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[bookmark: _Toc131157838]Introduction:
My name is Morgan Wheeler, I am 24 years old and I work for Safran Seats GB. I am currently undertaking a mechanical and manufacturing BEng degree, which is following on from a four-year mechanical engineering apprenticeship with Safran Seats GB. During my time in Safran I have been moved around different sections within the company e.g., maintenance, design, quality, industrialisation and R&T. I am currently in the Research and Technology department which researches and integrates any new technology which can make them stand out from other competitors. 
Safran is a large aerospace company, and they provide air framers such as Airbus and Boeing with various aircraft equipment. They employ 76,800 employees, in 350 locations worldwide. Zodiac seats was taken over by Safran Aerospace in February of 2018. They are now ranked within the top ten aerospace companies in the world specialising in engines, landing gears, aircraft interiors, equipment and much more for air framers Boeing, Airbus and Military & Defence. Zodiac was bought for approximately 7.7 billion euros. This was a reduced price of around 15% after finding out that Zodiac was having financial difficulties in the previous year (Gubisch, 2019). In 1974, Safran and GE joined together to in a 50/50 venture to create CFM international. They are now the world’s leading supplier of single aisle aircraft engines (Safran, 2022). 
The green belt project being undertaken within Safran is with regards to the NCR process, involving vac-formed parts in the manufacturing unit (MU) facility. Last year, there were 953 Non-Conforming (NC) vac-form parts which is a significant number of failures for one department. This came to the sum of £42,588 out of £116,215 worth of NC parts throughout the business, this equates to 36.64%. Each part that is NCR’d has a fixed price of £145, so it would cost over £200 once labour costs have been factored into the costing of scrapping a part. As the vac-form department produces the most scrapped parts, it’s important to focus on this one department during this project. 
It was important that this project was run, to look at investigating and making improvements to the process with the aim of creating cost savings and improved processes.
The benefits of this project can have positive impacts on Safran. It will enable controls to be put into place to reduce the number of scrapped parts that are being machined. This will automatically reduce the amount of money being spent on reporting non-conforming parts and scrapping them. The relationship between Safran and its customers will improve drastically if parts can be made correctly first time, it could also ultimately come down to deadlines being met on time and not incurring any late fees from the airliners or air framers. 





[bookmark: _Toc131157839]Define:
[bookmark: _Toc131157840]Problem Statement:
Within Safran Seats GB, there is a big push to reduce the amount of Non-Conforming Reports (NCR’s) from the vac-form area that are received, due to various reasons such as damage, mishandling, incorrectly machined, component not to specification etc. The company is looking to reduce the number of parts NCR’d as it costs the company a fixed price of £145 every NCR that is submitted. In 2022 there were 2891 NCR’d parts with an accumulative cost of £116,215. 953 of these were reported from the vac-forming department with the sum of £42,588 which accounts for a quarter of the overall cost amount. 
 
[bookmark: _Toc131157841]Critical To Quality (CTQ):
It is important to listen to customers wants and needs so that they can be satisfied with the product which is being manufactured for them. The airlines collaborate with Safran Seats GB and produced technical specifications to which drawings and CAD models can then be created. These agreements must then be locked to stop any deviations or constant tweaking of the specifications.
The customer expects every component to be of good quality and undergo inspection to ensure that the parts meet the specific standard and perceived quality of the customer (Cyger, 2018). This is achieved by creating a Product Quality Specification (PQS) so it is easier to distinguish what is acceptable and what is not, as it is a characteristic which can be measured. 
The Vac-form department works to technical drawings which have all been agreed with the customer so the parts must be produced to those dimensions. The operator must then carry out a quality check on each part by using measuring equipment such as Vernier’s, gauges, rules etc. 
[bookmark: _Toc131157842]Process Mapping:
The process which the department follows can be found in Appendix. 1. This process map was useful to look back on to find out how much the process has changed. Another process map will be created when the improvement has been implemented into the department. 
[bookmark: _Toc131157843]Project Charter:
(Project Management Institute and Management Institute Project, 2013) Points out that within a project charter, there should be some key sub-headings such as problem statement, business case and some expected deadlines / targets. This is so that it is easy to disseminate the expected deliverables and projects scope.  
A project charter was complete to be able to provide written authority to be able to go through with this project, and to reiterate the problem statement and business case that the company will ultimately save money from producing vac-form components correctly the first time. It is important for the correct stakeholders to be mentioned so they know their roles during the project.

