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[bookmark: _Toc7544243]Abstract 
This report looks at the current swarf contamination problem on the Dragon headline which is causing rejects to reach assembly. It looks into the costs associated with scrap; both on the headline and assembly line, and the effect this has on the productivity. The report then uses Six Sigma tools and techniques to identify the root cause and look at different control solutions to achieve the overall objective of no defects reaching the customer.
This report reviews different quality control measures to achieve the desired outcome before looking at how the new control measure would improve both the machining and assembly line.
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[bookmark: _Toc7544245]Introduction into Ford 
Ford is one of the biggest automotive companies in the world and it has an engine plant based in Bridgend, south Wales. Due to the current economy the plant is currently undergoing restructuring to become more competitive to compete to secure more work for the future; as the automotive industry continues to become more and more competitive.
[bookmark: _Toc7544246]History of the company 
Ford Motor Company was founded in 1903 by ‘Henry Ford’ who was born in Greenfield Township, Michigan. He is the son of a farmer; William Ford. Henry Ford is known for starting the first moving assembly line where each operator had their station and job to carry out, and the engines would move down the production line; this reduced the time taken to produce a vehicle and is also where he built the first Ford car called the Model-T. (James.H.Sulivan, 2017) This had a massive effect on the economy at this time in history because it significantly reduced the price of cars; thus making it affordable to the masses and made the cities more accessible for people living in the surrounding areas, therefore, also giving them access to more better paid jobs. Below figure 1 and 2 are of Fifth Avenue, New York; first in 1900 and then in 1913. (Bak, 2003)
[image: ][image: ]                                                                                                                  [bookmark: _Toc7641782]Figure 1- New York 1900 (Weisenthal, 2011)
[bookmark: _Toc7641783]Figure 2- New York 1913 (Weisenthal, 2011)

In figure 2 only one car can be seen in the photo and thirteen years later there are no horses and everyone is driving cars; with the majority of them being the Ford Model –T. This shows how Henry Ford revolutionised the automotive industry and from here the Ford Motor Company was born.






[bookmark: _Toc7544247]Modern day Ford motor company
Today Ford Motor Company operates all over the globe, with a headquarters on every continent, and employee figures are around 191,0000 people; with the majority of those being in North America and Europe. (The Statistics Portal, 2019). In the UK Ford have two engine plants; one in Bridgend that produces petrol engines and one in Dagenham that produces diesel engines. The Ford UK headquarters is located in Dunton, Essex, who oversee any projects, for example; the installation of the Dragon engine, and provide support to plants to help meet deadlines. These three entity’s make up ‘Ford of Britain’ which is a subsidiary of ‘Ford of Europe’.
[bookmark: _Toc7544248]Bridgend Engine Plant  
Bridgend Engine Plant is located in south Wales and plays a vital role in Ford vision of ‘best in the world’ philosophy. Bridgend Ford was opened in 1979, the site is 1,525,270 square feet and since the first launch of the CVH engine in 1980 it has produced a number of different petrol engines for Ford and other automotive companies. They include:
· The CVH engine (1980-2000)
· The Zeta engine (1992-2004)
· 1.25, 1.4, 1.5 & 1.6 litre Sigma engines (finishing in 2020)
· Si6 engine for Volvo (2006-2015)
· AJ126/133 for JLR (1991- 2021)
· Dragon 1.5 GTDI & PFI (present) 
Since opening the Plant Ford has benefitted from a total £2.18 billion investment.  The plant currently employs 1,500 people and with its three major production lines it builds 3,400 engines a day; one every 24 seconds from its busiest line.  But as two of the lines start to ramp down this means the Dragon engine could possibly be the only product left come 2020 and this is scheduled to make 125,000 units a year with the possibility to increase to 250,000 units a year in the future.
Over time as the automotive industry has evolved and more emphasis has been put on making cars more fuel efficient and producing less CO2 emissions, so the likes of the CVH and Zeta engines gave way to the generation of Sigma ‘Eco boost’ engines  which were better for the environment and more fuel efficient. It also produced more power than their predecessors but now, as the automotive industry begins to change, once more the Sigma eco boost engines are being taken over by the new Dragon engine, which is similar in power, however it is 3 cylinder and even more efficient than the Sigma engine currently being produced.
After Ford purchased ‘Jaguar and Land Rover ‘ in 1991 Bridgend Engine Plant was awarded a 150 million pound investment to produce the V8 and V6 petrol engines for Land Rover and Jaguar because, at the time, Bridgend Engine Plant was regarded as one of the best plants within Ford and was producing first class quality engines.
Ford also acquired Volvo in 1999, so in 2006 Ford produced a Si6 Engine for Volvo, which was a straight six engine and the production of this product was done on the same line as the JLR product. The line is called PAG which stands for ‘Premium Automotive Group’. This line was the first multiple cell line within Bridgend Engine Plant, as before this transfer lines were used and components were supplied using a “just-in-time” method, staffed by workers dedicated to Jaguar production of these engines. It includes a linked flow-line of computer numerically controlled machines with automated loading and assembly. Component supply is on a "just-in-time" basis.
In 2015 ‘Geely Holding group’ bought the Volvo brand from Ford which led to the Si6 engine being terminated and the job losses of over 200 temporary employees at Bridgend Engine Plant. And as stated above now JLR have come forward saying the contract with Bridgend Engine Plant will cease in 2021 and with the ramping down of Sigma, it’s important the Dragon launch goes smoothly and Bridgend Engine Plant once more shows it the best engine plant within the Ford Empire.





[bookmark: _Toc7544249]Dragon Project
The Dragon engine is a 107 million pound investment which has taken 12 months to launch in Bridgend Engine Plant. Starting in October 2017 there has been many stages to the launch to get the machines operational and capable to produce the 125,000 volume. The engine is currently scheduled to be used in the Fiesta, Fiesta-st, Focus & Kuga and Bridgend Engine Plant will be the sole producer for the European market. See below the engine key points: 

[image: C:\Users\Stephanie\AppData\Local\Packages\Microsoft.MicrosoftEdge_8wekyb3d8bbwe\TempState\Downloads\Screenshot_20190302-151202_Gallery (1).jpg]
[bookmark: _Toc7641784]Figure 3- Dragon Engine derivatives
Bridgend Engine Plant will be the only plant in the world producing both PFI and GTDI with 80% of the 125,000 engines being GTDI and 20% of the build will be PFI. 
[bookmark: _Toc7544250]Protag status of equipment 
Protags are the status of machinery when being installed into a production line; this is important because this will have to be carried out on any equipment installation onto a Ford production line. There are 4 protag statuses; of which can be seen in the table below:
	White protag 
	Initial stage of machine installation, Bolted down but with no wiring or plumbing going to it.
	Ford employees cannot go near this machine and it should be fenced off for safety reasons.

	Blue protag 
	Machine mechanically installed and in the wiring stage.
	Ford employees cannot go near this machine and it should be fenced off for safety reasons.

	Yellow protag 
	Machine fully installed however needs to be functionally tested but all the risks associated with the installation e.g. wiring have been signed off by the engineer.
	Ford employees can operate the machine with tasks on the risk assessment, but cannot carry out maintenance on the machine this must be done by the vendor.

	Green protag 
	Machine is fully functional and has passed all relevant safety standards, capability studies can now be carried out on the machine 
	The machine can be operated by Ford employees and work can be carried out as normal.



This ties into the capability studies because machinery can only be signed off the next level of protag when certain conditions are met, and until the machinery reaches green protag it belongs to the vendor so any issues will have to be fixed by the vendor.
   
[bookmark: _Toc7544251]Capability studies 
Capability studies are carried out on every operation, which includes doing a 5, 15 and 30 part run. This includes parts being inputted to the operation, the operation is performed; whether it be inserting guides and sets or machining the part, and then after this is done the CMM and hand gauges are used to measure the part, or if it’s a wash then the parts are sent off to the lab to be dirt checked. Once the machine has passed a 5, 15 and 30 part capability run it would then be classified as ready to be used as part of a PTR run. However if even one measurement is out the run has failed and the vendors will be called in to make the alteration to the machines so retesting can occur. Also the machine cycle time is recorded to prove it is capable of producing the volume intend, if the machines are running over cycle this would reduce the amount of product the line could make within a shift and it would fail to meet the demands of the customer.
[bookmark: _Toc7544252]PTR (production trial runs)
Once all the machines have completed their capability study the final stage of the launch is started, this is the PTR runs, where it is possible to see the flow of the line and all the machines run. From this it is possible to work out where the bottlenecks of the line are. The PTR runs are split into 3 sections:
[bookmark: _Toc7544253]PTR 1
This is single path, so parts only run through one cell, for example only ops 50.1, 80.1, 100.1, 120.1 and 170.1 would be used on the Dragon headline because these are the lead machines. All other cells like op50.2 would not be used, also PTR 1 will be low volumes around 15 parts. Each operator will then gauge the first part after it has been cut, this is called the scout part, and then if an issue arises it is rectified before cutting another scout part and gauging it again. Once the operator is happy that the machines are ready the PTR run will begin and any issues with the equipment are recorded by the operator through the run, so at the end the vendors of that equipment will fix or alter any problems with the equipment. It Is possible that there could be multiple PTR 1 runs until the Ford management are happy all the issues have been resolved and then the process will move on to PTR 2.

[bookmark: _Toc7544254]PTR 2
Once PTR 1 has finished PTR 2 will begin, this is similar to the process in PTR 1, however it is normally around 50 parts in the run and it will have duel paths. This means, for example OP50.1 and 50.2 will be used, like previously stated; any issues will then be resolved by the vendors. Again as previously stated a few PTR 2 runs may be carried out before the team is satisfied that any issues that arise are completed.
[bookmark: _Toc7544255]PTR 3
After PTR 1 and 2 are complete the final stage can begin, where the line is fully operational meaning any machines like OP120.3, that until this point have not been used, will now also be used making the production line fully operational. Once again operators will raise any issues but after this is complete and Ford are happy all the machines meet their standards, the machines will all be signed off, meaning it is then property of Bridgend Engine Plant. In PTR 3 157 parts are used which is the target for 12hrs production.
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[bookmark: _Toc7544257]The Ford productive system
[bookmark: _Toc7544258]Standardization
[image: ]As shown in figure 4; this is the called FPS umbrella, which is the foundation’s the company is built on. From reviewing this it shows standardized work is the bottom at the umbrella; and like in this diagram, lays a foundation for every plant to follow. For example, if an individual was to walk down the Dragon Headline in Bridgend and also down the Panther line at Dagenham Engine Plant it could be noted that it is extremely similar in layout and the process in which the workers use are the same. Each machine in Dragon has a book with visual job plans in it, this is used to train staff and keep every job standardised within the process. These are called visual job plans.[bookmark: _Toc7641785]Figure 4- The Ford FPS umbrella (Parry, 2013)

[bookmark: _Toc7544259]7 operation systems 
As shown in the FPS umbrella the seven pillars represent the company’s operating system and they are:
1) SOS (safety) – Safety is the most important aspect of the company, as it will go to any lengths necessary to protect the employees. One of the main ways would be to provide PPE and training. Ford takes safety extremely seriously and everything is checked, assessed and recorded to ensure no fatalities happen.  
2) QOS (quality) - Zero defects or producing Six Sigma quality will make Ford as efficient as possible and help them become the ‘best in world’ which is the company’s goal. Ford aim to ensure the quality of cars produced is up there with the best in the world, not only will it reduce the amount of waste and cost but it will also satisfy the customer.
3) DOS (Delivery) – Delivering on time is important with regards to delivering the product on time to the customer; whether it is to the end user or to another plant, Ford aim to deliver products of the highest standard to their customer to keep their good reputation.
4) COS (cost) – Cost is an important aspect of any business; in order to stay in business and compete with rival companies by being efficient and eliminating wastes that are non-value added processes. Ford aims to deliver a product at a competitive price.
5) POS (people) – “Take care of your employees and they’ll take care of your business,” Ford invest in the employees by training staff to a high standard in order to motivate and make all employees feel part of the company. Ford offers opportunities to improve on skills and by paying a competitive salary, which has been done since the beginning when Henry Ford doubled the employees’ wages and paid five dollars a day, which back then was more than double any other car manufactures were paying employees.
6) MOS (maintenance) - Maintenance is an important part of any company; both to ensure equipment is safe to use and also to ensure it is running efficiently, producing quality products and delivering them on time.
7) EOS(Environment)- Ford aim to make the business sustainable and in doing so the environment plays an important role, in an era where carbon emissions have been highlighted as a problem that effects the whole world Ford want to find a solution to this; both by making their cars less damaging to the environment, and the way in which it is built.

