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Introduction

  Aston Martin is a business revered for its legacy of crafting luxurious and high-performance automobiles. It stands as a testament to the intersection of precision engineering, ultra luxury and automotive artistry. Established in 1913, Aston Martin has cultivated a reputation for producing vehicles that transcend mere transportation, embodying a unique blend of sophistication, performance, and craftsmanship. 
  Central to Aston Martin's enduring success is its unwavering commitment to meeting, and exceeding customer expectations. Customers that seek not just cars, but an embodiment of status and elegance. Whether it's the flawless design, impeccable performance, or the beautiful, handcrafted interiors, Aston Martin customers expect nothing short of perfection.
  The correlation between customer expectations and the brand's commitment to quality underscores the importance of employing methodologies like Six Sigma. At Aston Martin, the pursuit of quality is central to the company culture, and Six Sigma principles serve as a guiding framework in achieving operational excellence. For process engineers at Aston Martin, integrating Six Sigma methodologies is paramount to ensuring that manufacturing processes align with the high standards demanded by Aston Martin's customers.
  Six Sigma, with its emphasis on reducing variation, enhancing efficiency, and eliminating defects, directly correlates with Aston Martin's commitment to delivering unparalleled quality. By meticulously analysing processes, identifying areas for improvement, and implementing data-driven solutions, Six Sigma empowers the workforce to maintain the superior quality standards that define the Aston Martin brand. This methodology also serves as a catalyst for continuous improvement, ensuring that each vehicle leaving the production line adheres to the quality benchmarks expected by customers.
  Six Sigma, as a quality management approach, is a cornerstone for Aston Martin, allowing the company to uphold its legacy of excellence while adapting to evolving market demands and technological advancements.
  In this assignment, the use of Six Sigma methodologies within Aston Martin's manufacturing processes are explored, integrated and analysed.

2. DMAIC Model Summary
   One of the distinctive approaches of Six Sigma is DMAIC. The DMAIC model refers to the five stages that systematically help organizations to solve problems and improve their processes, define, measure, analyse, improve, and control.
  An article by Tetteh et al (2018) describes various stages of the DMAIC framework. The Define stage within the DMAIC process involves identifying, evaluating, and selecting projects for improvement as well as selecting teams. The Measure stage includes collecting the data on the selected problem, identifying key customer requirements, and determining key project and process characteristics. The Analyse stage focuses on analysing the collected data, establishing and confirming the most important factors of the collected data. The Improve phase focuses on designing and carrying out experiments, real and theoretical, to establish cause and effect relationships as well as optimising the process. Finally, the Control phase involves designing controls, making improvements, and implementing and monitoring those improvements.


Figure 1 - DMAIC cycle (Brue & Howes, 2006
3. Define

3.1 Problem Statement

  The launch of the DBX 707 was the first step for Aston Martin in its goal to redefine the brand as a high-performance, ultra luxury car maker. Fundamental to this rebranding was the success of the DBX 707, its delivery to the market and customer satisfaction. Thus, the instruction was delivered from directorship to engineering, that transmission issues seen on previous DBX models need to be eradicated. 

  Previous DBX models had received customer complaints regarding poor gear changing, particularly downshifting. Some of these cases were resolved at dealers without changing parts, others were subject to a gearbox warranty exchange. Warranty claims are quantifiable, tangible costs to the business.  Along with tangible costs, there are intangible costs. Intangible, or hidden costs, cannot be measured as easily and are not always as obvious. Crandall et al (2024) state that hidden costs include : -

Potential lost sales.
Costs of redesign due to quality reasons.
Costs of changing manufacturing processes inadequate to meet quality standards.
Costs of software changes due to quality reasons.
Costs included in standard costs because they were considered inevitable.
Costs for space and inventory changes.
Scrap not reported.
Costs of errors made in support operations such as order filling and production control.
Costs of poor quality within a supplier’s plant.
  