The Project Charter can be found in Appendix. 2

[bookmark: _Toc131157844]Measure:
Every part that doesn’t meet the requirements of the customer must be filed as a non-conformity part. (Eclipse, 2022) States that there are two types of non-conformances which are minor non-conformance and major non-conformance. This project is covering a minor non-conformance as it doesn’t stop the entire production workflow however, continuous minor non-conformance can easily contribute to major non-conformance which puts tension on the relationship between the customer and the manufacturer. 
To gather data for the project, parts were recorded on an excel sheet with information such as general defect cause, quantity, standard cost, department and specific defect cause. From this information that was recorded, pivot tables were then created to filter all the categories to be able to display the most relevant data in an easily readable table (Sidney, 2008).
The data collection plan was created by recording all the NC parts throughout 2022, it was captured over the whole year so that the scale of the problem could be recognised. If only a couple of months were recorded, the quantity would have been a lot less and wouldn’t have fully justified the need to come up with a solution for this problem. All the data recorded was continuous data as it can continue to be measured, the data can then be broken down into smaller individual data categories (Todd, 2021). It is important the data is continuous, as if the data is collected over a few years, you can evaluate the progress in finer detail and see trends of improving or declining. From the captured data, it was visible that there were 953 non-conformity vac-formed parts which were reported with a sum of £42,588 as seen in the table below. 
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[bookmark: _Toc131158789]Table 1 - Pivot Table Displaying Gathered Data
[bookmark: _Toc131157845]Pareto Analysis:
It was important to carry out the Pareto analysis so that down-selecting could take place. The down-selecting had to occur as there were 9 different factors which contributed to the total quantity, so from the data, it made sense to tackle the highest factor as this would be having the largest cost effect on the company. As some of the factors are closely intertwined, the solutions could have knock-on positive impacts which would furthermore reduce the NC parts which are being reported.  
(Haughey, 2021) Goes on to specify that the Pareto analysis is also known as the 80/20 rule, which conveys that 80% of the process can be improved by solving 20% of the highest causes. The graph below shows the most common defects in descending order, the graph visually demonstrates the 80/20 rule as there are the vital few categories contributing to the 953 NC parts and the rest are made up from the trivial few. 
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[bookmark: _Toc131158790]Table 2 - Pareto Analysis Cumulative Frequency Data
To carry out the Pareto analysis, the data had to be sorted into descending order. The percentage and cumulative frequency had to be found so the data could be presented in graph form as below (Thorne, 2023) . This analysis really helps to focus on the more important causes.  
Trivial Many 
Vital Few

[bookmark: _Toc131158805]Figure 1 - Pareto Analysis
The main defects of these parts were from the material being damaged during the CNC trimming process. Safran uses a Geiss 5-axis CNC router which is used for taking a vac form part, trimming it down to the correct dimensions with any added holes, slots or features which need to be considered afterwards. The process of re-setting the vac-form part onto the mould of the CNC router requires good condition moulds as poor moulds can ruin any dimensional tolerance when being machined. 
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[bookmark: _Toc131158791]Table 3 - Filtering Pivot Table by Specific Fault
Table 3 can demonstrate how the data was recorded, there was a set code to help be able to indicate the most common fault which would improve the filtering of the data. More of the data will be provided in Appendix. 3 as there were 586 rows of data recorded. From the image, there are lots of descriptions labelled as ‘part chipped’, ‘part damaged’ and ‘part split’. These were caused from poor quality moulds by the part not sitting correctly on the mould, or by the tool catching on already damaged parts of the moulds. 












