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[bookmark: _Toc7617458]Abstract
The following report analyses current maintenance strategies on the newly installed Dragon Assembly Line and undertakes analysis on the equipment on the line to help construct a preventative maintenance plan for the relevant equipment. 
The main objective of this project is to construct a feasible and cost-effective preventative maintenance plan. Detailed research of total productive maintenance and reliability centered maintenance have been undertaken to allow a greater understanding for the need to develop the preventative maintenance plan, alongside how to develop the plan.
Although no previous data is available, due to how new the assembly line is, the failure modes are analysed, and a realistic plan is deduced from these possible failures. The initial plan made will not be the permanent robust plan, as this report discusses future work and improvements for the plan with methods for monitoring and reviewing the work to be carried out. 
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[bookmark: _Toc7617461]Chapter 1 – Introduction
[bookmark: _Toc7617462]1.0 Overview of Ford
Ford Motor Company (FMC) is a multinational automotive company founded by Henry Ford in 1903 and has its main headquarters situated in Dearborn, Michigan, USA. Ford employ approximately 200,000 people across 5 continents and are the fifth largest automotive manufacturer in the world. Ford Motor Company revolutionised mass production manufacturing by the development of the moving assembly line, which later helped to develop the concept of the Ford Production System (FPS) continuous improvement model and a goal of becoming the ‘best in the world’. Ford operate as a worldwide team using the saying ‘ONE FORD’. Under the ‘One Ford’ umbrella come separate sub-headings:
· One Team – Working together as a lean, global enterprise for automotive leadership.
· One Plan – Restructure to operate profitably, accelerate development of new products for customers, finance the plan and work effectively as one team.
· One Goal – An exciting viable Ford to deliver profitable growth.
[bookmark: _Toc7617463]1.1 Bridgend Engine Plant (BEP)
Ford Motor Company’s Bridgend Engine Plant is situated in Waterton Industrial Estate, Bridgend, South Wales. The plant officially opened in 1980 and focuses on the production of petrol only engines. The facility was built on a 770,000 square metre site and originally employed 2500 people. The purpose of the plant was for the manufacturing of the CVH engine which was a single overhead camshaft petrol engine. 
The Bridgend Engine Plant quickly developed a first-class reputation for building quality engines to the build schedule and developing new working practices. Following the CVH engine, BEP were awarded the contract to develop the Zetec engine in 1980. Due to the plant’s success and Ford’s ownership of Jaguar, a few years later (1992) seen the arrival of the production of a V8 derivative engine for Jaguar. In 1997, BEP were selected to develop the newest generation of small petrol engines 1.25L, 1.4L, 1.6L and eventually the 1.5L to replace the Zetec engine. This engine, known as the Sigma engine, is still being produced in BEP as of today; although the engine production is declining towards the end of its life, which is due to finish in 2021. 2001 saw the arrival of a V8 and SI6 (straight inline 6 cylinder) engine to be produced in Bridgend for the Premier Automotive Group (PAG) which consists of Jaguar and Land Rover. This engine spanned over 13 years until 2014 and during its lifespan seen further investment in BEP to produce a 5L V8 and 3L V6 engine for Jaguar and Land Rover. These engines which are assembled on the AJ133 assembly line, are due to cease production at the end of 2020. 
The latest investment in BEP is the Dragon Engine, which is a 1.5L 3-cylinder engine. The assembly line was fully built by 2018 with the official launch or ‘job one’ of the product being October 2018. The initial volume was to be 250,000 units a year, but that soon dropped to 125,000 units per year with the potential to produce more, depending on the company’s position with the plant. 
Come 2021, the Dragon engine is set to be BEP’s sole product. The plant currently employs approximately 1500 people, however, due to the decline in the Sigma and AJ133 assembly lines, the company has proposed that the production of the Dragon engine will only require 750 employees. 
[bookmark: _Toc7617464]1.2 Project Problem
The Dragon Engine Assembly Line currently manufacture a 1.5L GTDI and ST engine and are set to manufacture a 1.5L PFI in 2019. These engines are then supplied to Ford vehicle assembly plants across the world for vehicles such as the Fiesta, Focus and Kuga. The assembly line launched in October 2018 and is set to see a high rate of climb in production. Early figures suggest that initial production will aim to produce 90 engines per day at the launch stage (October), with figures rising to almost 400 engines per day in April, 6 months later.
In the author’s experience, Bridgend Engine Plant has been a very production orientated facility, with volumes of engines produced being very much a priority for the management and scheduled/planned maintenance in areas has been considerably neglected. This can often be seen as a short-sighted approach with the ‘bigger picture’ not being considered. The short-sighted approach mentioned is referring to the inability to be able to prevent or limit unexpected downtime through poor maintenance practices, and instead adopt a ‘fire-fighting’ approach when the machine actually breaks down slowing or halting production. Existing assembly and machining lines in the plant do not have a rigid preventative maintenance or scheduled maintenance system in place or if they do, it was implemented far too late in the machine or products life. Also, if there is a schedule in place then more often than not it is neglected and production priority takes over the planned maintenance. A change has to be implemented to the current ‘usual’ maintenance practices within the plant to enrol a suitable strategy as early as possible in the Dragon Assembly Line’s life.  Therefore, as part of the maintenance launch team, it is expected as part of the author’s job role to assist the construction, development and implementation of a suitable scheduled or preventative maintenance system for the assembly line.
As the Dragon Assembly Line is a new assembly line there is very little historical data and fault history. This makes it difficult to devise a robust strategy in regards to which equipment should be incorporated into the plan. Thorn (2019) stated in an interview that there would realistically need to be around 2 years-worth of data to collate and analyse in order to construct a robust strategy. However, due to the inability to access 2 years-worth of data, the project will structure a provisional plan from Failure Mode and Effect Analysis (FMEA) of the associated equipment, previous plans, personnel’s existing knowledge and equipment manuals.
[bookmark: _Toc7617465]1.3 Reasons for Project
The project will concentrate on the Dragon Engine Assembly Line where the author is employed as an Electrical Control Specialist (ECS). The project will be undertaken by a team of two ECS and two Mechanical Maintenance Craftsmen (MMC), with assistance of Supervisors and a Maintenance foreman. However, the maintenance foreman is not permanently assigned to the Dragon area and is only assisting as and when possible for himself.
One of the main reasons for this project is that come 2021 the Dragon engine will be Bridgend Engine Plant’s only engine assembly line in production at the time this report was being written (The Union are actively in negotiations to try to secure further work for Bridgend). This means that the Dragon Assembly Line must not only meet customer demands and expected rate of climb, but it must exceed expectations and strive to become the best assembly line in the world, with the hope of securing future work for the plant and helping the company achieve its goal of becoming the ‘best in the world’. One way of achieving this goal is to ensure that the line is maintained correctly from as close to the launch as possible, by devising a suitable preventative maintenance plan. If the line is correctly maintained it will limit downtime and achieve a higher number of Jobs Per Hour (JPH), therefore achieving and possibly exceeding production targets.
Although the preventative maintenance strategy is going to be enrolled throughout the whole assembly line, this report will focus on one section or ‘leg’ of the assembly line known as Long Block 2 (LB2).
[bookmark: _Toc7617466]1.4 Project Aims and Objectives
The main aim of the project is to construct a working, feasible and cost-effective preventative maintenance strategy to enrol on the Dragon Assembly Line. At the start of this project there was no strategy or suggested strategy to undertake on the assembly line as part of a preventative or scheduled maintenance plan.
The author will strive towards this main aim by:
· Working in a small team and using existing knowledge to identify equipment and machines to be part of the plan
· Using product manuals and existing equipment on other assembly lines to incorporate existing schedules into the plan
· Undertaking Failure Mode and Effect Analysis (FMEA) studies on pieces of equipment 
· Appraising existing strategies and indicate why they are not completely feasible and what should be done 
· Constructing a preventative maintenance plan based on the findings 
· Drawing conclusions and making recommendations to the plan based on further research and current findings
[bookmark: _Toc7617467]1.5 Project Timescale
To ensure the project was completed by the submission deadline, a work plan was generated to allocate time periods to the completion of each task by a designated month. The timing plan in figure 1 shows the start of the project and what tasks were required to be completed to get the project underway.
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Figure 1: Initial Project Timing Plan
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After completion of the Interim VIVA, the project timescale was then reviewed (Figure 2). From the initial plan it was clear to see not as much progression had been made as initially planned. This was due to the author attending a 3-month in-house multiskilling course which caused a slight set-back for the project.
[bookmark: _Toc7177901][bookmark: _Toc7257139][bookmark: _Toc7356491][bookmark: _Toc7626799]Figure 2: Interim Project Timing Plan
Figure 3 then shows the completed work plan up the deadline of this report. 
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Figure 3: Final Project Timing Plan
[bookmark: _Toc7617468]Chapter 2 – Literature Review and Research Undertaken
In order for the project to be valid in terms of creating a feasible preventative maintenance schedule, research must be undertaken and evaluated to establish if the proposed maintenance plans would achieve the desired results. The topic areas that the author researched were as follows:
· Ford Production System (FPS) and Lean Manufacturing
· The DMAIC Six Sigma Tool
· Total Productive Maintenance (TPM)
· Reliability Centered Maintenance (RCM)
· Failure Mode and Effect Analysis (FMEA)
· Current maintenance practices – Reactive and Proactive
· Change management and organisational change
· Proposed maintenance strategies – Preventative 
· Condition Based Monitoring (CBM)
[bookmark: _Toc7617469]2.0 Ford Production System (FPS)
According to the FPS manual (2018), Ford has a vision statement to “have a lean, flexible and disciplined, common production system that is defined by a set of principles and processes that employs groups of capable and empowered people who are learning and working safely together to produce and deliver products that consistently exceed customers expectation in quality, cost and time”. 
