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Abstract
The automotive industry is a fast pace industry. Any lost or delayed time due to rework costs the company any profit made on its product. This paper is written to describe the define and measure stages of the DMAIC approach to problem solving. The problem in question is the high-quality profile specifications required on Aston Martin’s new SUV model the DBX.
This report will identify why this problem was chosen and what tools were used in identifying and recording data, implications found at the early stages and how they were overcome. This report identifies profile issues but this system of investigation and data collection is also used on other problems experienced in production.
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[bookmark: _Toc57394838]Introduction
 ‘Aston Martin Lagonda is the world’s only independent luxury car group with over 100 years of design and automotive excellence’ (Aston Martin Lagonda, 2020)
6th of December 2019 Aston Martin Lagonda opened the new facility to manufacture their new SUV model the DBX in St Athan. Gaydon will continue with the sports brand and St Athan the home of the SUV. Estimated around 90% of production will be exported and sold overseas (Aston Martin lagonda, 2020).
During the production of the vehicle it is essential that components are installed and profiled at point of fit (PoF). During this time there is full access to brackets and fasteners involved in the ‘setting’. Setting the gaps and profiles at the fit stage prevents time and unnecessary rework at the end of the process.
Defects per Vehicle (DPV) is recorded at the last station of production by the quality department. This information is relayed to the company to show the progress of the factory. High DPV shows the factory is underperforming and therefore work needs to be carried out to lower this value.
The following report will follow the defining and data collection (measuring) for the high DPV on the trim and final (T&F) assembly line. This paper will:
1. Define the problem,
2. Show the production flow,
3. Define the customers,
4. Scope of the investigation,
5. Data collection process/tools
This report was chosen because DPV is a big concern in the company. DPV is a big concern for late delivery of vehicles and we are currently tackling this project with positive results.







[bookmark: _Toc57394839]Define stage
[bookmark: _Toc57394840]Problem statement
Excessive levels of rework on Tailgates. Quality inspection on the end of line (EoL) shows 85% of Defects per Vehicle (DPV) are caused from out of specification tailgate profiles. This prevents vehicles moving on to the next process resulting in lost time, increased rework manhours and delayed delivery targets. Cost of rework estimated at £282,348 pa.
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[bookmark: _Toc57394853]Figure 1 Estimated annual cost of rework
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To begin to understand the problem the team developed a high-level process map (Bhalla, 2010). The below table shows the map that is used to visualise the process of who is involved in the production of the vehicle.
	Suppliers
	Inputs
	Processes
	Outputs
	Customers

	Body in White
	Manpower
	Build sheets
	Built vehicle
	Quality department

	Paint
	Resources
	Jigs
	On time
	Offtracks

	T&F
	
	
	Quality
	Dealerships


[bookmark: _Toc57394854]Figure 2 Top level process map of car manufacturing
This allowed the team to visualise where the vehicle starts production and to what stages it passes through, who is involved and how it is built. Also, it gives a quick guide on what is expected and who the vehicle will be accepted by.
Page 7 is the high-level process flow of the production process. Body in White (BiW) produces the ‘body’ of the vehicle, within this process they fit and profile the closures of the vehicle (doors, clamshell and tailgate). After BiW the vehicle is painted and delivered to Trim and final (T&F). After the vehicle is built it undergoes quality checks before it is delivered to ‘offtracks’ where it goes through setting and attributes checks.
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[bookmark: _Toc57394855]Figure 3 Process flow identifying where first point of occurrence exists
At the end of each block are quality checks. These are to enable high quality is passed to the next customer.

[bookmark: _Toc57394842]Customers
At AML the vehicle passes many internal customers. Each process the vehicle progresses to, the quality must be high to enable the vehicle to be built right first time (RFT). Each internal customer relies on good quality to enable their processes to progress.
The voice of the customers is important, therefore to understand expectations, regular meetings are arranged to discuss the build failures. These are recorded and actioned to prevent re-occurrences and to continue to strive for RFT.

[bookmark: _Toc57394843]Critical to Quality (CTQ)
The team voiced what was critical to quality. The below figure is an image of the initial ‘brainstorming’ session and the outcome of the requirements. This was the first stage of understanding what outcome was required by the customer.
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[bookmark: _Toc57394856]Figure 4 Initial Critical to Quality requirements

[bookmark: _Toc57394844]Scope
The scope of this report is to investigate the main DPV and to collect data to find out where the areas of concern are. Through this investigation the team will be able to identify areas of the production line that require further development work to rectify any build issues.
The figure below is a cause and effect diagram the team produced during a brain storming session. The team also invited key production station operatives to this session as they have more ‘hands-on’ experience than the engineers.
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[bookmark: _Toc57394857]Figure 5 Cause and Effect

Using this diagram shown above it helped everyone to get involved and some aspects were resolved without needing to do anything and just making everyone aware of the problems experienced during production.
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[bookmark: _Toc57394846]Data collection
According to (Javedhusen Malek, 2015) data collection is an integral process of the investigation process. The team initially started using the companies Quality Management System (QMS). This allowed us to view all defects recorded in the inspection process. The below figure shows the profile defects of the vehicle. 
The data in fig 6 below shows the tailgate as the biggest problem encountered and therefore this is the area this paper will concentrate on.
	


[bookmark: _Toc57394858]Figure 6 Profile defects

Figure 7 below shows the causes of profile issues through visual inspection and the use of gap and flush gauges.

