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[bookmark: _Toc14336550]Abstract

The report analyses the use of a variety of lean tools to reduce the seven types of wastes that occur on a machining line within a Ford Motor Company plant. Many different leans tools such as 5s, Total Productive Maintenance and Visual controls are evaluated for their effectiveness in reducing the wastes present and how they can remove the Non-value added elements of a process. The scrutiny of each technique demonstrates that lean methods are important in removing wastes, however, they can be difficult to implement if a lack of enthusiasm and commitment is not displayed by both the company and the employees. It is recommended that the organisation shows a highly level of communication at all levels when a lean tool is being introduced. 
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The purpose of this report is to examine and identify the current wastes that are found through a single manufacturing process and suggest techniques and methods that can be used to make the process leaner. The report initially focuses on the seven wastes that can occur in a manufacturing system and uses examples and photos of where they are occurring in the process studied. The importance of identifying these wastes can lead to an analysis of where the value or non-value steps are located. Once determined, lean methods can be considered that can have a significant impact on production, employee interaction and safety. 
Ford Motor Company is a multinational organisation that has an engine manufacturing facility situated at Bridgend.  The site currently produces two products that include the Sigma and AJ engines. The report focuses on the AJ engine which is manufactured on an assembly line within the plant. The manufacturing of the head, block and crankshaft is undertaken at the site, with all components transported to the assembly line internally.
The AJ Crankshaft Machining line has currently been experiencing a drop in availability and therefore, production in one of its machines and on further analysis, it has been shown that the conveyor system to remove swarf and coolant is highly unreliable. The machining line is currently struggling to achieve its targets set by the assembly line and when looking at the bigger picture, it could create a problem for the paying customer. The report introduces the company’s efforts in managing the constraint to not effort its direct customer and analyse the wastes that are occurring. 
The future objective of this report is to present to the company a unique way of manufacturing its products that could have positive implications on its business. The report aims to increase the value added aspects of the process and attempt to completely remove or significantly reduce the non-value added steps. This will only serve to increase customer satisfaction as they will see more value in the product they are purchasing. 
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The AJ Machining Crank line within Fords Bridgend site is responsible for manufacturing V8 Crankshafts. Once produced, they are transported to the AJ assembly line and then placed into the 4.8 Litre engine. The assembly line requires 18 Jobs per hour from the AJ Crankshaft line to meet their external customers demand.
Figure 1 is a schematic showing the layout of all lines within the Bridgend facility and location of both AJ processes –
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Figure 1, Layout of AJ lines in relation to others, (Doyle 2019)

AJ Crankshaft Line
The AJ Crankshaft line was installed in 2009 and produces iron crankshafts ready for use on assembly. It is divided into two opposite areas known as the roughing and finishing leg. The crankshaft is placed onto the line via the input and then carried and deposited through sixteen machines and two washes, before finishing at the output. On arrival, the crankshafts are placed into crates and then transported to the assembly stage. 


Lamb Op 10 
Two of the most important features manufactured on a crankshaft are the centres. These are machined opposite each other at the flange/post end and the position of these is essential to allow the crankshaft to rotate as concentric as possible to allow the machining of other features (Thejasthree, et al., 2017). Op 10 is a machine manufactured by Lamb that is situated at the beginning of the line and has the responsibility of machining both ends of the crankshaft. Its first operation is to mill both the flange/post end to the required dimension and then drill and ream the centres. If the locations of these centres are incorrect then this can create huge problems with quality and performance of the crankshaft as it will not be concentric. 
Another operation of this machine is to drill and tap the flange end of the crankshaft for it to be attached to the flywheel. All other machines on the AJ machine line use the centres machined by Op10 to hold the crankshaft in place, therefore, it is important they are positioned correctly.
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Figure 2, Op10 Lamb Machine, (Doyle 2019)
In the manufacturing process, waste is produced in the form of swarf along with vast volumes of coolant used to prevent over temperature on the tools. Swarf is fine, metal chips that is created during the cutting process on the Crank (Malkin & Guo, 2008). This waste material and coolant travels towards the bottom of the machine and is transported away to be deposited in a swarf bin. The coolant is sent to the effluent plant. The Op 10 machine has a conveyor system made up of two chains and connecting flight bars with the intended purpose of moving the waste materials away from the machine and preventing build up. From figure 3 it can be seen that the chain with the waste, travels up an incline where it then deposits the swarf into a bin. This system is extremely important to the process as an accumulation of swarf can create problems such as damaged linear bearings, leads screws and damaged hydraulic/pneumatic pipework. Swarf is also collected to be recycled outside of the plant.
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Figure 3, The swarf is deposited out of the system, (Doyle 2019)