The FPS manual states that flexible and disciplined production must exploit new and changing markets and technology. This is relevant to the Dragon Engine Assembly Line as it is a brand new, state of the art assembly line with the newest Ford engine on the market being produced. Also stated is the ability to change production processes quickly and produce a variety of different products in smaller batches. This is also relevant to the Dragon Assembly Line as each derivative of engine is produced on the same assembly line with no changeover required; just slightly different operations performed by the operators. The ability to produce components according to schedule is also key, which is also being carried out by the Dragon Assembly Line. Under the category of flexible and disciplined production also falls the ability to launch new products faster with consistent or better quality. In an assembly launch meeting, Dragon Area Manager Andrew Price (2018) stated that the Dragon Assembly Launch had been world-class, exceeding his expectations. Also, Production Team Manager (PTM) Huw Davies (2019) said in an assembly meeting that Bridgend’s Dragon Engine’s quality has currently exceeded expectations. A final part of the flexible and disciplined production is to effectively re-use existing equipment and facilities to minimise capital investment where necessary. This is also adopted during the Dragon Assembly Launch as the floorspace the line has been built on was unoccupied within the plant. Also, the recycling of conveyor systems, which were used on PAG Assembly Line from 2001-2014, have also been utilised.
Ford Motor Company is driven to put the customer first, by striving to achieve 100% customer satisfaction. With this dedication to achieving customer satisfaction, it can help drive a continuous improvement attitude throughout the organisation. The main areas Ford focuses on to achieve 100% customer satisfaction is quality, time and cost. Where they strive to deliver the best in the same class of product, while satisfying value for money and trouble-free ownership of goods with the intentions of being the first to market while delivering on schedule. 
The Ford Production System also uses some metrics or measurables to measure the quality output of an operation and the rate of units produced of the production process. 
The Jobs Per Hour (JPH) metric is the hourly output of the production process. JPH is a way of measuring how well the engine assembly line is performing. It can be calculated by:
JPH = Parts produced/production hours
When the Dragon Assembly Line ramps up to full production (2 shifts, 16 hours production a day), the target JPH is 26.2. The preventative maintenance will try to improve this JPH, at least maintaining it and not allowing it to drop. This is because any downtime will cause this JPH target to drop therefore undertaking an appropriate maintenance strategy on the assembly line should effectively limit the downtime.
Another FPS measurable, First Time Through (FTT), is measured as a percentage of units that complete a process and meet quality and production specifications without the need for scrap, regression (rework), retesting or return to a previous station. The goal is to obtain an FTT of 100%, which is zero defects. The JPH and FTT metrics are directly related; if the FTT of the operations on the line are improved then the JPH will in-turn improve.
 A customer driven and continuous improvement mentality and a lean manufacturing approach adopted by Ford and Bridgend Engine Plant can help the plant remain a competitive petrol engine production facility while being successful in their bid for future investment. Wilson (2010) states lean manufacturing is a comprehensive set of techniques which will allow and assist in the elimination of ‘waste’ in the workplace, allowing the workplace to be more flexible. Some of the key principles behind lean manufacturing are:
· Recognising the waste – Some of the wastes include excess material, over-investing, holding excessive inventory, taking up too much space and over manning a process. Anything that does not add value to the process is deemed as a waste.
· Continuous improvement – A lean process requires continuously trying to eliminate wastes from the process. When wastes are removed, the process is improved.
· Standardising the process – There should be very little variation in the way workers perform the tasks. On the Dragon Assembly Line there are a list of tasks for the operators to perform on each operation in order, which are interlocked in the PLC programme to ensure no tasks are missed out on each station. This alongside error proofing tasks and inline process checks, such as the Oil Cavity Leak Test on Long Block 2, ensure no defective parts are passed onto the next operation.
· Continuous flow of the process – Aims to allow the process to flow efficiently without bottlenecks, interruption and starved/blocked machines. The Dragon Assembly Line adopts this approach by balancing the tasks required to build the engine evenly across all of the operations on the line.
[bookmark: _Toc7174556][bookmark: _Toc7617470]2.1 DMAIC
Schroeder et. al. (2008) state DMAIC is a Six Sigma tool used to solve manufacturing problems and also can be used to design new processes or modify existing processes. The DMAIC tool can also be used to reduce variation and help standardise a process. The five steps of DMAIC are:
· Define – Where the system identifies the process to be designed, improved or changed.
· Measure – The chosen process is translated into quantifiable forms. The relevant data is collected and the performance is monitored.
· Analyse – The root cause of defect(s) within the process are identified and then achievable goals are set to reach the desired performance. 
· Improve – Potential solutions are discussed, evaluated and then implemented to eradicate the root cause of the problem.
· Control – Standardise the solutions and the new process and adopt a continuous improvement attitude.
Although there are five stages to the DMAIC process as listed above, this project will only be concerned with the ‘Define’ stage. The other four stages will be implemented after completion of this project to measure the results of the preventative maintenance strategy, analyse these results and identify the defects with the process, discuss and implement improvements to the preventative maintenance plans and aim for a continuous improvement approach to the preventative maintenance strategy.
The problem identified for the define stage of this report is that there is no structured or appropriate maintenance approach on the Long Block 2 leg of the Dragon Assembly Line. The system to be designed for this report is a cost-effective and feasible preventative maintenance strategy to ensure that the Long Block 2 section of the assembly line is properly maintained. If the assembly line is not correctly maintained, there can be adverse effects on the jobs per hour (JPH) and first time through (FTT) metrics, which can in turn have negative impacts upon the lead time and quality of the engines produced for the customers of the Dragon Assembly Line.
The project has capable personnel involved to achieve this goal. Included in the team are four maintenance personnel consisting of two Electrical Control Specialists (ECS) and two Mechanical Maintenance Craftsmen (MMC). Also, the help and assistance of a Maintenance Foreman is granted throughout the project. Other resources, including access to manufacturers manuals, other preventative maintenance plans from Bridgend Engine Plant and computer access for internet and required software needed to undertake the project, is also given.
A high-level SIPOC process map for Long Block 2 was generated, as seen in figure 4 below. From the SIPOC diagram, the main tasks, processes and customers can be identified. 
SUPPLIERS
S
INPUTS
I
PROCESS
P

OUTPUTS 
O

CUSTOMER
C


-Internal: Op3070A on the next leg of the assembly line
-External: When the assembly process is complete - numerous vehicle assembly plants
Long block 1 section of the assembly line
-Engines from Op1800B – the final op on the long block 1 section of the line
-Any failures or reworks from any process on long block 2

See process map (Figure 10)
Engines that have been assembled accordingly for long block 2 and have past the oil cavity leak test
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[bookmark: _Toc7617471]2.2 Total Productive Maintenance
As Ford Motor Company strives to become the ‘best in the World’, the rapidly changing global marketplace calls for affecting improvements in a company’s performance by cutting costs, increasing quality and productivity levels and satisfying customers by guaranteeing the delivery of the product on time, as stated by Ahuja and Khamba (2008). Also, to strive in the competitive automotive market, the company must deliver the product with high quality and at a lower cost. Ahuja and Khamba (2008) state that maintenance is perceived to have a poorer rate of return than any other major budget item and most companies can reduce maintenance costs by at least a third and improve productivity levels by giving maintenance the management priority that it requires. Total Productive Maintenance (TPM) originated in Japan which supports the lean manufacturing system. TPM has been widely accepted as one of the most promising strategies for improving maintenance performance in order to succeed in the highly competitive market, according to Nakajima (1988). TPM is a production-driven improvement methodology to optimise the reliability of equipment and ensure that plant and assets are managed correctly. Nakajima (1988), who majorly contributed to TPM, defined it as an innovative approach to maintenance that optimises the effectiveness of the equipment, eliminating breakdowns and encouraging autonomous maintenance by involving the total workforce. The following steps stated by Nakajima (1988) and Bamber et al. (1999) construct the manufacturing strategy that is TPM:
· Maximising the effectiveness of equipment through optimisation of the equipment’s availability, performance, efficiency and quality produced.
· Establishing a preventative maintenance strategy for the entire life cycle of the equipment.
· Involving all of the workers from top management to people on the shop floor.
· Promoting improved maintenance through small group autonomous activities.
· Cover all departments from planning to maintenance departments. 
Implementing these steps can reduce the occurrence of unexpected breakdowns and production losses, which can incur massive costs for the company. The Overall Equipment Effectiveness (OEE) metric measures the value added to production by measuring the availability, performance efficiency and the quality. The goal of TPM is to increase the OEE.
The availability of the equipment is a how available the equipment is for production. It considers the downtime losses occurred during the production shift. The availability is calculated by:
Availability = (Planned production time – Downtime) / Planned production time
The performance efficiency considers the speed losses during production. This can be calculated by:
Performance = (Ideal cycle time x Parts produced) / Operating time
The quality is how many good parts are produced. This is a simple ratio of:
Quality = Good parts / Total parts
[image: normal.img-004.jpg]
[bookmark: _Toc7177904][bookmark: _Toc7257142][bookmark: _Toc7356494][bookmark: _Toc7626802]Figure 5: OEE Calculation based on 6 Major Losses, Ahuja and Khambar (2008)
The OEE percentage can then be calculated as:
OEE = Availability x Performance efficiency x Quality x 100 
This metric has become widely accepted to measure the productivity of a piece of equipment in a manufacturing environment. According to Ahuja and Khambar (2008), TPM has the standards of 90% availability, 95% performance efficiency and 99% quality and anything above an OEE of 85% is considered world-class.
Another key objective of TPM is to eliminate or minimise the six major losses shown above in figure 5. 
