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[bookmark: _Toc163495744]1.0 Introduction
[bookmark: _Toc163495745]1.1 Company Background
Aston Martin Aston Martin Lagonda’s ambition and vision to be the great British Car company that creates the most beautiful and accomplished automotive art in the world remains as strong as ever. Aston Martin is a modern, exclusive luxury sports car brand with a unique heritage instantly recognised around the world. Founded in 1913 by Lionel Martin and Robert Bamford, Aston Martin is acknowledged as an iconic global brand synonymous with style, luxury, performance, and exclusivity. 
The first Aston Martin vehicles were created with a distinctive and individual character, handcrafted to the highest of standards, and capable of exceeding all performance expectations. 

[bookmark: _Toc163495746]1.2 Project Background
To operate as a world class luxury sports car brand and compete with the likes of Lamborghini, Ferrari, and Bentley, quality is of utmost importance and can set brands apart from their non-luxury counterparts. There are many reasons why quality is critical in the luxury automotive sector such as brand reputation, as many brands build their reputation on producing high quality vehicles with superior craftmanship and extreme attention to detail. By consistently delivering vehicles of the highest quality on the market, a positive brand image can be produced and maintained.

Therefore, Aston Martin takes pride in its production quality standards and in particular, the exterior panel finish of its vehicles. The gap and profile of body panels on vehicles is often associated with the overall quality of a vehicle, as customers often perceive consistent gaps and well fitted panels as an indicator of a well-constructed vehicle. Often there are many problems with panel gaps and profiles during the launch of new car models, which can be perceived as a quality concern and negatively impact the launch of the vehicle. These issues are most common with newly launched models as there may be initial challenges in achieving consistent panel gaps due to the complexity of manufacturing processes. It takes time for production engineers to optimise assembly techniques and ensure that the desired tolerances are achieved.

To achieve the quality expected from a luxury brand, six sigma tools can be utilised as they are highly useful in manufacturing to improve or maintain quality levels and ensure customer satisfaction. Six sigma is not a one-time initiative but can be considered to create a philosophy of continuous improvement, providing a structured framework and helps identify opportunities for positive changes. Therefore, six sigma offers a systematic approach to improving quality, reducing costs, enhancing customer satisfaction, and driving continuous improvement in manufacturing processes, making it highly beneficial for the industry.


[bookmark: _Toc163495747]2.0 Define
[bookmark: _Toc163495748]2.1 Problem Outline
In May of 2023, Aston Martin unveiled its latest model the DB12 and announced that it would be a renowned ‘Grand Super Tourer’. The design and engineering of the new model is based off the previous DB11, but new features include a change of exterior styling and updated user infotainment. One of the key changes to the exterior styling is the updated front end of the DB12, this includes new fenders and an in-set bonnet. Due to the body panel and styling changes of the DB12, new manufacturing processes and strategies must be introduced to achieve a dimensionally accurate vehicle body, or otherwise known as ‘body in white’. However, accuracy and optimum quality is not achieved instantly, and refinement of the processes and equipment is needed throughout the initial launch of a new model. 

To protect Aston Martin’s prestigious brand image, the company has integrated an extensive set of quality measures to ensure that each car is inspected for defects such as poor panel gaps & profiles. Along the DB12 production line, there are quality audits of the build which are carried out carefully by quality technicians. From these audits, the defects which are identified are inputted into the ‘FLAGS’ system, so that defects can be effectively recorded and tracked against each build until they are rectified.  The collection of defect data, then allows the business to investigate the extent of build issues such as panel gap and profiles. 
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(Figure 1 – Recorded data within FLAGS System of DB12 gap and profile defects at the end of the production line during week 50 of 2023. – FLAGS, 2023.)

[bookmark: _Toc163495749]2.2 Problem Statement
From the recorded data, it is evident that the biggest gap and profile issues that Aston Martin faces during the launch of the DB12 is around the interfaces of the door and sill. In week 50 of 2023, over one hundred defects were recorded for the ‘gap’ and ‘flush’ conditions between the door and sill on both sides of the vehicle. This highlights the extent of the issue at hand, as each defect results in rectification time and costs as well as increasing risk of passing the poor quality onto the end customer.

[bookmark: _Toc163495750]2.3 Process Mapping
To understand the root cause of the issue, the process of sill fitment must be analysed to understand the influential factors that may be contributing to the poor quality. The use of process mapping helps to interrogate each step of a manufacturing process, as one source describes, “Process maps provide insight into a process, help teams brainstorm ideas for process improvement, increase communication and provide process documentation.” (Lucidchart (2024)).

[image: A screenshot of a diagram

Description automatically generated]
 (Figure 2 – AML Standard Process Map of Sill Fitment Process – Microsoft Excel, 2024.)

