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[bookmark: _Toc14282408]1. Executive Summary
The purpose of this report is to focus on a process in industry and highlight areas of waste throughout it. The ideology of implementing a lean mentality is to ensure waste is not only reduced but profit and costs are therefore improved too. The research for this report was a balance of both academic and online resources while also using the experience and knowledge of colleagues and engineers working on the Sigma engine process.
Ford Motor Company (FMC) currently make a profit of one thousand and forty-six GBP on every engine assembled on its Sigma line at its Bridgend Engine Plant (BEP). The wastes highlighted in this report are a direct cost to FMC and reduce this profit margin and increase the workload required to correct the issues. Once highlighted, the report addresses and identifies suitable solutions and tools that can be used to implement a lean manufacturing approach and improve the process to create more value for the manufacturer and the customer. Any solutions identified that create potential problems will be looked at and ways to overcome such issues will be discussed. 
For waste to be highlighted and reduced it is paramount to obtain the Voice of the Customer (VOC) to understand what presents value to them and what areas of the process are worth improving accordingly in order to reduce those costs and increase value. 
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[bookmark: _Toc14282409]2. Introduction
[bookmark: _GoBack][image: ]In Bridgend, South Wales, Ford Motor Company (FMC) currently produces three engine families for their selected customers. One of these engine lines is the SIGMA engine, which Bridgend Engine Plant (BEP) has manufactured for twenty years. BEP has produced many derivatives of its SIGMA petrol combustion engine since 1998 but currently it is producing two derivatives for both new vehicles and service parts; Figure 1 – Finished Sigma 1.5L Combustion Engine at the End of The Assembly Line

· 1.5L GTDI Petrol Combustion Engine
· 1.6L GTDI Petrol Combustion Engine


Focusing on the assembly line, this is the final process the engine goes through prior to being packaged and shipped globally. The assembly line brings together every component required, and each engine goes through the exact same process order to ensure high levels of uniformity and quality remain constant. Due to this, FMC need to ensure each engine is produced as cost effective as possible by reducing errors, damage to goods, identifying potential issues before they happen and ultimately reduce the amount of rework required to keep costs down.
There are currently 106 individual processes on the assembly line to identify potential waste. Problems may come from equipment malfunction, operator error, faulty/not to spec components or poor organisation and motion between processes. Therefore, it is vital to identify and eliminate these issues as they may reoccur not just for individual builds but affect a batch in a very short space of time due to the cycle time of the engine line having the capability of producing two engines every sixty seconds. 



[bookmark: _Toc14282410]2.1 Lean Manufacturing
Lean Manufacturing is a philosophy for continually eliminating waste (Holloway & Hall, 1997). Taiichi Ohno, considered the father of the Toyota Production System (TPS) (Lean Six Sigma Definition, 2019), stated that he got the idea from Henry Ford and his just-in-time (JIT) system and developed the Lean philosophy after observing the depletion of stock on supermarket shelves (Thorn, 2019). The SFSA identify Lean Manufacturing systems maximise Value Added, reduce essential support and eliminates waste throughout the process within the Value Stream (2019). Waste in terms of industry is defined as “anything that does not add any value to the end product from customers perspective” (Dave, et al., 2015). Singh continues to explain how there are two types of waste that generate, waste that can be seen or calculated and waste that cannot (2015). It is stated that there are ‘9 wastes in an organisation’. Waste can be;
· Defects – Goods that need to be either reworked or scrapped add cost. Cost is calculated based on goods going through the process once, any rework or unsellable stock will increase costs further in an area that is hard to see or calculate.
· Overproduction – Common type of waste in industry and considered the worst, producing goods before they are required when Lean Manufacturing runs on a pulling process not a pushing.
· Waiting – Studies show that up to 90% of the time goods are waiting to be processed, every minute lost in waiting cannot be recovered.
· Non-Value Added (NVA) processes – Processes that do not add value to the customer at the end of the process.
· Transportation – Does not add to the value of the end product. Transportation is often cause by poor workplace organisation.
· Inventory – The storage of goods, components and other stock which take sup space and therefore the associated costs. Overproduction can increase the amount of inventory required. 
· Motion of Goods – In industry more often than not, time and process is spent on transportation between workstations, estimated only 5% motion is useful for processing work (Dave, et al., 2015)
· Employees – Knowledge, Skills and Abilities not utilised, i.e. making changes to shop floor without operators’ input can result in redundant changes/backlash.
· Energy and Environment – The energy used to process parts is a cost that comes from the end product profit and therefore a waste, hard to calculate per unit due to process times, waiting times etc which are not visible data.
[image: C:\Users\Aaron\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\F6DD5172.tmp]For a Lean Manufacturing approach to work effectively, a culture needs to be created and have complete buy in from floor level up to management. Benchmarks need to be set, throughput, manning levels, reduction in rework or scrap are examples of these and Value-Added (VA) processes need to be highlighted for improvement and NVA processes eliminated. Figure 2 – Lean Approach to VA and NVA Activity (UC Davis)



