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This report will give an over view of the key stages of the Six Sigma process with specific reference to DMAIC.  ‘Six Sigma is a disciplined, statistical-based, data-driven approach and continuous improvement methodology for eliminating defects in a product, process or service’ (Lean Manufacturing and Six Sigma Definitions, n.d.).  DMAIC is the anacronym that stands for: Define, measure, analyse, improve and control.  In the ‘Define’ stage, companies will define the problem and target areas that directly affect customer.  In the ‘Measure’ stage companies will figure out how their operation currently performs.  In the ‘Analyse’ stage companies will review the process to identify the problem areas.  In the improve stage companies will plan and implement an improvement and finally companies should look to maintain the improvements in the ‘Control’ stage.  This report will also cover Lean processes.  Lean processes look to rid the system of any waste.  Waste is anything that does not add value to the product and can include things such as product movement and over production.  
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The first phase of the Six Sigma process is the ‘Define’ stage.  In this stage the problem should be defined during the development of a ‘Problem statement’.  When creating problem statements, it is important to focus on issues that affect customer satisfaction.  Customers have two major concerns, quality and lead time.  When deciding on the problem, the impact the problem has must be measured to conclude whether the problem is a priority or not.  The scale of the problem must be identified to figure out the severity and level of priority of the issue.  The goal of the project must be defined by developing a goal statement.  The goal statement ‘defines, in measurable, time-bound terms, exactly when the team and project will be considered successful’ (GoLeanSixSigma.com, n.d.).  The process should be defined by creating a high-level process map.  The two most common are Value Stream mapping and Suppliers, Inputs, Process, Outputs and Customers (SIPOC) mapping.  Value Stream mapping visualises the steps required to create a product and deliver it to the customer.  It helps to identify wastes and inefficiencies through delays to the process, process restraints and excess inventory that ties up resources (Pearson, n.d.).  ‘A SIPOC diagram is a map showing a full process at a high level in no more than 6-8 steps. It identifies the inputs necessary for that process to operate, and who supplies them; and the outputs of the process, and who consumes them. This latter stage is crucial as it identifies who says the outputs are satisfactory’ (Attard, 2014).   In the define stage, customers and their requirements must also be defined.  This can be done through interviewing and surveying customers which then informs the project team on how to improve the process. Customers can be anyone who receives products or services, they can be external or internal to the company.  For example, in Tata Steel Port Talbot the Blast Furnaces are customers of the Granulated Coal Injection (GCI) Plant, and the Basic Oxygen Steelmaking (BOS) Plant is a customer of the Blast Furnaces.  The Blast Furnaces require a coal product from the GCI Plant that has a moisture content of less than 1.5% and is less than 5mm in size.  The GCI Plant needs to keep up with the coal demands of the Blast Furnaces so that less of the much more expensive coke is required.    
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The second phase of the Six Sigma process is the ‘Measure’ stage.  This stage is used to determine how the process currently performs through gathering data, which creates a baseline to measure improvement.  In this stage the team will create a data collection plan.  A data collection plan considers where the data will be found, how much data should be collected, how the data will be collected and who will collect it.  When gathering data, it is essential that all data is reliable.  This ensures that actions are based on facts rather than opinions.  Reliability can be ensured through the use of Operational Definitions.  ‘Operational Definitions describe the terms used within measures such as “accurate” or “complete” and if it’s a time-based measure, they include the stop and start points’ (GoLeanSixSigma.com, n.d.).  Once a data collection plan has been created, the team must gather the baseline data.  This is done in various ways, such as, writing reports and gathering system information.  The data gathered is monitored through the use of check sheets.  Check sheets use a tally system to calculate the frequency of an occurrence.  For example, a project team using Six Sigma methodologies in Tata steel Port Talbot might use a check sheet to calculate how often Blast Furnace Coal Injectors block putting them out of use.  Once all the data has been gathered the team must update the project charter.  A project charter is a working document that outlines the project to those involved by including, the problem statement, the business case, the goal statement, the timeline, the scope and which team members are involved.
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After creating the process maps in the ‘Define’ phase and collecting the data in the ‘Measure’ phase, the team are now able to conduct the third phase of DMAIC which is the ‘Analyse’ phase.  In this phase the project team will analyse the process to identify the problem areas.  This is done using three main methods of analysis.  Time analysis identifies the time that is spent waiting compared to the time that work is being carried out.  Value added analysis analyses the process from the customers point of view to discover the costs.  Value stream mapping identifies the value adding steps to highlight the waste in the process. (GoLeanSixSigma.com, n.d.).  In the analysis phase it is important to display the data to communicate the findings.  There are many different methods of displaying data, these include Histograms and Pareto diagrams.  Selecting the correct graphs allows the team to further close in on the causes of the issues.  Although graphs help to focus attention on possible causes, they are not used for root cause analysis.  Cause and Effect diagrams are a useful tool in gathering all possible causes from experienced members of the team and ‘5 Why Analysis’ helps the team to look past the effects and delve deeper to identify the root causes of issues.  See Appendix A for the 5 Why Analysis for blockages in Tata Steels Blast Furnace Coal Injectors.  Once the team thinks they have found the root cause it must be verified and checked before actions are taken to solve the problem.  Once the analysis phase is complete, the team can further populate the project charter with the data and additional detail that they have found. 
