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The purpose of this report is to use research conducted on Six Sigma and Lean Manufacturing methodologies and describe the similarities between them. I will need to discuss the main elements of Six Sigma for improving existing manufacturing operations and I will need to discuss the implementation of Lean principles and how they can be applied to enhance a manufacturing operations performance. With this research I hope to help improve my workplace’s manufacturing efficiency.
I will also discuss some of the history of Six Sigma to help better understand its importance to the improvement of engineering. The same should also be done with Lean principles to better understand its purpose.
Throughout the research, I will be making comments on how the information I find can be used in my workplace and if it is already being utilised or not.
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[bookmark: _Toc95151428]Six Sigma Methodology
[bookmark: _Toc95151429]What is Six Sigma
Six Sigma, or 6σ, is a methodology that was designed to help businesses focus on removing defects by reducing variation in a product, service, or manufacturing process. It enables companies to use simple and powerful statistical methods for achieving and sustaining operational excellence. It is a business strategy that allows companies to drastically improve their performance by designing and monitoring everyday business activities in ways that minimize waste and resources while increasing customer satisfaction. (Kaushik, 2012) 
Some say that 6σ is a statistical measure meaning six standard deviations. What it really is, is a percentage of 99.99966% which means that this percentage of components will be free from defects or put in other terms a maximum of 3.4 DPMO (Defects Per Million Opportunities). (Jenkins, 2021) Six Sigma is the highest sigma level baseline metric used to monitor process variability. The common range of sigma levels are usually ranged 1-6 with s sigma level shift of 1.5. The lower the sigma level the higher DPMO which affects the quality.
Even though 99.9% sound like an excellent quality to have in a small batch but on a bigger scale it does have a profound affect. For example, 20,000 incorrect medicine prescriptions per year will occur, 268,500 defective vehicle tires shipped each year and five hundred surgical procedures performed incorrectly per week. (Jenkins, 2021) 
[bookmark: _Toc95151430]History of Six Sigma
Although people think that Bill Smith from Motorola created Six Sigma, he only coined the term ‘Six Sigma.’ The application of Six Sigma has been used just over a century before he coined the term.
Fredrick Taylor in the 1880’s created experiments with scientific management which involved data driven decisions. This is the basic principles of Six Sigma but just not applied to manufacturing operations.
The first person to introduce this concept into manufacturing was William Gosset in the 1900’s. He introduced a statistical analysis of quality control into the manufacturing of Guinness at its brewery.
Around 30 years later a man called Walter Shewhart develops a concept of statistical process control at a place called Bell laboratories.
In the fifty’s, William Deming develops fourteen points for quality improvement at TQM. Those points being: one. Create constancy of purpose toward improvement of product and service, with the aim to become competitive and to stay in business, and to provide jobs.
2. Adopt the new philosophy. 
3. Cease dependence on inspection to achieve quality.
4. End the practice of awarding business based on price tag.
5. Improve constantly and forever the system of production and service, to improve quality and productivity, and thus constantly decrease costs.
6. Institute training on the job.
7. Institute leadership.
8. Drive out fear, so that everyone may work effectively for the company.
9. Break down barriers between departments.
10. Eliminate slogans, exhortations, and targets for the work force asking for zero defects and new levels of productivity.
11a. Eliminate work standards (quotas) on the factory floor.
11b. Eliminate management by objective.
12a. Remove barriers that rob the hourly worker of his right to pride of workmanship.
12b. Remove barriers that rob people in management and in engineering of their right to pride of workmanship. 
13. Institute a vigorous program of education and self-improvement.
14. Put everybody in the company to work to accomplish the transformation.
(Deming, na) (All points)
After reading his points I can see that many of them focus on the wellbeing of the workforce, both workers and management. They break down the barriers between them to help them work more effectively together.
Going back to Motorola, a Mikel Harry experiments with problem solving through statistical analysis and then Bill Smith, twenty or so years later coined this method of statistical quality improvement as Six Sigma.
These people would go forward to be known as the Quality Gurus.