These Seven pillars make the Ford Company and by abiding to these systems the goal will be reached; which is at the top of the umbrella, which is to be ‘best in the world’. (Parry, 2013)Each plant is reviewed on these elements and each plant strives to continuously improve to become the best.
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[bookmark: _Toc7544260]Lean Manufacturing 
The definition of Lean manufacturing is; “A systematic approach to identifying and eliminating waste (non-value-added activities) in a company’s operations”. (Ung, 2013) Wastes in the production system are none value adding activities or processes which take up time and add additional cost to the product, which a customer is not willing to pay for. Normally non value adding processes treat the systems of the problem and do not find the root cause of the issue, therefore defining the root cause will help eliminate the waste.
[bookmark: _Toc7544261]The 8 wastes that occur
There are 9 wastes that occur in manufacturing and they are:
1. Defects
2. Overproduction
3. Waiting
4. Non-Value Added Processing.
5. Conveyance
6. Inventory (Time)
7. Motion
8. Employees - Knowledge, Skills and Abilities
[bookmark: _Toc7544262]Defects 
One of the main wastes on any production line is defects, these are currently referred to as scrap parts and these could be pre or post process. Some defects if not picked up at the source can travel all the way through the production line and the further down the production line it gets the more cost that goes into producing the part, both with tooling and labour time. This then increases the cost of producing the product and reduces machine availability and can cause a massive problem for the company if not picked up. (goleansixsigma, 2010) Another problem is the further down the process the part goes then harder it is to find the root cause. Poor quality can lead to a company damaging its reputation which can have an extremely negative effect on the business. (Borysowich, 2007)  
[bookmark: _Toc7544263]Overproduction
This type of waste can be a result of poor quality or defects occurring whereby it is decided to produce more products because it is known that a percentage of the parts will be defects and the customers’ demands want to be met by the company. This is a problem because it masks the issue, and as previously stated, increases the cost of the product. Overproduction also occurs when there is poor communication with the customer, leaving left over parts which are a problem because it results in high levels of inventory. This is especially bad if product has a shelf life or expiry date as it could result in inventory which then becomes scrap. (Ruffa, 2008 ) An example of this happening in Ford Motor Company would be the AJ Crank machining where Cranks were stock piled for assembly and then rusted which then made it all scrap.
[bookmark: _Toc7544264]Waiting 
Waiting occurs when a product is not moving and waiting to be processed, this affects the products lead time and occurs when breakdowns happen. (Ruffa, 2008 ) It is also due to the distances between work stations being too great and work balancing of the line is calculated wrong leading to poor flow. One hour of time lost due to constraints is an hour of production the plant loses and cannot recover.
[bookmark: _Toc7544265]Non-value added processing 
This is any operation, procedure or task carried out that does not add to the overall cost of the product. For example; hand gauging is a non-value added process and in an ideal production line it would not be necessary, however this is a critical task because it proves quality of product and highlights any problems or machine adjustments that need to be made, so this would be called a non-value added process, but the customer doesn’t mind paying for this. (McGee-Abe, 2015) However a task like cleaning a part after it has been washed is a non-value added process of which the customer is not willing to pay, and like the other wastes, disguises the root cause.
[bookmark: _Toc7544266]Conveyance 
The unnecessary storage, handling or transportation of a product can lead to the product getting damaged; this compromises the quality of the product.  
[bookmark: _Toc7544267]Inventory 
Excessive inventory is the direct result of waiting and overproduction and masks any issues the production line might have, this reduces the factory floor space, increases lead times, and is the sign of bad communication and leadership. 
[bookmark: _Toc7544268]Motion
Excessive motion, whether it is an operator or the machine, which is not small or easy to achieve takes time and costs money. For example if an operator has to take an extra five seconds to move from his work station to collect parts and back for each engine then the time will soon add up and could mean he produced a few less engines each shift, all of which adds up and costs money. (Ruffa, 2008 )Also products that have to travel a greater distance between work stations are also a waste of motion and this all costs money and time. (McGee-Abe, 2015)
[bookmark: _Toc7544269]Employees - Knowledge, Skills and Abilities
Not fully utilizing an employee’s knowledge, skills and abilities is the only waste that is not manufacturing-process specified; it’s rather a manufacturing management issue and occurs when management fails to recognise the employee’s strengths and how the company can maximise their benefits from their employees. Management should be working with their employees to find ways to continuously improve the manufacturing system and engineering environment. 



[bookmark: _Toc519887387][bookmark: _Toc7544270]An analysis of value from the customer’s perspective

From a customer’s perspective work can be broken down into 3 categories:
1. Value added – This is any operation where it changes the function, fit or form of a product and progress the product towards its completed form. This is work the customer is expecting to pay for: i.e. assembling, machining and shaping of a part.
2. Non-value added – This is any operation that does not change the products function, fit or form. For example: re-working parts or the movement of parts, inspections, storage. 
3. Non-value added but necessary - This is any process that does not change the product function, fit or form, however, the product will not progress through the system without it. For example; labour, transportation, raw materials, utility costs. Ideally each process in the system should either be equal or add value to the product.  (Borysowich, 2007)
[image: ][bookmark: _Toc7641786]Figure 5- value for the customer (sixsigmadaily, 2015)

With regards to the value of the product or service the final goal would be to have a product that costs less to produce than it is sold for. The cost of the product includes resources such as raw material cost, storage, transport , labour and overhead costs, these all contribute the products final cost. (Maas, 2008)The value added by activities e.g. machining, should be looked as adding positive value to the product and the value added by the activity is equal to or greater than the costs incurred during the activity. 
Value from the customer's perspective depends on the cost to produce the product or provide the service.  It is based on the customer's expectations, as identified by the effectiveness indicators for the process.
[bookmark: _Toc7544271]The FPS Measurable – JPH (Jobs per Hour)
JPH is the way of measuring how well the production facility is performing, by the amount of products it can produce in a given hour.
JPH can be calculated as below:- 
  
Jobs per Hour (JPH) = 	Production Throughput
		Total Hours Worked – Breaks


[bookmark: _Toc7544272]Metrics of Reliability 
Mean Time to Failure (MTTF)
This is measures the mean time to failure of non-repairable items.
MTTF can be calculated below:
MTTF = Total Operating Times
        Number of Failures
Mean Time to Repair (MTTR)
This is average time to repair machinery to specified conditions.
MTTR can be calculated below:
MTTR = Total Downtime (Minutes)
          Total Number of Repairs (Restore)




[bookmark: _Toc7544273]Six Sigma 
Six Sigma is a process improvement method which is a “set of management techniques intended to improve business processes by greatly reducing the probability that an error or defect will occur”. (Goskills, 2018) This is with the end goal of achiving a Six Sigma quality and zero defects, this method is a data driven approach to eliminate waste putting the customer first. 
Six Sigma approach improves customer satifaction, reduces cycle time and reduces defects; this drastically reduces cost and saves the company money,  helps them capture new markets and builds the company’s reputation.
[bookmark: _Toc7544274]DMAIC
The five phases of DMAIC are:
· Define
· Measure 
· Analyse 
· Improve
· control
[image: ]These five phases of DMAIC are a repetitive loop process used to structure a report and improve a process and the productivity in the engineering environment. Six Sigma practitioners and engineers apply DMAIC to define the issue at hand then measure and quantify the issue using Six Sigma tools, analyse the problem and find the root cause before coming up with an improvement and then implementing control measures. The result of this improves performance, quality and productivity making the process overall more efficient. (Terry, 2017)[bookmark: _Toc7641787]Figure 6- The DMAIC Process (sixsigmadaily, 2015)



The DMAIC approach to making a process improvement works because it’s understandable and easy to follow. This method can be applied to any process, industry or company to help guide a process improvement. The process begins when an issue or problem has been identified and this is one of the best systematic approaches to solve it. (Rever, 2016).







Define phase 
The define phase is the first stage of the DMAIC approach to solving a problem it includes a review of the process and the customers views are understood.
Define the problem and create a problem statement   - Review the current process and confirm that there is a problem within the process; at this stage data should be accessible highlighting the current problem. This will confirm the problem is a high priority and by addressing the problem this will have a positive impact to production and the company. (Hessing, 2014)
Define the aims and objectives of the project – The aims and objectives of the project should reflect the problem statement and help give direction to the team. It should include goals that have to be met in order to deem the project successful.
Define the process (process mapping) – Process mapping is used to have a bird’s eye view of the process then SIPOC, which stands for; suppliers, input, process, output and customer, is used so the team can look at key areas of the process before looking further in depth at critical areas.
Define the customer –   The customer is defined as the groups or individuals that receive the product from the process, of which can be internal or external. The customer can be contacted to understand the requirements needed; this is known as VOC which means Voice of the customer. (sixsigma institute, 2017)
Measurement Phase 
The two main objectives of the measurement stage is to gather data to quantify the problem and show it is a valid project, and also the data should help offer a greater understanding to the problem and offer clues into what the root cause could be.
Analyse Phase 
The analysis step is looking at the data collected in the measurement phase, analysing it with the problem to find the root cause of the problem. The tools and techniques used in this stage will help the team come up with improvements to make to resolve the problem, statistical analysis, fish bone chart, value- added analysis and cause and effect diagrams are just some of the techniques used in this phase of a project. (whatissixsigma, 2019)
Improvement phase 
The improvement phase is where after analysing the problem the team will come up with possible ways to solve the problem and then these will be developed and tested; this is the main part of the project which satisfies the customer. As the team has found an issue and a proposition is made to solve that problem, and the required level of satisfaction is met with regards to solving the issue, the control phase can begin. (whatissixsigma, 2019)


Control phase 
After successfully making an improvement this stage has to be implemented, the control phase ensures the new process is successful in the long run by making it the new standard operating procedure.

[bookmark: _Toc7544275]Industry 4.0 
Industry 4.0 is the trend in the manufacturing industry is currently in, it includes cyber-physical systems, the Internet of things, cloud computing and cognitive computing. This is the modern day industrial revolution where factories, which typically used to rely on humans to perform tasks, are now moving to advanced computerised systems such as collaborative robots to perform these tasks, as the technology advances making them more independent and efficient. (Marr, 2018)Factories that are changing with the trend to be competitive using applications like 3D- printers , cloud operating systems , Cobot, cyber security, equipment monitoring systems and many  more industry 4.0 tools are known as ‘smart’ factories with their end goal being to increase profitably, improve quality and to become overall more efficient.  
[image: Image result for industry 4.0][bookmark: _Toc7641788]Figure 7- the fourth industrial revolution (elmed, 2018)





[bookmark: _Toc7544276]Different types of industry 4.0 tools used within BEP
This section will look at all the industry 4.0 tools used in BEP and analyse if the inventory is being used to the full potential. 
[bookmark: _Toc7544277]Smart energy savers 
Bridgend Engine Plant, and in particular, the Dragon project uses the latest in Siemans operating systems on the production lines to reduce cost and make the plant efficient. It has also changed from the traditional lighting to LED lighting which costs a fraction of the price. Furthermore, the lights are on a timer so when a shift finishes it turns off, and this reduces the energy consumption of the plant. As for the Siemans software, unlike the old systems used in other areas of the plant, when gantry’s or machines are idle for a length of time it goes into energy saving mode where the screens turn off, motor and drag chain stop and the machine lighting goes off. On other production lines within Bridgend Engine Plant the machines do not have this function and machines can be left on for hours, even days without even being used. Bridgend Engine Plant have also installed a wind turbine, one of three planed, this is also to reduce energy consumption to become a more efficient smart factory. 
[bookmark: _Toc7544278]Cloud computing 
There are a number of different operating systems and equipment used in Bridgend engine plant which link up to the cloud which then makes that data accessible to people outside the factory with just a click a click of a mouse. This data is then used to compare plants performance and each plant is then ranked on their performance and higher management within the Ford Company’s set targets for each manager. The age of equipment is taken into consideration because not all production lines can run at 100% efficiency, for example the target for Sigma would be around 85% meaning if 100 parts were required to be produced per day and 85% of the quota could be achieved. This would be deemed as acceptable and would then be where overtime and shifts are used to meet the target. However with a line like Dragon 100% efficiency is expected, which on the headline equates to 20 heads an hour and 157 in an 8 hour shift. 
[bookmark: _Toc7544279]Upload station 
As the parts go around the line data is written to the tag, for example the buy off of every line is data upload point and this then takes all the data from the tag which stores information about the head. It includes over 500 different data entries about the head from the time & date of each operation performed to whether the part was gauged or had to be reworked, all this data is then uploaded to FIS (Ford Integrated System).
[bookmark: _Toc7544280]3d printer & Scanner 
A 3D printer works by either scanning the product to be printed into the system or uploading a CAD model of the part, it then splits the part into layers and builds the part up layer by layer until the product is built. 3D printers use rubber or nylon materials, however with the advance of the 3D printers in the last couple of years it is now possible to 3D print aluminium parts, this can be seen on the Koenigsegg supercar, which the turbo is completely 3D printed.
There are currently three 3D printers and scanners being used within BEP, of which have only recently been purchased, however it has already saved the company a lot of money. This is due to the fact that Ford previously purchased products from outside companies, of whom charged a high amount for simple items such as rubber seals and shrouds for the air tools on assembly, all of these products are now produced using the 3D printer. Looking at Figure 8; these are the costs of O-ring seals in the stores and vary from a few pence to up £27.62 and the same seal can be made within a couple of hours for around £0.04 by the 3D-printer and when the size of the plant is factored in and how often products that can be 3D printed are bought in and the mark up on which is charged already the company will have saved over £20,000 on Dragon assembly alone.
[image: ]
[bookmark: _Toc7641789]Figure 8- cost of rubber seals on stores


[bookmark: _Toc7544281]Collaborative robots 
Collaborative robots are the future of manufacturing, they are robots intended to physically interact with humans in shared workspaces, no fencing or barriers are needed unlike other robots and operate with limited guidance needed. The robots are also extremely easy to program and very versatile and have begun to expand into all manufacturing industries from aerospace to automotive and in recent years with the increase in popularity and companies offering this technology the robots have reduced in price making them more affordable even for small to medium size businesses. (Rouse, 2017)The robots have proven to revolutionise the manufacturing process improving on quality, reducing costs and making the process overall more efficient. 
There are currently two collaborative robots within Bridgend Engine Plant at the moment and both are located in Sigma assembly. One is on the X loop and is used to place caps and tighten the bolts on the cam caps to the specified torque. Before now this job has been carried out by an operator but there were issues because the bolts would be over torqued or cross threaded, now the task has been given to a collaborative robot it allows the operator to carry out other jobs and the production line is more efficient. The other robot is on Sigma buy-off where there was a problem with engines leaking oil and the inspection was carried out by 3 men working the 3 shift pattern simply checking with a UV light if oil was leaking after hot test. The UV light is able to detect an oil leak because Ford puts a die in the oil to make it easier to identify. The Robot now completes this test and it also took photos of the engine to prove it was ok when it left the factory and this project payed for itself within three months and due to its impact on the business Ford is keen to invest more into introducing collaborative robots.
[image: Image result for collaborative robot ur visual inspection]
Payload – for future references payload is the weight the end effector can hold or the Cobot can pick up this is important because it affects the functionality of the product. 
Movement accuracy – for future reference the movement accuracy of a Cobot is the tolerance of which the Cobot moves from the set point. For example if the set point is 30mm and the accuracy of the Cobot is +-0.02mm, this means when repeating the movement it can range from 28.8mm to 30.2mm.
[bookmark: _Toc7641790]Figure 9 universal collaborative robots (universal robots, 2019)


[bookmark: _Toc7544282]Project Problem
The following report looks at the main problem with the Dragon headline, an issue that has been a problem from its launch in October 2018 and nearly a year on the problem has not been resolved which has had a massive effect on the productivity of the line.
[bookmark: _Toc7544283]Problem statement
The report will be analysing the current problems with the Dragon headline focusing on the swarf issue, all the problems this is currently causing and the costs associated with this problem, before coming up with a control measure in order to contain the issue to stop defects getting to assembly.  This report will also look at the current quality control process being implemented, this being OP230 visual inspection, before coming up with improvements to this current operation.

