle quality and consequently, customer satisfaction. In addition to the external perception, orange peel also generates internal operational disruption through increased downstream rectification, extended processing times and elevated cost of poor quality within the paint shop.
The flatting line process affects both internal and external customers by the variation that is created.  External customers consist of vehicle purchasers who expect a visually flawless paint finish and internal customers including downstream paint operations such as the polish line, minor paint repairs and de-hologram processes. Which all rely on the paint quality being uniformly consistent throughout the vehicle without that there is increased reworking costs, reduced first time throughs (FTT) and extended cycle times to mitigate the incoming issues. 
To Translate the customer expectations into measurable requirements a critical to quality (CTQ) was created. The CTQ tree breaks down the high level customer needs into specific, quantifiable characteristics that can be monitored and improved within the process(Emre Tokgoz, 2023). Key quality drivers that where identified where uniform surface finish across panels, low surface texture and minimal rework required. These where then expressed as quantifiable CTQ’s including the percentage occurrence of orange peel, Wave scan readings from around the car, cost of rework per affected panels and rework rate. These CTQs define the primary performance measures for the project and provide a foundation for subsequent measurement and analysis. 
[bookmark: _Toc228449602]Figure 1- CTQ tree












[bookmark: _Toc228449569]Process mapping 


To establish a clear understanding of the flatting line process, process mapping was conducted which helped to methodically layout the major process activities, boundaries, inputs and outputs whilst still ensuring the documented flow reflects the actual operational sequence rather than assumed practice (Malčic and Staš, 2024). 
The primer flatting process is responsible for sanding and rectifying defects within the primer prior to basecoat and clearcoat applications and therefore has a direct influence on the downstream paint appearance and overall customer perceived finish quality. At present, downstream surface defects such as orange peel are primarily rectified in polish line. While these corrective processes are effective in restoring visual appearance quality, they introduce additional labour, material usage and processing time which reduces FTT performance and increased cost of poor quality. Based on current operations which rely on three technicians to fully sand the cars which is where the variation may be coming from. 
Figure 2 presents high level overview of the paint shop at St Athan, which illustrates the sequence of major stages from primer preparation to the final inspection process. Allowing for areas of key interest to be put into context and understanding where the best areas for data collection could be for quality characteristics such as orange peel. 
[image: ]
[bookmark: _Toc228449603]Figure 2 - ST Athan paint shop high level overview
Figure 3 zooms in on the flatting line overview, which gives a basic understanding of the principle activities involved in preparing the primer surface prior to basecoat application. 
[image: ]



[bookmark: _Toc228449604]Figure 3 - Flatting line overview  
Figure 4 illustrates the current state process map for the flatting line, documenting the sequence of sanding, inspection and reworking activities undertaken prior to the car being released to basecoat. This gives a high level overview of the process identifying inputs, output and critical actions that may influence downstream quality. 
[image: ]
[bookmark: _Toc228449605]Figure 4 - flatting line current process map


[bookmark: _Toc228449570]Stakeholders 
Multiple stakeholders across the paint manufacturing and customer delivery process are impacted by the surface quality issues associated with downstream orange peel defects. Internal operations stakeholders affected by the problem include polish line which must rectify the issues and increase there workload and processing time. As well as the senior paint management, who are responsible for the performance, cost control and through put of products through the paint shop. The impact also extends to further along in the production line with the Past to sales team Minor paint repair line (MPR) having to pick up any issues that were missed or not rectified fully on the polish line and ultimately affecting the Past to sales senior management throughput and processing time.  Along with external vehicle customers who expect their vehicles to be defect free with the best possible finish. 
Resolution of this issue requires cross functional involvement from key technical and operational groups within the paint organisation. Expected contribution to the investigation and improvement activities include the paint technical team, paint engineering, senior paint management and manufacturing business office (MBO). These stakeholders provide the technical expertise, process knowledge, operational coordination and leadership support which is necessary to identify the sources of variation with the primer flatting process and implement sustainable improvement actions. 
Project governance and decision-making authority are held by paint technical, MBO, paint engineering and senior paint management functions. Collectively maintain responsibility for process standards, resource allocation and approval of improvement implementation. Their involvement means the project outcomes remain aligned with operational capabilities, quality requirements and broader business performance. 

