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[bookmark: _Toc57323534]Abstract
This is a report on the use of the Six Sigma method – DMAIC, to fully analyse a recurring quality issue of a high Exterior Surface DPV figure at Aston Martin St. Athan. 
The report focuses on the define and measure stages, looking at how the methods were applied to the problem and what the findings were.
[bookmark: _GoBack]It follows the steps taken to collect and interpret the data to determine effective actions to correct the problem.
It highlights the importance of using data to drive decisions and to shift focus to the actual high “cost” issues that require resolution quickest.

 


[bookmark: _Toc57323535]Introduction
Aston Martin Lagonda Ltd. (AML) is the world’s only independent luxury car group which designs and manufactures luxury sports cars and SUVs.
“Founded by Lionel Martin and Robert Bamford in 1913 in a small London workshop, Aston Martin has since grown to become an internationally admired luxury brand.” (Aston Martin Lagonda, 2020)
With over 160 locations around the world, spanning 53 countries and 3 Manufacturing Facilities - Gaydon, Newport Pagnell and St. Athan.
 “St Athan is the home of Aston Martin’s first SUV, the DBX. Upon the commencement of full production at St Athan in the second quarter of 2020, the company will have created up to 600 new highly skilled jobs, rising to 750 at peak production.” (Aston Martin Lagonda, 2020)
The Manufacturing Process is completed in 4 major stages – Body Construction, Paint, Final Assembly and Off Tracks.
[bookmark: _Toc57323536]Body Construction
Body Construction is a highly automated process area where aluminium and composite parts have adhesive applied by robots and are then assembled by operators to create the Vehicle Body using specialist automated jigs. This body is then baked in an oven to cure the adhesive, creating joints that are 10 times stronger than spot welds.
[bookmark: _Toc57323537]Paint
Paint is the process by which the aluminium and composite bodyshell, and associated parts (fenders, hood, decklid, spoiler etc.) is transformed from a BiW (Body in White) to a PBS (Painted Body Shell). This is achieved over 7 different layers of paint, with each layer of paint being applied by technician and specialist robot for maximum quality and high level of repeatability. This is the most time-consuming process and roughly takes 70 hours to complete.
[bookmark: _Toc57323538]Final Assembly
Final Assembly is the where the PBS is hand built to create an Aston Martin. The PBS is conveyed along an assembly line where workers assemble everything (such as the engine, drivetrain, seats, windows and dashboard) on the vehicle. This area has various specialist machines used to move and carry the part-built vehicle and also various machines used to sub assemble parts before they are fitted to the vehicle.
[bookmark: _Toc57323539]Off Tracks
Off Tracks is the final inspection and verification stage of the process. This is where the assembled vehicle comes alive for the first time and is inspected and tested to ensure it meets all quality and safety standards. It includes test equipment such as inspection bays, rolling roads and vehicle geometry measurement equipment. 
[bookmark: _Toc57323540]Define Stage
[bookmark: _Toc57323541]Problem Statement
We are currently inspecting a high number of paint Defects Per Vehicle (DPV). These have to be removed by skilled technicians as a non-value-added cost before being sent to the customer as it would cause customer dissatisfaction. This also has an impact on delivery times.
[bookmark: _Toc57323542]Quality Characteristics
During the inspection operations, trained inspectors compare the exterior surface finish against the set of visual standards. They look for any defects and then compare their findings to the standards, approving certain defects in line with the standards and highlighting other defects that will require rework and further processing. Once the re-work has been completed, inspector’s “buy off” the car to ensure that it is now within standards and that it will meet customer expectations.
