





[bookmark: _Toc57209235]Summary

This report has applied the define and measure stages of DMAIC methodology to a problem within Vale. It was decided early on that the most beneficial problem to focus on would be an ongoing issue with the pellet units. Many aspects were considered before investigating the duration of overhauls, as there is so much variation between them. 
The problem statement was created as a part of the defining stage. This outlined the problem to be investigated, how it impacted the company and the expected outcomes. 
The measure stage has collected all previous overhaul durations. Comments have been made on each individual unit to provide initial reactions to the raw data.
[bookmark: _GoBack]After considering the data, it was found that there was no current record of previous overhauls or process map. A direct result of this report has been the creation of a typical unit overhaul process map as shown in Appendix 1. This is currently being implemented for all unit overhauls and will continue to be used and reviewed in the future.  
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1.0 [bookmark: _Toc57209236]Introduction.

Vale is a refinery plant which produces nickel using a process developed by Ludwig Mond. Vale was originally known as the Mond Nickel Company (Encyclopeadia Britannica, 2019). It has been noted that the pellet units have little traceability of unit overhauls. This process requires streamlining and is the reason for this report. It will apply the first two stages of DMAIC methodology on the time required for Nickel Pellet Decomposition Unit Turnarounds, as currently there is no schedule or documentation within Vale to record the length of overhauls. Jevgeni, et al. (2015) wrote a paper investigating the effects of adding new frameworks to the continuous improvement within the reliability of the production process. The paper states that it identifies the most critical operations. It also explains that it will involve various tools which include the Six Sigma DMAIC process. It concludes by saying that “Having this kind of analysis, it enables to identify most critical failures in the constraint department, then improve or eliminate them”. This relates directly to the issues at Vale.
ASQ (2020) explains that DMAIC methodology is an acronym (Define, Measure, Analyse, Identify and Control) for a six-sigma’s data driven improvement process. It is used throughout industry for quality improvement. The five main stages to this process are shown below with optional stages of Modify Design and Re-Design to accompany it. These extra steps are not in all types of DMAIC processes as they are often covered in the improvement stage.

 
Figure 1 – The DMAIC Methodology (ASQ, 2020)
The first stage to be applied is the definition stage. This outlines the problem and why it is a necessary to investigate. It also helps to consider what is within the scope of work. It must consider the voice of the customer to help focus on what is an essential improvement and would be beneficial. A study created by Mast & Lokkerbol (2012) investigates the DMAIC process from a perspective of scientific theories in the field of problem solving. The study resulted in seven total outcomes. Its third conclusion was that “the DMAIC model describes a rather extensive problem solving process”. 
The second stage of DMAIC methodology is to measure the problems performance. The data is collected allowing for initial findings to be considered. It shows the customer what is failing and can lead to an indication of the problem. Gejdoš (2015) writes that “the DMAIC model can systematically improve quality”. The aim of the study was to investigate the possibilities of using the DMAIC process in quality improvments. By the end of the article, the theory postulated at the beginning was confirmed after conducting a theoretical experiment.



2.0 [bookmark: _Toc57209237]Define.

2.1 [bookmark: _Toc57209238]What is the Define Stage?

Go Lean Six Sigma (2020) explains how the define part of the DMAIC method is critical, where a “team outlines the project”. Tenera & Pinto (2014) created an experiment that tested a proposed Lean Six Sigma model. For this model to be tested, they used a private Portugeuese based telecomunications company. When defining the the problem, they found that 42.4% of projects exceeded their baselines by 15 days. After investigating the problem, it was concluded that the Lean Six Sigma tools could be adapted to be integrated with with continuous improvement within an organisation. 
Considering that it is the first stage of the methodology, a broad perspective of the project must be taken to give as much detail as possible in the Problem Statement. For example, the following should be defined:
· Severity of the Issue.
· Resource availability.
· The customer and their requirements.
· Develop a Process Map.
· Inform others of the project process.
This lines up with a case study written by Smętkowska & Mrugalska (2018). Within their writing, they list what needs to be considered during the define stage. 
“Defining the goal and its requirements:
· Defining needed resources and responsibilities.
· Defining organization structure which is favourable to achieve the goals.
· Identification of the elements and setting the estimated date of the end of project.
· Obtaining support from management.”
(Smętkowska & Mrugalska, 2018)
It should be noted that both are very similar when listing necessary considerations. These should all be considered when writing the problem statement for the time required for Pellet Unit Overhauls.
Farsi, et al. (2020) looks at improving a supply chain by optimising a framework. Within the conclusion it states “The DMAIC cycle has been demonstrated to be an effective approach to improve supply chain strategies and performance”. 



