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The aim of this report is to discuss and explain Failure Mode & Effect Analysis (FMEA), which is a commonly used risk management system. Managing risks effectively is very important, both from a consumer standpoint, as well as a business standpoint, and automotive engineers should be taking that into consideration.
In addition, this report will aim to explain possible risks provided in the assignment brief and their dangers as well as ways to reduce the chance of them occurring. FMEA and its effectiveness at risk assessment will also be demonstrated.
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Failure Mode & Effect Analysis is a heavily used risk assessment system in the modern automotive engineering industry. This system is very simple and effective – a table is filled, outlining all potential risks involving a certain system of the vehicle in question. Then, each risk is rated by three different categories – Likelihood of Occurrence, Severity, and Likelihood of Detection. Each of these categories receives a score between 1 to 10. Generally, a higher number in any of the mentioned categories is bad. A score of 10 in the first category (Occurrence) means that a certain problem has an extremely high chance of happening. A score of 10 in the second category (Severity) means that the problem will be extremely severe should it occur, potentially fatal. Finally, a score of 10 in the third category (Detection) means that the problem has a very high chance of not being detectable. The three scores are then multiplied by each other and a Risk Priority Number (RPN) is the final result. This value determines the importance of addressing a potential risk in question, but the Severity value is also considered during evaluation – a less common problem with a high chance to be fatal will be prioritised over a more common, but relatively mild problem.
Other benefits of using this system include a higher quality standard due to tightened safety measures. This has a high potential of being very beneficial not only to the consumer, but to the manufacturer as well. A high safety standard will improve the company reputation, which increases the likelihood of returning customers, but also attracts more new customers as well, especially in a modern, safety-orientated society. 
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Figure 1 - Initial FMEA table
Above is a table for the initial FMEA. This table outlines four potential failures and evaluates their severity. This section will discuss the listed scenarios and explain what the end result could be, as well as why the values shown have been picked.
The first potential failure mode, “Brake caliper mounting bolts not torqued to correct level”, is not extremely likely to occur (4 out of 10), as most fittings are always torqued to a value deemed by engineers to be adequate. A manufacturer with acceptable safety standards will have employed a simple system, allowing technicians to select the appropriate torque. The main reasons for the occurrence of this problem would be either human error, where the technician mis-selects a torque value, or equipment failure, where a tool such as a torque wrench detects an incorrect value, albeit regular maintenance and calibration results in odds of this happening being very slim.
If such a failure does occur, it can be very severe. A loose brake caliper would decrease braking power, as contact with the brake disc would be inconsistent, or worst-case scenario, non-existent. In addition, brake pads could become undone, causing complete brake failure in that caliper as a result. This carries a potential of causing a crash, which could even be fatal sometimes.
The likelihood of detection score is also high, as an improperly torqued bolt is almost impossible to detect visually, with the exception of obvious instances, such as not being fully screwed in.
Recommended mitigating action for this scenario could include regular equipment maintenance and calibration, because tools such as torque wrenches have a tendency of becoming inaccurate over time without calibration. In addition, appropriate quality control measures will ensure that any mistakes will be noticed during inspection, further reducing the possibility of a vehicle with such a fault reaching the consumer.
The second potential failure mode is “Incorrect brake disc size installed”. It is not a very common occurrence, as parts are generally shipped out in large batches, with all of them sorted according to a certain make, model and trim level of a vehicle.
The nature of such an issue means that its severity level is not very high. If a brake disc is too large, the brake caliper will not fit over the disc, and its mounting holes will not align with the bracket, resulting in immediate detection. If a brake disc is too small, the braking system will still generally be capable of performing, albeit at a limited power, which will be detected during the quality control phase while testing overall braking power of the vehicle.
As mentioned above, the likelihood of detecting such a problem is fairly high, and should be immediately obvious to a technician, or the QC team, resulting in a low detection rating.
Mitigating actions to prevent this from happening as much as possible can include refining the distribution system, such as employing quality control measures to ensure that the right part is delivered to the right location every time.