· The first two losses are equipment failure and set-up and adjustment losses. These losses incur downtime which affects the availability of the equipment. This can include unexpected breakdowns or changeover of tools.
· Idling and minor stoppage and reduced speed are known as the speed losses. These have an affect on the performance efficiency of the piece of equipment in question and can include waiting for parts from the previous process.
· The final two losses are defects in the process and reduced yield. These losses effect the quality metric of OEE and can occur from process defects.
[bookmark: _Toc7617472]2.3 Reliability Centered Maintenance (RCM) and Failure Mode and Effects Analysis (FMEA)
The Dragon Assembly Line has a vast amount of new technology and complex equipment. As the goal is to produce high quality engines in a safe manner whilst hitting or exceeding production volume targets, the equipment used must therefore be reliable and maintainable in order to achieve this goal. Moubray (1997) states RCM is a process used to determine the maintenance requirements of any physical asset or piece of equipment in its operating context. Anderson and Neri (2012) state Reliability Centered Maintenance (RCM) activities are mainly focused on maintenance planning and the prevention of failure of the equipment. Moubray (1997) supports this by saying there are two key elements to management of any physical equipment or assets; one is maintenance and the other is modification. Maintenance is to ensure that the physical asset continues to do it’s intended job whilst modification is to change a physical asset in some way. The goal of RCM is to create a more efficient, hence a more effective life-cycle maintenance program. This is achieved by using a well-disciplined and logical approach to analyse the individual component failure modes and the consequences of these failures. From this, the preventative maintenance tasks can be constructed, as RCM emphasises preventative maintenance as opposed to corrective or reactive maintenance. RCM should be applied during the system design, states Anderson and Neri (2012), and then re-applied after deployment during operation as part of sustaining engineering activity. This means the RCM process considers maintenance tasks relevant to three particular areas:
· Hard time replacement (HTR) where a component degrading because of usage or age prior to functional failure can be prevented by a replacement task at a predetermined, fixed interval. In the case of the Dragon Assembly Line, this predetermined value could be number of cycles or a timescale e.g. one month or six-monthly replacements.
· On-condition maintenance (OCM) where degradation prior to functional failure can be detected by periodic inspections of equipment and analysis and evaluation of the equipment.
· Condition based monitoring (CBM) where degradation of equipment prior to functional failure can be detected before it fails by measuring equipment such as temperature and vibration analysis.
This being said, Anderson and Neri (2012) state replacement of an item at a fixed interval must be supported by statistical analysis of failures occurring during the equipment’s normal operating conditions.
According to Moubray (1997), the RCM approach asks seven basic questions about the equipment under review:
· What are the functions and performance standards of the equipment in its present operating context?
Firstly, the equipment must be considered for what the user wants it to do and ensure it is capable of doing this. Therefore, the functions may be split into primary and secondary functions. The primary functions are why the equipment was acquired in the first place. A secondary function can include the safety functions, comfort, structural integrity and compliance with environmental regulations of said equipment.
· In what way does it fail to fulfil its functions?
A failure is deemed as any occurrence that will stop the equipment from performing to the desired standard. RCM needs to identify what failures can occur by identifying what circumstances amount to a failed state. As well as complete inability to function, partial failures must also be included which can mean the equipment does not function to an acceptable level of performance e.g. if the safety of the equipment is compromised.
· What causes each functional failure?
Once a failure has been identified, the next step is to identify the event which event could have caused the failure, also known as failure modes. Reasonably likely failures can include those which have occurred on the same or similar equipment operating in the same context. This will be considered when constructing the Dragon Assembly preventative maintenance plan as other assembly lines preventative maintenance plans will be analysed and compared. Normal wear and tear make up most of the failure modes, but human error and design flaw should also be factored into the failure modes. It is important that these failure modes are not analysed in too much detail.
· What happens when each failure occurs?
This describes what happens when the failure mode occurs, often known as the failure effects. What evidence is there that the failure has occurred? How does the failure effect the safety or environment? How is production effected? What damage is caused by the failure? and what must be done to repair the failure? These are all questions part of evaluating the consequences of the failure.
· In what way does each failure matter?
Each failure is unique in how it effects the company’s operations, but all failures take time and cost money to repair. RCM recognises that proactive maintenance is undertaken not to avoid failures, but to avoid or reduce the consequences of the failures. There are four different groups of failure consequences: 
· Hidden failure consequences: No direct impact but they expose the organisation to multiple failures. Most are associated with non-fail-safe protective devices.
· Safety and environmental consequences: If a failure can hurt of kill someone. Environmental if it could breach any environmental regulations or standards.
· Operational consequences: This is where production is affected including output, quality or customer service.
· Non-operational consequences: Neither safety or production related, only the direct cost of repair is involved.

· What can be done to predict or prevent each failure?
Proactive maintenance is often perceived as one of the best ways to optimise plant availability. This consists of equipment refurbishment/overhauls or component replacement, which will be considered in the Dragon Assembly preventative maintenance schedule. Usual thinking would suggest extensive failure records would allow us to determine a components life and when it is due to fail; however, equipment complexity suggests new patterns of failure, shown against operating age in figure 6.
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[bookmark: _Toc7177905][bookmark: _Toc7257143][bookmark: _Toc7356495][bookmark: _Toc7626803]Figure 6: Six patterns of failure, Moubray (1997)
Curve A, commonly known as the bathtub curve, which begins with high failure (infant mortality) followed by a constant probability of failure, then an increase of failure in the end wear out zone. Curve B suggests slowly increasing likelihood of failure with time then an end wear out zone. Curve C shows a slowly increasing likelihood of failure with time with no identifiable wear out zone. Curve D shows low likelihood of failure when an item is brand new, with a then rapid increase to a constant likelihood of failure over time. Curve E shows a constant likelihood of failure throughout the whole of the equipment’s life, suggesting completely random failure. Curve F shows a high infant mortality rate which drops to a constant or slowly decreasing failure rate. Some of these curves can contradict the belief of a new replacement component is less likely to fail than an existing component in place.  
· What should be done if a suitable proactive task cannot be found?
RCM provides easily understood methodology for deciding what proactive task is feasible for the equipment, and the timescale between repeating the task can be decided. Whether these proactive tasks are worth doing all depends on the consequences of the failure. If a proactive task cannot be identified then suitable default action must be taken. The task selection process is as follows:
· For a hidden failure: the task would be deemed worthwhile if the risk of multiple associated failures can occur. A possible redesign of the equipment could be an option if the origin of the failure cannot be found.
· For safety and environmental failures: A proactive task is worth doing if it reduces the risk to a very low level or to completely eliminate it. The item must be redesigned or the process changed if the risk cannot be greatly reduced.
· Operational failures: The task is worth doing if the cost of performing the task is less than the sacrificed operational costs plus the cost of repair over the same period. If the costs cannot be justified then no maintenance should be carried out.
· Non-operational failures: The task is justified if the cost of the task over a period of time is less than the cost of repair over the same period. If the costs cannot be justified then no scheduled maintenance is required.
Failure Mode and Effect Analysis (FMEA) identifies the failure modes likely to cause each functional failure and to assign the effects associated to each failure mode, according to Moubray (1997); who also defines a failure mode as any event that would cause equipment or an asset to fail. The best way to connect the failed states and the events which cause them is to list the functional failures and record the potential failure modes which could cause the functional failures. The functional failure should be elaborate enough to select an appropriate failure management strategy, but not too much detail that it wastes time on the analysis process.
A piece of equipment or a machine can fail for multiple reasons and the whole of the Dragon Assembly Line can have hundreds of different failures. According to Moubray (1997), maintenance is managed at the failure mode level. Failure modes are discussed, recorded and dealt with typically after the failure mode has occurred. This dealing with failure modes is typical of the afore mentioned reactive maintenance strategy. All of the failure modes should try to be identified before they occur to affect that asset, however, this is very difficult and may not be possible. Once they have been identified, possibilities arise on how to deal with the failure such as prevention, detection and correction or even design the failure mode out of the equipment or system. 
Moubray (1997) says it is widely believed that maintenance is more often than not being about dealing with deterioration, which is often false, as only a small proportion of failures are caused by deterioration. Neglecting other failures, such as human error and design issues and only focussing on deterioration, can lead to an incomplete maintenance strategy. Failure modes can be classified into three different groups:
· When the capability of equipment falls below the desired performance.
· When desired performance rises above initial capability.
· When the equipment is not capable of doing its desired task from the start.
Failure modes may occur at different frequencies. Some failure modes may be discarded when creating an FMEA as they are that unlikely to occur. This means that not every failure mode is listed, regardless of its likelihood. A list of ‘quite likely’ failure modes should be recorded, including:
· Failures that have occurred on similar equipment.
· Failure modes that would occur if no proactive maintenance was taking place.
· Failure modes that are yet to occur, but are considered to possibly happen.
If the consequences of the failure are likely to be extremely severe, then less likely failure modes should be listed to further analyse. 
A failure effect is the description of what happens after a failure mode has occurred. A failure effect answers the question “what happens when a failure occurs?”. When describing a failure, the following should be answered:
· What evidence (if any) that the failure has occurred.
· In what ways (if any) does it pose a safety or environmental threat.
· In what ways (if any) does it affect production.
· What damage (if any) is caused by the failure.
· What must be done to repair the failure.
[bookmark: _Toc7617473]2.4 Current Maintenance Strategies 
[bookmark: _GoBack]The current maintenance strategy in place for the Long Block 2 ‘leg’ of the assembly process is a reactive maintenance strategy. For each and every station on the leg, there is no rigid or robust maintenance plan in place, until the preventative maintenance plans and schedule are finalised and enrolled. This reactive or ‘fire-fighting’ approach to maintenance, also called run-to-failure maintenance, is when equipment repair, replacement or maintenance only takes place when an item is deemed unfit for production purpose or what it is intended to be used for, according to Dhillon (2002). Gutschi et. al. (2018) state reactive maintenance is historically the main maintenance approach developed by most companies; which is supported by Swanson (2001), who states reactive maintenance is when machines are only fixed when they stop working and is a more traditional approach adopted by companies. However, adopting a reactive maintenance approach on its own can incur a high replacement of part inventories as there are a high percentage of unplanned maintenance activities, states Dhillon (2002). 
