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[bookmark: _Toc140870714] Introduction: 
 
Lean thinking methodology heavily developed by Toyota manufacturing systems focuses on the reduction of waste within a process or a system. The definition of waste is any process that does not add value to the end customer. Some process that are non value added are necessary in industry to ensure customer satisfaction but the goal is to reduce the waste the is non necessary to the business. The customer needs and requirements shows what is nessisaryto achieve customer satisfaction. The business then needs to identify the different value streams and process to what is necessary for production. Once the different forms of waste can be identified, including defects, inventory and transportation then several lean tools can be used to eliminated these form of wastes. [Mary Poppendieck (2014)]





                                                                 








[bookmark: _Toc140870715]Introduction Lean Thinking and its purpose: 

The lean thinking principles were developed in the 1970’s/80’s where American companies wanted to improve efficiency and reduce costs by implementing similar methodology that Toyota had developed. The definition of lean is “ A systematic approach to identifying and eliminating waste in a company’s operations” Within the organisations there are nine different types of waste. These include;
· Defects
· Over production 
· Waiting 
· Non-Value added processing
· Transportation 
· Inventory
· Motion 
· Employees 
· Energy and Environment
All of these different types of wastes are necessary to remove as these are described as non-value added and do not benefit the customer. In most production there are forms of non-value added that the customer do not pay for but is necessary to achieve customer satisfaction, for example inspection. [Ronald D. Snee (2010)]
The concept of lean thinking developed by the Japanese manufacturer Toyota. Toyota develops several systems of decision making practices, visual cues and principles that allowed the business to make decisions in a lean way. 
Lean thinking is introduced to production and processing as it is important to eliminate waste within the value stream. Some of these wastes includes cycle time, labour, materials and energy. For many different companies it is difficult to remove as for a lot of companies the waste is hiding in plain sight or is actually built into the already ongoing activities that are being completed.
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[bookmark: _Toc140870717]Trimmer Project overview 

In the Zodiac plan one of the processes that adds value to the product is side trimming, where the customer orders a specific width tolerance and the zodiac trims to the desired width. The side trimmer process work by using a set of side trimmers which are self-driven to the same speed as the process speed. The trimmer blades on the side of the trimmers are set up to a specific cut to shear ratio which allows for the blades to cut 70% into the steel before it naturally shears off. The process run continuously where the side scrap steel goes down into a chute , then get balled up into one tonne coils. The project was created due to several reworks that were being created due to several issues with the trimmers. Being able to identify these different waste opportunities will allows a cost saving due to less coils being reworked and less time trying to sort the area out by standardising the overall area.

[image: Severstal commissions new side trimmer from SMS group, SMS group GmbH,  Press release - PresseBox]












                                                Figure 1: Zodiac trimmers 



The main part of the project is to improve the production and the process of the trimmer area to ensure that waste is being removed and to continuously improve the trimmers. The first part of the project is to ensure that the different forms of waste are identified so that the project team know how to eliminate the wase and ensure that the area is continuously improved. [Maciej Pienkowski (2014)]
The main form of waste that is identified and the overall reason on why the project was started was waste of reworks. When a trimmer failure occurs the trimmers need to stop production leaving an untrimmed edge. The coil then requires to be reworked in further processing. This then occurs and added cost for the coil to be reworked using energy and further resources. But can cause customer dissatisfaction as the coil can then be delayed to be reworked therefore allowing for a longer period for the coils to leave site.
Within the trimmer area it is important that the area remains at a certain standard due to several issues with the operators being able to find certain tools, unsure on blade sizes and overall area cleanliness. When looking within the area several different wastes can be identified and easily maintained. The first type of waste the was identified was inventory waste. Apart of the trimmer area are the blades that cut the steel they are changed on a meterage basis. Therefore are changed on a regular basis, so a there need to be a constant inventory of spare blades. A minimum stock level is maintained that is calculated based off the average blade changes and extra sets for uncontrollable instances. Also there is a maximum stock level or known as a kanban, as the blades are made of a hardened steel therefore they can rust on the outside surface. This can typically occur around two months. If the blades develop rust on the outside surface  then the blades need to be discarded which is then a cost to the business. 
When looking into the different types of waste there was a focus into employees or the “human factor”. The business have been going through a radical change of losing experience employees that have retired and bringing in new employees. The new operators are then inexperienced which causes the jobs to take longer and especially for human error to occur. Therefore this was an important identification by the management team to improve processing and training for the new employees so that failures are removed or reduced. 