When assessing the process, there are several factors that must be considered. Firstly, the received quality of the part, which is managed under a quality management system (QMS). As described by one source, “A quality management system (QMS) is defined as a formalized system that documents processes, procedures, and responsibilities for achieving quality policies and objectives.” (ASQ (2024)). Therefore, there must be sufficient procedures in place to ensure that the sill panels supplied to the build are of an adequate quality standard. Poor quality in this area would be visible to the customer and could potentially harm their perception of the product, so it is important that the quality of the parts supplied is of a high standard which is expected of the luxurious Aston Martin brand.

By analysing the process flow, opportunities for streamlining and optimizing processes to enhance efficiency and effectiveness can be identified. From this process map it can be noted that there is no use of a fixture or setting aid for the fitment of the sill panel, therefore the technician is expected to fit and secure the part to the correct fitment standard. The lack of setting aid supplied for the fitment of the sill, may result in an inconsistent setting strategy and varying deviation in the profile to surrounding areas such as the door.

[bookmark: _Toc163495751]2.4 Project Charter

	Project Name 
	DB12 Sill Profile Defects
	Business / Location 
	Aston Martin Lagonda, Gaydon, Warwick

	Engineer
	Matthew Dewhurst
	Telephone Number 
	07852177511

	Start Date: 
	29/12/2023
	Target End Date: 
	01/02/2023

	 
	
	
	 

	 Project Details 

	
	

	Project Description 
	Reduce Defects logged at EOL for DB12 Sill to Door Profile.
	

	Business Case 
	Increasing amounts of defects at EOL for sill to door profiles, resulting in prolonged rework costs and delays to customer delivery. Also, an increased risk of passing poor visual quality onto the customer, which could damage the brands luxury reputation.
	

	Process/Part and Owner 
	Sill Panel / Ollie Gilbert
	

	
	
	

	Expected Business Results 
	Reduction in defects and resultant rework of sill to door profiles for DB12 vehicles, which therefore leads to a reduction in labour costs.
	

	Expected Customer Benefits 
	Optimum visual quality that meets the customers’ expectations.
	

	Team members 
	Matthew Dewhurst & Ollie Gilbert
	

	Support Required 
	Exterior Body R&D Team, Warranty Analysts, Production Technicians, Plant Vehicle Team.
	

	Risks or Constraints 
	Cost and time required for data collection and cost of potential improvements.
	



[bookmark: _Toc163495752]3.0 Measure
[bookmark: _Toc163495753]3.1 Data Collection Plan
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(Figure 3 – Data collection plan for investigation of DB12 sill profile defects – Microsoft Excel, 2023.)
[bookmark: _Toc163495754]3.2 Data Collection
To understand the extent of the sill and door profile issue, data must be collected and assessed to create corrective actions. The point in which the sill and door profile defects are identified is at the end of the production line, a measurement of twenty vehicles at this point allows all influencing factors throughout all production processes to be considered. The gap and profiles of panels on each vehicle are measured against an Aston Martin standard, which is known as the ‘Vehicle Inspection Standard’ or otherwise known as VIS. 

[image: ]
(Figure 4 – Specification of gap and profile tolerances for sill and door interfaces – VIS, 2023.)

With the use of the VIS standard specifications, a data collection of several vehicles is carried out to quantify the amount of error that is occurring. The interfaces between the door and sill panel must be measured at more than one point to understand the relationship between both panels and investigate the full extent of the issue at hand. Both sides of the vehicle are also measured, as the FLAGS report shows that the sill and door profile issues are not limited to one particular side or area of the vehicle.
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(Figure 5 – Data collection of door and sill profile relative to VIS measurement reference points for 20 vehicles at end of production line – Microsoft Excel, 2024.)
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(Figure 6 – A graph to display the findings of LHS door and sill profile relative to VIS measurement reference points for 20 vehicles at end of production – Microsoft Excel, 2024.)
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(Figure 7 – A graph to display the findings of RHS door and sill profile relative to VIS measurement reference points for 20 vehicles at end of production – Microsoft Excel, 2024.)
From the data collection exercise, it is evident that most vehicles that reach the end of line have a poor profile condition between the door and sill interfaces. The table in ‘figure 5’ also shows that most vehicles are beyond the upper limit of the specification for flush condition between the door and sill panels. This results in the door being over-flush to the sill and therefore causing a poor visible condition to the eye of the customer. This ultimately results in a mass number of vehicles which require rectification for poor profiles, therefore creating a loss of production time and a creates a resultant cost.

[bookmark: _Toc163495755]3.3 Cost of Defect Rework
Once a poor sill and door profile condition has been identified and logged into the FLAGS system, the vehicle must enter a rectification bay before progressing onto the next area of production. The time required to rework defects such as this profile can be considered a waste as it is nonvalue added work. One source explains that “Checking products for defects or errors and repairing faulty products do not add value to the final product; rather, they are necessary due to earlier inefficiencies or mistakes.” (SuperfastCPA (2023)).
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(Figure 8 – Table to display the cost of sill and door profile defects including both dealership and in-house rework – Microsoft Excel, 2024.)