The main benefit of reactive maintenance is to be undertaken as part of a cost-effective decision due to a much lower spending by the company on maintenance costs, such as costs of developing and implementing a plan. However, the main reason the reactive maintenance strategy is being implemented on the Dragon Assembly Line is due to the lack of maintenance personnel and Maintenance Foreman on the area at the time the author was undertaking this project. The assembly line is scheduled to undergo two full shifts of production in April 2019; with the full maintenance manning being four Electrical Control Specialists (ECS) and four Mechanical Maintenance Craftsmen (MMC). However, the maintenance manning at the time this project was written was two ECS and two MMC as the production line was running at one shift, producing lower volumes during the launch phase until the beginning of March where the line began to run with two production shifts; one full production shift and a ‘mini’ lower volume production shift. The production line was running with less maintenance personnel than is deemed required for the two shifts of production; this is due to delays of the internal interview process of candidates who have applied for the maintenance jobs within the plant. The current maintenance personnel were required to cover the sixteen hours of production with overtime until more maintenance personnel were acquired for the area. This made a reactive maintenance approach suitable for the Dragon Assembly Line during this phase as there was a shortage of maintenance personnel which is reiterated by Swanson (2001), who states a reactive maintenance approach can be used to allow the plant or company to minimise the amount of maintenance personnel, therefore keeping manning costs down as there are less wages to pay for the Dragon Assembly department, as costing works on department within Bridgend Engine Plant. However, utilising a reactive maintenance strategy can lead to excessive downtime due to unpredictable equipment failures and therefore leading to higher overall maintenance costs, as catastrophic failures can incur high repair costs of components. Swanson (2001) defends this statement and also says higher failure rates can then occur and effect the quality of the engines produced or cause scrap components. 
[bookmark: _Toc7617474]2.5 Change Management and Organisational Change
For the new preventative maintenance strategy to be implemented successfully, there must be a change to the organisation. Preventative maintenance or scheduled maintenance already exists within Bridgend Engine Plant, but it needs to be dealt more effectively to get the strategies to work successfully. According to Stevenson (2010), change can be defined as to make or become different, or to give up or get rid of (something) in exchange of something else. In this case, the change taking place is the new maintenance strategy of preventative maintenance to be implemented alongside current maintenance strategies. Sometimes, a change must be implemented if management are dissatisfied with current performances or strategies and therefore a new strategy must be developed to implement the change, with the goal or vision being achievable, states Riley (2017). 
Kurt Lewin (1951) introduced force field analysis, where he states change is an imbalance between ‘driving’ forces and ‘resisting’ forces, shown in figure 7.
[image: https://s3-eu-west-1.amazonaws.com/tutor2u-media/subjects/business/diagrams/change-lewin-overview-model.jpg]
[bookmark: _Toc7177906][bookmark: _Toc7257144][bookmark: _Toc7356496][bookmark: _Toc7626804]Figure 7: Force field analysis, Riley (2017)
The forces can be further divided into an individual’s resistance and organisational resistance. Some of individual resistances to the preventative maintenance change to be implemented may include:
· Increased workload for maintenance personnel.
· New work methods that personnel are not familiar with for the imposed strategies.
However, individual driving forces for the change can include:
· Better maintenance strategies can improve the line performance of the Dragon Assembly Line therefore shedding a better light on Bridgend Engine Plant.
· This can in turn secure future work for the plant.
· Potential of overtime for undertaking the work therefore higher earning potential for personnel.
Some of the organisational resistances can include:
· Higher spending on maintenance costs.
· Possibility of exceeding overtime budget.
· Unfamiliarity with new maintenance practices to be implemented.
However, like the individual driving forces, some of the organisational driving forces can include:
· The ability to produce more engines due to a better maintained line therefore higher profits to be made.
· Viable to allocate further work to Bridgend Engine Plant as the ability to produce quality parts at a high quantity is visible.
To successfully implement the change, Lewin’s three stage model can be used.
[image: Lewin's Change Model: Unfreeze, Change, Refreeze]
[bookmark: _Toc7177907][bookmark: _Toc7257145][bookmark: _Toc7356497][bookmark: _Toc7626805]Figure 8: Lewin's three stage model - unfreeze, change and refreeze, Mind Tools Editorial Team (2019)
Mullins (2016) states the model is used to modify existing behaviour patterns in the workforce and improve the ability to adapt to changes within the company’s market. 
· Unfreeze – To identify why it is necessary for the change to be implemented; the current maintenance strategy is not viable and needs improving.
· Change – To enforce the change, but remain positive and enthusiastic about the change to ensure it is implemented well.
· Refreezing – To make sure the change which has been undertaken is reinforced across the workplace and is now common practice.
[bookmark: _Toc7617475]2.6 Preventative Maintenance
The main aim of this project and report is to construct a working, feasible and cost-effective preventative maintenance strategy; therefore, extensive research on preventative maintenance had to be undertaken.
Fitch (2013) states preventative maintenance activity is undertaken to stall the immediate occurrence of impending failure. Mobley (2002) states that preventative maintenance tasks are decided on a time-driven schedule and are undertaken to prevent unscheduled downtime and premature equipment damage that would normally result in reactive or corrective maintenance activities; also, that these tasks should be where failures cannot be detected in advance. This is supported by Fitch (2013) who acknowledges this maintenance strategy includes scheduled activities based on the knowledge of the equipment being maintained and the degraded condition it is in. This can include modification, retrofitting and redesign of the system or equipment in question. A preventative maintenance strategy can trigger maintenance activities in a set time interval or the equipment in question can be evaluated and analysed to help reduce the likelihood of failures, state Gutschi et. al. (2018). The aim behind a preventative maintenance schedule is to reduce the need for emergency corrections to equipment, however, not guaranteeing to eliminate these corrections altogether. The problems with the equipment that amount to faults or failures in the assembly process can provide the developers of the program priority targets to be incorporated into the schedule. These failures can then be reviewed and monitored to spot trends in the equipment’s behaviour during production conditions and the schedule can be fine tuned to be made more robust. The monitoring of equipment used in the process can actually assist the ability to find better equipment for the assembly line, if proven to be a cost-effective change. This is supported by Gutschi et. al. (2018) who states the preventative maintenance strategies implemented can be used to evaluate prescribed criteria to reduce the likelihood of failures.
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[bookmark: _Toc7177908][bookmark: _Toc7257146][bookmark: _Toc7356498][bookmark: _Toc7626806]Figure 9: Demonstration of Preventative Maintenance Activities, Fitch (2013)
Typical preventative maintenance tasks would rely on estimations of machine failure by a certain time or usage of machine. Typically, on the Dragon Assembly Line, the preventative maintenance tasks would be undertaken after a certain period of time; for example, a monthly scheduled check on a system. However, part life would be measured on the number of cycles. This will vary a lot during the launch phase as the assembly line will start production on one shift, then two full shifts of production in April 2019, then finally projected to increase to three full shifts of production at the end of 2019. This would theoretically mean schedules may need changing to alter the time between replacement of certain parts. 
[bookmark: _Toc7617476]2.7 Condition Based Monitoring
Condition based monitoring, condition monitoring and predictive maintenance is when maintenance is initiated in response to the asset or equipment’s physical condition after diagnostic equipment is used to measure the physical condition of the asset or equipment in question, according to Swanson (2011). Dhillon (2002) supports this and indicates to assess the assets or equipment’s condition, performance data, nonintrusive testing and visual inspection can help schedule maintenance tasks depending on the items condition. In Bridgend Engine Plant, current physical conditions that get measured are temperature, vibration and noise. When one of these conditions reaches a specific level, maintenance should be undertaken to restore the equipment to its proper condition. After the checks take place periodically, the conditions being monitored can be analysed and trends and patterns identified. Mobley (2002) supports this by saying the mechanical condition, operating efficiency and other operating indicators can provide the data to ensure maximum interval between repairs and minimise the number and cost of unscheduled outages created by machine or equipment failures. 
Condition based monitoring and maintenance can help reduce the likelihood of equipment breaking down by predicting when a component may fail. Other advantages of CBM according to Mobley (2002) are optimising the availability of process machinery and greatly reducing the cost of maintenance. This can in turn improve the quality of the product if equipment is monitored more frequently, hence increasing the productivity and profitability of the plant. An additional advantage of CBM is that the equipment more often than not needs to be monitored when the equipment is in a production environment. This is beneficial as there is no need to stop production to carry out the monitoring tasks, therefore not compromising production for the company. Dhillon (2002) states that CBM should not be the only type of maintenance technique used as it does not lend itself to all varieties of equipment and items or possible modes of failure; which is supported by Mobley (2002) who implies CBM is not a substitute for traditional maintenance approaches, but it can help reduce the number of expected failures and provide a more robust program to help plan future maintenance work.
Instead of relying on other plant averages for equipment failures such as mean time between failures (MTBF), for some equipment directly monitoring it can help get a better prediction on the lifespan. The direct monitoring of equipment can help incorporate tasks into the preventative maintenance schedule; whether the tasks are scheduled maintenance tasks or condition-based tasks. 
