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[bookmark: _Toc7637938]1.1 Abstract 

This report is regarding a project investigating the below target Jobs per hour (JPH) and over budget scrap production of the ‘Premier Automotive Group’ (PAG) block machining line. This machining line is located within the Ford Motor Company’s engine plant in Bridgend, South Wales. 
The production Facility is commonly known as Bridgend Engine Plant (BEP).
These two issues have been raised by the review of shift reports. This report intends to establish a link between the two problems, establish the origin of the largest scrap producer, resolve the issue, and monitor JPH after the resolution has been implemented to confirm an improvement has been made. 

JPH on the PAG block machining is currently running at 13.99, against a target of 23.
This target has been set as the requirement to meet customer demand. Jaguar, Land Rover (JLR), now owned by TATA, are the immediate external customers of this product and demand 145,000 units per year.
The reduced throughput is costing BEP approximately £138,079.56 per month in lost potential revenue, assuming no fines have been issued by JLR. 
An additional cost covered in this report is the production of scrap, thought to be the main contributor to below target JPH. This cost is currently £38,680.42 between October and December 2018. 
Scrap production does not only consider the wasted raw materials, but also the wasted time and labour, removal, and recycling of scrap. 

Analysis conducted via the data collected within this project found that wear in the leadscrews of OP100 was leading to parts cut out of spec due to a particularly tight tolerance. 
A breakdown of scheduled maintenance has led to worn components effecting part quality. A control measure is required to alert maintenance personnel to the need for corrective action to be taken.
An automated check has been installed in the machine and the number or scrap parts produced has reduced by 80% on the worst offending operation.
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[bookmark: _Toc7637942]2.1 History 
The Ford Motor Company is still primarily a family owned multi-national company. Originally founded in 1903 by Henry Ford (Britannica, 1998)
Today the company is divided into 5 sections; North America, South America, Europe, Asia and Pacific, and Middle East and Africa (Ford Motor Company, 2019). It is therefore the world’s sixth largest carmaker (Focus2Move, 2019)
Within the UK it is the best-selling auto maker, and sold over 250,000 cars in 2018 that equates to 10.73% market share. (Bekker, 2019)

Within Britain, Ford operates; 3 manufacturing sites, a research and development centre and an administrative site, in Bridgend, Dagenham, Liverpool, Dunton and Warley respectively with a total head count of 13,000 employees (Ford Motor Company , 2019)

This report focusses on issues specific to the Bridgend manufacturing site, that makes petrol powered internal combustion engines for Ford Motor Company and Jaguar, Land Rover. 
The Ford product known as ‘Sigma’ is an inline 4-cylinder unit, available in many derivatives ranging from a 1.25 litre naturally aspirated unit to a 1.6 litre turbocharged unit. 
The Jaguar, Land Rover product known as ‘AJ126 & AJ133’ is a larger internal combustion engine.
 It is available in 4 derivatives;
· 3.0 Litre Naturally Aspirated V6 (AJ126)
· 3.0 litre Turbo-Charged V6 (AJ126)
· 5.0 litre Naturally Aspirated V8 (AJ133)
· 5.0 litre Super-Charged V8 (AJ133)

In order to supply the completed products Bridgend must machine Head, Block, and Crank for the AJ product and then assemble using bought in components. 
See overleaf a basic process map of the AJ product. 





[bookmark: _Toc7637943]2.1.1 AJ Product Process Map at BEP

[image: ]
[bookmark: _Toc7637457]Figure 1. Basic Process Map of AJ product at BEP
The map shows that the internally machined products meet the smaller bought in components at the assembly line and are used to create the finished engine. 
The finished engine is then shipped to the Jaguar, Land Rover assembly plants at Castle Bromwich and Solihull. 
Castle Bromwich is the assembly plant currently responsible for the production of XF, XJ, and F-Type models. 
Solihull is the assembly plant currently responsible for the production of XE, & F-Pace models.











[bookmark: _Toc7637944]2.2 History of the Problem 
The PAG block machining line is currently 15 years old. The machines installed in 2004 have been producing parts, for the most time, on a 24-hours x 6.5-day basis due to a 4 shift pattern that covers all hours of the week except a 12-hour Saturday night shift. 
As a result of such continuous work the machines overall effectiveness has fallen and a number of failures are beginning to affect the lines ability to meet targets. 
Internally Ford gauge the performance of its production lines on SQDCPME. 
[image: ]
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Figure 2 above, explains what each letter is in reference to but also shows that each metric is part of an umbrella that will result in a ‘best in world’ manufacturing facility. 
Each letter is no different, they all have metrics within them that are specific to each category. 
An example of this may be Delivery; A delivery metric is JPH as a reduced JPH value may result in an inability to meet the scheduled demand. 
As a result of monitoring these metrics it has been noticed that the PAG block machining line is below target on JPH, producing more scrap than is to be expected and is currently running over budget. 
	Metric
	Target
	Actual


	JPH
	23
	13.99

	Amount of Scrap 
	3
	199

	Scrap Cost 
	£600
	£38,680.42

	Revenue lost by reduced JPH
Per Month 
	£0
	£138,079.56



[bookmark: _Toc7637459]Figure 3. Table of Block machining current metrics

During a management meeting it was discussed that a project was required to identify whether an increase of scrap production was leading to an inability to meet JPH targets resulting in the purchasing of additional rough stock, increased re-processing of out of spec parts, and increased over-time costs to meet the demand. If scrap was proven to be a contributor to these issues, the project should then continue until a suitable solution and control measure was found. 
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[bookmark: _Toc7637946]3.1 Aims 
It is the aim of this project to understand the scale of scrap production, identify the largest cause of scrap, resolve the issue, and set up a suitable control measure to continue producing as little scrap parts as possible. 

[bookmark: _Toc7637947]3.2 Objectives 

· Use appropriate methods of data collection to understand the scale of scrap production.

· Use Pareto analysis to target the largest machine contributors to scrap production. 

· Use Pareto analysis to target the largest part defect contributors to scrap production. 

· Identify a link between the two Pareto analysis’ to show that the most commonly failing feature is linked to the most common location of scrap production.

· Identify a sustainable solution to the problem via the use of FMEA.  

· Monitor line performance after the project, referring to recognised metrics, to confirm a significant improvement has been made.

















[bookmark: _Toc7637948]4.0 Literature Review 

To confirm understanding of the projects problem solving techniques, the problems faced and the suitability of the solutions given by the project the following literature has been used in research. An overview of the and a review of its effectiveness is given below. 

