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Abstract
The following document is a technical report that will detail a project undertaken at JTEKT Automotive UK Ltd. The project undertaken looked at the reduction of internal defects and in turn scrap ratio on an axle CNC machining line. The project was to span over a timeframe of approximately one year.
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Introduction
The following report will detail a major project undertaken at JTEKT Automotive UK Ltd (JAUK). JAUK is the UK plant within the global company that is JTEKT. JTEKT is a Japanese company with its parent plants situated in Japan and European headquarters in France. The JTEKT brand was formed in 2006 when there was a merging of the two companies Toyoda and Koyo. JTEKT has four main business sectors. These are split into Steering division, machine tools, driveline components and finally bearings.
	Specifically, JAUK is based in Resolven, South Wales. Although under another brand, production first started at the plant in 1998. The current headcount is approximately 60 employees. The main customers for JAUK are Toyota located in Derby and Nissan located in Sunderland. There are four different products made at JAUK and these can be seen in more detail below:

Steering Pump
The steering pump line is an assembly line, where all the raw components are bought in and assembled to a finished pump. The variant is a hydraulic steering pump. Mass production of these parts has ceased and therefore production is service parts only to facilitate garage and warranty replacements.  An example of a steering pump can be seen below in figure 1.
[image: pspump]
Figure 1 – Hydraulic steering pump






Manual Steering Gear (MSG)
The second assembly line in the plant is the manual steering gear line. The job of the manual steering gear is to connect the steering wheel/column to the wheels of the car. The manual steering gears at JAUK are rack and pinion method parts and are supplied to both Toyota and Nissan. An example of a manual steering gear can be seen below.
[image: ]
Figure 2 – Manual Steering Gear
Axle (Front knuckle & Rear Carrier)
The final products made at JAUK are the axle machining lines. The axle machining lines produce the front knuckle and rear carrier. The job of these parts on a vehicle is to be connected to both the wheel and the Manual steering gear. The Linear motion of the manual steering gear will then turn the axle and wheel from side to side. 
[image: ][image: ]The axle lines are the only production lines at JAUK that are not assembly lines, but instead use CNC machines to machine raw castings into finished goods. Raw castings are received and delivered to line in Left hand version and Right hand version. These parts then go through Operation (OP) 10, OP20 and OP30. The front knuckle line has six cells, each cell has three OP’s so a total of 18 machines. The Rear carrier line has four cells, each cell has three OP’s so a total of 12 machines. The axle components make up the largest percentage of sales at JAUK. An example of a knuckle and carrier can be seen below in figures 3 and 4.





Figure 3 – Front knuckle	Figure 4 – Rear Carrier



Project Selection
The first stage of the major project was to actually decide on a project theme. This is a vital point of the project as there needs to be both personal benefit and a benefit to the company. The project will need to work on something that is actually relevant and an issue. There will need to be evidence that solving the problem will actually have an impact on the company. 
              In order to pick a project that met this criterion the key performance indicators (KPI’s) from the previous year were reviewed. KPI’s are a metric of targets set out to gauge the success and performance of the company. Although there may be many small specific targets, KPI’s are the top level gauge of a company’s performance. Below Figure 5 shows the KPI metric for JAUK that was reviewed. 
[image: ]
Figure 5 – 2016FY KPI Metrics
As seen in figure 5 above the first item on the list is compliance, where JAUK achieved target for 2016FY. Then the KPI’s are listed in order of priority and importance. So first as always is safety where JAUK achieved target. Next is the quality metrics where JAUK actually have a target failure for scrap ratio vs Turnover (PPM). Delivery target was achieved and finally, productivity was a triangle status meaning that it was within close proximity of the target but not achieved. 					
             Figure 5 was discussed in detail by a cross functional team. Due to the fact that it is was the only failed target status for 2016FY and that it is part of the quality metric which is important to JTEKT as a company, Scrap ratio vs Turnover was chosen as the metric to target through the project. Therefore, the theme for the project is “Quality improvement through scrap reduction”. It was also noted that there is a link between Scrap ratio and the other triangle status item. Productivity is measured in bekido. Bekido is an efficiency measurement that measures the actual running time of a production line or machine compared to the total available time of the production line. Reasons for not achieving bekido can be machine failures, machines running at a reduced rate, quality stops, changeovers and many more. A reduction in scrap would lead to a reduction in quality stops and number of defective parts machined, therefore by improving the scrap rate it is hoped that bekido rate will also improve and be achieved for the year. 
	It was also noted through consideration of scrap figures that the actual scrap cost is a lot greater than that reported. Month upon month the scrap figure recorded is the material cost of the scrap parts. However upon further reflection the scrap cost is actually a lot greater than this and therefore a much larger issue. The scrap cost is actually the material cost, the labour costs to make that part, the electricity and tooling costs to make that part, the admin costs to make that part and then this price is doubled because the scrap part needs to be made again to be replaced. Therefore there is a significant financial benefit to carrying out this project. 
	The final benefit of the scrap reduction project is the environmental aspect. Not only the environmental benefit of scrapping off less material, but also by running the plant and the machines for less cycles/time.
The Cost of Quality
Scrap ratio also falls into the cost of quality category. Cost of quality is a methodology used to calculate the amount of money being spent to prevent poor quality or quality issues. The cost of quality incorporates items such as prevention costs which involves quality planning and quality schedules. It also incorporates quality audits which are part of appraising the cost of quality. Next are internal costs and this is where scrap is involved. Scrap is ultimately a cost to the company and the amount of scrap made ultimately increases the cost to maintain a good level of quality. Some scrap parts can be re-worked, there is a cost associated with this which is another factor included in the cost of quality. Finally is external failure costs and these incorporate the costs involved with activities such as warranty returns and customer complaints or rejects. High levels of scrap can lead to customer complaints which can again further increase the cost of quality.
Ultimately it is this cost of quality along with the real scrap cost that can be used as the total figures to understand how much scrap is costing JAUK. This figure can then be used as a benchmark when gauging whether countermeasures are cost effective or how long payback time is i.e. the cost to countermeasure should not be greater than the cost of quality.
[bookmark: _GoBack]Project Aims & Objectives
After selection of the project and an analysis of the project benefits, the aims and objectives of the project were discussed with top management and the following list was finalised.
The project aims and objectives:
· Reduce Axle scrap ratio vs turnover from 810 PPM to at least 500 PPM.
· Achieve this scrap reduction without detrimental effect on budget or quality
· Improve product knowledge
· Improve Machine knowledge
· Improve Tooling knowledge
· Identify any weak points of the process
These aims and objectives can be used at the end of the project to evaluate the performance of the project and whether or not the project has met the required criteria.















Gap to target
When the project theme has been decided it is important to analyse the gap to target. Firstly, the goal condition must be understood and then the amount of reduction needed to meet that goal condition. JAUK has a target condition or ideal condition of 500 PPM. There is also an ultimate goal of 0 PPM, i.e. to produce no scrap. This is visualised in the graph below in figure 6. 
[image: ]
Figure 6 – Gap to target analysis
Figure 6 shows that there is a gap to the ideal condition of 310 PPM, which means a scrap reduction of 38.27% is required to achieve target. Over and above this the ultimate goal will to be to eliminate scrap all together.