[bookmark: _Toc7544284]Aims and objectives of the project 
· The aim of the project is to find a control measure to reduce the amount of defects sent to assembly because it’s cheaper to find a defect at the source of the problem before extra processing is carried out.
·  It is also faster and easier to find the root cause of an issue at the source so the control measure implemented will aid the operator in finding the root cause of issues. 
· The aim is to come up with control measure which can reduce every type of reject from getting to assembly not just swarf, it will include other problems such as Chatter.
· Prove the control measure is visible for investment from the company and it will be able to both carry out the tasks and save the company money.
· The overall objective is to make the Dragon headline the most efficient headline in the world.
· Improve the current production lines quality control process.
[bookmark: _Toc7544285]Reasons and relevence of the project 
To begin to understand the reasons and relevence of the project problem first of all the line layout must be understood, current process and the wastes associated with this process. Below is the line layout for the Dragon Headline in figure 10.
Figure 10 below shows the current machine layout for the Dragon headline machines which is intended to produce 250,000 heads a year. As it currently stands not all the machines have been installed because the current target is 125,000 a year so there is space protected areas, the checked machine outlines shows this on the layout. As shown in the diagram there was originally five zones, each would have one operator running the machines in this area and there would be one offline team leader, and two offline tradesman this would take the RTO to eight people to run the line.


[image: ]
[bookmark: _Toc7641791]Figure 10- Dragon headline layout
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[bookmark: _Toc7544286]Project information
Below shows the details of the project, timescales to complete each section and the people involved 
 

[bookmark: _Toc7544287]Details of co-operating partners 
· GROB are the main vendors as the CNC machines were installed by the company and also the automation. GROB will provide information regarding OP230 visual inspection with regards to cycle time as well as possibly help altering the current process to incorporate the improvements. GROB will also be in charge of making the machine changes necessary to reduce the swarf contamination.
· ABB are the vendors in charge of the wash before the OP230 who will be providing its cycle time so any moderations made will be within the required cycle time to ensure it doesn’t become a bottle neck and reduce productivity. ABB will also be working alongside GROB to look at solving the swarf issue and control measures will be implemented.
· Group staffs are the engineers from Dunton overseeing the whole Dragon project of whom possess information regarding the problem and will be in contact with other plants to help find a way to resolve any problems.
[bookmark: _Toc7544288][bookmark: _Toc480980108]Details of facilities required 
In order to successfully complete the project the facilities below will be utilized:
· Receive background information from the vendors and the process engineer Paul Rosser.
· Attending SSR meeting where the issue will be brought up and discussed by manager, engineers and tradesman.
· Using FIS and POSMON to collect data.
· Access to Assembly and scrap machining reports.
· Obtaining technical/engineering drawings from group staff.
· Using the internet or machine manuals for any research.
· Using Microsoft office to present project proposals, reports and vivas.
· Collaborative robot in university to run tests.
[bookmark: _Toc7544289]Project Restrictions 
The project will be carried out in plant time and cannot interfere with the production or availability of the production line. For this project to be accepted and implemented it must prove to be cost efficient and save the company more money than it costs to be signed off.





[bookmark: _Toc7544290]Issues with the wash in regards to swarf
[image: ]From the very start of the Dragon project the operation 220 ABB Flex wash, which is located in zone five, as shown in figure 12 has failed capability studies and dirt checks because it has been unable to remove all the swarf debris from the engine head. The Dragon head is the most complicated head design Ford has ever produced, meaning there is lots of cast ports and holes within the head which swarf can get trapped; these are not always easy to spot on the visual inspection station. The visual inspection was planned on being one in every 200, which is the same as on other lines like Sigma and PAG, however this problem is irregular meaning in may not happen for 500 parts and then 20 parts will be found with swarf compacted in the head. Vendors have increased the pressure of the wash from 300 bar to 350 bar hoping this would clear the swarf yet this has not worked, the holes shown in figure 11 were also retargeted and added dwells in the program, this increased the cycle time of the wash but all these have still failed to clear the problem. The issue is currently causing between 5 and 25 rejects due to swarf each shift running 157, which is having a massive effect on the productions lines efficiency. This works out at between 3.18% and 15.9% rejects each shift with the target being 0%.[bookmark: _Toc7641792]Figure 11- retargeting water jacket holes

  [image: ]   
[bookmark: _Toc7641793]Figure 12- swarf trapped in engine head
[bookmark: _Toc7544291]Severity of the problem 
The best case scenario for the swarf contaminated heads is that it is picked up on visual inspection and the part is rewashed to see if it is able to clear the swarf, which may not be the case because the high pressure water may compact the swarf in the channels, which would result in the part then being a reject. Reworks affect the lines capability for example if there was 40 swarf rejects that get rewashed this process would take 2 minutes meaning 80 minutes of less production. Then these parts would have to be inspected again which would take a further 2 minutes added, with an extra 20 seconds traveling time and loading on; overall to rewash and inspect 40 part this could take up to 170 minutes. This has a massive effect on production as it can cause the whole line to be blocked and stop production. After all this extra processing the parts could still be blocked leaving no alternative but to reject the head. 
The worst case scenario is if the rejects get sent to assembly, which has happened a few times already, and get picked up in the hot test which then leads to the whole engine getting scrapped off. This is extremely expensive and also raises a safety issue because if cars were to be sold to customers that have an engine failure this could be very dangerous and also affect the company’s reputation.  
[bookmark: _Toc7544292]Business impacts 
The product engine is sold to Cologne vehicle assembly plant in Germany, if the company is sent even one faulty engine they are within their right to reject the whole batch that is shipped to them costing Bridgend engine plant millions of pounds. This has happened in the past with the Sigma engine where there was a problem with engines leaking due to the Loctite machine not working and the vehicle assembly plant in America refused to take any products from Bridgend, luckily the issue was easy rectified and a team was sent to America to fix a whole fleet of engines. This damaged the reputation of the factory and cost the company millions of pounds. With the current economics and the automotive industry becoming competitive a company’s reputation could be the difference between a plant closing or staying open and that is why it’s imperative for Bridgend engine plant to compete with other plants around the world. In the past Bridgend has always had a reputation of providing the best quality out of all the engine plants in in the Ford company and that is what sets them apart from engine plants in China and India because labour cost wise Bridgend Ford cannot compete with these plants, however Bridgend Ford does have the reputation of having a highly skilled workforce capable of producing products to extremely high quality.  
[bookmark: _Toc7544293]Other issues with the Dragon headline 
Apart for the swarf issue there is also secondary issues which have become apparent since the beginning of production and they are:
Porosity – “Porosity or void fraction is a measure of the void (i.e. "empty") spaces in a material, and is a fraction of the volume of voids over the total volume, between 0 and 1, or as a percentage between 0% and 100%”. This presents an issue because porosity in certain locations of the part will cause a weakness in the material and crack propagation will be prone. This is a supplier issue from Maller the casting company, however it effects the lines production because surface porosity can only be spotted once the head has been machined. Thus, this means it would have to go all the way to the buy-off before it is found and in the past it has taken so long for the porosity to be identified that a whole day’s production of heads had to be scrapped due to the casting issue. This then has a knock on effect on assembly bringing their production to a stop.
An outside company called Dragon solutions, which consists of 3 men, check every head before it goes to assembly for porosity using templates. This process is extremely slow and not efficient, and this project will hopefully reduce the time of delivery to parts to assembly so a just in time method of delivery can be used.
Seats pressed on the wrong way – OP80 is the frolic robot which presses in seats and guides, however because it was stopping every cycle due to high pressing force there was no option but to increase the pressing force tolerance window. This has now caused the robots to, on occasion, press seats in the wrong way into the head; this then gets machined in the next operation and damages the tooling. This leads to the heads being scrapped and sometimes new tools have to be changed due to them getting damaged. There is a mechanism which measures and then rotates the seats before its feed to the press, however on other lines it rotates the seat and then double checks but this feature does not happen on the headline OP80. So a control measure to stop these from reaching assembly will need to be implemented.


Chatter on the seat – Because the new machines used on Dragon use MQL instead of coolant one of the issues this causes is the fact that chatter is present on the seats, this can be seen below in figure 13. This happens when not enough MQL is sprayed through the tool onto the part when its performing the cut, this then acts like a dry cut and the excessive vibration on the tool causes chatter on the part leaving a poor finish. The part cannot be reworked and it would lead to it being scrapped.
[image: ]
[bookmark: _Toc7641794]Figure 13- chatter on valve seats
[bookmark: _Toc7544294]Problems with the current quality process 
Above shows the main quality problems within Dragon head machining which are affecting the production lines efficiency. The current process which is used to spot these issues before parts get sent to assembly is a visual inspection station situated at the end of the line OP230. However the visual inspection has proven to not work as efficiently as it needs to and there is a lot of problems with the current process. The process is not lean, it would be ok as an over check if there were no outstanding quality concerns, but due to the amount of rejects and reworks which have been picked up, the station which originally part of zone 5; means an operator would run the CMM and also check one in every two hundred parts. Due to the amount of quality issues this was changed to make the visual inspection station another zone, meaning the RTO of the line went from 8 to 9 operators which cost around an extra £80,000 per man. Currently the line is running a two shift pattern meaning it’s costing an extra £160,000 than originally intended. Finding a standardized process which can reduce the RTO of the line back to 8 and spot all current defects and be versatile so it can spot any problems in the future would be the best way to improve this process. 








[bookmark: _Toc7544295]The seven wastes associated with the current quality control process 
Defects -The visual inspection process does not always pick up defects in the parts; this is because it’s down to personal opinion. For example: Operator A might think the part is ok to pass when a scratch is noticed on the face of the part, Whereas; Operator B might disagree and think the part should be a rejected, so the process is not standardized. Also, quality issues cannot be guaranteed to be picked up due to human error.
[image: ]Figure 14 shows swarf found in the engine head, this was picked up in assembly along with 15 heads with the same problem after all parts had to be 100% inspected in OP230.[bookmark: _Toc7641795]Figure 14- swarf found in head by assembly

Even though OP230 doesn’t create defects it doesn’t always detect them, thus defeating the point of the quality check. However; prevention is always best and implementing a poka-yoke system can help prevent defects.


Overproduction – One of the features that OP230 is missing is that it doesn’t keep track of the amount of parts that have passed or failed the inspections, which can lead to overproduction. Overproduction is where too many products are produced, which has a knock on effect on Inventory levels, i.e. causing them to rise; which hides problems within the company. This operation contributes to the poor communication between machining and assembly. 
Waiting – When operators are 100% inspecting parts, a vast amount of time is spent waiting for parts to come down the line, which is not fully utilizing the operators’ time. Also, when running normally OP230 will automatically stop every 200 parts; however the only indication that the machine has stopped is a light station changing from green to amber. Due to this, parts back up against the operation and slow down the flow of production. Linking this process into the previous and next operation will reduce the waiting. 
[image: ]Also unlike other processes in the system when operators go for scheduled breaks the quality process is on stop, unlike the machining operations that keep machining the parts as it does not rely on operator intervention meaning on an 8 hour shift; 45 minutes of that time the operation is not running and if it backs up enough it will stop the ABB wash.

[bookmark: _Toc7641796]Figure 15- poor line flow on OP230




Inventory- Excessively high inventory levels are linked to over production, which causes a problem as it takes up space, increases lead time and also masks any problems within the system. Due to the amount of defects the line currently stocks and machines more products than the assembly line needs to account for defects by addressing the overproduction issue, the high Inventory levels, in turn, will reduce also.
Motion - Another waste would be ‘motion’: the process of checking a part requires an operator to walk in through a light barrier, breaking a light beam, inspecting the part, before walking out of the light barrier, hitting the button and resetting the light barrier. This is a significant waste of time and motion that needs to be resolved. This section of the process is a safety feature added by GROB, however on other machining lines this safety feature is not installed yet as it complies to the standards set by the HSE.  
Employee’s skills and abilities - The entire process is carried out by an Integrated Manufacturing Specialist (IMS) or Tradesman which is not utilising the training, skills and knowledge of the participants because with the aid of a Visual job plan, the process could be carried out by anyone, whilst the skilled tradesman is carrying out maintenance work rather than running this OP, thus utilizing training and experience.
Eliminating the wastes above from the process will make OP230 more ‘lean’ and sequentially should have a direct improvement on the process and reduce the cost of producing the Dragon head, therefore, maximising profit.
Non-value added process – The whole process is a non-adding value process, however; quality may not add to the product but keeping the quality of the product high and detecting rejects at the source saves the company money in the long run.
Transportation- Transportation, manual handling and storage add no value to the product. The excessive movement of parts or storing a part for too long creates an opportunity for the parts to get damaged and cause a quality issue. Dragon machining layout is set up so machining is close to assembly and using a JIT ‘just in time’ methodology; so parts are delivered when it is needed, which will reduce storage of excess parts. This is not a waste of OP230, however due to the fact that failure have reached assembly now Dragon solutions now check every part for porosity and swarf after the by-off before delivering parts to assembly this is a waste of transportation and defeats the point of the current  100% inspection process.
Due to the amount of rejects/reworks on the production line and the current quality process not being a good enough control measure to ensure no rejects get to assembly this will needed  to be investigates and a better control measure will have to be implemented.



