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[bookmark: _Toc94348181]Introduction
[bookmark: _Toc94348182]Aims
This report aims to introduce six sigma methodologies and explore the main elements of six sigma for improvement of existing or new manufacturing processes (by use of DMAIC or DMADV) methods within the six-sigma process. The report will also discuss the implementation of lean manufacturing principles and how they may be utilized to improve/optimize operational performance.
Six Sigma focuses on eliminating defects and reducing the instability of the products, whilst the lean management process (which does share similar methodologies & tools) is more focused on eliminating waste and ensuring efficiency within an existing process.
Probably the most well-known benefits of using lean and/or Six Sigma are the significant financial savings it generates for organizations and the increases in customer satisfaction it achieves. But there's another less often mentioned but equally important benefit: how lean and/or Six Sigma can improve the work-life of those practising these methods (Kovach, 2021).
[bookmark: _Toc94348183]Objectives
The research for this report will use a variety of information and references from the internet (from credible and relevant sources), the University Library search (books, articles, journals, and newspapers) to research the methodology and key principles that are used for six sigma approach in industry and lean manufacturing tools and principles.
[bookmark: _Toc94348184]
Research
In Industry, the production rate is a vital key as it determines how long the industry will run and how fast it will grow, it is for this reason that companies always look for better ways to be more productive and produce less waste and less rework. Two typical methods that can make a company more productive are the six sigma and the lean manufacturing method. These methods, therefore, aim at helping the company processes focus mainly on the technique which improves the productivity of a company by eliminating the processes which usually take time but yield very little productivity (Ikumapayi, et al., 2020)
[bookmark: _Toc94348185]Six Sigma
The six-sigma concept was born in the early 19th century by a German mathematician and physicist Carl Fredrich Gauss, He developed a concept that went on to be known as the bell curve. The bell curve demonstrates what normal distribution looks like within a process and was a tool used for finding defects within a process [figure 1]. 
During the 1920s, An American physicist, engineer & Statistician Walter Shewhart expanded on this idea. In the 1980s, Motorola brought the six sigma into the mainstream by using the methodology to create more consistent quality in the company's products and it was Motorola engineer Bill Smith who became one of the pioneers of today's modern six sigma methodologies. (Staff, 2020).
Striving to achieve a 6 sigma level means 3.4 defects per 1 million opportunities (3.4 DPMO) which also allows for 1.5 standard deviations off-target as demonstrated in the graphs below. Figure 1. Shows the normal distribution centred at the target, whilst figure 2 shows the normal distribution with the mean shifted by +/- 1.5s from the target.
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[bookmark: _Toc94948025]Figure 2 - Bell curve(s) for distribution with the mean shifted by +/- 1.5s from the target (Montgomery & Woodall, 2008)


Six Sigma relies on the whole organization from shop floor workers up through to leaders and CEOs of an organization.
Another critical factor is the training of personnel at all levels of the organization. White belts and yellow belts typically receive an introduction to process improvement theories and six sigma terminology. Green belts typically work for black belts on projects, helping with data collection and analysis. Black belts lead projects while master black belts look for ways to apply six sigma across an organization (Staff, 2020).
Methodologies of Six sigma
6 sigma has two methodologies that are most used within industries. They are DMAIC & DMADV. I will explore the DMAIC process steps with goals & Key deliverables within each phase of the process as below.
DMAIC
D – Define opportunities
M – Measure performance
A – Analyze opportunity
I – Improve performance
C – Control performance
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[bookmark: _Toc94948026]Figure 3 – DMAIC (Six sigma Daily, 2012)

Define
The define phase is critical as the 1st step in the DMAIC process. The define stage is about describing the problem and setting the goals for the project team.
This stage of the process is used to qualify to see if the project is worth doing. Using various tools and techniques, the scope, goals, and rationale can be developed in this phase of the process (Hessing, n.d.) See Appendix 1 for how these tools & methodology have been applied in my place of work.
Goals:
Understand the project which includes its purpose and scope (developing a team charter), Determine whether the process will be a good fit for the DMAIC process or not, Map the current process out, Detail the VOC expectations that they need from this process, Detail the VOC expectations that they need from this process and Estimate timelines and costs using project management tools.
Key Deliverables:
Identify the problem statement, Determine the project scope, Determine the project scope, Financial/cost impact for the project success, setting project goals and form the team to execute the project, setting project milestones and deliverables, Project charter buy-in from stakeholders and leadership, and Define phase tollgate review.

