Iestyn Thomas
DMAIC Process on Slagline failures

DMAIC is a process used for improving processes. This method is a part of the six sigma initiative. But can also be used as its own method of quality improvement which is how we will be using it. DMAIC is an acronym for Define, Measure, Analyse, Improve and Control. Define has the purpose of finding the problem activity where there is an opportunity for improvement. We can also use this to set our project goals or reach a target that the customer requires. We will define the focus, scope and direction where we want to head in this phase of the process. The second phrase is Measure we will use this to show how we will measure the activity within the process that we are trying to improve. What analysis will we be using to assess the process to meet an improved standard. We can use pareto charts in this phase to analyse the frequency or problems or causes. The third phrase stands for analyse we can use many ways to analyse what is going on by root cause analysis, failure mode and effects diagram but the way I will be using to analyse will be visual management and taking notes of timings. Then I will create a pareto to further analyse my data. Fourthly we must improve the process we can do this by implementing new things that improve on our flaws that we have picked up visually from our operation that we are improving. The final phrase is Control in this phase of our improvement we would have now completed everything and we just need to maintain our standards and keep them on a positive and keep visually monitoring the improvements to the process in place to maintain our standards this can be done my a control plan/training plan. Also use of auditing can be used to keep overview of the situation and also safe working confirmations can be used by checking against the training plan that standards are still being maintained and also other areas we can improve and speak to the workforce what they think and keep a log of these. If required we could then re visit the process and possibly improve again using this improvement tool.
Defining the problem. The problem that we will be looking into will be Slagline failures, one of the problems is  the gradall which is used for is deskuling this helps us clean our refractory and remove large build ups of steel from our refractory materials. The issue we are having within this is along the top of the ladle the top 4 courses we were starting to see them missing and we needed to address this problem because it averaged around £7500 per repair in refactory cost. As you can see in the image below (figure 1) is a photo of where we are losing the brick and we must now try and find the root cause to this and we will be looking into the operation of the gradall because of the mechanical factor that it has and how it is used on the ladles. We need to gain mor knowledge around the force that the gradall is using and how we can prevent this from making damage anymore to the ladles to eliminate this ongoing issue that we have. Whilst doing this we will also be using visual management on the graddall operation also throughout the process. Another problem that can be broken down from this is the tyemperatures that we are having from the ladle and this being high and depending on what grades that we are creating also other numerous factors that we can consider.
Measuring the problem we can use many tools to measure the problem. The tools that I have choosen to use are a fishbone diagram (figure 2), also the use of pareto charts and tables and visual management also using the auditing process. Below is the fishbone diagram that I have created and have found numerous possibilities of causes such as the quality of the material in the ladle it may have slightly different variations or possible the wrong type was placed into the ladle during the commissioning stage, thermocycling this could mean that the temperatures are increasing and decreasing by a large amount causing expansion and contraction which could lead to cracking of the bricks and making them brittle. This can be caused by not lidding the ladle at appropriate times as required and keeping the heat within the ladle which is our main aim to try and get the longest campaigns possible to try and reach our 155 lives on the ladle lining, the other cause to heat can be flares with the timing of how long it is on flare for and also if the flare is broken then it will not achieve the heat rate/gas ratio required to get it up to temperature. Training standards is a major one due to if the driver of the gradall was not competent then the level of deskulling would not be up to standard and this is a main causing factor that we could see during the cleaning of the ladle causing mechanical failure to the ladle by removing or breaking the bricks. The main  aim that we will try to tackle is around the graddle as this is a human activity and can be addressed to one and other and monitored visually and is a good starting point to eliminate the mechanical failure of the ladle lining. To do this we will use a table (figure 3)to measure the availability and the standard of the clean this will allow us to control all the ladles coming into the pit and watch the process and make sure that the gradall driver is following precdure and we can also be there to help direct where could need more of a clean. Also that they don’t take so long to arrive in the area during a clean. If we clean the ladle everytime and little but often we will have more of a chance maintain the standard of the ladle due to when the gradall does not clean it everytime, this can then cause a build up of a skull and it is more difficult to pull away a large skull than a small skull from the bricks and it can cause the brick to fall out/pulled out with damage from the gradall. We also aim that the gradall should be there within 4-5 minutes as this will not cause a bottleneck in the process then.