Impacts of the Project
To really understand the impact that scrap is having on JAUK as a company and the impact of solving such an issue the data gather so far can be reviewed but also important is understanding the customers and JTEKT’s expectations. This information can then be used to come up with a problem statement. This problem statement will then be the driver going forward.
Expectations of the Customer
The customer expects a sustainable product that is to the correct specifications, on time and in the right quantities, whilst still being able to meet APR targets.
Expectations of JTEKT
To reduce internal Scrap ratio and the associated costs in order to remain profitable and ensure we can be competitive when trying to secure new business. 
Problem Statement
Increasing Scrap Costs are having a negative effect on profit margins and increasing strain on resource at JAUK. This in turn jeopardises ability to meet customer APR targets and increases risk of flow out of defective parts, which is reflected in our last two customer returns.
It is now clear that completion of this project is key to JAUK and that successful completion will not just reduce costs but lead to overall plant quality improvements.

Personal Impacts of the Project         
The benefits of completion of this project are not just to the company. There are personal benefits to be gained by completing a project such as this. These benefits include:
· Improved product knowledge
· Improved machine knowledge
· Improved tooling knowledge and manufacturing methods
· Gaining experience in leading a project
· Demonstration and improvement of problem solving techniques



Grasping the situation
Now that the project has been selected the next stage is to carry out a data analysis and data mining activity. The purpose of this is to really grasp the current situation, understand the history of the issue and to also ensure that later on in the project resources and countermeasures are being concentrated in the right areas.
Analysis of Scrap trend 
The scrap trend was analysed to further gauge and prove the magnitude of the issue. It is important to understand by looking at the trend how the result for 2016FY was over target. The analysis was carried out to see if there was just a one off incident that caused a large amount of scrap. If this is the case and the trend shows that generally throughout the year the target was met and a one off spike is the issue then the project may not be feasible; providing that issue was understood and resolved. Figure 7 shows the analysis of the scrap trend.
[image: ]
Figure 7 – Analysis of scrap trend
Figure 7 shows that throughout the 2016FY there was a slightly improving trend in scrap, however not enough to make a significant impact. It also shows that month upon month scrap was over target, meaning it was not a one off incident that caused an unreliable overall result. This means that scrap is a real problem that is consistently over target.
             The final quarter of 2016FY will now be carried forward and broken down further to find out more specifics on the scrap. i.e. what product, what line, what quantities etc. The reason the last quarter has been chosen is to make sure the project focuses on current issues, not the issues that were occurring many months ago and have since been resolved.

Breakdown of scrap by product
As previously mentioned the last quarter of 2016FY data was used for a data mining activity to fully understand the current situation. The first activity was to understand which products are producing the most scrap. This will ensure that resources and investigations are focusing on the right areas of the factory. Figure 8 shows this activity.
[image: ]
Figure 8 – Breakdown of scrap by product
Figure 8 shows that the scrap produced on pump line and IMS is such a small quantity it can be regarded as negligible. Scrap produced on the carrier, knuckle and MSG line are all significant quantities and so should all be analysed further going forward. This means that 98% of the total scrap is being included in the scope of the project moving forward.









Project team
Now that the scope of the project has been set, i.e. Scrap produced on the knuckle, carrier and MSG line a project team can be selected. It is important to select a project team that firstly contains members who are relevant to the topic and also work in some of the affected departments. Also its important to have a cross-functional, multi-disciplined team that includes members from several departments. This is because then when implementing countermeasures or investigating root causes they can be considered from all aspects. The schematic below in figure 9 shows the layout of the team for this project.
[image: ]
Figure 9 – Project Team
Figure 9 shows that the champion or project leader will be Andrew Parton. There will then be Lisa Thomas, Ceri Gittins, Kris Richard and Chris Harvey who are from Quality, Process Engineering, Maintenance and Manufacturing departments respectively. This means there is a me14mber from each department involved in the project. Rhodri Williams and Mike Hemsley will then add input from senior management and Kevin Gittins the managing director will oversee the whole team. This shows that the project is a priority right throughout the plant and there is involvement from the top down.



Project Timescale
The scrap target is measured for the fiscal year. Therefore the aim is for the project to be completed by the end of the fiscal year, i.e. March 2018. However, there is a margin of flexibility in this. There has been an initial meeting with senior management to discuss the project timescale. The outcome of the meeting was that the aim should be to get the project complete by the end of the fiscal year, but by no means at the detriment of carrying out thorough research and ensuring correct decisions are made. The aim is to complete the project in the given timescale however until completing the data gathering and investigation some of the countermeasures it’s not possible to know how long some of the countermeasures will take to implement. 
        A project timing plan has been developed; please refer to appendix one for a full copy. The project plan was created as a guideline of all of the milestones that need to be covered in the project and when they are to be completed. 















Monitoring and Reporting Progress

It is important for the scrap trend and therefore project progress to be both monitored and communicated effectively throughout the life of the project. All members involved need to be aware of the current status and what items need reviewing or working on.
	The first process to look at is the process of collating all the scrap data at JAUK. The scrap data comes from several sources and form types but is then collated into a master spreadsheet. This can be explained in further detail below.

Data capture and review

The initial collection of data with respect to production of scrap within JAUK is by the Team leaders and QA inspectors. This is because it will mainly be the team leaders and QA inspectors who find the defective parts and therefore can provide the most information on what the part is the nature of the defect and the disposition etc. 
The team leader and QA inspector’s record scrap live as it happens. They use the form in figure 10. All the relevant information is captured on this sheet such as the nature of the defect, which machine it came from, whether it is a left hand parts or right hand part and then also what the countermeasure was to prevent a repeat or solve the issue. At the end of each shift the Team leader and QA inspector will meet to review the data on the scrap sheet and both will sign the sheet to signal that the detail is correct and all scrap parts have been recorded. The scrap parts are then kept on a scrap stand at the side of the production line so that they are readily available for review and any possible further investigation.

[image: ]
Figure 10 – Scrap recording sheet



At the end of each shift the team leader will then take the data from the scrap sheet and enter it electronically on to the Scrap recording sheet which is kept on the public network at JAUK. Figure 11 shows an extract from the electronic spreadsheet.
[image: ]
Figure 11 – Scrap recording Spreadsheet


Now that the data has been collected and stored in an electronic system it can be reviewed. The first step of reviewing this data is at the morning meeting. Each morning there is a morning meeting where the previous day’s performance and issues are reviewed. One of the stop’s on the morning meeting is the scrap stands. At the scrap stand there are QA members, manufacturing members and also senior management members present. The purpose of this is to make a comparison between the data recorded on the sheet in figure 10, the data then transferred to figure 11 and the parts actually stored on the scrap stand. The purpose of this activity is to ensure the data being captured is accurate and valid. This ensures that the right data is being captured and therefore members have the correct information on which to make decisions. 
The format of this review is that the scrap/project team leader will then bring a printed copy of figure 11 to the meeting. Each piece of scrap will then be reviewed with the aim of answering all of the following questions:
· Is there the same number of parts on the scrap stand as on the production booking sheet?
· What is this part and what reason has been written for the cause of reject?
· Is this the actual reason? Has the member found the real root cause?
· Is it really scrap? (Some scrap is open to interpretation, so cross functional team will come to an agreement)
· What countermeasure has been put in place for this scrap?
· If there are any grey areas or doubt a part will be taken to QA department for full measurement.
· If any parts are salvaged then the quantity of parts on the scrap sheet will then be adjusted.