For the previous six months, the machine has seen a substantial drop in its availability and performance with there being significant on going issues with the conveyor system. Its tensioning  is continually failing causing a build up of swarf and coolant within the machine. A temporary repair is usually carried out and run for a short time before another breakdown occurs. Due to the extreme pressure of the continual weight of the swarf, the flightbars shear off resulting in an entanglement with the chain. Figures 4 and 5 demonstrate the significant build up of swarf and how quickly it has accumulated in a short period. As a result of this unreliability and reduction in performance, it has recently been decided to discountinue the motion of the conveyor and to instead employ a contractor once a week to manually shovel and remove the build up of swarf. This course of action has resulted in considerable downtime, cost and constraint management. This is to not only reduce the affect of the supply chain to its direct customer in the AJ assembly line, but to also look at the bigger picture and not affect paying customers waiting times.
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Figure 4, Swarf accumulating in machine, (Doyle 2019)
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Figure 5, Build-up of swarf ready to be removed, (Doyle 2019)
Overall Equipment Effectiveness
This is a method used by many companies to try and understand the effectiveness of a manufacturing process and how well it is performing (Hansen, 2001).  Stamatis, (2010) adds that OEE focuses on a systems effectiveness and if the machine is actually operating as what it was initially designed to do. In relation to Op10, OEE examines the machines availability, performance and quality. 
Availability – Calculated by dividing the running time by the planned production time. A score of 100% determines that during production time, the machine is always consistently running.
Quality – Calculated by dividing the Good quality parts by the total parts machined. A score of 100% signifies that there are no defect parts along with zero reworks.
Performance – Calculated by multiplying the preferred cycle time with the total count and then dividing the answer by the run time.  A score of 100% means that the machine is running at its highest speed when cutting (Gulati & Smith, 2009)
OEE – Calculated by multiplying availability, quality and performance together.
	
	January
	February
	March
	April
	May
	June

	Availability
	76%
	72%
	69%
	67%
	65%
	62%

	Performance
	71%
	72%
	70%
	66%
	64%
	62%

	Quality
	98%
	98%
	97%
	98%
	96%
	98%

	OEE
	52%
	50%
	46%
	43%
	39%
	37%





Table 1, Table demonstrating OEE of Op10 for previous six months

The data from the previous six months of production from table 1, demonstrates that Op10 is seeing a reduction in both performance and availability in the last six months of production. The data also shows us the equipment’s OEE is dramatically falling which informs us that there is a production constraint occurring.  It is clearly seen that the unplanned breakdown of the conveyor chain has created a retraction of available working hours for the machine to operate. This has consequently affected the performance of the machine. It is these figures that have forced the company to stop the running of the conveyor chain as it is seen as a huge constraint to the machining line. As a result, Saturday overtime has been allowed to run Op10 to produce a float for the line as part of an attempt to manage the constraint.
Waste
A current organisation normally focuses on lean manufacturing thinking due to the presence of some or all of the seven wastes. According to Wang, (2010) waste is a process that does not develop the product into the required part. There are seven types of waste including, Inventory, Overproduction, Waiting, Motion, Over Processing, Transportation and Defects. Here are some of these wastes that are associated with the Op10 Machine 

Wastes in the current process
Prior to the decision to completely stop the conveyor chain, the machine was experiencing a MTBF of one week with the top fault being the chain. Downtime was beginning to affect the lines JPH and subsequently the assembly line. 
A lack of confidence in the process resulted in the company placing overtime each Saturday night to run the single machine. An employee supplies the machine at the input stage whilst another employee removes the part after it becomes machined. Also, a tradesman needs to be present for breakdown purposes. Table 2 demonstrates the extra cost to the company to place overtime on a Saturday night just to pay the employees. 
	
