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[bookmark: _GoBack]In 1987 Motorola Engineers developed a new customer focused, continuous improvement strategy, that would become known as “Six Sigma” that recorded “defects per million” instead of “defects per thousand” aiming to achieve 3.4 defects per million opportunities in product design, production, and administrative process. To achieve this tools and methodology’s were developed including DMAIC and DMADV. The secondary aspect to be discussed is the LEAN principle, this was pioneered by The Toyota Company in the 1940’s with the intended goal to reduce waste, and adding customer defined value in the manufacturing process. The key principles of Lean as defined by Womak and  Jones[footnoteRef:1] are  define the value, map the value stream, make the process flow, pull from the customer and work towards perfection. Throughout this essay the key methodologies and principles of both systems will be examined and critiqued while applying them to the actual workplace environment, in this case Cold Rolled Products in TATA steel Port Talbot.  Firstly Six Sigma will be examined further to understand how the principles became a global staple in business.  [1:  Jones and Womack, 2014] 


Mikel Harry and Richard Schroeder, state that Six Sigma is "a business process that allows companies to drastically improve their bottom line by designing and monitoring everyday business activities in ways that minimize waste and resources while increasing customer satisfaction [footnoteRef:2]."  This is evident from the numerous companies that adopted the principle after Motorola pioneered it, most notably General Electric who reports savings of up to $1 billion over a course of 5 years crediting Six Sigma as the driving force behind these results, as a result of this many companies, within different sectors  adopted the principles as it was believed to be “a strategic approach that works across all processes, products, company functions and industries[footnoteRef:3]” that in turn leads to “enhancing bottom lines based on factual decision making[footnoteRef:4]”.  Continuing on from this the next area to discuss in regards to Six Sigma are the components of how companies achieve the goal of defect reduction, by examining the DMAIC steps.  [2:  https://blog.masterofproject.com/6-sigma-certification/ ]  [3:  Snee, 2000.]  [4:  Pheng and Hui, 2004] 


The define element of DMAIC is the first initial stage of the project where the team outline and prioritises the problem and understand the desired outcome from a customer’s perspective. This is done by creating a project charter, which is a living document which is used throughout the process and can be used to maintain focus and organise all members in the project, it typically includes;
•Problem Statement
•Business Case
•Goal Statement
•Timeline
•Scope
•Team Members
  
 Another key tools in the design stage is the Voice of Customer Matrix[footnoteRef:5], it consists of both quantitative and qualitative measures, and focus on four key areas;  [5:  VOICE OF THE CUSTOMER Steven P. GaskinApplied Marketing Science, Inc.Waltham, MA USA] 

·  Customer needs
·  Hierarchical structure
·  Priorities
·  Customer perceptions of performance
 

The measurement phase focuses on understanding, validating and assessing  the current process. To do this process maps are made which visually describe the work, it shows all the aspects of who is involved in each step and can highlight key areas where things can be improved. Another tool used at this stage are Measurement Systems Snalysis (MSA), it is used to assess whether the data collected is accurate and ensure the collection method is appropriate.  Another analysis tool to use here is Process Capacity analysis , which allows deeper insight into the current operational levels and allows for further understanding of process and performance issues, this tool will also provide key insights into  potential  operational capacity so as to guide and inform potential solutions. 

The analyse phase is used to find the root cause for the problem, this is done by using tools such as fishbone diagrams and 5 whys which allow for greater understanding of the problem and allow Six Sigma team members to identify the underlying causes. Once a root cause has been suggested the root cause hypothesis tool can be implemented  to ensure it is the true root cause, this consists of team members making educated guess using all the data previously collected.  Another tool to use here is the control impact matrix where findings from the previous stages are organised in a 2X2  matrix ranking them in regards to those that are controlled and those that aren’t while also categorising their impact. 