[bookmark: _Toc131157846]Analyse:
[bookmark: _Toc131157847]5 Why Analysis: 
From the data which was captured, it’s important it is analysed to be able to determine some relevant improvements and ideas. A key analytical tool which can be used to find a root cause for this is 5 why’s. (Kanbanize, n.d.) Describes how 5 why’s is part of the Toyota production system by getting to the solution of a problem, also how many of the issues usually stem from human error or process problems. It’s important not to do too many whys, as this can lead to some unnecessary reasons. 
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[bookmark: _Toc131158806]Figure 2 - 5 Why Analysis
After carrying out the 5 why analysis, the root cause showed that some of the moulds were to blame for poor quality of parts being produced. Some of the moulds which are used are worn and have been subjected to some damage by the router / poor handling and storing. The damage from the router could have been from wrong programme parameters or poor setting from some of the operators. However, old moulds are used in the vac-form department as there is a large cost to create new moulds every time there is a slight change or damage caused from the router. These moulds can cost anything from £750 - £3,000 depending on size and complexity. Some images of the moulds are displayed in Appendix. 4
[bookmark: _Toc131157848]Cause & Effect Analysis:
(Tiwari & Garg, 2021) Emphasised that the Cause & Effect analysis, which is otherwise known as the fishbone diagram, can be used to log various reasons that could contribute to the main failure. It’s important to choose high-level vague categories, so that the more detailed reasons can be logged underneath the relevant categories. There are various reasons why non-conformed parts could be produced, so it is important to address all the categories and to prioritise and tackle the most important. This is a good way of creating an agenda that can be discussed in meetings between relevant parties (Gupta & Sleezer, 2007). 
The Cause & Effect diagram can be found in Appendix. 5
[bookmark: _Toc131157849]Improve:
[bookmark: _Toc131157850]Improvement Ideas:
There were a few ideas put forward on how this process can be improved as it could have a beneficial effect on the company. Additive manufacturing is the use of 3D printing which builds part from depositing material forming layer on layer in a precise manner. The material is heated and then cooled which solidifies the material to make it more structurally rigid. Additive manufacturing is a part of industry 4.0 so it is still relatively new on the scene in some industries. The real benefit of additive manufacturing is that it produces much less waste as the material is being added rather than removed from larger panels. 
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[bookmark: _Toc131158807]Figure 3 - Additive Manufacturing v Subtractive Manufacturing
(Gayette, 2022) Illustrates that on small production runs, 3D printing can sometimes be quicker to print the parts than go through numerous different processes to get to the finished part. As Safran Seats GB make bespoke first-class suites and business class suites, the batch quantities are much smaller than economy seats that take up most of the space on an aircraft. This improvement wouldn’t be appropriate to use on every part, but it could help to reduce the amount of waste and moulds which are created for the CNC router. This is also a great opportunity for the business to expand its in-house capabilities. 
The second improvement idea was to manually create the features on the part. This would depend on the number of features on the part and the workload within the vac-form department. It would also save time as no programming, setting, CNC machining would be required. This could not be introduced on all parts as some can be complex and it would be unrealistic, so just the basic parts could be done manually. The benefit would be not having to damage and replace moulds for these parts which would also reduce the number of non-conformance parts. 
A simpler improvement was to create SOP's so that operators and setters have clear training and instructions on using moulds and inspecting them. These vac-form operators can then be responsible for the parts which are produced, then operators can be questioned why the quality of the parts produced isn’t up to a good standard and held accountable in some cases. This can be measured over a couple of months to see if it has a positive effect on the department and amount of NC parts which are logged.  

[bookmark: _Toc131157851]Improve FMEA Phase:
A process FMEA was carried out to be able to demonstrate how the process could possibly fail, what the effects are and how they can be addressed to prevent them from happening again (Gillis, 2022). From the FMEA table which was created, the highest Risk Priority Number (RPN) was related to the use of old / worn moulds. The RPN was 240 which was calculated from scoring and multiplying the severity, occurrence and detection. The severity was rated an 8 as a poor-quality mould would cause all parts to be non-confirming, the higher rating is due to it causing a larger problem the longer it is left unsolved.  The occurrence was scored a 6 as it is likely that the damage to the mould will be visible, however, the damage could also be very minor which would cause an inconsistent dimension etc. The detection was rated a 5 as the damage could be large or small which would require some parts of the mould to be measured to detect the fault. 
The FMEA table can be found in Appendix. 6

[bookmark: _Toc131157852]Perform Cost/Benefit Analysis:
To check the benefits of the project, a cost / benefit analysis was carried out to show how the implementation of the change can benefit the company’s profit and long-term costs.
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[bookmark: _Toc131158792]Table 4 - Cost / Benefit Analysis
(Hunzeker & Ozelie, 2021) detailed some experiments that were carried out with 3D printers and the cost-effectiveness of printing some parts would be much more beneficial as once the printer has been loaded with material and started a print, no other input is required until it is time to remove the final product from the printer.  
The use of 3D printing for simple parts will reduce the amount of moulds that are required and possibly replaced due to damage, there is also no need to go through various stages such as vac-form, CNC setting, CNC machining and constantly changing heavy moulds from the machine.  