Henry Ford’ Lean Vision, written by Levinson in 2002, explains the process the father of American mass production toiled with to eliminate waste, implement a just-in-time approach to inventory, and began to utilise tools now associated with Lean Manufacturing (2002). Japanese manufacturers have since made models such as Toyota’s Production System, and concepts like kaizen (continuous improvement), poka-yoke (error-proofing), and just-in-time famous. Following the development and success of the Toyota Production System (TPS) which revolutionised Lean Manufacturing from Henry Ford’s original philosophy, other companies began to develop their own models. FMC themselves redeveloped their Ford Production System in January 1995 (CMUSCM, 2013) which sets out a companywide stance on standardised expectations from the whole production process as shown in Figure 3.

[image: Image result for lean manufacturing system fps]Figure 3 – Ford Production System (FPS) (CMUSCM, 2013)


According to Ford’s internal website, FPS is;

"The vision of FPS is a lean, flexible and disciplined common production system, defined by a set of principles and processes, that employs groups of capable and empowered people, learning and working safely together, in the production and delivery of products that consistently exceed customers' expectations in quality, cost and time.”
(Ford Motor Company, 2019)
[image: ]Figure 4 – Objectives of Lean Manufacturing (Dave, et al., 2015)







[bookmark: _Toc14282411]3. Identified Processes with High Waste
During the manufacturing process is when value is added. The starting goods are machined and assembled to create a valuable product that can be sold to a customer for a profit. During its process from start to finish, waste occurs which directly reduces the amount of profit gained from each unit sold. 
A critical method of implementing a successful Lean approach is Basic Operations Management (OM) (Thorn, 2019). Kenton states that this is an administration of business practices to ensure efficiencies within an organisation are at their highest (2019). OM requires management of the “five P’s which are;
· People
· Plants
· Parts
· Processes
· Planning and Control Systems
The part of the process being analysed is the SIGMA Engine Assembly Line. The five P’s will be analysed throughout the process to identify the largest areas of waste and what can be done about them. The input to the SIGMA Assembly process consists of machined cast aluminium engine block and heads and many smaller additional components such as crank, camshafts, conrods and pistons. Throughout the process, operators will attach, fix and validate the next component or step in the sequence. This ensures the engine can pass through the process maintaining high quality and accuracy while keeping throughput as high as possible. Throughput is different to output. Throughput only accounts for the parts that are successfully delivered and accepted by the customer, whereas output is total production including scrap, rejections and stockpiled goods (Steel, 2016). 

[bookmark: _Toc14282412]3.1 OP 400
One common throughput limitation is bottlenecks that occur at certain parts of the process and this increases the amount of waiting waste in that process. On the SIGMA Assembly line OP 400 has been identified as the largest bottleneck currently. The OP is designed to read the data tag of the engine entering it, calculate the size of tappets required and allocate them to a pallet which is then paired up to the engine’s tag. The OP then sends the pallets off to the next stage in the machine where it will insert the tappets. The engine will then continue to the next OP. The bottleneck for this machine is present as it is the only OP performing this process, therefore the workload cannot be spread to a secondary OP to increase throughput. 