Using our methods spoken about above we have been away and received results from the graddal timings using the table to record data  (figure 4) we found that the Response time of gradall at an average of 7 minutes.  The average deskull time of 6 minutes. Also our data shows that the graddal was not required at certain times for some of the ladles to be cleaned leading to the ladles going back up into sequence without being cleaned creating bigger skulls in the ladles. The graddal should always clean a ladle regardless because there is always a bit of skulling on these ladles from wherwe the metal has started to go cold. (figure 5) here is a pareto chart created and we can see that what we need to increase more of is that the graddall being in the area and finding out why it is not and make sure it is used everytime a ladle goes into the pit. The issues we found around this from the visual management that the graddall was occupied in other areas at the time. Also visualluy noticed that 2 drivers were in training stages and were sometimes not guided. (figure 6) was created the week after the pareto chart. Here you can see a steady improvement of an average from 7 minutes down to 4 minutes. Visually also seeing an improvem,ent alongside of people starting to take more care after feeding back to them our finding from the week before.
[bookmark: _GoBack]There are numerous improvements that can be made to improve the time and the standard of the graddal that we have found since starting our findings on the graddall. These improvements consist of a C hook on a knuckle for the gradall instead of a straight point therefore we can pull away the skull rather than drill into it hitting the lining and breaking and falling out. The next improvement will be a maintenance plan for the graddall due to it not receiving much it will go out for repair and planned maintenance monthly to check over and everything is up to standard not to cause a failure of the graddall so that it is available at all times.
·  Also adjust area above the pantograph top to allow the gradall to get a better angle to deskull 6 o’clock area this would astop the drill going into the bricks and be able to chip away instead. An easy suggestion that we can use is parking the gradall where the cover powder is located. The gradall parking here would take away all the time it takes to arrive at the pits and the communication issues they can have over the radios they can have face to face confrontations now instead. This will then take around 2 minutes to get to the pit which will be a significant difference and allow the ability to clean every ladle that is in the pit. Next would be that a banksman is present at all times when cleaning the ladle this allows another set of eyes on the ladle and can help inform the driver of where to clean next and what area needs more or less work carried out on it. And can be also completed to a very high standard. We could also bring in an extra man to operate both gradalls this would allow a gradall to carry out work in other areas and a garddall to carry out work in the pits therefore there should be no delays at all within the system. The final suggestion/improvement we can introduce is the ladleman to be trained to operate gradall if a driver is unavailable and this would mean they can get in the gradall and opeate as and when is required.
To conclude the last step to DMAIC is control. To control the improvements that are implemented there will now be a visual management board put on the wall in the meeting room this will allow us to know the availability of the graddall and the driver who is in. We can also use this to put down dates for mainteneance and any other communications around the graddall itself so it can be communicated across all shifts and everyone will know if it is available or unavailable. The next control system we have in place is now a banksman who will be overviewing all the ladles coming into the pit and being the key point of communication for cleaning the ladles they can assist the driver in what area of the ladle needs cleaning. We will now also carry out a standard work confirmation once a month to see how the ladleman are carrying out the task and see if there is any improvemnets that the guys can suggest that will make the process easier and run smoothly. The final control that we now have in place is the weekly audit, this will allow us to have an overview of what is goping on down in the ladle pits when the ladle comes in and we can make sure everyone is following the Safe working procedure and is adhering to the improvements that are in place. We can also use the audit system to further improve the process by picking up on new things that we see that are not up to standard and we can implement new ways to help these bottlenecks or issues that are being caused.
https://asq.org/quality-resources/dmaic
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Pareto showing gradall response times
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