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1. [bookmark: _Toc66024611]Introduction
The aim of this investigation was to assess the risk level of the break disk installation on BMW’s motorcycle assembly line. A failure mode and effects analysis (FMEA) were to be carried out to pinpoint the level of risk in each area of the break disk installation and provide means to reduce the risk in future assembly lines. It is crucial for engineers to not only understand risk management but also abide by the code of conduct for professional engineers.
If the engineers involved have an apt understanding of the risk management involved in process engineering on assembly lines, there would be less cause for concerns for major vehicle manufacturers. The products sold by these large retailers go on to be used by the day-to-day general public, so it is adamant that the engineers involved in the production apply their work with the highest quality of risk management to minimalize the risk to the customer. 
After implementing the mitigating actions for each area of concern, a further FMEA was carried out to assess the level of risk after the improvements had been made. The objective was to decrease the risk priority number of each potential failure across the brake disc installation by following the IMECHE code of conduct. 

2. [bookmark: _Toc66024612]Research
Research was conducted into the application of risk management in the automotive industry. From watching a video documentary on BMW’s motorcycle assembly line (WELT Documentary, 2020). It was clear to see various practical applications of safety being implemented throughout the assembly line. An obvious precaution taking place was the wearing of gloves by all the engineers involved, this follows the H&S legislation for professional engineers (Health and Safety Executive, 2005). It is crucial for professional engineers to perform with the highest level of caution and precision and abide by the code of conduct for their line of work. Specifically, in the transportation sector, it is crucial for engineers to preform with the upmost integrity and “not knowingly mislead, nor allow others to be misled, in professional engineering matters” (IMECHE, 2018). This considers acting with precision in the assembly lines of major companies, as any skipped process would lead to potential accidents in consumer use. 
Risk management is a process highly important in the transportation industry, for example in the production of motorcycles, as the rider must have complete trust in the vehicle because of the potential risk in an accident occurring.  The Institute of Risk Management defines risk management as, “A process with the aim to increase the probability of success and reduce the event of a failure” (Bustad and Bayer, 2012). So, it is clear to see the importance of this practice in an industry such as the transport sector. 
Various tools are used to reduce risk levels in large manufacturing companies, one of which is the use of FMEA, which is an effective way to single out specific potential failures and give them an overall risk priority number. This helps companies find the highest priority risks to focus their attention on correcting. Conducting a post mitigation FMEA allows the process engineer to evaluate the success of the mitigating actions, as well as identify any remaining risk. 