[bookmark: _Toc7544296]History of the scrap problem at Bridgend engine plant

Looking at figure 16 below shows the average monthly scrap cost of the Sigma engine which is a very similar engine to the Dragon as both are 1.5 GTDI. The only difference is that the Dragon engine runs off 3 cylinders, not 4 and the heads and blocks are smaller and more compact making them more complicated to machine. Thus causing an issue because if Bridgend engine plant is making this much scrap making a simple head how will the plant cope with the Dragon GTDI head. These graphs show that, on average, over the 2 years Sigma scraped $643,380 of lost inventory.

[image: ]
[bookmark: _Toc7641797]Figure 16- sigma monthly scrap cost
[bookmark: _Toc7544297]Amount of scrap which was GTDI Heads 
[image: ]
[bookmark: _Toc7641798]Figure 17- top ten scrap costs
Figure 17 shows the top ten reasons for scrapping parts on Sigma assembly in the month of July. As shown in the graph the GTDI heads are by far the main reason for scrapping engines followed by the PFI heads. This indicates that GTDI heads have had a long history of causing problems on assembly and so far even though Dragon has only been producing engines for just over a year, similar problems which are present on Sigma have been apparent on Dragon.


[image: ]
[bookmark: _Toc7641799]Figure 18- more in-depth look into sigma defect assembly
Figure 18 shows 1 month worth of defects to assembly date where by chatter is number 1 issue are 2509 rejects found and swarf is number 2 issue with 1108 defects found. This shows that swarf and chatter were problems on the Sigma line which runs a similar product. These problems are also being found in Dragon head from assembly reports but the Dragon head is a lot more expensive than the Sigma head. Therefore this will increase the cost of scrapping the component and with Sigma scrapping $643,380 on average over 2 years this cannot happen on the Dragon engine because it will make the product too expensive to make in Bridgend engine plant.

[image: ]
[bookmark: _Toc7641800]Figure 19- month on month scrap cost on sigma
Comparing figure 19 to figure 17 it is possible to see that July was a good month with only $12,816 of scrap, as for the 6 months previous to this it had been a lot higher. This just highlights that GTDI heads have always been the biggest problem on assembly and if a control measure can be introduced to ensure no defects reach assembly this would save the company a lot of money. Sigma has been running for over 15 years and has significantly reduced the scrap costs a lot since the line began. However even if Sigma had $643,380 a year x15 that would be $9,650,700 of scrap mainly down to the GTDI head and the actual figure would probably be much higher as 2016 was one of the lowest recording scrap records to date. 

[bookmark: _Toc519887388][bookmark: _Toc7544298]
Identifying the customer 
[bookmark: _Toc470005596][bookmark: _Toc472012400][bookmark: _Toc519887389][bookmark: _Toc7544299]Internal Customers:
· Dragon assembly line 
· Dragon solutions – product testers 
· Next Operation ( OP240 adaptor rundown)
· Distributors.
[bookmark: _Toc470005597][bookmark: _Toc472012401][bookmark: _Toc519887390][bookmark: _Toc7544300]External Customers:
· Ford Motor Company  
· Customer Plants – Romania , Cologne & Russia 
· Car Dealerships.
· Vehicle Owners.

[bookmark: _Toc7544301]VOC ‘Voice of the customer ‘
“Voice of Customer is the customer’s voice, expectations, preferences, comments, of a product or service in discussion. It is the statement made by the customer on a particular product or service.” (sixsigma institute, 2017) The voice of the customer is used to ensure the best service possible and to work with the customer to outline the needs and wants of the product to find out what features are critical and what features are wanted but are not critical. For example, if the product doesn’t fulfil the customer’s needs then the customer will be dissatisfied and request changes; however, the customer will still be able to use the product. If the product doesn’t fulfil its needs then the customer will not be able to use the product and it will be highly likely this will cause the customer to look elsewhere to source its products.
Now the customers have been determined there are many methods available to use to feedback information to ensure the product meets expectations. They are as follows:
· Surveys – Sending a questionnaire can be used as a method of finding out the customer’s criteria, but this method has a slow response rate and there are far better methods that could be used in regards to finding out the information from the customer’s both internally and externally.
· Suggestions – Getting suggestions on behalf of the customer, this can be useful however it doesn’t look at the whole process. 
· Focus groups – This is a good way to understand the customers’ needs by setting up a meeting and discussing what are the critical processes of the Dragon head, for example finding out what parts of the head are most important and critical to quality and what features  needed to be inspected before the product reaches assembly. 
· Observations – Having the customer observe the process and then relaying information is also another way in which the voice of the customer can be heard.  
· Interviews – Discussing set questions with the customer in order to get an understanding of what is required. 
These are 5 methods that can uses in order to find out the customers’ requirements and feedback.
	Customers 
	Feedback 
	Needs 

	OP250 by off 
	“parts are taking too long to reach the by-off from the wash”
	Improve the efficiency of the inspection station.

	Dragon Assembly 
	“We are receiving a large amount of reject heads from machining which is creating scrap engines and unplanned downtime.”
	Improve the quality of products being delivered to assembly.

	Cologne Vehicle assembly
	 “we need to ramp up production and need more engines however you are struggling to meet our demands”
	Improving the first time through and amount of good products being delivered to assembly will reduce unplanned downtime; this should help satisfy the vehicle assembly plant. 



Using the customer feedback on the Dragon headline & OP230 performance helps to determine exactly what areas will need to be investigated in order to meet the main objective of this project which is to make the Dragon headline the ‘best in the world’.


[bookmark: _Toc480980099]

[bookmark: _Toc7544302]Critical To Quality Requirements
Critical to Quality definition:
“The service/produce characteristics that is important to the customer from the customer’s point of view”. (businessdictionary, 2018)
1. Must Be Requirements:
· Locate the cause of the swarf issue.
· Reduce the time taken to identify rejects on OP230.
· Reduce the amount of rejects reaching assembly.
· Reduce downtime on assembly.
2. Performance Requirements:
· Improve the line flow to reduce the amount of time the by-off is starved.
· Standardize the process to reduce human error.
· Increase first time through.
3. Delighters:
· Demand for Dragon engine has increased, with the increased production of engines, resulting in more profit for the company.
[bookmark: _Toc255896583][bookmark: _Toc262550989][bookmark: _Toc480980100][bookmark: _Toc7544303]Cost of Poor Quality
· Customer dissatisfaction. 
· Cost of the product being scrapped off.
·  Cost of extra material used.
·  Damages companys repetation.
· Causes a potential danger that could lead to fines or prosicution.
·  Cost of lost opportunity:
1) Loss of revenue. (profit margin)
2) Potential loss of market share.
[bookmark: _Toc7544304]Dragon GTDI Headline machining Process mapping


Finished Heads are transported to the customer

OP285 (by off)
Disassembly by hand and place on by-off
NOK
OK
OP250 Adaptor Disassembly
Scrap or rework
OP230 (visual inspection)

OP220 Wash
NOK
OK
Scrap or rework
OP170
Scrap or rework
NOK
OK
OP120
NOK
Scrap or rework
OK
OP100
NOK
OK
Scrap or rework
NOK
OP80
OP70 wash
OK
OK
NOK
Scrap or rework
Scrap or rework
OP50
OK
OP30 Adaptor rundown
OP25 input
NOK
Reject heads from foundry
Raw material (Aluminium cast dragon heads)
Supplier





[bookmark: _Toc7544305][image: ]Process map explained [bookmark: _Toc7641801]Figure 20- key to process map


Figure 20 shows the key to the process map above and explains what the features mean.
“Process mapping is the act of creating a workflow diagram with the goal of gaining a clearer understanding of how a process and its parallel processes work” (Salemme, 2019)
By observing the process on how the aluminium head is machined and each operation step by step can give valuable understanding and knowledge of the process to the team, this gives understanding to the line flow and sub processes involved. 
[bookmark: _Toc7544306]Detail of process map
Along with the process map above this is a description on how the line flows:
· Cast heads are supplied by the foundry these are then checked by Dragon solutions which is a contract company, this is to ensure the product meets the required standards and all pre-machined features are present and within tolerance, alongside this check the CMM checks one part in every batch of heads delivered to ensure it meets the specification.
· After every machining operator there is a quality check every 1 in 100 parts will be CMM to check the tolerance of the parts and also the surface finish. Alongside this process the operator will hand gauge a part 1 in every 75 parts or if the machine has had a tool change.
· Any heads that are out of tolerance will be considered rejects or reworks depending on  whether the part can be re machined or fixed, if rejects are found then all costs associated with the product are lost and depending on how far into the process determines on how much money the company has lost producing the part. If it’s a rework then this will cost the company money however not as much as if it would have been a reject. Figure 21 shows the rework loop process, this process takes time and can affect the lines flow making machines blocked or starved reducing the productivity of the line. And as figure 21 suggests it can give an indication to where the root cause of an issue lays.  
[image: ]






[bookmark: _Toc7641802]Figure 21- rework process (goleansixsigma, 2016)
[bookmark: _Toc7544307]SIPOC
	S
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	C

	Cast from foundry (Maller)

ABB Wash 

	1.5 GTDI Dragon Head 

1.5 PFI Dragon Head 

Gantry 

Conveyor

Operator  Team 
Decides what features to look for 

Maintenance Team

SPC Station
	Scan part for problems  

process mapping 



	Machine determines whether it’s a pass or fail.

Sends part to reject spur or  by off 

Ask operator to clean and rescans part.
	Internal Customers
· Assemblers –Dragon assembly Line.
· Functional Testers – Cold Test.
· Next Op. (Op.285)
· Distributors.
External Customers
· Cologne vehicle assembly.
· Car Dealerships.
· Vehicle Owners.




[bookmark: _Toc7544308]Current Reaction plan 
[image: ]A reaction plan is the procedure to follow when certain conditions are met. figure 22 shows the procedure to follow if a contaminated head is found on the visual inspection station, like the process map, each question if followed by an action. The problem with this reaction plan is that it’s over complicated the procedure or reporting an issue and it also uses abbreviations, for example; UCL which stands for upper control limit, this many not be understood by all the operators and will lead to them not using the plan. The reasoning behind having a reaction plan is to standardize the process to ensure every contamination issue is dealt the same way, however by over complicating the plan it will reduce the likelihood of people following it and that then makes the process unstandardized.[bookmark: _Toc7641803]Figure 22- current reaction plan.


The reaction plan needs to be updated to incorporate the new system being introduced and also more simplistic and easy to follow.

[bookmark: _Toc7544309]Measurement and analyse Phase 

[bookmark: _Toc7544310]Data collection
In order to fully understand the swarf problem and the effect this has on the line data will be collected to quantify the scale of the issue and also highlight the fact the current quality checking process the visual inspection is not stabilised, as inspected heads are reaching assembly. In order to collect data a data collection plan will be drawn up to ensure only relevant useful data is collected to be analysed. It shows the exact stages as well as the sequence that needs to be followed in order to obtain the data for this project.
These are a few ways in which data can be collected:
· Face-to-face interviews.
· Surveys.
· Customer feedback.
· Focus groups.
· Mystery shopping.
· Manual data capture.
· Automatic data capture.
For this report the best ways to collect data will be to use manual data capture and automatic data capture, these come in the form of fault reports, scrap reports, and defect to assembly reports and also production shift reports. Manually obtaining the data will reduce the amount of people involved in gathering data making it more valid and reduce the chances of any discrepancies and less variation in the results.  


[bookmark: _Toc7544311]Data collection plan
 
	Measure
	Type of Measure
	Operational Definition
	Measurement or Test Method
	Data Tags Needed to stratify the data

	Amount of swarf rejects.
Amount of other rejects that can be detected by a collaborative.
Amount of rejects that reach assembly.
	Attribute Data.
	Multiple sources of data and to prove the validity and accuracy of the data obtained.
	Visual inspection by reading scrap report from FIS and saved within the Dragon production data base.

	Data tags such as time, date, amount of parts run that shift and the amount of rejects obtained and then whether it be swarf or due to something else.

	Data Collection Method
	Person(s) assigned to collect data
	What measure is being collected?
	Where is the data going to be collected?
	How often is the data going to be collected?

	Manual data capture methods. Such as charts for the operator to fill in when a reject head is found and automatic data caption by using software such as FIS to capture cycle times, scrap reports and machining to assembly rejects.
	Nathan Henry (myself)
Operator on OP230
Team Leader who fills in scrap data.
	The reasoning behind heads being rejected.
The effectiveness of the current process.
	OP230 Dragon headline.
	Manual data will be collected every shift and the scrap data will be collected on a weekly basis. 

	Potential Sources of Variation
	Goal/Outcome of Collecting the Data
	How will the Data be Displayed?

