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[bookmark: _Toc65775258]Introduction
The risk management within engineering is so important. No job is worth risking your life for, so procedures are put in place for your safety and the safety of others. Accidents due to negligence are very serious and can end up with a hefty fine as well as prison time. Risks can come from many different directions within the industry even before you walk in through the door there can be hazards within the grounds such as forklifts naming just one. Things like this should always have your undivided attention. 
Failure mode and effect analysis tables are provided to easily show the risks involved in certain situations. Each risk is given a risk priority number for its main importance. This will be further discussed in the assignment. My aims for this task are to first rate several scenarios for their risk then once I’ve given them mitigating actions, I’ll then create another FMEA table with the assumptions that my mitigating actions have been followed. 

	
[bookmark: _Toc65775259]Research/Literature Review
Risk management is crucial for the smooth running of operations in the automotive sector. The methods used should be clear and concise to get the required points across. For different companies and organisations, they will have their own methods of doing things to reach their targets. However, there is a basic set of objectives to stick to. The most commonly used guide is from the, IMECHE Code of Conduct for professional engineers. It exercises four main principles that you’d be required to stick to if you’re a member of IMECHE. 
[image: ]These include, to practise competently and maintain up-to-date knowledge and skills. (Imeche 5/12/2018) What this means is you must keep up to date with your educational portfolio. If you don’t know what you’re doing you have to let someone know before carrying out a job. If for example you’re working on a hybrid and are unaware what the orange leads purpose is then you’re at risk of a certain but quick death. Figure 1 Hybrid engine bay

You should always, act with integrity and respect for others. (Imeche 5/12/2018) This means that you should always take care of your co-workers and potential customers. You can’t accept bribes as this will be unfair either towards your colleagues or other customers if it means the bribing customer gets to jump the queue as just one example. Also, even if there’s a particularly annoying colleague they are not to be misled under any circumstances. 
You will have to Promote sustainability within the industry. (Imeche 5/12/2018) This can be as simple as complying with the measures of COSHH. If you don’t, not only are you risking getting a hefty fine or being shutdown, you’re also damaging the environment. You can’t exploit any resources because not only are you costing your company money, you’re also damaging the environment. This is majorly frowned upon in this day and age.
The last code of conduct in place is to, exercise engineering leadership. (Imeche 5/12/2018) This is to create a more diverse workplace. Putting your own point of view out in the field will go a long way. You’ll grow to earn the respect of your colleges and be able to take their concerns further if they don’t have the confidence within themselves. 
Risk management can come in many forms. It can be down to the route that the employers are required to walk. If you’re carrying a large or heavy object, you’ll want to avoid stairs if possible and other trip hazards that you may come across. The direct route that you’re taking the object should be as short as possible and avoiding the main route that the majority of employees walk further reducing the risk of contact with others. To improve the safety of the staff, the walkway should be properly designated with no objects covering it. [image: A picture containing yellow
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Figure 2 Factory walkway
An FMEA table is used to risk assess different scenarios within various industries. In particular I’ll be looking at the automotive sector. The way they work remain the same however, even within healthcare as one example. The scenario is first given with the hazard, it uses clear and concise language.  The likely hood of occurrence is the first part of the table, it is to be rated from 1 to 10. With 1 being its almost impossible that the hazard will occur and 10 being its going to happen. Obviously, this “1” is the more desirable rating.
Severity is the next part in the table. I’d say it is the most important that you should look for. A rating of 10 would be death. So of course, if you have a rating of 10 then this hazard really needs to be avoided or improved as fatality is the worst possible outcome. A rating of 1 would mean that you can’t be injured from this hazard. 
Likely hood of detection is the final part that you give a number itself. If a hazard is given a 1, for this then its easily spotted so in theory its safer. If it receives a rating of 10, then this means it’s not very likely to be detected. Of course, you don’t want faults to be detected as it’ll look bad on you or your company. However, if you have a fault, I think you want it to be as detectable as possible as it might just save a life. These number are then multiplied together to give you the Risk Priority Number, which can be good if you need to just quickly glance at the safety of a process.
If the rating was 1 for occurrence and severity, then the box would go green. However, for likelihood of detection the box was set up to go red on receiving the rating of 1. After researching this I believe it is at fault. (staffstuff 2011), (elsmar 2009).  So I changed the table to also go green at that rating of one as well.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
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Table 1 Initial FMEA table
[image: Table
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My FMEA graph is shown in table 1 above. For the first scenario given to me of, the brake calliper mounting bolts not properly torqued. I gave this a rating of 3 for the likelihood of occurrence just because it should come naturally to an experienced engineer to torque the bolts once fitted however, human error does sometimes occur. I feel if this fault was to happen then it could be quite severer with a rating of 7. The problem might go unnoticed and have no effect or it could stop the calliper from operating to its full extent. If it was this bad, then your stopping distances will increase exponentially. I rated this as a 7 of detection as if the bolts are just slightly loose then they might not show any effect. However, if there is a dramatic decrease in tightness then it could become obvious that something is at fault. To reduce the chance of the wrong torque from being used I’d recommend using a Bluetooth torque wrench because this will reduce the likely hood of a fault occurring. 
With my second scenario of the incorrect brake disk size inserted I gave it a 5 for the chance of this occurring. If this is on a production line different models of cars will take different parts of course, to be fitted. However, with the methods of how a production line works the parts for the particular vehicle will come at the time they’re ready so if the wrong brake disk is presented then it could be a fault from elsewhere. If the wrong one is fitted, then I rated it a 6 for severity. It could majorly reduce the braking distances however its unlikely it would fully stop the operation of the brakes completely. To stop this from happening more checks should be carried out before fitting with using a barcode type system that will track the part around the factory up to the point of fitting. I think it would be fairly difficult to identify the fault but not impossible, so I rated it a 6. 
The scenario that I rated as one of the worst offending and with a severity of 10 is the brake pads being fitted the wrong way round. This is very unlikely to occur however, not impossible if the engineer lacks all common sense and training, I rated it a 3. This lethal fault would be quite likely to be detected when a high pitch squeal is coming from your car as you try to break and not just from the passengers. To stop this from happening just requires the correct training, human error is a common thing but with faults like this disciplinary action would have to be taken if it’s put on a customer’s car. For this fault I rated a 6 for detection. It would be impossible to notice with the wheels still on the vehicle. However, it has the advantage of when its moving it’ll be really loud but it could be too late by then. 
The last scenario given to us is the brake line not fully tightened. This fault is unlikely to occur but not impossible with a rating of 3. It could be highly dangerous to happen, so I rated it a 10. If the break line isn’t fitted properly it could cause it to completely come off. This will lead to a drop of brake pressure maybe throughout the whole system. This will make you rely on the handbrake. This fault is unlikely to be detected I think, the first thing you’ll notice is spongy breaks or maybe no breaks at all if the pipe is whats loose. I rated it an 8 for detection. To stop this from happening you could use a specialist Bluetooth torque spanner (Engineering update, Sep 2020) this can be set to the specific torque required and will record it.
Table 2 FMEA table for airbag sticker only
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I created my own scenario for the last part of the table. I gave the example as the air bag safety sticker not being installed correctly. It’s a problem that will easily be overlooked as its just a sticker however that sticker saves lives. I gave it a 4 for occurrence as its not a common fault however it does happen. From something as simple as a residue already on the dashboard. This will prevent the adhesive from fully binding and the sticker easily falling off. The severity I gave a 9 as if the sticker isn’t present then parents of new-born babies might not know the proper safety arrangement for a baby in a car. This would then cause a preventable death if the airbag was to go off. Its not that detectable as it is just a sticker so only visually you’ll notice it, that’s why I’ve given it a 3. The mitigation actions to take on this fault would be to engrave the dashboard with a warning symbol instead. That way it can’t fall off it’ll just need to be checked once visually if its present.  
[bookmark: _Toc65775261]  Post-Mitigation FMEA
Table 3 FMEA with previous mitigating actions followed
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So, assuming that my first mitigation actions have been followed I have now re assessed the possible hazards. For my first one of the brake callipers not being torqued correctly I suggested the use of a Bluetooth torque wrench to ensure they are correctly given the correct tightness.  It can be connected to a computer with the required torque already selected using a specific process and order and can be used as proof that it has been correctly carried out and torqued. Can detect the angle that it has turned through as further reassurance. It does have an added cost, but can you really put a cost on safety? This dramatically reduces the likelihood that it will happen in theory. However, if this fault was to happen it would still be the same severity.  It came to an RPN number of 42 which is better than the original 147.
If my mitigation actions are followed for the wrong sized brake disk, then this fault should be less likely to happen. But never impossible. The severity remains the same if the fault occurs and it will still be the same level of detectability. You can use a system that properly tracks items throughout the manufacturing factory. The brake disks can have barcodes attached on the disk from the point of entry of the factory up to the fitting process. They can be scanned by the automotive engineer before fitting to ensure that the exact part is allocated to the right vehicle. Even down to the corner of the car.  This I think will dramatically reduce the chances of error occurring. The only way that this wouldn’t work is incompetence.  The RPN number changes from 180 to 24 which is a vast improvement. 

