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1.0 Introduction
Aston Martin is a business that prides itself on the quality of its products, to maintain its reputation as a prestigious sports luxury car manufacturer. Alongside having a clear focus on quality, it is important the business does not subsequently sacrifice delivery, which may cause further financial implications to the business.

Post successful launch of the Aston Martin DBX 707, the business has recently had a significant up-volume in production to accommodate market demand, increasing from 66 units per week, to 110 units per week.

This up-volume in production has seen the business implementing a line balance activity to ensure all work across the production line is evenly distributed. This technical report demonstrates how the business generated an automated reporting system which allows for the analysis of consistently over-cycling stations to be identified, and the techniques utilized on these stations to ensure operators are able to complete they’re manufacturing process within the business’ desired takt time. The business is set to consider the seven wastes of manufacturing method to aid production in achieving they’re desired takt time.



































 2.0 Aston Martins Current Downtime Report – Data Collection Plan 
[image: ]Aston Martin currently utilizes an Andon system to highlight when technicians are unable to complete their standardized working process within the TAKT time required to ensure enough units are manufactured to satisfy customer demand. At Aston Martin, the Andon is raised by the technician on a specified station, where technicians will then receive additional support by both manufacturing engineering and lineside seek and repair technicians.  
 (Figure 1 – Aston Martins current live production ANDON Board.
Reference – Aston Martins Manufacturing Engineering Intranet, 2022)

 Aston Martins initial query was of all working stations, which is the station with the highest Andon occurrence. As seen in figure 1, Aston Martins current system provides the population of a table of daily Andon statistics, but does not offer the business visibility of historical Andon data, thus meaning the business currently cannot make business intelligent decisions as to what stations require additional support post recent balance activities. 

As this data is inputted into the current system, the configuration of Aston Martins systems means all historical data will be located within a common SQL database. Thus meaning, the business must utilize SQL code to extract this data using a conditioned query, to then visualize this data. The implementation of SQL code into the business allows for conditioned queries to be generated, which allows for large data amounts to be retrieved, which subsequently provides the business with greater information to make informed decisions based upon reliable data, “Large amounts of data is retrieved quickly and efficiently through SQL code”. Manipulation of data is also done in almost no time” (GeeksForGeeks, Advantages and Disadvantages of SQL, 2021). 

The advantage of utilizing SQL code is apparent to the user post generation of the conditioned query. As this query returns specified values, upon visualizing this data set there is no longer any manual intervention from the user to be completed, thus providing the business with greater insight as to production performance, all of which is accessible instantly through refreshing the Microsoft Power Bi document it is visualized upon.
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 (Figure 2 – SQL Conditioned Query to Collect Relevant Andon Data
Reference – Microsoft SQL Server Management Studio, 2022).

When analysing code created in image 6, – It can be interpolated into three dimensions:
· “SELECT” Clause - During this segment of the code it is have specified what columns of data the user would like to include in the report. Here the coder has tailored the report to include data surrounding Station number, Build Number (Unique internal identifier for a specified spec – BOM will be unique), Start time, in attendance time, Resolved time, Technicians and comments. The inclusion of these comments allows us to identify the station at which the ANDON has been turned on and the effected Build Number (In the event the comments section states the Andon has been raised due to a quality issue which will require re-work). Aston Martins current ANDON systems begins (Highlighted as the “Start” column within the code) when a technician raised the Andon. Upon support arriving, the supporting technician/engineer is to then press the ANDON button once again to notify production senior management that the issue is being investigated. Post completion and the station is prepared to move, the Andon button is to be pressed for its final time to release the production line (As represented via the “Resolved” column the coder has decided to include within the query). The SELECT clause also includes a calculation which will provide the user with the total downtime for a specified station in Seconds, (“(DATEDIFF(SECOND,AH.Start,AH.Resolved)) / 60  [Total Down Time Minutes]”). This calculation determines the total difference between the Start and resolved period of the Andon being raised on every occurrence, thus allowing the business through Pareto analysis  to identify what working station throughout the production line is responsible for the majority of the business’ downtime. It is also important to note the coder has included a line of code to specify the total downtime on a given station in minutes, by calculating the difference in seconds between the time of the Andon being initially raised and the Andon being completed. This has been included as when pareto analyse is conducted in the visualisation it is possible to analyse which working station has the highest contributing downtime in minutes.
·  “WHERE” Clause – The where clause is the segment of the code where resulting data can be filtered, “The WHERE clause in SQL is used to filter records. It is used to extract only those records that fulfil a specified condition. In the above SQL code it is possible to denote that the coder has specified to only display 90 days’ worth of data, thus ensuring the team are only considering recent data within they’re analysis (“.Start > dateadd(dd,-90,GETDATE ()))”.






