2.2 [bookmark: _Toc57209239]Problem Statement.

The production units within Vale have no formal way of recording how long the units are powered during a turnaround, there is no confirmation of how long these maintenance operations take and no evidence of the production time between unit overhauls. Within Vale, there are 18 Pellet Production units that are run constantly through the year. The only times these units are not producing is during shutdowns or for a maintenance overhaul. 
This report is being produced for the Production Team to enable a more efficient process. The production department have a planned amount of nickel pellets scheduled to be made each week. For example, this year in week 46, the planned tonnage was 457.03 tons, however, during this week only 425.18 tons were produced. This can drastically affect how many units are offline for a turnaround, as they cannot make any nickel during this time. Without detailed information, individual unit comparisons are not possible as previously they have had vastly different requirements in overhauls. If the problem is not corrected, the units will continue to lose money during their down time. Also, the company cannot evaluate how extended periods of production affect the amount of work needed to rectify the state of a poor unit. By studying these aspects of the units, production rates can be compared with each other as well as the unit condition. Leading to better planning accuracy which, in turn leads to less down time, higher production and more unit predictability. A major objective of this report is to create a process map to use with every unit overhaul as there is currently nothing in place.


3.0 [bookmark: _Toc57209240]Measure.

3.1 [bookmark: _Toc57209241]What is the Measurement Stage?

Go Lean Six Sigma (2020) describes the requirements in the measument stage of the DMAIC process. As in the definition stage, there are certain parts that should always be considered when choosing the right measurement. The list below illistrates some of them:
· Process Current Performance.
· Collect Data.
· Ensure its Reliability.
· Gather a Baseline.
These again correspond with Smętkowska & Mrugalska (2018) case study on using theDMAIC process to improve the quality of the production process as shown below.
“Measuring the current process:
· Identification of valid and reliable metrics.
· Checking if there is enough data to measure.
· Documentation of current performance and effectiveness.
· Performing comparative tests.”
(Smętkowska & Mrugalska, 2018)
Although the lists are comparable, they differ in order. Measuring the data for this report must follow these guidelines to ensure that it is as reliable and accurate as possible.
Barot, et al. (2020) conducts a full DMAIC review on defects within a cast iron foundry applying all the phases to measure and find a cause and to obtain solutions. Within the conclusion, it states that the “Rejection level can be reduced through systematic approach towards quality control” and implies it has helped to identify areas that can be significantly improved. 




3.2 [bookmark: _Toc57209242]Data Collection.

This report will concentrate on the time between each maintenance overhaul on all the pellet units. This information will be obtained from the internal SAP, this system has been in place since 2015 and has historical information stored since the implementation. This information will give an indication of the different time requirements for each unit overhaul. 
[bookmark: _Toc57209243]

3.2.1 Unit 1.
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Table 1 – Unit 1 Overhauls.
Initial findings of this data indicate that there is no link between the length of overhauls, however one could be found when looking from the end of one overhaul to the beginning of another.
3.2.2 [bookmark: _Toc57209244]Unit 3

[image: ]
Table 2 – Unit 3 Overhauls.
Looking at this primary data, the durations of the overhauls are not related. There is also no obvious connection between the start or end dates of each overhaul. This unit would need investigating further before any improvement plans can be made.
3.2.3 [bookmark: _Toc57209245]Unit 4
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Table 3 – Unit 4 Overhauls.
This is one of the few units that have had five or less unit overhauls since the SAP has been implemented. It should be noted that the duration of the most recent unit overhaul took 159 days to complete. When finishing the last three stages of the DMAIC process, this should be investigated to identify the cause.




3.2.4 [bookmark: _Toc57209246]Unit 5
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Table 4 – Unit 5 Overhauls.
This is one of the units with the least overhauls. The first two overhauls appear to have similar durations to other units. However, the duration of the final overhaul was significantly greater. This must be investigated to identify the root cause.
3.2.5 [bookmark: _Toc57209247]Unit 6
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Table 5 – Unit 6 Overhauls.
Much like the previous unit, there are only three overhauls since SAP’s implementation. Similarly, the most recent unit overhaul takes significantly longer than the previous overhauls. The investigation on units five and six should conducted together.
3.2.6 [bookmark: _Toc57209248]Unit 7
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Table 6 – Unit 7 Overhauls.
This unit and unit one have both needed nine overhauls since implementing SAP at Vale. This indicates that more research is needed for both units, as they are clearly the most problematic in the refinery.