[bookmark: _Toc228449571]Business case and goals
The occurrence of orange peel within the paint shop generates measurable financial impact through increased sanding and polishing. Current rectification cost is estimated at approximately £105.19  per affected panel, inclusive of labour and material expenditure. This rework contributes to reduced FTT performance, increased cycle time within finishing operations and elevated cost of poor quality (COPQ). Although downstream rectification restores visual quality, it is a non value added activity and introduces variability in throughput and resource utilisation. Reducing the occurrence of orange peel through improved performance of the primer flatting process has the potential to deliver cost reduction through decreased rework, quality improvements and delivery improvement through reducing the downstream added processing. 
The business opportunities lie in improving the primer flatting process capability to minimise variation affecting surface quality and reduce reliance on downstream rectification.  Which this project aims to improve by using a quantifiable baseline of defect occurrence, identifying key sources of variation and implementing improvements. The primary goal is to reduce orange peel defects associated withing flatting variation. The secondary goals include improving FTT performance, reduce COPQ and minimize downstream rectification minimizing business costs. 
The success will be measured using the percentage of vehicles exhibiting orange peel as the primary metric, supported by Wavescan data that is collected and used as a comparison between cars of similar colours offering a reduction in orange peel around the cars. These objectives were formalised within a project charter shown in figure 5 which consolidates the business case, project goals, scope and team responsibilities to ensure stakeholder alignment prior to the measure phase(Patel and Chudgar, 2020)
. 
[image: ][bookmark: _Toc228449606]Figure 5 - Project Charter






























 
[bookmark: _Toc228449572]Project scope 
The project focuses on the primer flatting stage within the paint shop, specifically the manual sanding responsible for preparing the primed surface for basecoat application. Activities that are within scope include the flatting workflow, operator sanding methods, abrasive usage and inspection practices that may influence primer surface consistency and downstream paint quality.  Processes outside the scope of this investigation include primer application parameters, basecoat and clearcoat application parameters and end of process reworking. These areas are considered external to the primer flatting process and will therefore not be modified as part of this project. 
The desired outcome of this project includes improved primer surface consistency, reduced downstream rectification and improved (FTT) performance within the paint process. The project completion will be determined through the establishment of a validated baseline, identification of key process drivers influencing surface preparation, and the implementation of improvement actions. Improvements will be demonstrated using Wavescan measurements specifically the WD wave length of 3 – 10 mm, which has acceptance criteria defined as  8.7 on horizontal surfaces and  14.4 on vertical surfaces(Aston Martin Lagonda , 2015), supported by comparison of vehicles processed using previous flatting methods under the same vehicle model and paint colour condition. 

[bookmark: _Toc228449573]Project plan 

The project will involve a cross-functional team within the paint shop to ensure both operational knowledge and technical expertise are incorporated into the investigation and improvement process. Key stakeholders include the paint technical team, paint engineering and the manufacturing business office (MBO), alongside senior paint management who provide project oversight and governance. In addition flatting line operators and team leaders will contribute practical process knowledge and support the implementation of improvement activities. Engagement with these stakeholders ensures the project aligns with operational objectives and that proposed improvements are both technically viable and operationally achievable. 
The define phase establishes the problem statement, project scope and stakeholder alignment. The measure phase will focus on collecting baseline data relating to orange peel occurrence and wave scan measurements. The analyse phase will us appropriate analytical tools to identify key sources of variation within the primer flatting process. Improvement actions will then be tested and implemented during the improve phase followed by the control phase to ensure that improvements are sustained through monitoring and standardisation of the revised process see table 1 for the timing plan. 
[bookmark: _Toc228449613]Table 1 - Timing plan
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[bookmark: _Toc228449574]Measure 
Data was collected over a year, with it establishing a baseline understanding of surface texture performance. Wavescan WD values used as primary output metric and consisted of continuous measurement supported by attribute data in the form of pass/fail classification against defined specification limits. This enabled both quantitative assessment of variation and identification of non-conforming panels. 
[bookmark: _Toc228449575]Measurement system analysis 
Prior to data collection the measurement system was assessed to ensure that variation observed within the dataset could be attributed to the process rather than the measurement equipment. Wavescan technology is an established industry method for quantifying automotive paint surface orange peel levels which correlate to human visual detection (Konieczny and Meyer, 2011). Measurement consistency was maintained by data collection using the same calibrated Wavescan instrument across all vehicles, with readings taken at standardised panel locations to eliminate positional variation. 
[bookmark: _Toc228449576]Baseline data 
A sample of Wavescan data collected from production vehicle “DBX” after clearcoat is shown in table 2. Measurements were recorded across multiple panels and compared against the WD standards, with green indicating in specification, yellow indicating marginally out of specification and red indicates drastically out of specification. Data was collected under normal operating conditions to ensure it is repressive of current process performance. The dataset demonstrates variation in surface texture across both horizontal and vertical panels with several reading exceeding specification limits. 
[bookmark: _Toc228449614]Table 2 - DBX WD baseline data
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[bookmark: _Toc228449577]Histogram analysis 
The distribution in figure 6 shows variation in wavescan WD values across The DBX with a proportion of results exceeding specification limits. Horizontal panels are generally clustered close to the specification limit of 8.7, indicating the process is operating near boundary of acceptable performance. Vertical panels show an even wider spread of values with a higher frequency of non-conformance against the 14.4 limit (Aston Martin Lagonda , 2015). 
Even though the wavescan measurements were taken post clearcoat and therefore reflects the combined effect of downstream processes. While variation cannot be attributed solely to flatting, it remains a key influencing stage due to its role in surface preparation and the sheer amount of variability that can be created in its current process. 