	Costs

	Number of Operators 
	3

	Salary cost per hour per operator (x2 for Saturday night)
	£41

	Number of Tradesman
	1

	Salary cost per hour per tradesman (x2 for Saturday night)
	£45

	Total personnel  cost per week
	£2016



Table 2, Total employee cost to the company for overtime, (Doyle, 2019)

An in-process inventory is produced during overtime to provide a float if the machine was to breakdown. This is allowing the line to operate normally whilst OP10 is being repaired. Figure 6 shows the inprocess float in a storage area away from the line. 
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Figure 6, Inprocess inventory produced by Op10, (Doyle, 2019)

As a result of the conitnuous build up of the waste materials and the constant restarting of the machine, quality gauging has been increased too two parts for every one hundred cranks machined. This again is over-processing as extra energy is required to make the same number of parts. 
Another type of waste occuring is overproduction. The machine will  usually run over an eight hour period  which corresponds to a shift patern, however the overtime is scheduled for a twelve hour period. The machine is therefore running for the entire night resulting in extra parts that would not be otherwise produced. This is seemed neccesary to protect the assembly line incase any abnormal activity occurs with Op10 during the removal task carried out by the contractors. The overproduction occurs because the machine and personal are availalble yet the manufactured parts may not be placed into engines due to them not being required. This results in extra parts waiting in a storage area ready for assembly, however, this can be seen as a risk as customer demand may actual decrease resulting in wasted parts.
With regards to the inventory created due to the overtime shift, the crates holding the crankshafts need to be transported to and from the storage area which is located the opposite side of the line. This not only wastes time for transportation but its also produces waiting waste whereby the line is stopped until a part is present. Figure 7 shows the location of the storage area inrelation to the OP10 machine and the direction of travel for the forklift driver.
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Figure 7, route from machine to storage area, (Doyle 2019)
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To implement Lean processes within an organisation a variety of elements need to be considered to reduce waste and increase production. These include operating a continuous improvement mentality alongside examining what processes adds value in the customers eyes (Gopalakrishnan, 2010). The success of a product depends on the customer seeing value for their money; therefore, it is important to identify in a process where value is added and where value lost (Jaiprakash, 2014).  Chiarini, (2012) agrees by explaining that for an observer to have a comprehension of waste in the process, it is essential that you highlight where value is added and removed. In the manufacturing process of Op10, there are three types of value observed. These are value added, Essential Non-value added, and Non-value added.

Value Added
For a feature or process to be classified as value added, then it must be something that the customer is willing to be pay for. Manuel, (2011) suggests that the concept of value adding is creating a product the correct way in an efficient manner inline with what the customer desires. In terms of the bridgend site, the direct customer is the Aj assembly line. Their initial desire is for the product to include the necessary features that would enable it to be bolted to the correct components within the engine. When looking at the bigger picture, you can see that any problems in the mounting of the crankshaft into the engine, could have repercussions on the product being delievered on time to a paying customer. If a system was to be efficient and lean then this could exceed the paying customers expectations as the total lead time would be reduced.
One of the operations that add value to the process for the direct customer is the mounting holes on the flange end of the crankshaft. These are essential to the process as without them, the flywheel would not be able to be attached to the crank. This process effectively alters the crank and creates a product closer to what the direct customer wants. Another process that adds value to the crankshaft is the application of specialised synthetic coolant. The coolant used has been developed to reduce oxygen in the cutting zones which inturn gives the part anti rust properties. This is transferred onto the crankshaft during the cutting procedure and will remain until the part is placed into the block of the engine (Byers, 1994).

