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1.1. Introduction
	During this report lean machining will be explained as well as all the specifics of the DMAIC cycle accompanied with examples and research into the reasons why these systems are implemented and what they do for the companies who use them. While researching this report it will allow for these systems to be adopted into FSG as each example will pertain to experience gathered during my work life. The pros and cons of each method during the DMAIC cycle will be illustrated and shown to begin building a case for whether the DMAIC cycle and lean implementation will benefit a company in the modern day life of engineering industries.

1.2. Lean
	The history of lean originated as far as the 1800s where in Venice they used flow production to create their boats using a single line process to increase the efficiency of the production of boats produced. Henry Ford used this idea in the 1900s to produce the Model T which was made of interchangeable parts and an assembly line which spanned across miles, each part of the assembly would add more parts to the vehicle as it travelled down the line with each person having once job which they did for all the cars as they proceeded. This was the utilisation of mass production which was obtained by limiting the options the customer could have.

	This began the revolution for industries as the amount of cars produced compared to his competitors was astonishing resulting in everyone buying the Model T due to the availability and being the cheapest option. This was the first time where waste was looked at and each step of the conveyor belt would add value to the vehicle. This resulted in less time for the car to be waiting as the vehicle was brought to them, it also resulted in operators doing the same thing constantly allowing them to get a good understanding of what they were doing.

	The movement was taken to Japan where Toyota took off compared to other companies at the time with the head of Toyota TaiichiOhno who visited an American supermarket and obtained the idea of customer pull with the range of choice easily accessible on the shelves for customers to choose from during the 1950s. This way of thinking brought Japan to aneconomic power house as the adoption of lean thinking allowed them to produce products to customer demand while ensuring all non-essential waste was removed from each process.

	The main concept of lean thinking is to identify all waste which is done through determining what adds value and what does not. The customer is central to this thinking as the way of determining what is waste is whether the customer is paying for these tasks to be done and getting rid of any non-essential waste which is usually a by-product of an inefficient system/process.Lean practices are separated into five major groups consisting of defining what is value (1.2.1.), value stream (1.2.2.), flow of a system (1.2.3.), pull from a customer (1.2.4.) and striving towards perfection (1.2.5.) which are explained below in further detail.

[image: Lean Principles]
	(A)(Quality America Inc, 2018).The image above shows how each of the processes flows into the next one. Each of these should be done in order from 1 to 5 to get the best results from using this system.


1.2.1. Define value 
	To define the value of a product is all dependent upon what the customer is willing to pay for. This is done by evaluating the process from a customer point of view and evaluating what adds value to a product and what is classified as waste.Value is only relevant at a specific price and point in time. Quality America Inc. stated,“Value represents the need of the customer, the voice of the customer.”(B)(Quality America Inc, 2018). This shows that all money made is from these value adding operations, all other operations are classified as MUDA or waste.
1.2.2. Value Stream

	Value adding activities
	Non-Value adding activity
	Non-Value adding activity (necessary)

	· Machine operation
· Changing a component to fit
· Creating drawings
· Assembly of parts
· Transforming information 
	· Excessive transport
· Rework
· Poor communication
· Over stocking
· waiting

	· Transport
· Quality checks
· Training
· Information gathering
· Planning



	As shown above, some operations which are classified as waste can be necessary to complete a component to the correct specifications. All waste should be reduced where ever possible but quality should never be sacrificed.
1.2.3. Process Flow
	The process is investigatedto see how the components are flowing from operation to operation. Each operation should flow smoothly into the next with no delaying. The more waiting creates more waste, whether that is people or components. The component should be arriving and worked on from step one to the end without having to postponealong with operators being able to work without having to wait.

	This is achieved through flow diagrams and plant operational maps to identify how the component will flow through the factory. From this stage, the factory can be organised to suite the pattern in which operations will need to be taking place saving travel times and other waste. This is essential waste which will pay itself back as the company is able to meet demand at a better rate, with fewer costs. Less waste allows for more profits,the ability to create components or a service for a cheaper price, allowing for better, competitive prices when compared to other companies.

1.2.4. [bookmark: _GoBack]Pull from customer
	An important part of the lean way of thinking is ensuring the customer is the centre of the business model. There area range of ways in which to do this, one of which is to use customer feedback. This can be accomplished by creating surveys and having customers fill in these forms informing the company of which areas require improvement.

	The pull of a customer is working from customer orders and demands. No operation will be started until a customer has requested a component or product. From this stage, all operations will begin and flow through the factory. 

	The pull system is a dramatic contrast to a push system which is found in mass production where products are produced in mass to fulfil expected customer demand.Bisk pointed out,“A pull system is contrasted with a typical push system that is common with mass production”(Bisk, 2013)(C). The difference highlighted here showshow mass production relies on push systems. One main reason most companies wish to move to pull systems is a result of waste which accumulates in many areas. 