3.2 Cost of poor quality (COPQ)

 As previously stated, Aston Martin prides itself on delivering ultra luxury, high performance vehicles to its customers. In return, customers demand a product that reflects the price tag. Along with this, customers expect an experience and service that rivals the most prestigious brands in the world. If all these expectations are met, external intangible costs should be kept to a minimum. Customer complaints due to transmission issues have the potential to cause a huge amount of product and brand damage resulting in intangible costs due loss of potential sales. As Aston Martin is a low volume manufacturer compared to other vehicle manufacturers, this could be catastrophic for the business. Hence, the instruction from directorship to eliminate all transmission faults from reaching customers and limit the cost of poor quality (COPQ).
 To prevent COPQ, Hessing (2020) states that several activities can be carried out: 
Error proofing, also known as Poka-Yoke, is used internally during the production process and can include such controls as standard process procedures. These are instructions to be followed each time a process is carried out. Automation and programmable robots could be used, and feedback/error notification systems can be implemented.

Supplier certification can prevent COPQ as it inherently means that the organisation has evaluated a supplier’s capability to deliver a quality product. This is done by evaluation of their technical abilities, production capacity and that they are deemed financially stable. A suppliers internal quality management system (QMS) will also be evaluated.

Design for Six Sigma is very important as customer requirements are clearly defined using the voice of the customer (VOC) analysis. Once understood, these requirements are translated into design goals meaning the product is fit for purpose and meets customer needs and requirements.
  

3.3 SIPOC study

  The following SIPOC study was produced by a multi departmental team, including quality, management, procurement, and production engineering. A SIPOC study can provide valuable insights that guide subsequent steps in the DMAIC process, such as data collection, process mapping, and root cause analysis. 
Suppliers:
Daimler AG: Manufacturer of the 9-speed transmission. Provide fully assembled and tested transmission units to Aston Martin for installation into vehicles.
Inputs:
  Fully Assembled 9-Speed Transmissions: Transmission units supplied by Daimler, meeting Aston Martin's specifications and quality standards.
  Quality Documentation: Certification, test reports, and quality documentation provided by Daimler ensuring the compliance of transmissions with industry standards and specifications.
  Installation Guidelines: Specifications and guidelines from Aston Martin detailing the installation process of the transmission into DBX vehicles.
Process:
  Transmission Installation: Process of fitting the Daimler-made 9-speed transmission into Aston Martin DBX vehicles during the assembly process.
  Quality Control: Inspection and verification of the installed transmission to ensure proper fitment, functionality, and alignment with Aston Martin's quality standards.
  Integration Testing: Testing of the entire vehicle system, including the transmission, to ensure seamless operation and performance.
Outputs:
  DBX Vehicles with Installed Transmissions: Completed Aston Martin DBX vehicles equipped with Daimler-made 9-speed transmissions, ready for distribution and sale.
  Quality Documentation: Records of quality inspections, installation checks, and integration testing results ensuring the compliance of vehicles with quality standards.
Customers:
  Automotive Dealerships: Entities purchasing Aston Martin DBX vehicles from the factory for resale to end customers.
  End Customers: Individuals or organizations purchasing Aston Martin DBX vehicles for personal or commercial use, expecting high-quality performance and reliability.

3.4 Project Charter

Project Name 	DBX Transmission customer complaints	Business / Location 	St Athan
Engineer	Chris Beddoe	Telephone Number 	07725 868785
Start Date: 	10/11/2022	Target End Date: 	31/01/2023
 			 
 Project Details 
	
Project Description 	Reduce transmission warranty claims and replacements introduce robust transmission adaption.		
Business Case 	Currently experiencing customer complaints resulting in warranty claims due to poor gear changing and, in some cases, gearbox exchanges. Negatively affecting brand image and customer experience	
Process/Part and Owner 	9 Speed Transmission / Gary Fathers	
		
Expected Business Results 	Reduction in warranty claims resulting in reduced warranty costs and reduction in negative brand image by providing a better product	
Expected Customer Benefits 	Improved reliability, driveability and overall customer experience	
Team members 	Chris Beddoe, George Griffiths, Mark Mutschler, Luke Evans	
Support Required 	R&D (Powertrain), Durr, Assembly production team, Quality, Aftersales	
Risks or Constraints 	Machine availability, cost of data collection, cost of improvements	

