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Lean Six Sigma methodology is a method of improving a process. It combines the lean methodologies with the six sigma methodologies. Lean primarily focuses on removing waste and six sigma has data driven techniques to aid the improvement process. In this report I will discuss both Lean and Six Sigma methodologies. I will also relate them to my workplace and where they are used on a regular basis within TATA. 
Lean 
“Lean Management is a methodology to ensure value adding activities run smooth and quickly through the process. Process speed or the efficient flow of a process is the essence of Lean Management. Anything which impedes this speed  is called Muda. Muda is the Japanese word for waste and describes all non-value adding activities within a process. In short: Lean Management is the method which creates an efficient process flow by eliminating non-value adding activities (Muda).” (www.theleansixsigmacompany.com)  
James P Womack states “The most important task in specifying value, once the product is defined, is to determine a target cost based on the amount of resources and effort required to make a product of given specification and capabilities if all the currently visible Muda were removed from the process. Doing this is the key to squeezing out the waste.” 
Defining the value is one of the principles of Lean. Value can be defined as many different things depending on your industry. The value is defined by the customer, “Value” is related to customer’s perception of product(s) or service(s), which he or she is willing to pay for.” (www.greycampus.com). Once we have defined value we can then go through the process and identify value adding and non-value adding activities. “Non- Value-added activity: These activities do not add any value to the processor products. They form the wasteful steps. A customer doesn’t pay for the costs associated with these activities willingly.  Rather, if present excessively they result in customer dissatisfaction. Value-added activity: These activities add value to the process and are essential. They improve processes for productivity and quality. Enabling value-added activity: These activities do not add value to a customer. They are necessary for continuity of a process.
In any process, almost 80 – 85% activities are non-value adding activities. The aim of LEAN approach is to identify them in the process. And use specific lean tools to eliminate or reduce them. Thus, Lean improves process efficiency.” (www.greycampus.com). 
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1. Define Value: The customer defines the value of a product or service. Hence, the first step is to identify customers. Ask yourself, what does the customer value? Figure out customer’s expectations from your products or services. Classify the process activities into Non-Value added, Value-added and Enabling value added. 
2. Map the value stream: The value stream mapping shows the workflow process steps for a product or service. The value stream mapping helps to identify & eliminate NVA activities. This eventually helps you to reduce the process delays and thereby improves quality of product/service.
3. Create Flow: Create flow to the customer by ensuring continuous flow system in producing product or service. Flow will optimize the process to maximize process efficiency.
4. Establish Pull: establish pull approach by meeting system beat time. The beat time is the rate at which a product must be ready to meet the customer demand. JIT (Just in time) is a tool promoting Pull system. This ensures smooth workflow of the process without any disruptions. It also helps to diminish inventory level.
5. Seek Continuous Improvement: Finally, you must put consistent efforts to improve the existing business processes to cater ever-changing customer needs. This ensures elimination of waste and defects free products & quality service to customers. (www.greycampus.com)

Lean Tools 
There are a number of lean tools and techniques that can be used for a number of different reasons. To name a few; Poke-Yoke, Kaizen, Kanban, PDCA, Value stream mapping, Gemba, Just in Time and many more. 
Kaizen 
“What is Kaizen?
A strategy where employees work together proactively to achieve regular, incremental improvements in the manufacturing process.
How does Kaizen help?
Combines the collective talents of a company to create an engine for continually eliminating waste from manufacturing processes “ (www.leanproduction.com). Kaizen is used in my workplace on a daily basis. This technique ensures that the workforce are working together as a team to achieve a goal. There are goals put in place every day in my department, for example an amount of tonnage to be rolled each day. The team on the line are then given this information through daily morning meetings and are encouraged to reach the goal. This also offers the opportunity for the team to highlight any problems or concerns that may hinder them for achieving their goals. 
Kanban 
“What is Kanban?
A method of regulating the flow of goods both within the factory and with outside suppliers and customers. Based on automatic replenishment through signal cards that indicate when more goods are needed.
How does Kanban help?
Eliminates waste from inventory and overproduction. Can eliminate the need for physical inventories (instead relying on signal cards to indicate when more goods need to be ordered).”( www.leanproduction.com). Kanban is not used regularly in my place of work. In my department, we are supplied by a neighbouring line, typically they will roll as their schedule says to. At times we are provided with enough material that our stocks are full and there is no more space, forcing the supplying line to stop running until space is made. I believe that implementing this technique into our work would improve the process tremendously. But this would not be practical as we would be unable to supply the next department as and when they require. We do try to make the rolling schedules so they do conform to the Kanban way of thinking but often a problem will arise that will put the two lines out of sync with each other. 