[bookmark: _Toc7637949]4.1 The Six Sigma Black Belt Handbook
Six Sigma has been labelled a metric, methodology and a management system. It is noted that while all participants of Six Sigma projects have had training, not all have had exposure to its use as a management system. 

Six Sigma may be used as a metric. Metrics such as temperature, weight, and JPH give a specific and very different form of assessing quality. Sigma allows for the comparison of all types of metrics on a common scale, as the Sigma scale measures defects per million opportunities (DPMO). Six Sigma is the value that equates to 3.4 defects per million opportunities, and equates to 99.9997% quality level. 

Six Sigma as a methodology utilises the metrics such as DPMO but then looks to source the root cause of the problem. Sourcing the root cause of a problem is done by utilising Six Sigma tools. Most commonly, but not limited to, the DMAIC approach. This is the most commonly used tool as it allows root causes to be identified while also implementing control measures to ensure that the solutions can be sustained in the future.

Six Sigma as a management system encompasses both the methodology and metric uses. When it is implemented as a management system organisations see the greatest benefit. This is due to the fact that the management system has been developed to focus continuous improvement on four key areas; 
1. Understanding and managing customer requirements.
2. Aligning key processes to achieve those requirements.
3. Utilizing rigorous data analysis to understand and minimize variation in key processes.
4. Driving rapid and sustainable improvement to the business processes.
(McCarty, et al., 2004)



[bookmark: _Toc7637950]4.2 DMAIC Process 
[bookmark: _Toc7637951]4.2.1 Define 
The initial stage of a DMAIC project is known as define. This is where the project leaders take the opportunity to share the purpose, and the scope of the project. It is also the location whereby participants in the project may find useful information about the processes to which they are dealing with. 
This communication is done through the use of a variety of tools; 
· Project Charter
· Problem Statement 
· SIPOC
· Process Maps 
· VOC
· CTQ / CTD 

[bookmark: _Toc7637952]4.2.2 Measure 
The measure stage is used to agree the metrics to base the project on. The metrics must be carefully selected to ensure that they provide clarity as to whether the project was successful or not. 
It may be useful to discuss any foreseeable limitations to each metric at this stage as it is unlikely that one sole metric will accurately gauge the success of the project.

[bookmark: _Toc7637953]4.2.3 Analyse 
During the analyse stage the raw data from the chosen metrics may be collated into graph, tables or other visual displays and interpreted by the team. Once this is complete it is possible to draw conclusions that help source the root cause of the problem. This will provide the direction required to take corrective action to solve the problem.

[bookmark: _Toc7637954]4.2.4 Improve 
The improve stage takes direction from the prior stage and firstly brainstorms potential corrective actions that may be taken to overcome the problem. 
It is possible to use additional tools such as FMEA analysis against the potential improvements to gauge which action will be less likely to fail. 
The chosen corrective action may then be described.

[bookmark: _Toc7637955]4.2.5 Control 
The final stage of a DMAIC project is the control phase. Here control measures are discussed and implemented to ensure the previous corrective actions are sustained into the future. 
This will prevent the process reverting back to its original state. 
(Sharma, et al., 2018)

[bookmark: _Toc7637956]4.3 Lean and Agile Manufacturing
Lean manufacturing is the improvement to mass production techniques. Mass production focussed on creating a large quantity of products that supply global demand. As a result, the products cost less than their craft counter-parts and were attainable by more people. 
Lean manufacturing, through the use of tools such as ‘Just-in-Time’ (JIT) inventory and scheduling system, and ‘Total Quality Management’ (TQM), improves upon the key philosophy of large quantity to mass markets, by the ability to increase flexibility in the variants of products, but also further drive costs down by making efficiencies and removing non-value add processes. 

By contrast, Agile manufacturing intends to succeed by maximising on change and uncertainty. Agile manufacturing will capitalise on changing trends by being able to meet the needs of the customer by rapidly changing focus. 
Agile manufacturing also offers the opportunity for customisable products therefore featuring a unique selling point (USP).
(Yusuf & Adeleye, 2002)

[bookmark: _Toc7637957]4.4 Scrap Reduction using DMAIC Approach 
This paper shows the use of the DMAIC approach to solve the problem of increased scrap production during the process of manufacturing pistons. 
It clearly shows the steps and tools used to identify the root cause of the problem, and shows the DMAIC approach to be a valid, appropriate technique for such problems.
It has aided in the use of drawing conclusions from the data and how to interpret the data generated. 
It is limited to offering potential solutions to the problem as the manufacturing process in this instance is a casting method that is not applicable to BEP. There are no CNC machining solutions present in this paper. 
(Kumar & Kaushish, 2015)
[bookmark: _Toc7637958]4.5 Statistical Process Control (SPC)
Organisations compete on quality, delivery and price. Quality is often misunderstood as always being a good thing, and phrases like ‘top quality’ and ‘Rolls Royce quality’ are used. This literature states that quality is nothing more than meeting the needs of the customer. It is also stated that in order to achieve quality it is necessary to ask ‘Can we do the job correctly?’ rather than ‘Have we done the job correctly?’. This, of course, means is the process capable and do the leaders and operators of the process have control over it. 
The control of a process can be managed through the use of statistics. There are many tools used to monitor and identify variance in a process. 
Within this project it is likely that the use of a chart with upper and lower control limits will be the most effective as it is similar to techniques used within the ‘Ford Production System’ (FPS) guidelines. 
(Oakland, 2011)
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[bookmark: _Toc7637960]5.1 Problem Statement 

The PAG block machining line is producing too much scrap from an unknown origin or a number of origins. The amount of in-process stock removed from the production line is leading to gaps in production decreasing machine productivity and overall line JPH. More rough stock must then be inputted in to the line to fill these gaps, however this leads to a need for overtime driving up costs.
The scrapped products must then be disposed of at an additional cost to the company.  
Additionally, the need to re-work parts or re-start the process after scrapping a block is also leading to reduced JPH. The two factors effecting JPH is detrimental enough to cause the line to miss targets for the scheduled demand. In current economic and political times, it is of the utmost importance that Bridgend Engine Plant is able to exceed customer expectations to secure a sustainable future. 