 3.0 Visualizing Aston Martins Improved Downtime/Andon Tracker[image: ]
 (Figure 3 – Visualization of SQL Query 
Reference – Microsoft Power BI,2022)

Post successful generation of the SQL query, to determine the business’ consecutively over-cycling stations it was imperative to utilize an efficient reporting strategy to allow the business to have visibility of this data set. To efficiently provide this data to the business, it was possible to utilize Microsoft’s Power BI (Business intelligence) to generate an automated dashboard, which will display the Andon statistics for the business live. Microsoft Power Bi is a “business intelligence platform that provides nontechnical users with tools for aggregating, analysing, visualizing and sharing data” (Scardina, 2022). 

Utilizing this visualization package, it was possible for the business to utilize pareto analysis as seen in figure 3. The pareto analyse at the top of the visualization provides the business insight as to which station has the highest downtime in minutes, whereas the bottom visualization allows the business to identify the station with the highest number of Andon calls.

The process of generating this report was imperative to the team prior to commencing the project, as it contextualizes data outputted live from production allowing the manufacturing engineering team to make data driven decisions as to what areas to target within the assembly line. Prior to the addition of this report, the business did not have historical data visualization to make informed decisions to determine potential bottle necks across the assembly line.   














4.0 Analysing Andon Report and Lean Improvements.
Post successful creation of the automated ANDON report, post April shut down the business undertook a line balance activity where DBX 707 units increased from 76 units per week to 110 units per week. Therefore, initial analysis was partaken to consider the highest contributing station to downtime between 25/04/22 (week commencing new takt time) and the 06/05/22 (Date project was given). The data shows that the business’ worst performing station post balance was station 4095, where the primary process is to fit both front seat belts and the vehicles battery. As per the Andon report, whilst considering the ANDON was raised for a total time of 793 minutes over 9 production days during this period, it became apparent Aston Martin was potentially losing 88 minutes per day due to over-cycling on this station, thus meaning the business was making a loss of 4.8 units a day, at a price per unit of £158,000 (Assumption of lowest specification model). 

As per this analysis, it was agreed amongst the manufacturing engineering team to begin a project to reduce non-value added activity and improve process efficiency, considering the Muda 7 wastes  in the form of “transportation, inventory, motion, Waiting, Overproduction, Over processing and defects” (Skhmot, 2017). 

Motion
As briefly discussed, station 4095 is responsible for the fastening of both safety and performance critical joints including that of the brake pipe boosters, cabin harness fitment and front seatbelt fixing operations. Upon analysis of the individual assembly process’ the technicians were undertaking, as seen in figure 4, it became apparent that individual DC Tooling Processes were completed efficiently, but the sequencing of DC Tooling operations around the vehicle involved a substantial amount of motion for technicians, as seen in figure 5.
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(Figure 4 – Process Flow Chart of Brake Booster LHS Secure Process
Reference – Microsoft Excel, 2022)
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 (Figure 5 – DC Tooling Operation Sequence Prior to Lean activity
Reference – Microsoft Excel, 2022)
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(Figure 6 – DC Tooling Operation Sequence Post to Lean activity
Reference – Microsoft Excel, 2022)

Post initially analysing the DC Tooling sequence it became apparent a sequential sequencing of DC tooling activity was an efficient technique to reduce motion within the manufacturing process, as seen in figure 6. Whilst considering this change, the business calculated a minute and a half saving per vehicle, which is a contributor to the reduction in Andon calls to the area. 


Waiting
Another improvement supported via the business was the introduction of additional DC Tooling to the area – to prevent the technicians from Waiting within the manufacturing process. The DC Tool purchased cost the business £3000, and the business expects to see a time saving of thirty seconds per vehicle due to the implementation of this additional tooling post conducting a time in motion study. As discussed, the benefit of implementing this additional tooling is a saving of thirty seconds per vehicle, thus justifying the company’s decision to implement this tooling improvement.