This activity is carried out every day and at the end of the week the electronic spreadsheet can be finalised for all its information and data. After the data for the week is locked there are other tabs in the file with formulas in to help categorise the data. An example of this is figure 12 and this helps break the data into a smaller list of defects which makes analysis easier. It also groups some of the defects in to common failure modes which allows for analysis of systemic issues i.e. is there one root cause leading to multiple types of failures.
[image: ]
Figure 12 – Scrap breakdown sheet	

	In addition, other reasons that data is collected and reviewed like the format in figure 12 is to analyse data over an extended period of time. Although the morning meeting is vital to understand the daily issues and gather valid and relevant data, the benefit of reviewing weekly or even monthly is that the trend and also number of occurrences can be analysed. In the daily meeting you are creating actions based on one day’s information which is important however not fool proof. The reason for this is that the top issue from the previous day is the one that is given an action that is followed up. This means you could have a different issue each day that causes you eight pieces of scrap for example. However, these issues only occur once. There could be an issue that is occurring every day but only causing two or three pieces of scrap. Therefore you will never act on this issue but it will be consistent and overall the biggest issue. 








There is also then graphical output for all the machines and scrap causes which is just a very simple and visual way to display the data which allows for ease of understanding and very quick analysis of trends. A previous year’s example of this can be seen in figure 13.
[image: ]Figure 13 – Graphical analysis











Progress Reporting
As previously mentioned in addition to the important of collecting the data and reviewing its validity it is also vital to communicate the data and progress of the project. This again is done on several frequencies and formats which will be explained in more detail.
	The project leader will summarise the information from the spreadsheet and input it into a very basic weekly report. The top three issues from the week and countermeasures for these issues are detailed. This document is then reviewed in a weekly meeting which is purely paper based, i.e. not on the shop floor reviewing the parts. The approach to this meeting is that the daily meeting should ensure all the information is present and correct. This weekly meeting is just a very quick summary. There should be no grey areas at this meeting.
[image: ]    
Figure 14 – Weekly scrap meeting report format
At this stage all the data and reporting has been done in the format of quantity of scrap, i.e. number of pieces. There has been no actual link back to the target which is a PPM figure. This is where the final report comes in to place. The final report is a report called the “cost of quality” report. In basic terms a report is formulated at the end of each month to analyse how much money is being spent on quality issues and this includes items such as warranty issues, customer complaints, missed shipments and most relevant the production of scrap. In the cost of quality report the months scrap costs are detailed for each production line and the total is divided by the turnover for the month to give a scrap PPM figure. This report is circulated both internally and also to the Japanese headquarters so the trend can be tracked by all. The report contains confidential information and therefore cannot be displayed in the project.
The Importance of research

Research is possibly the most important stage of any project. A lack of research or research of the wrong thing can lead to a project being carried out incorrectly and not achieving the aims and objectives.
	The purpose of research is to fully understand the issue being addressed. Research involves getting an understanding of the subject and then collecting all of the information and data around the subject. This allows the project team to then make informed decisions. 

Types of research

There are two main methods of research. These are:

· Qualitative - A research type that takes in to account people’s views and opinions. It is open to interpretation. It is a type of research methodology that will allow you to further understand the situation. A very common technique of capturing information within qualitative research is interviews, where responses are not limited. An example of qualitative research is looking into how happy people are with the current Priminister. It’s not a matter of are you happy or are you not. It’s how happy or unhappy are you. This sort of subject also differs from person to person, it is not fact based. Therefor you can have biased outcomes.

· Quantitative - This method of research uses more facts, figures, data and statistics. It is more matter of fact rather than opinion. Questionnaires are popular within this type of research where the responses people give are generally limited to answers that suit your research. Examples of quantitative research would be looking at historical data for the number of road accidents, or looking at the trend in unemployment rate.

(DeFranzo, 2018)

For this project the research will be predominantly quantitative. The internal research will all be based on facts, figures and charts etc. and the external research should be based on facts in order to ensure decisions are made based on accurate information. However, there are times when qualitative research is not only necessary but essential. Especially in the engineering field where there are so many specialist areas some information gathered where there is not a great deal of readily available information may be based on an experienced persons opinion or personal experience. Also internally when looking at a problem some members may have first-hand experience of an issue where as some may not, therefore the opinion of these members is good to have. 

Research Findings
Now, at this stage of the project the topic has been chosen, the scope of the project has been set and a project team selected. It is therefore important to spend time researching the items included in the scope of the project and also researching some tools that may be needed and used throughout. The following section of the project will focus on this.
CNC machining
The first research area is CNC machining. The two largest contributors to overall scrap are the knuckle and carrier lines. These are both CNC machining lines. It is therefore important to understand what a CNC machine is and how it works.
             CNC machines are electro-mechanical machines that work in conjunction with a computer. The computer can be loaded with several programmes that detail where the machine should go in X, Y and Z co-ordinates and in what order it should perform the tasks. The programme will also detail the life of tools and the feed and speed rates the machine should operate at. CNC machines have been praised for their high levels of capability, reliability and repeatability.
            As well as the computer a CNC machine contains a tooling chamber. This is where all the tools are kept and can be selected for use. Parts are usually held on some sort of fixture or clamping. Common tools used in a CNC machine include milling tools, drills, taps, radius cutting tools and chamfering tools. These tools are selected from the tooling chamber either manually by a member in some machines or automatically by an Automatic tool change (ATC) arm in automated machines. The tool is then gripped in the machine and rotated by the machine spindle. 
(Rogers, 2018)
CNC failures
Research shows that one of the main reasons for NG parts being produced from a CNC machining centre is the premature wear or damage to a tool or tooling insert. There are many reasons an insert could fail prematurely. The first reason may be a lack of coolant. Coolant is used for its cooling and lubricity properties and if starved of coolant an insert can overheat. Premature failure could also be as a result of a collision in the machine. This could be due to incorrect programming or the part not being loaded correctly. Incorrect feed and speed rates may be another reason an insert or tool would wear prematurely.
             Another type of failure mode is drift in a dimension. When a tool is set or put in to the machine then a first off is created. This first off can then be measured and tells you where the part is within its tolerance. Usually its normal to aim for the parts to be at one extreme of the specification to allow for the dimension to drift. For example a bore diameter would normally be set at the bottom of its tolerance to allow the tool to wear and the inserts to unwind meaning that the bore will be machined larger as it cuts more parts. If tools are not set correctly within their tolerance then some parts can drift out of specification over time.
            Process capability is another factor that can lead to the production of scrap. According to the website the engineering statistics handbook, process capability “compares the output of an in-control process to the specification limits by using capability indices”. In basic terms process capability is a measure of the processes ability to continuously machine the part and that part stay within specification. If you have unsatisfactory capability there is the possibility parts could be machined out of tolerance. These parts will not necessarily drift out of tolerance but could be anomalies or “flyers”. 
          The final factor in this summary will be human influence. A human or operator can load that part to the machine incorrectly or even run the same part through the machine twice. There are a range of ways an operator can cause the production of a scrap part and it then becomes the handling of these situations that is important.
(Itl.nist.gov, 2018)