Essential Non Value Added
Sometimes an aspect of a product or process may not be something that a customer would potentially pay for, however, it is essential for the process to work. Protzman, (2010) suggests that these are necessary steps that the process cannot elimnate and is required to produce the finished product. (Protzman, (2010) further adds that in most cases, technology has not advanced to the point of completely removing this process.
During Op10s cycle, one important stage is the drill and reaming of the two centres on both ends of the crankshaft. Once complete these features are incredible important to every machine after op10 as they are used to hold the crankshaft parallel and concentric whilst cutting all the other features that are usefull to the customer. Despite their important, they are not used during a complete cycle within the engine. In Oppenheim & Felburs (2014) view, the customer would approve of the process if they were able to understand the technical details of the development of the crankshaft. Even so, these sort of activities should be kept to a minimum and be done correctly the first time. 

Non-Value Added
According to Johansson & Osterman, (2017) a non-value activity is a step that creates a form of waste in which the customer would not financially pay for. It can be a process by which is not done correctly the first time, a step that the customer has no interest in or an activity that does not enhance the product towards completion (Abdulmalek & Rajgopal, 2007). 
 In terms of Op10, there are a variety of process occurring that adds costs and increases the time spent to manufacture the part or place into an engine. All of these increase its market value and are activities that a customer would not be prepared to pay for. As a result of the constraint of the machine being the conveyor chain, a planned maintenance schedule occurs every week conducted by an outside contractor. The machine is operated outside of the manufacturing window on a Saturday night and an inventory is created. The future customer will find no value in moving the parts to and from the storage area and the time in which they are held there. Overproduction is another non-value activity that occurs during the overtime shift. The machine is run for twelve hours instead of eight which is a cost consuming process due to higher storage costs that adds no value to the paying customer.
 Whilst the machine is down for maintenance to remove the swarf, value is lost when time and effort is needed to place the inventory back onto the production line. The waiting time is increased due to the storage area being away from the line. During the full day allocated for cleaning the machine, parts are also kept waiting on the conveyor track prior to entering OP10, these are waiting parts that will stay stationary until the cleaning is completed. It is because of the constant powering off/restarting and cleaning of the machine outside of it’s normally operation, the company has been forced to produce extra quality inspections on the crank to ensure that the part is in its correct specification. This again are tasks that add no value to the customer. Mahadevan (2010) notes that even though quality checks do not change the product, it could fall into the essential non value added category as it does make sure the customer purchases a product that’s within specification. 
Figure 8 shows a map of all the value added, Essential Non-value added and Non value added steps of the process
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Figure 8, Value added/lost through Op10 (Doyle 2019)

The Three M`s
When examining the machine for value/non-value activities, another useful tool of explaining the cause of the non-value steps is to focus on the three M`s known as Muda, Mura and Muri.

Muda – These are the Non-value wastes that are associated with a process. They include all of the seven types of wastes. In the OP10 process, the Mura activities are inventory, over production, waiting, Motion and Transport (Sayer & Williams, 2011).

Mura – This is known as the inconsistencies that are generated due to the seven wastes or Muda. This could be the overburdening of a particular machine to produce more parts compared to other days. Mcgovern (2018) suggests that when a particular company are looking to hit a target a `Hockey stick effect` can occur whereby production per day changes depending on how much time is available. If a target is not achieved and the deadline is close, then overtime is used to overproduce parts to achieve the goal. These is a huge spike in production. The overtime on Op10 overproduces parts to provide a buffer for any potential problems that may occur during the week. Production can therefore reduce if extra parts are available and targets have already been met. 