[bookmark: _Toc7637961]5.2 SIPOC

Before embarking on the project it is necessary to understand the process as a whole including the suppliers and customers to the process.
[image: ]

[bookmark: _Toc7637460]Figure 4. SIPOC Table
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It is also necessary to understand the more specific processes that may contribute to the problem being studied. 
[bookmark: _Toc7637963][image: ][image: ]5.3.1 Machining Process Map



[bookmark: _Toc7637461]Figure 5. Process Map of Block Machining Line
To explain the above process map there is a key attached. 
Each machine has an operation number, known as an ‘OP’ number.
The process is initiated at OP25 that is the input. Part then pass into OP320 and are then washed in OP340. Then milled once more in OP350 and washed once more in OP360. 
An assembly machine that loads and bolts the crank caps in place is next, along with the adapter plate that will allow the parts to travel around the remaining half of the production line. 
Milling operations are carried out in OP70, 80, 100, 110, 120, & 130. These are the following 6 cells of CNC machines. 
The final machining section of the process is OP140/145. It is responsible for cylinder bore honing and the crank bore honing.
OP160 is the final part was. 
OP165/167 are assembly machines that insert cup plugs and other blanks used to close up holes made that are imperative to prior machining processes. 
OP170 is then a leak test used to ensure the correct assembly of the blanking devices. 
The parts are finally bought off at OP200.


[bookmark: _Toc7637964]5.3.2 Scrap Process Map 

[bookmark: _GoBack]In this report, scrap will be a major discussion point. It may therefore also be necessary to understand the process at which an operator may discover and deal with an in-process part that becomes scrap.
[image: ]
[bookmark: _Toc7637462]Figure 6. Scrap Process Map
Once a part is known to be scrapped an operator (grade 4) will fill out a scrap ticket and attach it to the block, then place the block in the scrap bin. He then fills out the scrap tracking database on the side of the scrap bin. 
A counterfoil of the ticket is given to the foreman. The foreman enters the scrap into a software called ‘Commodity Material Management System’ (CMMS). CMMS will automatically and electronically record the part type and amount of material scrapped as a historical record for analysis, and also, automatically re-order the same part type that was scrapped into the build schedule provided to the operators so that all the correct amount of parts is built to meet the assembly demand.
Once the scrap bin is full MP&L will then collect the bin and place it in the BEP scrapyard. From here the material is in the hands of contractors that will transport the scrap to the appropriate scrap agency. The agency contract is re-tendered every 3 months to ensure that BEP receives the best possible price for the wasted material.
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[bookmark: _Toc7637966]5.4.1 Internal Customers to BEP 
The PAG block machining line is in the middle of the supply chain, as a result, there are immediate internal customers that have requirements to be fulfilled. The immediate internal customer is the AJ assembly line.
The most critical requirement of the internal customer is to receive the correct amount of parts when they are required. This is critical as the plant operates a lean manufacturing business. An aspect of lean manufacturing is the term ‘Just-In-Time’ (JIT). The JIT inventory system is a management strategy that aligns raw material orders from suppliers directly with production schedules. Companies use this inventory strategy to increase efficiency and decrease waste by receiving goods only as they need them for the production process, which reduces inventory costs. (Banton, 2019)
Scrap production results in gaps in the production line, leading to machines becoming starved, that may result in fewer parts than necessary reaching the buy-off.
It also leads to over-processing as operations before the part was scrapped will now need to cut the replacement part to meet the schedule. This leads to an increase in cost of the product. 
Each time a part is scrapped a scrap agency will pay for that material, however that price is considerably lower than that of which the material was bought in at also resulting in increased cost per product, unfortunately the finance department were unable to provide any data regarding the price at which material is bought from BEP. 
Another internal customer requirement is that of consistent production rates. A stable production rate allows for easier planning and therefore lower inventory cost. Inventory would be used to overcome instability, but at a cost.

[bookmark: _Toc7637967]5.4.2 External Customers to BEP
External customers to Bridgend Engine Plant are Castle Bromwich and Solihull Jaguar, Land Rover assembly plants. 
These plants have similar requirements to that of BEP’s assembly line. Both plants require stable and consistent production rates to also reduce inventory costs that would be used to overcome inconsistent supply of components. 
The assembly plants would also require components to be built with minimal cost. The cost of an engine will be agreed in a contract between the two companies, therefore although increased production costs would not be noticed immediately by JLR, but a lack of profit established in BEP may result in a non-sustainable operation that has the potential to cause supply chain issues for JLR. An extreme example of this would be the closure of BEP due to lack of profit and the requirement for JLR to set up another production facility.
JLR are concerned with part quality. It is imperative that all parts supplied to the assembly plants are built well within tolerance and as close to nominal spec as possible. 

The reason for this is that there are additional external customers further down the supply chain to the JLR assembly plants. Finally, there are the general public that may purchase a Jaguar or Land Rover vehicle equipped with an AJ engine. 
These customers are demanding high-performance, reliable engines. It is of the utmost importance that these demands are met given the up-market, premium nature of the product. 
[image: ]When purchasing premium performance cars, performance and reliability is the minimum expectation to the customer. These type of customer expectations can be explained by the Kano model.

 













[bookmark: _Toc7637463]Figure 7. Kano Model of Customer Expectations


Figure 7 shows Kano model (Team, 2016). These performance and reliability expectations are considered threshold attributes, that even when fully functional do not satisfy the customer, yet have the largest potential to cause dissatisfaction in the product. 
This type of customer expectation is a concern of BEP’s because as schedules are missed pressure on the facility increases and this can often lead to quality compromises, especially since it is suspected that scrap production from potentially out of tolerance parts may be leading to the inability to meet the demand. 
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It is necessary to establish factors that are considered critical to quality. This will be used as a metric to gauge the effectiveness to this investigation.
Quality has been established by the customer Jaguar, Land Rover in the form of a part drawing that includes nominal dimensions and an acceptable tolerance to which the actual dimensions may deviate. If a part deviates out of the accepted tolerance and cannot be re-worked it will be considered scrap. 
Another potential method of dealing with scrap is product downgrading. This is the act of using material that was intended to become a premium product, to actually become less valuable product when made out of tolerance. 
Unfortunately, this is not an option due to the current product mix having different castings and very similar tolerances. All variants are considered premium products.
The number of out of tolerance parts may therefore be considered a valid metric in this investigation. 

[bookmark: _Toc7637969]Critical to Delivery (CTD)

It is also necessary to consider the factors that are critical to delivery. Scrap is thought to be causing short falls in the actual number of jobs per hours achieved. 
JPH will then be compared to the target before and after the investigation to identify if an improvement to overall JPH was made. 
23 JPH is critical to meeting scheduled demand. 













[bookmark: _Toc7637970]5.6 Project Charter

Title: An Investigation to Improve JPH via the reduction of scrap production on the PAG block machining line. 

Scope: The scope of the project is going to directly affect the Block machining line, yet similar project may be undertaken on MOD 1 and MOD 3 head machining lines as they utilise the same ‘cell CNC machining’ production technique.

Persons Involved: Jonathon Richards (PAG PTM), Keith Lewis (Senior Production Foreman), Anthony Williams (Senior Process Engineer), Richard Clark (MMC), Maria Brooks (ECS).

