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Task:  You are required to write a report which focusses on Lean and Six Sigma methodologies for process improvement. Your report should clearly identify and discuss the main stages or elements of Six Sigma process improvement initiatives. The report should also discuss the principles of Lean implementation with a focus on how associated principles can be utilised to optimise operational performance. 
Wherever possible, identify examples of where such approaches could be used in your workplace.

What is Six Sigma?

Six Sigma is a methodology that was introduced in order to contribute towards a defect free process. It was developed by Mikel Harry and Bill Smith whilst working for Motorola from 1979 – 1986. Since then this methodology has been through several periods of improvement to where it is now used by thousands of companies across the world, including huge companies such as Fords, American Express and Dow Chemicals. Six Sigma has developed significantly from when it was first introduced. When it was first introduced Six Sigma it went through several processes in order for it to be perfected and to be same standard that it is at today. From 1999 to today is when the methodology became most popular amongst giant corporations. This is known as the period of enlightenment.            (Six Sigma Institute, n.d.)
[image: Image result for dmaic]Six Sigma runs off 5 basic phases. This is known as DMAIC – Define, Measure, Analyse, Improve and Control. These are used to solve business related problems and keep a business functioning as smoothly as possible with as little defects as possible. By following these principles you are able to effectively solve problems that occur within a business. 
Define – It is important to first define the problem, this is the first step in the process as if you do not know what the problem is then you would not be able to solve it effectively. 
Measure – The next step in the process is to look at the current process and look at the current performance of the project, look at the results that are being produced, does the problem have an effect on the quality and or quantity. 
Analyse – Then it is crucial to look at the root cause of the problem. Using the data that was collected on the measure phase analyse what is wrong with the process and inspect why it is going wrong getting to the root cause will allow you to effectively solve the problem and stop it from reoccurring. 
Improve – The improvement stage of the DMAIC revolves around implementation of a solution. What solution is being implemented? Will it solve the problem or damage the process further? The solution needs to solve the problem and improve the process.
Control – The last phase is control, this looks at controlling the improvements and solutions that have been put in place. They must be sustained and managed properly in order for the business to run smoothly and without further error.
(Go Lean Six Sigma, 2012) 
https://goleansixsigma.com/wp-content/uploads/2012/02/DMAIC-The-5-Phases-of-Lean-Six-Sigma-www.GoLeanSixSigma.com_.pdf
[image: Image result for six sigma belts]There are also different stages to Six Sigma, these come in the stages of belts. There are 5 belts for six sigma and each belt represents a deeper understanding and ability to use six sigma. A master black belt in six sigma is the highest level that can be achieved. At this stage you are expected to train and mentor others in six sigma regarding the field that they have studied in. A senior project manager is an example of someone who could possibly have a master black belt in six sigma as their role requires significant problem solving skills.
(Six Sigma Camp)

Lean Production

The lean methodology is similar to that of six sigma. Lean revolves around the optimisation of different aspects of any business, people, effort, resources and must importantly Muda (Waste). Lean methodology was first introduced and executed effectively by Toyota and was one of the keys to Toyota becoming the most successful car manufacturing companies in the world. Toyota uses the Toyota Production System (TPS) “Maximising production efficiency through the elimination of waste”. One of the key ways that Toyota execute lean production and minimise Muda is through Just-in-time manufacturing. Just-in-time manufacturing is where parts are only order as and when needed, this means that the company does not have any wasted components as they are all used in the production stage. This eliminates any warehouse space that could be required for other companies, once are car is ordered only then it is produced. However, lean and just-in-time are interlocking concepts they have two different outcomes that should not be mistaken. JIT manufacturing focuses on adding to the efficiency of the company where are lean production looks at using efficiency to add to the value of the product that is being sent to the customer. (Toyota, n.d.)
Lean products is based around 5 key principles that were established in the book “The machine that changed the world” (James Womack, 1990). These 5 lean principles are the foundation of what lean production was built upon, looking at how to add value to the customer. The 5 lean key principles are;
1. Define Value – The value is what the product is worth to a customer. In order to define the value of something there are several different qualitative and quantitative techniques that can be used in order give a product value.
2. Map Value Stream – In order to map the value stream of a product you must look at the activities that will contribute to adding value, any activities that will not add any value are considered to be Muda. Muda can be split into two forms, Non-value adding but necessary which should be minimised but not eliminated, and non-value adding and un-necessary, this should be eliminated.
3. Create Flow – After the un-necessary Muda is removed from the system it is important to ensure that the value adding steps are sustained and run smoothly. Creating a sustainable flow is essential to maintaining and adding value to the customer.
4. Establish Pull – Establishing a market flow refers to Just-in-time production. This means only manufacturing what is needed by the customer when the customer requests it. This is a market pull.
5. Pursue Perfection – Pursuing perfection refers to looking to improve the process at any opportunity. This is the sustainment of the previous for steps and looking to again minimise Muda and keep the process as effective as possible.
(Do, 2017)
[image: Image result for 5 lean principles]Lean production can be seen to have been used throughout TATA. This has been used in order to refine our production system from the start at the harbour to the end of the process at the mills area. Waste has been limited and minimised by recycling products that have defects. This helps improve the value to the customer because the products that are not suitable to be sold are recycled into the process used to create new products. Also within my area if a coil is not suitable to be sold to their original customer and cannot be repaired to the requirements the company request the coil can be sold to another external customer at a cheaper rate. For example, if I coil being shipped to Nisan is not suitable and fit for purpose it will be placed on the market and offered to other customers that could make use of the product so that it is not wasted or scrapped. Also, steel that cannot be sold and is of no value to the customer they can be taken back through the process and used again to create more steel by melting it down and putting it back into the process. TATA Steel using lean production within its process across the site as well as using Six Sigma for problem solving, it also provides information of training courses for Six Sigma belts as they recognise that it is of value to the company, customer and the individual. 