Properties of cast iron
The two axle components, the knuckle and carrier are machined from cast iron. It is important to understand the properties of the material being worked with as this will give some indication to the behaviour of the metal in certain Cast iron is an alloy of iron and carbon. The main properties of cast iron are:
· Carbon content of 2-4.5% relative to weight
· Can also contain silicon, sulfur, phosphorus and manganese
· Relatively low tensile strength
· High compressive strength
· High rigidity which provides resistance to bending and deformation
· Relatively low cost to purchase and manufacture
(ScienceStruck, 2018)





The specific grade of cast iron is FCD400 and figure 15 shows the mechanical and physical properties of this specific grade.
[image: ]
Figure 15 – Properties of Cast iron FCD400 (Longhai special steel, 2018)














Sand casting process
The raw castings received by JAUK to make the knuckle and carrier are manufactured using the sand castings process. This section will look at understanding the process.
         The first part of the sand casting process is to create a mould. There are two parts to a mould and these are called the cope and drag. The cope and drag are packed with sand leaving an unfilled section on either side which is the shape of part being produced. The mould is then held in place or put on to a sort of production line. Molten metal is then poured into the mould. The metal is left to cool, taking the shape of the cavity left in the mould. After the metal has cooled it can be removed from the mould and taken for any additional processing such as surface hardness treatment and grinding of excessive material etc. (Foundry, 2018)
	A simple diagram of the sand casting process to aid the above explanation can be seen in figure 16.
[image: Image result for sand casting process]
Figure 16 – Sand casting process (Foundry, 2018)
There are many failure modes that can occur during the casting process itself and some of these include misalignment of the cope and drag. This can result in the product not being the required shape. There can also be issues when pouring the molten metal. Cooling rates have an impact. For example if to fill the cavity it required to ladles of molten metal. This first lot of metal may start to cool and solidify whilst the second ladle is being poured.
	Next are the material properties of the molten metal. The molten metal needs to have the correct composition in order to provide the properties required by the customer such as material hardness, pearlite and ferrite. 
	Lastly is the sand set up. The sand needs to be adequately set up. If the sand quality starts to degrade or if the sand isn’t evenly distributed this can cause casting issues. If sand makes its way into the cavity then this will affect the shape of the cast.
Casting failures
In addition to the failures that can occur when JAUK machines the parts there is also the possibility that the supplier will supply some defective parts. If the supplier does not capture and manage all of their rejects then these rejects can be passed on to JAUK. It is important for JAUK members to be able to identify and manage these rejects as they can lead to a defective part being made. In the event of a defective part being made to a supplier casting issue then the scrap should be charged back to the supplier and is not JAUK liability. 
               One very common type of casting defect is porosity. Porosity is the property of being porous or containing holes. When machining a component, it is not totally uncommon to come across a cluster of pin holes or maybe a singular large hole on a machined face. This can cause weakness in a material and functional issues. The root cause of porosity is moisture in the molten liquid. This moisture evaporates leaving air pockets or bubbles in the moisture where no metal then occupies. (Collinsdictionary.com, 2018)
	Flashing or excess material is another example of a casting defect. As previously researched when looking at the sand casting process, sometimes extra processing is required at the end such as grinding of excess material. This can be missed by suppliers and excess material can then be left on a part. If this is the case it can cause the CNC machine to crash as it is not expecting the material to be there or it can cause the tool to wear prematurely as it is having to machine off more material.
	Another type of casting defect that can lead to machining issues are basic dimensional issues. A common type of dimensional issue is the bending of a part or deformation. This can be due to many reasons. Firstly, the mould could have been made incorrectly but most commonly is due to some error in the cooling process. Either the part has not been given adequate cooling time or it has been contacted whilst still hot.
Assembly failures
The manual steering gear assembly line is included in the scope of the project. Therefore it is important again to understand the common types of failures that can occur to see if these are possible on the assembly line at JAUK.
	According to the international conference on engineering design one of the most common types of assembly line failure is improper fastening of parts. The JAUK assembly process contains a lot of threading a part into another part so this is a possible similarity. Other common failure occurrences are parts missed from the assembly completely, incorrect parts used, product hit or damaged throughout the assembly process and also misalignment of the parts. Miss-alignment can lead to cross-threading or even being unable to assemble all together. Other factors to consider are defective components being supplied by the supplier which can lead to assembly issues. Defective jigs and assembly machinery can also negatively impact an assembly line. Calibration of machines and regular cleaning and monitoring are usually used to countermeasure this.
	All of the above researched assembly line failures are possible points of concern on the JAUK assembly line. Therefore this research gives some very basic investigation routes when starting to analyse manual steering gear line failures.
(Estrada, Riba and Lloveras, 2007)

6 sigma approach
6 Sigma is a tool that incorporates some of the lean manufacturing principles in order to improve the capability of a business’s processes, which in this case are the manufacturing lines. The theory behind 6 sigma is that an increase in performance and decrease in process variation will lead to defect reduction and improvement in profits and quality of products. This theory falls directly in line with the theme of the project and its aims and objectives. 
	In order to utilise the 6 sigma approach a measurement, data based strategy must be implemented. This is done by using either or both of the following six sigma methodologies. The first is DMAIC, which stands for define, measure, analyse, improve and control. This method is used when the existing process is falling below specification and the business is looking for incremental improvement until the target is achieved. The second method is DMADV which stands for define, measure, analyse, design and verify. This is used when incremental improvements are not possible and an instant change or improvement is required.
	The major difference between DMAIC and DMADV is that with DMAIC the aim is to keep the current process but make adjustments and improvements to it to make it 6 sigma capable. With DMADV it is accepted that the process may need to be significantly modified or even re-designed and then verified.
	The 6 sigma approach works in conjunction with other quality measures such as process and product capability, gauge capability, gauge R + R and other MSA tools.
(Isixsigma.com, 2018) (Asq.org, 2018)





TBP Approach
TBP stands for Toyota business practice and is a problem solving technique promoted by Toyota manufacturing. The TBP approach focuses around the PDCA methodology and focuses on breaking a problem down into eight manageable steps. The TBP methodology can be seen in figure 17. Figure 17 details the eight steps that are part of a TBP.
	TBP thinking approaches a problem from a funnel approach. In basic terms this means you start with a broad problem that affects the plant as a whole. The problem is the funnelled through the eight steps until small root causes are identified and resolved.
[image: http://blog.gembaacademy.com/wp-content/uploads/2009/02/tbp.png]
Figure 17 – TBP approach (Blog.gembaacademy.com, 2018)
The TBP approach will really be the methodology driving this project. There will be a TBP document being completed in the background to summarise the findings of the project and help make the project more manageable. To link the eight steps to this report it can be seen that the problem has been clarified and the initial breakdown of the problem started. After this research chapter the rest of the steps can be undertaken.