[bookmark: _Toc14282413]3.1.1 Correcting the Problem
The issue for OP 400 is the limitations of being able to install a secondary machine to spread the workload. The space on the shop floor prevents this, as does the cost due to return of investment for new machinery for an engine line coming to the end of its life. The SIGMA line currently only produces GTDI engines after ceasing production of its long standing PFI derivative. The OP highlighted, OP 400, used to insert the tappets into both PFI and GTDI engine heads when both derivatives were run down the line simultaneously. Since its cease in production, the PFI tappet insertion station (Figure 6) has been locked off and is no longer used. This means that the GTDI engines run through the station but bypass it until they reach the GTDI station (Figure 5). Utilising the People, Parts and Process areas of OM, a recommended improvement for this OP while limiting cost implications for investment, would be to modify the old PFI insertion station to be able to operate on GTDI heads. This would enable OP 400 to insert into two engines simultaneously on the same line and complete two processes in the same amount of time as the stations are independent, thus increasing the throughput capabilities of the OP. 
[image: ][image: ]Figure 6 – Decommissioned PFI Station, OP 400
Figure 5 – GTDI Station, OP 400

[bookmark: _Toc14282414]3.2 OP X678
Reworking goods has been highlighted as a large area of waste within a manufacturing process. Rework in manufacturing is defined as;

“The process of correcting defective, failed, or non-conforming items after inspection. The process can include disassembly, repair, replacement, reassembly, and more.”
(King, 2018)
The main causes of defective products often stem from machine malfunction, human error and stock goods from suppliers. Suppliers for FMC inspect their parts independently, with FMC trusting the process and therefore saving costs of inspection themselves. Issues arise when the supplier parts are non-conforming with delayed identification due to them being inspected off-site and not in house. OP X678 has been identified as having an ongoing issue with the amount of rework being produced and therefore is highlighted as an area of waste that needs improvement. The machines process is to run down 12 bolts that secure the manifold. The manifold is initially placed into position by hand and secured by two bolts, then it enters the automated OP X678 where a further 10 bolts locate into position and are run down to a torque target by individual spindles simultaneously before being moved on to the next OP. Any resistance experienced during run down will stop the spindle immediately for manual inspection. Randomly, and uniformed, during the bolt rundown on occasions one or more of the bolts are failing to reach that torque target. The spindle will stop the process for that bolt, leaving the bolt protruding from the manifold and time out, resulting in the machine encountering downtime and requiring manual assistance. 
Directly after X678 is a repair bay, one of any implemented into the line to catch any problem goods that need manual attention from an operator as they failed a process step. The number of engines entering the repair bay due to X678 failures has increased rapidly over the last three-six months which has sparked in investigation as the throughput targets are being affected as a result. Output has lowered too, including both reworks and good products, as when the machine cycle fails, it requires manual assistance to recover its position and allocate that engine to the repair bay, thus creating downtime on the assembly line and further waste. Therefore, although the operational cycle time of X678 is 26 seconds, optimum for takt time given the engine buy off at the end of the line is every 28-30 seconds, however with the increase in the number of reworks that takt time average is largely extended. Although the cost of each engine’s production to cycle through each machine once is known to give a profit of one thousand and forty-six GBP, the actual cost of downtime waste cannot be calculated as it is hidden in the system due to the delay of an operator needing to address the issue when it happens and therefore cannot be calculated but still comes off the profit margin per unit of output. However, it is safe to say the more downtime encountered by X678, the higher the costs to the organisation.

[bookmark: _Toc14282415]3.2.1 Correcting the Problem
[image: ][image: ]Currently, the problem is undiagnosed. As a short-term fix, it has been recommended that an operator be placed on X678 in order to recover the machine quicker. This however increases costs of using another operator in an area which is intermittent and unpredictable. It resolves the issue of reducing downtime waste inherited from the ongoing issue but does not address the amount of reworked stock being created. Further investigations will determine if the supplier is providing parts that conform to spec, and whether the alignment of X678, which will affect waste further due to downtime required for any maintenance are required. Further recommendations are to use the spare operator to manually insert all of the 12 bolts by hand and create a manual station where they can be rundown to torque and the engines will then bypass X678, a short term solution to avoid reworks and downtime until the problem has been found. A potential issue with this short-term solution would be the increased cycle time for the bolts to be inserted and run down manually one at a time, furthering the belief that for the amount of cycles X678 completes between failures, it may be of greater reward to allow the unpredictable failures to occur and handle the downtime issue recovering the machine instead. Figure 8 – OP 678 Rework Bay
Figure 7 – OP 678 Bolt Run Down