[bookmark: _Toc140870718]Customer Value: 
[bookmark: _Toc140870719]House of Quality (HOQ)

House of quality was developed by Yoji Akao in Japan in 1966. house of quality was developed to identify the customer needs into the finished product in the early stages of the design phase. Within House of quality there are for main stages to identify the customer requirements and the voice of the customer. It is used to define the relationship between the customer desires and the product or producers capabilities.  
Stage one is identifying the “Voice of the customer”. This is to determine the prospective customers and the market at which the customer belongs. During this phase the project team then identifies the customer requirements and then rates them on a scale on 1 -5 on the importance of the requirement. For this project the main customer requirement was to ensure that the final produced was to the trim the correct width specification and to ensure that the customer receives the coil on time without delay
Stage two is identifying the technical measures within the project. This is identifying the product requirements or technical requirements are aligned with the voice of the customer. The variables needs to be identified and then can affect the customer requirements and factors the most. The parameters that can be identified need to me measurable and meaningful to the project. 
Stage three is the relationship matrix on how the different requirements interact with one another. This is displayed in a triangular matrix or known as a “House Roof”. The relationship matrix helps the project managers in the next phase of the QFD to understand on the importance of how the requirements are related to one another. The interrelations are rated based from Strong positive relation, down to strong negative and no correlation or interaction. 
The final stage is the importance rating and competitive evaluation. The importance rating is calculating the total sum from each of the columns and multiplies by the customer importance factor. This number will then determine where the project team can assign the resources. 
[bookmark: _Toc140870720]Value Stream Mapping 
Value stream mapping or known as the information and material mapping is a lean technique to analyse the current state of the processes that are being carried out. The value stream map displays all of the critical steps in a process and will quantify the volume and time of the product being processed at each stage. The purpose of the Value stream mapping is to identify and remove the waste in the various value streams, Therefore increasing the efficiency of the overall value stream. Then a future value stream can be created for the ideal process of what the process needs to be at its most efficient. [Fawas A. Abdulmaek and Jayant Raj (2016)]
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                                                        Figure 2 : Value stream map 
[bookmark: _Toc140870721]Eliminating waste:

[bookmark: _Toc140870722]Standardisation of the process and area:

Within the lean thinking process methodology according to Taichi Ohno where there is no standard then there is no improvement. Therefore before any improvements to any area is completed the area it needs to return to the original standard of work. The standards of work includes, operator practices or standard operating procedures, quality standards, machinery to standard with visual inspection and engineering standards. Once the entire area is returned back to a standard then waste can be identified in the process and can be removed. 
When looking at the different standards within the trimmer area the main source of standards that was identified to be at a poor quality was around the standard operating procedures that the operators were following when completing trimmer blade changes and scrap baller operations. When completing an assessment on the different shift operators completing standard tasks it was noticed that the different shifts were completing the tasks differently. It was noticed that this it a potential cause for human error to occur and also issues with safety. Therefore new standard operating procedures were to e created based off the new operational requirements and standards. Below is an example of the new baller change SWP. 
                                                        
[image: ]	                                                        Figure 3 : Baller SWP, page 1-2
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                                                        Figure 4 : Baller SWP, page 3-4
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                                                                             Figure 5 : Baller SWP, page 5-6

