



There are five main stages of DMAIC. It is an acronym and a methodology which stands for define, measure, analyse, improve, control. Together these five steps provide a structured process for improvement projects to follow. It is a way of solving problems and continuously improving the process based on scientific research.
Define is the first stage of the DMAIC process, making it arguably the most important part of the process as you will need to make sure you understand completely what the problem is. It looks at what the problem is, how frequent this problem occurs and looks at the potential impact of the problem. The project focus must be clearly outlined to everyone that is going to be involved, so there are no questions about what needs to be achieved at the end. Once the problem is defined, it needs to be prioritised into a category. In the BOS plant for example, we have a priority list ranging from P1 to P4 (P1 meaning it is the main priority). The management and engineering team will become notified about these problems and can send the engineers to fix this problem immediately. Likewise, problems can be downgraded to become less of a priority if deemed necessary. In steel and slab, we have a system where anyone can define a problem or incident and be able to select the area of concern, owner of the report and a target date for completion. Subsequent actions a result of the incident is then written in a comment section below, making it clear to see what has been done about the problem
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Customers have two process-related “buckets” of concern: Lead Time and Quality. Lead time reflects the length of time from request to delivery of a product or service. Quality can be many things; accuracy, completeness, defect-free, etc. Simply ask: Are you trying to make the process go faster? Or are you trying to make the product or service better? https://goleansixsigma.com/define-phase-1-of-5-of-lean-six-sigma/ GoLeanSixSigma.com
An example of where this statement is relevant in my place of work is in secondary and continuous casting. Continuous casting is essentially an internal customer to secondary steelmaking and the time it takes during secondary treatment can have a massive impact to the process in the casters. The caster needs to be casting steel continuously to keep the caster going. However, if the treatment and alloying of the steel in secondary takes too long, then there is a possibility that the caster can run empty and will subsequently be shut down. The financial implications of a caster being shut off unplanned can be devastating for the department. Conversely, it is essential for the operators in secondary steelmaking to get the chemical composition and steel temperature accurate, such as removing the oxygen from the steel, to ensure that the highest quality grade of steel can be made. This ultimately comes down to quality, so it’s about achieving the right balance between speed and quality. 
Another tool that can be used in the define stage is value added flow analysis. Value-Added Flow Analysis combines two powerful tools into one. The Value Analysis differentiates steps that add value in the eyes of the customer from those that do not, and Flow Analysis calculates the time spent on each step. https://goleansixsigma.com/cycle-time/ GoLeanSixSigma.com
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This enables the business to highlight the areas that are non-value adding and the additional time that is being wasted. If the non-value adding aspect can be eliminated from the process, thus reducing waste. This should have significant financial benefits for the business, as the reduction in waste should reduce the lead time, ultimately boosting production and profits.
The measure stage of the methodology looks at how the area is currently performing, and if there is a problem, looking at the magnitude of it before you start to try and improve it. It is critical that when collecting the data, it is retrieved from a reliable source and based on objective facts rather than subjective opinions. Data collecting based on information that is subjective can lead to flaws in your findings and could damage the process further if the data is inaccurate, rather than fixing it. Establishing a baseline is important as this will be particularly useful later in the project when you can measure the effect of any process improvements that have been made. First, teams establish the current state or the “baseline” of the process before making any changes. The baseline becomes the standard against which the team measures their improvement. This is a key step as the data collected during the Measure Phase is compared against the data collected in the Improve Phase to confirm the improvement. https://goleansixsigma.com/measure-phase-2-of-5-of-lean-six-sigma/  
GoLeanSixSigma.com
An effective way to get a better insight to measure how well an area or process is doing is to undertake a Gemba walk, which is what we do in the BOS plant. This allows the management team to go to an area and speak to the workers and operators who will present to you the difficulties and challenges they face daily and to find out what is happening. By engaging with the workers and showing them there is a desire to make improvements, that will in turn create trust between workers and management. In steel and slab, we have KPI’s (key performance indicators) which represent our baseline. The management team will have annual meetings to discuss what the KPI’s should be in that process. This allows us to see daily how an area or process is performing in comparison to the KPI. Looking at the graph below, we can see that the data highlighted in red is indicating that the process or area hasn’t achieved its KPI and has therefore performed poorly. In this case, one miscast will mean it’s not performing to the standard set so is highlighted red. This is looked at daily so that management can clearly see what department is underperforming so there can be clear focus on what needs to be improved.
[image: ]
Furthermore, statistical process control is an effective way of measuring performance. This means that control charts need to be applied to show process behaviour and to determine the stability of the process, and whether it is in a state of control. The control chart below shows how the process changes over time, where the data is plotted in consecutive heat number order. The purple line in the middle of the graph is the aim temperature at the end of blowing the BOS vessel, the green line above is the maximum temperature and the green line below is the minimum temperature. These aims would have been pre-determined by management to standardise what they think is best to make steel. This chart makes it easy to conclude whether there is consistency or whether there is unpredictability. This will in turn help you to determine the capability of a process such as the yield and process sigma. By having these charts, it will help create an image of the process performance which can also allow for discussion and improvements to be made. It allows everyone to see the stability of the process and will therefore be able to determine how capable the process is to satisfy the demands of the customer.
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The third stage of the methodology is analysing, where you should seek to identify the root cause of the problem where project teams identify potential problems in the process that are causing the defects. A common tool used to determine the root cause is a fishbone diagram. In my area of work, I was put on a project to establish why there was an increase in the number of slagline failures in ladles. The project team devised a fishbone diagram which allowed us to question several aspects of a system of production such as materials, methods/ processes, manpower/people, machines/ equipment, environment and measurements, all of which may have an impact on the result.