[bookmark: _Toc14282416]3.3 Employees – Knowledge, Skills and Abilities (SIGMA Assembly)
Due to FMC plans to reduce volume manufactured at the Bridgend site, the number of employees required has reduced from 1700 to an estimated 700. Due to these plans, any retirements or employees moving companies are not being replaced. This is resulting in manning levels currently sitting high in some areas and lower in others. Skilled workers, such as mechanical and electrical maintenance craftsman, engineers and semi-skilled operators online are being used to fill roles where their abilities are not fully utilised. Skilled workers are being used to fill operator roles online to maintain throughput scores and engineers working on areas that are becoming non-exitance are being placed back onto shop floor in either a skilled role or advisory role alongside other engineers. 
One regular waste currently experienced throughout the plant, is the retirement of experienced employees whose knowledge and skillset are not being passed on to the employees that will taking over the role. Many operators for example, have over twenty years’ experience operating equipment that will be lost and currently FMC has no process in place to allow those skills to be transferred or taught.
[bookmark: _Toc14282417]3.3.1 Correcting the Problem
Applying OM techniques, the people involved could be utilised prior to their retirement. Workshops could be set up for offline and online training to take place. Although at further cost to FMC for employees being offline, the long-term benefits of those skills being transferred will reduce downtime and further waste in the future. 
[image: Image result for ford engine plant bridgend address]Henry Ford stated that today’s standardisation is the necessary foundation on which tomorrow’s improvement will be based (Thorn, 2019). Standardised process sheets are currently in place; however, they are limited to what they cover. Furthering these sheets to cover all the known problems that occur with each machine would enable employees to have a recovery process in place in order to restore order to the line. Further cost and time waste would be encountered however once in place, the standardised process would remain valid and reduce further waste again in the long-term.Figure 9 – Operators on SIGMA Line in BEP (Barry, 2015)


[bookmark: _Toc14282418]3.4 Inventory Waste on SIGMA Assembly
Inventory waste is a largely present on the SIGMA Assembly line. There are a variety of different inventory examples across the line in various locations.

[image: ][image: ]Stockpiling Goods – Across the line prebuilt engines are stored offline to relieve downtime issues should an OP encounter issues as shown in Figures 9 and 10. Operators online can then load the prebuilt engines on from after the OP that has gone down to keep production running while maintenance addresses the issue. This keeps flow continuous for a period but comes at a cost of overproducing goods and inventory waste to keep them on the shop floor. While in storage, goods are at risk of becoming damaged too and therefore becoming reworks or scrap. Figure 10 – Stockpiled Engines on Shop Floor
Figure 11 – Stockpiled Engines at Buy Off





[image: ][image: ]JIT approach to Assembly Components – Due to the nature of an assembly line, it is paramount to have a maximum and minimum amount of inventory on hand to keep production running. The operators will use stock until the minimum marker has been hit and call for further supplies. Judging the correct amount of stock required to balance low inventory waste but maintain assembly flow needs addressing in many areas as stock is both under and overly present as shown in Figure 12 and Figure 13.Figure 13 – Overfilled Stock Levels on Assembly
Figure 12 – Shortage of Readily Available Stock











Service Engines – FMC produce service engines alongside their complete engines on the same assembly line. This brings problems where inventory is concerned as the service engines are offloaded at different stages of the process in order to supply the correct level of build required for the service customer. Once offloaded, often service engines will sit alongside the line on shop floor as shown in Figure 14 and will continue to do so until they are boxed up and moved to the shipping area once the loading pallet is full.
[image: ]Figure 14 – Service Engines on Shop Floor








[bookmark: _Toc14282419]3.5 Rework and Waiting Waste
On an assembly line reworks are unavoidable. This is due to a lot of the work being simple manual jobs which then avoid an engine begin completely disassembled or scrapped. Rework ensures throughput remains high and costs are in fact reduced. This contradicts rework being classed as a waste; however, it is the extra cost involved with reworking an engine that is the waste element. Rework is an area of cost that is not calculable due to the process costs only accounting for an engine passing through an OP once.
[image: ][image: ]On the SIGMA line, often reworks build in the designated repair bays and once there are a certain amount, operators will then attend the station and begin to rework and enter them back into the production line. This encounters further waste for every engine that remains in waiting during this period. Figure 16 – Rework Build Up in Waiting, OP 235
Figure 15 – Rework Build Up in Waiting, OP X980







[bookmark: _Toc14282420]3.6 Defects
Defective goods produced are not only due to physical damages, but can also be due to paperwork errors, design faults or producing unnecessary scrap (Capital, 2004). Defects not only waste raw materials and labour resources but could result in material shortages for future production and therefore have an after effect on hitting the required schedules (Rawabdeh, 2005). It is stated by El-Namouty that defects result in further produce required to consume the loss, while the Work In Progress (WIP) increases along with transportation efforts and corrective actions to eliminate the issue will enforce further produce will wait to be processed (2013).
On the SIGMA Assembly line, defective and scrap produce is very much present. Reasons for defects on the line can be due to the following;
· Worn or faulty tooling
· Operator Error
· Equipment failure
· Non-Conforming Components
· Increased waiting times where Loctite™ is applied

