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1.0 Introduction.

The below technical report intends to analyze Aston Martin Lagonda’s current maintenance strategy within the St Athan Bodyshop facility. 

The report intends to investigate the current approach to maintenance in a specified area of the business and consider what is currently pragmatic and what areas of current strategies could be revised to be improved. 

Whilst recognising opportunities for improvement, the report also discusses the change management techniques utilized to generate these changes and how these will influence daily maintenance activities.

Post successfully implementing these changes, the business also begins to consider which actions are required in the immediate, intermediate and long term to further improve the business approach to maintenance. 




























 


2.0 Critical review of current Maintenance Practices.
[image: ]The business intends to review the current maintenance strategy of the Cold Cure Adhesive Application Robot, located within Station 540 in the Body in White Area of Aston Martin St Athan Bodyshop, as seen in figure 1.
(Figure 1 – Cold Cure Adhesive Application Robot and Turn Table
Reference – Aston Martin Lagonda, 2023)

The cell consists of a Comau 6 axis robot, which applies Betamate 2810 adhesive to both the left & right hand side Rear Quarters (Sub assembly and completed parts), TLS upper and lower and boot floor for both the standard and high power variants of the Aston Martin DBX. 

The parts are loaded to the Turn Table, which rotates 180° to begin being processed via the adhesion application robot. The turn table differentiates which parts are to be processed via the adhesion application robot through clamp locations located on the turn table, as this is connected via the PLC, when the proximity sensors are activated the TIA PLC ladder logic is configurated to call a robot programme that calls  the correct SCA application program, as displayed in figure 2. 
[image: ]
(Figure 2 – TIA15.1 PLC Configuration for the Clamp Locations on Turn Table
Reference – Siemens TIA, 2023)

With regards the loading strategy of the parts to the turn table, the technician is to utilize the relevant locating pins to secure the parts, as displayed in figures 3 and 4.
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(Figure 3 – TLS Upper Assembly Loading Strategy to Turn Table
Reference – EASE Works, 2023).
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(Figure 4 – Right Hand Side Rear Quarter Inner Lower Assembly Loading Strategy to Turn Table
Reference – EASE Works, 2023).

The bead path outputted via the adhesive robot must be 8mm diameter, to ensure this is possible lineside personnel are to ensure the nozzle head is replaced and cut correctly as part of first line maintenance checks on a daily basis, as seen in figure 5.
[image: ]
(Figure 5 – Process of Removing and Cutting Adhesive Bead Nozzle
Reference – EASE Works, 2023).
The robot post successful loading has an 11 minute cycle time to apply adhesive to the part respectively. 

Post successfully loading, the robot will purge 90 cubic centimeters (45 cubic centimeters of  glue and 45 cubic centimeters of activator) in order to remove the betamate 2810 activator from the nozzle prior to re-processing a new component.

Post successfully purging, the technician on station has 11 minutes to observe the gluing process, as seen in figure 6, and to fit the component to the exterior panel of the vehicle. Post completion of the process, the robot will continue to purge once again, thus pushing betamate 2810 activator to the forefront of the Nozzle. This process is essential from a cost perspective, as a failure to do so will result in both activator and hardener remaining in the nozzle which will solidify during the part loading interval, thus resulting in a replacement nozzle being required.
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(Figure 6 – Right Hand Side Rear Quarter Inner Completed Adhesive Bead Process
Reference – EASE Works, 2023).

Post successful completion of this process, the parts are removed from the turn table and fitted to the vehicle (via a Pantograph/composite framer), where the part is clamped to the exterior shell of the body (vehicle TUB). As previously stated, the technician has 11 minutes post pressing to ensure the adhesive bead is closed, where a hot curing process is activated where the part is withheld to 90°c for 12 minutes. Post successful completion of this process, all parts will be secured to the vehicle. 



























2.1 Legislative Requirements Of Maintenance.

Aston Martin recognizes that effective maintenance is essential to comply with legislative safety standards through the Health and Safety at work act 1974 and throughout the provision and use of Work equipment regulations 1998 (PUWER).

The work equipment regulations place a responsibility on businesses who require employees to utilize machinery to “ensure work equipment is maintained in an efficient state, in efficient working order and in good repair” and “where work equipment is exposed to deteriorating conditions liable to result in dangerous situations, it must be inspected to ensure faults are detected in good time so the risk to health and safety is managed” (HSE, 2021). As a result, the business utilizes Maintenance to comply with ISO9001 standards, which protects the business from a legal perspective, whilst also ensuring all components do not have a detrimental effect on the quality of the product produced nor the delivery of finished goods.




















