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[bookmark: _Toc95054051]Introduction

[bookmark: _Toc95054052]Aim
Conduct research into Lean and Six Sigma methodology for improvement of existing manufacturing processes.
[bookmark: _Toc95054053]Objectives 
Provide a written report identifying the main steps of the Six Sigma DMAIC process and implementation of Lean principles on a manufacturing process. 


[bookmark: _Toc95054054]Introduction to Six Sigma

Six Sigma is a focused approach used to reduce delays, time and variation/defects in any kind of process. Six Sigma provides the tools to eliminate the delays, improve the process and fix further issues. A Six Sigma defect is defined as anything outside of the customers specification. In statistical terms Six Sigma means to six standard deviations and the aim is to get a process deviations down to six standard deviations from the mean (See Figure 1).
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Figure 1: Normal distribution with mean and Six Sigma specification limits
At six sigma (six standard deviations) from the mean, 99.99999998% of all items produced in the process would not have a defect. This can also be stated as Defects Per Million Opportunities (DPMO), this is how many defects in the process you obtain when making 1 million units. At six sigma the process has 0.002 DPMO. In most processes the mean can deviate by 1.5 sigma (1.5 standard deviations) from the mean line, so in Six Sigma the specification is actually to 4.5 sigma from the mean (See Figure 2). Giving the overall defect rate you are looking to achieve as 3.4 DPMO.
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Figure 2: Process Mean Shift of 1.5 Sigma and Defect Rate Corresponding to 4.5 Sigma





As you learn and progress through the Six Sigma methodologies, it provides a colour belt tired system for certification. Here are the Six Sigma Belts and Certification Levels you can achieve:

Six Sigma Yellow Belt – Yellow Belt certification indicates that you have learned the specifics of how Six Sigma works, how it’s disciplines are applied to the workplace and where best to concentrate your time as you learn the process.

Six Sigma Green Belt – Green Belt certification focuses on advanced analysis and resolution of problems related to quality improvement projects. Green Belts lead and manage projects, while providing support to Six Sigma Black Belts.

Six Sigma Black Belt – Black Belt certification signifies that you are an expert in Six Sigma philosophies and principles. Black Belts are known as agents of change within an organization who lead project teams.

Six Sigma Master Black Belt – A Master Black Belt represents the top of the Lean Six Sigma achievement structure. They have extensive experience and are leaders in their fields.
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Figure 3: Six Sigma certification hierarchy 