[image: ]Highlighted in Figure 17 are scrapped oil pans which were non-conforming. The oil pans are cast aluminium products supplied by an external company. Due to the defect, the pans can not be fitted to an engine and therefore will be scrapped, resulting in a large batch of raw materials being written off and replaced resulting in potentially detrimental knock on effects to hitting schedule targets if the amount of defects from the supplier is a large percentage of the inventory on hand.


Figure 17 – Non-Conforming Oil Pans to be Scrapped


[bookmark: _Toc14282421]4. Value
Lean Manufacturing is a managerial approach that considers wasteful resources used to any other purpose other than creating value for the customer (Simboli, et al., 2014). In Lean Manufacturing, value is from the voice of the customer and defines their needs (Quality America Inc., 2019). It is relevant at a specific price and point in time. Price is what you pay for goods or services, whereas value is what goods or services pay you i.e. worth. Price is the same for all customers, but value will vary from customer to customer. Value in a Lean Manufacturing organisation can be split in to two categories, Value-Added and Non-Value Added. 
[bookmark: _Toc14282422]4.1 Value-Added (VA)
A process is VA if the customer is willing to pay for it, or if that specific moment in the process changes the shape or purpose of the product in order to create a final output that is desired by the customer, this is not waste.
[bookmark: _Toc14282423]4.2 Non-Value Added (NVA)
NVA are processes that are often deemed as unnecessary as they provide no value for any customers and therefore should be eliminated wherever possible. However, on occasions NVA can be necessary as it is often a stage in the process which prepares the product for a VA step.
[bookmark: _Toc14282424]4.3 Throughput and VA/NVA
When dealing with throughput, it is calculated using VA activities and the percentage of good units produced. Calculating throughput considers;
· Productive Capacity – Total number of units of output that can be produced in a given time period
· Productive Processing Time – Refers to the VA time in the production process
· Process Yield – Refers to the percentage of units of output that are good quality. i.e. if 5 of every 100 units produced are bad, that is a 95% process yield, resulting in waste.





[bookmark: _Toc14282425]4.3 Value Stream Mapping (VSM)
A value stream is simply all activities required to transform raw material into valuable products with customer demand. A VSM process highlights downfalls in those processes at every stage and a visual representation map is created (Singh, 2015). This VSM process is known as a future state map which portrays how processes should run to create a competitive advantage. VSM can then be used to identify where current flow of material within a process is slower and spot opportunities to improve the overall production system (Garg, 2014). According to Ducharme, Takt time is at the heart of VSM as it aligns all processes to run uniformly (2004). 
VSM includes all VA and NVA activities included in a process and streamlines such work processes using various Lean Manufacturing tools in order to identify and eliminate waste throughout the process (Singh, 2015). 
VSM is constructed of four crucial steps;
1. Select Product Family
2. Draw Current State Map
3. Create Future State Map
4. Develop Work Plan for Implementation of Future State Map

[image: Image result for value stream mapping for dummies]Figure 18 – Basic Overview of a VSM Cycle (Plutora, 2019)