[bookmark: _Toc95151431]Key elements of Six Sigma
DMAIC
DMAIC is one of the essential elements of the Six Sigma problem solving process. It helps us provide a structured approach through the improvement process which can be shown through the form of a process flow chart, SIPOC diagrams or a project charter. The name of this process are the initials for the steps of the process itself.
D- define phase: this phase defines the improvement goals that need to be met with the customer requirements. Tools are used to help each step of the problem-solving process. Some of the tools which can be used to help this step include process flow charts, project charters and CTQ trees.
M- measure: The measure phase involves studying the current state of the process to identify variation. This part of the process will involve establishing the baseline performance of the process, identifying the key performance indicators for the process, developing a data collection plan, and then collecting the data, perform measurement system analysis and determine the machine / process capability. Tools which can be used to help such as using the seven basic quality tools, the best ones to use would be Histograms and Pareto charts. Other tools which could help would include machine & process capability studies, measurement systems analysis and control charts.
A- analyse: This phase analyses the current performance to isolate the problem. It uses thorough statistical and qualitative analysis, begin to formulate, and test hypotheses about the root cause of the problem(s). By verifying the root causes, it will help you look for solutions when you get to the Improve phase. By not verifying root causes, this could lead you to making the wrong decisions and fail to meet the improvement targets. Tools to help you through this phase include brainstorming, root cause analysis, hypothesis testing and five whys.
I- improve: When the root causes have been discovered you will need to find the best solution possible to fix the quality issues. Steps to take when doing this should include:
1. Develop a hand full of improvements for those root causes
2. Evaluate the solutions for their effectiveness
3. Select and apply best improvements
4. Develop a detailed future state process map
5. Evaluate the improvement against the initial problem and update any project plans and/or charters.

Tools to use in aid of this phase can include more brainstorming and a cost and benefits analysis to help you see which improvement will give the best impact at the most reasonable cost.
C- control: The control phase looks at how you can sustain the new improvements indefinitely to ensure that the targets are met. To do this you should create a control plan to make sure that a reoccurrence does not happen, train the employees on the new processes and procedures so they will know how they work, create an improvement tracking procedure to help monitor any variation over time and document what has been learnt and close the project. Tools which can be used are control charts, scorecards or data monitoring systems and process capability studies. (Jenkins, 2021)
Due to my small time at my company, I have not seen many process changes, but I have seen a few. E would do what we call and IAR which stands for Improvement Action Report which we can submit to the managers to get a process changed if there are consistent problems occurring.

DMADV
There is another process improvement element within the Six Sigma methodology which is DMADV. This stands for Define, Measure, Analyse, Design and Verify.
The difference between DMAIC and DMADV is quite simple, DMAIC is for improving processes that already exist and DMADV is for creating a process that does not yet exist but needs developing. It can also be used when a process has already been optimised through the DMAIC method but fails to meet the customer requirements which means that the process needs to be completely re-designed. (Jenkins, 2021)


[bookmark: _Toc95151432]Lean principles
[bookmark: _Toc95151433]What is Lean manufacturing
Lean manufacturing can be described as a systematic approach to maximising productivity while simultaneously minimising waste within a manufacturing operation. The word lean itself means pursuit of perfection. 
There are several principles of Lean manufacturing that sort of come together as a structure for the entire Lean system. The foundations of Lean include Kaizen and Heijunka, the pillars of Lean include just-in-time, Jidoka, continuous flow and Takt time, and the top of the structure is the customer focus which includes highest quality at low costs and shortest lead times.

[bookmark: _Toc95151434]Lean manufacturing history
Similarly, to Six Sigma, there is a history of Lean manufacturing being used throughout a lengthy period, in fact a longer period than Six Sigma. 
In the 1790’s, American Inventor Eli Whitney develops the use of interchangeable parts and develops more reliable mills.
1880’s American Engineer Fredrick Taylor develops the standard work concept and experiments with time studies. This is the same part of history that involves the creation of Six Sigma which draws a connection between the two.
1910’s The Gilbreths experiment with motion studies to improve efficiency in bricklaying by removing unnecessary movements. In the same period Henry Ford pioneers continuous flow production and utilised standard work in his mass production system. 
In the 1920’s, Sakichi Toyoda develops the first automatic loom that incorporates Jidoka Principles.
Within the mid 1900’s, Taiichi Ohno develops the Toyota production system based around the concept of eliminating waste, kaizen, and JIT. Shigeo Shingo develops SMED and zero quality control using poke-yoke and source inspection.
And in the 1990’s Womack and Jones coin the phrase “Lean Manufacturing” in their book (The machine that Changed the World) after witnessing TPS. (Jenkins, 2021)
All these ‘gurus’ created an aspect of Lean manufacturing which was put together by Womack and Jones.
[bookmark: _Toc95151435]3M’s of waste
Muda
Muda is waste which is caused by activities that use resources but do not add or create value for the customer. The biggest amount of waste that would come from this is overproduction. If a batch of components has been over produced, then not only have you wasted time on the extra component(s) but also material which could have been used for other purposes. Another source of waste defective products. This ties in with the first example I mentioned as it wastes potential material for other applications, however you would not want to have extra stock on hand to reduce costs of material imports.
Mura
Mura is waste which is caused by irregularity or discrepancy within the process. An example of this waste is when companies ramp up production to meet targets, even when there is no customer demand. This forces the sales department to rush to try to fill orders and creates a burden as the shipping department rushes to ship products before the end of the month. (Bradbury, 2018)
Muri
Muri is the waste caused by overloading the workforce, the equipment, or the facilities. this is caused when workers, lack proper training, have no standards to follow and are given the wrong tools for the job. When workers lack the right tools for the job, for example, tasks become much more difficult, taking more time, and potentially damaging the product. (Bradbury, 2018)