Brake pads installed in the wrong orientation. This fault is mostly down to incompetence as it would be quite hard to get this wrong, in fact a lot of braking systems are manufactured in such a way that it will squeal harshly if fitted incorrectly similar to when they’re nearing their wear limit. (apecbraking 2016).  So, one way to make sure this doesn’t happen is to also use this type of brake pad within the manufacturing process. If it’s not an option, then possibly getting brake pads that are painted a bright colour on the one side to make it even more obvious when installing but in an honest opinion it’s down to the workforce. With basic training this just can’t happen. The RPN is now 60 whereas before it was 180. This is a big improvement.
Brake line not fully tightened. A Bluetooth torque wrench can be used for this instance as well. The torque wrench will need to be set up for this different process and to a different torque. To ensure the brake line is fitted correctly a pressure test is to be carried out once the system has been bled. This would show up if there’s a leak in the system from say a loose-fitting pipe.  Once you’ve used the torque wrench use a torque marker to prevent the chances of tampering and to make it even more detectable, (Walters 2021). The initial RPN was 240 but with mitigating actions its reduced to 54 which is great. 




[bookmark: _Toc65775262]Conclusion
Within my FMEA table the most common reason for these scenarios is down to human error and negligence. It could be something simple as being more generous with the employers breaks or having a higher wage to get a better quality of staff intelligence. In my opinion incentives for the quality of work should be implemented. Yes, the speed is important, but quality can’t be affected at all. Especially when it comes to safety. 
Equipment upgrades are certainly needed if the staff can’t be retrained. Bluetooth torque wrenches will provide evidence who is doing the job correctly and who is a liability to the company and customers. Bonuses will have to be selected carefully, it’ll be no good giving the most valued employers more holiday as that’ll mean less production within the company. 
FMEA tables are good for risk assessing several different scenarios, they can be good if you need to have a quick glance before a job. However, health and safety shouldn’t really be about having a quick glance. So, I see the benefits of having something quick and easy for certain jobs. If your RPN number is above 125 as an example I reckon something more detailed should be used. This will further prevent the chances of that thing happening. 
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Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process
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Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process
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