5 Why analysis
5 Why analysis is a tool commonly used in JAUK and falls into the TBP steps as it is parts of step four which is analysing the root cause. It also fits into the analyse phase in the DMAIC and DMADV six sigma approaches.
	The 5 why methodology dictates that if you take a problem and ask the question why repeatedly, eventually the root cause will be identified. The suggestion is to ask why five times, however depending on the complexity of the issue this number maybe more or less. A test can be carried out to see if the flow of the 5 why analysis is correct. The theory states that if you start at root cause of the 5 why and ask “therefore” each time then it should eventually finish back at the start.
	Benefits of 5 why analysis include:
· Identification of root causes
· Being able to see relationships between problems to understand systemic root causes 
· Easy to implement
· Simple to train members to use this tool
(Isixsigma.com, 2018)
	A blank example of a 5 why template used at JAUK can be seen below in figure 18.
[image: ]
Figure 18 – JAUK 5 why template





Grasping the situation continued
Now that research has been carried out on the items and techniques included in the scope of the project the data analysis can be completed with some prior knowledge obtained.
	The initial part of grasping the situation left the analysis at the point it had been discovered the products contributing the most to scrap were carrier, knuckle and MSG. The next part of the investigation will to look at these lines individually and see what issues are occurring.
	Figure 19 shows the specific scrap breakdown for the carrier line.
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Figure 19 – Scrap breakdown carrier line
The top two items are to be focused on from each of the three manufacturing lines. Therefore for the carrier line the focus item going forwards will be tool burnout and bush bore diameter out of spec. Elimination of this scrap will reduce the gap to target by 172 PPM.
	






Figure 20 shows the specific scrap breakdown for the knuckle line.
[image: ]
Figure 20 – Scrap breakdown knuckle line
The top two items from the knuckle line are bearing bore diameter and parts cut twice. Elimination of this scrap will reduce the gap to target by 62 PPM.
Figure 21 shows the specific scrap breakdown for the MSG line.
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Figure 21 – Scrap breakdown MSG line
The top two items from the MSG line are bearing top plug fails and yoke plug cross-threaded. Elimination of this scrap will reduce the gap to target by 154 PPM.


Summary of items to tackle
From the above analysis a summary of items to tackle has been devised:
1) Tools are failing prematurely (burning out) on the carrier line.
2) Bush bore diameter going out of specification on the carrier line.
3) Bearing bore diameter going out of specification on the knuckle line.
4) Parts are being cut twice on the knuckle line.
5) Top plug assembly failures occurring on the MSG line.
6) Yoke plug cross-threads are occurring on the MSG line.
These six items will be the direct causes being taken forward in the project to the root cause analysis and countermeasure stage. Complete elimination of these six issues would lead to a reduction of 388 PPM which is enough to bring the scrap result in target.
	Whilst carrying out this analysis it was noted that item number one and five from the above list were actually failure modes of the last two customer claims for JAUK. This means that potential customer quality issues are still present at JAUK and is further proof that reduction of scrap will not only reduce costs but will lead to overall quality improvement.
Genchi-Genbutsu Activity
Genchi-Genbutsu is a Japanese term which means to Go and see. The principle is that it is not possible to effectively carry out problem solving and root cause analysis without seeing the problem or scenario first hand.
Now that the list of items to tackle has been finalised a genchi-genbutsu activity was carried out to actually go and see the CNC machining centres and the MSG assembly line. An example of this can be seen in figure 22. This activity is the last part of fully grasping the situation. Not only is there now the paper based data but the members can view the process and understand exactly what is going on. This will help reduce the number of grey areas and unknowns when carrying out the 5 why analysis.
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Figure 22 – Genchi-Genbutsu activity
Figure 22 shows a genchi-genbutsu activity carried out by a cross functional team looking inside one of the CNC machining chambers to understand the cutting sequence and potential causes of some of the issues on the knuckle and carrier lines.
Point of occurrence
After analysing the data presented so far as well as some more background analysis and combining this knowledge with the findings of the genchi-genbutsu activity it was possible to map out where on the processes the issues were occurring. This is shown in figure 23 and the purpose of it was to try and highlight any hotspots or possible systemic issues.
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Figure 23 – Mapping point of occurrence
Figure 23 shows a map of where the concerns are occurring. The starred numbers refer to the numbers listed on the previous page in the summary of items to tackle.
From figure 23 a general note was made that all the OP30’s on the carrier line is a point of occurrence for two of the issues, however this was not of particular concern as OP30 is the only process that machines the bush bore diameter (number 2). Other than this there were no hotspots identified.
Target Setting
As the project has now developed the complexity of the issue is understood a bit more and it has been possible to narrow the number of issues down to a list of six. Therefore although the target is known, it is now necessary according to the TBP methodology to map out simply how the target will be reached.
	Figure 24 shows a simple timeline created that shows how JAUK plan to approach reducing the scrap PPM. The graph shows the starting condition which is the result for 2016FY last quarter. There is then a gap until September which is the time taken to carry out the project selection and grasping the situation stages. Starting from September it is planned to tackle one item per month. Each month shows a reduction in the Scrap PPM associated with that item. Successful completion of this each month will lead to completion by February 2018 and a result of 469PPM which achieves the 500 PPM target.
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Figure 24 – Target setting plan
Within JAUK and the TBP methodology it is stated that target setting should be a SMART target. A smart target means that the target should be Specific, Measureable, Achievable, Relevant and Time bound. It was agreed that this has been achieved by the following conditions:
Specific – Reduction of scrap PPM from 810PPM to 500PPM
Measureable – A KPI that is tracked and reported
Achievable – Target set by Japanese HQ and project selected by cross functional team
Relevant – It affects both JAUK and the customer in terms of finances and quality
Time bound – To be completed by the end of the 2017FY
Root Cause Analysis
The preferred method of root cause analysis for this project is 5 why analysis. The purpose of 5 why analysis is to start with a specific issue and break the issue down to its root cause, i.e. what is really the cause of that issue. 
	Before beginning the 5 why analysis a brainstorming activity was undertaken. This activity was called fishbone analysis. The purpose of a fishbone analysis is to take a problem and have five categories for the possible causes of that problem. These categories are man, machine, method, material or environment. Its name comes from the shape of the diagram used for a fishbone analysis.
 For each of the six scrap issues identified a fishbone analysis was carried out. The fishbone analysis was carried out with the members of the project team where each member brainstormed and suggested possible causes for the scrap issues. When all suggestions had been listed a vote was cast to come up with the five most likely causes. These most likely causes can then be investigated in some more detail and this in turn will limit the amount of possibilities to consider when carrying out the 5 why analysis. Figure 25 shows an example of one of the fishbone analyses completed.
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Figure 25 – Example of fishbone analysis





The first 5 why analysis was carried out on item number 1 which was tool failing prematurely on the carrier line. This will be explained fully to demonstrate the methodology used and the remaining 5 why analyses will be summarised. 
[image: ]Figure 26 – 5 why analysis number one	
Figure 26 shows that the starting point was the specific direct cause was tools were failing prematurely on the carrier line. This then branches of too many different routes as there are many different reasons for this.
	Firstly, tools are failing prematurely on the carrier line. Why? This is because tooling inserts are not being supported correctly. Why? This is because damaged or worn tools are being left in the tooling system. Why? This is because they are not adequately inspected for damage or wear. Why? This is because there is no clear process or standard for inspecting tools. This is the real root cause. Now it goes back to the direct cause because when you ask why tools are failing prematurely on the carrier line there is more than one answer. So again, tools are failing prematurely on the carrier line. Why? This is because there are insufficient lubricity properties in the coolant. Why? This is because there is bacteria growth in the system. Why? This is because the pH level of the coolant was allowed to drop below the required level of 8.7. Why? The root cause is that the machining environment is not sufficiently controlled. There are two more branches from the direct cause where the process is repeated but investigating other routes. However, these additional two branches end up at the same root cause that the machining environment is not sufficiently controlled. As there is more than one branch leading to the same root cause this can be seen as a systemic issue. This means that solving this issue will counteract a number of problems. In this case by adequately controlling the machining environment this will prevent tools being starved from coolant, prevent the coolant from losing some of its lubricity properties and also prevent the coolant tank from running empty. Elimination of these three issues will then lead back to helping to eliminate premature tool failure.
	The 5 why method was repeated to find root causes for all of the six issues. These can be seen below in figures 27-31.
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Figure 27 – 5 why analysis number two
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Figure 28 – 5 Why analysis number three
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Figure 29 – 5 why analysis number four