[bookmark: _Toc14282426]4.4 The Customer
A customer in the private sector can be defined as “Someone who buys goods or services”, however when considering the public sector, a customer can be somebody who borrows a library book or ends up in hospital for treatment, therefore the definition of a customer can be modified to “A person or organisation who obtains goods or services” (Osborne Books, 2018).
[bookmark: _Toc14282427]4.4.1 Recognising Value to the Customer
For any organisation to succeed, it is vital for them to recognise what provides value to the customer as this will determine if they will purchase goods or not. A recognised procedure to establish such data is by using the Voice of the Customer (VOC). The VOC is a “term used in business to describe the process of capturing customers’ requirements” (Griffin & Hauser, 1991). Griffin states that VOC enables an organisation to;
· Gain a detailed understanding of the customers’ requirements
· Develop a common language for the team going forward
· The essential input for new product design in the initial stages of development
· Springboard product innovation while matching customer needs
(Griffin & Hauser, 1991)
The VOC can be utilised into many different prioritisation framework models such as the Kano Model. The Kano model, created by Professor Noriaki Kano in the 1980s can help businesses determine which features will satisfy customers (ProductPlan, 2019) and distinguishes between three types of product requirements (Sauerwein, et al., 2014). They are;
· Must-be Requirements – If not fulfilled, the customer will be extremely dissatisfied. Often referred to as the basic criteria of a product.
· One-dimensional Requirements – Customer satisfaction with these requirements is proportional to the level of fulfilment. Higher levels of fulfilment result in higher customer satisfaction and vice versa. Requirements that are explicitly demanded by the customer.
· Attractive Requirements – Criteria which has the greatest influence on how satisfied a customer will be with the product.
(Hinterhuber, 2014)
The Kano model allows an organisation to weigh a high-satisfaction feature against its cost to implement, thus establishing whether adding the feature is worthwhile. Using the VOC and Kano methods, internal customers can be satisfied further by highlighting which wasteful areas require improvement in order to provide a leaner, more valuable product and these areas of improvement can be prioritised and eliminated or reduced. 
Figure 19 highlights how the Kano Model graph works, showing that the best results come from a high satisfaction level paired with high functionality with the improvement proposed.
[image: ]Figure 19 – The Kano Model Graph (Hinterhuber, 2014)








[bookmark: _Toc14282428]5. Process Improvement – Increasing the Line’s Lean Capabilities
The foundation to Lean Manufacturing is Standardisation. Standardised work is the process of developing and implementing standards which are the best, safest and easiest way to achieve and maintain a defined quality level (Kaizen Institute India, 2013).

Establishing precise procedures for each operator’s work in a manufacturing process is based on three elements;
· Takt Time – The rate at which products must be made in a process in order to meet customer demand
· A precise work sequence in which an operator performs tasks within takt time
· The amount of inventory required to keep the process operating smoothly.
[bookmark: _Toc14282429]5.1 Takt Time
Takt time is a conceptual part of lean production. It is the desired time that it takes to make one unit of production output (Ducharme & Ruddick, 2004), effectively production is paced by takt time (Linck & Cochran, 2017). Linck & Cochran state the term ‘Takt’ is a German derived word which refers to rhythm and time in a piece of music (2017), therefore comparisons have been drawn between Takt time and the rhythm or heartbeat at which an organisation should operate (Ducharme & Ruddick, 2004). It is customer driven controlled by demand. Takt time implementation requires management to utilise the 5 P’s of OM based on the resistance from workforce that can be experienced from being told what speed to work at.
[image: ]Takt time involves all products being produced at the same rate which eliminates products waiting on the manufacturing line. Figure 20 shows how Product A and Product B can be unlevelled or levelled to Takt time in order to maximise efficiency. Figure 20 – Takt Time Levelling (Ducharme & Ruddick, 2004)

[bookmark: _Toc14282430]5.2 Kaizen
Kaizen is;
“A Japanese term that means continuous improvement, taken from words 'Kai', which means continuous and 'zen' which means improvement. Some translate 'Kai' to mean change and 'zen' to mean good, or for the better”
(University of Ottawa, 2008)
[image: Image result for kaizen process circle]The idea of continuous improvement is for management to create standards which employees must follow to perform a specific process or task. When these standards are met, should they be correct, then observable improvement in the output of the process highlighted will be visible. Once improved, Kaizen sets about improving the process over again for greater results once more. As innovation in industry improves and is implemented into processes, Kaizen works with it to exhaust all benefits until the next large step forward in innovation takes place, this is a never-ending cycle.Figure 21 – Kaizen (PDCA) Continuous Cycle (LeanKit, 2019)


[bookmark: _Toc14282431]5.3 Jidoka (Poka-Yoke)
A Japanese technique which means mistake proofing (Dave, et al., 2015). Developed by Mr. Shingo in Japan, it provides 100% product quality as parts can only be fitted or used in the desired way. A technique used for both manufacturing and assembly processes, some machined parts are designed so that they can only be fitted one way and on assembly lines a Poka-Yoke device eliminates operator error that may come from complacency or inaccuracy. 