  The project charter (figure 2, page6) was created within the define phase of the project. A project charter in a Six Sigma assignment serves as a tool for defining project scope, objectives, and deliverables. It also ensures alignment with organisational goals and assists in securing necessary resources. It aids maintain project focus, clarifying roles and responsibilities, and minimising deviations from project goals, thereby enhancing project success rates 

3.5 Fishbone analysis

The above fishbone analysis was carried out by the project team as stated in figure 2, project charter. The aim of the analysis was to identify potential causes of the sub-standard transmissions. In this case, it was noted that there was no calibration procedure carried out during production and there were no performance metrics or feedback mechanisms for Aston Martin to identify poor transmission before they leave site.  With this information gathered it was evident that a calibration routine would be required during production and a method of collecting performance metrics was required.

3.6 High Level Process Map


  Figure 3 above depicts a high-level process map of various areas where the transmission is processed within the current production process. The SIPOC study in 3.3 assisted in mapping this out from delivery of transmissions, assembly and to final electrical diagnostics. Using this process map, road test and the rolling road were highlighted as potential suitors whereby a calibration routine and data collection could be carried out. A calibration routine is currently carried out at dealerships if customers complain about harsh shifting and is available in the Aston Martin workshop manual (see appendix A).
4. Measure

4.1 Warranty Data

Figure 5 – Warrant claim data – cost vs no. of claims (Aston Martin database, 2024)
  Figure 5, above is a graph illustrating transmission claims from December 2021 to December 2022 and the associated parts property excluded (PPE) cost. During this period, 3000 Aston Martin DBX vehicles were produced and delivered from Aston Martin’s St Athan plant. Figure 3 illustrates that 42 transmission warranty claims were made in this timescale (1.4% vehicles), at a cost to the business of £288,000 (PPE). Some of this cost will be associated with running a calibration routine at dealership, but the majority is due to the cost of new transmissions, and the labour to replace them. Being able to calibrate transmissions more fully in plant, and detection of faulty transmissions would greatly reduce this cost to the business as well as the intangible costs.


4.2 Process Failure Mode and Effect Analysis (PFMEA)


  To assist with the decision of which area of production would be most beneficial to carry out the transmission adaption and data collection, multiple PFMEAs were carried out and populated. The PFMEA shown below in figure 6, was created using a cross functional team that consisted of a production engineer and a quality engineer within Aston Martin. Using a cross functional team ensures that the analysis considers a broader range of opinion and input. Involving quality team members ensures that CTQ characteristics are considered when undertaking the PFMEA analysis.



  


  The other PFMEA, see appendix C, for the process to be carried out at road test is very similar, but there were a few factors that contributed to rolling road being the area that was best suited for the calibration and test routine to be carried out. 


4.3 Data Collection Plan

  To quantify the extent of the potentially defective transmissions, a robust data collection plan was devised (figure 7, page12). Using the dealership adaption routine (Appendix A), adaption data could be collected. This could be done by running the adaption routine on the rolling road whilst reading data from Diagnostic IDs (DIDs) within the transmission control module (TCM) during adaption. It was agreed with production that this could be carried out over the duration of one month, meaning over 200 vehicles could be sampled. The rolling road was chosen as the area of data collection because, unlike the test track, conditions are consistent. If carried out on the test track the data collection could be affected by weather, and the routes used by the road test technicians could vary. For this reason, the rolling road was deemed the ideal test cell for the collection of transmission adaption data. There would be a cost attached to this data collection as extra time would be required processing each vehicle that was to be screened, approximately 20 minutes. Using Appendix D, adding and extra 20 minutes per vehicle would result in an additional labour cost of £40 per vehicle, or £8000 to carry out this data collection on 200 vehicles. This would not be the only cost associated with the project as extra fuel will be used to accommodate the data collection, as well as wear and tear to the rolling road rig itself.