Measure
The main objective of the measure phase of DMAIC is to define the baseline. During the measure phase, the team will conduct checks to see how the process is performing against the customer expectations and CTQ’s in the define phase of the project.
The purpose of the measure phase is to understand the extent of the problem with the help of data. This is done by measuring the process performance in its current state to understand the problem (Hessing, n.d.) See Appendix 1 for how these tools & methodology have been applied in my place of work.
Goals:
Establish baseline performance for the process defined in the project, Identification of process performance indicators, develop a data collection plan, and then collect the data, Validating the measurement system & plan and Determining the process capability
Key Deliverables:
Detailed process map, Data collection plan, and collected data, Results of measurement system analysis, Graphical analysis of data and process capability & sigma baseline

Analyze
The analyze phase is a critical step/process within the DMAIC process, teams often conclude the root cause without the proper analysis. At the end of this phase, the team can identify the most significant impact on CTQ's.
This process can take up to 2/3 weeks to complete based on the size of the project inputs, all the relevant stakeholder's involvement is key to identifying the root causes.
There are multiple tools available for the Analyze phase of six sigma that can be utilized by the team (Hessing, n.d.) See Appendix 1  for how these tools & methodology have been applied in my place of work.
Goals:
Measure data to identify probable causes of the problem, Identify the actual root cause using brainstorming sessions, 5 whys, FMEA's, fault tree diagrams, and others, Find the critical root cause that has the highest impact on critical to quality (CTQ), and verify the root causes using appropriate statistical tools and techniques like hypothesis testing
Deliverables:
Detailed process map completed, Identify value and nonvalue activities, List of validated potential causes, and data Analysis

Improve
The Improve phase is to determine the solutions for the problems identified in the earlier stages of the DMAC process. The teams will focus on eliminating the root causes and implementing the improvements. 
The solutions can be generated by using brainstorming techniques to apply the affinity diagram to generate and select the solutions as a team. The use of multi-voting to narrow a list of choices down to a manageable few (Hessing, n.d.) See Appendix 1  for how these tools & methodology have been applied in my place of work.

Goals:
Identify the feasible solutions for the identified root cause(s), Select the best solution using statistical tools, perform a cost-benefit analysis, Test the solution, and assess the effectiveness of the solution to ensure measurable improvements in the process
Deliverables:
Identify potential solutions, Pilot test the solution(s), Implement the solution(s) and ensure that the implemented results in the eliminating of the root cause(s) of the problem

Control
The main activity for the control phase of DMAIC is to control the improved process, the control phase is about ensuring the new process is implemented and does not revert to the old ways or setup.
The main objective of the control phase is to measure the new characteristics and validate the improvement(s). Then implement a control plan and response plan to ensure the new process is strictly implemented. This may require improvements or the development of procedures, workflows, and training to allow the operations team to run the improved process (Hessing, n.d.) See Appendix 1 for how these tools & methodology have been applied in my place of work.
Goals:
Develop a control plan, Validate the solution, Statistical process control, Implementation plan, Cost-benefit analysis, Formal project closure, and celebrate success & recognize the team
Deliverables:
Process monitoring, Control plan, SOP’s (standard operating procedures) workflow or work instructions, Training plan, Financial savings, Update the lessons learnt database and project closure, and recognizing the success of the team

The DMADV process
As well as the DMAIC process as detailed above, another method can also be used, this method is called DMADV (Define, Measure, Analyze, Design & Verify). The 1st 3 phases are the same as the DMAIC process with the final two steps focusing on designing & verifying the future product or process inputs. DMADV is used for projects aimed at creating new products or process designs and would not normally be used for an existing process unless the current process requires more than just an incremental improvement (Mehrjerdi, 2011).