[image: ]
Figure 30 – 5 why analysis number five	
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Figure 31 – 5 why analysis number six
Now that all of the 5 why analyses have been completed there is a complete list of root causes for all identified scrap causes. In theory if the root cause analysis has been done correctly and completely then putting countermeasures in for all root causes should lead to a reduction or even elimination in scrap caused the issues identified. Below is a summary of all the root causes identified which will require countermeasures.
1) No clear process for inspecting tools
2) Machining environment insufficiently controlled
3) Bush bore tool uses old technology
4) No standard for loading knuckle work holding trolley
5) Machine start switch is exposed
6) MSG cylinder weight is putting pressure on collet and fixture
7) MSG alignment variation not fully understood
8) No standard for replacing tensioning band
9) Yoke plug assembly process not optimised to include torque driver or automation
The above 9 root causes will all be carried forward to the next stage of the project which will be developing countermeasures and implementing them.


Developing Countermeasures
The purpose of the previous section was to understand the real root cause of the problems. By understanding the root cause of the problem and putting a countermeasure in that really addresses the root cause, this should lead to elimination of the problem. Therefore this section will look at how the countermeasures were developed and planned. 
	The project champion held a meeting with the cross functional team to discuss the countermeasures. Firstly there was a review of all the data gathered so far and the results of the 5 why analysis were reviewed. Then systematically countermeasures were finalised for each of the issues. The countermeasures were reviewed against the cost of quality document. They were reviewed to ensure that the cost to implement the countermeasures was not of greater value than that of the “cost of quality”. Provided they were not the countermeasures were deemed cost effective and that they would pay back.
Figure 32 shows the countermeasure action plan that was generated. Figure 32 is an extract of the countermeasure plan and shows examples for the top two scrap items which are tools failing prematurely on the carrier line and also top plug fails on the MSG line. To view a large copy of the countermeasure timing plan please refer to appendix two.
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Figure 32 – Sample of countermeasure plan

After the countermeasures had been identified and discussed they were then reviewed against a set of three criteria. These were as follows:
1) The intended effect of the countermeasure
2)  The lead time to implement the countermeasure
3) The cost to implement the countermeasure
Each of the three criteria were scored either a circle, triangle or cross depending on the outcome of the review. This then gave an overall rating of either triangle, circle or cross. Reviewing the overall rating allowed a priority list to be developed. The purpose of this is the countermeasures that had high effect with less lead time and cost, i.e. the easy victories would be implemented first. The above can be seen in figure 33.
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Figure 33 – Rating and Priority of countermeasures
Then as seen in figure 32 which shows the countermeasure plan, there is a “who” column. This is because each countermeasure was given a lead department. This is important as it makes someone responsible and accountable for the countermeasures. It allows the project team to know what their focus and priorities should be. It also ensures the project leader knows who to speak to for updates and progress regarding the countermeasures.
	Next before assigning a target timeframe for implementing the countermeasures, the blocking points were reviewed. A blocking point is any event or project that would occur and possibly lead to delays in implementing the countermeasure. This was to ensure efficient and effective planning and included items such as other project SOP’s, customer milestones, other internal projects and other significant events. The review showed that there were no blocking points, or none that took priority over the countermeasures and therefore the planning could go ahead. Each countermeasure was planned in based on its priority wherever possible. In some cases there needs to be a logical sequence of events and therefore priority was not followed. Figure 34 shows the planning of the countermeasures. The dotted lines show the planned time to implement the countermeasures and then the solid line was the actual time to implement the countermeasures. A triangle shows that the countermeasure was a one off single event i.e. there was no planning or lead time required. Progress was reviewed and updated on a daily basis at the morning meeting and seen through until completion which is tracked in the status column.
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  Figure 34 – Countermeasure planning











Countermeasure Implementation
This section will explain the detail of a sample of the countermeasures that were implemented. 
Figure 32 shows the list of countermeasures and each has a specific reference number. Each of the following countermeasure examples can be linked back to the reference number. Each countermeasure example will show detail and examples on the condition before the countermeasure was implemented and after the countermeasure was implemented.
Countermeasure 1A
[image: ]
Figure 35 – Countermeasure 1A
The original condition was that members had no standard to check tools against. Members had to rely on their experience and interpretation. This resulted in some damaged tools being missed and left in the system. The countermeasure was to implement a tool checking standard. A standard was created for each type of tool and tool holder and the standard shows an example of an OK and No good tool. Each of the relevant members were then trained against the standards.


Countermeasure 2a
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Figure 36 – Countermeasure 2a
The original condition was that tools were failing prematurely before their intended tool life. This was because the coolant was not able to maintain its lubricity properties due to insufficient controls. The countermeasure was to implement a weekly check on the coolant pH and concentration. A simple board was created to quickly show the status of each machine. If any problems occur then this board can be consulted to either rule out or confirm the coolant as a cause. Each weekly check is plotted on a graph and the trend is monitored by the QA department who can inform maintenance to treat the coolant before it loses its properties rather than just reacting when it has.







Countermeasure 2b
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Figure 37 – Countermeasure 2b
The original condition was that when the coolant was degrading the maintenance department would treat the coolant at the coolant tank of the affected machine. However, because the coolant had already degraded bacteria had begun to grow in the machine and the coolant. Therefore any neat coolant added in an attempt to improve the properties was also infected by the bacteria and rendered no good. The countermeasure was to implement a coolant recycling tank. This tank is routinely treated and filters out to every machine to prevent the coolant degrading and bacteria growth in the first instance.







Countermeasure 2f
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Figure 38 – Countermeasure 2f
The original condition was that swarf was building up in the swarf conveyors and therefor machining centres. Maintenance were unable to remove the swarf conveyor from production to clean it as this would dramatically affect production figures. The countermeasure was to purchase a spare swarf conveyor so that it could be swapped in for dirty conveyors and they could be cleaned with no disruption to production.







Countermeasure 6a/6b
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Figure 39 – Countermeasure 6a/6b
The original condition was that the tensioning band on the MSG band that is used to align the part was not monitored for tension. This resulted in the band tension deteriorating over a period of time which affected the alignment of the parts. Eventually the band would fail and only then was replaced. The countermeasure was firstly to set up a weekly check on the band to understand the optimum limits for band tension. When these limits were realised checking band tension was made a formal check and now when the tension approaches the limits it is changed before it has a chance to cause issues. This is a form of preventative action.







Monitoring Results
After the countermeasures had been implemented a monitor was set up to monitor the effect the countermeasures were having on the scrap trend. Continuing from the above section a sample will be shown for the top two issues. These can be seen below in figure 40 and 41.
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Figure 40 – Monitoring of Tools failing prematurely	
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Figure 41 – Monitor of Top plug failures
The triangle symbols on the graphs show the reference of the countermeasure that was implemented. This allows the team to see when each countermeasure was implemented and the effect the different countermeasures are having on the scrap trend. For both of the above scrap items the countermeasures all had a positive effect and scrap trend continually improved throughout the timeframe.