2.2 What is Good about Current Maintenance Practices.
[image: ]Aston Martin recognises the importance of the cold cure machinery and subsequently withholds a preventative maintenance strategy, as displayed in figure 7.
(Figure 7 – Preventative Maintenance Matrix
Reference – Power Point, 2023)

[image: ]As a result of the implementation of a preventive maintenance strategy, the business has generated a standardised maintenance schedule which is reviewed daily, as seen in figure 8.
(Figure 8 – Bodyshop Maintenance Schedule
Reference – Power Point, 2023)



The maintenance strategy segregates components within the manufacturing facility based upon their severity of failure, which is categorised as:

· High Importance – Statutory maintenance which must be completed, failure to do so will result in a direct safety / legislative negligence. This equipment must be maintained as per the planned preventive maintenance schedule.

· Medium Importance – Failure to maintain to the planned preventative maintenance schedule may result in a significant detrimental impact to the quality / cost of its primary function. Machinery identified within this sector should be maintained to the maintenance schedule as there is a subsequent risk to the operator using the equipment, quality of the primary function of the equipment which has a direct influence on the business’ ability to satisfy internal delivery targets.

· Low importance – Preventative maintenance of low priority may be left, lower priority items can be those with robust parallel process’. 

A key advantage to utilising a preventative maintenance strategy is the increasing of a equipment’s longevity. A consistent maintenance schedule will extend the mean time to failure of the equipment in question, which will subsequently result in an extended life expectancy of all machinery. This is possible through the implementation of a effective maintenance strategy as potential issues within the component will be addressed frequently which prevents them from becoming major issues, “when a technician can identify the beginnings of a problem before it accelerates, its easier to treat it and prevent it from worsening” (Hunter, 2020). 

[image: ]As a result of this schedule, technicians are provided with preventative maintenance documentation for both the robot and the SCA Adhesive applicator, as seen in figure 8 and figure 9.













(Figure 8 – Planned preventative maintenance strategy of Robot
Reference – Microsoft Word, 2023)
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(Figure 9 – Planned preventative maintenance strategy of SCA Adhesive Application System
Reference – Microsoft Word, 2023)
As discussed, the implementation of an effective maintenance schedule derives the work instructions required to sufficiently maintain both the robot and the associated SCA equipment utilised to complete the adhesive application process. 













2.3 What is Poor About Current Maintenance Practices.

Despite the successful implementation of a planned preventative maintenance strategy, it has become apparent the businesses approach to asset management places the business under the potential risk of poor plant availability. During the initial prototype stages of the DBX’s commissioning phase throughout the Bodyshop, the business did not record machinery failure modes and operated utilizing a reactive maintenance strategy, “reactive maintenance involves responding to equipment malfunctions or breakdowns after they occur in order to restore the asset to normal operating condition” (Warren, 2020).  As these incidents were not recorded, the business does not have sufficient data to analyze the mean time between failure / repair of components within the Bodyshop. As a result of this, current preventative planned maintenance documentation has been developed purely from technical data sheets provided via Comau (robots OEM) and not recorded failures from within the facility, therefore raising ambiguity as to the accuracy of the current preventive maintenance procedures.

Also, due to previous management direction, the business currently does not withhold any on site critical spares, thus putting the business at risk of poor asset availability, “the use of QRCM decision process depends on the failure distribution, the degree of redundancy and whether the cost of the maintenance action is justified by saving in operating costs, safety or environmental impact” (Smith D. J., 2017). Whilst considering the cold cure equipment in the Bodyshop, as there is no current parallel process, if a component within the machine fails the business will be unable to complete this process until a likewise replacement component is sourced.











3.0 A full evaluation of how the current approaches to maintenance Have been Improved.

To further improve the business’ preventative maintenance strategy as previous breakdowns were not recorded, it would be a worthwhile consideration to the business to revise the current PFMEA for all equipment, in an attempt to gain a further understanding of potential failure modes. 

[image: ]Initially, the business’, in an attempt to streamline maintenance activities, has generated a value stream map which displays the generic methodology of how a maintenance technician is to complete planned preventative maintenance operations, as seen in figure 10, “value stream mapping identifies the non value added components and recreates the process as a value stream” (Smith & Hawkins, 2004).

(Figure 10 – Planned Preventative Maintenance Process Generic Flow 
Reference – Microsoft Word, 2023)

The primary function of quality management system is to ensure that all maintenance completed, as per the maintenance schedule, is completed efficiently in a consistent manner, in an attempt to promote safety to the operators and quality of the product without subsequently effecting delivery. 