Muri – This is translated to mean overburden and general means running a process or machine beyond its design limits. Not only does this affect machines but it also covers the strain placed on employees. Nicholas (2018) explains that Muri is the result of Mura whereby the overproduction can place additional stress on employees and machines. Cirjaliu & Draghici (2016) notes that the added stress can easily result in defects, damaged machines, Health issues  and accidents.
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Lean manufacturing is a method used within industry with the emphasis on minimizing waste without sacrificing production. The methods involve the continual effort of finding waste within a system by improve customer satisfaction, increase value and increase productivity. Melton (2005) claims that lean is not just about modifying little steps in the process, its about bringing change to all the orginisation from the employees daily jobs all the way to how the directors direct. There are many lean tools and techniques that can be applied to an organisation that will help reduce waste and cost yet improve production. These include tools such as TPM, PDCA, 5S, Kaizen, and Visual factory (Field, 2000). For Op 10 there are various lean manufacturing tools that can be utilised to make the process more efficient.

Total Productive Maintenance 
Originally developed in Japan to be utilised for toyota, Total productive maintenance is an advanced method in maintaining and improving the safety, quality and production of a machine or process. It can be desribed as a lean process that accelerates the time between a customers order and subsequent delivery of the products (Rich & McCarthy, 2004). Wireman (2004) states that TPM looks at maximising the overall equipment effectiveness of a machine and does this by encompasing all areas of the process including accounts, facilities, stores and plant management. 
TPM has five goals that aims to develop good maintenance techiques and to create a positive, maintenance focused culture. These are highlighted below – 

Improve Equipment Effectiveness – Examining all types of losses occuring during the process and evaluating the machines performance compared to its design specifications (Wireman, 2004).
Autonomus Maintenance – This allows operaters who operate the machine daily to carry out basic maintenance to the machine and suggest improvments to the process (Borris, 2006).
Training to Improve Skills – There is a large emphasis on continually training operators to identify problems, learn new skills and conduct basic maintenance tasks with the machine. 
Early Equipment Management – This focuses on potential failures that may or have occurred throughout the machines life cycle and an approriate plan to reduce the amount of maintenance required. 
Planned maintenance – Using methods such as Preventative maintenance  and condition based monitoring to reduce breakdowns and extend the machines life (Agustiady & Cudney, 2016).

A lean thinking idea and one of the five goals of TPM is planned maintenance that focus on preventing breakdowns before they occur. Cruzan (2009) comments that preventative maintenance is a scheduled programme of frequent inspections that’s purpose is to maintain machinery at its optimum performance rate. The PM jobs include greasing, lubricating, adjusting and replacing worn components at planned intervals that suit production times. One of the main reasons for the breakdown of the conveyor chain in Op10 is the frequent lost of tension resulting in the chain not working effectively and lack of lubrication on the chains sprockets. To improve the process and make the system leaner, a preventative schedule can be created to inspect the chain at regular intervals thoughout the year. The preventative programme can be divided into checks that should be performed every three months aswell as yearly services. These are designed to keep the chain at is optimum condition for longer. According to Mobley, (2002) preventative maintenance is extremely effective at reducing overtime as suprises are significantly reduced. It also is effective in reducing inventory as breakdowns are reduced. Mobley (2002) continues to add that companies that carry out an effective PM scehdule have far fewer inventory than companies that don’t. The aim of this strategy is to prevent breakdowns before they occur. Table 3 is an example of a checklist that could be used when serving Op10 for preventative maintenance.

	
	Intermediate
	Intermediate
	Intermediate
	Yearly

	Pneumatic System – 
. Change Filters
. Inspect Silencers
. Check Pressure Settings
. Leak Test System
                                    
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Hydraulic System-
. Check oil temperature
. check oil pressure
. Visual Check for leaks
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Linear Axis-
. Check Wipers
. Check rails for lube
. Check cover sheets
. Check wipers on bearings
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Tool Magazine-
. Check condition of each pocket
. Check condition of magazine
	
	
	
	

	
	
	
	
	

	Conveyor chain-
. Check tension on chain 
. Check all flight bars for damage
. Inspect motor coupling and motor 
. Lubricate chain at sprockets
. Inspect sprockets for damaged teeth
Check correct operation of chain
. Check for smooth running operation
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Electrical checks-
. Guard interlocks
. Emergency stops
. Check control panel for damage
. Check vents are clean on all motors.

