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[bookmark: _Toc65948410]Introduction
[bookmark: _Toc65948411]Aims
The scope of this investigation is to understand risk management from the mindset of a process engineer working for a large-scale vehicle manufacturer. 
[bookmark: _Toc65948412]Objectives
To achieve this aim, realistic Risk Priority Numbers (RPNs) will be given to several potential failures along a vehicle assembly line process, along with actions to mitigate these failures. A rerun of the Failure Mode and Effect Analysis (FMEA) will be processed to reduce the original RPNs. Relevant research is to be carried out to find out how to mitigate the issues. 
[bookmark: _Toc65948413]Risk Management

Risk management is an important and relevant area in the engineering sector. Not only does it ensure that a product or process being produced properly to avoid any issues with quality, safety, or correct specifications, but it helps to ensure that the engineers and the company that they work for remain free from liability. If the failure was covered in the risk assessment, then it could help protect the company from any financial complications such as lawsuits. However, for a more company and cost driven risk management plan, a separate FMEA is normally produced for this key area (Ahsen, 2008).  
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[bookmark: _Toc65948414]Literature Review
[bookmark: _Toc65948415]What is Failure Mode and Effect Analysis?
Failure Mode and Effect Analysis (FMEA) is a step-by-step process by which potential failures – be that in a design, product or engineering process - are identified, assessed to work out how high of a priority it is and then the mitigating actions needed to overcome these (ASQ, 2019). Used in many industries, FMEA helps businesses and engineers alike to investigate and analyse every possible failure that can be thought of, no matter how unlikely, and from there set in place mitigating actions (Forrest, 2010). 
[bookmark: _Toc65948416]What are Risk Priority Numbers?
A risk priority number is an assessed value given to a potential failure, be that a process or component (Institute for Healthcare Improvement, 2014). It is produced from three fields: likelihood of detection, level of severity and probability of occurrence. It is then calculated using multiplying all three numbers together (Kiran, 2017). Equation 1 shows how the values is calculated. 
[bookmark: _Ref65752874][bookmark: _Toc65769735]Equation 1: RPN Calculation

When assessing what failure is most critical and takes priority, equalling numbers then be assessed on which has the highest severity. Failing this, the combination of severity and occurrence will then be considered (FMEA-FMECA, 2008). 
[bookmark: _Toc65948417]Probability of occurrence (P)
This first element of the RPN is a value that looks at the likelihood of a failure happening. This is a value between 1 and 10, with 1 being extremely unlikely to occur and 10 being it happening every time. This can be given as a quantifiable unit; x amount per 1000 components or over a set time period (Basu, 2017). 
[bookmark: _Toc65948418]Severity (S)
The second component of an RPN figure is the severity rating. Rated from one to ten, a one will be a very low impact or risk of injury/death (almost negligible) while a ten will be a very high impact (very high risk of serious injury/death). It can also be extreme business damage, be that reputation or value (Forrest, 2010). 
[bookmark: _Toc65948419]Likelihood of detection (D)
The third and final component on an RPN value is the likelihood of detection. This is a number from 1 to 10, with 1 being very likely to detect and so not an issue and 10 being the worst: extremely unlikely to detect. The values are listed in this ranking to help ensure the final RPN values are as accurate as possible. 
[bookmark: _Toc65948420]Risk Management on an Automotive Production Line
RPN values are frequently used in the automotive sector to help mitigate key areas of concern (Dhillon, 1999). As well as the failure modes being discussed and mitigated in this document, there are many other potential areas of risk. Some of these risks include falls, improper use of machinery or poor machine guarding, electrical faults and lockout/tagout faults (Admin, 2017). As well as these human hazards, disruption to a production line could halt movement of components/vehicles which in turn could affect the production line output, therefore losing potential profit for the delay (Northbridge Financial Corporation, 2017). Along a production line, there are several areas of risk management mitigations that can be applied. From streamlining the flow of just-in-sequence production (JIS), used by Porsche for example, to the use of proper personal protective equipment (PPE) (Porsche, 2015). As well as this, specified floor markings help to designate specific areas for both workers and larger automated machinery movement zones (Stop-Painting, 2020). The use of proper machine guards and a checklist to ensure they are protective before machine use would also help prevent potential amputation or death (Pitt, 2018). In an automated area with machines, the three C’s of Safety (consider, communicate and connect) should also be considered (Wilkins, 2018).
[bookmark: _Toc65948421]Limitations of FMEA and Risk Management
Although a seemingly useful tool used across many industries, there are some limitations to how effective carrying out FMEA can be. Knowing what these various issues are can help to move the analysis in a positive direction, rather than being caught out (ODwyer, 2010). One of these issues is keeping a consistent ranking. This must be used to ensure that the RPN values calculated are accurate. Failure to do this would make the values skewed and therefore throws the investigation and analysis into disarray. It is also important not to have a bias towards severity ratings. Doing so creates issues because rarely does the severity change for a process/component failure, only the detection and occurrence (ODwyer, 2010). Other areas where FMEA can be limited in its use is that all it does is help to find and prioritise higher risk failures and not solve them. A third issue is that the quality of an FMEA investigation is only as good as the team leading it. If engineers or other team members that are inexperienced are running the analysis then it could lead to several high risk failure modes being missed (Hodge, 2014). 
[bookmark: _Toc65948422]IMecheE
The Institution of Mechanical Engineers (IMechE) is a professional engineering institution that many industry professionals use, from students studying at university in IMecheE accredited courses to doctorate level specialists (Institution of Mechanical Engineers, 2000). Because it is so widely accepted as being the face of engineering, it means that members must uphold the Code of Conduct set out under sections 28 to 31 of the Royal Charter and By-Laws of the Institution of Mechanical Engineers to ensure the industry is held in as high of a regard as possible. These set out to tell members they are representing the Institution and are ambassadors of it. Therefore, they must behave in an appropriate matter, should conduct work with integrity and objectively for all parties involved and should continue to learn to remain professionally competent in their field (The Institution of Mechanical Engineers, 2014). 