One of the common techniques used in condition-based monitoring is thermography, which is currently practiced in Bridgend Engine Plant. This is where a thermal imaging camera is used to monitor the emission of infrared energy produced by the monitored equipment, to give the user an operating condition temperature. The user can detect ‘hot spots’ on the equipment and detect anomalies with results to see if equipment is operating as it should. Depending on the equipment obviously depends on the normal operating temperature, but an experienced user can tell if the equipment is not running at the correct temperature. These results obtained can be monitored over time to spot patterns and trends to more accurately predict equipment failures.
Another CBM technique also undertaken in Bridgend Engine Plant is vibration analysis. As all mechanical motion will generate a vibration profile while operating, whether it is reciprocation, linear or rotational movement. This makes it a useful tool for predicting equipment failures. Vibration data provides the critical information to maintain optimum operating conditions for the equipment. This can work in a number of ways; typically, with the use of transducers known as accelerometers. A transducer will utilise pressure sensitive layers to convert mechanical energy into an electrical signal. The signal can then be identified using a vibration monitor device which connects to the accelerometer. This can then display the readings from the equipment being monitored and also the results, patterns and trends observed. 












[bookmark: _Toc7617477]Chapter 3 – Work Carried Out
[bookmark: _Toc7617478]3.0 Long Block 2
There are six main ‘legs’ of the assembly process. Each leg is constructed of multiple stations and within these stations can also be multiple operations. There are a range of number of stations per leg, ranging between six and sixteen. However, each leg is balanced with tasks accordingly to ensure the process does not have any bottlenecks. Each leg is deemed as one team, consisting of eight to twelve operators depending on how many stations are on the leg. 
Although the long-term goal of the preventative maintenance schedule is to be enrolled across the whole assembly line, Long Block 2 will be the main focus of this report. The Long Block 2 leg is the fourth leg on the assembly line and has seven stations consisting of:
· Four manual stations: Where the operator does all of the tasks in the station.
· Two semi-auto stations: Where the operator carries out some of the tasks and for other tasks has the aid of an automatic function incorporated in the station.
· One auto station: Where no external operator interaction is required for the machine to run continuously.
After an informal interview with Dragon Engine Product Launch Specialist Paul Clapham, the author had a further understanding of the function of the Long Block 2 leg of the engine assembly process. 
The first operation on the Long Block 2 leg is OP2000A, which is a manual station where the operator uses a rundown gun to reach final torque on the engines front cover. Here the operator also also installs the oil filter. 
The second operation is OP2000B which is also a semi-auto station. The operator lubricates the front cover and uses an automatic spindle to press a seal into the lubricated area. This seal is critical for OP2100 – oil cavity leak test. The operator then uses a rundown gun to rundown the TRA studs on the engine. 
The third operation is OP2040A which is a semi-auto insertion of the damper pulley. The damper pulley is inserted into a spindle by the operator and then rundown automatically utilising the post end internal thread of the crankshaft to achieve the pressing motion onto the crankshaft.
The fourth operation is another manual station, OP2070A. In this station, the operator installs the fuel rail and the vac pump and runs them down to a set torque using a rundown gun.
The next operation is also a manual station, OP2090A. The operator fits the fuel manifold to the engine and also installs the camshaft sensors on top of the camshaft module; a fixed component containing the two camshafts of the engine.
The final manual station on the leg is OP2090B. In this operation, the operator manually fits and installs the VCT’s and the dipstick for checking oil level. Also, the fuel pump is installed, which is positioned carefully as it is critical for a later process of fitting the fuel lines on a different leg of the assembly process.
Below an overview of the process can be viewed in figure 10.
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[bookmark: _Toc7177909][bookmark: _Toc7257147][bookmark: _Toc7356499][bookmark: _Toc7626807]Figure 10: Process Layout for Long Block 2
[bookmark: _Toc7617479]3.1 Failure Modes and Effects Analysis (FMEA)
To have a greater understanding of what to include in the preventative maintenance schedule, a process FMEA was undertaken on each operation to indicate potential failures. This analysis was undertaken by the maintenance team, consisting of two Electrical Control Specialists (ECS) and two Mechanical Maintenance Craftsmen (MMC) and a Maintenance Foreman. The failure modes identified are ones that have either:
· Occurred on similar equipment elsewhere in the plant
· Would occur if proactive maintenance was not undertaken
· Are yet to occur, but could potentially happen or
· Have occurred on the equipment already
Prior to undertaking the FMEA, a scoring matrix had to be decided upon to reasonably justify the scoring of the severity, occurrence and the detection of each failure mode. The scoring matrix in figure 11 influenced how the severity, occurrence and detection of each failure mode was scored. The scoring matrix used was a number between 1-10 and the severity, occurrence and detection were then multiplied together to give a risk priority number (RPN). The RPN can then be used to prioritise tasks to maintain. [bookmark: _Toc7177910][bookmark: _Toc7257148][bookmark: _Toc7356500][bookmark: _Toc7626808]Figure 11: Scoring matrix for severity, occurrence and detection, Quality Digest (2005)

[image: ][image: ]The severity column of the FMEA undertaken considered downtime and safety aspects, as opposed to just the customer, as portrayed above in figure 11.
As there are four manual stations on the Long Block 2 leg of the assembly line all containing the same equipment, a generic manual station FMEA was undertaken on the four stations (figure 12).
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[bookmark: _Toc7177911][bookmark: _Toc7257149][bookmark: _Toc7356501][bookmark: _Toc7626809]Figure 12: Generic manual station FMEA for Long Block 2
There is a lot more equipment on these stations, however, they were not deemed suitable to be part of the preventative maintenance plan, therefore FMEA was not undertaken on the equipment. This is due to the majority of the equipment not being feasible to incorporate into the preventative maintenance plans, due to cost effectiveness and sheer time it would take to complete each preventative maintenance schedule. Equipment such as programmable logic controllers (PLCs), rundown guns and various switches are used on each station, however, failures of these pieces of equipment are much less common and causes of failure are much harder to identify. Instead, the FMEA concentrated more on equipment touching the engine and its components or equipment which is handled by the operator.
Common to every station are the platen stops. These hold the engine on the platen in place in each and every station. They are solenoid actuated so when the solenoid is energised the stop will lower releasing the engine from that station and allowing it to travel down the assembly line conveyor. There is a damper on the stop to ‘cushion’ the force of the engine in station. The stop also has a number of proximity switches to inform the users of whether a part is present and whether the stop is raised or lowered. There is also a manual release button which actuates the solenoid allowing the user to manually drop an engine stop to allow a platen to travel up the conveyor. As well as the features listed above, there is also a data tag reader alongside the stop in every single station. Each platen holding an engine contains a data tag (figure 13) which holds all the information about that [image: Image result for siemens moby mds transponder]engine on it. Some information on this data tag includes:[bookmark: _Toc7177912][bookmark: _Toc7257150][bookmark: _Toc7356502][bookmark: _Toc7626810]Figure 13: MOBY D data tag similar to ones used on the Dragon Assembly Line, Siemens (2019)

· Engine number
· Next operation destination
· What derivative the engine is
· Operation status – whether it passed or failed the whole operation
· Individual tasks within that operation – whether it passed or failed each individual task which make up one operation
These data tags are ‘read’ in each station by a tag reader to communicate with the PLC to know what tasks to be done in each operation for that particular engine. These tag readers were considered part of the transport system for the FMEA undertaken, shown in figure 14.
[image: ]
[bookmark: _Toc7177913][bookmark: _Toc7257151][bookmark: _Toc7356503][bookmark: _Toc7626811]Figure 14: Long block 2 FMEA for the transport system
It was decided that each automatic station across the whole of the line would have its own preventative maintenance schedule. This is because each automatic station is unique and has different components to the rest of the stations on the line. 
In this instance, the automatic station on Long Block 2 is the oil cavity leak test (OCLT) machine, displayed in figure 15. 
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[bookmark: _Toc7177914][bookmark: _Toc7257152][bookmark: _Toc7356504][bookmark: _Toc7626812]Figure 15: The Oil Cavity Leak Test (OCLT) machine on the Dragon Assembly Line
As the name of the machine suggests, the OCLT machine verifies the correct working function and integrity of the oil cavity seals within the assembly of the engine, before later on in the assembly process being filled with oil. The machine identifies any failures before being sent to a process further down the line where it will be more difficult to identify the failed component. This saves costs as the engine would have to be stripped down and retested after reaching a point further in the process then necessary. 
During an informal interview with Clapham (2019), the working functions of the OCLT machine were discussed. The machine operates by:
1. The engine entering the station on a platen
2. The engine is fixed to an adaptor which is carried by the platen; the adaptor then gets lifted to a fixed position by a servo motor operated lifting mechanism. This is for repeatability of the test position.
3. When the adaptor holding the engine reaches the test position, seal units on a linear slide (which are also servo motor driven) engage the exhaust and intake sides of the engine therefore sealing the relevant areas. Again, the servo motor allows for an accurate and repeatable test position. The seal units are also on springs, which allow for a slight recoil but a firm, tight seal on the engine.
4. Once the seals are in the correct place, the leak test begins and measures the air flow in cubic centimetres (ccm) through the engines oil cavity. After the air flow is measured, the pressure in kilo-Pascals (kPa) is measured at the initial filling stage of the test and the again at the end of the test. These values are measured through accurate transducers.
5. The results are displayed and logged on a Sciemetric measuring computer which is fitted to the machine. Test and process engineers can view previous results and therefore are able to monitor patterns and trends with the testing process. 
6. If the engine passes the testing process then it is transported along the conveyor to the next operation in the assembly process. If it fails, the engine can be retested for a maximum of three attempts (which would greatly affect first time through) or the engine can be rejected into the regression spur (figure 10) for critical repairs.
After gaining an understanding how the machine worked and what components were critical to its operation, an FMEA study was undertaken as displayed in figure 16.