	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Spindle-
. Check clamping pressure
.Tool change flaps 
	
	
	
	

	
	
	
	
	


Table 3, Pm checklist for Op10, (Doyle 2019)
If used on Op10 this can lead to a severe reduction in the wastes that are already present. A typical PM schedule can be incorporated around a production schedule under planned maintenance. One area that PM improves is the reliability of the machine. Thus reducing the need for little if not any overtime on a Saturday night. This eliminates an in process inventory which in turn, stops all transportation waste related to Op10. There will also be no need for an outside contractor to remove the swarf as the Pm checklist reduces the chance of a breakdown of the chain. When examining figure 8s value processing map, you can also remove extra quality checks as the machine is only switched off for the down PM checks instead of the breakdown of the chain each week.

Plan, Do, Check and Act
A very efficient way of creating a leaner environment and finding a solution to a problem is the use of PDCA on a manufacturing line. It is a cycle that promotes continuous improvement and creates a culture that thrives to improve a process. Sarkar (2016) notes that this problem solving approach transforms companies atitudes from emergency unplanned maintenance to a structured planned approach.

Plan
If a problem has occurred or is occurring that is creating waste or reducing production in a process then a plan needs to be develop to change. The problem needs to be defined along with brainstorming solutions and evaluating the best and most suitable way forward. Tools such as root cause analysis and DMAIC should be considered. In terms of Op10, the plan step should outline the route of the problem and solutions available.

Do
This is known as the implementation stage and requires the company to carry out the solutions from the plan step. A standard should be set to ensure that the solutions remain after they are carried out the first time. Training should be provide to allow workers to carry out the new methods used

Check
It is at this stage whereby you check to verify if the change that was implemented has worked. Not only did the process work does it consistently work without reverting back to the previous state. This step also highlights are problems with the current, new system that needs to be rectified and acted upon.

Act
It’s about analysing the results from the check stage and evaluate whether to continue with the improvements or change to a new solution. Questions should be asked about why the change did or did not succeed and what could be done differently. This should lead to a recycle of the PDCA steps and produce continuous improvement within the process (Roser, 2016)
5S
At the workplace cleanliness can often be overlooked and within a short period of time in a manufacturing facility, a normally clean workspace can become dishevelled. If the uncleanliness is not addressed, then it can become a safety issue for all employees. 5S is a methodology designed to remove unwanted items, organise the workplace into an efficient space, implement order and create behaviours to sustain the area. Willis (2017) argues that 5s is extremely important as is supports a positive culture and a foundation for which lean thinking and TPM can progress.
The 5S methodology stands for Sort, Straighten, Shine, Standardise and Sustain. According to Amaro, (2007) the most important aspect of the 5s methodology is producing standardised work. Asefesso (2011) agrees that the standardisation stage is important in reinforcing the first three stages. If this isnt done correctly, then the entire methodology is not sustained. 

1. Sort 
This stage focuses on addressing the cleanliness issue at present and developing a solution and a future schedule. It establishes realistic daily cleaning targets for each operator to carry out. Figure 9 illustrates Op10s quality gauging station and the uncleanliness present. 
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Figure 9, Uncleanliness of  OP 10 Gauge station, (Doyle, 2019)

2. Straighten
For the correct items to be selected when needed, they should be place appropriately in they required storage areas. This should be in terms of ergonomics whereby heavier objects should be stored lower for ease of use. 


3. Shine 
This stage allows for the removal of dirt and grease from the entire area of a machine. The root cause of the dirt can be found, and a schedule of daily cleaning can be put in place. For Op10, a cleaning schedule can be produced that would require 10 minutes of cleaning at the end of a shift to improve cleanliness. The machine only needs to be stopped for a short period and the conveyor chain can be given a quick clean. This could reduce the flight bars from becoming damaged and essentially increase the MTBF. This could have huge knock on effects in reducing the waste.