[bookmark: _Toc14282432]5.4 Just-In-Time (JIT)
A philosophy of continuous improvement, Just-In-Time manufacturing places emphasis on preventing future issues rather than correcting them once they occur. As with all Lean manufacturing tools, it requires a companywide focus on quality. In the competitive world, the industries need to seek competitive advantage by emphasising on performance factors such as flexibility, quick response, cost, efficiency, quality, reliability and service (Wakode, et al., 2015). OM approach is required in order to implement this philosophy and the 5 P’s will all need to be addressed. 
Just-In-Time ensures that production levels are based on demand, rather than predicting future customer orders which can lead to overproduction or underproduction, both sources of waste. JIT focuses on three central themes;
· Simplicity
· Quality
· Elimination of Waste
Focusing on the elimination of waste, JIT organises the production process so that parts are only available when they are needed, reducing inventory waste of goods sitting on the shop floor or in a store’s facility. This method of continual reduction in waste can be implemented on all OP’s in the manufacturing process.
JIT systems are designed to optimise quality and cost, minimise waste of resources and to be responsive to customer needs. Being able to respond quickly to changing demand ensures that should the customers idea of value vary, the product produced can vary with it to ensure the customer’s idea of value in the product remains. 
[bookmark: _Toc14282433]5.4.1 Supplier Management
For JIT to be effective, supplier management is essential. When goods are received is paramount to reducing inventory waste and avoiding shortage of supply. 
[bookmark: _Toc14282434]5.4.1.1 Pull Scheduling
Pull scheduling is a flexible system where stock is ordered when more is required therefore maintaining a balance with the flow of resources. It is set by customer demand rather than set quantities for a given amount of time. This means that should demand drop unexpectedly, less stock is ordered and therefore eliminating further inventory waste, handling, over production waste and transport costs.
A pull system utilises the Kanban methodology. The Kanban system maximises the productivity of a unit and this is done by reducing the idle time of a process. The Kanban system focuses on the reduction of waste in all informs over-production, unnecessary motion, defects, over-processing & waiting (Wakode, et al., 2015). 
[bookmark: _Toc14282435]5.4.1.2 Push Scheduling
Push scheduling is a traditional method of ordering stock. It controls stock levels by predicting future demand and ordering set quantities based off that predicted level. This can lead to increased inventory usage, or even shortages should demand spike suddenly. 
[bookmark: _Toc14282436]5.4.2 JIT on SIGMA Assembly
[image: ][image: ]The SIGMA assembly line operates with a level of JIT manufacturing in place. Operators will call for further stock parts when their levels hit a minimum quantity. These minimum quantities are displayed on each station in order to standardise when the operator calls for stock. Often, to ensure stock levels do not run too low or out completely, the inventory of stock at the side of the line is higher than necessary. This is due to the size of the plant and the demand placed on the Moving Parts & Logistics department to ensure deliveries can be made in a timely fashion. During busy periods, if left too late stock levels may run out and therefore the production line will be on stop, increasing downtime.Figure 23 – JIT Delivery By MP&L Department To Replenish Stock
Figure 22 – Product Stored on Shop Floor for Assembly

[bookmark: _Toc14282437]5.4.3 Total Quality Management (TQM)
[image: ]TQM was originally thought of as a concept but no longer is, but instead it is a philosophy which is totally based on a customer approach (Dave, et al., 2015). Expanding on this, (Dave, et al.) explains how TQM in principle, means “Satisfying customer first time every time” (2015). TQM can be achieved when every level of quality is checked, as shown in Figure 24, inspections are made initially before moving onto quality control. Once goods have passed quality control, they gain assurance and therefore TQM can be achieved for the process. Figure 24 – Steps to Reaching TQM (Dave, et al., 2015)