One of the core tools in Six Sigma is the DMAIC business cycle, this is used to drive Six Sigma projects within an existing process.  DMAIC is data-driven improvement cycle used for improving, optimizing and stabilizing business processes and designs. 
There are 5 key phases of the DMAIC approach:
· Define
· Measure
· Analyse
· Improve
· Control
In the next section we will be looking into each of these phases in more detail.
[bookmark: _Toc95054055]Define
A this stage the focus is on defining the problem from a business prospective. The project team gathers information about the problem. The project objectives are outlined. A project charter is created covering:
· Business case;
· Problem statement;
· Project scope;
· Resources;
· Timelines;
· And Estimated benefits
In my area of work, we were getting a variation issue where Zinc levels in our process by-product slurry were going above the SLA (service level agreement) limits unexplainably. The two key metrics for bringing Zinc to the process both weren’t showing any increases in levels in line with the results coming from the slurry analysis. This issue was happening continuously over a 6 month period. A team was put together including people from the key business stakeholders in the process, these were operations, manufacturing, technical and procurement. By getting a multidisciplined team, it helped to gain a thorough understanding of the full process. The first task for the team was clearly defining the problem in a project charter. A business case was put together highlighting the costs to the business caused by the variations in Zinc levels. When the Zinc level went above 0.6% in the by-product slurry from the steel making process, it would not be able to be used consumed by another business unit (customer) in their process. The current actions taken when Zinc level breached the SLA, were to reduce the scrap metal used in the Steel making process, this comes at great cost to the business. Also this slurry can’t be landfilled, so needs to be consumed by blending with a lower Zinc slurry to bring down the Zinc to below 0.6%. The project scope was set up to look at all variables in the process that could contribute to the fluctuating Zinc levels. A timeline of 6 month was set up as stocking space of high Zinc level slurry was limited. 
[bookmark: _Toc95054056]Measure
At this stage data is collected in detail from various aspects of the current process to identify any source of variation. A baseline performance is obtained and key performance metrics are identified. The integrity of the data is verified. Key tools used are Process Maps, Control Charts and Capability Analysis.
In continuation of the business example the project team started created a clear process map, to map key performance metrics. The reason this is done is:
“Process mapping provides the visual glimpse of different processes of the business. It provides the necessary information and helps to determine the Who, What, Where, Why, When and How aspects of the process and problem, and even guides towards possible solutions.” (Hessling, 2017)
By creating the Process Map it clearly shows all inputs, actions and outputs of the process. You can see if any areas had been missed the entail business case and a clear map was set out to show where Zinc can enter and exit the process. From this process map key baseline metrics where confirmed and the data was collected. Some of the key metrics collected where process outputs, scrap ratio (Hot Metal to Scrap Additions), scrap mix and hot metal zinc levels. From this data we could set out the baseline key metrics to the process and then could move onto analysing the data. 
[bookmark: _Toc95054057]Analyse 
Root cause analysis is completed to isolate the problem. This is done through qualitative and quantitative approaches. Key tools used are Scatter Plots, Pareto Analysis, 5 Whys, Fishbone Diagrams and Histograms. 
During the Zinc project we used scatter plots to help find a positive correlation in the data collected and the changes in Zinc levels. Scatter Plot is a tool used to discover relationships between a dependent and independent variable. When plotted it is easy to spot correlation between variables.
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Figure 4: Relationship between scatter plot variables
The scatter plots showed clear positive correlation between higher production output and the Zinc level increasing. Another are that showed clear positive correlation was the consumption of ‘Scrap A’ that was not perceived to be containing Zinc. Both these two findings came as a surprise to the team and weren’t previously areas we would of looked at. Fishbone diagrams where created for both issues, to help brain storm a route cause for the Zinc increasing against these two variables. 
[bookmark: _Toc95054058]Improve 
Establish a means of countering the root causes. Evaluate solutions and the select the optimal. Once solutions are implemented data is gathered and measured against the baseline, to confirm performance has improved. Key tools used are Cost/Benefit Analysis, Brainstorming, Poka-Yoke, 5S and Affinity Diagrams.  
From the route cause analysis it was evident that ‘Scrap A’ a cheap high value scrap was bringing Zinc into the process, when previous chemical analysis had shown no traces of Zinc. We use a value in use model in work this takes into account the technical benefit cost and  price of a material to help pick the correct materials to use in the process. This an advanced cost/benefit analysis. We where able to update the new chemical analysis of the scrap in the model and it showed that we should reduce another scrap that brought less value to the process and also contained Zinc. 
[bookmark: _Toc95054059]Control 
The solution is fully implemented and the to-be process is achieved. Throughout this phase, the new process performance is consistently measured and checked if within the acceptable range. A control plan is used for this purpose and guides the team in ensuring that the improvement plans take shape and the new performance levels become permanent. Key tools used are Control Charts, Control Plan and Standard Operating Procedures.
The standard operating procedures where updated for the production staff, that if Zinc levels start to increase that they should look to decrease the consumption of ‘Scrap A’. Using Control Charts the Zinc levels in the current process were compared back to the baseline data originally collected in the Measure phase. The charts showed that the process had become further in control than it was before. Unfortunately this didn’t not bring the process in line with Six Sigma and being within 3.4 DPMO. Further work will be needed to be done on the correlation between output increasing and Zinc levels increasing. 


























[bookmark: _Toc95054060]Introducing to Lean Manufacturing

Lean manufacturing is a system that minimises waste to optimise a manufacturing process and seeks continuous improvement. Lean was first developed by Toyota and was called Toyota Production System (TPS) in the 1900’s. Taiichi Ohno is widely regarded as the creator of the systems of Kaizen and Just in Time, these are key principles in Lean Manufacturing. Shigeo Shingo also developed SMED(Single Minute Change of Die) and Poke Yoke. 
[bookmark: _Toc95054061]3 M’s
Toyota created their systems around reducing waste that is categorised into three sections know as the 3 M’s:
· Muda – a process that uses resources but does not create value for the customer. An example of Muda would be a product needs to take multiple steps to go from one part of the process to the next, to eliminate the waste you would move the production processes closer to each other.
· Mura – this is unevenness in the process. An example of Mura would be a gyrating production schedule, so operators would have rush at some points and then wait at others, to eliminate this level scheduling needs to take place.
· Muri – is the overburdening of equipment or operators. An example would be loading a piece of equipment to 120% of its capacity, this causes delays in the system as 20% can’t get through and can cause unwanted breakdowns as the equipment is being over worked.
Here is a good visual representation of the 3 M’s
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(Figure 5 – lean.org – Muda Mura Muri)
[bookmark: _Toc95054062]Kaizen 
Is one of the foundations of Lean Manufacturing, it means “Change for the better”. It is a strategy where all levels of the company work towards incremental improvements.
Masaaki Imai, Founder of Kaizen Institute, describes Kaizen as an “Everyday improvement, everybody improvement and everywhere improvement” 
The aim of Kaizen is to ensure that your process continues to work at its best capabilities through continuous improvement. It will reduce waste in the form of Muda. 
A typical Kaizen process would be to:
· Set achievement targets and context of the process
· Review baseline state of the process and develop an improvement plan
· Implementation of the plan 		
· Monitor the changes against the set achievement targets
· Standardise or set new targets if needed
[bookmark: _Toc95054063]5S 
Is a key tool used in the Kaizen process to help reduce waste. 5 S stands for:
· Seiri - sort
· Seiton - straighten
· Seiso - shine
· Seiketsu - standardize
· Shitsuke – sustain3