3.2.7 [bookmark: _Toc57209249]Unit 8
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Table 7 – Unit 8 Overhauls.
This unit seems to be consistent with its duration time except for one overhaul that stands out compared to the rest. When analysing this data, that overhaul should inspected closely to find the cause.
3.2.8 [bookmark: _Toc57209250]Unit 9
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Table 8 – Unit 9 Overhauls.
This unit overhaul has three instances where duration is over 100 days, indicating a serious problem in the unit. When performing the analysis stage, the material orders should be investigated to find any common materials being constantly purchased for repairs. 
3.2.9 [bookmark: _Toc57209251]Unit 10
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Table 9 – Unit 10 Overhauls.
This unit seems to have no consistency with the duration of the overhauls. They are vastly different from each other, yet it has one of the lowest number of turnarounds. This seems abnormal as there is no clear reason without doing a full analysis.


3.2.10 [bookmark: _Toc57209252]Unit 11
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Table 10 – Unit 11 Overhauls.
Compared to many of the other units, the durations are consistent throughout. The only inconsistent overhaul is the first one. This overhaul should be analysed and fully investigated.
3.2.11 [bookmark: _Toc57209253]Unit 12
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Table 11 – Unit 12 Overhauls.
This unit has had seven overhauls since SAP records began. The duration of all are greatly different, so it does not give an initial indication as to why this is occurring. The purchased materials may give a better perspective, but this would be investigated in the analysis phase.  
3.2.12 [bookmark: _Toc57209254]Unit 13
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Table 12 Unit 13 Overhauls.
This unit has one of the largest durations of overhaul when comparing to all the other units, it is exponentially different even to the longest overhaul of the other units. This would need much further investigation to clarify the causes.


3.2.13 [bookmark: _Toc57209255]Unit 14
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Table 13 – Unit 14 Overhauls.
Initial indications of this unit show that one of the overhauls is unusual when compared with the others. No conclusions can be drawn without further analysis of the unit. 
3.2.14 [bookmark: _Toc57209256]Unit 15
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Table 14 – Unit 15 Overhauls.
This unit seems to hold around 40 days duration except for two instances that seem out of place. If this were to be analysed, these two overhauls should be concentrated on, as they stand out more than the others. 
3.2.15 [bookmark: _Toc57209257]Unit 16
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Table 15 – Unit 16 Overhauls.
There is an obvious anomaly with the first overhaul, it has a duration of zero days. Suggesting that either the duration was booked a long time after completion, so the true duration was not known or that the overhaul was cancelled. 



3.2.16 [bookmark: _Toc57209258]Unit 17

[image: ]
Table 16 – Unit 17 Overhauls.
This unit has some uncharacteristically long overhaul durations. As this is vastly different from other units, special attention should be given to this one.
3.2.17 [bookmark: _Toc57209259]Unit 18
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Table 17 – Unit 18 Overhauls.
Compared to other units, there is no significantly long duration of overhaul however these are still taking longer than plant requirements. It should be considered during a future analysis phase along with the further DMAIC stages.
3.2.18 [bookmark: _Toc57209260]Unit 21
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Table 18 – Unit 21 Overhauls.
Looking at the data for this unit, there appears to be no direct connection between any of the durations. There are three clear instances where the duration is high. Of these three, one is more than 200 days. This overhaul should be investigated further.

[bookmark: _Toc57209261]

4.0 Conclusion.

This report has applied the define and measure stages of DMAIC methodology to the unit overhauls at Vale Refinery. Ikumapayi, et al. (2020) compares six sigma to lean manufacturing, in Vale the six sigma aims to eliminate variation of overhaul durations within production and is focused on the Pellet and Powder Production Team.
Kumiega & Vliet (2008) writes that Kaizen is Japanese for continuous improvement and has one main objective, to eliminate waste within a business process. It succeeds through systematic thinking and this should be adopted by the Pellet and Powder Production Team when trying to improve a process. 
When the analysis, identify and control stages are completed on the remainder of this process, the outcomes should be used to look at the individual operations of the unit overhaul. This will give a clear understanding of the cause of large delays in the timing of the overhauls.
Nandakuma, et al. (2020) found that improvement is dependent on co-operative team efforts with the ultimate aim of producing an action plan for future implementation. In Vale, this has resulted in a process map being created for use with all pellet unit overhauls Appendix 1.
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