[bookmark: _Toc14282438]6. Conclusion
For a successful lean culture to be created on the SIGMA Assembly line, it is paramount that everyone from management and shop floor accept and implement the changes required. Given that the SIGMA line has been in operation for twenty years, there is still a large amount of waste present in a variety of different forms. 
BOM could be deployed further to utilise the skills available with current employees. Currently FMC, specifically within BEP, create changes on the shop floor through innovative ideas from engineers. These ideas, and projects very rarely have any input from shop floor workers who have great experience on the SIGMA line. 
As stated in this report, innovation drives continuous improvement in large steps, but a Kaizen approach exhausts all small improvements that are possible currently. SIGMA has seen innovation throughout its life cycle but often it’s the small continuous improvements that workers neglect. Acceptance of minimum and maximum stock levels for operators which often result in under or over stocked areas are maintained, instead of improvements being made to readjust the trigger points for placing JIT orders. This is something that could be investigated further because as the age of SIGMA has increased, the volume of demand has decreased thus requiring less inventory on the line.
Due to OP 400 having a decommissioned station, the Takt time of this OP is far lower than that of the OP’s that feed and follow it. This therefore creates an unlevelled takt time result which hinders the performance of the line producing to higher demands when applicable. 
Unfortunately, due to the decline of demand for the SIGMA engine and its predicted decommissioning in 2020, future investment is very rare. The line has produced much higher throughput numbers in the past years however during those periods both PFI and GTDI machinery was in operation, overtime maintenance was high to ensure the line was kept to a high standard and any investment required which could improve the most successful engine line in Bridgend would be made. With reduced investment particularly in overtime maintenance, machinery has slowly declined, and maintenance is now performed on a reactive basis. This not only increases wear and therefore the likelihood of breakdowns, but also results in maintenance wasting time waiting for new components to be delivered from stores, all the while the machine will remain down. 
A further suggestion for maintaining innovation and kaizen based improvement on SIGMA even during its decline would be for FMC to make investments in new equipment that in future could be rehoused onto future engine lines in the plant, such as the new 1.5L ‘Dragon’ petrol combustion engine. However, Bridgend Engine Plant has been proposed for full closure in September 2020 and therefore any future investment in improving the culture, reduce further waste, improve throughput or implement new lean philosophies ironically will likely now have been scrapped by the company.
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contentfocus on meeting minimu takt tme.

LEVEL PRODUCTION — Leveling keeps consumption
‘Constant and levels the demand on upstream celks of pro-
cesses [Monden, 1998]. It also ensures that each pro-
cess or coll has the same sequence of producton
Shingo, 1983, Leveling deals wih two aspecis: eveling
product mix and levelig cycie tme mix.

1) Leveling product mix means producing each part type
required by the customer in a tme interval equal to cus-
tomer demand. Figure 6 lustiates the unleveled and ev-
eled product mix. The customer picks up 500 parts of
product A, 250 parts of product B, and 500 parts of prod-
et C overy two hours. Thus, the leveled approach pro-
duces exacty the demanded quantly of each product
type within two hours (lower ilusraton, Figure 6)
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sl A c
s oo,
T T e e
B Lovalod
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Figure 6. Leveling product mix to customer demand

pickup rate

‘The unleveled approach (upper ilusiration, Figure 6) pro-
duces i run sizes of 10,000, 5,000, and 10,000 for prod-
et A, B, and C respeciiely (1un size is defned as the
umber of consecutive parts mads of the same type
before changing over o ancther type). The system is stll
bl 1o satisly customer demand. However, It is neces-
sary 1o store the finished goods. Furthermore, the
response time of the system greaty decreased. Produc-
ton of product C does not begin unti the tird day, so the
‘system would not be able to react quicky 1o changes In
Customer demand.

the same. The time It takes 1o produce one part of each
product is 5 minutes and 3 minutes respectively (see Fig-
e 7). If the schedule does ot level out diferences in
cycle times, the system is loosing s pace, WIP is buld-
ng up between operations, and conlro of the production
state becomes more diffcult. Monden provides algo-
fithms to achieve a eveled schedule bath fr product and
cycle time mix [Monden, 1998].

Sequence of Parts

g e e B
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Figure 7. Cycle Time Leveling (Case 2 above)

‘The decomposiion of level production shown in Figure 8
stresses that there are several requirements 10 achiove.
level productin, e quick changeovers (DP11121) must
be realzed before the producton system can be leveled
totaKt tme.
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©  5.1TaktTime
o Takttime
-~ one unitof production output (Ducharme & Ruddick, 2004), effectively production is paced
by takt time (Linck & Cochran, 2017). Lingk & Cochran state the term ‘Takt is a German
o derived word which refers to rhythm and time in a piece of music (2017), therefore

a conceptual part of lean production. Itis the desired time that it takes to make

comparisons have been drawn between Takt time and the rhythm o heartbeat at which an
organisation should operate (Ducharme & Ruddick, 2004). It is customer driven controlled by

B

demand. Takt time implementation requires management to utiise the 5 P's of OM based on

T

the resistance from workforce that can be experienced from being told what speed to work
at

5.2 Kaizen

Kaizen is;

71 36 115 1 1312 1L

“A Japanese term that means continuous improvement, taken from words 'Kai, which means.
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