[bookmark: _Toc131157853]Control:
Due to the duration of this project, implementing the change hasn’t been possible however, it is looking likely that the change will start to take place at the start of next year. Feasibility studies will have to be undertaken to decide on the most relevant printer due to the large amount of different 3D printing processes that are available. 
While carrying out the feasibility studies for the 3D printers, new SOP’s will be created and new training programmes will be provided to the machine operators. This will prompt operators to raise questions and think about the process with more care. Operators will then have to attend SQRC (Speed, Quality, Response, Cost) meetings where KPI’s will be set for the department. 
To control the improvement, each part should be analysed to determine if it is suitable to 3D print. This will make the control much simpler as during the printing process, no monitoring is required by an operator as it requires no setting or relies on previous processes being carried out correctly. 
Operators will be required to undertake training to understand if parts can be produced on the 3D printer and to work out what is the most cost effective. Work instructions and guides will be created to ensure that the operator knows the best orientation to print the part as this may influence the print finish. New work requests will also have to be produced, which will indicate the best settings for the part e.g., what in-fill percentage to use, print speed, layer thickness etc. A new work process will also have to be introduced that must be followed if the part is to be 3D printed.
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[bookmark: _Toc131157858]Appendix. 3 – Recorded Data:
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[bookmark: _Toc131157859]Appendix. 4 – Mould images
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[bookmark: _Toc131157860]Appendix. 5 – Cause & Effect Diagram:Poor operator training
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[bookmark: _Toc131157862]Appendix. 7 – Overall business NCR Data:
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Pareto Analysis - Vac Form NC Parts 

Quantity	During routing Process	Loss of Vac	During Assembly	As Delivered	During Rework	Moisture	Tool Breakage	During Storage	Mis-Load	481	150	110	84	41	12	12	9	9	Total Percentage	During routing Process	Loss of Vac	During Assembly	As Delivered	During Rework	Moisture	Tool Breakage	During Storage	Mis-Load	0.52973568281938321	0.16519823788546256	0.1211453744493392	9.2511013215859028E-2	4.5154185022026429E-2	1.3215859030837005E-2	1.3215859030837005E-2	9.911894273127754E-3	9.911894273127754E-3	Cumulative Percentage	During routing Process	Loss of Vac	During Assembly	As Delivered	During Rework	Moisture	Tool Breakage	During Storage	Mis-Load	0.52973568281938321	0.69493392070484572	0.81607929515418487	0.90859030837004395	0.95374449339207035	0.96696035242290734	0.98017621145374434	0.99008810572687211	0.99999999999999989	
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Cumulative

Defect Type Quantity Total Percentage percentage
During routing Process 481 53% 53%
Loss of Vac 150 17% 69%
During Assembly 110 12% 82%
As Delivered 84 9% 91%
During Rework 41 5% 95%
Moisture 12 1% 97%
Tool Breakage 12 1% 98%
During Storage 9 1% 99%
Mis-Load 9 1% 100%
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(C14)(CNC 2), material split during process due to material be to thin. 2| 227.2521057|
(C16)(CNC 1), part split during process due to worn moulds. 1 86.47429657|
(C16)(CNC 1), part split on slit saw. 4 20.94919968]
(C16)(CNC 1), parts chipped during process due to damaged moulds 2 47.91360092
(C16)(CNC 2), part damaged on slit saw. 1 24.92900085
(C19)(CNC 1), part damaged on slit saw, (scratch). 1 34.89350128]
(C19)(CNC 2), part chipped due to poor moulding, (too thin). 1 532.8103981]
(C19)(CNC 2), part chipped on (slit saw) - worn mould 3 176.0776062)
(C19)(CNC 2), part damaged during being cut. 1 1426790047
(C19)(CNC 2), part damaged on cutter. 1 9.5
(C19)(CNC 2), part split during cut - cut too deep and damaged mould 1 16.86590004]
(C19)(CNC 2), part split on (cnc) - edge of mould damaged 1 62.84790039)
(C19)(CNC 2), slots chipped during process - mould vaccum pipe damaged so no suction 2 53.83440018)|
(C19)(VAC 2), part split during machining - poor quality mould being used 1 70.18099976]
(C19), marks on face of part due to spindle coming into contact while carrying out cutting cycle. 13| 1421228027
(C19), part split during cutting on bandsaw. 1 18.6487999)
(C19), part split during machining process - Wrong varient mould set in machine 1 54.7492981]
(C19), part split removing from jig. 3 79.0684967|
(C19), parts damaged by heat gun on vacform. 6| 47.1487999)
(C20)(CNC 1), part damaged during cutting on bandsaw. 1 243.5312042)
(C20)(CNC 2), parts splitting, (program adjusted). 6| 10.36320019)
(C21)(CNC 1), demaged mould causing damage to part, (chipped). 3 21.73060036]
(C21)(CNC 1), part chipped during saw process. 1 52.21580124)
(C21), part chipped during machining - mould feature dimensions aren't accurate 1 26.47320175
(C22)(C22), part chipped on (cnc) - mould damaged while setting 6| 17.72820091]
(C22)(C24), part chipped during cut. 1 16.72509956]
(C22)(CNC 1), part chipped during (CNC) - mould damaged during process 2 65.69109726]
(C22)(CNC 1), part chipped during machining, (cnc). 2 32.88069916]
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Benefits Costs
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Project Charter