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Our job was to analyse the performance of the gradall in the ladles area, to see if it was the root cause of the slag line ladle failures. For 2 months we monitored the quality of de-skull and the variation of standards between drivers. It was concluded that there was no standard for the drivers to follow, giving rise to the inconsistencies in the quality of de-skulls, which resulted in multiple slag line failures during my time down there. Moreover, we found the gradall in use was not fit for purpose and was contributing to the poor de-skull of the ladles. Consequently, the drivers were not able to operate at their best as the machine was not performing to its full capabilities, leading to slag-line failures. We later discovered that there was no maintenance plan in place for the gradall, which was the main cause of the poor performance. If it wasn’t for the use of the cause and effect diagram, we wouldn’t have got to root cause of the problem.
A pareto chart is based on the 80/20 rule which says that in any given piece of data, where 20 percentage of the information is vital, and 80 percent is trivial. It is arranged from largest to smallest going from the left-hand side of the graph, where you should aim to focus more towards the left where the information is greatest. We use them to focus our efforts on the areas that are having the most impact. We used a pareto chart when on the slag-line project observing the gradall. We wanted to monitor the time it takes for the gradall to arrive in the ladle pit area from the time it was called on the radio.

From looking at the above pareto chart we can see that for 25 of 42 recordings, the gradall was not required or not called. This would imply that the there may have been a period of clean ladles as majority of them didn’t require the use of the gradall. Therefore, this enables us to focus on the reasons as to why there was a period of clean ladles, which is a good thing to happen in the BOS plant as cleaning the ladles is time consuming, leading to a drop in the temperature in the ladle if kept too long. From focussing on what we needed to from the pareto chart, we can improve the thermal cycling processes of the ladles, helping keep the ladle temperatures consistent when in process, in turn elongating the life of ladles which has huge economical impacts for the BOS plant.
The fourth stage of DMAIC is improve. Now that the root causes of the problem have been identified, we need to act on them. To improve, this means we may need to implement a new process, a change in the organisation or installation of new technology. Applying these three will give the company a better way of working and improve production and worker morale. The process will likely be associated with new facilities, a change in the organisation could mean a change in the business culturally where a change in the worker mentality can help improve the working environment and carry out the processes more effectively with high performance. We can also look at the effectiveness of the current skills and how they are taught within the working environment. In the BOS plant, we have two competency assessors who assess the skills and competence of the operators, ensuring that standards are consistent throughout plant. Skills and performances are reviewed on an annual basis.
 Technology advancements can enhance your capability to do a task or improve on the process in place. In the coming months in the BOS plant, we are going to be installing a new charger crane and potentially one of the new features on the crane is going to be the automatic charging of the molten iron into the vessel, in place of manual charging. This improvement in technology will hopefully remove the potential of human error from the process, and will give better accuracy when charging the vessel, increasing the yield. The PDSA (Plan, do, check act), Deming cycle or continuous improvement cycle is a tool used to improve processes and resolving problems. PDCA / PDSA is an iterative, four-stage approach for continually improving processes, products or services, and for resolving problems. It involves systematically testing possible solutions, assessing the results, and implementing the ones that are shown to work. https://www.mindtools.com/pages/article/newPPM_89.htmn 
[bookmark: _GoBack]In the BOS plant, we used the PDCA cycle to seek to improve ladle performance. we identified there was a potential problem with the refractories that were being used in the ladle, as a ladle not lasting its life expectancy was becoming more frequent. We decided to use an alternative supplier of refractories for a new ladle that was due to come into the process and monitor its life to see if it achieved its life expectancy. The ladle had achieved its life expectancy and it was found there was a problem the process within the previous supplier of refractory. Based on these results, we decided to switch to the new supplier and have seen a vast improvement in our process. To carry out a kaizen activity you would firstly need to identify the root cause, followed by the analysis of the issue, compare them with the key performance indicators and then create the up to date standards to follow. In each area, all tasks will have KPI’s to measure the performance level of that task, for example turnaround time for the ladles is 100 minutes. Anything above that is considered to slow and will be put under investigation. From this investigation, the management will be able to identify the potential bottlenecks within that area to help speed up and therefore maximize production.
To conclude, the fifth and last stage of the methodology is the control stage. In the control stage, we need to put in place all the various things for the solution to the problem to be sustained and controlled. An effective way to control to ensure we sustain our performance at a high level is to have an audit schedule where each person on days in the BOS plant is assigned to carry out at least 1 audit per month to ensure standards are being kept. An example of this would be a PPE audit. The person conducting the audit will visit an area, and assess the PPE of everyone, checking for defects and missing PPE. This should keep the standards high as the operators will know there could be consequences if they fail the audit. Standardising process and procedures are also an essential aspect of the control element in DMAIC. If there are differences in the way various shifts operate, then that can lead to different outcomes in terms of quantity and quality of the product. In the BOS plant, this is achieved by implementing safe working procedures (SWP’s) for the operators to follow. Operators should never deviate from step-by-step process as this could cause change in the product, and potentially cause a defect. Using visual management boards play a big role in monitoring and sustaining performance within a working environment. A visual management board helps you see the big picture, structure your activities, monitor and improve performance https://kanbantool.com/visual-management-board
Kanbantool.com
It is an effective way for operators, engineers and management to work together. Operators are able to list the problems with the plant or process on the board. Management will review this daily and will assign an engineer or a production specialist in the area to fix the problem with a target date. If this date is met and the problem is fixed, then it can be removed from the board, if it remains unfixed, however, it remains on the board and is investigated by management to find out why it hasn’t been done. It will remain on the board until the task is completed.
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