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[bookmark: _Toc177914012]Introduction
This report will highlight areas to improve the defect rate with the manufacturing at PESC.
The customer complaints and high defect rate show floors in the manufacturing process and poor control measures present for defects. This report will show a process that will be used to highlight a problem in a process and improve the process along with data capture and a continuous improvement to aid and control further manufacturing at PESC. 
The report will focus on the DMAIC tool, which, when used correctly, is a very effective and highly rewarding six-sigma tool. DMAIC is very useful for finding root causes. I will touch on other six-sigma tools in this report, such as FMEA’s and Pareto chats. I will go into more depth through the report

[bookmark: _Toc177914013]Aims
The aim of this report is to improve quality at PESC by using the six sigma tool DMAIC, this will aid the manufacturing process and reduce customer complaints and increased cost. It will aim to reduce back ordering and compulsory overtime.
[bookmark: _Toc177914014]Objectives
· Research Six sigma methodologies and six sigma tools 
· Advise on six sigma tools to be implemented.
· Collect and quantify data to show process performance.
· Analyse data to help show root causes 
· Utilise  the DMAIC tool to benefit a process 


[bookmark: _Toc177914015]Main Body
The importance of a clear process definition in PESC is critical to them and their future.
To formulate an effective problem statement for the current manufacturing process, it would have to include clear and concise issues; these would have to be clear in terms of being able to measure the specific problem so it can be used in data collection. Form the measurable variable in the process, I would then analyse and aim to place actions in to help achieve a goal; this could be process time or to achieve a lower defect rate. To control the improvement, there has to be some time frame placed to be able to record the improvement to ensure the goal of the improvement has worked correctly.
This is why I would advise PESC to use the DMAIC tool to aid the manufacturing process. (Rodrigo Rodriguez Delgadillo, 2022)
The DMAIC (Define, Measure, Analyse, Improve, and Control) is a structured problem-solving methodology often used in Six Sigma. A crucial step in this process is define. This step involves clearly outlining the current process, its inputs, outputs, and key performance indicators (KPIs).
Here's why a clear process definition is vital in DMAIC:
1. Understanding the Problem: 
Pinpointing the root cause: A precise process definition helps identify where problems are occurring and why.
Avoiding wasted effort: By understanding the current state, you can focus on areas that truly need improvement, preventing wasted resources.
2. Establishing a Baseline: 
Measuring performance: A clear definition allows you to establish a baseline measurement of the process's current performance against KPIs.
Tracking progress: This baseline provides a benchmark for measuring the effectiveness of improvement efforts.
3. Identifying Opportunities: 
Spotting inefficiencies: A well-defined process can reveal bottlenecks, poor organization, or other inefficiencies that can be addressed.
Enhancing value: By understanding the process, you can identify opportunities to add value or reduce costs.
4. Facilitating Collaboration: 
A shared understanding: A clear process definition ensures everyone involved has a common understanding of the process, fostering collaboration and alignment.
Effective communication: A well-defined process provides a framework for effective communication among team members.
5. Ensuring Successful Implementation: 
Guiding improvements: A clear process definition provides a roadmap for implementing improvements, ensuring they are targeted and effective. (Shakur, 2009)
Maintaining consistency: A well-defined process helps maintain consistency and prevent unintended consequences.
In conclusion, a clear process definition is the foundation of a successful DMAIC project. By accurately understanding the current state of the process, you can effectively identify problems, measure performance, implement improvements, and ensure long-term success.
When PESC’s problem statement is complete, the next step for the company is to start moving through the DMAIC cycle. PESC would first need to start gathering data. At the start of the process, I would generally start with a Gemba Walk (Gesinger, 2016). During a Gemba walk, a senior member can walk through a process and first-hand identify problems, bottlenecks, or safety hazards. Throughout this walk, certain points can be noted: employee’s abilities, material flows, and also potential tasks they face in the process they work on. This can help to define the issues for improvement; when all the issues are noted and raised, these can then be placed into a prioritized order of severity from health and safety to defects to process issues. Manufacturing industries will use a priority basis known as SQDC (N Nurmalasari, 2020); this is known as safety, quality, delivery, and cost, and this is the priority that they organize issues to be resolved in. The Gemba walk is a process from the start of the process to the end of the process; this is a very good indicator to note all issues; this is a good start to data capture. Throughout the process of the Gemba, the senior member walking the manufacturing process may want to implement check sheets to help identify the quantity of issues that have arisen from the problems spotted. Check sheets are a good tool for quantifying data along a time frame; this is one of the seven basic quality tools. 
The bottleneck analysis (Tang, 2019) can also be used to help identify constraints within a process that prevent it from reaching its full potential. This process is used to help improve efficiency and increase productivity.