[bookmark: _Toc65948423]Initial Failure Mode and Analysis
[bookmark: _Toc65948424]Initial FMEA Table
[bookmark: _Toc65773715]Table 1: Initial FMEA
[image: ]
[bookmark: _Toc65948425]Failure #1
This looked at the brake calliper mounting bolts not being torqued to the correct level. If they are not torqued to the correct level, the bolts could either become stuck, meaning a potential hazard in the future if the brake callipers themselves have an issue or they may not hold the brakes in place. The likelihood of occurrence was given a 6 because although it could occur relatively frequently, it would be difficult to torque wrong because the wrench should click. The severity of an issue like that is high, therefore given a 7, because although the bolts may be torqued incorrectly, they could be tightened too much. This isn’t too much of an issue as the brakes will still work properly but becomes a pain when attempting to service the brake assembly. However, if they were too loose, this could lead to a catastrophic failure in which the brakes would fail, resulting in the car crashing at a high speed instead of slowing to a halt. The likelihood of detection is given a 9 because it would be very difficult to detect visually if it were not torqued correct. To mitigate the issue, a torque tester as well as a digital torque wrench will help to get the correct required torque (Mountz, 2018). As well as this, ensuring accurate and up-to-date information on the production line is available at all times for the correct torsion level of that particular bolt (Bayou City Bolt, 2018). 
[bookmark: _Toc65948426]Failure #2
An incorrect brake disc size installed is relatively serious as if a disk is too small. However, it would be clearly visible if it is too big or small so would be detected easily meaning it was given a 2. The likelihood of occurrence is a 4 because although the wrong size could be put on, it would still be relatively unlikely. If the wrong brakes are put on it’s a relatively serious failure mode and so the severity has been given a 6. A potential mitigation for this issue is to have the brake discs separate in very different coloured bins with the component name on the front. Then, when it comes to the engineer fitting the discs to the hub, the prompt that will come up for that vehicle on the screen will have the part highlighted in the same colour as the bin, helping to eliminate any doubt due to the visual aid (Martin, 2020). The hubs could also be made to fit only the correct brake discs. 
[bookmark: _Toc65948427]Failure #3
If brake pads are installed in the wrong orientation, with friction material not in contact with the disc surface, it becomes a major issue. Many brake pads are directional and so will need to be installed correctly, and therefore if installed improperly will produce a screeching sound (due to the wear indicator on the pad), ultimately damaging the disks. Brakes having no use (as the contact pad would be the wrong way round) would result in a very disastrous accident. Therefore, the severity rating was given a 9. The occurrence of this was given a 5 because it would be relatively easy to install incorrectly and would also be hard to detect (given a 7). Because the brake pads are covered by the callipers, certainly on more performance-based vehicles, it would be difficult to check further on the process line at a quality control check. It is then key that a visual reminder to check that the pads are the correct way round such as a brightly coloured paint mark at the top of the non-contact side would be a good solution as it would make it very clear in which orientation the pad should be in. This would help to reduce the value for detection. As well as this, using a technical poster or visual reminder at the workstation to check should help reduce occurrence (Apec Braking, 2017). 
[bookmark: _Toc65948428]Failure #4
This failure is the brake line fitting not fully tightened. This is quite a big issue because if the brake line is not tightened properly then the brake lines may allow air inside and therefore a leak, causing a potentially calamitous failure as the brakes would have poor pressure resulting in a longer brake time and distance (Firestone, 2017). Consequently, it has a severity rating of 9, with the probability of occurrence at 7 due to it being easily done. The clips can also be overtightened because they are made of thin and relatively flexible metal which restricts flow inside the line. The likelihood of detection was also given a high rating of 8 due to being very difficult to detect. Therefore, the mitigating action for this is to have a visual prompt at the workstation, possibly a poster or a screen alert before the component/vehicle moves down the process line (Apec Braking, 2017). As well as this, a quick check post installation with the tool used to ensure it is firm and in place. 
[bookmark: _Toc65948429]Conclusion
Failure #4 should have priority due to the highest RPN value at 504, followed by Failures #1, #3 and #2 in that order.  