Figures 1-4 show the different type of defect that the inspectors are looking for on the exterior surfaces.
Figures 4-8 show the specific standards and allowances for Pin Holes and Dirt Nibs on exterior surfaces.
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[bookmark: _Toc57323558]Figure 8 - VIS Standards 8
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The paint process is a combination of various processes carried out in sequence to achieve the desired result of a painted bodyshell.
The paint process starts with the body being fitted with “slaves”, these are re-usable fixtures that hold the smaller body parts such as bumpers and tailgates in preferable places “in-line” with the body profile. They are used to allow full paint coverage whilst painting them in the same orientation as they would be fitted to the car, this is to aid colour matching. 
The entire body including additional body parts are then hand-scuffed using abrasive pads to aid with paint adhesion.
The body then travels via conveyor system to a cleaning area where the body is cleaned internally and externally with vacuums, tacky cloth and solvent to ensure there is no dirt or contamination present.
The body then moves to etch and repair booth where a layer of primer etch is applied to any areas that have been repaired as part of the BiW process. 
The body then progresses to the Primer manual booth, where two coats of primer are applied to the interior surfaces of the body such as under bonnet, door shuts and boot shuts.
After a flash-off time, the body then moves into the primer robot application zone, this is where the Primer robots apply two coats of primer to the exterior of the body and all the smaller body parts.
After another flash off the body then moves into an oven through a set of fast action doors where it is baked at 80degC for 22 minutes.
Once the primer has cured in the oven it is then cooled in ambient temperature before it moves onto the next process of “flatting”, this is where technicians will sand the entirety of the body and all panels using random orbital sanders to achieve an even surface. 
The body then ovens back to the cleaning area for another clean before it makes its way to the topcoat line.
When it reaches the top coat line, manual sprayers paint the interior surfaces with the chosen colour, after a brief “flash off”, the body makes its way into the BC auto zone where the exterior surfaces are painted by robot in the same colour, starting at the front of the body and moving backwards towards the rear, this is repeated twice to ensure sufficient paint thickness is achieved.
After a “heated flash off” for 10minutes at 55degC, the body is then moved to the Clearcoat process, this is where manual painters and clear coat robots apply the clear or tinted clear coat to protect the colour surface and give it its gloss or satin appearance.
After another flash off delay, the body is then moved through the Topcoat oven, where it is baked at 85degC for 60 minutes. When the body moves out of the oven and after a cooling period, the body is then inspected under inspection lighting for any Defects (using the VIS) as a guide.
Manufacturing and Quality Systems M5X00400		David Adams 1908506
Any defects found are captured in FLAGS (manufacturing software) by the Inspection Operations team in the form of points on a model of the vehicle relating to the real-world condition. This information is then access by the re-work team who fix these defects through a variety of methods and techniques ranging from sanding and polishing, to touch-ups or re-sprays. Upon completion, the vehicle undergoes another quality inspection before being passed to the Assembly process.
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[image: ][bookmark: _Toc57323559]Figure 9 - Paintshop Basic Process Map (Summarised from Appendix A)
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[image: ][bookmark: _Toc57323560]Figure 10 - Project Charter



