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[bookmark: _Toc198380899]Introduction
In the manufacturing sector, organisations face mounting pressure to improve operational efficiency and consistency while reducing waste. To improve current processes, meet targets and improve customer satisfaction, many engineering companies are turning to Lean Six Sigma methodologies. 
This report aims to illustrate the purpose of lean and six sigma methodologies by demonstrating their use cases and abilities to improve manufacturing processes. The report will also discuss the differences between the two methodologies and how they can complement each other to overhaul manufacturing processes.


[bookmark: _Toc198380900]Main Body
[bookmark: _Toc198380901]Six Sigma Methodology
Six Sigma is a data-driven methodology used to improve processes by identifying and eliminating defects, reducing variability and focusing on customer satisfaction. It’s built on the principle that by removing errors and refining processes, businesses can achieve levels of quality that deviate less than 3.4 defects per million opportunities (DPMO). This level of precision is the "Six Sigma" standard. (Aaron Hoare 2025) Developed by engineer Bill Smith at Motorola in 1986, Six Sigma has been widely adopted across various industries to achieve greater operational efficiencies and improve customer satisfaction.
Six sigma is built around its statistical foundation, aimed at reducing defect rates down to no more than 3.4 defects per million opportunities. DPMO is a metric used to measure the performance of a process by calculating the number of nonconformities or defects per million opportunities. (Taylor & Francis 2021) This metric allows organizations to assess process performance, compare different processes, and identify areas for improvement. (Pannell, R 2022) By aiming for the lowest possible DPMO, companies can enhance product quality, reduce waste and increase customer satisfaction. 
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The Six Sigma method commonly follows a 5-phase structure known as DMAIC for improving current processes. Another application is DMADV that is used to improve future procedures.
The major difference between DMAIC and DMADV is how they are applied, DMAIC focuses on improving existing processes, while DMADV is used while creating new processes. Both processes aim at improving efficiencies and quality. 
The five stages of the DMAIC process are:
Define: The Define phase focuses on understanding the problem, setting objectives, and aligning with business goals. (Jvalin Sonawala 2025) Processes such as a SIPOC diagram can be used at this phase to gain a complete understanding of the current process.  SIPOC diagrams are useful for focusing a discussion, helping team members agree on a common language and understanding a process for continuous improvement. (Schuchart, W. 2022)
Measure: The purpose of this phase to gather relevant data of the current process that can be used as a baseline and to inform decisions on potential process weak points and areas to improve.
Analyse: This phase builds on the information collected in the define stage and the data collected in the measure stage to identify the cause of the problem or reduction in product quality. Root cause analysis can be helpful during this phase of the process as an actionable structure for thinking about a problem and identifying the best way to solve it. (Cloud, E. 2023)
 Improve: This phase aims to develops plans to address the issues identified by the previous phases. Considerations such as will the solutions be value adding or feasible to implement should be discussed in this phase.  
Control: To end the DMAIC process the final phase ensures that any new methods or ideas that are implemented are sustainable and measurable. This process can also include discussions and design of new standardised processes and any new documentation or training that may be required. 