[Green Belt Project - CNC Router Process

Project Name Improvement Dept / Cell Vac-form - Manufacturing Unit
Change Agent M. Wheeler Tel. Number 7543775771
Start Date 01/01/2022 End Date Unknown
Project Details

Project Description

Reducing the amount of NC parts from the vac-forming department within Safran.

Business Case

Safran has been experiencing a more suppressed relationship with airlines and airframers due
to the poor quality parts which were being produced by Safran. This has led to more visits from
customers and more meetings discussing the quality which was being provided. This called for
an improvement to the process to reduce non-conformed parts.

Problem Statement

Safran has spent over £100,000 on Non-Conformed parts

Process & Owner

M. Wheeler

Project Goals

Measure

Current

Goal

Reduce amount of NC
parts from vac-form

Monthly inspecion and analysis on trends
e.g. whatare the months with most NC
parts?

953 parts per annum.

500 parts per annum.

Improve customer
relationship

Ensuring feedback given from customers
is positive and praises the good work.

Poor quality - bad
reputation

Good quality - good reputation

Hit deadline targets for
shipsets

(Checking when deadlines are due and
ensuring enough time is available

Receiving late fees from
airlines

Hitting deadlines and improving
customer refationship

Expected Business

Results Aug-23
Expected Customer g
Benefits Sep-23

Support Required

_ Need to secure budget for the project
_ Need to secure resources to help implement the project
_ Need access to the correct personnel & knowledge

Risks/Constraints

_ Unachieveable deadlines

_ Scope may grow to tackle more solutions than the project was set out for

_ Rushed projects may end up with a poor quality solution

_ Poor performance at the start of the project
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5 (C22)(CNC 2), parts chipped on (cnc). Moulds Scrap  Closed  27/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 170.5883026
3 (C16)(CNC 1), part not loaded correctly, (part undersize). Vac-form Scrap  Closed  27/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 21.73060036
1 (C22)(CNC 1), part split during (enc). Moulds Scrap  Closed  18/12/2022 Scrap  ManufactiDamage Manufacturing Unit Vacform 40.70249939
1 (USWA41), part bent out of shape. Router Scrap  Closed  18/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 21.56170082
1 (A28), part chipped during process, (cnc). Mould Damage Scrap  Closed  19/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 7.086699963
1 (C22)(CNC 2), part cut incorrectly. Moulds Scrap  Closed  19/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 68.22530365
1 (CNC 2), part damaged during cut. Bandsaw Scrap  Closed  14/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 39.62269974
1 (H37), part damaged during process. Moulds Scrap  Closed  14/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 50.18899918
1 part damaged during process, (machine error). Machine Scrap  Closed  15/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 336.1095886
1 (CNC 1)(C22), loss of vac. Mould Suction Scrap  Closed  15/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 336.1095886
1 (C16)(CNC 1), part misloaded. Setting Scrap  Closed  15/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 41.06850052
1 (A31), part damaged during assembly. Assembly Scrap  Closed  15/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 49.4007988
1 (CNC 1)(C22), loss of vac. Mould Suction Scrap  Closed  13/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 46.10720062
4 (USW 39), part damaged during process, (sonic weld marks). Welding Scrap  Closed  14/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 99.18499756
1 (V7)(CNC 2), loss of vac. Mould Suction Scrap  Closed  13/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 41.06850052
9 part damaged during process, (slit saw). Moulds Scrap  Closed  13/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 24.21209908
2 (C24), parts chipped during process. Moulds Scrap  Closed  13/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 46.24539948
1 (CNC 2)(C19), part moved on jig, (lossof vac). Moulds Scrap  Closed  13/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 49.59220123
1 (A28), part snapped during process due to material being to thin. Material Scrap  Closed  12/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 47.18059921
3 (A29), part damaged during assembly, (scuff mark). Assembly Scrap  Closed  10/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 50.24530029
6 (C22)(CNC 1), part split during (enc). Moulds Scrap  Closed  10/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 52.21580124
1 part delivered damaged on corner. Supplier Scrap  Closed  08/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 90.77880096
1 (USW 40), part damaged during sonic weld. Welding Scrap  Closed  07/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 28.1487999
1 part delivered damaged, (part bowed). Supplier Scrap  Closed  05/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 9.148799896
2 part warped. Part Warped Scrap  Closed  05/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 9.148799896
1 (H36), surface mark, (weld mark). Welding Scrap  Closed  06/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 41.06850052