With the use of FLAGS and warranty data from dealerships around the world, it is possible to quantify the cost of particular defects. As shown by ‘figure 7’, there is a substantial cost to the business for the rectification of several hundred sill and door profile defects over the span of the previous year. As well as this, the delay of each vehicle for rectification can have greater issues to the production rate in the Gaydon facility. It is worth noting that there has been no warranty issues or costs regarding this issue, this may be as a result of the rework activities taking place or a lack of customer awareness to this area of the vehicle as it is not significantly visible.
[bookmark: _Toc163495756]4.0 Analyse
[bookmark: _Toc163495757]4.1 Ishikawa Analysis 
To investigate the cause and effects of the sill to door profile defects during the DB12 launch a ‘fishbone diagram’ can be utilised, this model can be demonstrated to analyse and brainstorm all potential causes that contribute to the defects seen at the end of the production line. The Ishikawa diagram has been adopted within manufacturing facilities to outline the different steps within a process and highlight where quality issues may arise, one source explains that “The purpose of the Ishikawa diagram is to allow management to determine which issues have to be addressed in order to gain or avoid a particular event.” (Hayes, A. (2023)). It is of paramount importance that all potential influences are considered, so that an efficient and effective investigation can be carried out to identify the root cause.
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(Figure 9 – Ishikawa Diagram that demonstrates the cause and affects analysis of the DB12 sill to door profile defects – Microsoft Excel, 2024.)

Once all influential factors have been identified, each potential cause can be examined in greater detail through measurement and data collection. One example that must be highlighted is the lack of setting aid or fixture that is utilised to set the position of the sill panel relative to the body. As a result of this, the technician is expected to set the sill panel by eye using the surrounding interfaces as a reference. This therefore could lead to an unreliable and unrepeatable setting process but can be investigated with the use of manual measuring techniques.


[bookmark: _Toc162808625][bookmark: _Toc163495758]4.2 Sources of Variation
From the Ishikawa diagram, a range of potential causes can be investigated to seek the source of variation. One of the potential causes of the sill to door profile defects is the setting of the sill panel relative to the body by the technician, as the process is carried out by hand. All Aston Martin vehicles are built by hand and therefore, many part fitment processes rely on the skill and judgement of the technician to ensure sufficient quality is produced. However, this creates a high risk of inaccurate and inconsistent fitment of components, this risk can be amplified if the technician is not adequately trained. To understand the influence of the setting strategy of the sill panel relative to the surrounding areas on the vehicle, manual measurements can be taken from the sill to the body structure.

[image: ]
(Figure 10 – CAD data that demonstrates the DB12 sill to body nominal gap condition – Siemens TeamCentre, 2024.)

With the use of ‘Siemens TeamCentre’ software, Aston Martin can carry out design changes and review manufacturing processes of each vehicle. This CAD package allows the engineer to measure nominal fitment states of each part, demonstrated by ‘figure 10’ which shows the gap condition that is expected between the sill panel and body structure. By comparing the vehicles during production against the nominal condition, variation in the setting of the pill panel can be identified. The same sample of vehicles will be used to distinguish if there is a trend between the sill gap condition and the profile defects that are found at the end of the production line.
[image: ]
(Figure 11 – Graph that demonstrates the LHS gap condition between the sill and body structure across an investigation of 20 DB12 vehicles at EOL – Microsoft Excel, 2024.)

 [image: ]
(Figure 12 – Graph that demonstrates the RHS gap condition between the sill and body structure across an investigation of 20 DB12 vehicles at EOL – Microsoft Excel, 2024.)

From the findings of the investigation, it is evident that there is a correlation between the gap condition being below the minimum tolerance of specification and the poor profile defects recorded at the end of the production line. The general trend of each graph demonstrates that the gap condition to the body structure is too small, which leads to a poor profile condition if it is set to a nominal position relative to the body structure. The diagram in figure 9 also shows that the fixing holes are oversized and give clearance to the fixings, this allows the sill panel to be adjusted to suit. However oversized fixing holes can lead to dimensional errors if the part is not controlled and positioned accurately, leading to error such as the examples shown in figures 11 and 12. 

[bookmark: _Toc163495759]5.0 Improve
[bookmark: _Toc163495760][bookmark: _Hlk161341260]5.1 Process Improvements
To improve the output of the process and reduce the number of defects that are caused, calculated measures can be taken using the data that has been collected. From the measurement data that has been collected there is a clear trend that suggests that the gap condition between the sill panel and body structure is below the specified tolerance. This gap condition can be improved through the introduction of a setting aid, therefore creating a ‘poka yoke’ process in which the technician utilises the aid to set the gap accordingly. Creating a poke yoke process can help reduce error as one source explains, “Poka-yoke is a Japanese continuous improvement strategy based on the concept of mistake-proofing – or preventing errors before they happen.” (Bland, A. (2023)).

