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2 [bookmark: _Toc161352385][bookmark: _GoBack]Introduction
The focus of this essay is to explore the results of process improvement for hard milling of a top former within a foil tool. I will collate and analyse data throughout the whole process and will evaluate whether the use of Six Sigma can be beneficial within a manufacturing environment. 

2.1 [bookmark: _Toc161352386]Aims
The aim of this assignment is to assess the success rate of a current process in use at FSG Tool & Die Limited, and to develop and implement a prioritised improvement plan using a core Six Sigma method. 

2.2 [bookmark: _Toc161352387]Objectives
To analyse and improve a current process using Six Sigma.
To improve product quality by reducing variations and defects. 
To improve overall operational performance.

3 [bookmark: _Toc161352388]DMAIC
Six Sigma is a problem-solving process which uses various quality management and organizational tools (Roger G. Schroeder, 2008), it is also a helpful tool to aid continuous improvement (Jeroen de Mast, 2012). There are many tools under the umbrella of Six Sigma, each with different advantages and characteristics (Zhang, 2015). In this instance, I have chosen to use DMAIC (Define, Measure, Analyze, Improve and Control) as it is the most appropriate tool to use for product/process improvement (Berardinelli, 2012).  
The DMAIC methodology uses various tools to identify and define an issue and help to improve the overall performance of a process (Rohit Chandel, 2016). Failure Mode Effect Analysis (FMEA) and Value Stream Mapping are just some tools that are utilised within this process (Atep Afia Hidayat, 2021).
Measuring within this process is critical as the information must be true and current. There are many tools within the DMAIC process that can be used to collect and analyse data (Stephen, 2014). I opted to use the DMAIC method to focus on improving product quality by reducing variation and defects. I chose this methodology as I found it covered all aspects of the process (Donald D. Tippett, 2015).
Throughout this process improvement, I used various tools within the Six Sigma, DMAIC range to collect and analyse data. These included; FMEA; Check Sheets; Histogram; Pareto Analysis; 5 Whys; Fishbone Diagram.
FMEA is great tool, although can be extremely long and tedious (Wei Dai, 2011). It was used to aid prevention of failures and overall product improvement reducing the impact of lost hours and rework to FSG. 
Check sheets are an easy tool to utilise for data collection on non-conformities (Reeb, 2002). I found that check sheets were relevant to this data capture as there were various data points that sat outside of the boundaries of relevance. 
A histogram offers a very clear depiction of data. Whilst they are a great tool for visualising data, the data input has to be trustworthy, it can otherwise succumb to bias and be tailored to suit a desired result (M.Aarthy, 2014).
Pareto Analysis is a great visual tool which helped to identify and highlight the most important factor causing issues within the process. The purpose of this tool is to arrange data in order of severity, generally highest to lowest, and was used once for showing the distribution of wealth in Europe (Ansari, 2019). 
The 5 Why’s it is a very quick method that helps identification of root cause issues. It’s a very basic tool but has been used extensively throughout the manufacturing industry (Rodrigues, 2019).  
The fish bone method was a great tool which enabled the whole team to brainstorm, ensuring that all findings and ideas were considered before moving forward with the improvement plan. The fish bone diagram also aided diagnosis of root cause, another of the Six Sigma key factors (Reeb, 2002).
Many industries use the 5-step process known as KAIZEN (Figure 1) which is a tool utilised within DMAIC. It is used for elimination of defects, efficiency increase and total quality control (Fariba Rahmanian, 2013). I found that KAIZEN was more suited to my process than the alternative KANBAN, a similar 4-step process. The KAIZEN process is used to develop an improvement plan with timing deadlines and actions (A.P. Puvanasvaran, 2010).
[image: ]
[bookmark: _Toc161352364]Figure 1 - KAIZEN Template
Another process utilised during this improvement plan was POKA-YOKE. POKA-YOKE is a methodology utilised to simplify tasks, mitigate risk, and minimise occurrence of errors (M. Dudek-Burlikowska, 2009), hence its use as a control aspect for this project. I found this suitable as I was able to implement a control measure using FSG’s computer system ensuring each process is completed before moving the job on. This control measure eradicated the issue of parts not being scanned. 