2 (C19)(CNC 2), slots chipped during process. Moulds Scrap  Closed  05/12/2022 Scrap  Manufacti Damage Manufacturing Unit Vacform 53.83440018
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3 (V7)(CNC 1), part moved during trimming.
3 (C22)(CNC 1), loss of vac.

1 (CNC 2)(C19), part split during process.

2 (C16)(CNC 1), parts chipped during process.

1 (CNC 2)(C19), part snapped during cut.

4 (A31), parts chipped during process.

1 (A29), part damaged during rework.

6 (A28), parts chipped on inside edge of parts.

1 (C23)(T10), part damaged on bandsaw.

2 (CNC 2)(C19), part moved in jig.

4 (A29), parts chipped during process.

5 (A28), parts delivered damaged, (parts chipped on edge).
1 (C23), part split during machining.

1 (V7)(CNC 2), loss of vac.

1 (A32), part chipped during stores.

1 (USW 41), part split during process.

1 (C22)(CNC 1), loss of vac.

1 (H37), part damaged during handtrim.

1 (A32), part damaged during stores, (scuff mark).

1 (USW 40), part damaged during sonic weld.

2 (CNC 1)(C22), part chipped during cut.

2 (USW 41), part damaged during process, (part chipped).
3 (V7)(CNC 2), loss of vac.

5 (C16)(CNC 1), loss of vac.

1 (A32), part scratched due to not being wrapped correctly.

1 (A30), part cracked during rework.
1 (CNC 2)(C19), part chipped during cut.
1 (C16)(CNC 1), part split during process.
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3 (C19)(CNC 2), part chipped on (slit saw).
4 (v8), parts moulded incorrectly, (presentation face incorrect).
1 (USW 40), part damage during sonic weld.

1 (110),(C23), part damaged during machining.

1 (CNC 1)(C22), part chipped on (cnc).

1 (CNC 2)(C19), part split on (cnc).

1 (USW 40), part damaged during rework.

1 (C22)(CNC 2), part under trimmed on (cnc) due to excess waste.
1 (CNC 2)(C19), part split during machining.

1 (C22)(CNC 2), part split during machining.

1 (A30), part split during rework.

1 (A29), part damaged during assembly.

4 (V7)(CNC 2), loss of vac.

7 (C22)(CNC 1), loss of vac.

5 (M/C2)(C22), parts chipping during machining, (cnc).

1 (CNC 2)(C22), part chipped on (cnc).

1 (A29), part damaged during rework in assembly.

1 (A29), part damaged during rework in assembly.

3 (C19), part split removing from jig.

1 (H37), part damaged during process.

1 (H37), part damaged during handtrim, (part over countersunk).
1 (€19), part split during machining process.

1 (A30), part damaged during rework.

1 (VAC 1)(v8),loss of vac.

1 Cubby box external lip is 3.4mm, should be 1.5mm. Lower cut out touching hinge

1 (CNC 2)(C22), part split during machining, (cnc).
1 (USW 40), part damaged during process.
1 (A29), part damaged during assembly.
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FAILURE MODE AND EFFECTS ANALYSIS