After the analyse stage it is time to actually improve the process, here companies will employ numerous tools in order to establish suitable solutions to the previously defined problem. One such tool could be “cross training” where team members work and carry out different tasks, allowing for a fresh pair of eyes on the problem, another potential tool used at this phase is Failure Mode and Effect Analysis  which analyses and assesses current problems in the system and the effects they have on it, then in turns assigns a numerical value to detectability, occurrence and severity assigning it a  “risk priority number” allowing the team to focus attention and as a result create a risk action plan. Once a practical solution is agreed upon it is also implemented at this stage, again there are several tools that can be used to achieve this, including PDCA ( Plan, DO, Check and  Act) which allows the team to employ a trial and error system to their new solution. Another tool  which follows on from this at the improvement/ implementation stage is Pilot testing which allows the team to implement solutions and monitor on a micro level, and allows for deep analysis of the solution to ensure it is fulfilling its intended function. 


The final stage in the DMAIC process is Control, here improvements have been put in place and the project has been handed over to those who will continue to manage and operate the system, here the key concern is maintaining the implemented solution, again this is done using a range of tools. Firstly Control plans are created, these include monitoring and response information, which allow for operators to track how the solution is performing and then in turn if there are failings, the response plan will instruct operators on corrective measures to normalise the system. Another tool to use at this final stage is to produce standardised procedures and work instructions, this allows for easy control and measurement of the implemented solution, ensuring that performances is maintained and to the required standard set out at the define stage. Finally at the end of the process the project will be signed off after an agreed time of analysis and it is demonstrable that defects have been reduced in the system, if they have not, depending where the failures are identified, DMAIC can be reapplied or individual sections can be re-examined i.e reapply the improve stage and implement a different solution.   

However Six Sigma does have its detractors, firstly that it is a repackaged version of existing tools and adds nothing new to the quality field, in short it is considered by some  a marketing ploy, offering easy money and massive returns on investment. Secondly, This leads  to the argument that benefits that are promised from adopting a Six Sigma methodology, are not always to the extent or within a timespan that is promised by consultants, thus the longevity of Six Sigma within organisation where adoption has solely taken place for promised benefits must be questioned.  Others argue that while Six Sigma is an effective tool, it is most effective when looked at in practical contexts using raw data to inform the process,  as Thomas Cutler in Business Excellence Magazine writes  “…after thousands of Six Sigma deployments over the past decade or so…organizations are focusing on becoming data driven, paying attention to real-time data and turning that into knowledge. When they do this, Six Sigma becomes a tool kit to solve certain types of problems[footnoteRef:6] ”. Currently, former advocate of Six Sigma Jack Welch (General Electric CEO who initially introduced Six Sigma to the company) has stated that it should “not be used everywhere, that Six Sigma’s role will be minimized in the future[footnoteRef:7]”. While many critics agree that its only use should be in product manufacturing  where defect reduction makes sense. Another possible insight into the limitations of Six Sigma is the current marrying of the Lean and Six Sigma systems creating the “Lean Six Sigma”  principles, this area will be looked at and examined after Lean is discussed individually.  [6:  https://medium.com/business-process-management-software-comparisons/the-demise-of-six-sigma-the-right-sizing-of-a-problem-solving-methodology-4e49b4442bf7 ]  [7:  Davenport, 2008] 


A practical example of this process being put into place in CRP occurred in relation to the 5 stand rolling mill, it has long been considered that there are inefficiencies in the roll change procedure. The issue has been defined as being long delays in replacing rolls due to process inefficiencies, this has been established by measuring times for each roll change and comparing them back to what is considered an average time on monitoring systems.  Through analysis it has been concluded that due to each proceeding stand requires confirmation of completion of the roll change before it can then complete itself. As such if there is an issue with stand 1 and the process can not complete stand 2 can not start, as such resulting in extensive delays. At this stage it was established a system that would allow each stand to operate the change independently, allowing for a streamlined process. This brainstormed suggestion is yet to be implemented but has been thoroughly examined and options explored , for example other plants have been visited that operate this system and engineers are currently examining potential paths to implement the change. Once the change has been put in place it will be regularly monitored and examined for inefficiencies and along with this new Safe working procedures and risk assessments implemented for staff including updated training.       