Lean Manufacturing
Lean manufacturing & thinking can be defined as, improving processes to ensure maximum customer value whilst minimizing waste through continuous improvement (Wright, 2017, p. 17).
Three main events connect the history and how lean manufacturing started, these are (Wright, 2017, p. 21):
· Henry Ford
· Taiichi Ohno & Kiichiro Toyoda back in the 1930s
· Womack & Jones publication of Lean thinking & The machine that changed the world
Womack, Roos & Jones codified the five lean principles as the following:
1. Identify customers and specify Value
2. Identify & map the Value Stream
3. Create Flow by eliminating waste
4. Respond to customer Pull
5. Pursue Perfection or continuous improvement
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[bookmark: _Toc94948027]Figure 4 - Toyota TPS lean model (Lean enterprise institute, n.d.)

Identify Value
Being able to understand and respond to the customer needs enables the company to generate new income and reduce waste. It can also be said that it will help you understand what your customers are willing to pay for.


Value stream
Lean considers each step of the production process, analyzing in terms of the value-added for the customer from start to finish of the process. This would typically be carried out at the workplace where the process is performed. They will be mapped out to allow the stages to be analyzed, the focus on value stream mapping is to identify waste (Muda) for scrap, rework, changeover times. The aim is to identify and eliminate all unnecessary waste from the system. These can be categorized into two different value streams:
Value-added – activities that add value to the product or service from the customer point of view
Nonvalue added – Activities that do not add value from the customer's point of view and are deemed as waste.
Waste can sometimes be a necessary part of the process and adds value to the customer and this cannot be eliminated. All waste should be eliminated where possible. The diagram below (figure 5) shows a pictogram of the 7 types of wastes developed by Taiichi Ohno (chief engineer of Toyota) within a process. Figure 6 further details and shows some examples of the 7 wastes. There is also an additional source of waste that can be described as Non utilized talent, underutilizing people's talents, skills, and knowledge.
[image: ]
[bookmark: _Toc94948028]Figure 5 - The seven types of waste (Melton, 2005, p. 665)
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[bookmark: _Toc94948029]Figure 6 - The seven types of waste (Melton, 2005, p. 666)

Create Flow by eliminating waste
Flow is a key concept of Lean. Since waiting of any kind can be deemed as waste. The key goal is to ensure smooth delivery from the moment the order is received to the moment when you deliver it to the customer.
Many different lean tools/lean principles can be used to improve flow and reduce waste, to name a few; Takt time, SMED, bottlenecks, 5S, JIT, Kanban, Jidoka, Heijunka, standard work, and many more.
Establish Pull – Materials can either be pushed or pulled through the system
Hopp & spearman (Hopp & Spearman, 2004, p. 142) state the definition of pull as, A pull production system is one that explicitly limits the amount of work in process that can be in the system. By default, this implies that a push production system has no explicit limit on the amount of work in process that can be in the system. 
Pull production is providing the customer with what is needed and when it is needed in the right quantity. By implementing pull systems, it can avoid overproduction & high inventory stock. Pull systems form JIT (just in time) production along with methods like continuous flow, tact time, and the Kanban system. Below is an example visual diagram of Push vs pull production differences (figure 7).
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[bookmark: _Toc94948030]Figure 7 - Push vs Pull (Kanban Zone, n.d.)