Countermeasure confirmation
For each of the countermeasures that were implemented a countermeasure confirmation activity was carried out. This falls in line with the PDCA method. It is the “check” section. The method of countermeasure confirmation was to remove the countermeasure and check to see if the problem came back. The countermeasure shows on the scrap trend that it has reduced the number of instances of scrap, so in theory if it is that countermeasure that has led to the improvement then by removing it the number of instances should increase again. This was done in a controlled manner and only for a short period of time therefore the data in figure 40 and 41 are not affected by this scrap as it was intentionally made. 
	The result of this activity was that all countermeasures proved effective apart from “6a” and “6b”. 6a and 6b were countermeasures looking at making a standard for the tension of the tensioning band on the machine and then maintaining that tension. During the countermeasure confirmation activity the scrap for this feature didn’t change when countermeasures 6a and 6b were removed. Upon further investigation it showed that the tension setting initially stated was not the optimum setting and some drift in the tension caused the fails to continue. Therefore further study was carried and a new optimum setting was chosen. The countermeasure confirmation activity was then repeated, this time with a successful result.
	Figure 42 shows the PDCA cycle.
[image: PDCA CycleÂ ]
Figure 42 – PDCA cycle (ResearchGate, 2018)


Six Sigma Review
Although it has been stated that the project has followed the TBP principle, one of the key items identified in the research chapter was the six sigma approach. The theory of six sigma is based on the idea that improving process or product capability will lead to less process fluctuation and less defects. This project has worked on the reverse of that theory, i.e. less defects and process fluctuation will lead to improved process capability.
	A capability study was carried out on the process to determine the capability of the products and its features before the countermeasures were implemented. After the countermeasures had been implemented the capability study was repeated and the results showed an improvement in process capability and stability.
 Part of process capability as previously stated is process fluctuation. JTEKT closest measure of process fluctuation is bekido rate. At the beginning of the project it was noted that by improving scrap ratio there should be an improvement in bekido rate also. Therefore part of this capability study was to look at the trends of bekido which can be seen below in figure 43. Figure 43 shows that the project has had the intended effect and that at the end of the project bekido rate was improved and much closer to achieving target than at the start. The gap to target has been reduced from 1.16% to 0.10%.
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Figure 43 – Bekido result




Overall Scrap Result
As well as the individual scrap failure modes, capability and bekido rate the overall scrap result was consistently monitored as this is the overall objective of the project. The scrap trend was monitored on a monthly basis and can be seen in figure 44. 
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Figure 44 – End of project scrap result
Figure 44 shows that over the timeframe month upon month there was an improving trend in the scrap ratio until in January the result came below target. From January target was consistently achieved which led to an average result of 496PPM which achieves target.
	There was a period in November and December which did not have an improving trend but actually a worsening one. This was analysed and it was noted that there was a significant machine issue over this time that led to the production of a high quantity of scrap parts. It was also noted that the machine issue and scrap parts were not linked to any of the items in the scope of the project so was therefore not a major concern.
	In summary the project was seen through until the end and the scrap result did eventually achieve target on a consistent basis.





Project Timing plan
Throughout each of the chapters or milestones within the project the timing plan was followed and updated. The actual timescale was plotted against the planned timescale.
	Reviewing the timing plan was carried out weekly at set intervals and was used as a form of gauging project success and progress. The complete project timing plan can be seen as appendix three. A snapshot can be seen below in figure 45.
	Where there are fluctuations in the actual timescale compared to the planned timescale these will be documented and the reasons for any delays were investigated. This will be discussed further in the project evaluation.
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Figure 45 – Timing plan review







Standardising Successful Processes
The final part of the project was to look at the lessons learned throughout the project and the successful practices carried out and see if these could be implemented in other parts or processes within the factory. Within JTEKT and Japanese methodology this is called Yokoten. Yokoten means “across everywhere” and roughly translates to lateral deployment. (India!, 2018)
	The project team reviewed the project as a whole and made a list of the yokoten opportunities. These opportunities were put into a table and monitored through until completion. The yokoten opportunities can be seen below in figure 46. 
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Figure 46 – Yokoten Opportunities
The intension behind these yokoten opportunities was that further improvement to scrap would be realised and also it follows the continuous improvement principle. Finally, as can be seen in reference 4 of the yokoten opportunities the project details were communicated to other JTEKT plants. This is to ensure that other JTEKT plants can also yokoten any practices that apply to their plant.




Conclusions
The project has now been completed and many conclusions can be drawn. In summary the project theme was scrap reduction and this was based on a review of the 2016FY KPI’s. Data was analysed and research carried out into the topic area. A project team was selected, who carried out cause analysis and developed countermeasures. These countermeasures were then seen through until completion.
	The result of the project was a positive one in the fact that the scrap result did achieve the target with an end result of 496 PPM. 
	The first major conclusion was the importance of KPI’s. Without KPI’s it’s far more difficult to get a quick gauge of a company’s performance and where the weak areas are. With effective KPI monitoring it was possible to quickly see the weak point and chose a project theme.
	Secondly the importance of research. Not just carrying out research but carrying out the correct research. The two major types of research are qualitative and quantitative research. There is no one fits all type, it’s important to understand the requirements on a case by case basis. In this case the main type of research was quantitative. Facts and figures were used with well documented and detailed processes. However, there are scenarios where it is not a black and white answer and expertise or experience must be used.
	The next conclusion is the effective use of root cause analysis. It was first noted during the research stage but was really witnessed first-hand through the project. It’s vital to truly establish the root cause. If the root cause is not established then the countermeasure will not guarantee the fault will not re-occur.
	Next is the calculation of scrap costs. It became apparent throughout the project that the full situation is not being captured. For scrap costs the material cost alone is captured when in reality there is a lot more to it than this. The scrap cost is also fed into the cost of quality document. This means the true cost of quality is not fully understood. My suggestion to JAUK will be to start looking at a way of incorporating the total scrap cost, i.e. labour, admin, material, electricity into the scrap monitoring. Only then will the cost of quality be truly captured.
The final conclusion and the most key is the problem solving methods. The research showed there are many different types of problem solving methods such as TBP, 6 sigma, root cause analysis etc. For this project the TBP method was used as JAUK believe this gives the simplest step-by-step guide to seeing out a problem. It breaks the problem down into smaller steps that appear more manageable to the project team. However, it’s rare to only use on problem solving method and this project is no exception. Although the TBP methodology was used other techniques were also adopted and it was a case of taking the best practices from each of the methods to maximise project effectiveness. Throughout this project the TBP method was used, Genchi-Genbutsu, 5 why analysis and 6 sigma methodology. The project would have had a different layout had any one of these not been used.
Evaluation
Evaluating the success and performance of the project can be done by asking two simple questions:
1) Was the overall project theme and objective met?
Yes it was. The main focus of the project was to improve the scrap trend so that it was within the target of 500 PPM. The end result was 496 PPM which achieves this target.
2) Was it completed within the timeframe?
Yes. The timeframe was the end of the financial year. The project was completed before this deadline passed.
However, to evaluate the project performance further it is essential to compare the results back to the original aims and objectives, and this will now be the focus. As a summary the initial project aims and objectives were as follows:
· Reduce Axle scrap ratio vs turnover from 810 PPM to at least 500 PPM.
· Achieve this scrap reduction without detrimental effect on budget or quality
· Improve product knowledge
· Improve Machine knowledge
· Improve Tooling knowledge
· Identify any weak points of the process

We will now look at each of these in more detail:
· Reduce Axle scrap ratio vs turnover from 810 PPM to at least 500 PPM.
As previously states this objective was met and the end result of the project was a scrap result of 496 PPM.
· Achieve this scrap reduction without detrimental effect on budget or quality
Throughout the timeframe of this project there were no major internal quality issues at JAUK. Chokko-rate and bekido-rate remained stable and as discussed previously in the project bekido-rate actually improved as a result of the project. There were also no customer quality claims throughout the project with customer PPM remaining at zero.