The new methodology, contrary to previous approaches, now proposes a clear emphasis on PFMEA scoring to determine the maintenance strategy in place and also implements a ground up approach to the maintenance strategy, where the technicians are able to provide suggestions on how to improve current practices. To implement this change, the business has incorporated Lewins freeze, unfreeze, freeze change management model to efficiently manage the change into the business, as it is possible to be implemented as both a top down and bottom up change management technique, “Kurt Lewin developed a change model involving three steps : unfreezing, changing and refreezing. The model represents a very simple and practical model for understanding the change process. For Lewin, the process of change entails creating the perception that a change is needed, then moving towards the new desired level or behavior, then finally solidifying that new behavior as the norm” (Hartzell, 2021). During the initial “freeze” segment of the change management technique, the business provided clear communication to the maintenance technicians of the detail of the change by analyzing why current procedures must be reviewed whilst also emphasizing the extent of the influence the technicians will have on the change due to their experience working with the equipment in question. During the change segment of the implementation method, the business began the implementation of the PFMEA review process collaboratively where RPN scores for equipment failure modes were generated. Here the business utilized the technician’s knowledge on the machinery within the Bodyshop to generate accurate risk priority numbers for specified failure modes across the machinery in question. During this segment, to prevent resistance to change, a clear emphasis was placed on how the reviewing of the PFMEA scoring will directly benefit the business from a top-down approach, as such analysis will ultimately result in the business generating a more accurate critical spares list and will subsequently drive change into the planned preventative maintenance schedules currently in place, “A PFMEA helps maintenance departments prioritize preventative maintenance (PM) work orders by providing a method for measuring the varying impacts of equipment breakdowns.” (Eisner, 2022).
[image: ]
(Figure 11 – PFEMA Analysis of Station 540 Cold Cure Robot
Reference – Microsoft Excel, 2023)

As seen in figure 11, the PFMEA analysis conducted raised concerns which has not previously been accounted for when issuing preventive maintenance practices. As seen for the encoder failure mode on the axis of the cold cure robot, the current maintenance schedule does not account for this as a preventative maintenance action. Additionally upon utilizing PFMEA analysis, it became apparent that the business currently does not withhold any critical spares for this component. Due to the robot consisting of six axis, therefore resulting in six encoders fitted to the component, the business identifies that it is now at risk as there is potentially a risk to machine availability if a component fails, with no corresponding parallel process. As a result of this, the preventative maintenance practices have been updated to represent these working activities, as seen in figure 12.
[image: ]
















(Figure 12 – Revised Planned Preventative Maintenance Strategy Post PFMEA Analysis
Reference – Microsoft Excel, 2023) 

As the business has begun the implementation of this strategy, to finalise Kotter’s implementation strategy the business has implemented two weekly meetings to continuously improve the accuracy of the documentation. As the PFMEA documentation develops, the intention of the activity is to materialise a more accurate preventative maintenance strategy / critical spare list. 

Another area the business recognized has a poor operating standard was the business intelligence’s inability to collect / analyze machine availability through the mean time to repair and mean time between failure. Upon analyzing the station, it became apparent to the team that the business was utilizing a siemens PLC to control the operation of the robot, it became increasingly apparent that the equipment had SQL connectivity where all faults raised from the equipment were populated with a description, fault code and time of the error occurring / time being resolved in a common SQL database, “SQL database or relational database is a collection of highly structured tables, where each row reflects a data entity, and every column defines a specific information field. Relational databases are build using the structured query language (SQL) to create, store, update and retrieve data” (solarwinds, 2022). As the business recognizes that due to the structural infostructure of the robot included this data collection method, the team began exporting this information from the database through efficient use of SQL code, as displayed in Figure 12, “SQL queries can accomplish a few different tasks. Primarily, queries are used to find specific data by filtering explicit criteria. Queries also help automate data management tasks, summarize data and engage in calculations” (Andrew Zola, Database Managment, 2018).
[image: ]
(Figure 12 – SQL Query for machine efficiency
Reference -   Microsoft SQL Server Management Studio, 2023)
Whilst analyzing the code – it can be interpolated into three dimensions:
· “SELECT” clause – During this segment of the code, the writer is instructing the code of which columns of data are to be included in the report. Here the coder has included data surrounding the Station Number, build number, tub number, carrier number, tag name, tag description, tag type, tag integer, alarm number, start of breakdown time and end of breakdown time. The coder has also specified through efficient use of the “datediff” function (“DATEDIFF(SECOND,FD.StartTS,FD.EndTS)) / 60 [Total Down Time Minutes]”) the difference in time between the break down commencing and the break down being resolved, divided by 60, to provide the total down time in minutes of the machine in question. The derivation of this additional column will later provide the business analytical data as to the equipment with the greatest down time.