[bookmark: _Toc198380902]Lean Principles / Implementation
Lean principles aim at strategically enhancing operational performances by eliminating excess waste by improving the efficiencies of processes and creating a culture within the company of continuous improvement from within. Lean as a concept was conceived by Toyota through the development of their TPS (Toyota Production System) concept. The TPS system aimed at eliminating waste, continuous improvement or Kaizen and just in time manufacturing. 
One of the core principles developed by Toyota that is followed by many manufacturing companies across the worlds is Just in time manufacturing. Just in time philosophy is to only produce the components that are needed, in the exact quantity that is needed just in time for use in production. This approach at production eliminated the need for storing large amounts of batch manufactured parts, this can reduce waste of products that have a finite shelf life from becoming defective and lower the cost of storage in large warehouses. 
The kanban system is used to support the just in time by signalling the need to produce components to maintain good levels of inventory to support production. Kanban is a visual workflow management method designed to limit work in progress though the use of visual software such as Kanban boards or cards that show work that has been requested, work in progress and completed work. This is a system that is deployed at FSG by management to track the production of components on the workshop floor to help meet deadlines using the just in time philosophy. It also helps track the time taken to perform an operation and can be compared to expected times or previous times, this can help visualise areas that processes can be improved or altered. 
Another element of lean manufacturing is Jidoka (Automation with a human Touch), Jidoka aims at empowering workers to halt production to fix issues or defects in components before they have the opportunity to progress through production. This type of principle ensures that all defected components are tended to, and the workforce feels empowered and confident to continually improve processes. One way to implement this, that was pioneered by the Toyota Production System would be to use Andon lights that give a clear visual sing as to the severity of the issue.
Kaizen (Continuous Improvement) is a sister process to Jidoka as it promotes employees to make contributions towards improving processes in production. Companies will often offer incentives towards its employees to recommend Kaizens, this helps give a voice to the employees who can spot inefficiencies where management cannot.
Genchi Genbutsu (Go and See), encourages management to speak and observe workers firsthand to better understand situations and processes from the source to identify areas or production that can be improved. 
Heijunka (Level production) distributes work evenly by levelling out production schedules across departments, this ensures that there are no fluctuations in production time and quality, and that maximum efficiency is achieved by all departments at any given time. 
Standardized work enables that use of standard operating procedures across multiple different workpieces, this reduces the amount of training required for employees and can streamline the assembly process. Instances of the use of standardised work at FSG include the modification of bolsters to use the same demountable bought in pillars and bushes on all similar tooling. 
Lean can better be visualised by using the House of Lean graphic that can inform areas that should be priorities, it is important that all productions systems using the lean philosophy are bult on stable foundations.
[image: Build Your “House” of Production on a Stable Foundation]
[bookmark: _Toc198578185]Figure 2  - House of Lean (LEI 2006)
One of the main efforts of lean manufacturing is to reduce waste, this is commonly called Muda. As a concept there are 3 different forms, Muda, Mura and Muri. 
Muda means wastefulness and is work that is not value adding. There are two different types of Muda with type 1 being the required activities that are not value adding for the customer such as multiple QA checks and safety testing this type of Muda is necessary as it can eliminate waste and may be required to ensure safety of customers. The other type of Muda are processes within production that are not value adding and that can be removed to improve lead time and efficiency. 
Type 2 of Muda has 8 key areas that are abbreviated to DOWNTIME.
 [image: No alternative text description for this image]
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Mura (Unevenness) aims to identify irregularities in process that lead to inefficiencies and quality issues. Unevenness can occur in many forms, including fluctuations in demand, variation in the quality of raw materials, and variability in the production process itself. Mura can lead to bottlenecks, overburden, and waste (Gulfnde 2023). To improve Mura techniques from the house of lean can be used such as heijunka to ensure that the process flow is continuous and doesn’t include any bottlenecks. 
Muri (Overburden) focussing on mitigating the chance of overburdening employees or machinery that can lead to breakdowns or burnout of employees. To reduce muri and balance workloads developing tools that can identify the limitations of machinery or processes can vastly reduce downtime. By identifying the expected life of tooling preventative maintenance and replacing components before their expected failure date can reduce downtime. A well know example of this is the GE Twin Analytical software that uses past historic data collected across its turbine engines to provide informed recommendations in real time to management and staff. 
 Implementation of lean manufacturing can offer significant benefits, but introduction of these concepts can be met with resistance. One major element that can impede the implementation is the cultural resistance that can come from older members of staff or management, this can lead to a half-hearted attempt at using the lean concepts. To overcome these issues the employer should empower the employees to adopt and reward them for the use of lean concepts. The introduction of further training for employees can also improve their understanding of how lean can benefit their job and the company. 
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Six Sigma and Lean are two methodologies that can be implemented together to improve efficiencies, quality and reduce waste with two different approaches. Lean focuses on eliminating waste and optimising processes, while Six Sigma emphasises reducing variability and defects through data driven analysis. By combining both approaches, businesses can reduce manufacturing time, reduce errors, improve and maintain machinery correctly and deliver a quality product to the consumer. 
Combing Lean and Six sigma offers companies a chance to benefit from both concepts. While each offers a unique perspective on eliminating waste and enhancing efficiency, integrating them can yield results greater than the sum of their parts. (olanab 2023)

[bookmark: _Toc198380904]Conclusion
In conclusion, the integration of Lean and Six Sigma methodologies offers a comprehensive approach to enhancing manufacturing processes. Lean principles can help eliminate excess waste and promote continuous improvement, while Six Sigma emphasises reducing variabilities and defects through data-driven analysis. Together Lean Six Sigma can provide a company a balanced approach that can address issues with both efficiency and quality, leading to an improved process, better engagement with employees, ability to adapt to market change and create an environment that helps the company continually improve and evolve. 
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