Primary Metrics: Jobs per hour (JPH), Number of scrap block produced, Cost of scrap blocks produced. 

Problem Statement: Delivery metrics are being compromised by failing to achieve the necessary JPH target. There is also too much scrap being produced on the block machining line. 
An investigation is required to identify the cause of the scrap production and establish a link between scrap production and the discrepancy between target and actual JPH.
Current JPH target is 23

[image: ]Timing Plan:[bookmark: _Toc7637464]Figure 8. Timing plan table
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[bookmark: _Toc7637972]6.1 JPH 

JPH will be measured using data collected from POSMON.
POSMON is an internal software that collects an enormous variety of data from all machines on the PAG block machining line, and other production lines within the plant. 
Data can be analysed by generating a number of reports whereby data is collated into a table or graph. The data can also be opened in a Microsoft Excel spreadsheet whereby the user may add Excel functions to gain further understanding of the data. 
Running report ‘200 – hourly goods’ will provide the number of parts that pass through the machine hourly. To ensure this provides the relevant data I.e. Goods parts per hour of the entire production line, it was necessary to select the buyoff as the piece of equipment to be analysed as this will be the number of parts produced by the line in total, and all scrap will be removed from the process before this point.
The initial data will be collected between October 1st 2018 and December 21st. These dates mark the start of this project and the beginning of Christmas shutdown. It will provide a 3-month period whereby a starting condition of the production line may be identified. (Appendix 1)

Also regarding JPH, the shift reports will be read to obtain the JPH target for each hour. The targets may change or remain consistent, but it is important to find out which and achieve a value. (Appendix 2)

[bookmark: _Toc7637973]6.1.1 Limitations to JPH Data Collection Method
This type of data collection is not without flaw. POSMON appeared unable to collate 3-months of data due to technical difficulties. It has therefore been necessary to generate 3 individual charts, one for each month, and then finally manually input the results into a final chart to provide an average value for the given 3-month period. This was not a difficult task yet did prove to be time consuming. 

POSMON was also unable to remove planned shutdown events that occurred periodically throughout the period. An example of this may be the 12-hour Saturday night shift whereby production is not planned.  It was not possible to remove this time from the data due to the unexpected and random nature of overtime shifts being placed during the Saturday nights that meant production was planned.   
This may lead to some inaccuracy of overall JPH. 
[bookmark: _Toc7637974]6.2 Amount of Scrap Produced
The amount of scrap produced will be achieved via the use of the operators’ scrap tracking data base. See figure 6. Scrap Process Map.
All blocks found to be scrap are entered into the data base for historical analyses and tracking of components. 
This is therefore the raw data for how many blocks are scrapped and it contains the following information about the component;
· Quantity being scrapped at single data input
· The component derivative 
· The date the component was removed from production
· The name of the operator that logged the scrap
· A brief description to the reason for failure
· The location of the failure.
(Appendix 3)
To analyse this data, it will be necessary to formulate the findings into a graph to visualise the biggest contributors to failed components. 
The chosen graph type will be a bar chart, with entries provided in order of largest contributor to smallest contributor. 
The graph will follow the structure of a Pareto analysis below.
[image: ][bookmark: _Toc7637465]Figure 9. Example of Pareto Chart













Figure 9. shows an example of a Pareto chart. Pareto analysis is used to help prioritize decisions, in this case contributors to scrap, based on the effect they have on overall performance. This type of analysis works on the principle of the 80/20 rule, whereby 80% of the problems are found to originate from only 20% of causes, therefore by targeting the correct 20% of causes the largest possible improvement will be made in the most time efficient method. (Brooks, 2014)

[bookmark: _Toc7637975]6.2.1 Limitations to ‘Amount of Scrap’ Data Collection Method

This type of data collection is also not without fault as it relies on the operator to log every piece of scrap. It is possible for a part to be placed in the scrap bin and not logged due to a breakdown in the process. These issues are the subject to an on-going management project. 
There are more precise databases held by the management team, however they are located within locked folders on the W drive, whereby access is prohibited to my current pay grade due to the nature of other documents that may be stored in the same location.
As a result, this data must be relied upon and extracted manually from the database to be analysed electronically via Excel.

The use of a Pareto chart is a good way of identifying the cause of largest contributor, however it is possible that the true cause may not be included in the data. For example, 
OP70.1 has produced more out-of-spec parts than any other machine on the line, therefore a Pareto analysis would suggest this be the main cause of scrap. 
However, the main cause of scrap may be an inability to create a feature cut within the OP70 machines, as a result the problem is spread through 70.1-70.4 and simply repairing 70.1 will not provide necessary results of the project. 
The reason OP70.1 may be highlighted is due to the fact that the automatic gantry loader will always prioritise the machine closest to the input conveyor, and therefore it is the machine that has cut the most parts. 

To overcome this issue, it is the intention of this investigation to conduct 2 Pareto analysis’. Firstly, categorising the locations of failure, and secondly, categorising the reasons for failure.
It is then thought that if the largest reason for failure can be linked to the largest location of failure that the true largest contributor to scrap production has been found.









[bookmark: _Toc7637976]6.3 Cost of Scrap Produced

The cost of the scrap produced will also be a metric used in this report. It will be used to highlight the impact that this problem has on the business. As this is an external product additional costs such as scrap are removed directly from the profit. The BEP finance department was able to provide the figures required to calculate these values. (Appendix 4)
If highlighted in this manner it is much more likely to see approval from management that may be concerned with profit and loss and balance sheets. 
Any recommendations resulting from this project that require changes to working practices will also be more easily accepted by the operators on the shop floor if there is a large and simple reason pulling for the required change, such as a lost opportunity to increase profits (Boivie, 2013)

[bookmark: _Toc7637977]6.3.1 Limitations to ‘Cost of Scrap’ Metric 

Calculating the cost of scrap will not be an exact science as the finance department only account for AJ Blocks as rough or completed parts, therefore it is not possible to account for the precise amount lost by an in-process part. 
The difference between finished part cost and rough part cost is vastly made up of the addition of components such as the crank caps. 
To ensure that the costings are kept as accurate as possible it is the intention of this report to assume all parts removed from the production line prior to crank cap assembly will be costed as a rough part and all parts removed from the process during or after crank cap assembly will be costed as a finished component. 

[bookmark: _Toc7637978]6.4 Revenue Lost by Reduced Throughput

This metric will be used to show the impact that JPH has on the business as a whole, and why it therefore important that we monitor these metrics closely and react to any factor that me jeopardise the lines ability to meet targets. 