	Different operators on OP230.
Different head castings
Mould 1, 2,3 
Different machines e.g
50.1, 50.2 
Adjustments made to machines.
Different tools, speeds, feed on machines.



	To see the extent of the swarf issue and whether the current quality process of spotting rejects OP230 is able to for fill its purpose or whether a better control measure can be implemented. 
	Graphical methods including graphs, pie charts, tables ect.


[bookmark: _Toc7544312]Data Collection
There are 3 main data groups that will be collected once daily, one weekly and one monthly they are:
· Data manually collected by operators of OP230 showing a count of rejects found that day and then this will be carried out over a 3 month period. From this the costs associated will be analyzed and this will indicate how much the rejects have cost the production line.
· Data collected from weekly scrap reports from the team leader; this includes other issues like the porosity rejects found by Dragon solutions and also scrap made by the machining process. This will help quantify the swarf rejects comparing it to the machining scrap produced. 
· Data from assembly will be collected monthly, this will be collected from the Dragon share point and will include rejects to assembly and top ten scrap reports and these will be analyzed to see if any reject heads are being passed as ok by OP230 and then making its way to assembly.

[bookmark: _Toc7544313]Dragon engine cost break down 
[image: ]The breakdown of the cost of a Dragon engine can be seen in figure 23. There are 6 costs associated with making the engine and they are:
· Maintenance 
· Consumables
· Tooling 
· Scrap 
· Energy 
· labour 

[bookmark: _Toc7641804]Figure 23- Dragon engine cost breakdown


To maximise the profitability of the engine these sections have to be kept to a minimum so the excessive amount of scrap, both on the headline and on the assembly line, due to the swarf issue will cause an increase in this section having an effect on the profitability of the product. Due to the production line falling short of demand due to excessive scrap, this would mean the company would use overtime to meet the demands and would also increase the labour, consumable and energy costs.



[bookmark: _Toc7544314]Cost of a raw and finished dragon head 

[image: ]This is a finished GTDI dragon head which is charged to dragon assembly for £92.51
This is a rough stock GTDI dragon engine from the foundry which cost £68 per unit.


[bookmark: _Toc7641805]Figure 24- rough and finished head costings.
This means the profit on each engine head is £92.51 - £68 = £24.51
Line profitability 2019 volume schedule 
125,000(yearly production volume) x £24.51 = £3,063,750
£3,063,750 is the total amount of profit, before expenses, that the production line will make this year and this is not including the tooling, labour or any of the costs discussed above,. In 2020 the production line has scheduled volume rises to 250,000. This would then double the profit before expenses of the line to £6,127,500 a year. 
In a standard 8 hour shift the headline produces 157 parts this mean the profit per shift is £24.51 x 157 = £3,848.07 
This works out at £481.01 an hour, so for every hour of downtime that occurs the headline loses £481.01. This may not seem a lot however, if the amount of hours of downtime the line has through the year is added up, then the cost will be extremely high if the line is managed incorrectly, for example, if unplanned maintenance occurs due to lack poor maintenance strategy. With regards to scraping of heads due to the swarf issue, porosity or chatter this would cost £92.51 as the quality inspection would pick up the issue at the end of the line after it has already been processed; this is an inconvenience. However if this head made its way to assembly and causes an engine to be scrapped this would cost £1,028 an extra £935.49 which is a 1011% increase in cost. For this reason it’s extremely important to find any rejects at the source before it undergoes extra processing and this forms the basis of the project which is to reduce rejects reaching assembly. 
The money Bridgend engine plant makes on the engine once it is completed and sold to the customer, which is the vehicle assembly plant, the engine cost £1,028 to build and is then sold for £2,500 which brings a profit of 125,000 x 1,472 = £184,000,000

[bookmark: _Toc7544315]Raw data Scrap data collected by operators of OP230 
The team investigating the issue wanted to see how often swarf was being found in heads at the visual inspection station by the operators to see if it was a regular occurrence. The team also wanted to see if this was the main reason for parts being scrapped or reworked.
The sheets includes the date,  daily volume , number of rejects and if any other problems have been spotted, this can also be added so the issue can be reviewed and it can be decided whether; if another issue is occurring on a regular basis, it could be added to the project along with the problems previously explained. 
All the data collected was collected on A shift, this is because this team is the most experienced shift and are all product specialists from the launch; meaning the team has more experience than the other shifts. This decision was taken to reduce the chances of errors occurring and because it allows an individual to supervise the operator and ensure the data is recorded correctly. 
 [image: ]From18/12/18 to 8/1/19 
Scrap was recorded on 15 production shifts a total of 1,790 parts went through the visual inspect and there was 101 heads found with swarf contamination after the final wash. There was only 1 other rejected and that was on the 9/1/19 which was a tooling issue which got resolved that day and didn’t occur again.

[bookmark: _Toc7641806]Figure 25- Visual inspection data sheet 1
From 19/2/19 to 18/3/19
Scrap was recorded on 15 production shifts a total of 2,278 parts went through the visual inspect and there was 93 heads found with swarf contamination after the final wash. And 7 other rejects.
There were also 2 casting rejects this was looked at resolved by Maller. 
There were 2 damaged cup plug holes; this was due to a worn tool causing scratches on a critical surface. Another issue was because a lash adjuster tool was set wrong by the tool crib. This was resolved after it had cut its first part after the tool change.
There were two heads with chatter on them this was because the MQL settings on one of the tools was to low and not enough lubrication was coming out of the tool when it cut the seats, the excess vibration then caused chatter. This was then resolved immediately.





[image: ]
[bookmark: _Toc7641807]Figure 26- visual inspection data sheet 2
[image: ]From 13/3/19 to 4/4/19 
Scrap was recorded on 17 production shifts a total of 2,041 parts went through the visual inspection and there was 111 heads found with swarf contamination after the final wash and 15 other rejects.
26/3/19 and 27/3/19 were planned down shifts so the PM team could carry out annual maintenance checks on OP 80 and OP 220.
The other rejects on the 13/03/19 and 14/3/19 were chatter and this was the same issue as the previous month, the other 2 rejects on the 03/4/19 were backwards seats and the pressing force window was adjusted to stop the OP 80 quality check passing a head with backward seats.

[bookmark: _Toc7641808]Figure 27- visual inspection data sheet 3


[bookmark: _Toc7641809]Figure 28- graph to show data collected
This graph shows that even with the rejects found, it’s only a small amount compared to the amount of heads that have passed the visual inspection, but the process of rewashing the parts are time consuming and affects the line flow.
Also this is just one issue, future problems may occur and will affect the graph and productivity of the line. This data also suggests that any of the improvements the vendors have tried between the 18/12/18 to 4/4/19 has not made any significant change in the problem and the issue will need to be investigated further.
[bookmark: _Toc7544316]Target 
From the data collected it is possible to see how many swarf contaminated heads are leaving the wash in terms of a percentage, these results question the washes capability as the system cannot be relied on to clean the heads. The ABB wash should never have finished processed parts leaving the machine with contamination still present, as it defeats the whole propose of the system.

[bookmark: _Toc7641810]Figure 29- collective results over all data sheets collected
	
	Actual
	Target

	Percentage of defects found 
	4.99%
	0%



A total of 6,414 heads were put through the wash in this investigation, 305 were found with swarf in the visual inspection. This means that 4.99% of all parts put through the wash where found with swarf contamination by the operator on OP230. Once an improvement is made by the engineer investigating the issue the same test can be carried out again to see the change in percentage to evaluate whether the contamination issue has been reduced or solved.

[bookmark: _Toc7544317]Increasing manning levels 
Due to the amount of quality issues that the line has experienced since the start of production the OP230 job went from 1 check in every 200 parts to 100% inspection of every part; because High levels of faulty heads were found on assembly which was affecting production. This then meant that an increase in the manning levels was required on the line because the operator in that zone was struggling due to the increased workload. This led to machines stopping because once a machine sends a part for CMM it then has 2 hours to get the results back otherwise it shuts down. This also affected the line flow and on some occasions even stopped production, for this reason the manning level was increased from 8 men to 9, the costs associated with that is as follows: 
Operator’s basic salary x the amount of shifts the headline is currently
£50,000 x 2 = £100,000 
Because its two shift at the moment, this means there is one extra man on each shift running OP230, eventually the headline will be 4 shift which means 4 extra men at £60,000 a year, which would cost £240,000 each year.
This will be the basis of the projects budget; finding a better more efficient quality process under £180,000 because for a project to be authorised in Ford it will need to prove it will pay for itself within a year of installation. It will also save £60,000 on reducing the manning allowed without the extra amount of rejects that don’t reach assembly.
[bookmark: _Toc7544318]Timing to re-wash heads 
Not all swarf contaminated heads are scrap and if the reaction plan is followed; the first protocol would be to re-wash the contaminated head. This is extra processing and does cause an effect on the line as it causes the ABB wash and 170 to become blocked and starves the by off limiting production, however this is still better than scrapping off the head.  Three operators have allowed us to time how long it takes them to re-wash and re-inspect the part so this can be used to work out an average time and then this helps us quantify how much time is lost through reworking the part and then equating the time to cost. Below are the results that were obtained:
1. The time taken for the reject to reach the SPC
2. Time taken for the operator to transport the head from Zone 5 SPC to the ABB SPC station and input the part.
3. Time taken for the part to enter be rewashed and be transported back to OP230.
4. Time taken for the operator to inspect the rewashed part.
5. Total time taken.

	
	1
	2
	3
	4
	5

	Operator A
	60
	150
	300
	51
	561

	Operator B
	60
	158
	300
	60
	578

	Operator C
	60
	167
	300
	74
	601

	Average time 
	60
	158
	300
	62
	580



All results are in seconds.
[bookmark: _Toc7544319]Conditions of the test 
· Production line was empty each time; if the line was full more delays could have occurred. 
· The same SPC trolley was used each time.
· The same person was timing each time.
[bookmark: _Toc7544320]Variable 
· Three different operators.
· They all have different experience levels.

[bookmark: _Toc7544321]How time relates to lost production
In manufacturing time is money and from the test carried out above the average time taken for one part to be rewashed is 580 seconds or 9 minutes 40 seconds. This data can be used to work out how much time is wasted waiting for parts to be rewashed.
Example on how reworks affect productivity
On the 4/4/19 there was the most amounts of rejects in the data collected; which was 20 parts.
20(rejects) x 580 (time to rewash one reject) = 11,600 seconds or 3hr13minutes of unnecessary processing. 
The official JPH of the line is 19.625(20 parts taken off an hour) so this means 1 hour of production was lost on the 4/4/19 due to swarf rejects alone or 16% of the daily schedule. This time would then have to be made up by using overtime which increases the overheads on the product.
20 parts (lost production) x 24.51(profit per head) = £490.2 of lost profit  
Also what is interesting about the results is if the operators transport time is added up(2) with the re-check time (4) this works out how much time the operator wastes processing rejects. Whereas this time could be spent carrying out process confirmation or value adding activities.
158+62=220 second on average 
220 x 20 =4,400seconds or 1hr13min20sec average time taken for an operator to process 20 rejects which would of happened on 4/4/19.
This is the best possible outcome; that all 20 parts get re washed and all pass if the contamination process is followed. The worst possible outcome would have been if all 20 parts got rewashed and were all still rejects, this would have then changed the profit loss from £490.20 to:
20parts x £92.51=£1,850.20 lost profit.



[bookmark: _Toc7544322]Reject to assembly 
Sending defects to assembly is the worst outcome possible for a machining production line because all the extra processes added to the head then add up as additional scrap costs. Furthermore, as previously stated; there is a 1011% difference in cost between the scrapping of a head and an engine and that’s not including the time, energy, tooling and labour costs. Now looking at data from Dragon assembly to see whether, and if, the failures that have occurred are due to rejects from the machining line.

[bookmark: _Toc7544323]Dragon head assembly FFT
“The first time through (FTT) or first time yield (FTY) KPI is a measure of production efficiency, ability/skill, and quality. It’s a percentage that places the number of units without defects or re-work, against the total units produced in a production process or value stream.” (pyramidsolutions, 2019) Figure 30 shows the first time through results from Dragon assembly headline.
 The formula to calculate FTT is:
(Total Units Produced – Defective Units) ÷ Units Produced
[image: ]
[bookmark: _Toc7641811]Figure 30- First time through yearly target
This graph shows that in the first year of production they fell 20.28% short of their expected target of 80.90%. This then indicates the head assembly is experiencing a high number of rejects or reworks some of which may be down to the suppliers. Further investigation into the reasoning behind the issue needs to be investigated because if reject parts are reaching them from head machining which are 100% inspected this then means the process is flawed and unreliable.


[bookmark: _Toc7544324]Scrap data from assembly
[image: ]This is the data collected by the head assembly team leader and is accesible to all Dragon employees on the Dragon Share Point. It shows what parts were defected from September, which was assembly job 1, to the end of the year.  It also shows the scrap cost of the parts, from which it is possible to note that the scrap cost is based on before the product is processed down the assembly line. Furthermore it is possible to see that any defects found on the head, the process is to scrap the part as it cannot be reused. Every head is visually inspected before placed on the line similar to the procedure on the end of the machining line; this is because the head could have been a reject or damaged in transport.[bookmark: _Toc7641812]Figure 31- data collected on scrap on head assembly

[bookmark: _Toc7544325]Assembly performance 
As shown in figure 32 there is a large amount of scrap from September to November; this is the reason the FTT is below the target. It has also had an effect on the assembly lines performance with regards to being over budget shown in figure 32. The budget for scrap for 2018 was £12,500 and the actual scrap recorded was £34,400.04 this is £21,940.04 over budget. The line has not had a good start with regards to scrap being 63.78% over budget, this then reduced the profitability and if Bridgend engine plant wants to compete with the top performing plants then they will have to solve this issue immediately. 
[image: ]
[bookmark: _Toc7641813]Figure 32- cost of scrap compared to budget
So after analysing the data it is clear to see the Dragon assembly line isn’t performing well, but the question is; where does the root cause of these issues come from?