	This waste from push systems revolves around stock being stored where it takes up space and may be damaged while waiting. Storage space can take up room which the company could use for adding value to the company such as machines or offices causing losses while keeping this storage room costs money alone to maintain, rotate stock and stock inventory checks. With a pull system, once a component or product is complete it is sent to the customer,keeping stock to a minimal.




1.2.5. Aim for perfection
	The strive for perfection is one of the most important parts of lean thinking as the closer to perfection a company gets, the less MUDA andwaste will be created:this will lead to less costs for production without sacrificing quality for a product. This will result in more profits or the ability to compete on a competitive business level.

	One of the best ways to aim for perfection is using six sigma techniques in the DMAIC format to ensure the best results out of each opportunity for improvements,as described below.

1.3. DMAIC Cycle
	DMAIC stands for define, measure, analyse, inspect and control which are explained below. The DMAIC cycle is used as a quality analysis tool, an improvement tool and a problem solving tool, as shown in the image below. There is a range of techniques which are used for every step to help obtain information for each step allowing not only the company to problem solve but all workers who can add in information and experiences during their work life in their field.

	[image: DMAIC](D)(lean Six Sigma Training Irland, 2018)
For the DMAIC cycle to operate the company requires the correct training adopting the six sigma approach. The company is usually split into layers, going from a master black belt to a white belt. This guarantees there is system in place to ensure there is leadership in each department and the responsibility can be dispersed to people who are trained and knowledgeable in the six sigma approach. 



	[image: The DMAIC Methodology] (ASQ, 2013)

	Here is a flow diagram showing how the DMAIC process is used and implemented, where any implementations or changes will restart the DMAIC process until the data collected matches expectations or resolves the issue correctly. Once a design is working correctly, improvements can be made,but it is easy for people to go back to their traditionalways. Control is used to ensure people check and use the new implementations to give an accurate representation of how the new design is doing.

1.3.1. Define
	During the define stage a operation or system is chosen using data previously collected or while simply observing the operations and systems management. During this phase it is important that independent biases are taken out of the equation. This is done by allowing the rough data already collected to show the problems or gathering rough data in troubling areas which have been brought to attention. Defining areas which need improvement and looking at the whole picture is the key step, and not singling specifics out to paint a complete picture of where the area currently is. 

	For the Define stage,there are tools which can help identify these areas of improvement. One example is a QFD diagram matrix. This will align customer needs and demands in specified products which are not being met. This tool is helpful for identifying the areas which need improvement from a customer perspective which is the key to using lean thinking in any company. QFD stands for quality function diagram which takes customers wants and needs and translates them into process changes and improvements to acquire these needs and wants.

[image: qfd house of quality]
(KnowWare International Inc. , 2014)

	Here on the left is a list of customer wants and reductions with a number associated to them; this number is the importance to the customer to ensure the changes have the most efficient effects. The top listing is the systems which are in place and cover certain aspects of each product. 

	The central column describes the relationship between the customer demands and the operations being undertaken. The relationship between the two is numbered with one being a little relationship and nine being a strong relationship. If there is a blank, that means there is no relationship between the two.

	The top of the house of quality is where each operation connects with the other. If there is a relationship each will be labelled with a strong or weak relationship. This is important as each operation, if changed,could add more negativity or help more for the next operation. This could end up costing more money if overlooked but when utilised can ensure quality and efficiency.

	The bottom column indicates where the company and competitors are for these operations and a line can be drawn for each showing which company is more efficient and what they are doing better than the other companies.

	The last column shows the customer viewpoint of each company and how they are performing in their eyes.  This is important, as this column is mostly opinion orientated as most customers don’t know or are sometimesfooled by a personal experience they have had with a product. This is significant, as some of their points will be able to be excluded or improved on, compared to competitors.


1.3.2. Measure
	This stage is where all the data must be collected and stored. This can be done with a varietyof methods such as a detailed check sheet.A check sheet will list a range of problems which are expected to be found or have been found in the past and the other section should be filled in along with what problem has occurred. As Six Stigma states, “The document is typically a blank form that is designed for the quick, easy, and efficient recording of the desired information.” (Six Sigma Daily, 2013). The document is a simple and effective way of gathering simple metric information to identify these problem areas. The frequency needs to be recorded to start listing problems which are occurring at a frequent rate. From here key,areas can be isolated where better analysis can be done.
[image: https://d3tl80hy6t5toy.cloudfront.net/wp-content/uploads/sites/4/2012/09/06052020/Check-Sheet-table.png](Six Sigma Daily, 2013)
Other methods of measuring are, inspection reports taken from inspections conducted on numerous products over time. This will provide information of how many errors and which errors are the most common to come across. All information will need to be recorded and analysed which is the next step of the DMAIC cycle.