The third potential failure mode is “Brake pads installed in wrong orientation, with friction material not contacting disc surface”. It is uncommon for such a scenario to occur, because brake pads have distinct features and it’s very obvious which side the friction material is on. Unfortunately, this scenario still has a chance of happening due to human factor, which is impossible to completely eliminate.
Should such a scenario happen, its severity would be extremely high. If brake pads are installed incorrectly with the metal backing plate contacting the brake disc, this can cause catastrophic braking system failure. The braking power would be almost non-existent, and the metal-to-metal contact would quickly heat the brake disc up, potentially even seizing up the system. This scenario has a big chance of becoming fatal.
While this is a serious issue, it is easily detectable. A visual inspection will reveal that the brake pads are installed in the wrong orientation, and the rolling road test during quality control would reveal that braking power below the required level.
Mitigating actions for this scenario can include focused quality control checks to ensure that braking systems are built to high standards, carrying out visual checks, as well as braking power measurements. In addition, technicians could be checked up on regularly, making sure that they are fit to work every day.
Lastly, the fourth scenario, which is “Brake line fitting not fully tightened” received a rating of 4 in the occurrence category, as it is not a very common issue, given that torque specs are generally provided for every fitting, so the only way this scenario can happen is if a technician selects an incorrect torque by mistake, or if equipment used for installing said fittings is not appropriately maintained and calibrated.
The severity of this scenario is extremely high, as an incorrectly torqued brake line fitting can mean that the brake fluid will leak out over time, potentially introducing air into the braking system, which will then cause a decrease in braking performance, or even complete braking system failure if this problem is not fixed.
Such a problem is not easily detectable, as it is impossible to visually evaluate the torque applied to a fitting. A rolling road test can show that braking performance is sub-standard, but if the leak is very minor, it may not be immediately obvious, adversely affecting overall braking performance after the vehicle leaves the factory.
Mitigating actions could include regular equipment maintenance and calibration to ensure that correct torque values are being applied to brake fittings. Also, technicians could be regularly evaluated, their knowledge tested on the appropriate torque values.
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Figure 2 - Post-Mitigation FMEA
Mitigating actions outlined in the previous section should considerably impact the listed potential failure modes, reducing their likelihood of occurrence, as well as increasing the likelihood of them being detected. Severity will remain the same due to the nature of the failures.
The first potential failure mode becomes a considerably lesser risk, because detection rates increased drastically, while also becoming less likely to occur. It is not possible to completely rule out this risk due to remaining human factor, which will be present to some degree as long as human technicians are used as workforce. It is still possible to torque a bolt to the incorrect value, but focused checks should stop vehicles with such a problem from leaving the factory line.
The second potential failure mode becomes an extremely small risk due to improvements in distribution and logistics. While quality control checks will help to further identify incorrectly sized parts in a batch, human factor can still make this risk a possibility, such as a technician failing to identify an incorrect part.
The third potential failure mode is also an extremely small risk post-mitigation, with only human factor remaining as a potential risk. This could happen if a technician is unfit to work, but the issue has not been identified by a regular welfare check, although focused quality control will dramatically decrease the chances of a vehicle with a faulty braking system reaching the consumer.
Finally, the fourth potential failure mode is several times less risky after implementing mitigating actions. Leaving only human factor as a potential risk, which means that an incorrect torque value could be selected, but quality control measures should prevent this problem from reaching the consumer.
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In conclusion, FMEA is an effective system for risk prevention, helping to accurately gauge which risks should be prioritised, how they could be prevented or their likelihood decreased, as well as what potential risks could still be present. In the automotive manufacturing industry, this is very beneficial, because less potential risks make the vehicle manufacturer a safer option, building customer trust in the brand, potentially increasing the chance of returning customers, as well as new ones.
That being said, the FMEA is not a universal tool for mitigating risks and should be used alongside other techniques. For example, human factor is one of the problems, which the FMEA process cannot eliminate.
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