Bottleneck analysis is another process where you have clearly defined the process you wish to improve, then the whole process can be placed into a flow chart, and data can then be compiled to highlight what is currently limiting the process from reaching its full capacity. This is where the bottleneck comes from. This problem would then be analysed to understand the root cause and what is causing the bottleneck. This could be down to ineffective procedures or untimely tasks needing to be completed slowing processes down and then slowing the next part of the manufacturing process down. Similar to DMAIC, this process requires a solution to the bottleneck; this would also be monitored, and any further adjustments required to maintain a streamlined process can be done as part of the continuous improvement.
These 2 processes can be used to collect data and quantify data on the process performance.
Once all necessary data has been collected by using either the Gemba walk or a bottleneck analysis to define the key performance metrics, this would then need to be placed into data recording that would help compile and prioritize data. 
To make this visually easier to understand, I would advise that a histogram or Pareto chart (Eralda Xhafka, 2017) be used. This falls into the “M” measure of the DMAIC. By using a Pareto chart, you can add the whole list of errors that have been found from the walk through the process or issues that have arisen from speaking to the operators working the line. Once all issues are noted on a chart, it is then recorded like a tally chart. After a set time frame of a week, this would highlight key performance issues in the process. This will then, in turn, help prioritize the next step of the DMAIC. 
Once all the necessary data has been collected, this would require the team to “A” analyse the data and prioritize what are the root causes that are having a detrimental effect on the customer. 
From the data collected, visually you would see the prioritized root causes using the Pareto chart/histogram. From this, I believe the best tools for PESC to use to analyse the data would be “5 Whys." The tool 5 Whys is great at finding the root cause; I believe it is a very in-depth tool (Gangidi, 2019). The example of the 5 whys below was one that I have previously carried out in industry, which proved to make a significant difference and also showed multiple root causes in a process.
Fishbone diagrams give everyone involved (Tavakkoli-Moghaddam, 2012) with the process improvement visual understanding while completing, while it also is a great team exercise. From the data that’s been recorded, it can be placed into main root causes, and then feeding off of them, people can relate to what exactly is causing the issues.
From this, you create little bones going off from the root causes, which will help to eliminate it all together. It will also help to prioritize the bigger of the issues along the fish bones. 
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In the fishbone diagram above, it states there is a poor finish from milling. Following these, the issues believed to cause the root cause are wrong speeds and feed, coolant, and blunt cutter. The blunt cutter could be classified as a sub root cause because if there was coolant causing the cutter to burn up, then effectively you would have the blunt cutter. So within each bone stemmed off there are issues that can resolve themselves, which is great for everyone to visually see.
Following the analysis, the next step is to improve. In the DMAIC cycle, there are a few tools that can be used to improve processes.
FMEA Failure Mode Effect Analysis (Kapil Dev Sharma, 2018) is a tool that can be used throughout the whole process, which is a live document. This means it can be updated daily when improvements are made, but could also highlight new issues. It has a scoring system to effectively highlight bigger issues but also allows that issues will evidently be present in human nature but can be reduced by putting measures in place. FMEA’s can target the root cause issue by stating what is causing the root issue; in turn, improvement would be put in place for this to be diminished. Using the FMEA to eliminate the root causes is very effective, as scores are recorded. This will show that actions placed into the process to improve are therefore working, meaning the scores are reduced. It is very effective as it can constantly be updated, ensuring that actions don’t slip and maintaining control of the ongoing situations.
Visual management is a basic tool but can be extremely significant (Krzysztof, 2017); these can be important where parts are constantly moving through a line. It could be as little as a designated bay for raw materials to completed parts. These highlighted areas can then be visually seen to remind staff that items have places. It is all about creating and streamlining the work environment and making it self-explaining and self-ordering. This could be as small as arrows on the floor for flow of materials or designated bays for overspill materials to be placed. It also helps with the flow of raw materials, as the deliverance of raw materials can be visually seen when the staff are working on the overspill that the initial material has depleted. This can be effective to reduce a root cause by ensuring people are not walking around asking for more material but to visually see that there is more required. This will ensure there is a work flow throughout the process; it can help to streamline the whole process with minimal overall input. I believe the visual management would be as the PESC plant process seems to have an irregular flow throughout a proven process. Time could be saved by ensuring a better flow, and I believe this can be achieved by using visual management.
 