3.1 [bookmark: _Toc161352389]Define
The initial step in the DMAIC process is to define. Following use of an FMEA and check sheets, I found that the defining issue was hard milling of the top former. 
The refurbishment process of a foil tool is a significant part of FSG’s workload. FSG currently refurbish, on average, 20 foil tools each month. Whilst under refurbishment, the top former process undergoes 4 procedures. It gets surface ground - top and bottom, hard milled, scanned and polished.
Through FMEA analysis, I found that the hard milling operation requires feedback from the scanning operation which is completed by the quality assurance department. This feedback is to ensure the procedure undertaken is completed within tolerance. 

3.2 [bookmark: _Toc161352390]Measure
During the undertaking of data collection throughout this process improvement, the measurement tools used included FMEA, Check Sheets and a Histogram. 
As shown in Figure 1, the analysed FMEA data highlighted a trend identifying that the top former process required priority improvement. 
[image: ]
[bookmark: _Toc161352365]Figure 2 - FMEA Results with Average Line
Following the results obtained through the FMEA (Figure 2), I developed a check sheet so that data could be collected over the course of 10 separate refurbishments, specifically focused on the hard milling of the top former (Figure 3).
[image: ]The FMEA data enabled me to ascertain that the main issue was the process of hard milling. Further to this, the check sheets offered a more in-depth analysis which enabled me to identify that the main issue with the top former was the lack of scanning following the milling operation.
[bookmark: _Toc161352366]Figure 3 - Check Sheet
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[bookmark: _Toc161352367]Figure 4 - Histogram of Recorded Issues
The data displayed in the check sheet (Figure 3) was compiled to create a histogram (Figure 4). The results highlighted in Figure 4 guided my decision to focus on the scanning element of the refurbishment as the data clearly shows that the majority of issues arise when the part is not scanned. 

3.3 [bookmark: _Toc161352391]Analyse 
To fully analyse the data, I used 3 different Six Sigma tools. This was to ensure I was able to gather plenty of data driven evidence and to reduce the risk of anomalies. This is also a good way of reinforcing results (Welch, n.d.).
The first method used to prioritise areas for improvement was Pareto Analysis, as shown in Figure 4. This analysis gave a more in depth understanding of the affected process and the next steps required for improvement. 
[image: ]
[bookmark: _Toc161352368]Figure 5 - Pareto Chart of Issues Recorded
The results shown in Figure 5 validate my initial findings which highlighted the main issue of a part trialed without scanning, resulting in unacceptable product formation. 
Alongside the scanning issue, there were a number of other factors that were found to cause ongoing problems. Figure 5 shows that the second significant issue was incorrect cutting or cutting to incorrect models. Although incorrect cutting was causing ongoing issues, the priority for improvement was to ensure the part gets scanned during every refurbishment.
To validate findings from the Pareto Analysis, I utilised another method known as the “5 Why’s” (Figure 6). This method can also factor in prioritisation.
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[bookmark: _Toc161352369]Figure 6 - 5 Why’s Table
The final tool used for analysis was a fish bone diagram (Figure 7). As the project leader, I encouraged the whole team to at FSG to engage and we were able to identify the common issue and the root cause for unacceptable product formation.  
[image: ]
[bookmark: _Toc161352370]Figure 7 - Fish Bone Diagram
Although the information displayed in Figure 7 does not prioritise the data, it did help to identify the main root causes and highlights a broad spectrum of issues which can be utilised for further continuous development. It also provides great supporting evidence to the data displayed in Figure 5 and Figure 6. 
By utilising three varying Six Sigma tools, I was able to gain a much more in depth understanding of the issues and concerns that were affecting the success rate and overall performance of the tooling. 