[bookmark: _Toc7637979]6.4.1 Limitations of ‘Revenue Lost by Reduced Throughput’ Metric

A limitation to this factor is that scrap, although a large contributor to the reduction in JPH may not be the only factor.  This metric will identify the total amount of revenue lost as a result of failure to meet demand.
[bookmark: _Toc7637980]7.0 Analyse Stage
[bookmark: _Toc7637981]7.1 Chosen Metric Analysis 
[bookmark: _Toc7637982]7.1.1 JPH 
Using the raw data collected from POSMON (Appendix 1) it has been possible to determine that over the measurement period the PAG Block Machining Line has only produced 13.99 JPH compared to a target of 23 JPH. 

[bookmark: _Toc7637466]Figure 10. JPH Graph (Oct-Dec 2018)


















The graph Shows the average JPH per month plotted against each other and a target line of 23 JPH. The result is that the Block line is consistently underperforming, and that this issue must be addressed.














[bookmark: _Toc7637983]7.1.2 Amount of Scrap Produced
The number of blocks scrapped have been collated into a Pareto chart in order to identify the largest contributor to scrap per operation. [bookmark: _Toc7637467]Figure 11. Pareto Analysis of Scrap Location


















The chart clearly suggests that OP 100 is the largest contributor to scrap. OP100 generated 59 of 199 blocks scrapped over the measure period and therefore the attention of this investigation should be focussed here. 

To identify whether this was an issue with one particular machine or a common factor between all six machine a second Pareto Chart was conducted. This second chart would plot the 59 scrap parts per machine they were scrapped to display the spread.
[bookmark: _Toc7637468]Figure 12. Pareto Analysis of Scrap Location within OP100














The chart shows a fairly even spread of data across 5 of the 6 machines with data ranging from 10-13 failures per machine. 
The anomalous result of this data is OP100.4 that appears to have generated no scrap parts. Further investigation discovered that OP100.4 is currently not running due to a long term breakdown that has proved to be an uneconomical repair at this time. As the result of this management decision, results from 100.4 will be discarded within this report. 

It is therefore suggested by these two charts that the largest contributor to scrap is a factor common to all OP100 machines. It is here that this investigation will endeavour to find a solution in order to generate the largest improvement.

[bookmark: _Toc7637984]7.1.3 Cost of Scrap Produced
[image: ]Data collected regarding the number of blocks of various derivatives and the location to which the blocks were identified as scrap has been collated to form the following table.[bookmark: _Toc7637469]Figure 13. Table of Scrap Cost

The table shows the calculation required to identify a cost of the scrap produced. Over the 3-month period measured a total cost of £38,680.42 was recorded. 
On average, this equates to £12,893.47 per month additional cost to the company in scrap from the PAG block machining line alone. 

[bookmark: _Toc7637985]7.1.4 Revenue Lost Due to Reduced Throughput
The profit per derivative has been calculated and averaged. This average equates to £22.67. The lost revenue was then calculated by, the profit multiplied by the actual JPH, subtracted from the, potential profit calculated by the profit multiplied by the target JPH. 
Lost revenue per hour, week and month are shown based on 156 working hours per week. [image: ]
[bookmark: _Toc7637470]Figure 14. Table of Lost Revenue

[bookmark: _Toc7637986]7.2 Further Analysis of the Problem
 
[bookmark: _Toc7637987]7.2.1 Cause and Effect Analysis 
In order to identify the cause of the problem it was necessary to understand what potential problems that may cause parts to be cut out of spec in all the OP100 machines. 
A cause and effect diagram has been used to brainstorm these potential failures. Investigations were carried out to eliminate the initial causes for concern. 
[image: ]
[bookmark: _Toc7637471]Figure 15. Cause and Effect Analysis


7.2.1.1 Indramat Motors and Linear Scales
The motor scales and linear scales work together. Both encoders must correlate to within 1mm. There is a 1mm monitoring window to ensure that this is the case. This was primarily used to stop the machine in the event of drive belt failure. 
It is therefore unlikely that there has been a failure with any of these devices has occurred without triggering a ‘monitoring window fault’. 
The drive units also do not have any overcurrent faults and it is also unlikely that this would be common to all machines at the same time. 


7.2.1.2 Clamping Faults
On each Specht 600 machine there are air searches that ensure that both, tools in the spindle collet, and parts on the fixture are clamped and seated correctly. 
The air searches are sealed if a part/ tool is seated correctly and the back pressure generated. This back pressure must make the set point of an electronic pressure switch before the machine can continue its operation.  
This system will then account for any swarf or other debris that may become trapped between the face and component that may lead to incorrect seating and features being cut out of position. 
These set points were checked. Some faults were discovered, most commonly, the set point of the back pressures switch had been altered so that a lower than necessary back pressure may allow the machine to continue its operations. The set points were immediately set back to the correct setting, as per the ledger on the machine. The machine would then fault out. It was discovered that in each instance an air leak in, either the supply line or, back-pressure line was detected and resolved. 
Although an issue was corrected, the faults were too sporadic amongst the machines, which was not in-keeping with the even spread of failures among the OP100 machines, and therefore it was necessary to continue searching for faults. 

7.2.1.3 Manual Handling
A study of the processes on the OP100 was conducted. Very little manual handling was conducted under normal operation. 1 in 150 parts was sent, via gantry crane, to the SPC station for a hand gauge and 1 in 175 parts was sent to SPC for CMM. The operator would use a trolley designed to connect to the part pallet to manoeuvre the part into the necessary position. It is unlikely that this type of handling would be the cause of scrap on this scale.

7.2.1.4 Coolant 
It is possible for coolant to cause parts to be scrapped as it effects the surface finish of the part. All coolant supplies are monitored by the use of electronic pressure and flow switches that were not in fault and working correctly.

7.2.1.5 Probing Errors
OP100 machining process starts with an electronic probe. The probe touches on four positions of the crank bore located on the part. The four positions known as K1-K4 are used to calibrate the machine at each cycle due to the fine tolerances of features cut at this op.
Errors can occur if there is a small amount of swarf or large amount of oil building up in the crank bore or the probe tip. If this is the case, then the calibration can be done incorrectly and cause the machine to cut features out of position. To prevent this the calibration is compared to the previous cycle and must be within +/- 40 microns of the previous cycle. It is therefore unlikely to be the cause of scrap in this scale. 

[bookmark: _Toc7637988]7.2.2 CMM Data
To conduct further investigations regarding the leadscrews, bearings and tooling it was necessary to obtain further data as there are multiples leadscrews, bearings and tools in each machine. 
[image: ]Scrap is most commonly found with the use of CMM reports. A sample of 20 Failed OP100 reports has been used to identify the most common feature to fail. The results are as follows; [bookmark: _Toc7637472]Figure 16. Pareto Analysis of Failed OP100 Features


The graph clearly displays that the transmission dowel holes are the most common feature to fail. 
An example of such a CMM report has been included as appendix 5. 