Data Collection Plan
	
					
Measure Title	Data Type (Continuous or discrete)	Operational Definition	Stratification Factors (Who,What,Where,When?)	Sampling notes	
Adaption count	Discrete	Number of times the transmission has counted a successful adaption for each gear change i.e. 1st to 2nd	Sample each vehicle over rolling road for one month 	Engineer to be present to collect the data via EvoDiag	
Fill time	Discrete	Adjustment made to fill time during adaption -/+ mS	Sample each vehicle over rolling road for one month 	Engineer to be present to collect the data via EvoDiag	
Touchpoint	Discrete	Adjustment made to fill time during adaption -/+ mbar	Sample each vehicle over rolling road for one month 	Engineer to be present to collect the data via EvoDiag	






4.4 Data Collection  

  The data collection plan (figure 7) was created in partnership with the AML transmission team. As stated by Pande et al (2020), “a data collection plan ensures systematic and accurate gathering of relevant data, facilitating informed decision-making and analysis. It helps in identifying key metrics, reducing data variability, and maintaining consistency throughout the project, thereby enhancing the reliability and validity of the conclusions drawn”. With the above in mind, it was suggested by the transmission research and development team, that Daimler had suggested that any faulty transmissions may have high adaption values for fill time or touch point adjustment. But what would be deemed a high, ordinary, or low value was not known by supplier. Therefore, once all the data is measured, it would need to be analysed, which is step three of the DMAIC model.



Fill Time	Value	Adaption gears	Adaption counter	Touchpoint	Value	Units
FillTime 1-2 Cold	5	Counter 1-2 Cold	0	Touchpoint 1-2 Cold	0	mbar
FillTime 1-2 Hot	4	Counter 1-2 Hot	0	Touchpoint 1-2 Hot	480	mbar
FillTime 1-2 Warm	4.5	Counter 1-2 Warm	0	Touchpoint 1-2 Warm	540	mbar
FillTime 2-1 Cold	0	Counter 2-1 Cold	0	Touchpoint 2-1 Cold	0	mbar
FillTime 2-1 Hot	0	Counter 2-1 Hot	0	Touchpoint 2-1 Hot	0	mbar
FillTime 2-1 Warm	0	Counter 2-1 Warm	0	Touchpoint 2-1 Warm	0	mbar
FillTime 2-3 Cold	3	Counter 2-3 Cold	1	Touchpoint 2-3 Cold	340	mbar
FillTime 2-3 Hot	2	Counter 2-3 Hot	0	Touchpoint 2-3 Hot	160	mbar
FillTime 2-3 Warm	2.5	Counter 2-3 Warm	0	Touchpoint 2-3 Warm	220	mbar
FillTime 3-2 Cold	0	Counter 3-2 Cold	0	Touchpoint 3-2 Cold	0	mbar
FillTime 3-2 Hot	0	Counter 3-2 Hot	0	Touchpoint 3-2 Hot	0	mbar

 


  Figure 6 above, is a sample of the data collected when carrying out the very first adaption routine. The data collected in one run has very little significance as there is no way of knowing if this is data from a functioning or faulty transmission. But this first run produced confidence in the data collection method after it was observed that adaptions had taken place due to fill time and touchpoint adjustments being evident. After collecting this data for a month, sampling many vehicles, the data was available for review. Highlighted in red is evidence of a gearbox adaption taking place, meaning that gear changes, from 2-3 when cold in this instanc, will be improved compared to no adaption routine being run. 






5. Analyse 

5.1 Graphical Data





  
  Observing the graphs in figures 9 and 10, there are some values collected that appear to be outliers and stand out from the other figures collected. The vehicles with these outlying values are tabulated overleaf (page15, figure 11).


Figure 11 – Vehicles with outlaying values

  Out of 200 sample vehicles, four vehicles (2%) showed evidence of outlaying values. This ties in with warranty data, figure 5 page 9, that stated 1.4% of DBX vehicles has transmission warranty claims against them in 2023. These vehicles being captured and rectified in plant enables a huge saving on PPE warranty cost, but also greatly reduces intangible costs incurred due to customer dissatisfaction and brand damage.
  Once the vehicles with outlaying values were identified, the vehicles in question were then highlighted to production for special attention. Instructions were agreed by the quality team, engineering, and production to pay close attention to all gear changes, both up and down, throughout all gears when on road test. The result of which showed that all four of the vehicles showed signs of inadequate gear changing in certain gears. The transmission team confirmed the findings with the quality team and supplier, Daimler, and it was agreed that these gearboxes would be replaced by Daimler as a warranty exchange. 
  The same four vehicles were then processed through rolling road again post transmission change. 