Over Processing 
Post analysis of the stations work content, it became apparent the technician on station was required to sub-assemble items on a lineside work bench, prior to securing the assembled item to the vehicle. Due to this process being non-value added, it became apparent the over-processing of double handling of the primary strikers (As seen in figure 7/8), Brake Boosters, 48V Cooling Pipe and Driver forecast brackets are non-value-added activities. As seen in figure 5 also, the sub assembly bench, where additional inventory including fixings and parts are located, is around 15 feet away from the point of fitment. 
[image: ](Figure 7 – LHS Primary Striker Sub-Assembly process – Step 1
[image: ]Reference – EASE Process Planner, 2022)
(Figure 8 – Final LHS Sub Assembly Process Prior to fitment to Vehicle
Reference – EASE Process Planner, 2022)

Whilst considering this waste, the business decided to remove all sub assembled parts from all stations across the production line and incorporate a working station which is solely responsible for the produce of sub-assembled parts. The advantages of this from a manufacturing perspective is it now possible to further reduce waste on the main line assembly areas, thus meaning the TAKT time across all stations (and working load) is significantly lower. This is due to the technicians now no longer having too double handle parts, which have been sub assembled and then require fitment to the vehicle. It also reduced the transportation required via the technicians on station as there is no longer a requirement for excessive walking to collect parts and assembled parts to the vehicle. It is also important to note the transportation of completed parts between Station 4095 and the common sub-assembly area is conducted via a DHL operative and not that of a Aston Martin technician, thus meaning the completed part is presented to the technician completed and ready for fitment to the vehicle, thus resulting in lineside inventory being completed goods rather than that of raw produce which requires processing. It Is important to note there is no additional cost to Aston Martin when requesting a DHL operative to deliver these parts, as this works as an extension of the current LCR process partaken by the DHL operative. As a result of sub-assembled parts being removed from the main line station, it became apparent the business was able to save seven and a half minutes from the assembly process, thus being a lead contributor in reducing the time taken to complete this process, through subsequently reducing transportation, over processing and motion from the process.

Inventory
Whilst considering lineside inventory, it has evident that the reduction of lineside inventory is not possible, but the exchange of raw material to completed goods lineside has significantly increased due to the successful implementation of the lineside sub assembly area. 

However, it became apparent that the organization of lineside inventory within its racked area could reduce technician lead time further. 
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(Figure 9 – Station 4095 Inventory Location to Point of Fitment Spaghetti Diagram
Reference – Microsoft Excel, 2022)

As seen in figure 9, post re-organization of the lineside racks, utilizing a spaghetti diagram it is possible to identify the location of fitment of all lineside parts and allow for the parts to be placed as close to point of fit to efficiently reduce non-value added walking to obtain parts. 

[image: ]
(Figure 10 – Station 4095 Rack A and B Content 
Reference – Excel, 2022)

As seen in figure 10, both rack locations A and B have been re-arranged to include all seatbelt variants for both LHS/RHS front and rear variants. Please note as previously discussed, post the line balancing activity this station became a two-man operation, therefore man 1 (Who operates on the left-hand side of the track) must obtain man two’s seatbelt guides, and pass these through the vehicle upon fitment. As this could be considered a non-value added activity as this is double handling parts, the business accepts  this activity an essential non value added activity due to the real estate available around the station – as lift assistors for both the Vehicle Battery and CPC Module flash station populate the majority of the RHS of the track.

 
[image: ]

(Figure 11 – Station 4095 Rack C Content 
Reference – Excel, 2022)

As per figure 11, all completed sub-assembled brake lines and battery clamps are delivered to the lineside storage area. As previously discussed, with the implementation of the lineside sub assembly area the quantity of lineside inventory remains the same, but due to the time saving affiliated with this activity the business accepts this as it increases process efficiency. 





[image: ]
(Figure 12 – Station 4095 Rack D Content 
Reference – Excel, 2022)

Due to lineside area restrictions, rack D as seen in figure 12 includes the computer powertrain controller requires software download prior to fitment to the vehicle as seen in figure 8. Placing this electrical module within Rack D minimalizes movement for the technician whilst flashing the ECU prior to fitment to the vehicle. 