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The penultimate phase of the Six Sigma process is the ‘Improve’ stage.  This stage involves the planning and implementation of a solution to the issues affecting the process.  Once the team are confident that the root cause has been found, they must plan to improve the process.  One important tool when planning improvements is brainstorming.  This method explores all possible ideas to solving the problem and allows the team to select the most effective one.  To select the most effective solutions the team can employ the use of an ‘Impact Effort Matrix’.  These compare the cost and effort involved with implementation against the effectiveness of the solution.  To help the team settle on a solution they should develop maps of the process based on the solution.  These maps provide a target for what the improvement plan is trying to achieve as well as offering a reference to learn the new processes.  In order to choose the best solution, the team can employ a testing tool known as Plan Do Check Act (PDCA).  PDCA reduces the risk of using the wrong solution as it does not allow teams to only use their first idea.  This is supported by the view put forward by Sokovic et al (2010) stating that ‘the application of the PDCA cycle has been found more effective than adopting “the right first time” approach. Using of the PDCA cycle means continuously looking for better methods of improvement’.  If the team carry out thorough planning, the implementation of the solution should run smoother as a result.  Therefore, implementation plans should be created.  Implementation plans provide a checklist of actions, due dates and persons responsible that should be followed when implementing the solution.  Once the plan has been carried out and the solution implemented, data should be gathered to check if the baseline has improved as a result of the changes to the process.  In the GCI Plant in Port Talbot Steelworks, Six Sigma methodologies have been used to improve the meeting structure.  It was recognised that lengthy meetings every morning were stopping vital work from being carried out.  Through the use of detailed boards that include actions and next steps for the day, and separate problem-solving sessions where needed, the meetings were reduced from 45 minutes, to 15 minutes.  
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Once the process has been improved it is vital to monitor and maintain the improvements.  This ‘Control’ element is the final phase in the Six Sigma process.  To properly monitor the improvements, it is beneficial to create a control plan.  A control plan logs all of the procedures that are crucial to the process.  Through the use of control plans, any problems caught as part of regular checks will be fixed before they get out of hand.  As part of a control plan, audits are also included.  Kumar (2019) recognises the importance and offers guidance on the use of an audit system, as ‘audits for equipment can be in form of ensuring their calibration at fixed periods and matching the performance with legal or customer prescribed standards, whichever are applicable’.  This system was adopted in the GCI Plant in Port Talbot Steelworks when new static gas monitors were fitted.  The Process Control and Automation Engineer calibrates these gas monitors as part of the safety critical checks.  It is important for the project team to update all of the documentation that they have used.  The team will create new process maps and new procedures to fit with the new process.  To make the most of Six Sigma processes, areas should share their improvements within the company.  Although certain improvements may not be directly applicable, there may be elements that can be adopted throughout the company.  For example, the GCI Plant in Port Talbot have shared their new meeting structure with the Day Support Team at the Hot Rolled Products Department.  The GCI team have hosted the team from the Hot Mill, so they could see the new meeting structure and allowed time to answer any questions that the Hot Mill team had.  
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‘Lean’ is a system of eliminating ‘muda’ in a process.  The system is introduced to ensure that all steps in a process add value for a customer.  ‘Muda means wastefulness, uselessness and futility, which is contradicting value-addition. Value-added work is a process that adds value to the product or service that the customer is willing to pay for’ (Do, 2017).  There are two types of muda.  Type one is non-value adding activities that are required, for example safety inspections, and type two are non-value adding activities that are not required.  There are seven types of waste that come under the type two umbrella.  These are: Transport, inventory, motion, waiting, overproduction, over-processing and defects.  One of the main wastes in the Iron making department in Port Talbot Steelworks is overproduction.  When the Blast Furnaces produce more Iron than the Basic Oxygen Steelmaking plant can keep up with, it is simply poured out.  There are five key principles of a ‘Lean’ system, these are: Identifying value, mapping the value stream, creating flow, establishing pull and seeking perfection. 
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The first key principle of a ‘Lean’ system is identifying the value.  This key principle helps the team to review their product or service from the eyes of the customer.  In this stage the team should figure out what the customer needs, why they need it, if it fulfils the needs and is it getting to them on time (LeanKit, n.d.).   
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Value stream mapping allows the team to track the value of the product throughout its production.  Value stream mapping helps the team to identify where value is added and highlights where the waste is.  
[bookmark: _Toc9512339]Making the Process Flow
By analysing each step of the process, the team can create flow by finding ways to maximise efficiencies (LeanKit, n.d.).  In this stage the team will evaluate the steps in the process and eradicate inefficiencies or stalls in the process.  
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Establishing pull views the process in reverse.  Rather than build stock and have goods ready for orders, the team produces a model to save time and cost.  For example, the Basic Oxygen Steelmaking plant should order iron when they are available to take it, rather than allowing the Blast Furnaces to overproduce and waste the molten iron.  
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The final stage of the Lean process is seeking perfection.  In this stage the team will implement change to produce the most efficient process to achieve the greatest value for the customer.  Lean teams focus on stages that add value and eradicate any unwanted waste.  
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Although Port Talbot Steelworks are run very efficiently it is clear that improvements could be made through the use of DMAIC and Lean processes.  One of the major wastes in the steelworks occurs between two departments.  When the Blast Furnaces are performing at optimum capacity, the Basic Oxygen Steelmaking plant cannot keep up with the demand.  To prevent the extremely expensive molten iron from being wasted by being poured out, Tata Steel could adopt the Lean Six Sigma methodology and improve by creating a pull system that starts with the customers and is filtered right through to the first stage of the process.  However, the team must first define the problem, measure how the system currently works, and analyse the problem to find the root causes before planning and implementing the improvements.  Rather than building stocks of rolled steel in the mills, they should receive the order and request slabbed steel from the Basic Oxygen Steelmaking plant, who will then request molten iron from the Blast Furnaces, who will then request materials from the Burdening department.  This system prevents the build up of stock becoming a waste and in turn prevents the need to pour out molten iron.   
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