[image: ]Figure 33 shows the root cause of the scrap problem on the assembly line and the reason for the line being over budget. It is visible to see that the two main reasons are due to supplier fault, this means the supplier will have to pay the losses that have occurred.[bookmark: _Toc7641814]Figure 33- root cause of the rejects

The main issue is the service cylinder head where £25,440.25 of scrap was produced, this was due to the KUKA robot that had issues inserting the cup plug. It is noticable that the job was scheduled to be completed by 29/10/18, however it took until Novemeber to complete the problem. This then resulted in the assembly being behind build schedule so overtime had to be used to build the production deficit.
The second big issue that cost £7,123.27 was the swarf contamination in the oil gallaries and waterjacket heads reached assembly before being spotted. The swarf was found in 3 heads in September 60 heads were sent to chem and met for testing, at which point it was dectected in 32 of them that swarf was present. This was the first indication of the problem, after this an investigation was carried out to find out the root cause of the problem and the 100% inspection of the parts began in Novemeber, this is why it drops from 30 rejects to 8 shown in figure 34.
To show how much of an issue this could become lets take the worst and best month and look at how much scrap could have cost if these heads were to go through the whole assembly process before failing in hot test.
Worst month 
32(rejects) x £2,500(cost of engine sold to customer) = £80,000 lost profit
Best month
7(rejects) x £2,500(cost of engine sold to customer) = £17,500 lost profit

This is the amont of money they could have lost due to the one issue alone and the best month is taken after the 100% inspection was introduced meaning this possibly could be happening right now.

[bookmark: _Toc7641815]Figure 34- graph of defects on assembly
The above graph displays a large drop in defects found due to the machining line changing from 1 in 200 part inspection to 100% inspection. But the investigating team wanted to find out if, even with the new process, are defects being found on assembly; and the answer to the question is yes. 
This suggests that the current control process on the machining line has improved the quality of products sent to assembly; however the control measure is not reliable enough because defected heads are still reaching assembly. This means the process needs to be improved to meet the objectives of the project which is to send zero rejects to assembly.
Now the team has proven defects are reaching the assembly even with a 100% inspection at the end of the line; further investigations need to be carried out to find the root cause of the issue and also to create a control measure to stop further defects passing on OP230. 


[bookmark: _Toc7544326]Headlines performance relating to scrap
After reviewing the assembly’s performance and how many defects they are getting due to the head machining line, the team will now compare how well the headline is performing with regards to their scrap budget. Figure 35 shows how well the plant is performing compared to its budget and it is currently under budget by £95,095 which puts Bridgend engine plant in a very good position. However figure 35 also shows that the Dragon headline is the only Dragon area currently over budget; this puts pressure on the management team to improve. Another observation is the fact that the head assembly has allowed running above budget to date and as previously found the second biggest reason for rejects on the assembly line is the delivery of heads with swarf contamination; this shows the knock on effect this problem is having.

[image: ]
[bookmark: _Toc7641816]Figure 35- scrap performance


[bookmark: _Toc7544327]Further investigation into the swarf issue to identify the root cause
The team will work along with group staff and the process engineer to find the root cause or root causes of the issue before looking into finding a new control process and then look at reducing or solving the issue.
[bookmark: _Toc7544328]Collecting more data information at OP 230
First time the issue was investigated it involved simply tracking the amount of defected parts found; now the test will be carried out over a few days. However, more information will be collected by writing down the engine number of each of the rejects, this will allow traceability of the problem and look for common machines or trends in the data that may help refine our investigation to a single machine. It may show no correlation or trends meaning the problem could be with both machines, although if the wash is failing to clean all the parts this could be down to the swarf chip size created or other issues with the machining operations.
Another possibility could be casting; there are 3 different castings used to make the rough stock, the problem could occur on only one of the castings, this would indicate a supplier issue and then they would have to investigate why one casting is causing this issue and not the other two.
Data collected
[image: ]Data collected from the 8/4/19 to 10/4/19
This data shows:
· 10 swarf rejects on the 8/4/19
· 7 swarf rejects on the 9/4/19
· 8 swarf rejects on the 10/4/19
· Also chatter was found 5 times during this period.


[bookmark: _Toc7641817]Figure 36 - defects data sheet 1 with head tag number
[image: ]Data collected from the 11/4/19 to 15/4/19
This data shows:
· 9 swarf rejects on the 11/4/19
· 12 swarf rejects on the 12/4/19
· 15 swarf rejects on the 15/4/19
(Continues onto sheet 3)


[bookmark: _Toc7641818]Figure 37- defects data sheet 2 with head tag number
[image: ]Data collected from the 15/4/19 to 16/4/19
This data shows:
· 15 swarf rejects on the 15/4/19 as previously stated 
· 13 swarf rejects on the 16/4/19
· Also 1 backwards seat on the 16/4/19
[bookmark: _Toc7641819]Figure 38- defects data sheet 3 with head tag number













	


Now this data has been collected the team is able to track these serial numbers through FIS and see each operation they undergo and look for trends in the data. They will also look into what cast they were made from.
[bookmark: _Toc7544329]Results 
From the data collected there were 89 swarf rejects from 8/4/19 to 16/4/19, the mark in figure 39 is present on every part and this indicates which cast the head was forged in.
[image: ]
[bookmark: _Toc7641820]Figure 39- casting mark
This data suggests casting is not the issue as defects have been found on all 3 castings. If one of the castings was producing more of an issue than the other two, this could have been investigated further and the foundry would have been contacted, however the results are very similar. One of the possibilities was too much material on one of the castings which means it would produce excess swarf and larger chips which would get stuck in the complex casting. Now this theory can be eliminated, as further evidence to this case the team CMM all 3 castings. Next will be to look at the product path and look to see if a practical machine is causing the issue or whether it is both machines.


[bookmark: _Toc7544330]Tractability of the issue
[bookmark: _Toc7544331]Product path using QLSCM
QLSCM stands for Quality Leadership System Component Manufacturing, it’s a system within Ford dedicated to traceability of products, data is collected through the machining and assembly process. The system gives reports on assembly build status, test status, quality status and the machining or assembly path of the product. QLSCM also provided a quarantine status to help prevent products going down the system to the customer.
Using the part numbers collected the team will now look at the product path of the machines looking for trends or particular machines that the defected parts are running through.
[image: ]
[bookmark: _Toc7641821]Figure 40- part tracking process
After looking into the product path using the serial numbers of the products the team has come to the conclusion that neither the supplier nor a particular machine is causing the issue. This then means another method will have to be used to trace back the issue to find the root cause. 


[bookmark: _Toc7544332]Swarf mapping 
Swarf has been a problem on all head machining lines especially with the GTDI derivative. One of the problems is its traceability as it is hard to trace back especially with multiple machining processes being carried out on the head. For this reason one of the processes implemented on Panther in Dagenham was they collected swarf samples from every tool and every machine on the line. This then allows the team to extract the swarf contaminating the head and then analyse it and compare it to the swarf made by each tool. One thing to need to consider with this process is as soon as a change is made to a machine feed, speed or program then the swarf mapping will have to be updated to stay accurate.
[image: ]Figure 41 shows the swarf mapping board on Dragon headline machining. It’s a collection of the swarf chips created by every tool in order to help trace swarf contamination issue back to the machine and tool creating the swarf. From this the team can look into changing the feeds, speeds, program or tool to reduce the size of the swarf chips enabling the wash to flush them out easier.[bookmark: _Toc7641822]Figure 41- swarf mapping





[bookmark: _Toc7544333]Root cause of the swarf in oil gallery’s 
[image: ]After tracing the swarf back by using the process sheets and swarf map it was possible to trace the problem back to OP100 tool T2177. This is the tool causing all the rejects on the headline. The team has come to the conclusion that the root cause of the problem is a combination of three aspects which are:[bookmark: _Toc7641823]Figure 42- finding the root cause




Tooling 
The drill T2177, shown in the process drawing below, as it cuts the part instead of swarf curling up the flute of the drill, like a normal drilling operation, its curling into the lash adjusters  otherwise known as the oil gallery holes. The next step would be to look at reducing the size of the swarf; this can be done by doing a pecking cycle which involves the tool engaging and disengaging from the part releasing small chips of swarf instead of it curling into the head oil galleries. Another method would be to change the tool to a chip breaker tool which costs more money, however the blade has a ledge or step which is used to break the swarf up when it’s cutting. This will be looked into by Paul Rosser, group staff and the tooling engineer.

[image: ]
[bookmark: _Toc7641824]Figure 43- tool cutting operation process drawing

The GROB CNC 
The GROB G500 CNC is one of the best precision machining CNC available comparing it to the SPECHT CNC used on mod 3 and AJ head and block, there is no comparison as it’s more technically advanced in almost every aspect. 
[image: ]The GROB G500 machine is a CNC machine that performs all the value adding activities to the Dragon head. It involves drilling, milling, boring and brushing the engine head to make the final product, which is then sent to the Dragon assembly line for the head to be fitted to the engine. There are 9 GROB 500 CNC machines on the Headline, all of which are HSK63 single disc magazine models. This is different to the block line which uses HSK100 spindles with twin disc magazines; this is because the block machines take bigger impact and use larger tools, so therefore should be maintained differently.[bookmark: _Toc7641825]Figure 44- GROB G500 CNC (grobgroup, 2019)

The GROB machines are German made machines which offer precision cutting using MQL (minimum quantity lubrication) instead of the traditional coolant used on previous machining lines, which is more cost efficient. Also issues like coolant leak, which caused massive safety issues on other lines within Ford, have now been eliminated.




The MQL (minimum Quantity Lubrication) contributes to the root cause of the issue, this is because on older CNC systems which uses coolant, as the head is getting machined it’s blasted with high pressure coolant through the tool which clears the swarf, with MQL its only 4.1 bar of pressure going through the tool and also MQL is a sticky substance which, on observation, the team noticed it was causing the swarf to stick to and inside the part. Below shows the details of the MQL set up on Dragon and also why it is used over coolant (Taylor, 2017)
Typical oil quantities used is dependent on tool type:
· System capable of delivering a range of oil quantities from 5ml/h to 500ml/h
· Oil quantities delivered with a variable air flow at 25%, 50%, 100%, etc.
· Air flow dependent on pressure delivered to the machine
· Factory air pressure normally delivered at 4.1 bar to the machine
· Factory air pressure can be boosted from an independent source to support certain types of machining.
·   For special machining applications air pressures can be boosted to 10 bar Tooling has the option of running either MQL or completely dry, dependent on the machining application
Why use MQL over coolant 
The reason MQL is preferred over Coolant is because it’s a massive saving to costs and requires less of an investment. Figure 45 shows the breakdown of costs associated with coolant
MQL Advantages
· 30% less current consumption as high pressure pumps have been eliminated on CNC machines.
· Reduced Investment Costs for equipment
· Reduced Waste Management Costs (no filtration system needed).
· Cleaner working environment as CNC machines using coolant are prone to leaks.
· Reduce thermal shocking on tools which in some cases prolongs the tool life and reduces tools breakages.
Disadvantages of MQL
· Takes longer to set up and maintain as each tool must be uniquely set in regards to quantity of lubrications and air pressure.
· 3%-5% more compressed air used.
· Doesn’t flush the coolant out of the part and swarf is prone to stick to the part.
 
[image: ]
[bookmark: _Toc7641826]Figure 45- costs associated with conventional wet cutting (Taylor, 2017)
MQL does not affect the tool life and offers a great cost saving and that is why most CNC machines are now using MQL over coolant. The team believes the MQL may need to be adjusted from 4.1 to 10 bars of air pressure, this will hopefully blast the swarf chips out of the oil galleries. This improvement will be looked into by the tooling engineer. 


ABB Flex wash
The ABB flex wash is a three station machine that washes every head after it has been through all the machining operations on the production line. The three stations are: 
[image: ]Station 1 – Prewash; where it takes the loose swarf and oil of the part. The part is lowered into this station via an overhead hatch and a gantry then a lance and jets blast the part at around 50 bars of pressure for one minute to prewash the part. The swarf and oil is then flushed to the filtration system at the side of the wash.[bookmark: _Toc7641827]Figure 46- ABB Flex wash (ABB, 2019)

Station 2 – This is the main washing cycle that involves a robot which picks up the part from the pre-wash station and then manoeuvres the part around the jets which has 350 bars of water pressure targeting each hole within the head to ensure that no contamination is left on the part.
Station 3 – The robot then places the clean head in this station, which is the drying station, it blows off the part before vacuuming all the moisture from the head, before it is picked up by the gantry and put on the final part of the production line; which is the inspection and buy-off.
The ABB flex wash is not reliable as contaminated parts are leaving the process. ABB will be retargeting the lash adjuster holes and will also look at adding a flush box which will increase the cycle time and reduce productivity but hopefully reduce the amount of swarf contaminated heads passing through the system. The flush box will be low pressure, high volume with the intent to flood the part dislodging swarf. The reason for it being low pressure is because if it was high pressure this may compact the swarf into the head causing blockages. This will be investigated by ABB.
[image: ]Figure 47 shows the size of the swarf that is getting stuck in the oil galleries, once these three areas above are improved it should dislodge the swarf from the head and reduce or solve the contamination problem. However as shown on previous production lines soon as a tool is changed, speeds/feeds altered or any adjustments to the machines could bring the issue back and for that reason a quality control measure is needed. 