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[bookmark: _Toc7177915][bookmark: _Toc7257153][bookmark: _Toc7356505][bookmark: _Toc7626813]Figure 16: FMEA study for the OCLT machine
The study included emphasis on the seals of the machine, which are in contact with the engine every time the machine cycles. This was a similar approach to the manual stations, including the components that touched the engine and had operator interaction.
As well as the seals, the pipework and valves were analysed. This is because they are integral to the function of the machine. It is difficult to identify possible causes of failure as the lifespan of these items is unknown and failure rates are unpredictable, according to Moubray (1997).
The master part was also analysed. At the start of every shift, the master part is cycled through the machine to verify the machine is working correctly. This master part cycle does a proper leak test and a known failure test, so there is a comparison. If the master part does not pass the leak test, it will not move out of the station until doing so. This will cause a hold up in production, therefore effecting the jobs per hour (JPH) of the assembly line. Failing this test may indicate an issue with the machine or the part itself. 
Much like the other stations, there is a lot more equipment associated with this machine. The equipment was not considered in the FMEA study as it is not viable to include it in the preventative maintenance schedules, due to time and excessive costs.
The two semi-automatic stations have much of the same equipment as the manual stations; which have already been analysed in figure 12. However, both of these stations have a pressing action to fit a component; Op2000B presses the front crank seal into the front cover and Op2040A presses the damper pulley onto the crankshaft. This is achieved in both stations by a spindle with a thread on the end running into the post end of the crankshaft effectively pushing or pressing the component into place. This spindle has a programmed torque value and final angle of the rundown, which indicates certain times during the cycle when these values should be achieved. If these values are not achieved during the cycle, the engine fails that operation and is then sent down the line for rework which effects the first time through (FTT). 
The thread on the end of the spindle could possibly wear due to high rundown torques used required to fit the components and therefore could be monitored using thread gauges and visual inspections. A damaged thread may not give correct readings as the pre-programmed torque values may not be achieved at the right times in the cycle. Also, if the thread on the end of the spindle is damaged, then the internal thread on the crankshaft could get stripped or cross threaded causing component failures therefore effecting the FTT and causing greater costs for rework or potentially scrap engines. 
The internal thread on the post end of the crankshaft should be gauged accordingly on the machining process. Incorporating a gauging system on the assembly process for every crankshaft would increase cycle time therefore deemed a non-value-added process.
[bookmark: _Toc7617480]3.2 Proposed Preventative Maintenance System
[bookmark: _Toc7617481]3.2.1 Plan Template
A generic template for the preventative maintenance schedules was created. This was created for familiarisation and ensuring all of the relevant information was gathered. Figure 17 below shows the template used to create the plans.
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[bookmark: _Toc7177916][bookmark: _Toc7257154][bookmark: _Toc7356506][bookmark: _Toc7626814]Figure 17: Template used for the design of each of the preventative maintenance activities
The numbered red boxes all indicate a particular feature with the template described below:
1. The title of the preventative maintenance service plan carried out.
2. The op number(s) concerned with the particular checks.
3. Who are the people undertaking the checks?
4. The date the checks were carried out.
5. The number individual tasks listed to be carried out as part of that particular check.
6. A description of the equipment to be checked.
7. More detail of what in particular is being checked on that piece of equipment.
8. The risk assessment(s) associated with the preventative maintenance checks.
9. The Visual Job Plan (VJP) – a visual aid on how to carry out that particular task.
10. A simple check sheet (tick or cross) for the user to fill in on for the desired tasks.
11. The ‘Maximo’ work order number that would appear on the Maximo system.
The Maximo system, as previously mentioned, is an online maintenance system used in Ford’s Bridgend Engine Plant. Historically in BEP, Maximo has been primarily used for ordering spare parts for a designated work area within the plant from the in-plant stores.
Another use for the Maximo system in BEP is to raise a work request for a particular department to carry out a job for a particular area. There is also the option to navigate the work order tracking menu, where all of the work requests can be viewed. Although the work request/order functions mentioned do not get utilised as often as they maybe should in BEP, the preventative maintenance strategy to be implemented on the Dragon Assembly Line looks to use the work order request system available. 
[bookmark: _Toc7617482]3.2.2 How the System Will Work
The Dragon Assembly Line will get scored on the completion of its preventative maintenance tasks in comparison to other similar assembly lines across Ford plants globally. Therefore, this makes it crucial that the tasks are easy to follow and are achievable with a user-friendly system in place. The preventative maintenance schedule is set to become active or go ‘live’ on Monday 6th May 2019, after the completion of this project. The Dragon Assembly will then start being scored as of that date. Bridgend Engine Plant are making a conscious effort to make the preventative maintenance system a completely paper-free maintenance strategy. Therefore, the users will need to be familiar with computer programs such as Microsoft Office, including Word and Excel, and the Maximo system. The system is proposed to work by the following steps:
· The user(s) (typically maintenance personnel) will log onto a computer on the Bridgend Engine Plant’s network system and access a document in a known location called ‘Dragon Assembly Open Work Orders’ (see figure 18).
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[bookmark: _Toc7177917][bookmark: _Toc7257155][bookmark: _Toc7356507][bookmark: _Toc7626815]Figure 18: An example of what the user would expect to see on the work orders document
The maintenance foreman will be the one to raise the work orders on the Maximo system and transfer them to this particular file on the system. Although the work order document picture above in figure 18 is not relevant to the preventative maintenance tasks for this particular project, an appreciation and understanding on how the system is supposed to work can be gained.
· Area – Where in BEP the tasks are located.
· Lead – The Maximo code assigned to the personnel responsible for the listed tasks.
· Type – What work is carried out (in this case PM = Preventative Maintenance)
· WO number – The Maximo work order number to track the preventative maintenance tasks
· Status – Whether the tasks are in progress or completed.
· Description – The title of the preventative maintenance tasks.
· Asset – Maximo number for the op number(s) on the tasks.
· Date raised – When the work order was submitted to Maximo.
· Scheduled finish date – The deadline for the completion of the set tasks.

· From the displayed description of tasks (as seen in figure 18), the user can find the relevant document in a designated preventative maintenance job plans folder on the computer system.
· The user can the identify what tasks need to be carried out and on what operation from the displayed document on the computer.
· Upon completion of the particular tasks, the user can then enter the work order number from the work order document into the Maximo work order tracking system, as mentioned in a previous paragraph under heading 3.2.1. 
· This will allow the user who completed the preventive maintenance schedule to ‘sign-off’ the completion of the tasks by changing the status from ‘in progress’ to ‘completed’ on the Maximo work order tracking system.
· The completion of tasks will then notify the maintenance foreman and then a new date can be scheduled for the tasks to be carried out at a later date, according to the chosen frequency of the particular preventative maintenance schedule undertaken.
[bookmark: _Toc7617483]3.2.3 Created Preventative Maintenance Plans
Following the FMEA studies undertaken on the equipment on Long Block 2, there were five preventative maintenance plans constructed. 
The first plan shown in figure 19 below was the generic manual station plan constructed for Long Block 2. This preventative maintenance schedule would apply to Op’s 2000A, 2070A, 2090A and 2090B.
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[bookmark: _Toc7177918][bookmark: _Toc7257156][bookmark: _Toc7356508][bookmark: _Toc7626816]Figure 19: Generic Long Block 2 manual station preventative maintenance checks
Although the platen stops have their own preventative maintenance plan, the manual station checks only incorporate switches and cables associated with them, as opposed to the mechanical components of the stops. 
As the tag readers were analysed in the FMEA study, they were incorporated into this plan. Although the risk priority number (RPN) scored for the two identified failure modes was a low scoring 100, a cleaning and inspecting task is very basic and does not take a lot of time, so they were incorporated into the preventative maintenance plan. 
Cable inspection was a task included on previous preventative maintenance plans for both AJ and Sigma assembly lines within Bridgend Engine Plant. As it is a visual inspection and any issues can be rectified while carrying out the checks, it was decided to be incorporated into the manual station plans. This includes cable checks for all Atlas Copco rundown tools and devices and handheld scanners. This also applies to all switches and sensors on that particular station. Much like the tag readers, cleaning and inspecting are basic tasks to carry out which can prevent small stoppages, which would otherwise be difficult to detect the root cause of. However, the probability of these failure modes occurring for these pieces of equipment were deemed to low to include in the FMEA study.
The Cognex barcode scanners are a common piece of equipment across the manual stations on Long Block 2. These handheld scanners are used to scan a barcode, QR code or a 2D matrix on a part before it is assembled to the engine. This is for part tracking to identify which components have been assembled to which particular engine. A common fault on the handheld scanners, as identified on the Dragon Assembly Shift Reports (2019), is a fault message saying ‘Handheld scanner timeout fault’. The fault occurs when the user operates the trigger on the scanner but does not scan the barcode within a 3 second time period. To re-enable the scanner after this fault, the scanner must be reset. The quickest way to do this is to scan a pre-programmed reset QR code. Therefore, it has been added to the preventative maintenance checks that this QR code is on each manual station that has a handheld scanner. This can help decrease downtime due to this reoccurring issue with the scanners.
The second plan shown in figure 20 is one for the tool balancers for the whole of the long block 2 leg of the assembly line. [image: ]
[bookmark: _Toc7177919][bookmark: _Toc7257157][bookmark: _Toc7356509][bookmark: _Toc7626817]Figure 20: Balancer preventative maintenance checks for the whole of Long Block 2
It was decided that all of the balancers on the leg would be part of one check. By adding these to each of the manual station checks may have overloaded them and been too time consuming. The task has initially been decided to have a frequency of once a month, based on Sigma Assembly Line preventative maintenance plans and the Atlas Copco manufacturing manuals for the balancers. Also, a monthly check was chosen as there can be a safety concern involved with a failure with a tool or balancer falling onto an operator when situated nearby. This was evident from the FMEA undertaken on the balancer indicating a severity rating of 9 for each of the failure modes identified.