4. Standardise 
This stage is about developing an environment in which any abnormal situation is easily spotted and using visual management so that every item has a place. The development of a standard allows unfamiliar workers from other lines to know their responsibility.

5. Sustain 
One of the most difficult methods to follow and relies on every employee obeying the rules and sticking to them. It relates to TPM which tries to create a positive culture whereby every employee feels valued. For Op10, leaner thinking should be to include monthly audits on the cleanliness of the entire line. This stage promotes continuous improvement where employee should always strive to improve cleanliness and safety (Dennis, 2007)

Continual training 
One of the pillars of TPM is engaging online operators with the machines that they are in responsible for. To make the running of Op10 leaner, continual training should be provided to allow operators to improve their knowledge and skills to carry out simple maintenance tasks like inspections and lubrication. This TPM ideology of continual training will benefit the OP10 process in a variety of ways- 
 Operators feel more involved and appreciated within the company.
[bookmark: _Hlk14083638] Daily inspections could highlight small problems before they become larger breakdowns. This could have resulted in the OP10 chain being noticed before the breakdown occurred.
 This would free up maintenance workers to focus on other machines.
 Op 10 would be continuously cleaned after each shift therefore, reducing the need for the outside contractor.

Visual Factory 
This type of lean method concerns how information is relayed from one object or person to another and if used effectively, it can remove many different types of Non-value added waste. In Benbow & Kubiaks (2009) view, it involves the use of visual representation, charts and graphs to reduce the time taken it would need to pass the same information on verbally. Park & Ortiz (2018) agrees but also adds that safety is the primary concern for visual controls as it first provides a safe passage for employees to their work stations. 
Even though the existance of the storage area for inventory is a major waste in the process, the time taken of five minutes to transport the crates to te area is costly and can be seen as a waste. Park & Ortiz (2018) note that a successful visualo management system relies on an effect plan layout of the facility. Figure 10 demonstrates a leaner visual layout that elminates the transportation waste to the storage. 
 AJ Crankshaft line







Proposed storage area
Op 10






Figure 10, Proposed Op10 Storage area, (Doyle 2019)



Visual tools for leaner thinking include placing labels on all objects as well as using a white board near Op10 to work in conjunction with the 5s cleaning checklist. Visual tools such as a permanent marker drawn on the required place for the correct tensioning of the conveyor chain will allow any employee to easily adjust the chain to the mark. Figure 11 examines the tensioning point of Op10 and how a marker pen could easily distinguish the correct position. 





Use marker pen here to determine correct location of tensioner for future PM or operator checks 
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Figure 11, Pen Marker for correct location of tensioner, (Doyle 2019)
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The deployment of all lean techniques and methods can easily fail without the full cooperation of every single employee, all the way from the plant manager down to the operator. Communication is very important so that all levels of hierarchy within the organisation are fully aware and committed to the coming change. Most importantly, the operators must carry out the required tasks to a high standard and continue to drive the changes in every job they complete (Kallage, 2006).

Culture and Attitude
One of the key issues facing a manufacturing process trying to implement lean ideas is the organisational culture and the employee’s attitudes. Change is often never greeted with positivity and some workers develop a negative attitude before even attempting any new tasks (Dharmarlingam & Gobinath, 2015).
 The demographics of the Ford Bridgend plant show a large percentage of 65% of the employees are over the age of 45 and 30% of these are over 60. This suggests that many are close to retirement and may not be as motivated as the younger employees. This could be an issue when trying to implement the 5s cleaning checklist towards the end of the shift. Many employees will participate, however, some will neglect this stage over a time period which will reduce its effectiveness. For the older employees especially, some will resent the need for extra training for they may feel they will not be at the company long enough to exert the new skills. To make sure the 5s is continued, supervisors and management need to carry out process verification tick sheets with employees to reinforce the change. 
Change can bring the fear of the unknown and with the uncertain climate, workers could feel that change may result in loss of jobs. For the extra work and training the company may look to provide extra reward or overtime to increase motivation. It does come down the company to instil trust and support into their employees and this can be achieved by constant communication on the change. Regular meetings need to take place along with a transition period so that employees have time to adjust. Educating employees about PDCA for continuous improvement might take time, therefore, it is important that the organisation persists so that lean thinking can prevail (Adenle, 2011).

