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Introduction
Within this report I will writing about Six sigma and lean manufacturing methodologies and writing about how the methods came to exist and how they have benefited businesses around the world by providing them a more efficient way of working. I will also be describing what the core principles for both six sigma and lean manufacturing are to show how the methods have developed and what aspects of the process data they take into account when it comes to being applied to a business structure and being used to create a more efficient production line and overall business, this will include references back to my own personal work and how the company I work for uses similar methods to the ones being mentioned today in order to create the best product for our customers. I will then be comparing both processes and talking about their similarities and differences and the pros and cons of both and how these are considered when companies apply these methodologies to their production process. After all aspects are taken into consideration, I will write a conclusion to support whether the six sigma and lean manufacturing methodologies benefit a businesses’ production efficiency and why they work so well or possibly not so well on the production line.

What Is Six Sigma?
Six Sigma is a process which is used by companies which focuses on removing defects from any products and it does this by also reducing the variation in the final products. This methodology is used for a specific process when creating manufactured parts, a service, or a working plan/process. Six sigma is based purely on a structure of using numerical data to determine any issues with the process, where the data is then displayed using bell charts and other methods of displaying numerical data such as excel, scatter and bar charts. As previously said numerical data is used very efficiently within six sigma as it is the most reliable form of data when looking at a production lines output and where along the line the efficiency is dropping which then highlights the area six sigma needs to apply itself in order to increase the processes’ final output quality. 
Although six sigma is very data driven when it comes to decision making the methodology also looks at in depth the companies target market and what they would consider to be a high-quality product and one they would be satisfied in buying. They would use this data in the same way as the numerical data and apply solutions to the production line in order to make the product to the quality level the customer expects. This approach to assessing final product quality is uses across many companies including the company I work for called FSG which specializes in press tool making for many different industries including food, health care, motor, and aerospace. So high quality levels are crucial in our work otherwise the part could fail and lead to serious consequences for the company. So, to ensure our product is manufactured to a high quality like six sigma we like to use numerical data to check our products before sending them to the customer. Our most used process of assessing a product would be the use of a CMM machine which would precisely measure all dimensions of the part which we would then reference to the orthographic drawing we received of the customer to ensure all part sizes are within the tolerance set and if the quality is acceptable the part can be shipped off to the customer with a copy of our assessments as evidence. 
Within six sigma there are some common metrics used to help identify how many products manufactured by the company have any issues or ‘’defects’’ which could then be passed onto the target market if nothing was to be done about the issue. These metrics are:
Defects per unit (DPU) – This is where a specific batch amount of the product are produced, and the number of defects recorded from that batch would be the DPU from that.
Defects per million opportunities (DPMO) – which would consist of the DPU x 1,000,000 which would leave the number of opportunities for potential error to occur.
Sigma level – This metric is used to monitor the variability in the short term based on the Defects per million opportunities.
First Pass Yield (FPY) – Which consists of a percentage of the final product which has been manufactured correctly without any rework required.
These metrics are a great example to how six sigma uses numerical data to make key decisions about what to change in the manufacturing process as by using these metrics they can potentially trace back to where the ‘defect’ has occurred on the product line and remove any doubts of questioning where the fault has come from. This also allows manufacturers to see how many defects they could manufacture while using their current manufacturing process which is also a key piece of information as no company wants to use a process which will produce mostly scrapped parts. Within FSG we also conduct similar assessments to high scale production jobs, and we assess the quality by randomly selecting multiple parts from the same batch for example every 50 parts we would assess 10 at random and record the results giving us a rough estimation to the potential defects we could face in the entire batch once it is completed. And if obviously we found that the quality of the part was not up to a suitable standard, we would stop production and rethink how to improve the process to create the best possible part for the customer.
Why is it called Six Sigma? Well considering the common metrics mentioned above you can calculate very accurately the total of defects per million opportunities. And using a sigma level of 6.0 with a shift of 1.5 this works out as the lowest DPMO of 3.4 with a 1.5 sigma shift which creates a quality level of 99.9% which is a very good level of consistency of quality. But with the six-sigma process you are always looking to improve as it would be near impossible to create a perfect process which created no defects but constantly working towards the idea of that is what six sigma represents and gives to a company looking to improve output quality and manufacturing efficiency. This is very similar in all industrial companies, within FSG we are always looking at making machining processes shorter while also maintaining the same high level of quality as in engineering time is money and every second being wasted is also money being lost.
What Makes Six Sigma So reliable when creating high quality products and processes?
To be a successful methodology for other companies to take onboard and implement into their processes the structure of the method must be concrete and must know exactly what the vision is at the end of the process. This is where six sigma uses DMAIC and DMADV processes depending on what stage the company is at and where they want to go moving forward.
DMAIC is the process which would be used when the company already has an existing product and process, but the product is not being manufactured to an acceptable standard and needs improvement to be successful. This process would be the most common method used within FSG as we often get parts sent to us via orthographic drawings and sometimes prototypes with customers wanting us to improve the overall function of the product and produce it in less time while maintaining the product function. The Process would include ‘Defining’ the problem which needs improving, we would then ‘Measure’ the level of quality in previously produced batches and see if we could improve this, ‘Analyze’ our findings, ‘Improve’ areas identified as causes for concern, implement ‘Control’ measures to ensure the improvements made to the processes are carried throughout the rest of the products life unless further improvements are needed. 