[bookmark: _Toc95151436]Kaizen
The Japanese word Kaizen means change for the better. ‘Kai’ meaning ‘change’ and ‘zen’ meaning ‘good.’ In all, it means improvement. These improvements tend to be quite small which means not much has to be spent on the changes and the most impactful improvements are the simple ones. One effective way to make these small improvements is to implement the 5 S’.
5 S’
The 5S’ are Japanese words used in lean manufacturing to help with the efficiency of production. The first word being seiri meaning organise or sort and is used to eliminate anything that is not needed by separating the needed items like tools and materials from what is not needed. The second S is seiton meaning orderliness or ‘set in order’ and is used to organise whatever remains from what is kept by arranging them with clear identification. The third S is seisō meaning cleanliness or ‘shine’ and is to keep the work area clean by regularly having a clean-up session. The fourth S is seiketsu meaning standardize, so standardizing the previous 3 S’ on a regular routine such as every day. The final S is shitsuke meaning discipline or ‘sustain’ which means making the use of the 5 S’ a way of life by forming a habit of following the first four.
Benefits to be derived from implementing a lean 5S program include improved safety, higher equipment availability, lower defect rates, reduced costs, increased production agility and flexibility, improved employee morale, better asset utilization and enhanced enterprise image to customers, suppliers, employees, and management. I have noticed that this type of Lean principle has been implemented all over the workplace with employees coming together to discuss their opinions on what would improve the efficiency of production in the factory through questionnaires or ‘off the top of the head’ ideas.
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Now that I have explored both Six Sigma and Lean manufacturing, I will compare the similarities and differences between them.
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The ultimate similarity between Six Sigma and Lean manufacturing is that they both aim to reduce waste and improve the efficiency of a system or process. 
Looking back at the history of both sets or ‘gurus,’ Frederik Taylor appears in both sets which even though they are considered two different methodologies, their roots can be traced back to the same man.

[bookmark: _Toc95151439]Differences
One of the main differences between them is that Six Sigma is designed as a sort of a systematic program whereas Lean is sort of a mindset. It helps with making better decisions and apply continuous improvement to improve product value and waste reduction. This means that anyone could be a Lean thinker if the idea is brought into the working lifestyle of the employees whereas Six Sigma has a sort of certification system like a martial art. There is a belt system which has distinct roles depending on your level and you progress like a martial artist.
Another difference between Six Sigma and Lean is that they both impact the change in diverse ways. Six Sigma changes tend to be substantial changes which would cost a bit of money and time to help improve effectiveness. However, Lean changes are small and gradual and take truly little cost and time to make the changes, but it would take longer to make a substantial impact that a Six Sigma improvement would.

[bookmark: _Toc95151440]Conclusion
In conclusion, I have researched and discussed the main elements of Six Sigma and Lean principles and compared their similarities and differences. I found out the differences between the two and how each methodology deals with quality improvement. By looking closer at both methodologies, I can see that both do tend to be implemented in my workplace whether it be a small reordering of a shelf or labelling a cabinet, I can see that this is the implementation of Lean principles being used by the employees; and when a section is being reorganised, this is Six Sigma implementation. By the help of my research in this report, I hope use what I have found to help contribute to the improvement of the company’s efficiency and quality.
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