[image: ]
[bookmark: _Toc228449607]Figure 6 - DBX Distribution of Horizontal and vertical WD values showing variation in surface texture relative to specification limits
[bookmark: _Toc228449578]Process capability 
Process capability was assessed for both horizontal and vertical panels using wavescan WD data in Table 2. Due to only having an upper specification as the lower the better for WD, a one sided capability Cpu is used. A Cpk of 1.33 or above indicates a capable process; values below 1.0 indicates the process is not consistently meeting the specification limit (National Institute of standards and technology , 2026). 
Formula used was 
Both horizontal and vertical panels return negative Cpk values, indicating that the process mean lies above the USL. For horizontal the mean WD values of 12.09 significantly exceeds the specification limit with 53.2% of the readings non-conforming. Vertical panels show a mean of 16.59 with 61.1% non-conformance. These results confirm that the primer flatting process is not capable of consistently delivering surface finishes within specification and provide a quantified baseline. Breakdown on horizontal and vertical panels can be found in tables 5 and 6 in the appendix 
[bookmark: _Toc228449615]Table 3 - Overall process capability
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[bookmark: _Toc228449579]Pareto analysis 
Pareto analysis in figure 7 was conducted on DBX Vehicles to identify the distribution of non conforming panels. The results show that panels with orange peel are concentrated in several key panels, each contributing a similar level of non – conformance. The cumulative distribution indicates that approximately  20 – 25 panel categories contribute to 80% of all defects. High contributes include the decklid, spoiler and bumpers. 

[image: ]
[bookmark: _Toc228449608]Figure 7 - Pareto Analysis of Non - Conforming Panels DBX




[bookmark: _Toc228449580]Analysis 
The analysis phase was undertaken to identify the key sources of variation that are contributing to orange peel. Using baseline performance data and graphically highlighting process variation to specific high impact panel areas.  The focus then was placed on the primer flatting process due to its direct influence on substrate preparation prior to top coat applications. 

[bookmark: _Toc228449581]Assessment of process performance 
Histogram analysis identified that variation exists across both horizontal and vertical panels with vertical surfaces having a greater spread of Wavescan WD values and a higher proportion of results exceeding specification limits. Indicating that the process is not consistently achieving the required surface finish. 
Pareto analysis showed that non conformance is concentrated within a limited number of panel areas, with the highest contributors accounting for approximately 80% of total defects. This confirms that variation is not evenly distributed and allows the investigation to focus on specific high risk areas. 
[bookmark: _Toc228449582]Root cause analysis 
A cause and effect (fishbone) diagram shown in figure 8 was created to structure potential sources of variation that where identified. The analysis indicated that variation within the flatting process is driven by a combination of operator, method, equipment, material, environmental and panel related factors(Kumah et al., 2024).
One key contributor was operator technique with variation in sanding pressures, potential inexperience and further influenced by fatigue and difficulty in visually identifying remaining defects. Process related variation is also another factor, through the absence of a standardised sanding method, including no defined sanding pattern, number of passes or clear “end condition”, resulting in inconsistent outcomes between operators. This is supported by the wavescan data in Table 2, where lower vertical panels such as RH bumper side and RHS TG deckdrop show the highest non conformance, contrasting with flatter surfaces such as LFD Top Middle. 
Equipment and material factors also contribute, including variation in DA sand performance, pad condition and abrasive wear, all of which can affect the consistency of the sanded surface. Environmental conditions particularly poor lighting/ visibility, reduce the ability to detect remaining peel and defects, especially on complex panels. 
The cause and effect diagram identified that variation is primarily driven by a combination of operator dependent factors and a lack of process standardisation. These factors represent the most significant contributors to non-conformance and provide areas to target for improvement actions in the next phase. 
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[bookmark: _Toc228449609]Figure 8 - Fishbone diagram - Variation in orange peel





