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[bookmark: _Toc165198320]Section 3: Introduction
EBD steel doors was founded in 1987 and has devoted its self to the steel fire door industry, with a large focus into, great customer service, high quality products and to maintain a continuous strive for improvements in our products performance and aid supplied to all customers. EDB steel doors specialises in the, design and manufacturing of steel doors. Steel doors such as EI, Fire, General purpose, Security, and acoustic doors are all available to be fully customised to suit the needs of the customers.
Using the six-step process introduced by Motorola University for Manufacturing training programme (Watson and DeYong, 2010) we can practice six-sigma as a Total Quality Management tool (Green, 2006) to aid in the process of this Project. This project aim is to reduce the number of NCR’s raised against our folding and punching processes by the introduction of an automated punching and folding line. This new manufacturing line will also align with the company’s goal to increase capacity while also being able to raise standards across all the products that we supply. The benefits of this project do not end there, as this machine also assists the quality of the parts. In addition, it will remove human error, limit manual handling, and overall improve the workflow across the board.
[bookmark: _Toc165198321]Section 4: Define
Problem Statement
As it currently stands over the last 12 months, 2,803 NCRs have been raised in total. As shown in Figure 1 (NCRs Raised) the biggest contributors was Assembly, with 568 (20.26%) and EQC quality with 522 (18.62%). But with the introduction of the new automated line, Folding, Punching, and breaking out the NCRs will all be addressed. The sum of all NCRs against punching, folding, and breaking out equate to 710, which makes up 25.33% of all NCRs that have been raised in the last 12 months. 
[bookmark: _Ref158792293][bookmark: _Toc158793943][bookmark: _Toc165198080][image: ]Figure 1 (NCRs Raised)
Figure 2 (NCR Costs) is illustrating that over the last 12 months, a total of £350,285.94 has been spent correcting these NCRs, and it also shows us that £88,727.44 has been spent just on punching, folding, and breaking out. With the implementation off the automated folding line, the hope is to decrease the number of NCRs raised against punching, folding, and breaking out by 15%. In turn, this should overall decrease the amount of money spent on NCRs, and raise our overall profit of EBD steel doors. 
[bookmark: _Ref158793423][bookmark: _Toc158793944][bookmark: _Toc165198081][image: ]Figure 2 (NCR Costs)
Process Mapping
As shown in Figure 3 (Process Map) this is as process map that covers the scope of the entire project, and it highlights all key stages and the decisions to be made. This map also permits the ability to gain an improved overall picture of the project, facilitates for improvements, and allows for faster decision making; as well as helping to manage change within a company (Geissdoerfer, Bocken, and Hultink 2016).
[bookmark: _Ref158806189][bookmark: _Toc165198082][image: ]Figure 3 (Process Map)
Voice of the Customer/Critical to Quality
After some observations and meetings with production managers, I have collected the following data from our internal customers and have simplified it in Table 1 (VOC). It consists of statements made by the internal customers, and is then followed what requirements we must meet in order to make this achievable (Dutka, 2008).
	Verbatim
	Need
	Requirement

	“Capacity needs to be improved”
	More product needs to be manufactured
	Timings

	“There are too many NCRs”
	Decrease NCRs
	Accuracy

	“There is a large amount of manual handling”
	Manual Handling needs to be reduced
	Health and safety

	“Human error occurs largely in our production”
	Human error needs to be reduced
	Automation

	“Tool changes are increasing downtime”
	Downtime needs reducing from tool changes
	Reduce downtime

	“Damaged caused to parts from breaking out is increasing”
	Damage due to breaking out needs to be decreased
	Decrease damage

	“Operator error due to a lack of training/processes”
	Processes need to be set and training carried out
	Training