	


[bookmark: _Toc57394859]Figure 7 tailgate profile defects

Through the visual checking process, it was able to narrow down the main cause of profile defects to ‘gap’ problems, the figure below shows this.
	


[bookmark: _Toc57394860]Figure 8 Gap & Flush


The below figure shows where measurements were taken to show what the inspection measurements were highlighting. By showing the locations, it allows the inspector to visualise where the gaps are.
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[bookmark: _Toc57394861]Figure 9 Measurement locations



[bookmark: _Toc57394847][bookmark: _GoBack]Measurement systems
The initial measurement system was visual using gap and flush gauges (‘No-go’ gauges). This system is used as it gives quick feedback to the inspector. The inspector then inputs the pass/fail criteria into QMS. It was agreed to measure 10 vehicles to see if there was a trend in the data. If the failures are the same then it is easier to process this failure out at an earlier point in the build process. 
The next stage was to measure these gaps using a Vernier gauge. Using this measuring device allowed us to have a measurement figure to find what the actual gaps were. In some cases, it was found that the gaps were within tolerance and therefore no rework was required at that point. In other areas it gave us a ‘picture’ of how far the profiles were out of tolerance. The below figure shows the data captured. Green are within tolerance and red out of tolerance.
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[bookmark: _Toc57394862]Figure 10 Data collection using Vernier gauge
During the data collection process, it was noticeable that each inspector had different values! The Vernier gauge is an accurate measuring tool but it depends on human accuracy. 
The feel of the jaws against the two surfaces is variable between users, meaning some people may prefer a tighter ‘pinch’ than others and this effects the measurements taken. Also, the angle and location where the Vernier is used will be different between users.
To overcome this variation, it was decided to use the gap gun pro shown below (Third Dimension, 2015). This device allowed us to programme the measurement locations into the gap gun. 
This programme shows the location where the measurements should be taken and will only take the measurement when the correct ‘angle’ is achieved. This procedure ensured that every measurement taken was accurate by anyone carrying out the task.
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[bookmark: _Toc57394863]Figure 11 Gap gun pro
The figure below is the report generated. It is a live report which means it is generated every time the data is uploaded from the device, in this case after each vehicle is measured.
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[bookmark: _Toc57394864]Figure 12 Gap Gun Pro measurement data
[bookmark: _Toc57394848]Process Capability
CP is currently at 85% but this is the DPV for all defects and not just the profile of the vehicle.
The below figure is an exercise the team were involved in. This was designed to ask questions why issues were present. We kept asking questions until we came to the root cause of that issue which enabled us to see if the process was capable of catching, or highlighting, the cause at an earlier stage in production.
This was a good exercise as it highlighted a lot of issues that we were able to ‘process’ out in that particular phase of the build. It also showed that we needed to train the operators so they understood the process better and to visualise what effects of poor build causes further along the build stages.
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[bookmark: _Toc57394865]Figure 13 ‘5 Why's’
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During the initial data collection, it was highlighted quickly that there were issues with the measurements. There were complaints about how long the process was, not measuring the same points etc… 
The team had another meeting to discuss this and we used the FMEA technique to answer the complaints. Below is a snip of that FMEA.
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[bookmark: _Toc57394866]Figure 14 Data collection FMEA
This Process FMEA allowed the team to appreciate the failures and work out how to resolve them with no interruption to production. Introduction of the gap gun and using the apprentices solved the problems and enabled the team to record and analyse the data with no disruption.















[bookmark: _Toc57394850]Conclusion

Defects per vehicle found on the quality inspection station at the end of the production line is causing delays on delivery deadlines. It is the cause of many reworks being carried out in the ‘secret factory’ (rework bays). This rework has consequences such as:
· Time,
· Resources,
· Damaged/scrap due to strip down to gain access to repair the faults,
· Manpower,
· Space.
To understand these problems, this paper describes the process the team followed to investigate the biggest cause of the rework.
A multifunctional team was produced with members from engineering, quality, production and operators from the relevant areas of concern.
The team agreed on the scope of the project and was actioned to start with the highest DPV issues. Using the companies QMS allowed us to quickly establish that the profile is the biggest problem. With any problem that is investigated, to get the big picture we needed data. It was found that human error was a big problem accounting for many inconsistent measurements (including DPV recording!). To prevent these inconsistencies, we used a gap gun laser measurement device which allowed us to measure the points accurately with very concise readings. As this is an electronic device using software it allowed the data to be relayed into a visual that could be understood and it was immediate.
The automotive industry is fast moving which makes investigating and data collection time consuming. All DPV must be contained if possible until the root cause has been identified.
Through the data collection it enabled the team to identify some areas that could be improved, the below figure shows some containments that would be used during the investigation.

[bookmark: _Toc57394851]Actions & counter measures
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[bookmark: _Toc57394867]Figure 15 Actions and countermeasures
This investigation is still ongoing but improving all the time. Through this data collection it has helped enormously to understand and define the processes and improve them.
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Quality requirements ASTON MARTIN

= Must have requirements
= Design specifications met
= Visual standards met
® Equal gaps between all mating panels
® Flush to all mating panels
® Repeatable vis standards
= Physical requirements
* RFT
= Visual standards met after every cycle of tailgate operation
® No lateral movement of tailgate
* Nice to have
* Easyon the eye
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