3. [bookmark: _Toc66024613][image: ]Initial FMEATable 1 Initial FMEA

Firstly, when looking at the potential failure due to the brake calliper mounting bolts not being torqued to the correct level, a low score was given for the likelihood of occurrence, this was because the tool used to torque the mounting bolts hung from above the engineers and was pre-set to the correct torque level (WELT Documentary, 2020). So, the likelihood of the qualified engineer incorrectly torquing those bolts was slim. 
The severity of this mistake would be relatively mid-range depending on the level of slack, or over torque, that was in the mounting bolts, assuming the mounting bolts were only torqued a few Nm above or below the correct value the likelihood of those bolts causing an accident is slim and not seen as a high risk to the company as bolts can loosen from day-to-day use. 
The likelihood of detection is low for this failure because this tool used is pre torqued and the qualified engineer would have experience with this application, however in a potentially loud production warehouse there is a chance that the volume could cause the engineer to think they heard the click to signal the bolt is correctly torqued or miss the click and over torque the bolt. A very simple mitigating action that can be carried out for this would be to, later down the assembly line has a second engineer double check the torque values. This would drastically reduce the chances of a bolt not being torqued to the correct value. 
  Next, assessing the risk of installing the incorrect brake disc size would show a low likelihood of occurrence as the engineer would be qualified enough to recognise the correct brake disc size having installed the same brake disc on the same bike for multiple bikes in a row.
This would cause a failure of the machines brakes and would not allow the machine to slow down in an accident, resulting in a higher chance of an accident occurring. With regards to consequences on the company, installing an incorrect brake disc would result in downsides with press as this is a large error to make, which is why a large severity number was given.
There is a high likelihood of this failure being detected as the motorcycle’s brakes would not function correctly in the testing the machine goes through before public release. To prevent this from happening, the assembly line could only have the correct size brake disc on hand for the current machine being assembled to avoid mix-up. This would mean the engineer would only be able to fit the right size brake disc as there would be no other sizes available. 
Thirdly, the potential failure of the brake pads being installed in the wrong orientation. The likelihood of occurrence was still low however higher than previously seen as the friction material is located on the inner side of the brake pad and so might not be overly visible to the applying engineer which could cause the engineer to not notice the incorrect installation. 
This mistake would result in a high severity as once again, the brakes would not function causing the rider to have an accident. This would also have a knock-on effect as the braking of the vehicle is an essential aspect of the motorcycle and so would cause a lot of scrutiny for the company. 
This mistake would have a high likelihood of detection as once again the motorcycle brakes are tested before the vehicle is released for consumer use. A simple solution to preventing this would be to have a second engineer check the orientation at the next station before the bike is further assembled. It is seen that often there are more than one engineer tasked at the same station (WELT Documentary, 2020). Simply getting the other engineers present to double check the orientation would reduce the number of mistakes made.  
Lastly, the brake line fitting not being fully tightened would not be very likely to occur, as large company motorcycle assembly lines tend to have all the necessary tools with pre torque values, so no bolts or fittings are tightened by hand (WELT Documentary, 2020). 
This fault would result in a high severity number as an incorrect tightness on the brake line fitting would either cause the rider to not be able to brake hard enough or brake too suddenly, either way causing an accident to occur. The machine being able to brake is a standard requirement and so failure to do so would cause heavy backlash on the company. 
There is a high likelihood of this error being detected depending on the level of error that has occurred, the further from the required tightness the fitting is the larger the likelihood it is to be detected. A mitigating action that could be implemented here is for the engineer to quick squeeze the brake once the brake line fitting has been attached. In doing this, the engineer would be able to tell if the brake felt too slack or too tight, allowing the engineer to correct the mistake before sending the machine to the next station. 
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The severity number given to each risk remains the same as despite the likelihood being decreased, should the potential failure still happen, the risk to the consumer as well as the company involved would remain the same. The likelihood of each of these potential failures has been reduced to a minimal, however there is still a very slim chance that the mistake could still be made. 
For the brake calliper mounting bolts not being torqued to the correct level, the likelihood of this now being detected is very high as there would be a second occasion where the torque was checked. The only remaining potential risk is that the second engineer checking the torque also makes the same mistake. 
Now that the only brake disc size available to the engineers is the correct size for the current machine being worked on, the likelihood of the incorrect brake disc being installed and noticed is very low. The only remaining potential risk is that the likelihood of detection gets drastically decreased as no engineer would be checking to see if an incorrect size were fitted. 
The likelihood of the brake pads being noticed after being fitted incorrectly has been increased as there is a very slim chance that both engineers present would miss the fault. The only remaining potential risk would be that there is still a small chance that both engineers would not detect the risk. 
For the brake line fitting, the likelihood of detection has been drastically increased as the engineer would now be testing the brakes to show any obvious lack of tension in the brake line. The potential risk remaining is that if the brake line is only tightened incorrectly by a very minor value, it is unlikely the engineer would be able to tell this from just squeezing the brake.


5. [bookmark: _Toc66024615]Conclusion
In summary, after conducting an FMEA on the installation of the brake system, the brake pads showed the highest risk priority number, and the brake disc size showed the lowest. However, after carrying out the mitigating actions, the risk priority numbers were decreased throughout except for the brake disc size where the risk priority number was increased giving it the highest risk priority number. It was difficult to avoid having a second engineer check the work as a mitigating action for all the failures but where it was possible, a less time-consuming solution was given. 
In terms of effectiveness, the use of FMEA’s was a good way of giving the potential failures an overall score to prioritise the order at which to focus on. However, after performing a post mitigation FMEA, it is seen that the risk priority of one of the potential failures had increased despite mitigating actions being put in place. This might discredit the use of FMEA’s as a tool for mitigating risk in the transportation industry. 
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Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process

Potential Failure Mode

Likelihood of 

Occurrence

Severity

Likelihood of 

Detection

Risk Priority 

Number (RPN)

Mitigating Actions Recommended

Only have the correct size brake disc on hand 

for the current vehicle being produced 

Brake calliper mounting bolts not 

torqued to correct level

2 6 8 96

Have a second engineer double check the 

torque levels of the brake calliper mounting 

bolts

Incorrect brake disc size installed 2 8 2 32

Squeeze the brake handle once the brake line 

is fitted 

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

4 8 3 96

Have a second engineer double check the 

orientation before moving the vehicle off to 

the next station

Brake line fitting not fully tightened 3 7 4 84
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If the brake line fitting is only minutely tightened 

incorrectly, a simple squeeze of the brake handle might 

not allow the engineer to recognise the mistake 

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

1 8 2 16

Very slim chance that both engineers would 

not notice the pads incorrect installation

Brake line fitting not fully tightened 1 7 2 14

Due to there only being one size brake disc on 

hand, the likelihood of this mistake being 

noticed is reduced 

Brake calliper mounting bolts not 

torqued to correct level

1 6 1 6

Very minor chance of both engineers making 

the same mistake

Incorrect brake disc size installed 1 8 9 72
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