A suitable setting aid for this application can be produced, by adopting the use of computer aided design. The design of the gap setting block must ensure that a nominal gap set between the sill panel and body structure is achieved, therefore the block must adopt a width of 13mm.
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(Figure 13 – SolidWorks software utilised to create sill gap setting jig with nominal width of 13mm as per standard – SolidWorks, 2024.)
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(Figure 14 – Photograph to demonstrate use of DB12 sill gap setting jig on the production line, within the Gaydon Headquarters – Matthew Dewhurst, 2024.)

[bookmark: _Toc163495761]5.2 Validation of Improvements
Once the process improvement has been introduced, it is of paramount importance that the change is validated to ensure that improvements in the output have been made. The validation of the introduction of the gap setting aid can be confirmed using the same data collection strategy used during the measure and analyse stages of the project. An example of twenty vehicles can be measured to investigate if the gap setting aid has improved the gap condition between the sill and body structure, as well as the subsequent profile condition to the door at the end of the production line.
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(Figure 15 – Graph that demonstrates the LHS gap condition between the sill and body structure across an investigation of 20 DB12 vehicles at EOL after the introduction of the gap setting aid – Microsoft Excel, 2024.)
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(Figure 16 – Graph that demonstrates the RHS gap condition between the sill and body structure across an investigation of 20 DB12 vehicles at EOL after the introduction of the gap setting aid – Microsoft Excel, 2024.)
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(Figure 17 – A graph to display the findings of LHS door and sill profile relative to VIS measurement reference points for 20 vehicles at end of production, after the introduction of gap setting aid – Microsoft Excel, 2024.)
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(Figure 18 – A graph to display the findings of RHS door and sill profile relative to VIS measurement reference points for 20 vehicles at end of production, after the introduction of gap setting aid – Microsoft Excel, 2024.)

As demonstrated by figures 15 and 16, with the use of the gap setting aid, there has been an increase in the average gap values between the sill panel and body structure. This may be a result of the increased gap set using the setting aid which has a nominal width of 13mm, showing the use of the fixture is effective. Furthermore, the graphs shown in figures 17 and 18 demonstrate the resultant profile of the sill panel to the door structure at the end of the production line. These graphs as show a positive outcome, as the flush measurements display a decreased shift towards nominal with most recordings being within the ‘VIS’ standards. The use of six sigma tools has created a streamlined and optimised manufacturing process, which has increased in efficiency and effectiveness. By identifying the root cause and implementing a suitable counter measure, the process flow has been improved with a significant reduction in defects.

[bookmark: _Toc163495762]5.3 Cost Reduction Analysis
Following the implementation of process improvements, an analysis of the costs associated to the initial identified defect can be re-visited to evaluate the effectiveness of the new measures in place.
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(Figure 19 – AML standard process map of sill fitment process with the introduction of control measures – Microsoft Excel, 2024.)
[bookmark: _Toc163495763]6.0 Control
[bookmark: _Toc163495764]6.1 Control Measure
To ensure that the sill profile defects do not reoccur, control measures must be implemented within the process. One source explains the importance of the control phase of a six-sigma project, “The main focus of this phase is to ensure that all the items that were created and the gains that were obtained in the ‘Improve’ phase of the DMAIC cycle are maintained long after the project has ended.” (6sigmastudy (2021)). An example of a control measure that can be introduced in the sill fitment process is the controlled use of the setting aid, this involves training the technician to use the setting aid and ensuring that it is referenced in the process documentation for any new technicians introduced to the process. In addition, a measurement check can be introduced in the process, which can be carried out by the technician or a peer to ensure that the gap between the sill and body structure meets the nominal value expected. This measurement check can also be used as a validation of the use of the setting aid, therefore identifying if the aid has been used correctly.
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(Figure 20 – AML standard process map of sill fitment process with the introduction of control measures – Microsoft Excel, 2024.)
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Sill and Door Flush Condition
S
W 01/10/23- 01/12/23 01/01/24-01/03/24
Warranty | No. of Claims 0| 0
Claims - .
DOMO)Dealer |COStof Claims £ - e -
No. of defects 562 57
In-House | AVerage Rework B 7
Rework Cost - | TIme (Mins)
Flags  |Averagerework | o M| £ 12
cost per car
Overallrework cost| £ 793544 | £ 804.84
Warranty &10- | Total Damage Cost | £ 7,935.44 | £ 804.84
House Total
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Process Mapping Exercise
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Learner Name:  Matthew Dewhurst Process: Fitment of DB12 Sill Panel Date: 29/01/2024
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