· “WHERE” Clause – The where clause is the filtering segment of the code. During the initial line of the code, the coder states that the code is not to return a value of total down time greater than 32400 seconds (9 hours), as this prevents data being collected where a machine has failed at the end of a shift and has not been rectified until the following morning, as a production day is 9 hours long. The code also specifies that as a data range, the report will include the previous 90 days of data from the current date, to provide insight to the business of machine performance over a respectable time period to allow for data driven decisions to be concluded. The coder has also specified that columns of data are only to be returned where the tag type is equal to alarm. The coder has also specified that the data is organised via the start of breakdown time in descending order, thus organising the data sequentially from the most recent breakdown throughout the specified 90-day period.

[image: ]Post running the code, as seen in figure 12, it is possible to view the raw data table of which obliges to the conditions stated within the SQL Query, of which returns 19, 525 rows of data for the business to analyse.

(Figure 12 – SQL Query Results
Reference – Microsoft SQL Server Management Studio, 2023)

[image: ]Post gaining the relevant data in its raw form, the business is now able to utilize Microsoft’s power Bi software to visualize the data set collected. Post completing this process, as seen in figure 13, through efficient utilization of pareto analysis, the business has generated a reporting strategy which allows analysis for the highest occurring failing machinery and analysis of which machine has the greatest amount of down time over a specified period of time. 
(Figure 13 – New Business intelligence tool Which Allows for Machine Efficiency calculation
Reference – Microsoft Power Bi, 2023)

The advantage of utilizing a SQL reporting strategy as a primary data source for the reporting strategy is its ability to upload live data from the production line with no opportunity for ambiguity, which is possible when manually collecting data. This also allows the business to demonstrate continuous improvement to comply with internal / external audits. 

The business also recognized as per the TQM strategy, that there was not an alternative plan to ensure maintenance tasks were completed if the technicians were unable to complete operations as per the maintenance schedule.
[image: ]

Figure 14 – Planned Preventative Maintenance catch back sheet
Reference – Microsoft Power Bi, 2023)

[bookmark: _GoBack]As seen in figure 14, the business has now implemented a preventative planned maintenance check sheet which is to be utilized if a technician is unable to complete maintenance activities as per the maintenance schedule. The introduction of this document provides the business with a visualization of work which has yet to be completed and provides a level of accountability on the business to conduct said maintenance tasks retrospectively, thus reducing the probability of premature failure of a component prior to the next maintenance interval.















7.0 	A Consideration of Costs and resources required to implement proposed 
changes.

Whilst considering that the changes implemented into the business to improve current maintenance strategies were cost free, there were indirect costs to work completed.

As the business has utilized maintenance technicians within the re-writing of the PFMEA’s, the technicians required direct training (Provided internally via the cross functional team) on how to accurately conduct PFMEA analysis. As a result of this, the business experienced an indirect cost in implementing this strategy as the maintenance resource were excused from the shop floor to attend training, thus resulting in a loss of productivity amongst the maintenance team due to the resource being distributed elsewhere. 

Also, post completion of the PFMEA analysis, it has become evident that whilst re-writing standardized preventative planned maintenance activities, the occurrence and quantity of checks that must be completed has increased. Despite the team having adequate resource to facilitate these changes, it is important to note that repairs and maintenance within a manufacturing facility are indirect costs, and as these increase in quantity the indirect cost also increases. However, the business accepts this increase in cost as the cost of a major production disruption which hinders delivery would supersede this.

The business also experienced an indirect cost during the generation of the automated machine efficiency report. During the code writing period, this required an engineer to be relieved of his workload for three production days to collect all relevant data, thus resulting in a loss of resource. However, the business accepts this cost as this allows for Aston Martin Lagonda to make data driven decisions to aid the business. 







8.0 Conclusions/Recommendations.
The above technical report has discussed how Aston Martin Lagonda has improved its planned preventive maintenance activities. The businesses current strategy is solely based upon Comau’s maintenance interval recommendations which does not represent failure modes experienced via the onsite maintenance department. As an alternative, the business has begun utilizing PFMEA analysis in an attempt to target high risk priority number (RPN Number) operations to align daily maintenance operations. As a short-term goal, the business intention is to continue developing the PFMEA system through efficient cross-departmental communication (utilizing Lewins freeze, unfreeze and freeze change management technique) to mature current maintenance practices.  In tandem with this activity, due to the direction of previous management, the business does not withhold any critical spare’s on site at St Athan – thus putting the business in risk of poor asset availability in the instance of a component failing. Budget dependent, the business intends to utilize the RPN scores outputted to begin optimizing an onsite critical spares warehouse to provide the business with improved asset availability in the instance of a breakdown.  