QFD – Quality Function Deployment

QFD is a process improvement tool that is used in order to determine a products requirements and customer requirement relationships. This was developed by Yoji Akao in the late 1960 working for Mitsubishi in Japan. This system uses internationally recognised symbols in order to determine what kind of customer requirements will have an impact on each product requirement and what product requirement will have an impact on each customer requirement. 
Next to the customer requirements section there is an area to rank the importance of each feature, this is useful for the designer to know what they should put most of their efforts into and what they should be focusing on first, this is ranked out of 9.
Above the product requirements is a section where symbols are used to determine what the designer wants to do with the product requirements, if they want to increase, decrease or not change the product requirements. 
Within the middle section symbols are used again, the symbols are used to determine if the impact will be positive, minor or negative, if there is no impact the box is left empty to signify this. After this is complete the ‘Roof’ section is then to be filled in, this is where the product requirements are analysed to see if they will have an impact on each other and if it will be a positive impact or a negative impact, this is depending on what the designer wanted to do with each requirement (Increase, decrease or not change). 
Through this it is clear to see what can be done to ensure that the correct changes are made to a product and what each change will have an impact on in turn. This means that the design can visualise the changes and if they are worth doing due to the knock on effect they will have be it positive or negative.
[image: ]
(Jack Dixon, QFD, 2019)
FMEA – Failure Mode Effect Analysis

FMEA is a risk assessment tool that is used in thousands of companies across the world. It is used to determine what components within a product could fail, how they would fail, the likelihood of them failing, how it can be detected and the severity of a component failing. This is designed to look at all these aspects so that a designer can look at how to stop or decrease the chances of the components failing.
FMEA are used so that any potential defects that could occur are dealt with before they become an issue. It is important to list all possible risks to a component regarding its failure mode (How it could fail) so that the designer can see the potential problems that could be encountered. These should then be assessed in terms of their severity, this can be through number rating or through colour coding. The causes of these problems are then analysed to see what potential factors could contribute to the failure of the product. Similar to the severity, the same technique should be used in order to determine the likelihood of the problem listed actually occurring. The designer should then look at how the problems could be prevented and controlled as well as how the problems can be detected. The final stages are an FMEA are to look at what actions can be taken and who should be undertaking them by what date. This is the basics of an FMEA. 
[image: ]This has several values that could be considered of great value to a business in order to limit defects as quickly as possible. Also by looking at features such as how issues can be detected and how likely they are to occur the designer and manufacturer can see these the beginning of these problems occurring. They can then try to find a solution so that the problem can be solved and the process can be refined so that defects are completely limited. One problem could be that a certain component is failing repeatedly meaning all stock of that component will need to be replaced, FMEA is good for identifying trends within a product.
(Jack Dixon, FMEA, 2019)

Ishikawa Diagram – (Fishbone Diagram)

A fishbone diagram is a cause and effect problem solving solution. It looks at the problem at one end of the diagram and coming rom that is various titles that all the user to identify problems that would be related to this. This can be classes a brain storming activity, list any potential causes that fall under each heading. This can be used for nearly all problems in order to come to the root cause of the problem. By finding the root cause of a problem you are limiting the likelihood of the problem reoccurring as the root cause can be dealt with instead of having a knee jerk reaction. The headings for a fishbone diagram are as follows:
· Methods
· Machines
· Manpower
· Materials
· Measurements 
· Environment 
By looking into these headings and listing potential issues for each one the user will be able to identify the cause of the problem by testing each possible cause until the root cause of the problem is found.
[image: ]
(McNeese, n.d.)
This is a basic example of an Ishikawa diagram. It can be seen that for each heading there are ideas brainstormed for why the car would not start. An example would be that under machines a possible problem is that the battery on the car has died. The user would then check the battery of the car to see if it needs to be replaced or if it can be bump started to get the battery to start. If this is not the issue the user would then move on and check the alternator, until the machine branch that was a possible problem is not an issue.

Flow Charts

[image: Image result for flow chart symbols]Flow charts are used in order to map out a process. They give clear and concise instructions on the process and what to do in certain events. They use different shaped text boxes in order to show what the action is, such as start and end (Terminator), decision, input/output and several other symbols. By mapping out the process using these symbols the reader can see what type of action it is and what action it will lead too.
As seen from the image these are the basic symbols of a flow chart, each symbol represents an action as mentioned previously. By effectively using flow charts and being able to map out processes it will add significant value to the business as flow charts can be made for each process of the business as well as the overall site production line. This would benefit my company well because there are many processes taking place at one time by mapping them out and understanding each action it would make it a lot easier for someone to come into the business and understand the process. (Kaufman, 2019)
More complex flow charts could include a lane system where a specific task can be labelled to a person, this makes the flow chart harder to read but provides a higher level of detail because it can be seen which employee group is taking up which task.
[image: Swim Lane Diagram - with Vertical Swimlanes]
(Masters, 2011)

Conclusion

To conclude, it is clear to see that the Six Sigma and Lean methodologies are shaped the manufacturing industry that we see today. They look at creating higher quality production systems as well as higher quality products that make a business successful. I can seen how these methodologies can be used within my business Tata Steel. The problem solving techniques that I have evaluated can be essential to any business or company especially Tata Steel. These can be used to refine a process and minimise or eliminate defects which is what both methodologies work towards. I will be able to take these techniques and use them within my company.
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