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1. [bookmark: _Toc65677770]Introduction
The purpose of this document is to outline the importance of Failure Mode and Effect Analysis. It is very important, that engineers understand how critical risk management is. It not only saves the business by reducing the amount of risks, but could also save lives, because some of those risks could be fatal. 
My aim is to explain the process of the FMEA that I have been supplied with. I will explain the processes to reduce the risk in the given possible failures which could possibly occur while fitting brake systems into vehicles. 


2. [bookmark: _Toc65677771]Research/Literature Review
FMEA is a system that is being used by a lot, if not most manufacturers and variety of different companies. It is pretty straightforward and very effective – It basically is a table with a potential risk list and the scoring of how likely it is for the risk to appear, how severe it could be, and how easy would it be to detect the problem. A ten-point system is being used to rate each category, after that, every category multiplies by each other, which then comes to an end result called Risk Priority Number (RPN). Usually, the potential failures with the highest Risk Priority Number would be prioritised, which would be an obvious path to follow. However, other columns shouldn’t be overlooked, because severity column is as important as the final risk number, because failures with the biggest severity rating will have the highest chance to be fatal or extremely dangerous. 
Failure Mode and Effect Analysis is also very effective to improve the quality of the product or even improve the work that is being carried out in the production line. It could mean a much safer product, making the company more trust-worthy, meaning that there could be more returning customers in the future. 


3. [bookmark: _Toc65677772]Initial FMEA
I have filled out the table that was supplied in the assignment brief, see the picture below.
[image: ]
All numbers correspond to the risk level, the higher the number, greater the risk is. I have gone through different scenarios of every potential failure that has been listed and have assigned, what I think, are realistic numbers for given modes.
Looking at the first Potential Failure Mode, which is “Brake calliper mounting bolts not torqued to correct level”. Likelihood of Occurrence was rated 4, because I think it is rather rare for a technician to miss the correct torque setting and it would be quite rare, that a well-maintained torque wrench would go wrong. The severity very obviously would be extreme. If brake callipers would become loose while driving, there is a high chance, that the brake pads might work themselves loose, meaning there could be little, or no braking power left at all. This would be a fatal failure, which is why the correct torque is very important. It would be very hard to detect bolts that are not torqued correctly, as it is not visible, if the bolt is all the way in. That is why I think that the best mitigating action would be to make sure that every technician knows the consequences of a loose bolt. Also, the frequency of torque wrench calibrations should be increased, bringing an even higher standard to the manufacturing process. 
The second Potential Failure Mode, which is “Incorrect brake disc size installed” is not overwhelmingly dangerous, because it can be detected easily.  The likelihood of occurrence is quite low, because discs would be supplied in batches, which means there wouldn’t be a lot of room for an engineer to fail in. The severity is quite low, because there is a high chance that brakes would still function, even if the disc would be wrong size. A wrong disc size would be detected quite easily. The technician that is fitting brake discs should notice straight away. If not, Q.C. should notice it too, especially when a rolling-road test is being performed, and the vehicle wouldn’t pass because of ineffective braking. To reduce the chance of installing the wrong disc size, the team that sorts the parts out should carefully assign correct disc size for the according vehicle. 
The third one, which is “Brake pads installed in wrong orientation, with friction material not contacting the disc surface” is very dangerous.  It is quite unlikely for this sort of failure to happen, but if it does happen, it’s very severe. There would be absolutely no braking performance, meaning that the vehicle cannot be driven. If you would try to brake with brake pads facing the other way, which means that the metal side of the pad would be contacting the disc, you would heat the disc up without producing any braking power and most probably seize it, resulting in fatal results. However, it is detectable quite easily, because the vehicle wouldn’t pass the rolling-road test, and the brake pad wouldn’t even sit in the calliper properly most of the time anyway. To reduce the risk, managers would need to make sure that engineers are fit to work on that day, because I think, it would only be a human error, which unfortunately is impossible to avoid fully. 
“Brake line fitting not fully tightened” should also be a prioritised problem. It is unlikely for it to happen, because brake line fittings do not require a lot of torque. It is however very severe. If the braking system will start losing fluid, the braking performance will most likely drop, and in the worst-case scenario, the brakes would stop functioning. Usually, the problem should be quite detectable, because there would be a visible brake fluid leak while operating the brakes. To reduce the risk level, engineers must make sure to torque up the brake line fittings wherever applicable.  

4. [bookmark: _Toc65677773]Post-Mitigation FMEA
[image: ]
Even after the correct actions were implemented, there still is a risk for the failures to happen, however, the chances reduced greatly. 
“Brake calliper mounting bolts not torqued to correct level” failure remains as a potential risk, because there is still human error that can occur. The engineer might use an incorrect torque setting. It is still very hard to notice the incorrect torque, because it is not always visible, that the bolt is not tight.
“Incorrect brake disc size installed” failure still remains as a potential risk, because again, human error can occur. Considering the correct parts were supplied, the engineer that is fitting discs might somehow have a disc from an old batch laying around. It is however very unlikely for it to happen now.
“Brake pads installed in wrong orientation, with friction material not contacting disc surface” failure remains; however, it would be very rare for it to occur. Considering the engineers are fit enough to work, and the quality checks have been improved, the chances of vehicle leaving the factory with incorrectly fitted brake pads are very low. Unfortunately, again the human error could still occur, but quality checks would make sure the failure never leaves the factory.
“Brake line fitting not fully tightened” remains as a potential error, however considering that the engineers were reminded to tighten up the brake line fittings where applicable, and the QC checks been improved, the risk of the failure happening is greatly reduced. 

5. [bookmark: _Toc65677774]Conclusion
In conclusion, the FMEA is a great tool to decrease or even eliminate potential failure risks in the manufacturing industry. It is comparatively easy to use, and the tool is usually quite effective.
The FMEA that I have done, worked effectively, however, it didn’t eliminate the risks fully, because human error will always remain as an undefeatable problem. In some of the failure modes, the problems were purely that the bolts or joints are not tight enough. They can be easily resolved, without investing a lot.  

6. [bookmark: _Toc65677775]Refernces
Hartwell, J., 2021. FMEA RPN - Risk Priority Number, Calculation and Evaluation. Available at: https://www.iqasystem.com/news/risk-priority-number
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Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process

Likelihood of Likelihood of Risk Priority
Detection Number (RPN)

Potential Failure Mode Severity Potential Risk Remaining

Occurrence

Brake calliper mounting bolts not
torqued to correct level

Human error of missing the correct torque still
remains

Incorrect brake disc size installed Human error still remains

Brake pads installed in wrong
orientation, with friction material not
contacting disc surface

Human error still remains

Brake line fitting not fully tightened Human error still remains
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Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process
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Brake calliper mounting bolts not
torqued to correct level

Incorrect brake disc size installed

Brake pads installed in wrong
orientation, with friction material not
contacting disc surface

Brake line fitting not fully tightened

Mitigating Actions Recommended

Make sure that every technician is using the
correct torque setting and using a well calibrated
torque wrench.

Make sure that the team that supplies the correct|
parts for correct batches, supply the correct disc
size.

Make sure that every technician is fit enough to
work every day, and make sure that it is properly
Qc'd.

Make sure every technician knows how tight the
brake lines should be, and the brake line
tightness should be QC'd every now and again.