As a medium length recommendation, the business intention is to begin improving the data integrity of the SQL automated machine operation report, removing any potential rows from within the selected data range which may be causing ambiguity. Post successfully completing this, the business has confirmed it has intentions of replicating this reporting strategy across its World Headquarters in Gaydon, where the Aston Martin sports car range is manufactured. 

As a long-term permanent solution, the business has committed to integrating a computerized maintenance management system into the Bodyshop, which will “centralize maintenance information and facilitates the processes of maintenance operations. It helps optimize the utilization and availability of physical equipment like vehicles, machinery, communications, plant infostructures and other assets” (IBM, 2018). Aston Martin Lagonda has begun the implementation of FLUKE’s E-maint CMMS System into the trim and final assembly area and has ambitions of implementing the system to the St Athan Bodyshop by September 2023. The implementation of this strategy will allow the business to further understand / develop all asset classification RPN numbers, link maintenance, repair, spares to further understand asset life cycle costs, optimize on site critical spares storage and implement standard planned preventative maintenance practices in line with asset criticality. 
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/*xxxx% Script for SelectTopNRows command from SSMS —*xxxxx/
SELECT FD.[ID]

LFD. [StnNo]

,FD. [BuildNo]

LFD. [TubNo]

LFD. [CarrierNo]

,FD. [TagName]

,FD. [TagDesc]

,FD.[TagType]

LFD.[TagInt]

,FD.[TagReal]

LFD.[TagStr] [Alarm No]

LFD. [StartTs]

,FD. [EndTS]

, (DATEDTFF(SECOND,FD.StartTS,FD.EndTS)) / 60 [Total Down Time Minutes]
FROM [AMLDCBody] . [dbo] . [FullDatalog]FD

WHERE
(DATEDIFF (second,FD.StartTs,FD.EndTS) < 32400 ) --Total Downtime of 9 Hours Remove from code
AND FD.StartTS > DATEADD(DD,-90,getdate())

AND FD.TAGType = 'ALARM'

ORDER BY FD.StartTS DESC
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BuildNo.

TubNo
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TagName.
ns=1:s=DataManagementDB_Sin351_StatusWords_Fa.
ns=1:s=DataManagementDB_Sin353_StatusWords_Fa.
ns=1:s=DataManagementDB_Sin353_StatusWords_Fa.
ns=1:s=DataManagementDB_Sin351_StatusWords_Fa.
ns=1:s=DataManagementDB_Sin351_StatusWords_Fa.
ns=1:s=DataManagementDB_Sin352_StatusWords_Fa.
ns=1:s=DataManagementDB_Prb350_StatusWords_Fa.
ns=1:s=DataManagementDB_Prb370_StatusWords_Fa.
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ns=1:s=DataManagementDB_Sin150_StatusWords_Fa.
ns=1:s=DataManagementDB_Sin145_StatusWords_Fa.
ns=1:s=DataManagementDB_Sin155_StatusWords_Fa.
ns=1:s=DataManagementDB_Sin160_StatusWords_Fa.
ns=1:s=DataManagementDB_Sin160_StatusWords_Fa.
na=1s=HDatAMAnAnementDR Sin185 StatisWords Fa

TagDesc

Stn Stn351 Fault No.
Stn Sin353 Fault No.
Stn Sin353 Fault No.
Stn Sin351 Fault No.
Stn Sin351 Fault No.
Stn Sin352 Fault No.
Stn Prb350 Fault No.
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Stn Stn150 Fauit No.
Stn Stn145 Fault No.
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TagType
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
ALARM
a18RM

Taghnt
497
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StartTs
20230331 1051:06.930
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EndTs.
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Distribution

ASTON MARTIN

e
.'SEE':T;, PPM desorition Reason for Delag RevisedPPM | 2 |2 |5 | 5 | onectoses Addiional Comments

Feb23 | RO Check Horness Looms on SCA Equitment Accestlty, Roscheduled o cofncide wilh Mabsle | Commencing Rescheduled one-mant (WO Nos 4122)
Ma23 | D Check Mosamall top up tube is full Asset availablity 06-May Rescheduled on e-maint (WO No: 3876)
Mar23 | RD |  Cold Cure Adhesive Robot General Condition Check Labour avalability -Apr Rescheduled on e-maint (WO No: 4154)
Ma23 | D SCA Equitment General Conition Check Labour avalability -Apr Rescheduled on e-maint (WO No: 4155)