[image: ]7.2.2.1 Leadscrews[bookmark: _Toc7637473]Figure 17. Extract of CMM Report


Figure 17 shows that the transmission dowel holes are out of geometric positional tolerance by 40 and 16 microns. 
Geometric positional tolerance is a combination of X and Y tolerances. 
The report shows that the largest discrepancy is found on the CMM Z axis. In this case, this refers to the X axis within the CNC machine.
An inspection of the X- axis leadscrew was conducted, whereby backlash was detected. 
It has been highlighted more prominently within OP100 due to the fine 80-micron tolerance used for the pitch between both transmission dowel holes (800 & 801). This feature results in numerous ‘NC moves’ on the X-axis to ensure both positional tolerances are met and the pitch are correct. After each ‘NC move’ is made a part must be manually sent to the CMM to confirm the ‘move’ has been successful and parts are within spec. 
From the data collected it is believed that backlash and a fine tolerance are creating a need to keep adjusting the machine positions. Continuous adjustments are generating high volumes of scrap. Adjustments cannot be made accurately due to the backlash present in the leadscrew altering the position of the holes.

From the data, it is also possible to eliminate the tooling as a potential cause of failure as the diameter of the holes is shown to be in spec, therefore the drill must be set up correctly.
To be thorough the machine bearings were inspected and found to be ok. 





There was a cause for concern to discover that leadscrews across all 5 machines were leading to a failure. Further investigation has revealed that the completion rate of the scheduled maintenance system (SMS) had been poor on all operations within the line due to a variety of problems;
· An aging line resulting in many breakdowns that required urgent attention taking maintenance attention away from SMS
· The plant as a whole is undergoing strict financial targets to impress directors from outside of BEP in order to secure new contracts, as a result overtime has been cut and cheaper, therefore of lesser quality, machine spares have been bought in.
· The addition of a brand-new production line to the plant has attracted many employees. This has resulted in many experienced maintenance personnel leaving the area, and being replaced with people that have far less experience on CNC machining lines. The term used within the plant is ‘green labour’. 
· The plant is facing a difficult time securing new contracts that has resulted in 350 voluntary redundancies being offered by the company. This has resulted in a negative impact to morale on the shop floor. This, in turn, is having a small effect on the quality of the maintenance work carried out and the productivity of the operators as a whole.


















[bookmark: _Toc7637989]8.0 Improve Stage 
[bookmark: _Toc7637990]8.1 Brainstorming Solutions 
To rectify the issue, it was necessary to discuss any potential improvements that could be made. 
A brainstorm amongst the acknowledged people involved in this project was conducted 
[image: ]and resulted in the following suggestions[bookmark: _Toc7637474]Figure 18. Brainstorm of Potential Improvements

The suggestions involved;
· Adding to the scheduled maintenance system (SMS) so that on a regular basis maintenance personal can use a DTI to visually check the severity of backlash present in the selected leadscrew.
· Implementing a change in NC program whereby the machine would drive each axis to each extremity and generate a fault if a discrepancy of more than 20 microns was found to occur between the linear scale and motor encoder. This would take place automatically and would be triggered using the existing cycle counter used to initiate lubrication cycles. A fault would alert maintenance personnel to the deteriorating condition of the leadscrew ahead of such point whereby parts may be cut out of tolerance, thus corrective action may be taken before scrap is produced. 
· The use of an SPC chart to track the most critical features on a CMM report. The target being the nominal dimension and the upper and lower control limits dictated within the tolerances of the feature.
· A torque monitoring system was suggested as this may discover problems with leadscrews and bearings, other than backlash, such as the breakdown of bearings or leadscrew nuts that may also result in cutting parts out of tolerance. 
[bookmark: _Toc7637991][image: ]8.2 FMEA Analysis [bookmark: _Toc7637475]Figure 19. FMEA Analysis

The FMEA analysis has shown that the best option to solve the problem of backlash in the leadscrews is to implement an automated leadscrew check.
This is depicted by the RPN and CRIT scores;
· The risk priority number (RPN) is calculated as the product of the severity (S), detectability (D), and frequency of occurrence (O).

The RPN is able to quantify the risk of the failure occurring, the severity and detectability of failure to allow comparison between alternate failure modes. 
· The Critical (CRIT) score is designed to place a higher emphasis on severity and occurrence. It is calculated by the product of severity (S), and frequency of occurrence (O). 

The CRIT score is also able to quantify the metrics for comparison with alternate failure modes.
Metrics used to calculate RPN and CRIT scores are;
· Severity (S) – 1= Not Severe at all. 10 = Causes death or severe injury.
· Occurrence (O) – 1 = Not at all likely to occur. 10 = Definitely will occur.
· Detectability (D) – 1 = Easily Detectible. 10 = Impossible to Detect.
[bookmark: _Toc7637992]8.3 Improvement Description 
The check will be carried out by the machine at same time as each lubrication cycle via a change to the NC program.
The lubrication cycles are carried out each 50 machining cycles, or when the machine has been sat idle or powered down for a duration in excess of 10 hours.
The check will consist of each axis being driven to its extremities whereby positional values from the motor encoder and linear scale will be monitored. Both values must align to within 20 microns within 2 seconds of achieving position.
20 microns has been selected as it is well within the acceptable tolerance of 80-micron pitch between the transmission dowel holes (800 & 801) that is the largest cause of part failures. 

If the discrepancy between the values is greater than 20 microns for longer than 2 seconds after the motor has stopped, then the machine will fault. This fault will alert maintenance to the presence of backlash while it is at a level that it can maintain part quality. It is possible to reset the fault and schedule a repair to the machine at the earliest convenience, thus maintaining production rate and part quality.
The lubrication cycle drives each axis to its extremities to apply grease evenly across the screw, as a result no further movement is required from the machine and cycle time is not effected.

The check will then occur at the next lubrication cycle and alert maintenance again if the repair or other corrective action has not yet been completed or is not up to the required standard.













[bookmark: _Toc7637993]8.4 Metrics Post Improvement
To assess whether the change has been effective, the use of selected metrics from chapter 6.0 will be used once again. The results will be used in comparison with those take before the change was implemented and conclusions may be drawn.  