[bookmark: _Toc228449583]Improve 


[bookmark: _Toc228449584]Proposed process improvements 
Improvements were developed based on the key drivers of variation identified within the flatting process with focus placed on reducing operator dependency, improving process consistency and increasing visibility of surface defects. 
To address variation in sanding quality the introduction of a defined acceptable sanding condition is proposed. Rather than prescribing a fixed number of sanding passes, which Is not practical due to the variation in incoming surface conditions, a clear visual and process-based standard should be established. This includes clearly defining the expectation of what the surface finish should be like after sanding and ensuring that all visible texture is consistently removed prior to basecoat application. This allows flexibility within the technician's role but has clear set expectations of the quality standard. 
To improve process adherence, increased process ownership and accountability is required at the team leader level. The lead technician should be responsible for ensuring that standardised methods are followed and that operators are not bypassing key process steps. This introduces a level of control with the process and reduces the likelihood of variation caused by inconsistent working practices. 
Current material usage was also identified as potential cause of variation. The current process uses a green film p600 disc followed by a soft foam p600 disc. The foam disc is potentially masking surface texture rather than effectively removing it. Due to its ability to conform to the texture in the paint the disc can glide over and give the effect that the panel is sanded but not actually cut down the texture. Therefore, by removing the foam disc and only using the green film disc it ensures that sanding is focused on effective removal of the surface texture rather than masking the defects. Relocating the time technicians previously spent on the foam p600 disc means that they can spend more time improving the quality and consistency of the panels as well as still reducing the amount of processing timing with the reduced amount of walking.  In addition, removal of the soft disc provides a cost-saving benefit of £91,431.20 based on last years consumption. 
Finally, improved lighting conditions should be implemented to enhance visibility of remaining surface defects and ensure that consistent identification of areas requiring further rework.

[bookmark: _Toc228449585]Future state and process efficiency 
The revised future state flatting process shown in figure 9 introduces a more controlled and consistent approach to surface preparation, reducing reliance on individual operator judgement and improving repeatability across all technicians. The introduction of a defined sanding conditions ensures that panels are prepared to a consistent quality standard, regardless of variation in incoming surface conditions.  The impact of this simplification is further illustrated through the spaghetti diagram analysis. The current state diagram in figure 10 highlights excessive and repeated movement between work areas, driven by multiple sanding stages which contributes to unnecessary motion and increased processing time. The future state diagram shown in figure 11 demonstrates a reduction of movement following the removal of the foam p600 disc and simplification of the sanding process. 
[image: ]
[bookmark: _Toc228449610]Figure 9 - flatting line future state process map
[image: ][bookmark: _Toc228449611]Figure 10 - Current process spaghetti diagram









[image: ][bookmark: _Toc228449612]Figure 11 - Improved process spaghetti diagram





 




[bookmark: _Toc228449586]Validation of improvements 
Validation of the proposed improvements will be carried out through controlled trials using DBX vehicles. Vehicles processed using the revised flatting method will be directly compared against baseline vehicles under the same model and paint colour to ensure consistency in comparisons. Performance will be assessed using wavescan WD values with focus placed on both reduction in variation and increased compliance with specification limit. A reduction in the number of non-conforming panels particularly within high risk areas identified in the Pareto analysis will indicate successful improvement. This approach ensures that any observed improvements in surface quality can be attributed to the changes implemented within the flatting process . 




[bookmark: _Toc228449587]Control
To ensure that the improvements implemented within the flatting process are sustained, several control measures will be introduced to maintain consistency and prevent reoccurrence of variation. A defined sanding standard will be formalised and updated on our process system (EASE) clearly outlining the acceptable surface condition prior to basecoat application. This will provide a consistent reference for all technicians and reduce variation caused by subjective judgement. Ongoing process ownership will be maintained by the lead technician, who will be responsible for ensuring that the defined sanding method is consistently followed and that process steps are not bypassed. Regular check will be carried out to confirm adherence to the standard. Performance monitoring will be conducted using wavescan WD measurements with results tracked over time to identify any deviation from the improved process performance. This provides a measurable method of ensuring that surface quality remains within specification limits.
These controls ensure that the improvements are maintained, reducing the likelihood of process drift and sustaining the reduction in downstream orange peel defects. 