PDCA 
“What is PDCA?
An iterative methodology for implementing improvements:
· Plan (establish plan and expected results)
· Do (implement plan)
· Check (verify expected results achieved)
· Act (review and assess; do it again)

How does PDCA help?
Applies a scientific approach to making improvements:
· Plan (develop a hypothesis)
· Do (run experiment)
· Check (evaluate results)
· Act (refine your experiment; try again)” (www.leanproduction.com). 
PDCA is a technique that the company gets behind and likes to use. Each department has PDCA meetings, some have a meeting once a week but all have a meeting at least once a month. PDCA gives the opportunity to make improvements, then see the results and make any further improvements after. These PDCA meetings that go on are important as we can look at the implemented plan on a regular basis so any problems are identified at the earliest possibility. 

Standardized Work 
“What is Standardized Work?
Documented procedures for manufacturing that capture best practices (including the time to complete each task). Must be “living” documentation that is easy to change.
How does Standardized Work help?
Eliminates waste by consistently applying best practices. Forms a baseline for future improvement activities.” (www.leanproduction.com). 	Standardized work is a Lean technique that is used in my workplace. Its is something that management put a lot of importance on. We have Standard Working Procedures (SWP) for nearly every job that you would be required to undertake. SWPs are updated when there has been a change to the working environment or if there has been an incident on the job where a change needs to be made for safety or quality reasons. The SWP would contain a method of how to carry out a job with safety also in mind. These are important for the consistency of our product. 
Six Sigma 

“The concept of Six Sigma was developed in 1987 by Motorola. Six Sigma is basically a packaging of a lot of quality tools. Bill Smith of Motorola is considered to be the father of Six Sigma. Six Sigma helped Motorola to be the first company to receive the Malcolm Baldridge National Quality Award in the year 1988, just a year after initiating the Six Sigma concept.” (www.qualitygurus.com)
Six sigma was adapted by a lot of companies after the impact and success it had at Motorola where it was first introduced. What Six Sigma does is utilizes a number of methods used for improvement. “Six Sigma is a disciplined, data-driven approach and methodology for eliminating defects (driving toward six standard deviations between the mean and the nearest specification limit) in any process – from manufacturing to transactional and from product to service.” (www.isixsigma.com) 
Why implement six sigma ? 
Businesses use Six Sigma methods in order to improve their processes and ultimately improve customer satisfaction. They use techniques to cut costs and waste and improve profitability in the most efficient way possible. 
“With rising material cost and ever-increasing competition, organizations must seek out methods to increase efficiency. By implementing Six Sigma methodology, an organization can improve efficiency through identification and resolution of product or part defects and minimize the variation within a process. Each Six Sigma project follows a defined sequence of steps and includes specific improvement targets. Some examples could include:
· Reduction in process cycle time
· Reduction of scrap generated by a process
· Increasing customer satisfaction
· Reduction in the number of factory defects
· Reduction or elimination of costly reworks “ (quality-one.com) 
There are a number of six sigma tools and techniques, for example FMEA, DMAIC, DMADV, SIPOC, Cause & Effect Matrix, Gage R&R to name a few. 