[bookmark: _Toc7637994]8.4.1 JPH
Raw Data from POSMON collected between January 2019 and March 2019 (Appendix 6) has been collated into the following graph; 
[bookmark: _Toc7637476]Figure 20. JPH (Jan-March 2019)












The graph shows an average of 11.32 end of line JPH from January to March against the target of 23.  
Compared with the results of an identical data set taken before the improvement a negative result is seen.


This data would suggest that the change has had a negative effect on JPH. This is not believed to be a true reflection of the change. 
It was discussed that in chapter 6.0 that there are limitations with the use of POSMON to achieve JPH data.
The negative impact to end of line JPH may arise from a number of factors such as machine breakdowns, material shortages, or labour shortages. 
This belief is supported by the following metric.

[bookmark: _Toc7637995]8.4.2 Amount of Scrap
The following Chart shows an updated Pareto analysis post improvement.


[bookmark: _Toc7637477]Figure 21. Updated Pareto Chart Post Improvement


The chart shows that OP100 is no longer the largest contributor to scrap production. Pre-improvement the OP100 machines produced a total of 59 scrap parts between October and December 2018.
This number has been substantially reduced to 11 post change between January and March 2019
This is a pleasing result that has shown the implemented change has been a success. 
The change resulted in a course of maintenance actions on X-axis leadscrews that reduced the number of scrapped parts by over 80% within the targeted OP100 machines.









[bookmark: _Toc7637996]8.4.3 Cost of Scrap Produced
The table shows the calculations required to identify the cost of the scrap produced after the change.
[image: ]
[bookmark: _Toc7637478]Figure 22. Updated Cost of Scrap Table Post Improvement

The table shows a scrap cost of £29,601.40 between January and March 2019.
Compared with results from October to December; 



The tables reveal a cost saving of (£9,079.02/3) £3,026.34 per month in materials lost alone. This is a pleasing result that shows the improvement to be a success as the overall scrap cost of the line has been reduced by over 23%

[bookmark: _Toc7637997]8.4.4 Revenue Lost Due to Reduced Throughput 

The table shows the effect on lost revenue post change.
[image: ]
[bookmark: _Toc7637479]Figure 23. Updated Lost Revenue Table Post Improvement





This metric was dependant on JPH therefore it has taken into account many other factors from different operations within the production line. It is therefore not believed to be a true reflection of the changes made within one operation.
The metric shows that a larger discrepancy between JPH target and the actual JPH will achieve a greater amount of lost revenue.
As previously discussed, reduced JPH is not believed to be the result of this investigation. 
[bookmark: _Toc7637998]9.0 Control Stage 
To ensure that the process is sustainable it is necessary to implement control measures. These measures should prevent the change to the process breaking down allowing the situation to digress into the same problem.

[bookmark: _Toc7637999]9.1 Statistical Process Control
Statistical Process control is an industry standard methodology for measuring and controlling quality during the manufacturing process. Quality data in the form of product or process measurements are obtained in real-time during manufacturing. The data is then plotted on a graph with pre-determined control limits. (Infinity QS, 2019)

Within this project SPC may be used to plot the discrepancies between the motor encoder and linear scale on a graph. When the plot exceeds the control limit, the leadscrew must be exchanged. 
[image: ]The graph may appear as follows; [bookmark: _Toc7637480]Figure 24. SPC Chart



The graph shows all 5 machines as colour co-ordinated lines. The discrepancy between the encoders is plotted over time, for each machine, as the backlash check is performed. 
In bold black lines are the upper and lower limits dictating that once +/- 20 microns of backlash is detected that corrective action must be taken.
The red oval highlights a scenario just as described, OP100.3 shows a deteriorating trend line that then reaches the upper control limit. It is at this point that maintenance action is to be taken.
OP100.6 is showing a trend line approaching the lower control limit. It is expected to be the next failure. 
OP’s 100.1, 100.2 and 100.5 show consistent results well within the control limits. They are therefore performing well and are not a current cause for concern. 
It is expected that as time continues, and the X axis leadscrews begin to wear, that a line similar to 100.6 will be shown until an event such as 100.3 occurs and a control limit is reached.

[bookmark: _Toc7638000]9.2 Training
Another control measure will be in the form of training for maintenance personnel. This will be in three forms.
· Firstly, in the form of effectively exchanging the X-axis leadscrew. It is vital that a quality repair is conducted to ensure longevity of the component. A correctly fitted and referenced leadscrew will have greater mean time between failures (MTBF) resulting in fewer stoppages. 
· Secondly, it will be necessary for maintenance personnel to have the ability to reset the fault generated by a leadscrew that has reached its control limit, to ensure that production may continue until a repair can be scheduled. 
Maintenance must also be told what to do in the event that a control limit is reached and there is no foreseeable repair date. This may occur as a result of no stock for spare components. It will be at the foreman’s and manager’s discretion to run at risk or stop the machine and slow production. 
· Thirdly, maintenance personnel must be taught how to interpret the data shown in the SPC graph so that effective corrective actions may be taken at the correct time.




[bookmark: _Toc7638001]10.0 Replicate Stage 
Within the Ford Motor Company, the DMAIC process has been adapted to become DMAICR. 
The additional final stage ‘R’ refers to replicate. It intends to replicate this work in order to achieve further benefits. 
As a global company using modular production lines, an identical production line may be present in another factory, in another country. 
As the production lines are identical it is quite plausible, that it too is experiencing the same problems. The purpose of the ‘R’ stage is to share the information and solutions generated in report such as this with other plants, so that work is not duplicated around the world. This will lead to a more efficient global company. 

It is therefore the authors intention to place this report on the Ford Motor Company intranet site for six-sigma projects. 
This will allow partners from around the world to search problems and benefit from the solutions uncovered in this investigation.


























[bookmark: _Toc7638002]11.0 Conclusion 
To conclude the investigation, it is necessary to refer to the original aims of the project. 
This project was able to successfully collect data to provide a solid understanding of the scale of scrap production within the production line and identify how this issue could affect other components in the supply chain.
The number of blocks scrapped between October 2018 and December 2018 was 199.
It was discovered that OP100 had contributed the largest quantity of these by scrapping 59 parts. 
As a result of selected metrics it was possible to hone in on the root cause of the problem then, supported with other types of data collection such as CMM reports, the root cause of the problem was identified. 
The root cause is a breakdown of scheduled maintenance systems allowing backlash in the X axis leadscrews to increase beyond capability limits, resulting in fine tolerances such as those present on OP100’s transmission dowel holes to fail CMM checks. The failed CMM parts were then scrapped. Maintenance personnel were attempting to overcome the issue by making NC moves that only resulted in more failed CMM reports and scrap parts to be made.
A number of potential improvements could be made. Via the use of FMEA analysis it was decided that the best solution was to implement an automated check that, would not harm the production rate but, would alert maintenance personnel to the deteriorating condition of the leadscrew and therefore initiate corrective actions. 
The check utilised the current machine components by measuring the feedback from the 2 encoders. If the feedback did not align to within 20 microns within 2 seconds, the leadscrew would fail the check and alert maintenance.
As a result, the number of scrap parts produced in the OP100 machines has been reduced by over 80%.
It was then recommended that the use SPC charts may be used to predict the failures and organise the work to be completed such as identifying appropriate gaps in production and ordering the correct spares.