[bookmark: _Toc7641828]Figure 47- size of the swarf extracted after the wash
[bookmark: _Toc7544334]
Possible solutions to the quality process issue
Looking at possible solutions to the current quality process issues involved the team brainstorming the current process, looking at the advantages and disadvantages of this process and what could be implemented instead to improve the process. The three different systems that could be used to inspect defects are:
· Using a Robot.
· Using a Collaborative robot. 
· Using the current process of operator visual inspection.
[bookmark: _Toc7544335]Advantages of these methods

[bookmark: _Toc7544336]Disadvantages of these methods
  
[bookmark: _Toc7544337]
Results from comparing the different ways to quality inspect heads 
After the team looked at the three options; both the negative and positives, they decided to look into changing the current failing process to incorporate a collaborative robot vision system, as they feel the positives outweigh the negatives unlike the other options. The current process was failing so that was ruled out and the standard robot had so many negative factors it would be hard to see the project working if they were to go forward with a standard robot.

[bookmark: _Toc7544338]Improvements to the current swarf identification process 
While the engineers look to resolve the swarf issue, the team will look at introducing a control measure to reduce the amount of contaminated heads reaching assembly. As previously proven the current method of visual inspection has reduced the amount of defected heads reaching assembly, but it has not fully stopped defects from reaching assembly. Regardless of this the new process will pay for itself and save £60,000 in the first year alone just by reducing the manning back to 8 which the line was originally budgeted for when Bridgend Engine Plant.
The list of current issues that have been identified that that need to be looked into are:
· Swarf contamination in water jacket and lash adjusters.
· Check seats are present and not backwards
· Check guides are present 
· Check threads are present 
· Check for chatter on seats.
These are the original defects the new process implemented will look for. The idea being, if another issue comes to light or an issue is found to be resolved and no defects are found for a period of time set functions can be disabled to reduce cycle time, or more issues can be added into the check.
Human error is the reason for defects reaching assembly because the process is not standard and it’s up to whether the operator deems the part a pass or a fail.
[bookmark: _Toc7544339]Suggested new quality check process 
In order to reduce manning costs and standardize the process, the new process to be implemented will involve using a camera inspection collaborative robot to 100% inspect every part before it reaches the by off. This will have a set routine of checking for the issues that are apparent at the time, then operators in zone 5 will go back to checking 1 in every 200 parts or when the collaborative robot stops a problem it will get the operator to verify the issue. This will ensure the parameters of the collaborative robot are set correct and if the operator discovers any additional problems this can then be programmed into the collaborative robot, because it’s a very versatile system.
[bookmark: _Toc7544340]Why use a collaborative robot?
Collaborative robots are the future of manufacturing production lines; they are extremely versatile and have already proven a success on assembly line throughout Ford. They have never, until now, been used on machining lines simply because of the environment, but due to the MQL being chosen over coolant machines, the cleanliness of modern machining lines are similar to assembly lines. For that reason now it’s an option that previously couldn’t be used. The collaborative robot will be able to work in the same space as an operator and work together to ensure that the quality delivered to the customer is of an extremely high standard, thus reducing the wastes previously explained in this project.


[bookmark: _Toc7544341]Costs associated with implementing a collaborative robot
The main costs associated with this project include:
1. Cost of vision system.
2. Cost of collaborative robot.
3. Cost of the software.
4. Installation costs.
5. Cost of loss production on the installation and testing phase.

Training is provided free from the company the products are bought from and it’s all included in the cost of the product.
[bookmark: _Toc7544342]Vision system 
The team will look at 3 of the main vision systems, scoring them out of quality, cost, and ease of setup. This will allow the team to select the best suitable vision system to add to the collabrative robot. The three vision systems the team will be comparing are:
· Cognex in-sight 8405
· Sick picoCam304x
· Balluff  BVS002P
These are top of the range vision systems from the 3 biggest vision system companies on the market. These have all been Ford specified meaning they can be used, this is because only Ford specified equipment can be installed and used on the production line and for this reason that is why only these brands are used.
Comparing the vision systems  
	
	Camera resolution
	Ease of setup
1(easy) – 5 (hard)
	Cost of system

	Cognex in-sight 8405
	2592 x 1944
	1
	£29,999

	Sick picoCam304x

	2,048  x 2,048
	1
	£25,000

	Balluff  BVS002P

	4112 x 3008
	4
	£48,000



Evaluating the 3 different cameras, the team has come to the conclusion the Cognex in-sight 8405   because it is easy to set up, it offers high image resolution and it is a middle of the range price making it good value for money. Also Cognex is used is in two other places on the Dragon headline to scan the heads data tag and to etch the PFI heads in OP 160. The company has worked with Ford through the launch and has proven to provide a great service and after care on all its products. For that reason the team has chosen to use the Cognex in-sight 8405 camera to be mounted on the collaborative robot.
[bookmark: _Toc7544343]How the vision system will detect swarf 
To set the vision system up first it must programed to inspect a good part otherwise known as the master part, then by setting the parameters and windows and parts that are out of the set parameters will be a reject. The vision software compares light and dark pixels within the images that are sent through the camera, so after it has been set for example, 100 light pixels, 50 dark pixels with a tolerance of 10 pixels, any image that has over 60 dark pixels will then have the indication of swarf present, the tolerance is to account for small machining defects. 
Below figure 48 shows a clear oil gallery hole compared to figure 49 which shows a blocked oil gallery hole. As shown there is a clear difference in the amount of light pixels in both these figures and that’s how the system is able to detect swarf is present. These images were taken from a 16 Mega pixel camera the vision system camera will be to a higher quality of resolution, thus proving it will be capable to spotting the swarf rejects.
[image: ][image: ]
[bookmark: _Toc7641829]Figure 48- image looking through the a clear oil gallery
[image: ][image: ]

[bookmark: _Toc7641830]Figure 49- looking through a blocked oil gallery

[bookmark: _Toc7544344]Collaborative robot 
With regards to a collaborative robot more aspects need to be taken into consideration. For this reason a product design specification will be written by the team so they can fully establish what the needs and capability of the robot are. After this has been completed again the team will shortlist three Ford specified Cobots and evaluate them to work out which is most suitable and in line with the specification.
1 [bookmark: _Toc487407758][bookmark: _Toc487564621][bookmark: _Toc487812707][bookmark: _Toc7544345]Performance and functionality
1.1 The design must have the adequate payload to match the attachments and operations need. 
1.2 The robot should communicate with the automation. 
1.3 The collaborative robot should visually inspect the part within its allocated time. 
1.4 The functionality shouldn’t be compromised by other aspects.
1.5 The Cobot should not affect line cycle time.(118seconds)
1.6 The Cobot should be able to be set up for all derivatives of parts (GTDI/PFI).
1.7 The temperature should not affect its functionality or performance.
1.8 The robot must be easily recoverable.  
1.9 The product should be adaptable so it can be programmed in the future to look at other key features.
1.10 The teach pendent should be robust to avoid it breaking if it gets dropped.
1.11 The teach pendent must be easy to operate.
1.12 The Cobot must be fully collaborative. 
1.13 The Cobot must be accurate to 0.02mm.
1.14 The Cobot must have a payload over 4kg 
2 [bookmark: _Toc487407759][bookmark: _Toc487564622][bookmark: _Toc487812708][bookmark: _Toc7544346]Environment 
2.1 The robot should function in factory conditions.
2.2 The collaborative robot should function in normal lighten. 
2.3 The visual inspection robot should not be affected by change in lighting.  
2.4 The visual inspection robot should be aware of is surrounding environment to reduce chance of collisions.
2.5 The Cobot must have an air filtration system to prevent moister damage.
3 [bookmark: _Toc487407760][bookmark: _Toc487564623][bookmark: _Toc487812709][bookmark: _Toc7544347]Maintenance 
3.1 The robot should require little to none maintenance.
3.2 The robot should have a cleaning procedure programmed in.
3.3 There should be preventative maintenance checks and procedures.
3.4 The robot should have a warm up procedure.
3.5 Each part of the robot should be specified to acquire spares if needed.
3.6 The Cobot should come with maintenance & set up manual. 
4 [bookmark: _Toc487564627][bookmark: _Toc487812713][bookmark: _Toc7544348]Cost 
4.1 The products cost should be as low as possible without effecting performance. 
4.2 The robot should cost less than £100,000.
4.3 The Cobot should have no extra costs attached for example safety light barriers ect.
5 [bookmark: _Toc487564628][bookmark: _Toc487812714][bookmark: _Toc7544349]Material 
5.1 All material used should be up to Ford standard.
5.2 The material should be specified.
5.3 The material must withstand the forces applied to it.
5.4 The material must function correctly in the working environment.
6 [bookmark: _Toc487564630][bookmark: _Toc487812716][bookmark: _Toc7544350]Weight 
6.1 The weight must be less than 30kg. 
6.2 The Cobot must be transportable.

7 [bookmark: _Toc487564631][bookmark: _Toc487812717][bookmark: _Toc7544351]Timescale
7.1 The deadline for the project is 05/05/18

8 [bookmark: _Toc487564633][bookmark: _Toc487812719][bookmark: _Toc7544352]Safety and standards 
8.1 The product must have no sharp edges.
8.2 The product must meet the safety specifications of Ford Dragon project.
8.3 The product should be force tested to ensure its safety
8.4 The Cobot should stop if it collides with a person or object.
8.5 The robot must comply with safety regulations set by Ford and government standards.
8.6 Users should be informed the correct way to set up and carry out maintenance activities on the part.
8.7 The Cobot should have no trap points.
8.8 The Cobot should stop to avoid impact with operators or objects. 
8.9 The product should not contain any hazardous or unsafe material.
8.10 Safety should be number one priority designing this product.
8.11 Training must be carried out to all personnel operating or working alongside the robot.
8.12 The Cobot should work alongside operator’s safety.
8.13 ISO 10218-1: Manufacturer of robots
8.14 ISO 10218-2: Integrator of robot systems/applications
8.15 ISO/TS 15066:NOT a standard, but a Technical Specification with additional guidance on collaborative robots
8.16 ISO 13849-1: Provides safety requirements and guidance on the principles for the design and integration of safety-related parts of control systems (SRP/CS), including the design of software
9 [bookmark: _Toc487564635][bookmark: _Toc487812721][bookmark: _Toc7544353]Quality and reliability
9.1 The Cobot should be extremely reliable.
9.2 The Cobot should be manufactured to a high quality.
9.3 The Cobot movements should be precise to teach positions.
9.4 The parts should last their product life span.
9.5 The Cobot must be extremely accurate when moving to and from positions.



10 [bookmark: _Toc487564636][bookmark: _Toc487812722][bookmark: _Toc7544354]Size 
10.1 The Cobot should be long enough to reach both sides of the engine head
10.2 The Cobot should fit in the designated space 
10.3 [bookmark: _Toc487564639][bookmark: _Toc487812725]The Cobot should make it easily transportable.

11 [bookmark: _Toc7544355]Ergonomics 
11.1 Any screens should be shoulder height to avoid employees straining to use the control panel.
11.2 The teach pendant should be as light as possible.
11.3 The operator shouldn’t have to stretch to reach any part of the system. 
11.4 
12 [bookmark: _Toc487564640][bookmark: _Toc487812726][bookmark: _Toc7544356]Testing 
12.1 The product must be tested to ensure it will not fail under load.
12.2 The product needed to be tested in an environment similar to the factory.
12.3 Testing should be carried out throughout the design process with minor adjustments made to ensure the product is safe. 
12.4 The product should be tested before run to avoid collisions.
12.5 Virtual testing will be completed on robot studios to ensure the robot is capable of its task.
12.6 The robot will be tested before installed to ensure it meets the functionality requirements.





[bookmark: _Toc7544357]Comparing different collaborative robots to the PDS 
The team will be looking into the 3 different collaborative robots and comparing them to the PDS to find which one is most suitable for this project. The 3 Cobots that the team will look at are the:
1. ABB YuMi.
2. Universal UR5-e.
3. KUKA LBR iiwa.
[bookmark: _Toc7544358]ABB YuMi
The YuMi is the first and only two arm collaborative robot available on the market. It is designed by ABB, the external of the robot is primarily made from plastic, it is small and compact Cobot which has 14 axis which makes it easy to bend and get to tight and awkward spaces. It is also accurate to +-0.2mm which means it is precise, this is important because it has to position the vision system in the same place each time, otherwise it would not work. The two arm design means it would be able to inspect the part quicker than any of the other collaborative robots. Its table mounted which means it can be easily installed onto the side of the production line. And at £40,000 it is one of the best priced Cobots on the market, however the payload of the Cobot is only 0.5kg which means the vision system would not be able to be mounted on the Cobot. It also weighs 38KG which means it’s too heavy to move; this means the Cobot is less versatile, so where Ford may decide to move the Cobot around and program it to do other functions, this Cobot weight makes it harder to do so at 38kg. As it would have to be mounted on the side of the line, it may need to be reinforced or supported. This is because the conveyor is made out of thin aluminium and this could pose a problem with using this product. The reach of the arms is 559mm which means it would not be able to reach the far side of the head and for this reason it will not be able to be used on this project. (ABB, 2018)
[image: ] 







[bookmark: _Toc7641831]Figure 50- ABB YuMi Cobot (ABB, 2019)