Figure 12 – Vehicles with outlaying values post gearbox exchange.
  This data indicates and presents a strong argument that four potential faulty gearboxes have been caught within the production process and the customer has been protected from a poor customer experience for doing so. With confidence in this detection method, improvements to the production process can be made. 

Improve
Updated process map
The new process map shows the calibration routine to be added to rolling road. To ensure this routine is as lean as possible, the vehicle configuration and test system VCATS) team agreed to integrate a robust and repeatable routine in the test rig. This would ensure that each transmission is tested in the same conditions using the same method each time. Using VCATS enables metric data collection, which was also highlighted in the fishbone analysis with automatic pass/fail thresholds set once more data collection was carried out to ascertain pass/fail limits rather than relying on manually scanning results for outlaying values as done in this project.
VCATS Qbay data collection

  Figure 14 below shows the values within the newly implemented gear shift adaption/calibration routine. This routine was designed by the VCATS team and considers the parameters stated and required in the workshop manual calibration routine (Appendix A). This ensures a repeatable process ensuring that all vehicles carry out the calibration routine to the same specification each time. 


  The results of this calibration routine are also collected via the VCATS routine and are tabulated in Qbay, meaning that there is no longer a requirement for an engineer to be sat in a vehicle collecting the adaption data, as was the case previously. Theoretical pass/fail values have been entered and will be adjusted accordingly once more data analysis has been carried out and robust pass/fail limits can be set. Standard deviation analysis will be carried out to understand the capability of the gearboxes and understand what will be deemed as a good and bad gearbox. 



Cost of improvements vs cost saving

  Using the labour cost calculation (Appendix D), and factoring in that the new adaption routine adds two minutes to the rolling road, the below result was calculated. This shows that on average an extra £4.19 is added to the cost of processing each vehicle. 


  If this process is carried out on all vehicles, 4000 forecast for 2024, then this is an additional cost of £16,760 a year. With transmission warranty claims costing £288,000 in 2023 this could result in a year-on-year cost saving to the business of £271,240. Customers will also be receiving a higher quality product which would mean brand image would be kept at its current exceptionally high level of expectation with less returns to dealerships, also meaning intangible costs are kept to a minimum.


7.0 Control

As this project has not long been implemented, there is not enough data to assess the overall effectiveness of the project. If there was, there are some activities that would be undertaken. According to SteveTanner (2024), these would include: -
Identification and documentation of the new working standard.
Development of a quality control plan to ensure the business is working with the same techniques and metrics.
Confirmation of reduction in failures due to targeted cause.
Use statistical process control (SPC) to monitor process execution and identify any issues that arise.
Determine additional improvements if required and streamline using lean principals.
Integrate, document and communicate the lessons learned.
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  The Aston Martin DBX uses a nine-speed automatic adaptive transmission system. Adaptive automatic transmissions use advanced technology to continuously adjust shift points and other parameters based on driving conditions and driver behaviour: -
  Multiple sensors gather information such as vehicle speed, engine torque, throttle position and more. These sensors input to the Transmission Control Module (TCM), the TCM then uses these inputs, feeds them into predetermined algorithms to determine optimal shift points during driving. Essentially these transmissions “learn” and adapt over time. The TCM constantly gathers data such as acceleration rates, braking behaviours and general driving styles. his data is used to continuously refine the transmission's shift strategy and optimise performance for the specific driving style and conditions. Adaptive automatic transmissions adjust shift points, shift timing, and shift firmness to maximise fuel efficiency, performance, and driver comfort. For example, if the driver frequently accelerates aggressively, the transmission may hold onto lower gears for longer to provide quicker acceleration. 
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PROCESS FAILURE MODE AND EFFECTS ANALYSIS