3.4 [bookmark: _Toc161352392]Improve 
Following data collection and analysis, I developed 3 improvement plans using KAIZEN (Figure 8, 9, 10). Each plan detailed required actions, timeframes, and allocation of responsibilities to ensure the processes were completed correctly.
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[bookmark: _Toc161352371]Figure 8 - KAIZEN Table, Incorrect Milling of Female Former
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[bookmark: _Toc161352372]Figure 9 - KAIZEN Table, Track not Cut Flat
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[bookmark: _Toc161352373]Figure 10 - KAIZEN Table, Parts not Cut to Data
Figure 8 was highlighted as a priority through the fish bone diagram and Pareto analysis. Given that the scanning issue has such a high prevalence within this process, it was decided that this issue must be prioritised due to the impact of cost implications and time management. 
Throughout the 10 refurbishments, I recorded factors including lost hours and non-transferrable cost incursion. This data was included in in the updated check sheet, as shown in Figure 11. 
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[bookmark: _Toc161352374]Figure 11 - Supplementary Check Sheet
As highlighted in Figure 11, the cost incurred was significantly higher when an issue was present with the top former. This is because the top former issue is practically undetectable until the end of the process. Many of the other issues are picked up much more quickly, this was also apparent in the detection score in the FMEA.
From a business point of view, cutting overall costs is a high priority and so ensuring that foil tool refurbishments are profitable investments is key. The Key Performance Indicator (KPI) set by FSG for foil tooling refurbishments is to reduce overall costs by at least 30%, with a long-term goal of reducing costs by up to 50%. Ongoing use of FMEA and check sheets will maintain an overall view and will ensure that FSG are able to continuously improve processes and increase overall profit margin.  
Even though the main aim is to develop and implement a prioritised improvement plan using a core Six Sigma method, the initial period of identifying suitable tools, collecting data and analysing the data added additional time to the process. Alongside this, the main issue identified required an additional operation, only adding to an already timely and costly process. 
3.5 [bookmark: _Toc161352393]Control 
For the control aspect of the DMAIC methodology, I needed a process that enabled me to take full control and to reduce mitigating risks. I found the best tool for this was the POKA-YOKE strategy (M. Dudek-Burlikowska, 2009). 
Using FSG’s Enterprise Resource Planning (ERP) system, I was able to put an operation in place which controlled how the job moved between sections throughout the factory. Each process must be logged on the ERP, meaning that without every process being complete at each section, the system would deny access and the job could be moved on. 
It has helped to eliminate the risk of missed scans and allocated accountability to operators throughout the factory. The use of the ERP at FSG has also improved data collection which led to training opportunities and additional improvement plans thus supporting continuous improvement. 
The control measure allowed me to monitor the results by updating check sheets and the ongoing FMEA. 

4 [bookmark: _Toc161352394]Conclusion 
In this instance, the DMAIC methodology made a positive improvement to the overall speed, cost effectiveness and quality of foil tool refurbishments at FSG. 
Even though this process has been positively transformed through the use of the DMAIC methodology, I found the initial process of data collection and data input to be time consuming and so should only be utilized as part of long term solution, rather than a ‘quick fix’. Despite this, I did find that some of the individual tools were easy to use and did not require additional planning, i.e. The 5 Why’s, making them good solutions for solving minor issues. 
Personally, I found the check sheets to be of more benefit than the Pareto analysis. Although the Pareto analysis easily identified and prioritised tasks, I found that the check sheets offered a similar prioritisation, whilst recording more progressive data alongside. 
The benefit with the tools within the DMAIC methodology is the scope for continuous improvement. Given more time, I am sure that the DMAIC will continue to highlight issues within the process which may not have been identified at this stage.  
As a future goal, I would like to introduce a statistical process chart for quality assurance guidance. This would help to adjust the radius parameters for the top former ensuring further product improvement. 
Due to its diversity, I feel that a more holistic use of Six Sigma will be beneficial for FSG, following its great success thus far. Overall I am very pleased with how the DMAIC methodology has improved a process within my workplace and I will be sure to continue using this tool moving forward. 
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Data Recorder: Sebastian Parry

Location: FSG Tool & Die Ltd

Date:

Defect Of Tool Build/ Trial 1 2 3 4 5 6 7 8 9 10 Total

Incorrect model 1 1 2

No Scan (Partial Clean up) 1 1 1 1 1 1 1 7

Poor Finish 1 1

Incorrect Tool Setup 0

11/03/2024

Refurbishment Number

Bench Foil Tool Progress Report Check Sheet
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Problem Unacceptable tray formation due to top former being incorrectly hard milled

Why ? No scan data to show cuts 

Why ? No procdure route on job card for QA to book scan on

Why ? Planning department not loading job correctly

Why ? Lack of feedback from QA rework system

Why ? Lack of tracking on scans

Solution Scan parts to ensure full clean up of parts
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Step 1: Identify Areas for Improvement. ... Incorrect milling of female former

Step 2: Analyse the Current Process. ...