Further benefits may be seen by the production line if the investigation was to be repeated.






[bookmark: _Toc7638003]12.0 Recommendations 
[bookmark: _Toc7638004]12.1 Short Term Recommendations
In the short term it is recommended that the training suggested in the control stage is implemented to all relevant maintenance personnel. 
It is recommended that this is done prior to the roll out of the project to other operations so that production may continue when engineering support is not available (i.e. night shifts/ weekend shifts) 
Training may be conducted using example SPC charts and a description of the work completed during this project. 
The ‘MOS’ area within BEP includes a Specht 500 CNC machine to adequately conduct training regarding the removal and installation of leadscrews without negatively impacting production. 

It is also recommended that the newly developed check be cascaded to all machines within the production line to widely monitor the machine performance and part quality across the entire production line.

[bookmark: _Toc7638005]12.2 Medium Term Recommendations
In the near future it is recommended that another investigation such as this one is carried out once again. Its purpose would be to target the new largest scrap contributor that is, identified in figure 21, as being OP140 that is a cylinder honing machine.
The steps of the investigation may provide a framework to base the work upon, while useful tools used within this investigation may be identical or very similar, such as the process maps, SIPOC, VOC and CTQ/D’s. 
The more times this project is completed the greater the reduction in scrap production. 
It is the aim of a lean manufacturing environment to achieve a 6 Sigma quality level, that is currently not present.

It is also possible to share the project with other machining lines within BEP to reduce the amount of scrap produced in the plant as a whole. 
Other lines such as the PAG head machining and Module 3 Sigma head machining line operate very similar machines and use the same cell machining and automated gantry loading production method.
This project may therefore also provide a framework to reduce scrap on these lines.

The Ford Motor Company operates a global business and installs identical production lines in multiple factories. It is therefore possible to share this information with other plants to enhance the efficiency of the company as a whole.

[bookmark: _Toc7638006]12.3 Long Term Recommendations
The long term recommendation of this project is to fully implement and automate the use of SPC control charts. 
The reason for utilising such a tool is to identify trends in the performance of the components and therefore have the ability to predict imminent failures. The ability to predict future failures will allow the maintenance personnel to order the correct replacement components to ensure that no repair is delayed due to a lack of spares.

The act of using charts to monitor the condition and performance of such components will also allow such a large amount of data to be more easily managed. 
Each machine has an X, Y, Z & W axis that are all driven by the use of leadscrews. The process map (figure 5) details the number of machines as 32. 
The result is the use of 128 leadscrews on the PAG block machining line.
SPC charts would allow a simple glance to identify components that are becoming a cause for concern.

[bookmark: _Toc7638007]13.0 Lessons Learnt from the Project
An improvement to be made regarding the project would be one of the chosen metrics. 
If this project were to be conducted again it is recommended that the use of end of line JPH is not used. JPH may be considered as OP specific, in this case JPH running through OP100, however bottleneck analysis, studying what machines are blocked and starved as a result of removing scrap parts from the process may be a more accurate metric. 
The metric did not show the desired results due to a number of other factors. 

As a result, the use of revenue as a metric was also flawed. Chosen to only highlight the losses present in the line it offered little value in assessing the success of the project.
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JPH Compared to Target 

Montly Average JPH 	October 2018	November 2018	December 2018	13.88	13.12	14.96	Montly Target JPH 	October 2018	November 2018	December 2018	23.0	23.0	23.0	



October - Decmber Scrap 

Number of Blocks 	
100.0	140.0	165.0	340.0	110.0	145.0	120.0	350.0	320.0	70.0	130.0	80.0	59.0	31.0	23.0	20.0	17.0	14.0	11.0	9.0	6.0	6.0	2.0	1.0	Operation Number


Quantity of Blosck Scrapped


Location of Scrap Within OP100


100.1	100.6	100.5	100.2	100.3	100.4	13.0	13.0	12.0	11.0	10.0	0.0	Machine Number within Operation


Quantity of Blocks Scrapped 



Montly Average JPH 	January 2019	February 2019	March 2019	13.44	10.28	10.24	Montly Target JPH	January 2019	February 2019	March 2019	23.0	23.0	23.0	




Amount of Scrap (Jan-Mar)	
140.0	110.0	70.0	165.0	120.0	320.0	100.0	340.0	145.0	350.0	80.0	130.0	28.0	19.0	18.0	18.0	17.0	13.0	11.0	10.0	7.0	5.0	3.0	3.0	Operation Number


Quantity of Blocks Scrapped
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Derivative Unit Cost Quantity Scrapped Derivative cost
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Cost of V8 Block before Assembly op | £ 176.93 2 £ 353.86
Cost of NA V8 block after Assembly op | £ 197.65 24 £ 4,743.70
Cost of SC V8 Block after Assembly op | £ 197.66 64 £ 12,650.24
Total Cost of Scrap £ 38,680.42
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Total Scrap Cost (Jan-Mar)

Derivative Unit Cost Quantity Scrapped Derivative cost

Cost of V6 Block before Assembly op | £ 166.46 2 = £ 332.92
Cost of V6 Block after Assembly op £ 193.02 73 = £ 14,090.24
Cost of V8 Block before Assembly op | £ 176.93 2 = £ 353.86
Cost of NA V8 Block after Assembly op| £ 197.65 21 = £ 4,150.73
Cost of SC V8 Block after Assembly op | £ 197.66 54 = £ 10,673.64
Cost of Scrap] £  29,601.40
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RE: Block Costings
To: Clark, Richard (R.D.), Cc: Dan Clark

Hi Dan, please see costs below:

In-System V6= FX23-6015-AA £166.46

Finished V6 = FX23-6L074-AC £193.017

In-System V8 NA & SC MY16/18 = 8W93-6015-CB £176.93
Finished V8 SC MY18 = JPLA-6L074-AA £197.654

Finished V8 NA MY16 = 8W93-6L074-CC £197.66

Kind Regards,

Finance Analyst, Ford Motor Company Ltd, Bridgend Engine Plant. GB-25/158
Tel. 8724-2251 / 01656 672251

See More from Clark, Richard (R.D.).
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