1.3.3. Analyse
	Analysing all data collected is the next stage as all information can look confusing. Some information will be direct in informing troubled areas but during this stage bigger,over-arching problems can be highlighted. The analysis stage is only as effective as the amount of information gathered during the measure stage, and can only go as far as the depth of the information which was looked at.

	Some examples of analysis include a Poreto analysis which uses all the information gathered, applies them into a bar chart separating the columns of defects and a frequency is given to show often these errors occur giving a total overall. 


	[image: Pareto Analysis Diagram]
(Project Smart, 2015)
	Here it is clear to see how this system splits the information not only with the columns, but using the process of 80/20 ratio. This ratio is everywhere and with everything.Project Smart states, “It uses the Pareto Principle (also known as the 80/20 rule) the idea that by doing 20% of the work you can generate 80% of the benefit of doing the entire job.”(Project Smart, 2015). This information shows how the Poreto analysis is directly linked with the hypothesis of everything including defects are split in the 80/20 format. This information is crucial as it will inform where the best place for a change or implementation will be needed.

1.3.4. Improvement
	For improvementsit is important to begin brainstorming and troubleshooting not only the initial problems which are on the surface but to dig deep into why these problems are occurring. For example, if there was a bad finish on a part, it could be solved by either changing the speeds and feeds, or the tip of the cutters could need to change. If the problem is continued to be dug deeper and looked into further then it could become clear that the problems causing this could be limited time, rushing or even lack of training. Going to the process depth instead of a quick and easy fix which will give the best results. 

	Two main examples are used such as a fish bone diagram or the five whys. The fishbone diagram will look at every aspect of the company as shown with this simple one shown below.[image: ]

	The fishbone above shows how in depth the fishbone will go into. The information is evenly spaced out with each added section able to have its own section departing from the other. This shows what is effecting and connected to what operation. This is where it becomes crucial to have a meeting with the operators, health and safety managers and even equipment providers to establish a good baseline of expertise in each area. This ensures that each section can go into a lot of depth which will highlight the best solution(s).

	Once a solution has been chosen it should be implemented by the company with the correct supervision and paper work to accommodate this action. The training of employees must also be added to ensure the best results which will need to be monitored over time. 

1.3.5. Control
	Controlis the stage where measures will need to be put in place to ensure no one turns back to their old ways. This is important to do as most people don’t want change, this is because it is easier to do something a way they are used to doing compared to a completely new way of thinking. This can result in push back which needs to be met and facilitated with corrections off of a superior to place them back on track.

	A simple checklist to check components along with checking employees are sticking to the new rules enforced. With this check list all operators training should be up to date and investigated if this is wrong. 

	The main task of control is to ensure this change is kept to and there are other ways but everyone needs to be on board. If some supervisors are not onboard or resistant to the change then the operators will follow. 



1.4. Conclusion
	The Six Sigma approach is a big change for any company. There is a sharp, initial cost which will deter a lot of companies with all the extra training, mapping out of factory and completely changing the mindset of everyone in the company. Most six sigma operations will also take time with each implementation where most companies will want profits now.

	These are the main draw backs of Six Sigma as small companies wishing to adopt this process may not be able to afford all these outgoings and initial costs. These small companies can also benefit from Six Sigma techniques even if only using some as most of the change comes from the lean way of thinking. The company has to be committed to this way of thinking to reap the benefits.

	The positives of lean thinking start to come as waste which otherwise is over looked and small problems, which are stemmed from bigger problems, begin to be uprooted and shown. This is where all the money will start to be saved. This way of thinking allows companies to compete and operate off of a pull system which will greatly help the company by reducing stock waste along with building good relations with customers as a customer can be guaranteed if they need a product it will be made quickly and reliably.

	The greatest part of Six Sigma is the reliability accompanied with quality which is why any crucial work such as car manufacturing, aviation or even robots designed for hard operations will be completed by companies operating under Six Sigma. Hospitals such as the NHS have greatly reaped these rewards with better accommodation for patients and more organisations for all drug and operating equipment.

	Six Sigma is definitely an improvement for any company and should be implemented where ever,and whenever,possible for every company to compete and operate at the greatest efficiency.

1.5. Evaluation

	A lot of extra information was uncovered to which helped compile this report. More References accommodated with more research would be beneficial to improve the points made during this report. InformationI was unaware of has come to light which can greatly help the company I work for.

	Examples of this are better flow through the factory which will need to come from upper management. The operation time applied to tickets never match the ticket provided and stock piles are awaiting operation which should never be the case.
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