Sign-off
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Part no. reviio i Stuart Rawting
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Vehicles

h outlaying values

Vehicle No. [Peak Touchpoint Adjustment [Units _|Peak Fill Time Adjustment [Units
820204 ) mbar 15 n/a
820229 1460 mbar 18 n/a
820283 340 mbar 7 n/a
820310 1540 ‘mbar 17 n/a
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Vehicles with outlaying values (post gearbox exchange)

Vehicle No. [Peak Touchpoint Adjustment [Units | Peak Fill Time Adjustment [Units
820204 120 mbar 1 N/A
820229 270 mbar 25 N/A
820283 0 mbar 0 N/A
820310 340 mbar 3 N/A
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Recorded Parameters

ROLLING ROAD/[0] : TCM Gear Shift Adaption : 01109 TCM Manual Adaption VIN 820204

Numeric Values
S S T S R
AR

EngineSpeed_2_3_pass_1 1867.5 1500 2000

EngineSpeed_2_3_pass_2 1853.5 1500 2000

2-3 Retry Counts. 2 N/A 5

e e = @

EngineSpeed_2_3_pass_3 1885 1500 2000

2-3 Good Counts 3 3 N/A

EngineSpeed 3 4_pass 1 16035 1500 2000
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2024 Hourly Costs Per Area Calculator

ares Direct Labour [ Overhead [ Fully Loaded | [Fully Loaded/ [ Fully Loaded/ EnterMins/ |\ o] [ EnterSeconds/ T o Total

Rate Rate Rate Min Second Area Area Cost
BodyShop £36.05 £88.96 £125.01 £2.08 £0.0347 £0.00 £0.00 £0.00
Paint £37.46 £79.09 £116.55 £1.94 £0.0324 £0.00 £0.00 £0.00
T&F £33.26 £75.02 £108.28 £1.80 £0.0301 £0.00 £0.00 £0.00
vc £37.64 £87.96 £125.60 £2.09 £0.0349 2.00 £4.19 £0.00 £4.19
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52.01.0G Transmission Assembly Adaptations (General Procedure)

Dsrion
[OfS——
[CIRT

1. @ Note: The NAG3 transmission in the Aston Martin DBX has a number of adaption

routines to aid the function of the transmission and offer better driving performance.
The transmission adaptions are part of a system bedding process and are part of the
normal running in-process. The transmission aapts when it is in a suitable
operating window. The more the transmission can adapt the better the driving
experience.

© The adaption drive for gears 1-5 can be achieved up to 30MPH (48KM/H) and can be
done in 3 car park or residential arez. The gear upshift between 4-5 occurs at
29MPH (47KM/H). The gear downshift between 5-4 off throttle is at 23MPH
(37KM/H). All adaptions can be completed at 2 steady state low speed driving.

2. Complete the transmission warranty report (70.03.HA - Transmission Warranty Report).
Qo0 Workshop Manual Procedure]

3. @ Note: Use a printed copy of the table for the torque windows shown in the image.
the table.

ns are showr

The correct adaption cond

4. Connect the AMDS to the vehicle (70.03.AB - AMDS Operation Check).
[Qon Workshop Manual Procedue]

Select DID (Data Monitor).

Select Run Monitor.

Select File.

Select Sel File.

Select ECU TCM23.

10 Select Load Sel File.
> Use the Sel File supplied from Technical Hub: WORKSHOP INFORMATION>DIAGNOSTIC
INFORMATION>SEL FILE LIBRARY>DBX TCM23 Transmission Adaption.sel.

© @ N9

11, Select Start.
12. Start the engine.

13. Select Vehicle settings in the infotainment screen.
14, Select Drive Modes.

15.  Select Engine data.
> This will show the battery voltage, torque meter in either ki or Nm and transmission oil
temperature in fahrenheit.
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Upshift 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9
. 50-90 | 50-110 | 50-135 | 60-200 | 80-220 | 110-250| 120-250
Engine Torque N
Nm / LB/Ft -- | 37-66| 37-81 |37-100| 44-147 | 60-162| 81-184 | 88-184
Maximum RPM - 2000 2000 2100 2200 2500 2500 2500
Downshift 54 Cold 20 - 45 Degrees Celsius
Accelerator pedal [%] 0 Warm 45 - 70 Degrees Celsius
Hot 70 - 95 Degrees Celsius
Brake torque [Nm] 0

V0-52-01-DG-01
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16.
17.