[bookmark: _Toc228449588]Conclusion 
This project identified variation in the primer flatting process as a key contributor to downstream orange peel defects. The analysis showed that operator dependency, lack of standardisation and limited defect visibility were the main drivers of non-conformance. Target improvements include a defined sanding standard, removal of ineffective sanding methods, improved lighting and increased process control, provide a more consistent approach to surface preparation. These changes are expected to reduce variation, lower rework and improve overall paint shop performance. 
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[image: ][bookmark: _Toc228449616]Table 4 - Orange peel cost calculation










	
[bookmark: _Toc228449617]Table 5 - Horizontal Panel CPK breakdown
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[image: ][bookmark: _Toc228449618]Table 6 - Vertical Panel CPK breakdown
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PROJECT CHARTER

1. PROJECT IDENTIFICATION

Projeot Tile Reduction of Orange Peel Defects in Aston Mari Peint Shop Fitting Process
Projeot sponsor ‘Serior Pant anagement/ Manufscturing Business Offcs (MEO)

Projeot Lead Ly Mather 230572¢)

Site / Location ST Atnen Paint Shop, Aston Martn

2 PROBLEM STATEMENT.
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Surfsce cusly.

2. PROJECT GOAL & SCOPE

Reduce the asourrenca of range peeldefects on DB vahiles sitbutabe to
variaton n the pimer ating process.

Primary Goal

" Improve First Time Through (FTT) performance withinthe pint shop.
- Reduce Costof Poor Gualty (COPO) trough decressed downstresm eork
- Minimise unnacesssry operstor mofon and prosessing tme

* Achisve scstonal cost aving

Secondary Goals

"~ Prmer fating ne &t ST Athan — manusl sanding operstons
"~ Operator saning methods, brasive selecton and inspcton practces

In Scope. - Flsting ine workfow and sperator movament paterns
- DBX vetice propramme (used o5 basalne comparison model)
- Primer sppicaton parameters snd chemisty

e - Basecoat and dearcoat sppicaton processes

~ Endotprocess polisn Ine ework operstions
- Othar vehile programmes

4 KEY METRICS (CTas)

Metric Specification / Target Measurement Method

Wavesosn WD — Horzontsl | 52.7 (specifcaton i) Wavessen equipment,post-

panels esrcost

Wavesoen WD — Vertoalpaneis | 5144 (speofioston fmi) Wavessen equipment,post-
esrcost

‘Orange pes! occurence ret () | Reduction vs baseline. Procuston sefec records

‘Cost of Poor Qusly (COPQ) | Reduction rom 1,039,362 | Labour & materelcostrecords.

bssine
Fist Time Through (FTT)rste | Imorovementvs curant baseline | Producion rackina system

5 PROJECT TEAM & STAKEHOLDERS
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ProjectLead Paint Technics Team Investigaton, snaysis nd
improvement implementaton
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and improvement sigh-off
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o) ousiness performance
Pracess Knawedge Flting Line Operstors & Team | Practos knowladge, adherence o
Lescars revised standsrds, tial paricpstion

Downsiream Stakeholder | Polish Line /PR | Pastio-Sales | Impactea by dafect assumence: bensft
rom improved FTT

6. BUSINESS CASE & EXPECTED BENEFITS

51,080,352 pe year (based on £105.10 par sfeced paneland racorded orange
el ocourrence dats)

" Reducton n range peelrework on polsh e and PR

- Improved FTT performance scross the paint shop.

Expected Benefts | . Reusad cycis tme and operator moi through simplifed sancing process
- Stancardisea, repsstabe fting process recucing opsretor apencency

Improved suface consstency supporing customer qusiy expectatons

Current cOPQ
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Flatting line six sigma study

Actions WK5 | Wké | Wk7 | Wk8 | Wk9 | Wk10 | Wk1l | Wk12 | Wk13 | Wk14 | Wk15 | Wk16 | Wk17 | Wk18 | Wk19 | Wk20 | Wk21 | Wk22 ctx’nl;:l)e/te Comment
Define
Define problem statement and business case LM
identify stakeholders LM
Create process maps LM
Develop CTQ tree LM
Define project scope and objectives LM
Finalise project plan LM
Measure
Create data collection plan LM
Record wavescan WD readings LM/HR/DH
Record defect occurance and rework data LM
Create baseline charts (histogram, pareto) LM
Analyse
Perform pareto analysis LM
Stratify data LM
Create comparison charts LM
Develop fishbone diagram LM
Identify key process drivers LM
Improve
Identify improvement opportunities LM
Select best flatting method LM
Trial revised flatting process LM
Measure improved vehicles LM
compare old vs new results LM
Control
Develop control plan LM
Define monitoring LM
Create reaction plan LM
Standardise improved process LM
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DBX Pareto Analysis of Non-Conforming Panels
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