· Improve product knowledge
Throughout the research chapter both the assembly and casting processes were understood. As the assembly process is currently at JAUK this was a topic area where there was a significant amount of prior knowledge. However, with the casting process this is a process that is carried out by the supplier so by carrying out this project JAUK are now able to understand more what happens to the parts before they come here and what affect can supplier issues have on the scrap ratio at JAUK.
· Improve Machine knowledge
Personal background was looking after the quality of the assembly lines. Therefore by carrying out this project and the research involved and much improved understanding of the carrier and knuckle line and CNC machining have been gained.
· Improve Tooling knowledge
Although there may have been some knowledge within the Process engineering department on the types of tooling and most importantly inserts and the different types of wear, JAUK were very much reliant on the tooling suppliers for knowledge on the inserts. Now there is an improved understanding of tool inserts and the different types of wear. In addition to this what causes that wear and how to countermeasure it. This results in JAUK being more self-reliant and also JAUK being able to react to problem quicker as there is no lead time waiting on the supplier.
· Identify any weak points of the process
Throughout the project some weak points were identified and the majority of these were tackled as part of the project itself through the root cause analysis and countermeasures. However, there was one very important thing noted at the beginning of the project and this is mentioned in the conclusions. This was that the scrap figures recorded were material costs alone. This project has identified that there is so much more to scrap costs than this, there is labour, electricity, admin and also the cost of re-producing that part. Therefore this is something JAUK will look into going forward. How to capture the full cost of scrap. Personally I think it would be very simple as there is a breakdown at JAUK of the cost to make one part from receipt of the raw goods to putting the part into finished packaging and shipping it. This cost can then be used to gauge the internal cost of quality. 
Considering all of these things the project can be deemed a success. The aims and objectives were all met whilst having no detrimental effect to the company. That said it does not mean there are no suggestions or learning points and these will be considered in the next section.


Considerations for future projects
The main considerations for future projects are regarding figure 24, the target setting plan the countermeasure plan and the overall project timing plan. 
Firstly, during the target setting phase which is visualised in figure 24 a plan was set to eliminate one of the issues per month. There are two issues with this; the first one is that this is quite aggressive. To fully implement a countermeasure and see an effect in the scrap figures within one month is very difficult to achieve. For future projects I would probably allow one to two months per issue. This allows more time to implement the countermeasure but also allows time for the countermeasure to take effect and show up in the scrap figures. Secondly regarding target setting, the aim at this stage was to totally eliminate the failure modes. Again this is extremely difficult to achieve and in some cases impossible. Unless human error is eliminated and process and product capability is perfect it’s not possible to guarantee you will not have a small amount of failures from time to time. So this brings into question if during the target setting whether the target was actually “SMART”. The evidence suggests not. Therefore I would allow a margin for this when setting future targets. This may be to eliminate 95% of the issue or whatever is appropriate for the problem at that time.
Next is the countermeasure plan. Although during this project the countermeasures were generally implemented when they were planned to be, it is easy to see how this would not always be the case. There was not a lot of allowance for supply issues or delays in supplier lead time when creating the countermeasure plan. For future projects there will either be an allowance or flexibility in the plan to allow for issues such as this. Either this or these factors will have to be extensively investigated before creating the plan.
Lastly is the overall project timing plan which can be seen in appendix three. There were some items that were not completed matching the planned timeframe. This is a learning point for future projects and the reasons behind delays or early completion will be carried forward and considered when planning future projects. 
The Next Stage
As mentioned at the beginning of the project the ultimate target for scrap ratio is 0 PPM. Although mentioned above this is probably not achievable it’s an ultimate condition so is something to strive for. This means that although the target has been met there is still work to be done. JAUK will continue their focus on scrap reduction and strive towards reaching the ultimate goal. In addition to this, the TBP approach and PDCA methodology are both cycles and this applies to problem solving in general. They are cycles in the fact that when the process is completed it is started from the beginning again. This is repeated until the problem no longer exists. Due to the successful completion of this project and the PDCA methodology this project can be repeated but in theory the items to tackle should be different. This will now be the focus for myself and JAUK over the next 12 months. 
	As mentioned above an additional focus going forward will be to start improving the way scrap cost are captured to ensure the total cost is understood and monitored.
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After the countermeasures had been identified and discussed they were then reviewed
againsta set of three criteria. These were as follows:

1) The intended effect of the countermeasure
2) The lead time to implement the countermeasure
H 3) The cost to implement the countermeasure

H Each of the three criteria were scored either a circle, triangle or cross depending on the
g outcome of the review. This then gave an overall rating of either triangle, circle or cross.
" Reviewing the overall rating allowed a p to be developed. The purpose of t
E the countermeasures that had high effect with less lead time and cost, ie. the easy victories
H would be implemented first. The above can be seen in figure 33.

Cost

B Countermeasure

Effect

Load timey
Overal
Priorityl

<@Wks <100
28Wks_£100-1000
>8Wks_>£1000

A 0 A2
Implement second station to separate tear down and setting of

3 o o 0 A O At

Ref Action

1. Create visual aids on how to inspect tools

Figure 33 —Rating and Priority of countermeasures

Then as seen in figure 32 which shows the countermeasure plan, there is a “who” column.
This is because each countermeasure was given a lead department. This s important a:
makes someone responsible and accountable for the countermeasures. It allows the project
team to know what their focus and priorities should be. It also ensures the project leader
knows who to speak to for updates and progress regarding the countermeasures.

[l Next before assigning a target timeframe for implementing the countermeasures,
the blocking points were reviewed. A blocking point is any event or project that would occur
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Countermeasures were removed to check
for effectiveness.

Countermeasure Implementation Example

Swarf conveyors not always cleaned
as maintenance did not want to
disrupt manufacturing. Build up of
swarf caused machining issues.

Spare swarf conveyor purchased.
Maintenance then able to swap clean
swarf conveyor in to machine and
clean contaminated one away from
production.
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Countermeasure Implementation Example

Tensioning band on MSG |ine was not
monitored. Band tension would
deteriorate over time before band
would fail, causing scrap.

JTEKT Europe Group
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tension. Band measured on a weekly
basis using force gauge. When
tension approaches limit band is
changed.
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3 The project team reviewed the project as a whole and made a list of the yokoten
M opportunities. These opportunities were put into a table and monitored through until
E completion. The yokoten opportunities can be seen below in figure 43.
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