The tasks are heavily based around the failure modes from the FMEA undertaken; including checking for wear and damage to all components of the balancer. Although there is not a large amount of downtime for repairing the failure modes, there are quality and safety concerns with the tool balancers. A falling balancer can cause damage to components or an injury to someone, resulting in all restraints and fixings being checked during the tasks.
As well as the balancers being part of one check, the platen stop were also decided to be checked as a group on the leg. This was decided as the checks for the platen stops are fairly basic, however, like the balancer checks, if incorporated into the manual and automatic station checks then they would have been overloaded and time consuming. Figure 21 below shows the proposed preventative maintenance plan for the platen stops.
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[bookmark: _Toc7257158][bookmark: _Toc7356510][bookmark: _Toc7626818]Figure 21: Stops preventative maintenance checks for the whole of Long Block 2
Much like the previous checks discussed, the stop preventative maintenance plan is also based off the findings from the FMEA study. As these stops are recycled parts from the PAG assembly line, this preventative maintenance plan was also based off the PAG scheduled checks, when the line was running production. One member of the Dragon Assembly maintenance team used to work on the PAG assembly line and said these checks were carried out to help prevent small stoppages and unexpected failures with the platen stops. Additionally, if any issues were to be found, the appropriate corrective maintenance activities can be planned accordingly. There are also safety features checked such as the ‘baffles’. This is the name given to protective plates on guarded stations to prevent people accessing the station inappropriately i.e. by not entering through the interlocked guard door. 
The tools and sockets were also part of their own check as seen in figure 21. 
[image: ]
[bookmark: _Toc7257159][bookmark: _Toc7356511][bookmark: _Toc7626819]Figure 22: Tools and sockets preventative maintenance checks for the whole of Long Block 2
Although there are only three checks to be undertaken on all tools and sockets, there is a higher quantity of tools and sockets across the Long Block 2 section of the line in comparison to the other equipment included in the preventative maintenance plans. As these tools and sockets are classed as touching parts making physical contact the engine and its components, there is a higher chance of general wear on them. It was deemed necessary to carry out these particular checks according to the FMEA study, as the detection column for tool and socket wear scored an 8 out of a possible 10.
The final plan constructed was for the Oil Cavity Leak Test (OCLT) machine. The plan can be seen in figure 23 below. 
[image: ]
[bookmark: _Toc7257160][bookmark: _Toc7356512][bookmark: _Toc7626820]Figure 23: OCLT machine preventative maintenance checks
Much like the other plans, the preventative maintenance tasks have been heavily based off the FMEA findings. The general checks ensure that the master will be fit for purpose and will successfully pass the initial start of shift test that gets carried out. Although missing machine drawings and poor general cleanliness do not cause downtime, ensuring the drawings are there and the machine is clean can help lower downtime as maintenance personnel can work much more efficiently in a breakdown environment.
The seals come into contact with the engine when a test is undertaken. The preventative maintenance checks ensure the seals are regularly changed. However, changes can potentially be made to the plan to inspect the seals as opposed to replace them regularly, if it is proven to be cost effective.
The failure modes identified with the pipework and valves both scored an RPN score of 245. This made the need to check these pieces of equipment in the preventative maintenance schedule essential. Also, making a log of the master results can help spot patterns and trends in the machine performance and help predict and identify equipment failures.
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[bookmark: _Toc7617485]4.0 Future Work
Although the preventative maintenance plans have been successfully created from manufacturers manuals, previous known successful PM plans within the plant and the undertaking of FMEA studies on the relevant equipment; there are still some aspects missing from the system to ensure it is easier to use and the people using it are more susceptible to accept the change.
One crucial element currently missing from the system, is the users access to the Maximo system. There are different levels of access on the Maximo system. Certain access levels allow users to only submit work orders and not have the ability to ‘sign off’ the work order as completed after the preventative maintenance tasks have been carried out. The author and the rest of the team will need to liaise with Bridgend Engine Plants IT department to grant the designated users access to declare work orders as completed once they are finalised. There may be a need for further training for personnel who are granted a higher access level due to their current inability to operate the new system.
Another element missing from the completion of the preventative maintenance plans is the risk assessments associated with the tasks to be carried out. The appropriate risk assessment should be hyperlinked on the preventative maintenance documents on the Ford Bridgend system to a visual document of the relevant risk assessment for that particular job. An example of a risk assessment from Bridgend Engine Plant can be seen below in figure 24.
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[bookmark: _Toc7356513][bookmark: _Toc7626821]Figure 24: Example risk assessment from a Dragon Machining Line in BEP
A hazard is anything which can cause harm and a risk is the likelihood of said hazard occurring. The risk assessments are used to evaluate hazards, then try to remove the hazard or minimise the risk of associated to that hazard as much as possible. The overall goal of carrying out a risk assessment is to make the workplace as safe as possible. The above risk assessment has a number of columns such as:
· Hazard – The associated hazard with the task.
· Y/N – Yes or No for the hazard being present.
· Persons affected – Who is affected by the hazard: O – Operator, M – Maintenance, OE – Other Employee, C – Contractor, V – Visitor, T – Trainee, YP -Young Person or PW – Pregnant Woman.
· Risk – The potential consequences of the hazard. 
· Existing control measures – What procedures are currently in place to decrease the likelihood of the hazards causing harm.
· The risk rating – L: the likelihood of the hazard causing harm;
               S: the severity of the harm caused
	Which are then multiplied to give a total, T, overall risk rating.
The maintenance personnel carrying out the tasks need to know the relevant hazards and risks associated with the tasks to ensure no injuries occur. 
The visual job plans (VJP) are also not currently active on the preventative maintenance schedules. An example of a VJP from a machine on the Dragon Block Machining line can be seen below in figure 25.
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[bookmark: _Toc7356514][bookmark: _Toc7626822]Figure 25: Example VJP template
From this VJP example, the user can see information such as:
· The name of the equipment
· The description of the tasks to be undertaken
· Images of the equipment to be checked
· The frequency of the checks
· The time required to undertake the checks
· Each job step described, required process and equipment for that particular job
· The materials required
· The permits required
The visual job plans can help the maintenance personnel work more efficiently when carrying out the preventative maintenance tasks. It can aid them by letting them know what equipment is needed and where to find each piece of equipment on that particular op.
[bookmark: _Toc7617486]4.1 Monitor and Review
As well as having the missing elements from the system mentioned above, there is also work to be carried out when the preventative maintenance schedule is underway come May 9th 2019.
Upon the time of submitting this report, it has been decided that all of the above preventative maintenance schedules in section 3.2.3 are to be completed with a frequency of once per month. This frequency had been decided off other preventative maintenance plans within Bridgend Engine Plant and manufacturers manuals. However, it is in the manufacturers best interest to sell their product to a company, therefore may contribute misleading information in their manuals. For instance, the manufacturer of the seals for the oil cavity leak test machine state for the frequency they are used on the Dragon Assembly line they should be replaced every four to six weeks. However, it may be found that they last as long as twelve weeks, therefore the manufacturers could well be doubling their sales to Bridgend Engine Plant. 
To help decide the frequency of the preventive maintenance tasks, there may be an element of trial and error to specify which is the best time period for each check. This may also lead to preventative maintenance plans being modified by adding more tasks, moving tasks from one plan to another or removing tasks altogether if they are deemed to be a non-value-added check. Trial and error can also be based off ‘educated guesses’ from the maintenance personnel; they may seem to carry out reactive maintenance tasks on the same equipment frequently then could raise the possibility of adding tasks to the preventative maintenance schedule.
A more definitive way of deciding the frequency of the checks would be to measure and calculate the mean time between failures (MTBF) or the mean time to failure (MTTF). The MTBF metric is quite simply the time between two failures for a repairable system and the MTTF metric is a similar measurement but for a non-repairable system. The time between failures can be calculated by:
Time between failures = Downtime – Up time
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[bookmark: _Toc7626823]Figure 26: Graphical explanation of the MTBF metric, Kannengieszer (2015)
The mean time between failures metric relies on multiple failures. This is so a mean can be calculated to increase the reliability of the time measured, just in case there are any anomalies with the results. Calculating MTBF can help predict when equipment will fail, nevertheless, it may take a few months if not years of running production and getting failures to gather the correct and relevant data. 
As well as a long timescale, an accurate and reliable measuring system would be required to know when each piece of equipment last failed and how many hours that certain piece of equipment has run in a production environment for. If this information is not accurately recorded then the legitimacy of the time between failures may need questioning and any proposed changes to the plans may not be worthwhile. 
Ford’s Factory Information System (FIS) could help assist collect failure and downtime data. FIS is a computer software program which is networked to Bridgend Engine Plant’s equipment and machinery. The purpose of the software is to indicate machine status and to identify faults on a certain production line. FIS can help the user identify how long the machine has been blocked/starved, how long the machine has run for and the most reoccurring faults; all over a particular date range. FIS can be used to monitor the stations on Long Block 2 and identify the most occurring faults and the faults which lead to the greatest amount of downtime. This can aid the users identify other possible items of equipment to add to the schedule, as well as amending the schedules already in place. FIS data can also help prioritise equipment to add to the schedules.
Another part of the monitoring and reviewing stage after the preventative maintenance plans have been implemented, is to work out why the equipment is failing i.e. identifying the root cause of the failures. Once the root cause has been recognised, equipment can then be redesigned, replaced by an alternative item or designed out of the process altogether.