Scan data to ensure full clean up and former is 

cut to correct data

Step 3: Develop Solutions. ...

Scan Formers, QA Training, Milling to train better 

practices.

ACTION - Seb and Team to brainstorm ideas.               

TIME - 5 DAYs  KAIZEN draft added to daily                      

RESP - SEB to conduct, Team to input ideas

Step 4: Implement the Solutions. ...

Scan Formers. Scans show when parts are cut 

correct, whether full clean up is achieved, quality 

of draw rad and position to datum. Seb to 

overlook and train QA and Milling on 

requirements.

ACTION - QA to scan added to Job Card, QA 

training of understanding scanned data 

tolerances, Milling to train on better cutting 

practices                                                                             

TIME - 14 DAY  to add route on job cards                      

RESP - Seb to with production manager Lewis 

Fuge.

Step 5: Evaluate the Results. ..

Success rate increased, after QA scan training we 

are yet to have an ongoing issue, Seb to continue 

to monitor for issues.

ACTION -update FMEA and log all records of 

ongoing issues.                                                                             

TIME - 6 Months  to log and update FMEA                      

RESP - SEB

KAIZEN
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Step 1: Identify Areas for Improvement. ... Track not being cut flat

Step 2: Analyse the Current Process. ... Check with Bead Ring in part.

Step 3: Develop Solutions. ...

Set up QA area on milling for quick check. Teach 

engineers to clock work using correct methods.

ACTION - Rob W to order granite table and 

surface stand with 0.0001" dial indicator.               

TIME - 5 DAYs                                                               

RESP - Rob W

Step 4: Implement the Solutions. ...

Surface table and clock purchased to aid milling 

check before moving of part on

ACTION - ROB to set designated bench up for 

checking flatness of parts.                                                                           

TIME - 14 DAY                                                          

RESP - ROB W to work with Production manager 

Lewis Fuge.

Step 5: Evaluate the Results. ..

Still finding parts are moving  due to stresses 

inflicted into part from milling

ACTION -update FMEA and log all records of 

ongoing issues.                                                                             

TIME - 6 Months  to log and update FMEA                      

RESP - Seb

KAIZEN
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Step 1: Identify Areas for Improvement.... Parts not cut to data

Step 2: Analyse the Current Process....

Seb to put correct paper work in for tickets to 

ensure part numbers are correct 

Step 3: Develop Solutions....

Customer email ahead to let Seb know what 

tooling is arriving so all paperwork and models 

are checked prior to tool arrival

ACTION - Seb to liaise with customer              

TIME - Daily                                                     RESP - 

SEB and Sales Director David Holley in Seb's 

absence

Step 4: Implement the Solutions....

Paper work and models noted to Milling 

Programmers prior for tool arrival, all data 

quality is logged and stored for further reference

ACTION - Seb has updated all incoming tooling 

pending orders and update all milling folder to 

suit.                                                                            

TIME - Daily and ongoing                                                      

RESP - Seb & Rob W

Step 5: Evaluate the Results....

More cross referencing of customer tool number 

to FSG stored data numbers to be merged for 

better clarity

ACTION -update FMEA and log all records of 

ongoing issues.                                                                             

TIME - 6 Months to log and update FMEA                      

RESP - Seb

KAIZEN
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Bench Foil Tool Progress Report Check Sheet

Data Recorder: Sebastian Parry

Location: FSG Tool & Die Ltd

Date: 11 March 2024

Refurbishment Number

Defect Of Tool Build/ Trial 1 2 3 4 5 6 7 8 9 10 Total

Incorrect model 1 1 2

No Scan (Partial Clean up) 1 1 1 1 1 1 1 7

Poor Finish 1 1

Incorrect Tool Setup 0

Time Wasted ( Hours) 2 10 12 2 10 1 11 14 12 10 84

Cost Incurred ( Rate of £70ph) 140 700 840 140 700 70 770 980 840 700 5880
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Step 1: Identify Areas for Improvement. ...

Step 2: Analyze the Current Process. ...

Step 3: Develop Solutions. ...

Step 4: Implement the Solutions. ...

Step 5: Evaluate the Results. ..

KAIZEN