Preventative Maintenance  
Preventative maintenance is described by Mobley, (2002) as an effective tool a company can use in the short term that can have significant impacts in the long term. Areas such as quality, management control, productivity and safety all see an improvement with the introduction of a Pm schedlue. Even with these benefits, some companies are still reluctant to create a Preventative maintenance team.
One of the drawbacks of starting a preventative maintenance plan is investing in the initial cost for new equipment. This can be a negative thought for an organisation, however, the short term costs can easily be offset by the long term gain. Mobley (2002) argues that the benefits of a preventative maintenance program will almost certainly outweigh the initial costs, with increases being seen in as little as six months. Another factor that in a PM program is the need for extra training and employees. In fords case, Table 4 demonstrates the cost per year of an additonal mechanical fitter and electrical specialist needed for the PM team.
	
	
	Electrical Control Specialist
	Mechanical Maintenance Craftsman

	Cost per hour
	£22.50
	£20.50

	27.5% shift premium per hour
	£6.18
	£5.63

	Cost per 8 hour shift
	£229.44
	£209.04

	Cost per Year
	£59,654
	£54,350


Table 4, PM cost to hire employee per year

Due to the fast paced and mass manufacturing done at the Bridgend site, one potential problem in having a preventative maintenance program would be the window of opportunity to spend time carrying out preventative work on a machine like OP10. Wiggins (2010) suggests that to overcome this problem, there needs to be support from the enitre production team, as well as constant communication with area managers and engineers. If any activites such as tool changing or cleaning occur, then these small periods of downtime can be utilised to accommodate preventative maintenance. 















[bookmark: _Toc14336557]Conclusion

The reports analysis demonstrates that there are a variety of Lean thinking techniques that Ford can adopt, especially in regards to the Op10 machining process. At this present moment, the report shows that there are many wastes occurring due to the unreliability of the machine and as a result the organisation are attempting to manage the constraint. It can be seen that the overtime placed by the company is again creating additional wastes such as transportation, inventory costs and extra processing such as additional quality gauging. These can all be seen as non-value added whereby the customer would not pay money for them to occur. The report does highlight however, the presence of essential non-value added processes such as the crankshafts centres which need to be machined for other operations to occur.  
Where there is waste, there is also an opportunity for methods to be introduced to improve the process and remove the non-value added aspects of Op10. Lean initiatives such as 5s and PDCA, can be introduced onto the line which requires full commitment from employees and supervisors. The lean tool of 5s, not only involves the operators with the maintenance, but also creates a feel responsibility and awareness of the machines that they are operating. The report focuses on the need for the company to introduce training for all operators to learn new skills and incorporate new ideas onto their manufacturing lines, however, it has been shown that the organisation must communicate at all times. Any lack of dialogue can have the opposite effect rumours and a negative culture can manifest quickly throughout the workforce.
The report informs the need for an effective total productive maintenance programme and the benefits it will bring. If a method such as preventative maintenance is implemented, it is shown that it can significantly reduce nearly all the wastes associated with the Op10 process and can work side by side with many of the lean methods already mentioned. Even though the initial costs could be large, such as extra employee and machinery costs, the reduction of overtime, transportation and processing could easily be offset in the near future.
Too conclude, lean methods are an effective way of removing waste and adding value to a system The many techniques and methods should be embraced by an Ford for them not only reduce waste, but to also create a positive culture which has ever single employee focuses on the same aim.
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