Once the new procedure and standards were created and rolled out to the operators it was notice a large step change in reworks due to baller failures. Not only was this a success in reworks but also reduced time it takes for the tasks to be carried out. One of the large wastes that was noticed that before the tasks were carried out when completing a blade change on the trimmer heads that the operators were waiting and looking around for tools to completed the job. Therefore every coil that went through required a rework while trying to find tools. Therefore based off an operator suggestion a shadow board was created to put tool on and create a standard of housekeeping.                                          
A time in motion study was then completed based off the timings of experienced operators and the new employees showed a fifteen minuet savings in time when the correct training was carried out and the fact the procedures were changed to get tools in the right location and the more efficient steps are taken.
[bookmark: _Toc140870723]5’s Standardisation
The 5’s method is an another type of method to reduce waste by ensuring an orderly workplace. This is typically carried out by using visually cues across site. The 5’s is split up into five distinct categories. Sort, Set, Shine, Standardise and Sustain. These five categories provide a routine and organisation that are essential for the efficiency of the activities that are being carried out across site. Below is an example of he use of 5’s within the trimmer area. 
Sort- This is to remove items from an area that are no longer required and distinguish from the necessary and unnecessary. For the trimmer area this is around the discard of used blades that have already been changed and discard any oily rags that has been used. 
Set- Storage and placement of tools and equipment so that the right item can be picked efficiently with easy access. This is placing the tools that have been used to change the trimmer blades back onto the shadow board. 
Shine- Ensuring that the area in clean without any oil, dust and rubbish. But this is also ensuring that any leaks or spills are corrected. This is cleaning up any oil that has leaked out of the heads if they have been over filled and ensuring that any spills have been cleaned up.
Standardise- Setting up standards for the work area. For the trimmer area there are several standards of what the area should be With the correct tools on the shadow boards, No blades being on the floor and the no oil or rags being left around the area.
Sustain- The final part is sustain where the working party needs to ensure that the area is continuously neat and tidy to ensure that any waste is removed and the area is efficient as possible. This is the most difficult part the 5’s as it is typical behaviour for the area to return to the same standard over time. Therefore regular audits and inspections of the area need to be completed by the management team. There are also visual standards around the area to ensure the operators understand on what the standard and what I should not look like. [Jugraj Singh Randhawa and Inderpreet Singh Ahuja (2016)]

[bookmark: _Toc140870724]Kaizen 

Kaizen means “continuous improvement” to increase customer satisfaction. According to Masaaki Imai who developed the Kaizen tool suggested that there was a difference between the change management culture between the Western World and Japan. The difference is between the management of change in managing the gradual change and the manging of an abrupt change. Japan’s culture more leaned towards the gradual changed (Kaizen) instead of the abrupt change. 
Kaizen adds value to ensure that there is an improvement to quality, shorten delivery time and to increase overall customer satisfaction. This is completed by completing Kaizen in a gradual period instead of an abrupt change. Kaizen is leaning more towards the employees or operators who create the product to look towards the improvement and to identify the problem. These are not typically management lead, therefore the solution cannot come from management. [Mihail Aurel Titu, Constantin and Daniel Green (2010)]



[bookmark: _Toc140870725]Poka-Yoke 

Poka-Yoke or defined as mistake proofing was created in Japan by Shigeo Shingo. The Poka-Yoke methodology was created to correct possible defects and eliminate the possibility from a defect from occurring. Its purpose was is to eliminate any failure by product design or draweing attention to human error. The ideology behind this is to design the manufacturing process, equipment or tools so that the operation this is being carried out cannot be performed incorrectly, therefore preventing people making mistakes and removing any human error. [Arash Shahin and Maryam Ghasemaghaei (2010)]
Within the trimmer process it was noticed that one of the tasks that was being carried out was when changing the trimmer blades the blades sizes need to be inputted into the human machine interface (HMI) this measurement needs to be correct to the (0.01) of a millimetre as this can cause “throw” in the system and cause a bad cut. When the supplier was supplying the blades they was writing the blade sizes on the blades in a marker pen which can easily be wiped off causing the blades to go back to the manufacturer. This then causes waste of reworking the blades and Inventory issues if this happens with several blades. This was corrected by the supplier etching the new blade sizes on the inside blade so when the operators are inputting the new blades sizes there is no cause for human error. Since the change no blades have been sent back to the manufacturer for the issue. 
[bookmark: _Toc140870726]The three M’s of eliminating waste 