[bookmark: _Toc57323545]Measure Stage
[bookmark: _Toc57323546]Data Collection
To fully understand the problem and be able to target the cause of the issue, it was important to gather the raw data from inspection operations and collate it. This could then be analysed to determine any commonality. One of the easiest ways to analyse raw data is visually, that is why it was important to transform the data gathered into graphs before analysing it. (Thomas R. Kratochwill, 2015)
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[bookmark: _Toc57323561]Figure 11 - Raw Data (defects per type)
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[bookmark: _Toc57323562]Figure 12 - Raw data (defects per part)
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[bookmark: _Toc57323563]Figure 13 - Raw Data (defects per type per colour)
After analysing the DPV data already available, we then had to capture other data points regarding the facility and processes to confirm or dismiss theories we had determined to be relevant as art of the direct cause assessment such data points including dirt counts, spot checks after individual processes and contamination/filtration measurements.


[bookmark: _Toc57323547]Measurement System Analysis
When starting to analyse the data gathered by the quality inspection team, it would first appear that the biggest issue is the number of Dirt Nibs present. Upon further investigation, it appears that they are most present on front bumper assemblies and clamshell bonnets. When looking to see if this could be narrowed down further using another constraint such as colour, there was not enough data to support, or there was no discernible difference to steer the investigation or solutions. 
As nibs are dirt contamination within the paint, it was deduced that there must be contamination entering the facility in which the paint is applied. Using Direct Cause analysis to populate a fish bone diagram to map these potential failure points, you can finally begin to work on root cause analysis (5 why’s) and implement corrective actions. 
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[bookmark: _Toc57323564]Figure 14 - Data Graph Analysis
By using the VIS standards to more clearly define a dirt nib, we are able to locate the potential process at which they are introduced as it shows that they are only found in the basecoat/clearcoat layers, and can only be introduced when these paint layers are wet.
[image: ]
[bookmark: _Toc57323565]Figure 15 - Points of occurrence
From this analysis, it was crucial to amend the problem definition to more accurately represent the specific issue in which we were trying to resolve. Once we were aware of the specific issue, we implemented some immediate containment actions.
[image: ]
[bookmark: _Toc57323566]Figure 16 - Revised problem definition and containment actions


	
5.2 Direct Cause Evaluation

	#
	Expected Result
	Action
	Result
	#
	Expected Result
	Action
	Result

	1
	Manual Sprayers Best Practice and repeatability
	Monitor and re-train if required
	NOK
	12
	Sealing issues in the environment 
	Anemometer Confirmation, GO LOOK SEE
	OK

	2
	Booth doors should not be opened while the car is in booth regardless wet/dry condition
	Monitor and interlock if required
	NOK
	13
	Lack Of Cleaning Pre Paint - BIW
	Spot checks every 10th car
	OK

	3
	Correct bell rotation speeds
	Verify on HMI
	OK
	14
	Dirt traps under bonnet
	Spot checks every 10th car
	OK

	4
	Continual robot spraying with no interruption
	Verify using log files
	OK
	15
	Dirt migration from 1st station in Cleaning Line ( Blow Off Station)
	Particle count measurement
	NOK

	5
	Heated Flash Off and CC Oven Doors are clean
	Particle count measurement
	OK
	16
	Robot Sequence runs front to back
	alter sequence to run back to front
	OK

	6
	Slaves / Part apertures are clean
	Spot checks every 10th car
	OK
	17
	Down draft and cross draft is not in speck
	Anemometer Confirmation
	NOK

	7
	Cross draft on wet paint 
	Anemometer Confirmation
	NOK
	18
	Spray Gun Is Not Clean
	Spray out test
	NOK

	8
	Compressed air cleanliness off the bell/gun
	Spray out test
	NOK
	19
	Airline Hose Bag is dirty
	Change
	NOK

	9
	Car stays in booth more than it meant to be when it is wet
	Monitor, alter controls software
	OK
	20
	Dirt in robot socks and arm 
	Particle count measurement
	OK

	10
	HFO doors close/open too fast
	Monitoring and Confirming
	OK
	21
	Bell cup is not being fully cleaned @robot
	Visual Inspection every 5 cars
	OK

	11
	Viscosity Control is not robust
	Verify Supplier process - spot checks
	OK
	22
	Contaminated paint 
	Verify Supplier process - spot checks
	OK
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[bookmark: _Toc57323567]Figure 17 - Fish Bone Diagram
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[bookmark: _Toc57323568]Figure 18 - 5 WHY Analysis - Transfer Areas are Dirty


[bookmark: _Toc57323548]process capability FMEA
[image: ]By Creating a PFMEA for the painting process, it is clear to see that the paint process has a high RPN, meaning that without control measures, it has a high severity and high chance of occurrence, it helped to focus on what failure modes could be causing the underlying conditions that are contributing to high DPV.

[bookmark: _Toc57323569]Figure 19 - Paint Application PFMEA
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