DMAIC and DMADV 

Six Sigma is made of a number of different techniques but the two main methods used are DMAIC and DMADV. Theses two methods are commonly used in improvements processes and are both made up of 5 sections. The first 3 sections of both DMAIC and DMADV is Define, Measure and Analyse. It is in the last 2 sections that these two techniques differ.
“D — Define process and design goals
M — Measure (and identify) critical-to-quality aspects of your process/product, including risks and production capabilities
A — Analyze to develop process designs and evaluate to select the best design for your process
D — Design process details and optimize your design. Test your design(s)
V — Verify the chosen design for your process with pilot-testing. Implement and monitor the new process
DMAIC is the more well-known and most-used Lean Six Sigma project methodology and is focused on improving an existing process, rather than creating a new product or process like DMADV.
D — Define the problem with your product or process.
M — Measure your current process and collect data.
A — Analyze your data to find the root causes of defects.
I — Improve your process based upon your data analysis and test it.
C — Control  your new process and monitor for defects.” (www.blog.minitab.com) 
When you are selecting a project to work on using these techniques its important that you choose a project that has a defect that can be measured, or where the changes being made are measurable. It is also vital if you are using DMADV or DMAIC, that you complete every section to the best of your capability. For instance, in the Define phase, produce a problem statement with all the data and information you have found. You could also use a technique here called Kano analysis. 
Kano Analysis 
This technique is used to find out what value means to the customer and to better understand what the customers need are. M L. George et al show how to use Kano Analysis “1. Collect VOC data through as many different means as you can. 2. Identify known or presumed customer needs/requirements” and continued. After assessing the customers feedback you can then classify each need into either dissatisfier, satisfier or delighter. “Dissatisfiers- Basic Requirements: Expected features or characteristics of a product or service.” “Satisfiers- Performance Requirements: Standard characteristics that increase or decrease satisfaction. “ Delighters- Excitement Requirements: Unexpected features or characteristics that impress customers and earn you extra credit” 
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In the Measure phase you may consider using other techniques to help like gage R&R. 
Gage R&R 
The purpose of Gage R&R is to look at the repeatability and reproducibility of a system of measurement. Michael L. George et al explains gage R&R as “Repeatability refers to the inherent variability of the measurement system. It is the variation that occurs when successive measurements are made under the same conditions”. This refers to the different values of measurements that an operator will provide over time even though they are measuring the same thing in an identical way. Further “ Reproducibility is the variation in the average of the measurements made by different operators using the same instrument and technique when measuring the identical characteristic on the same part or process.”. This is referring to the differences that occur when the same task is being carried out by different people. For example a measurement may have a different value even if it is the same part being measured, with the same instrument, in the same environment but being made by a different person. Through using this tool you will collect data and see the reliability of your measuring system.  
In the Analyse phase you may consider using other tools to help like 5 whys, Ishikawa 

COPQ 
Cost of poor quality is a six sigma tool that we use in my workplace when it comes to quality. Essentially we split the COPQ into 4 separate costs, Prevention costs, Appraisal costs, Failure costs and Waste costs. If we look at these costs further, the Prevention costs would be investment from the company to keep failure and appraisal costs to a minimum. Examples of these would be Training costs, FMEA, quality system audits, poka yoke process improvements, DOE costs and more. Appraisal costs are costs due to the conformance of the product to the customers needs. Examples of theses costs would be approvals, incoming materials testing, in process inspection and tests, gauge and equipment calibration, maintenance of test equipment, product quality audits and more. Failure costs are primarily the defects on our product. These costs consist of things like, scrap material, retest cost, reworks, failure analysis, lost customer and more. Waste costs are primarily the inefficiencies in production which add no value for the customer. These costs are comprised of unnecessary handling labour, unnecessary floor space, unnecessary cycle time, unnecessary assembly labour, labour spent waiting for parts and more.(Six Sigma Green Belt training manual Tata Steel 2019)



SIPOC
Michael L. George et al say SIPOC is “a process snapshot that captures information critical to a project. SIPOC diagrams helps teams agree on project boundaries and scope, and that the process inputs match the outputs of the upstream process”. 
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