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[bookmark: _Toc158412138]Introduction
In the vastly growing world of mechanical engineering, it is essential as engineers to strive for a better, more efficient and safer working environment, The engineering industry wouldn’t be at the high standard it is at today without the level growth in the quality industry. This was achieved by the implementation of the risk assessment tools, health and safety guidelines and various other quality resources. Risk assessments are crucial tools for engineers to understand and be able to carry out any required procedure to mitigate risk, the risk assessments of today are designed to be easily readable and understandable whilst being full of important information, this information can be useful from alerting potential hazardous risk to ensuring no malfunctions during machining operations. This technical report will explain the risk management procedures of an industry CNC milling machine operating to create a component, by using a failure mode & effect analysis (FMEA), this will show the potential risks and effects within operations and the amendments suggested to counteract the effects to minimize the risk of reoccurrence.
[bookmark: _Toc158412139]Aims
The aim of this technical report is to convey information and the importance of H&S legislations, FMEA and risk assessment tools in the mechanical engineering / manufacturing environments.
[bookmark: _Toc158412140]Objectives
The objectives set for this technical report are to.
· To gather information of different FMEA reports and compare them to the FMEA made for this report.
· Present the information in an understandable way with suitable references.
· Create a technical poster to display information more clearly.

[bookmark: _Toc158412141]
Literature review
Through conducting research via literature reviews and risk assessments, the information gathered confirms that risk management is a crucial part of manufacturing by holding the standard for health and safety at a high quality. The University of Cambridge (2016) state that through risk management students and underqualified members of staff are more likely to be inflicted with injury due to lack of competencies, this could be mitigated by using quality tools in the manufacturing environment. To further support this statement hse.gov.uk website (2024) states that a serious accident was caused due to lack of experience, the employee in question was given just five minutes of training which caused him to have an accident, it was also stated that the machine guards were unsuitable for use. These statements suggest the importance of risk management tools in the manufacturing and engineering environments regarding health and safety of staff as a quality tool such as a FMEA could have mitigated the risk, which then could have been amended apprehending the incidents that were caused. A literature review that contradicts the previous statements, Boral and Chakraborty (2021) state that although CNC machining claims to lack human input due to all operations being controlled by a computer, that human error cannot be completely ruled out in a risk management report even if staff is experienced, this could be caused by poor management, lack of concentration whilst machining, understaffing and tight deadlines.  However, it has been suggested that throughout manufacturing processes and day to day working environments FMEAs have been proven to be extremely useful in ensuring that potential failures and problems such as the low moral levels within the workplace would be minimized, this information was pointed out them once a FMEA report was created. (Bowles & Peláez, 1995). 




[bookmark: _Toc158412142]FMEA
[image: A FMEA report made for this technical report, based on a CNC milling machine.
]
1 FMEA Report based on CNC Milling a component.
The results of this FMEA report showcase the abilities a quality tool has in the manufacturing industries, the FMEA report displays information on using a CNC milling machine to manufacture a component. This FMEA report shows the reader the possible failure modes that can occur during the manufacturing process, whilst also showing how to mitigate the risk and giving scores on subjects such as severity, occurrence and detection. This allows the operators of the machines to be able to take steps in decreasing levels of risk before beginning the manufacturing processes, therefore ensuring a safer and more efficient working environment.
 Each failure mode is crucial to eliminate whilst machining, but some are more impactful than others, such as the “Incorrect Program” failure mode this would cause the component to be manufactured completely incorrectly making the component dimensionally inaccurate to the specification of the drawing set by the customer which would impact the company by lowering reputation of the company and costing them time and money to amend, this failure mode could also pose a risk to the operator by making dangerous manoeuvres and cuts of material due to incorrect placement of the cutter, which could potentially harm the machine and tooling by crashing into the material. The scores for this failure mode are a ten for severity, this severity ranking is high because of the potential damage that can be caused to the operator, tooling, machine and the completion deadlines. The occurrence score is a one, this is because it is an unusual but a possible problem that can occur whilst programming, to mitigate this all components are given specific individual numbers whilst modelling and programming to ensure the program for a different component is not mistaken for another. The detection rating for this failure mode was given an eight out of ten this score is given since it would be moderately easy to detect this issue, the operator would either notice the job numbers are different or would notice that the machining process is not in the correct order. To mitigate this failure mode, it is suggested that the information packs dedicated to individual components is always fixed to the component decreasing the chances of mistaking the component for another. This would give the failure mode of “incorrect program” a RPN score of eighty, this is a moderately low score due to its low occurrence score, although in this current case this failure mode would be a high priority to mitigate due to its extremely high severity rating which would impact the time it takes to complete the component and possibly the damage it could cause to the machinery, tooling and operator. 
Another failure mode that is found to be more impactful than others on this FMEA report is “Unsecure work holding device/method”. The potential cause of this failure mode would be if the work holding device or method was damaged on any critical feature which could affect the ability to securely hold material safely. This failure mode was given seven in severity, this is stated since if the work holding device or method was unsecure whilst machining the component it could cause the component to move causing discrepancies in the dimensional accuracy or to be shot from the work holding device once in contact with a tool, causing possible damage to the machine, tooling and component causing more operations to take place to try and save the component from being scrapped. The occurrence rating given to this failure mode was 4, since this doesn’t tend to occur due to the standard practice of ensuring the material does not move whilst tightened. The detection rating for this failure mode was set at a six, this is because it can be difficult to see when the material is moving in the work holding device, although the operator should be able to visually detect this or be able to distinguish the sound of material moving whilst being cut. The RPN number on this failure mode is calculated at 168 which would be classed in this FMEA as a high-risk failure mode, which would be a high priority to mitigate. To mitigate this failure mode, it is suggested to make frequent visual checks on all work holding devices/methods before use and if the quality of the work holding devices are not to a high standard it would be suggested to either be re machined ensuring all work holding devices are free from discrepancies, or to replace the current work holding devices or methods for newer models. Although a potential risk that could not be mitigated easily would be if the mechanisms of the work holding devices were to fail.

A failure mode that has a low overall score but could still cause serious issues in the manufacturing process is “Incorrect measuring of equipment”, a potential cause of this could be that the measuring equipment used is not correctly calibrated and is not giving the correct dimensions or it could be a lack of experience from an operator. The severity score given for this failure mode was a six this is due to the potential of the finished component being under or over specification, the amount of work required to fix this would depend heavily on the dimensions of the component is the component is larger than specification it can be amended, but if the component is under specification, it would be scrapped. The score given to this failure mode for occurrence was a five, this suggests that the measuring equipment is not always calibrated correctly, although standard practice dictates measuring equipment should be calibrated before each use. In the detection category this failure mode scored a three out of ten, this suggesting that it is harder for the operators to know when the measuring equipment is correctly calibrated despite the ability to check calibration before use. This failure modes overall RPN score was ninety, this meaning that although the RPN score is moderately low it should still be considered a high priority to mitigate due to the importance of dimensional accuracy whilst manufacturing. Another potential risk which would pose more difficult to mitigate would be if there was damage caused to the working faces of the measuring equipment causing them to be inaccurate.




[bookmark: _Toc158412143]Conclusions
In conclusion this report has shown the need for quality tools within the manufacturing and engineering industries and has shown the ability of the FMEA report to identify risks withing manufacturing and show how to mitigate correctly due to the FMEA report being a highly visual quality tool. From the information gathered throughout this report the FMEA report quality tool shows to have a high effectivity rate throughout the manufacturing industry whilst categorizing risk.
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