18.

19,

20.
21

22.

23

Make sure the vehicle is in GT mode.

Set the transmission to D.
> Apply a small amount of throttle until the torque is shown in the infotainment display.

@ Note: Refer to the table in step 3 image for the parameters values.

Slowly accelerate from 1t to Sth gear.
> Monitor the torque on the infotainment screen.
» The acceleration must be smooth and consistent.

@ Note: Do not apply the brakes, allow the vehicle to automatically downshift.

Release the throttle.
* Sth to 4th gears downshi

will occur.

Apply the brakes until the vehicle stops.

@ 1t is not always necessary to complete an adaption drive for 6th to Sth gear. If shifts

between these gears are not smooth however, perform the adaptions iven in step 3
Do step 18 -20 at least three times in the cold, warm and hot temperatures shown in step
3 table.

@ Note: The number of adaptation cycles is shown in the Value column.

@ Note: The NAG3VS (DBX 707) only uses the adaption counter on the cold
temperature.

Use AMDS to do a check of the number of adaption cycles.

le drives smoothly, three adaption cycles 3

e has poor or harsh shifts, more adaption cycles will be necessary until

smooth gear change are achieved.

Complete the transmission warranty report (70.03.HA - Transmission Warranty Report).
Q0 Woresnop Wsnusl Procecure)

Fubiched e 2020-1203 Procedurs s changas: 20210114 103135
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ECU  DIDNo DIDName Value Unts Descrption
01 |Cold23r Courter | old 2:3 Adaption Counter
TCM23 (021 | Wam23Cr Counter Wam 2:3 Adaption Courter
TCM23 (021 | Hot23r Courter | ot 233 Adaption Courter
TCM23 (021 | Co34r Counter | old 34 Adepton Courter
TCM23 Wam34C Counter | Wam 3.4 Adaption Counter
TCM23 | Hot34Ctr Counter | Hot 3-4 Adaption Courter
TCM23 | Coldasctr | Courter | Cold 4-5 Adaption Counter
TcM23 WamdSCir Courter | Wam 4.5 Adapton Courter
Courter | Hot 45 Adapion Counter
Counter 56 Adapton Counter
| Counter Wam 56 Adeption Courter
Counter Hot 56 Adaption Courter
Counter | Cold 67 Adaption Courter
Counter Wam 6.7 Adaption Courter
Counter | Hot 67 Adaption Courter
Counter | Cold 7:8 Adepton Courter
Counter | Wam 7:8 Adepton Courter
Counter | Hot 7-8 Adaption Courter
| Courter |Cold 89 Adaption Counter
Counter Wam 8.9 Adaption Courter
TCM23 | o Counter | Hot 89 Adaption Counter
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Risk Priority Number Analysis
(RPN)

1 2 3 a
1 28 81 168
2 30 8 175
3 32 50 180
a 35 % 189
5 36 8 192
6 a0 100 1%
7 a2 105 200
8 a5 108 210
) a8 112 216
10 a3 120 225
12 50 125 225
1 54 126 240
15 56 128 243
16 60 135 285
18 63 140 250
20 2] 148 252
21 70 147 256
22 72 150 270
25 75 160 280
27 80 162 288
Continual Improvement Action
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Process FMEA Detection (D)

s

Moderate

Moderately

S ASTON MARTIN s
SN
SN

|

ASTON MARTIN

Detection (D)

Detection of the failure cause post-process or failure detection at next station (£0/no g0, manual torque checker). Reliabl
procedures from comparable processes under new conditions (machines, materials)

Reliable test procedures from comparable processes under new conditions (machines, materials). Por
station by operator using automated controls that willdetect discrepant part and notify the operator (ight, buzzer..). Gauging performed on
Set-up or checks made on first-in-frst-out.