“In simple terms, the five S methodology helps a workplace remove items that are no longer needed (sort), organize the items to optimize efficiency and flow (straighten), clean the area in order to more easily identify problems (shine), implement color coding and labels to stay consistent with other areas (standardize) and develop behaviors that keep the workplace organized over the long term (sustain).” (Unknow, 2019)
  Before 					     After
[image: 5s before after sweep shine]
(Figure 6 – 5S - leansixsigmadefinition.com)
Efficiency will improve if an organisation used the 5S tool. It will decrease time wasted looking for an item, reduce waste, maximise storage space efficeny, heighten safety and increase moral. 

[bookmark: _Toc95054064]Heijunka
Another key foundation of Lean Manufacturing is Heijunka, it is a Japanese word for “levelling”. Heijunka is a technique for reducing unevenness in production. By implementing Heijunka there is a reduction in waste in the form of Mura. 
“A technique to facilitate Just-In-Time (JIT) production, it means production levelling (finding and keeping average production volumes) and is used to smooth out production in all departments as well as that of the supplier over a period of time.” (Anon., 2013)
Having an unlevelled production can come from activities/products taking different amounts of time, different machines and workers have different capacities, deprioritising of tasks, material shortages, customer orders not aligned to production. 
The main principle of Heijunka is Just In Time, this is managing your raw materials orders to align with your production. Resulting in goods arriving just as they are needed in the process, minimising inventory and increasing efficiency.  
Key tools used in Just in Time to help efficiency is Takt Time, Kanban and SMED (Single Minute Exchange of Die). 
Takt time, this is the time it takes to make your product from start to finish to meet customer demands. This can be worked out by:
Takt Time = Total Available Production Time
                          Average Customer Demand
For example if a working week is 40 hours and the demand is 80 units, your Takt Time is 2 units per hour or one unit per 30 mins. You must also know your Cycle Time (actual time for the process), as this must be less than you Takt Time to allow this to work. If the Cycle Time is longer than the Takt Time, the business must consider reducing waste/efficiencies further, running extra shifts to increase available production time and finally implementing a new/extra production line. 
A further tool is Kanban, this is a visual inventory control system used in Just in Time. Kanban is the Japanese word for ‘Visual Board’ or ‘Sign’. The system pulls from customer demand back to raw materials. 












[bookmark: _Toc95054065]Comparison of Six Sigma and Lean Principles

Both Six Sigma and Lean aim to improve quality and efficiency of a process/business, but achieve this is different ways. Lean aims to reduce waste and create an efficient production. Six Sigma aims to reduce errors in the process and therefore create an efficient production. 
Lean techniques are aimed at improving a manufacturing process, where Six Sigma techniques can used in most business types and not just manufacturing. An example of how Six Sigma can be used outside of the manufacturing process, betting company Bet365 used the DMAIC process to improve the success of their outbound marketing calls to registered but under utilised customers. “With a 37 percent improvement in the conversion rate and a 1.04 sigma shift, the project resulted in a gross benefit of $444,300 as well as reduced costs by generating the customer call lists internally.”
(Holland, n.d.)
Six Sigma techniques look to deliver what the customer wants with as little variation. In an ideal world a business would use Six Sigma techniques first to make sure the process meets the customer requirement and then use Lean techniques to reduce the waste and further increase the efficiency of the process. If a business utilise the techniques the other way around, the business might end up with a low waste production line, but produces a variable product that the customer does not want.
Lean techniques can be used day to day in a business and are more of a culture to be adopted by everyone working in a business. The aim of Lean is quick results and turnover. Six Sigma techniques are used more on a project level, with aim of improving a specific issue. Six Sigma techniques from start to finish normally take longer than Lean to implement. 















[bookmark: _Toc95054066]Conclusion
I think that any manufacturing business should adopt both Lean and Six Sigma tools and techniques as combined they will produce a consistent product for the customer in an efficient and cost effective way. They are both very powerful management tools that can drive:
· Financial gains;
· Strategic Benefits;
· People Development; 
· Customer Satisfaction;
· And Key Production Efficiencies 
Six Sigma will help a manufacturing business improve on quality and customer satisfaction, were Lean will look to reduce waste in a process to increase efficiency. 
As described in my Six Sigma working example, I will be using the tools available from Six Sigma again with the project team to further decrease variability in the Zinc from the manufacturing process.
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