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DMADV is a process which would be implemented if the product the product wants to create does not yet exist and the life plan of the product needs to be created from scratch, such as the research, design, creation process, and target market for that product. When using this process as a company it is vital that you have a clear understanding of where you want that product to go in the future and aspects of it you want to be prioritized to satisfy the target market. Similar to DMAIC, DMADV means, ‘Define’ ‘Measure’ and ‘Analyze’ but due to this process being used to create a product from scratch it has to ‘Design’ and ‘Verify’ the product before manufacturing to ensure all previous steps are correct and suitable. 
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Lean Manufacturing
[image: See the source image]Lean Manufacturing or ‘Just In Time’ (JIT) manufacturing is a manufacturing process which works mainly using the concept of supply and demand and making products to order instead of manufacturing mass amounts of a single product to avoid the risk of over producing and creating large amounts of waste. JIT originated in Japan in the 1970s within the Toyota plants by Taiichi Ohno who had the simple idea of meeting customer demands with minimum delays. JIT helped Toyota become one of the most well know car manufacturers in the world thanks to the ability of the process reducing waste materials and how the process helped increase the quality output due to more focus being put into the work as there was no rush needed unlike large mass production.
	Most important types of waste in industry: 2017
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The chart above shows the percentage of waste most companies produce across all aspects of the products life without the use of JIT while in the manufacturing stage before it is delivered to the customer. The JIT process allows companies to skip some of the extra stages of the regular process to save time and money for the company. JIT can reduce these waste percentages due to its supply and demand structure means that there is no need for overproduction, surplus inventory to be kept and no need for unnecessary movements such as back and forth a storage lockup the product is efficiently manufactured and delivered straight from the line with no need for storage. Within FSG where I work, I believe implementing JIT would benefit us massively as the company unnecessarily stores large amounts of excess materials and old tools which are not needed anymore, and the space could be used more efficiently which would lead to more efficient working and the possibility of creating more work for the factory as there would be more space to store the materials for the jobs. However, the company odes also implement some JIT methodologies as the company mainly works on a supply and demand basis with our customers so whatever order the customer requires, we would give them a date for collection and begin working on completing the tool ready for that date as soon as material is sent in. However, an issue we sometimes face is the pickup for the completed job does not arrive so we are forced to hold on to the job for longer than planned which can cause issues as it obstructs the working area and disorganizes the factory costing efficiency. JIT benefits the factories quality massively as due to no rushing of mass production the workers can take time and ensure the product is manufactured correctly and is up to a suitable standard for the customer and is suitable for required use.
Comparing Six Sigma And Lean Methodologies 
Both six sigma and Lean manufacturing aim to create a more efficient working environment and a help companies create a much higher quality product by looking at the companies existing manufacturing plan and using the companies’ current ambitions work with them to implement and even remove specific parts of the process to make the company work more efficiently while still maintaining customer satisfaction. However lean manufacturing compared to six sigma gives more control to the company with regards to their costs and ability to eliminate waste and create a more flowing production compared to six sigma. But six sigma provides a much more in-depth analysis when it comes to using numerical data and using that data to adjust the manufacturing process of that product reducing the chance of any errors with a higher success rate compared to lean manufacturing. Six sigma also never stops improving the current process as it is forever looking for new ways to make the company more efficient and stand out to customers over time six sigma can develop a company’s manufacturing process to be working at 99.9% efficiency with no error if done correctly.
Six sigma compared to lean manufacturing also has different approaches to how to take on changing a process such as DMAIC and DMADV which allows the six-sigma process to be applied to either a brand-new product which need to be started from scratch or a product which is already being manufactured and is just needing improvements to be made to the process as the quality of the final product isn’t a good enough standard.
Compared to six sigma lean manufacturing could show a quicker impact as with the reduction of unwanted storage and excess waste material the company would see a difference slightly quicker due to all the money being saved and being reinvested into other aspects of the company and production to make the product quality better. But six sigma would have a more in depth look at the processes issues and will also have numerical data to see exactly where the process is struggling most and in the long term would be the better option.
Conclusion
After conduction research into both Six sigma and lean manufacturing for this assignment I have discovered many benefits to using both methodologies as an engineering company. But if using the company, I work for as a template for a company which needs to use one of these methodologies to improve its overall efficiency and product quality, I would choose the six-sigma methodology. I would choose to use the six-sigma methodology as it provides more variety in options the company can go down whether they want to use DMAIC for an already existing product or process which would be the more realist option as FSG works for many outside companies from around the world which come to us looking to improve the manufacturing processes and quality for their products and using the DMAIC process would just allow the company to collect the most possible date on the existing process and use all of that to then identify the potential issues with both the machining process and also possibly the design of the product in order to implement improvements to the processes to reduce the number of errors in any future batches and also while improving the products quality in any way possible. Six-sigma would also benefit FSG massively as we are a company which is never happy to settle, and we are always looking for new ways to improve and be better than our competitors and using six sigma and maintaining a 99.9% efficiency rate is a positive step for the company. 
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Figure 6: The most important type of waste according to employees (N = 1050).
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