Lean is defined as “a philosophy of manufacturing that focuses on delivering the highest-quality product at the lowest cost and on time.[footnoteRef:8]”  There are five governing principles that are used to help achieve this philosophy, the first is defining value. In Lean things are broken down into two categories, those things that add value and those non-value adding activities or waste. The Lean Enterprise Research Centre[footnoteRef:9]  highlighted that for most production operations;  [8:  Liker and Wu 2000]  [9:  LERC, 2004] 

•	5% of activities add value;
•	35% are necessary non-value activities;
•	60% add no value at all.
 Value is considered those things that the customer is willing to pay for, in a practical example here in Cold Rolled Products, our product (finished steel) and the actual process of rolling and annealing the steel strip to give it specific metalogical properties would be classified as such. Within this principle there are seven categories of waste that were originally identified by Taiichi Ohno at Toyota when Lean was being developed. They are;
· Transport
· Inventory
· Motion
· Waiting
· Overproduction
· Over-processing
· Defects
You would classify the previous mentioned as pure waste which provide no value to the customer, a practical example from my work area would be the transportation costs from the production line to delivery to the customer,  another practical example would be if steel was annealed to a higher or better grade than required or ordered, this over annealing would contribute to costs, which were unnecessary from a customer perspective. The other form would be categorised as the  necessary waste, this form of waste is also non value adding but deemed essential for the process, for example coiled steel needs to be packaged correctly for customers to ensure there is no damage in transit, another example of necessary waste would include the roughness and surface testing of the steel strip to ensure the correct metallurgical properties are achieved. 
The second and third principle of Lean is to map the value system and to create flow, they allows you to view the process from start to finish, allowing you to see the flow from raw material to delivery to customer, these show you where value and wastes within the organisation lie, and then finding a way to increase efficiency and hence reduce waste  . For example if you were to look at the process flow of the Port Talbot  Works site you would see large amounts of waste are created due to the geographical location of each process, costs to transport material within the site are extremely high and as such creating pure waste. Theoretically if you redesigned the site layout you could have each plant/mill inline flowing downstream of each other reducing the need for inhouse transport. 
The fourth principle is to establish pull which focuses purely on manufacturing to customer’s needs, producing only what has been ordered, thus creating savings on storage materials and production. The final principle of Lean is to constantly strive for greater efficiencies in the process and to continually attempt to remove waste from the production process as much as possible. Once the process has been applied further inefficiencies may be discovered as such the process is ever ongoing with room for constant improvement, which at its heart is the philosophy of LEAN - continuous improvement .

Next it is important to discuss potential  advantages and disadvantages that come with the implementation of a Lean system, firstly and most importantly savings are made company wide by reducing the number of inefficiencies in the process flow and secondly eliminating wastes, through optimizing  materials, personnel and equipment.  However there are potential shortfalls of the Lean System, one example being with the creation of the “pull” system you limit scope for economic growth coupled with this if there are supply chain issues, continued  operations could be put in jeopardy due to lack of availability of materials, which would inevitably hurt the working relationship with the customer. 
 Due to the continuous nature of production and flow downhill from previous processes it would be a difficult task to implement widespread change and introduce lean principles in CRP. However there are a few Lean examples that could be implemented to improve efficiency , one such example is moving coils directly to their designated process directly after exiting 5 stand mill. This would reduce double handling coils, and potentially reduce potential for error in distribution. Another example that is currently active in the CAPL line, when the required gauge is increasing, coils are scheduled to “ramp up“ and a slow incremental increase of gauge is achieved, this again reduces waste as there is no need to adjust rolling parameters and production can carry on as usual.
As previously mentioned there has recently been a marrying of the two principles, Lean looks at streamlining and improving the flow of work, thus reducing inefficiencies and cost where as Six Sigma focuses on consistent quality and accuracy in a timely fashion. When these two methodologies are combined they cancel much of the criticism that can be levelled at both, Lean being unable to bring a process under statistical control and six sigma being unable to optimise process speed and reduce company spend.  Cindy Jutras, Group Director of  Enterprise Applications Aberdeen Group sums up the combined method as “When combined, the result is a methodology that serves to improve processes, eliminate product or process defects and to reduce cycle times and accelerate processes[footnoteRef:10]”. Notable adopters of this new married process include the NHS and 3M.  [10:  Lean Six Sigma Approaches in Manufacturing, Services, and Production
Article published May 2015
] 
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