An important improvement tool is the POKA YOKE (M. Dudek-Burlikowska, 2009). POKA YOKE is effective by ensuring tasks are fool proof or mistake proof. I believe this would be good for PESC. If a root cause were found that the printing department is printing the incorrect colours on resistors, this could cause scrap and also customer complaints and scrap. This could be done by placing coloured boxes for a set range of resistors. This means the printing operation can be visual, ensuring this process at the end of an 8-stage process is not incorrectly carried out, causing a delay. It could also in turn speed up packaging as they would visually be able to see a certain set of resistors instead of having to manually check, ensuring a task can be made fool proof. This could even help within the goods holding by placing colour sections for each range of boxes, ensuring when goods are leaving they can then be visually seen and making this task mistake proof.
[bookmark: _GoBack]Once all the improvements have been implemented, the importance of control measures is critical to the maintenance of the process. If improvements slip due to lack of control, then you are back to the start. A control plan (Ashok Sarkar, 2014) should be in place. A control plan is a document that has steps in place for any issues that occur. If a root cause was red ink running out on the printing process and this not being noticed until a batch of 1000 has gone through, this would give a reaction plan. This may be to stop all activity and go back and check stock; it should include a frequency of checking parts to ensure the problem isn’t vast.
The control plan may include an operation that may require to be checked after a certain frequency; this could be a first and last off check, and if any issues have been spotted on the last off, you can confidently capture that it is only a batch issue. The frequency of the checking during the control plan is specific to the task. This is crucial: sustain all improvements. 
Another control measure I believe is good is the use of FMEA and its continuous improvement ability. As an FMEA is a live document, current issues are monitored for occurrence, so they will be spotted within the table and graph produced from the data input. It can also be used to critique and place more improvements into existing processes to ensure issues do not arise but to get a task to its absolute potential. I believe using control plans on each station of the production is crucial, but using an FMEA to oversee the whole operation is just a great tool. It's live and updated, which keeps everything current, and issues can be raised at the first instance. As the FMEA is a live tool (Pollock, 2005) this is a great product to utilize performance, and from the history of data collected, it gives you KPI’s that can create targets. I believe the FMEA is a great tool to manage improvements and control measures placed on a manufacturing process long-term.












[bookmark: _Toc177914016]Conclusions
In conclusion, the report suggests utilizing the six-sigma and lean manufacturing framework DMAIC; all tools throughout this report and the DMAIC cycle are crucial to improvements.
I believe using the six-sigma tools in this report will greatly help PESC in highlighting strengths and weaknesses in the current process and will lead them to improve. If they follow the DMAIC steps highlighted in the report, I believe they will be able to stop wasting time, increase productivity, and improve quality. This would only improve the quality of the workforce by improving morale by also improving the reputation and reliability of the company.

.














4	 References
Ashok Sarkar, A. R. M. S. K. G., 2014. International Journal of Lean Six Sigma. An outline of the “Control Phase” for implementing Lean Six Sigma.
Eralda Xhafka, E. A. G. C. &. A. M., 2017. Applying the Ishikawa Diagram and Pareto Chart for Defect Reduction in the Manufacturing Industry. A Case Study from a Textile-Producing Company. s.l., s.n.
Gangidi, P., 2019. International Journal of Lean Six Sigma. A systematic approach to root cause analysis using 3 × 5 why’s technique.
Gesinger, S., 2016. Experiential Learning: Using Gemba Walks to Connect With Employees. 61(02).
Kapil Dev Sharma, S. S., 2018. Failure-Mode-and-Effect-Analysis-FMEA-Implementation. [Online] 
Available at: https://www.scribd.com/document/384478002/Failure-Mode-and-Effect-Analysis-FMEA-Implementation-A-Literature-Review
[Accessed 08 02 2024].
Krzysztof, K., 2017. Importance of visual management in metal and automotive branch and its influence in building a competitive advantage. 22(1), pp. 263-278.
M. Dudek-Burlikowska, D. S., 2009. Journal of Achievments in Materials and Manufacturing Engineering. The Poka-Yoke method as an improving qauilty of operations in the process, 36(1), pp. 95-102.
N Nurmalasari, I. B. I. R., 2020. Influencing Factors of Safety Quality Cost Delivery People on Lean Manufacturing Implementation at Directorate Production Indonesian Aerospace. 
Pollock, S., 2005. ASQ Six Sigma Forum Magazine. Create a Simple Framework To Validate FMEA Performance, 4(4).
Rodrigo Rodriguez Delgadillo, K. M. a. W., 2022. Digital Sustainability and Customer-Centric Project and Operations Management in Support of the People, Planet, and Profit). A DMAIC Framework to Improve Quality and Sustainability in Additive Manufacturing—A Case Study.
Shakur, R., 2009. Process Improvement Using Six Sigma. A DMAIC Guide.
Tang, H., 2019. Manufacturing Letters. A new method of bottleneck analysis for manufacturing systems, Volume 19, pp. 21-24.
Tavakkoli-Moghaddam, A.-A. Y. &. R., 2012. The International Journal of Advanced Manufacturing Technology. Integration of the fish bone diagram, brainstorming, and AHP method for problem solving and decision making—a case study, Volume 63, p. 651657.

 

image2.png
Poor Finish from Milling of Former

Wrong Speeds &

Blunt Cutt
unt Cutter Feeds

Lack Of
Coolant

Route not on
Job Card

lr,ack of . Understanding
raining for Scanned Data
Engineers.

toscan

No Scan (Partial Clean Up)
Milling of Former

Lack of Knowledge

Incorrect Model Milling of Former

Wrong
Information
on Job Ticket

Job Has
Internal and
External

Numbers

Offset Left In
Tool Data

In Correct Tool Set Up
for Milling of Former

Operator

Error

old Model
selected

Tool Datum
Incorrect

EFFECT:
Unacceptable
Tray Formation




image1.png
23 Prtysgol Cymru
L) Y Drindod Dewi Sant
" University of Wales
Trinity Saint David