[bookmark: _Toc65948430]Amended Failure Mode and Analysis
[bookmark: _Toc65948431]Amended FMEA Table
[bookmark: _Toc65773716]Table 2: Ammended FMEA
[image: ]
Due to the nature of a failure mode, the value for severity will not change for any mode since the risk of injury/death if the failure happens remains the same. 
[bookmark: _Toc65948432]Failure #1
Once the mitigating actions have been taken care of, the values of the probability of occurrence and the likelihood of detection have both reduced to 2 and 5 respectively. This is because the actions taken are robust and have ensured that the failure should occur a lot less due to several checks before the vehicle moves along the process line. 
[bookmark: _Toc65948433]Failure #2
Both the occurrence and the likelihood of detection has reduced to 1. Though the incorrect brake disc failure mode did not originally hold a high RPN value, this has been reduced to 6 because by following both the “Alert and Verify” system and making the discs incompatible with the wrong hubs, it removes almost any possibility of the wrong brake discs being installed because they just would not fit onto the vehicle. 
[bookmark: _Toc65948434]Failure #3
The brake pads being installed incorrectly (wrong orientation and non-contact side) has had both its probability of occurrence and its likelihood of detection of detection improved significantly. With both a passive (colour coded component to ensure correct orientation) and active (technical poster bulletin to check component orientation against), this has helped to ensure the fault is not likely to happen. 
[bookmark: _Toc65948435]Failure #4
The brake line fittings have reduced significantly from 7 and 8 to 3 and 5 for occurrence and detection respectively. With the use of a prompt, either from the system at that workstation or a check sheet to mark off against any issues, and a post installation inspection before the process moves on, the brake line fittings have a far lower RPN and are deemed to be easier to check for faults. The likelihood for a leak and therefore the chance of a sudden loss of braking has been diminished (Hunting, 2017). This failure still has the highest RPN value out of all 4 failure modes and so would need to be looked at again to ensure that the failure can be reduced in its possibility of going undetected.  
[bookmark: _Toc65948436]Conclusion
Failure #4 still has priority due to the highest RPN value at 135, followed by Failures #3 and #1 respectively. Failure mode #2 has been mitigated effectively to warrant no further action. 

[bookmark: _Toc65948437]Conclusion
The findings made show that by using FMEA, applying RPN values to the failure modes and then prioritising those with the highest values, an actionable plan could be produced to help mitigate these risks. With the highest risk, Failure #4, the new RPN value from the rerun FMEA was more than halved. In an ideal world, FMEA should be accompanied with a combination of other strategies for processing potential risk areas (ODwyer, 2010). Viewing the FMEA process as a quality improvement tool rather than for quality control us is an issue and so will need active thinking to ensure this doesn’t happen (Bongiorno, 2001). However, as a tool to use to help mitigate failure modes, the process works at its best when combines good management, an organised method, a good team to lead the process that have experience in the areas under observation and effective and actionable mitigations (Vanyi, 2016). As well as this, ensuring that FMEA is an ongoing process and not just a one-off event in the planning and design stage of either a process, component, or product will mean that the FMEA model is being used to the best of its effectiveness. Further limitations and effectiveness are covered in section 2.4. 
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