Seek perfection
Seeking perfection requires all employees within the organization to be engaged and understand what their role is and how to pursue perfection within the process and how they can make a difference.
A culture of continuous improvement must be implemented within the workplace. “Being satisfied with the status quo means you are not making progress” - Katsuaki Watanabe, CEO of Toyota.
The use of Kaizen (meaning change for the better or continuous improvement) is a tool that is used to help seek perfection while making small but gradual changes and improvements within a system or process.
[bookmark: _Toc94348186]
Conclusions
Lean & six sigma may not be the cure-all that ails a business, but its underlying principles and methods are increasingly relevant to a growing community of businesses and their success and growth. This has been the case with a proven set of methodologies and tools since the 1980s in places like Motorola, GE & Honeywell for six sigma, and Toyota for being synonymous with the lean manufacturing system.
By using these principles and methods, Businesses can reduce waste, reduce rework (from defective products and parts), increase productivity, increase quality and customer satisfaction. The financial savings that come from applying these methods. The reward can be hugely beneficial. 
If Six Sigma is applied, the percentage of parts/products made within specs can increase from 30.23% at 1s to a staggering 99.00660% at 6s level. As you can see, this is a huge increase in process capability and productivity. “Perfection is not attainable, but if we chase perfection, we can catch excellence” - Vince Lombardi.
For six sigma and Lean methodologies to be implemented, supported, and become a success, the principles need to run right through the organization from the shop floor up to the CEO. The organization needs to implement and train personnel that understands the methodologies, then sponsors will work on selecting the right projects that will help the organization improve and be successful. 
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Below are some examples that I have either been involved with or aware of the tools and principles discussed in the above report for 6s and lean manufacturing.
In April 2021, I completed a 3-day introductory course on continuous improvement. This gave me exposure to six sigma philosophy and some of the tools that are used within the process(s). We looked at the DMAIC process and how it can be used for continuous improvement ideas and projects.
The plant process unit I was aligned to for process operations was suffering from bulging drum incidents from drums being generated by waste products drained off on plant (making them unsafe and unable to transport for incineration) the waste material is classed as hazardous and flammable and an on-going reaction that generates hydrogen was occurring in these drums. A project team was put together by site leadership to investigate and resolve this issue. The scope of the project was to form a project charter and define an action plan to reduce and resolve these repeat incidents from occurring on the plant.
· For the Define Phase, we identified the problem and statement of the bulging drum issues on the plant, compiled a project charter and what was in/out of scope, setting up regular catchups as a team.
· Measure phase, we put together a process map, and using the SIPOC tool, we created a plan to measure and analyze waste and in-process samples to collect data.
· For the analyze phase, we collected potential root causes from our potential root causes, fault tree, and sample result analysis data that was analyzed back from the QA testing labs on site. We Listed various potential process issues, catalyst reactions, drum quality, and human factor elements such as operator variability in running the process and how they carried out routine drum off tasks.
· For the Improve phase, we went through and eliminated potential root causes, we identified some quick wins and longer-term improvements. Some of the quick wins we identified involved; updating standard operating procedures for drumming off the waste and what to look for (2 phase separation when draining), on plant training with the operators, use of correct vented bungs for this drain off material (the vented bungs help relieve any pressure build-up in the drums, incorrect bungs were being used on some occasions. The workflow was not clear from the start to finish on the drum off operation to the end point where it was labelled, bunged tracking sheet completed and waste management movement and storage. The workflow was revamped and improved with clear steps and information for the operations team.
· For the Control Phase, Training including RCI feedback delivered to the operations team. SOP’s updated and updates rolled out to the team for acknowledgements. Training plans are updated to include lessons learned. This phase of the project is still ongoing with process analysis on samples, catalysts used within the process and how the process can be modified, or even new technologies implemented to eliminate this process from occurring altogether. We also created a new reporting and tracking tool, so any further drum issues were highlighted to the team and safety department to allow timely follow up on issues. We also implemented waste audit management checks that would be carried out to ensure that procedures, workflows, tracking, and handling issues were all still being followed and understood.
Since the project team has implemented the quick wins and shorter-term actions, the bulging waste drum incidents have reduced significantly, with no drum issues reported during 2021 compared to the previous 2 years of incidents.
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