[bookmark: _Ref158807815][bookmark: _Toc158874309]Table 1 (VOC)
Project scope
The project aims to enhance operational capacity, decrease Non-Conformance Reports (NCRs), minimize manual handling, automate processes; as well as reducing downtime, mitigate damage to parts, and improve overall operational efficiency. The hope is by implementing these measures, the organisation will go on to achieve higher productivity, better quality control, and increased customer satisfaction. Our main objective is to decrease the number of NCRs by upwards of 15%. 
Project charter
This project is taking advantage of the opportunity during a change of process to help reduce the number of NCRs being raised in that area. A lot of these NCRs are raised due to the folding dimensions not meeting their tolerance, which is +/- 0.5mm or degrees. This issue is commonly seen due to the length of our product frequently changing, as all parts produced are made to measure. This means that human interaction is very much needed as they need to adjust the programme by measuring the result, and adding a manual adjustment into the programme itself. As human error exists that can cause an abundance of issues ranging from parts being out of tolerance to even health and safety concerns.
The main issue that will be aimed to be solved is the parts not being within tolerance, as mentioned earlier this is usually due to the forever changing part dimensions. This usually causes a further trainer operator to step in or for the part to me re-made all together, which raises the NCR number and reduces our profit margin. The objective of this is to reduce or better yet eliminate the parts being out of tolerance, with the installation of the new line, it will automatically take a measurement of the folded part and adjust itself to meet the tolerances required, this will virtually eliminate the need for manual measurement and manual adjustments.
The next issue to be tackled will be the increase of capacity. Currently, we are limited by our machinery as it required an operator to feed it the material, set the programmes and tooling for each product and to press a pedal for each fold. The target for this would be to improve these times by removing the operator as a machine would be able to complete these processes faster and more efficiently, this would allow for our capacity to increase dramatically as we would be saving time on every part we produce in house. A positive to this is that it will also eliminate the human error aspect as the operator will not be able to select the wrong programme or fit in the incorrect tooling.
Another large issue we all face is the health and safety aspect of a working environment. Our machines use tonnes of pressure to fold our steel while the operator is still holding it, safety is always a concern as the only thing separating them from the machine is often just a light guard. With the aim to forever increase health and safety, the new automated line will be fully surrounded by safety devices such as, barriers, light guards and plenty of emergency stop buttons just in case the worse is to happen.  Features such as an automatic shut off when a door is left open or a light guard has been broken will also be a welcomed addition. As this machine has little human interaction, we can also see that manual handling will be greatly reduced with the addition of flipping tables and machine unloaders.
The final issue we look to work on would be decreasing the damage to the work in progress parts (WIP). This usually occurs when parts have been placed on pallets waiting to be moved to their next location, and have been pushed off or even mishandled with a fork truck/pallet stacker. With this line being automated, the parts will not be palatized until they are completely folded, this will reduce the amount of time WIP will be on racking and decrease the chance of the parts being mishandled.
[bookmark: _Toc165198322]Section 5: Measure
Measurement variations
During this project, measurement variation will influence our results, this is largely due to the various in our gauges and appraisers. Measurement system errors from the gauge include, Accuracy, stability, reproducibility, repeatability, and linearity, in Table 2 (Measurement system error) you can see an explanation on each of these points (Chua, 2018).
	Measurement system error
	Meaning

	Accuracy
	The variance lies in the contrast between the mean of recorded data and the standard.

	Reputability
	Variability occurs when an individual repeatedly measures the same unit using the same measuring instrument or gauge.

	Reproducibility
	Variability arises when multiple individuals measure the same unit using the same measuring gauge or tool.

	Stability
	Variation in measurement arises when the same individual measures the same unit using the same measuring gauge or tool consistently over an extended duration.

	Linearity
	The uniformity of measurement throughout the entirety of the measuring gauge's range.


[bookmark: _Ref158874288][bookmark: _Toc158874310]Table 2 (Measurement system error)
Ensuring that we keep an eye of measurement variations will also aid in us gaining an accurate reading for when the data is analysed. This means we will look at keeping the results reproducible and stable by using the same measuring equipment for all measurement to be taken.
When looking to reduce our NCR rate, we will mainly be focusing on quantitative data. This will ensure that the over all dimensions of products are within tolerance. NCRs are also raised for qualitative reasons, such as a process not followings its standard operation. Quantitative data is described as any data that can be measured, such as dimensions and discrete data. Qualitative data is, either nominal, ordinal or binary (Six Sigma, 2024). The data collected within this project will be collected over use of NCRs and displayed on Power BI for a better visual representation. The data will then be compared to a section of time where we did not have the new processes and machine in place to see if we reached our 15% reduction.
To ensure a repeatable result a measurement system analysis. From the use of NCRs, we can see a clear quantitative result of number of NCRs raised in certain amount of time for a procedure not following a standard procedure or for a dimension not being within tolerance. These NCRs are only raised by our trained Quality Control technicians that have a specific procedure and regularly checked measuring instruments to determine if the issue requires an NCR, this will allow NCRs to be raised reliably and consistently.  