The re-configuration of station inventory allowed the business, as per result of a time and motion study, a thirty second saving per vehicle. Due to there being no affiliated cost involved with initiating this lineside inventory change, the business considered this time saving a success whilst considering the reduction in Andon calls to the station in question. 





















Defects
Whilst considering the change of DC Tooling sequencing it was imperative the business did not incorporate further defects (NOK fastened joints) into the manufacturing process. A tightening operation is considered NOK when pre-set torque and angle parameters are not met during the fastening process, which is brought to the technician’s attention via a flashing LED within the tool itself. As seen in figure 13, whilst considering NOK DC Tooling hits within station 4095 it became apparent the business had experienced 651 DC Tooling failures on station 4095 between the 05/05/2022 and the 05/06/2022. 

[image: ]
(Figure 13 – Station 4095 DC Tooling Defects Prior to Improvements 
Reference – Excel, 2022)

[image: ]Following the  successful implementation of the improved DC Tooling tightening sequence and due to the technicians having greater access and due to the to secure safety and performance critical joints due to the manipulation of the assembly process sequence, the business experiences a reduction of 153 NOK hits within Station 4095 between the 05/06/2022 and the 05/07/2022, as seen in figure 14. 

(Figure 14 – Station 4095 DC Tooling Defects Post Improvements 
Reference – Excel, 2022)

Thus meaning, the changing of the DC Tooling sequence, despite aiding the business in reducing the stations takt time by a minute and a half, the business saw a 13% improvement in DC Tooling results post successful implementation of the change.

Therefore, it is a supported argument that the addition of a leaner assembly process was also the main contributor to promoting mechanical quality output of the DBX assembly process within station 4095. 













































5.0 Project Results
Prior to beginning the improvement project, the business (utilizing the improved Andon statistical board) calculated a total loss of 793 minutes from station 4095 between the 25/04/2022 and the 06/05/2022, where the Andon was activated a total of 71 times. During this period, the business completed 9 successful production days, whilst considering the Andon reports statistics the business averaged a total of 88.1 minutes of downtime daily on station 4095. 

After successfully implementing the changes discussed in the main body of the technical report, the business monitored all changes made through the live Andon statistics for a 4-week period (09/05/2022 – 11/06/2022) where the business operated the production line for 20 days during this period. As a result, it became apparent the business received 135 Andon calls to station 4095, where the Andon was on for a total of 759 minutes. Here, over the specified production period, the business has received an average Andon downtime of 39 minutes post successful implementation of these changes.

Post successful validation of the changes made, the Manufacturing engineering team took it upon themselves to further monitor downtime throughout station 4095 between 13/06/2022 – 28/06/2022. During this period, it became apparent that the average Andon time for station 4095 decreased further to an average of 34 minutes a day, where the business saw a loss of 417 minutes. 

[image: ]
(Figure 15 – Station 4095 Process Efficiency
Reference – EASE Process Plan, 2022)

As seen in figure 15, due to the changes implemented into station 4095 in a conscious effort to reduce waste, 66.75% of the stations activity is now classified as Value added activity, which directly includes the process of “transforming the product from raw material to its finished form for which the customer is willing to pay” (QualityGurus, 2022). Essential non-value added is responsible for 20.02% of the process flow, which is expected as the technicians must utilize a lift assistor to obtain and fit the vehicles battery. Due to the vehicle battery being above the 15kg ergonomic threshold, it is a requirement driven from health and safety that the technicians must utilize this assistor to comply with ergonomic legislation. The areas within the process which require further improvement are the non-value-added areas, which are responsible for 2.5 minutes of the technicians 18-minute Takt time. It is important to note, the technician operating this station is only loaded to 72% of his maximum working potential, therefore the statistics seen in figure 15 will reduce the technician’s workload further to prevent over-cycling from occurring. 







6.0 Further Improvements
Whilst considering the initial report generated, there is potential for external factors to contribute to the Andon being raised. An example of this would be stations effected with part shortages, as this would display as the Andon being raised excessively but may not directly translate too poor process efficiency. As a potential improvement to aid this, the business has requested that the technicians are able to raise a signal through the lineside working instruction screen to determine why the Andon has been raised. Successful implementation of this strategy will allow for the manufacturing engineering team to further identify failure modes which are causing the business’ Andon to be activated, thus allowing us to determine if it is a safety, quality, delivery or people orientated issue within the station in question. 
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