Item: CNC Router Responsibility: Morgan Wheeler FMEA ni
Model: Prepared by: Morgan Wheeler Page :
Core Team: FMEA Date (Orig Rev:
o b Action Results
S " " c Current e R
Proce‘ss Potential Failure Mode Potential Effect(s) of Failure e Potential Cause(s.)l Mechanism(s) c Process t P Recommended Action(s) s o] D R
Function of Failure
v u Controls e N e c e P
r c v c t N
CNQ Machine Incorrect Setup Incorrect Dimensions Machined 7 |Lack of knowledge from operator 5 Training provided and manuaks are available 6| 210 Ensure all machine manuals are up-to-date 7 5 6 210
Setting to follow and followed
. . . Machine to be cleaned after every use to
Poor‘ Machine Part can be flung off Damaged NC part 7 [Poor machine maintenance 6 We§klly mach|‘ne maintenance to keep 3 | 126 |maximise suction and maintenance to be 7 6 3 126
Suction from mould sufficient suction . N
carried out on a weekly basis, not monthly
To canmy out inspection of mould after use
Old / damaged moulds N d e t T t ity i ¢ d bef as well and if mould is damaged, report to
Wom Moulds being used to produce |Parts will not be to specification 8 ewhmou S are expensive to g | ' camy outquaily inspection of mould before| 5 | 5,4 production manager to replace & carmy out 8 6 5 240
parts purchase use investigation
Training to be put in place
Supplllers Poor material batch Poor surface finish, too much flex 6 [Poor batch of material from supplier | 3 Suppller(‘o q‘uallty chack batch of material 6 108 Suppller(‘o q‘uallty chack batch of material 6 3 6 108
Material before shipping before shipping
Supplllers Wrong material sent Part not to specification and not fit 6 |Supplier being complacent 3 Suppller(‘o q‘uallty check batch of material 4 72 Suppller(‘o q‘uallty check batch of material 6 3 4 72
Material for purpose before shipping before shipping
" Wrong parameters input |Part to be scrapped as no rework Simulation of machined part not Simulation on F.,C should be done to check‘ Simulations to be completed after every
Programming . 6 . 4 |for any anomolies or clashes before releasing | 2 | 48 L B 6 4 2 48
into programme can be done on part checked before loading onto CNC programme new revision of part is released
Parts get scratched Part needs to be reworked / NCR'd ) Parts to be bUbb.I? wrapped straight away
. . . L - Parts should be handled with soft touch to prevent any visible marks on the part
Handling being loaded / unloaded |as scratches will be visible to 6 [Poor operator training, lack of care 7 . 4| 168 y 6 7 4 168
gloves and with care which would cause the customer to be
from CNC customers
unhappy
Part that was salvagable Operator follows work instructions which ma: Parts to be handled carefully and to go
Rework is now non-confirmity Damage part during rework 5 [Poor operator training, lack of care 7 P . Y 5 [ 175 [through training school, practising on sub- 5 7 5 175
be dated and need renewing. .
part assembly parts before working on
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
S T R T T AN I T
Customer  [£0.00 £0.00 £0.00 £346.93 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £346.93
P £4,365.43  |£3,786.47 |£1,674.04 |£2,589.92 |£723.35 £289.04 £205.81 £351.21 £201.58 £788.73 £916.95 £158.35 £16,050.88
MU £11,495.40 |£6,522.11 |£7,349.43  (£4,483.44 |£3,420.32 |£2,500.62 |£2,772.09 |£4,097.57 |£3,551.32 |£2,654.07 |£2,173.90 |£4,454.81 |£55,475.08
Kestrel  |£1,450.27  |£3,462.91 |£1,365.08 |£2,114.62 |£2,198.12 |£1,209.00 |£969.41 £764.07 £2,687.01 |£2,548.12 |£2,039.16 |£1,896.23  |£22,704.00
Supplier  |£415.85 £997.36 £577.37 £2,597.16  |£852.00 £538.80 £556.27 £623.20 £760.33 £263.56 £28.43 £331.55 £8,541.88
Undetermined |£0.00 £1,545.91  |£584.91 £831.06 £706.20 £1,575.10 |£4,355.66 |£283.46 £255.09 £374.51 £490.30 £202.20 £11,204.40
Other £18.21 £616.28 £119.30 £76.67 £275.85 £137.60 £0.00 £80.95 £0.00 £9.53 £90.35 £467.88 £1,892.62
Total £17,745.16 |£16,931.04 |£11,670.13 [£13,039.80 |£8,175.84 |£6,250.16 |£8,859.24  [£6,200.46 |£7,455.33  |£6,638.52 |£5739.09 [£7,511.02 [£116,215.79
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Row Labels Quantity Sum of Standard Cost
Return to Supplier 20 5647.633881
Rework 25 5215.476391
Scrap 908 31725.32805
Grand Total 953 42588.43832