[bookmark: _Toc165198323]Section 6: Analyse
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We can see in Figure 4 (NCR Folding), these are all the NCRs raised against the areas that will be affected by the changes. As can be clearly seen folding errors are the biggest issue that are being addressed. Over 12 months there was 713 NCRs raised in these areas, to be able to meet our goal we must reduce this quantity to 606 NCRs over 12 months. Folding errors account for 580 of the NCRs raised.

[bookmark: _Ref164843295][bookmark: _Toc165198084]Figure 5 (NCR root cause)
Looking back through our NCR data, I could see that there were three main causes, in Figure 5 (NCR root cause) we can see that human error accounts for 495 (69%), Machinery faults show 115 (16%) and design faults are responsible for 103 (14%). From this pie chart we can see that Human error accounts for 69% of all NCRs raised in the retrospective areas making it the largest contributor to NCRs raised. As the new machine to be introduced, it will have a lot less human interaction, so we can assume that these numbers will drop drastically, however we then run the risk of increasing design faults with the new complexity of the machine. 
[bookmark: _Toc165198324]Section 7: Improve 
To decrease the NCR rate, we are seeing in the area previously shown in Figure 4 (NCR Folding), and considering the data gathered in Figure 5 (NCR root cause). Improving the folding processes to become autonomous would be a smart decision. This would also allow us to increase capacity as previously mentioned in section 4. With the installation of this machine, we would be able to see a reduction in manual handling, the complete removal of breaking out, and would reduce the chance of parts getting damaged as all punching and folding will be done by the same machine in one continuous production line.

[bookmark: _Ref164947931][bookmark: _Toc165198085]Figure 6 (NCR folding Salvagnini projected)
After 6 months of continuous use, we have managed to create a project result on the NCR rate that is illustrated in Figure 6 (NCR folding Salvagnini projected). As we can see the NCRs raised have dropped drastically. From the introduction of the Salvagnini, it has dropped from 713 to 472, this has given us a 33.8% reduction in NCRs raised. This exceeds our goal of reducing them by 15%. Figure 7 (NCR root cause Salvagnini) has also been predicted based off the 6 months of production, but as we can see only 223 (47%) NCRs have been raised against human error. We have seen an increase in design faults, this was expected as a new software was introduced and will take some time before employees are proficient at using it.

[bookmark: _Ref164948611][bookmark: _Toc165198086]Figure 7 (NCR root cause Salvagnini)
To further upon this data, we should see a reduction in all area shown in Figure 7 (NCR root cause Salvagnini), this reduction will be due to operators getting used how the machine operates, the little quirks the machine may bring. The design process will also improve over time as the designers will be further educated on the manufacturing process and shown the limitations of the machine.
[bookmark: _Toc165198325]Section 8: Control
To help control and monitor the NCR rate for this machine, a dedicated operator will be shown all the quality checks for each product. To make things easier to check, jigs will be manufactured to allow for quick checks to become faster and not slow down production. We will also be insuring that one item per pallet is to be checked by a Quality Control technician. We will also have them carry out a check on each programme or product change. The data collected by the quality technicians will all be recorded in an audit recording app that we use called i-auditor.
All data collected in i-auditor will then be transferred to a excel document to change the data into charts and graphs, this will allow for better visual representation of the data. To aid with this further another app called Power BI is used to share the data between departments and allow for all key members of staff to gain access to the data. This further down the line can help identify any further issues or improvements required.
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NCR root cause


Human error	Design fualt	Machinery fault	495	103	115	

NCR root cause predicted


Human error	Design fualt	Machinery fault	223	125	124	
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