According to Taiichi Ohno who was one of the founding fathers of the lean manufacturing principles suggested that there were three different principles of removing waste with the use of the three M’s known as Muda, Mura and Muri. 
[bookmark: _Toc140870727]Muda

Muda is any activity that consumes or uses any type of resource that does not create any value for the end customer. Some of these values include re-works, overproduction and high inventory. Within Muda some companies split this up into two categories in two different types of Muda. The first type is around the right first time method, where the importance in ensuring that the part or material that is being produced meets the customer standards in the first attempt. This stops from any reworks or to create that part again. This leads to over production and loss of yield. This is a popular issue within the Llanwern steel works as due to quality issue from inside of the plant and due to incoming issues from Port Talbot. 
The second type of Muda is around movements of the products throughout the different sites and inventories of stock. These including inventories include Raw materials, Work in progress and the finished goods. Again this is another popular issue within Llanwern as large amounts of wastes are due to damaged coils from movement of materials as the more the coils are moved the larger that chance of the coils being damaged and will require rework.
[bookmark: _Toc140870728]Mura
Mura is the next from of waste within a company. Mura is described as unevenness in a production operation within the system. This an example of this within the Llanwern works is when coils are scheduled to be worked on the production lines is can sometimes be dictated based off the production system to run certain product types instead of based off customer demand. Then causing the further operations to wait for the product to arrive for the customer. Mura or unevenness is important to remove for customer satisfaction and waiting periods for the coil to arrive. Unevenness can be eliminated is management schedule the lines based off customer demand instead of production needs. 

[bookmark: _Toc140870729]Muri
The last for of waste suggested by Toyota is Muri. Muri can be defined as Overburdening of personnel or equipment by requiring them to work at higher or harder pace of work as compared with normal production. The higher force and effort that the equipment and operators experience especially at a long period of time can cause faster equipment failure and human error to occur. Therefore allowing for different types of waste to occur. Within the Llanwern steel works this is a continuous issue as due to ongoing sickness and leave operators are therefore making human error mistakes, therefore causing material to be rejected or reworked, Therefore slowing up material to the customer by causing remakes and to re-process material.
All of these different types of waste are often related to one another as when one type of waste is removed then other can follow and also be eliminated. An example of this in Llanwern is where coils are transported to customer where the customer urgently needs coils and several options are considered. For example if a customer is requiring 4 coils then the first option would be to put the 4 coils onto the lorry, but this would be described as Muri as this is overburdening the lorries as the lorries are only rated to two coils at a time which can lead to the lorry breaking down or damaging the equipment. 
The second option is putting three coils on one lorry and one on another. But this is also Mura as this would create unevenness as the coils arriving at customer would create jam-ups on the docks followed by not enough work. Also this would be Muri as well since the lorry is still overburdened. 
The third option is to do three trips. But this would then create Muda because the lorry is only partially loaded on each trips therefore is a waste of resources. The only way to eliminate all three Muri, Muda and Mura is to make two trips with two coils on each lorry. So that the lorries are on the capacity of two coils and only needs to make the required two trips. [Prof. Rene T. Domingo (2011)]

[bookmark: _Toc140870730]Evaluation on the lean project: 

[bookmark: _Toc140870731]Improvement benefits:

Over the period of the improvement in eliminating unnecessary waste and overall showed a large cost benefit. The two main highlights and the potentials savings were around the Poke-Yoke methodology with blade size misinterpretation and having to send the blades back to the manufacturer to rework the blades and get accurate blade sizes again, therefore incurring a cost. The potential financial benefits to this project was around £3K per year in reworks. Once the implementation occurred then this caused when the blade sizes were etched into the blades caused no more reworks from occurring and “fool proofed” the issue. 
The savings that is difficult to calculate the financial impact is based of the standards piece with the training and change in procedures of the new employees. Based off the time in motion studies showed a benefit of 15 minutes one the training and new procedures where completed. This therefore have a potential depending on coil size of one less coil being reworked.
[bookmark: _Toc140870732]Summary of improvement benefits:

When carrying out the lean methodologies the important step for the project team was the understanding the waste of human error and standardising the process. As discussed in the identification process the main focus the project team was looking into the current process of looking a the standards and methodology of the new employees that have replaced the experienced employees. Therefore the project team needed to have a new form of changes to the standard operating procedures and training of the new employees. The importance of this is based of the Kaizen principles that the operators who were completing the jobs on a regular basis show the project team on what they believed would improve completing the job and make it more efficient. So this is going from a bottom up changes instead of top down. 
The changes to the process and procedures therefore eliminated more waste that was identified in the waste identification process. As one of the wastes identified was inventory of blades where if they are stored for an extended period and rust then have to be reworked. Therefore this waste was eliminated as from a suggestion from an operator to use the blades in delivery order instead of random selection therefore less change of blades rusting. 


Overall this was a successful project as several wastes that were originally identified were reduced or eliminated. But there were some problems that were seen when carrying out these changes. For example when one of the main wastes were identified being the blade sizes on the blades rubbing off, the original solution was to use permanent marker. But this showed possibility of also rubbing off a surface layer of oil on the surface of the blade. Therefore was no longer “fool proof”, therefore the project team had to come up with a techniques to ensure that the sizes were permanently on the blades. Therefore the poke yoke method was used to ensure there was only one way in and one way out for the blades sizes to be seen and identified. Which caused the issue to be fool proof. 
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[Zodiac Scrap Baller Training

@  Walkaround the scrap baller area identifying all equipment and hazards.

(i) Tdentify when a ball needs to be ejected.

1.When the BLUE warning light starts to flash it is an indication that the baller is and
‘about to auto eject. This is positioned in front of the exit pulpit.

Ifthe auto eject is disabled then a manual ejection is required.

Also adjacent to the baller pit an will sound and a Red light will flash on the
Traffic Lights outside on the Baller Pit.

These will stay ON untilthe ball has ejected.

The scrap re-attached and the baller put back into auto.

1 The baller desk must be switched from Auto to Manual

2 To gainaccess to the baller chute.
This is done by removing Castle key 1 from the desk.
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‘This Castle key must then be placed in the block positioned on the
outside wall of the scrap chute adjacent to the control desk. If the
key is not positioned into the block correctly then key 2 cannot be
removed to access the baller chute or the baller drive.

Key 2 can now be removed and used to Open the door to access the baller chute.
Now using a set of band cutters the trailing scrap from the ball can be cut
Close the door and return the key to the castle key to block positioned

on the outside wall of the scrap chute

‘The Scrap Ball must NOT be Ejected until
the Trailing Scrap ends have been CUT

IfEntry is required to the Baller drive then the Castle Key 3 on the positioned on
the outside wal of the scrap chute needs to be used and fitted into the gate for
access into the Baller drive

Remove Castle key 1and place it back in
" position on the desk.

5 This will allow you to gain access to control of the desk
Now.

]

6 The saubber roll must be Fully raised using the button on the desk.

press the Reset button on the control desk this will Restart the drives on the Baller
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7 The mandrel must now be retracted from the scrap ball. 9

‘The mandrel can now be moved back into the working positioned with the tang
facing the back of the scrap chute. The snubber roll should norw be lowered and side
plates Extended and the Ejector Plate Retracted (2)

8

At this point the scrap ball should fall out. If this fails then the side plates should be retracted and 10

‘move Ejector Plate handle Extend (1) to allow the ball to Drop Out.

‘This is done by pressing the retract button on the control desk and Extend (1) Ejector Plate ‘The operator can now re-enter the scrap chute to pull the scrap forward from the rear of the
handle on the Desk baller chute and re-attach it to the baller

The scrap should always be pulled from the top of the pile.

‘Full PPE must be worn at all times.