Senior management are also in discussions as to when the preventative maintenance checks are going to be carried out. Management are pushing for utilising maintenance personnel to carry out the checks during production hours. The production hours at the launch of the preventative maintenance plan will be 6:00am - 22:00pm Monday to Friday. Managements priority is to produce engines and not stop the production line for maintenance. However, carrying out the checks during production time is not realistic as some of the checks need to stop production and can cause detrimental effects on production scores. In contrast, maintenance costs would remain low as there is not a need for overtime outside of production hours. Bridgend Engine Plant’s overtime costs in comparison to its UK competitor, Dagenham Engine Plant (DEP), are much higher. Therefore, management are attempting to cut overtime costs to become a more competitive, cost-efficient plant by carrying out preventative maintenance during production hours.
For the created checks on Long Block 2 in this report, the allocated time to complete them all is approximately 8 hours and due to the complexity of the tasks, one of each trade is required to undertake them. The average jobs per hour (JPH) for the month of March according to Dragon Assembly shift reports (2019) was 26. If the checks were to be carried out in production hours this would incur a total loss of:
8 hours required x 26 JPH = 208 engines
208 engines x 48 weeks production a year = 9,984 engines lost per year (worst case scenario)
Although this is a worst-case scenario situation, it is easy to see how the number of engines lost due to stopping the production line can add up. Halving this number of engines would be more realistic as the daily break times can be utilised which do not count as production hours.
8 hours – (0.5 hour break x 5 days a week) x 26 JPH = 143 engines
143 engines x 48 weeks production a year = 6,864 engines lost per year 
With each engine being worth approximately £1,200 to Ford Motor Company, a yearly loss can be calculated by:
9,984 engines x £1,200 = £11,980,800 
Or
6,864 engines x £1,200 = £8,236,800
Although carrying out the preventative maintenance tasks is meant to increase the JPH therefore decreasing downtime, it is impossible for the tasks to compensate for that much of a loss. As well as the financial loss of the engines, there is also a risk of not meeting production scores and therefore having a detrimental effect on the associated vehicle assembly plants, making BEP a less competitive production facility. Also, if the tasks are proposed to be carried out during production, production often is the priority so the tasks may get neglected and not carried out appropriately.
The alternative way of carrying out these checks would be to introduce overtime outside of production hours. As the checks require one electrical control specialist (ECS) and one mechanical maintenance craftsman (MMC) then the overtime cost for a Saturday can be calculated as:
£20 per hour x 1.5 overtime premium x 8 hours = £240 per person
Or on a Sunday:
£20 per hour x 2 overtime premium x 8 hours = £320 per person
As the current schedule will require this to be done once a month, the most expensive method a year would be:
£320 x 2 people x 12 = £7,680 a year
Or the cheapest:
£240 x 2 people x 12 = £5,760 a year
As overtime costs as a plant are trying to be kept to a minimum to make sure Bridgend Engine Plant is a competitive production environment and bid an attempt to secure future work. Although this method is theoretically much cheaper than stopping production, it is not guaranteed that the checks will get carried out as overtime is not compulsory. Therefore, adopting a shift pattern which works weekends.
The introduction of a new shift pattern would require another shift of maintenance personnel which would mean and extra four people on the assembly area. The maintenance personnel on the production line has been costed by:
3 shifts x 4 people per shift = 12 people
12 people x £45,000 a year salary = £540,000
However, the proposed four shift weekend pattern has four more maintenance personnel and a higher salary due to weekend work. This would be costed as:
16 people x £55,000 = £880,000
The three shifts of maintenance with overtime to carry out the tasks would incur a much lower overall cost for the assembly line, however, adding an additional shift does guarantee the maintenance personnel working the weekends to carry out the preventative maintenance tasks. However, this is ultimately the decision of the management and further cost analysis would need to be carried out. Also, if one method is chosen then it can be further monitored and reviewed with the change in plans.

















[bookmark: _Toc7617487]Chapter 5 – Recommendations, Improvements and Conclusions
[bookmark: _Toc7617488]5.0 Recommendations and Improvements
Although the preventative maintenance plans created have not been tested as they are set to be implemented on the 6th May 2019, there are still some flaws in the proposed system that can be identified. 
One recommendation that could be implemented is to introduce condition-based monitoring (CBM) techniques. This monitoring technique was researched for the purpose of the construction of this report. Current known CBM practices in Bridgend Engine Plant are:
· Thermography 
· Vibration analysis
· Ultrasonic testing
These practises are used throughout the plant, except on Dragon Assembly and Machining, and are undertaken by the CBM department. The department is often overlooked by management and is not utilised to its full potential. However, due to the Sigma and AJ assembly lines coming to an end, there will be job losses in Bridgend Engine Plant. Currently, there are senior management discussions to get rid of the CBM department in the plant and hand their responsibilities to the line maintenance personnel instead. This demonstrates that there is a possibility of incorporating CBM checks into the created preventative maintenance schedule, however, personnel would need to be trained on the equipment. 
As well as the cost implication of purchasing the equipment and training the right people to use it effectively, there is also the added problem of further evaluation and analysis of the equipment to be undertaken to know which equipment should be monitored. This would require a lot of additional time and resources to identify worthwhile and cost effective CBM checks to add to the preventative maintenance plans. However, unlike the MTBF and MTTF metrics, CBM can provide instant feedback to the user on a particular condition of the equipment, without having to stop production.
Although a solution is not yet identified, there needs to be a system in place to ensure the tasks are definitely being undertaken and for people to be held accountable if not carrying out their job correctly. There are currently no plans of introducing a tracking system to see if maintenance personnel are carrying out the scheduled tasks or if they are just signing the tasks off as completed on the system. This is important because if the tasks are not being carried out, there will be no sign of improvement of performance on the Long Block 2 leg, threatening the need for the preventative maintenance schedule on the area.
An additional improvement to the proposed system would be so that the user can receive email notifications to know when the preventative maintenance tasks are ready to be undertaken. This process would help the preventative maintenance tasks not get neglected. This email could also contain a direct link to the Maximo work order page. 
Another improvement could be that the preventative maintenance tasks to already be displayed on the work order tracking page and can be ticked off as completed individually, as opposed to opening up a separate document on the Bridgend Engine Plant system to view the tasks. This improvement could make the system more user friendly as the need to navigate between different computer programs would be eliminated. 
There could also be room for improvement with the way maintenance record their findings. The proposed system does not have a recording method and instead just states each preventative maintenance task as being in progress or complete. One possible way of recording relevant information is to create voice notes. This would entail the maintenance personnel to voice record findings and log them onto the system. This would help the maintenance personnel spot trends while carrying out the tasks to identify any modifications or additions to the preventative maintenance plans. The maintenance personnel could also use this feature to log any unusual findings with a particular set of tasks. If unusual findings reoccur, it can help find the root cause of the problem.
A final recommendation would be to introduce a laptop or tablet device which is linked to the IT network system in Bridgend Engine Plant. The computers which will be used for access to preventative maintenance documents and the Maximo system will be standalone computers, which are situated away from the Long Block 2 leg of the assembly line. For ease of access to the preventative maintenance tasks, risk assessments and visual jobs plans with on-the-job assistance via the use of a portable networked device would benefit the maintenance personnel. The introduction of a laptop or tablet may also make the maintenance team work more efficiently, as all the information could be accessed on there as opposed to having to go back to the area where the standalone computers are located.
[bookmark: _Toc7617489]5.1 Conclusion
To conclude this project, the main aim and objectives must be considered. The main aim was to create a working, feasible and cost-effective preventative maintenance strategy to implement on the Long Block 2 section of the new Dragon Assembly line in Ford’s Bridgend Engine Plant. This was set at the start of the project to ensure it was followed throughout and the work carried out and research did not deviate away from end goal. 
The overall purpose of the project was to increase the jobs per hour of the assembly line, by creating a working preventative maintenance plan to reduce the amount of unexpected downtime on the Long Block 2 leg. This was the reasoning behind the project as the Dragon Assembly Line is Bridgend Engine Plants only future engine, therefore achieving or exceeding production targets could help attract future work for the plant.
Although preventative maintenance plans are to be implemented across the whole assembly line, the Long Block 2 section was chosen for this report. This section of the line has proven to have a diverse array of equipment to evaluate. After initially identifying a section of the assembly line to conduct the analysis on, extensive research around the topic area was undertaken. The current maintenance strategies were analysed and discussed, highlighting the advantages and disadvantages. The preventative maintenance and condition-based monitoring strategies and activities were analysed to help gain a greater understanding how the maintenance methods worked and what was expected of the plans to be created in this report.
However, many other production lines in Bridgend Engine Plant have been neglected of maintenance for the majority of their running life, therefore it was critical that the new Dragon Assembly Line was maintained correctly from as close to the beginning of production as possible. This is due to managements attitude towards neglecting maintenance and running production at all costs, therefore the change in behaviour was reviewed for both the maintenance personnel and management. 
Undertaking failure modes and effects analysis and understanding why failures occur and how to predict failures helped construct the preventative maintenance plans. However, this data was not the only source used as existing maintenance personnel’s knowledge of the equipment, manufacturers manuals and previous known effective preventative maintenance plans were analysed and utilised for constructing the plans for Long Block 2.
The preventative maintenance plans have not yet been trialled on Long Block 2, however unexpected downtime on the equipment in the plans is expected to decrease according to the research undertaken. However, depending on when the tasks are carried out – which is under discussion amongst senior management – will determine if the plan will be a cost-effective maintenance plan as proposed in the main aim of the project. Regularly monitoring and reviewing progress by means of measuring failure rates, downtime and associated costs with implementing the plans will play a large part of the further work of this project. Equipment and tasks may be added or removed if it is proven to be worthwhile and cost-effective to do so. Valid and realistic recommendations have also been made which will also be considered when monitoring and reviewing the schedules. 
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