Moderately high likelihood the detection measure(s) will detect the failure cause. Detection of the failure cause at next station using
automated controls, which will prevent part from being processed further. Low detection of the failure cause in-station. Reliable test
procedures from comparable processes under new conditions (machines, materials)
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Process FMEA Occurrence (O)

ASTON MARTIN

Occurrence (0)

New process / technology using proven preventive controls. Approximately 5% NOK. Generally associated with similar processes that have

6
‘experienced occasional failures, but not in major proportions.
Moderate  Current process applied to existing commodities with unproven preventive controls. Approximately 1% NOK. Associated with similar processes that
have experienced occasional failures, but not in major proportions.
" New process / technology using proven preventive controls. Less than 15% per model. Associated with similar processes that have experienced

isolated failures.
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Process FMEA Severity (S)

Moderate

Low

|

R ASTON MARTIN e
<N
NS

ASTON MARTIN

Severity (5)

Vehicle is operable, but comfort / convenience features are inoperable. Degraded secondary function. Constant squeaks & attles. Unscheduled
dealer visit. Moderate disruption to the produt which delays delivery. A portion (<100%) may have to be scrapped. CPA 70: Customer
extremely dissatisfied. Damaged, incorrect or missing part. Complaint expected by >70% of customers due to VIS spec or performance failure.

Vehicleis operable, but comfort / convenience features operate at a reduced level of performance. Intermittent squeaks & rattles. Repaired at
scheduled dealer visit. Moderate disruption to the production line whereby 1005 of the product may have to be re-worked off-line. CPA 30; Defect
Roticed by average customer. Major cosmetic item / Poor appearance. Complaint expected by >30% of customers / VIS spec, performance or

Minor disruption to the production line. The product may have to be sorted and a portion (<100%) and re-worked on-line after the station /
ion. CPA 30: Defect noticed by average customer. Major cosmetic item / Poor appearance. Repaired at scheduled dealer visit. Complai
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PROCESS FAILURE MODE AND EFFECTS ANALYSIS

Sign-off
Supplier ‘Aston Martin
Component / Syst. : Tmnsm‘TSES;‘:"’R"“d Process Responsibility:  Aston Martin/Supplier
Part numb AT252709819 Mercedes Benz
Part no. revis N/A Prepared b Stuart Rawling Revision: 1
17-Nov-2023
Vehicle Program( Av8
Signature Signature
Core Team:  Aston Martin Engineer: __ Chris Beddoe Supplier Engineer: N/A
Aston Martin Quaiity Eng Pete Harry ‘Supplier Quality Engineer: N/A Name Name
Other: Other.
= > 8] cumemt | cumemt | 5] _ Action Results
e — Potential Effect(s) of| 5 E Potential Cause/ S | Process Process § Z |Recommended  |Responsible 2|§|2|=
- Failure 3 |5 |Mechanism of Failure 3| controls | controls | £| & |Action Person(s) Actions Taken | 8|38/
requirement 5 ! 3 HEE
&8 | Prevention | Detection |Q 31818
Transmission adaption | Poor gear shifting Customer 7 [Mechanical failure (Gears) DTC read it introduce Chris Beddoe,
routine at road test dissatisfaction and fault if failure transmission Mark Mutschler,
sub-standard riggers fault calibration routine |Bosch
performance
7 [Low gearbox oil Signed off at |None
supplier
SC|Gearbox adaptions None Introduce Chris Beddoe,
unsuccessful transmission Mark Mutschler,
calibration routine |Bosch
Mechanical failure (Clutch) DTC read it infroduce Chris Beddoe,
fault if failure transmission Mark Mutschler,

triggers fault

calibration routine

Bosch
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2024 Hourly Costs Per Area Calculator

‘Direct Labour | Overhead | Fully Loaded | ["Fully Loaded/ | Fully Loaded/ | [ Enter mins/ Enter Seconds/ Total

Area Rate Rate Rate win Second Area Mins Cost Area Secscost| ) cost
[Bodyshop. 3605 | essse | ewzsor €208 00347 000 000 000
paint 3745 | £79.09 | e11655 194 00324 000 000 000
[rar 3326 | £7500 | ei0s28 180 £00301 2000 2000 2000
v 3764 | £879 | e12560 200 200349 2000 2000 2000