[bookmark: _Toc7544359]KUKA LBR iiwa 
[image: ] The KUKA LBR iiwa is a lightweight collaborative robot made from aluminium; this makes it more durable and more suitable for the industrial environment. It weights 22KG meaning it’s within the weight set in the design specification, unlike the YuMi. The single arm Cobot has 7 rotating axis accurate to +- 0.01mm, this means it’s extremely precise. The payload on the collaborative robot is 7KG which means it would allow for the attachment of the vision system.  The reach is 800mm which means it would be able to reach all around the head.  The LBR iiwa can be mounted at any angle; this makes it more versatile as it can be mounted to the ceiling, floor or a wall unlike the YUMI which has to be table mounted. The LBR iiwa is IP54 rated meaning it is splash and duct proof to particles larger than 0.01mm in size, which means swarf or contamination should not get stuck in the Cobot, which would affect its functionality. This collaborative robot cost £150,000, which means it is more expensive than budgeted for but it does meet the product design specification set. (KUKA, 2019)[bookmark: _Toc7641832]Figure 51- KUKA LBR iiwa (KUKA, 2019)

 
[bookmark: _Toc7544360]Universal UR5-e
[image: ]Figure 51 shows the Universal UR5-e. This is the latest in the line of collaborative robots made by Universal, with built in force measurement software and 6 axes of rotations with accuracy of +-0.2mm. Even though it has fewer axes compared to the other Cobots meaning its less flexible it is 850mm meaning it’s got that extra reach over the KUKA so it should be able to move around the head and inspect all the features needed. It also has the best teach pendant which is user friendly and makes programming the Universal UR5-e very fast and easy, same as the KUKA it offers IP54 protection and meets all the necessary specifications. With a 5KG payload it’s slightly less than the KUKA, however the PDS only requires a 4KG payload so it’s a high enough spec for its intended function. Also like the KUKA, it’s made from mainly aluminium making it lightweight and robust. The Cobot is 18.4KG in weight, this means it is very versatile and like the KUKA it has a number of options when it comes to mounting the collaborative robot. The price of this Cobot is £100,000. (Education, 2018)[bookmark: _Toc7641833]Figure 52- Universal UR5-e (universal robots, 2019)



[bookmark: _Toc7544361]Chosen collaborative robot
After comparing the collaborative robots to the PDS set by the team both the KUKA and Universal Cobots meet the standard. Both these Cobots are extremely similar and both are capable of being fully collaborative. The best Cobot would have to be the KUKA LBR iiwa; this is because it has more rotating axis, a higher payload and offers better reputability accuracy over its competitors. However it is also expensive and over the budget set in this project. The UR5-e series Cobot is within the budget and also meets the requirements set, so for this reason this will be the collaborative robot used. The one downfall this Cobot may have is the fact that it only has 6 axis, as its flexibility with reference to moving around the head for the vision system to check the part is questionable and also the length of time that it will take could also cause issues. University of Wales Trinity Saint David’s based in Swansea has a UR5 robot set up in similar conditions to the production line, so tests will be run to prove the Cobot viability and capable to carry out the functions intended.
[bookmark: _Toc7544362]Inspection robots process and new reaction plan 
As previously shown the reaction plan is very long and complicated. This is why it was disregarded by the employees operating the OP 230 inspection process. This will be the Cobots inspection process and the new reaction plan for the operators to follow. 
Summary of collaborative robots process
[image: ]



Problems the collaborative robot will look for
Issues the Cobot can do which cannot be carried out on the old quality control system
Above shows the initial features the Cobot will be set to check, however another problem that occurs is the headline has a high number of porosity reject failures. The amount of porosity failures a shift fluctuates from 3%-5% of all parts machined. The loss of production is charged to the customer; however it does mean every head must be checked by Dragon solutions before it gets to assembly. This is over processing the heads and could possibly result in downtime in assembly.
[image: ]Porosity is an imperfection in the head when it gets machined, it can lead to crack propagation when subject to change in temperatures. It can be quite hard to spot porosity by eye and therefore a camera that can focus will be able to find the porosity easier than on operator. Again this will be done by looking for a cluster of dark pixels on the critical faces.[bookmark: _Toc7641834]Figure 53- Dragon solutions checking for porosity

This check cannot be carried out on the visual inspection because it’s a very time consuming process which involves using templates to check for porosity because only in certain areas this results in the head being rejected.

[image: ]
Figure 53 shows Dragon solutions using a template to find porosity and figure 54 shows porosity being found on the head. The target is to have below 1% porosity a shift, however as previously stated the porosity rejects are between 3%- 5%. Unfortunately this check is time consuming and requires a template to be used on every face, however a Cobot would be able to carry out this check faster and more efficiently.   
[bookmark: _Toc7641835]Figure 54- porosity found on the Dragon head

[bookmark: _Toc7544363]Collaborative robots process

[bookmark: _Toc7641836]Figure 55- Cobots process
Figure 55 shows the collaborative robots process showing the sequence it will go through on every part. It can be noted that the Cobot may spot a reject but the final decision will be down to the operator. It will indicate on the HMI the feature on which the head failed to help the operator to then inspect the part. More often than not the operator will probably agree with the system but if it was ever to go out of spec and reject good parts, this process will indicate it immediately to the operator so it can then be re-teached with the master head preventing unnecessary scrap or re-works.




 
[bookmark: _Toc7544364]New Reaction plan 

[image: ]

This is the new reaction plan or operators process, it has 4 possible outcomes. It askes the operator if they agree with the visual inspection Cobots decision, if so then they determine whether it should be scrap or reworked. If the operator disagrees with the collaborative robot then it can overrule its decision and inspect the camera and Cobot to ensure its working correctly. If so, then the process will continue as normal; if not then the maintenance team is called.
This plan is a lot simpler than the original process reaction plan for the current operation. It is collaboration between operator and the robot to get the best result, which should meet the objective, which is to stop rejects reaching assembly by introducing a control measure to improve quality for the customer. 


[bookmark: _Toc7544365]Testing the Universal UR5 capability’s
Thanks to University Of Wales Trinity Saint David which has a UR5 set up in the engineering workshop. An opportunity has been offered to experiment with their Cobot; this means it is possible to test the capability of the Cobot and prove it is able to carry out the task its intended for.
The tests carried out were to see if the UR5 was able to reach and manoeuvre around the head allowing the vision system to inspect the head from all angles. Also it’s important the Cobot inspection was within 118 seconds otherwise it would become the bottleneck of the line and affect production. So the Cobot was programmed to pause for 2 seconds at all the features it was inspecting, this would allow the vision system to take the picture and feed it back to the Cognex software.
[image: ][image: ]Figure 56 shows the Cobot is able to reach the furthest part of the head, which is the water jacket. This is also a part of the head that tends to have swarf contamination as shown in figure 57. The Cobot was able to reach the far side of the head and also get close enough to the water jacket, which would allow the vision system to focus and find any swarf contamination. This test was a success.[bookmark: _Toc7641837]Figure 56- inspecting the water jacket

[bookmark: _Toc7641838]Figure 57- swarf in water jacket


[image: ]Figure 58 shows the Cobot was able to reach all around the head. From this it was possible to plot the sequence for the Cobot to follow with the aim to check all the features within the desired cycle time, this included checking for chatter, swarf, threads and porosity with delays at each set point compensating for the vision system. The whole sequence was carried out in 80 seconds and the desired cycle time was 118 seconds so that leaves 38 seconds extra time if they wanted to add anymore checks. One of the massive benefits of testing the Cobot is not only can the team can verify the Cobot is able to programme the Cobot offline, iron out any problems and then implement them online, this way it will not affect the lines productivity. [bookmark: _Toc7641839]Figure 58- setting a sequence on the Cobot



[bookmark: _Toc7544366]Project forecast cost 

	
	Supplier
	cost

	Vision system
	Cognex
	£29,999

	Programming setup
	Myself/UWTSD
	£0.00

	software
	Cognex
	£18,000

	Collaborative robot
	Universal
	£100,000

	Installation cost
	Universal/Ford
	£6,000

	Loss of production
	
	£0.00

	
	Total cost
	£145,999




The total cost for the project is £153,999. This is includes setting up the vision system, training which is included in the cost of the equipment and also the Cognex vision pro software which has been selected because its compatible with the camera selected by the team and also its proven to be a good package and used on other vision systems within Ford.
This project cost has come in £26,001 below budget so the payback will be within one year on the reduced manning level alone. This was one of the targets and should help the project to be approved immediately by management. One of the other reasons this project has come in below budget is because there is no loss of production in the setup of the system as UWTSD have agreed to give access to use the system to write the program and then transfer it to the collaborative robot on the Dragon headline.


[bookmark: _Toc7544367]Conclusion 
The overall goal of this project was to investigate the swarf contamination issue and come up with a suitable control measure to reduce the defects to assembly. The investigation into finding the root cause of the swarf contamination problem highlighted the current situation with scrap both at OP 230 and on assembly and the cost associated with the issue. Due to contaminated heads passing on the 100% visual inspection this proved this method of quality control was not effective and that a new method was needed. This was achieved by researching and comparing different quality control measures before deciding to use a collaborative robot; which is one of the main industry 4.0 tools to achieve a system which is cheaper and more efficient than the current control measure. By standardizing the operation and co-operating with operators this new system should stop defects reaching assembly and improve the profitability of the Dragon headline.
The report uses Six Sigma tools to identify the customer, identify the wastes associated with manufacturing and the wastes the of the current quality process, as well as Six Sigma methods to identify the root cause of the issue and then coming up with a suitable control measure to supersede the current failing process.
The new Cobot will reduce the 8 wastes of lean manufacturing and the pay back of the project will be within a year of implementing due to the reduced manning levels and efficiency over the current method. Also the collaborative robot was able to carry out a more detailed inspection faster than the operator could and checking more features. This means there is also less likelihood of any other issues, for example chatter or porosity rejects, reaching assembly.
One check that cannot be carried out on the visual inspection is the porosity check; this is due to the fact that it requires stencils to be placed over every face to look for porosity. This process is a long process carried out on every head by Dragon solutions and the check can now be done by the collaborative robot showing its capability and efficiency. 
By conducting this project not only was the team able to capture the full extent of the problem using various methods, the team was able to document it using graphs and charts that can then be used to show management that immediate action needs to be taken. Furthermore it also shows a better method of quality control that can be used, not just on the Dragon headline, but on all of the production lines within the company.
Due to UWTSD, the team was luckily enough to test the Cobot, which was the best out of the options available. This allowed for the team to answer some of the questions that could have halted the progress of the project because if the Cobot was not able to carry out the operations within the designated time frame or if it was not able to reach every feature it could possibly mean a larger Cobot would have been needed. This would then, in effect, increase the cost of the project and may have put the project in jeopardy. 
Before this project the team was unaware of how much money the plant wasted in scrap each year, not just on the Dragon headline, but through the plant. Also not all departments were recording all the measurables; this made it hard to find scrap data especially on the older lines like Sigma and AJ.
By finding the root cause of the problem and contacting the vendors and suggesting how they can improve the current machining process, this has reduced the number of rejects on the visual inspection. However there is far too many rejects reaching assembly, which has then put the line over budget.
[bookmark: _Toc7544368]Further work and recommendations
Overall the project was a success and management have decided to proceed with the installation of the Cobot with all the research and recommendations suggested in this project. Further actions that that will be taken is to install the vision system on the UWTSD Cobot so that it can be programmed and then move the program from the test lab to the Dragon headline. The project will have to be installed and will need to meet all the control regulations set by Ford, as well as safety standards. After the Cobot has been installed, running data should be collected and then compared to the old quality process. This should show how much cost has been saved due to the number of rejects that are now found at the source rather than on assembly. After the Cobot is installed and data is collected and analysed if the results show a significant improvement, this could then be implemented on other production lines.
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Quality Inspection Process 


Collabrative Robot


Standard Robot


Human Visual Inspection(current Process) 


Works along side operators in a shared workspace and involves their input.


Standardizes the process.


Takes up little space.


Cheaper than using a robot.


Can be modified easily.


Can be programmed easily.


Can be set up offline and then introduced.


Cheepest option in the long run.


Standardized process.


Quickest inspection method.


Robust, guarding stops system being interfied with.


Cheapest initial set up cost.


Little training needed.


Can be introduced immediatly.


May find other issues not programmed.


Easiest solution.








Quality Inspection Process 


Collabrative Robot


Standard Robot


Human Visual Inspection(current Process) 


Involves creating a maiintenace stratagy.


Training is required.


Takes longer to set-up compared to human visual inspection.


Expensive if the system breaks.


Needs a maintenace stratagy.


Not easy to program.


Not versatile.


Has to be set up online, so will effect current production.


Does not incorporate operators, which means it could reject good parts.


Most expensive to setup.


Expensive training for maintenace.


Takes up a lot of floor space.





Not standardised.


Most expensive in the long run.


Currently failing as rejects are still reaching assembly.









Swarf


The Cobot look at the waterjacket holes and the lash adjusters holes for swarf .


seats


The Cobot check all seats are present and not backwards. 


guides 


The Cobot check all the guides are present.


threads


The Cobot check the threads are present.


chatter


The Cobot will look for chatter on the seats. 














Turn on Robot 





Select the features


list of diffrent features will appear letting the user decide which features they will inspect.


Put the robot in automatic mode 


the part data will be shown on the screen along with its status passes or failed 


If the part passes 


the part will move on to the buy-off


if the part fails 


robot will scan features and show on screen 


screen will show the failed feature


gives the operator the option to accept or reject part
















Graph to show results from visual inspection data
Heads passed inspection	Data sheet 3	Data sheet 2	Data sheet 1	2041	2278	1790	Swarf Contamintation	Data sheet 3	Data sheet 2	Data sheet 1	111	93	101	other	Data sheet 3	Data sheet 2	Data sheet 1	15	7	1	Number of heads 
ABB wash	Heads with no contamination	Contaminated Heads 	6109	305	graph to show the number of contaminated heads found on assembly
September	32	October	30	November	8	December	7	Months 
Number of defects
Swarf Defects	Casting 1	Casting 2	Casting 3	25	33	31	7
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