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[bookmark: _Toc65578364]Introduction
In this report I will be investigating the risks to the engineers in the motorsport engineering workplace and how the risks can be reduced or so the workplace can become a safer environment. I will also be talking about the importance of all engineers understanding and spotting the risks in the workplace so that they can reduce the likelihood of an accident or worse, fatality. The aim of this report is to run an FMEA test of all the risks in the motorsport workplace and then find ways to reduce the risk of harm to ultimately make the workplace safer for the engineers.
1.0. [bookmark: _Toc65578365]Research
1.1. [bookmark: _Toc65578366]Health and Safety
In an motorsport engineering workshop, there are a lots of health and safety precautions that a company has to follow to minimise the risk of harm against any of their employees. In the workshop there are many factors that can harm someone from hazardous substances to heavy objects. The health and safety officers job is to ensure that the right precautions are in place to minimise the risk of harm to employees. Companies have to keep to specific Health and Safety legislations to keep their employees safe. If the company’s don’t keep to the legislations, then this can cost them with hefty fines, legal actions and the possibility of imprisonment (Martinelli, 2017).
1.2. [bookmark: _Toc65578367]Tools employers can use to find risks
For an employer there are a few tools that they can use to help find and prevent risks in the workplace, FMEA being one of them. Another one very commonly used is a standard risk assessment. On the HSE website, they recommend that the minimum you should do is; identify what could cause injury/illness, decide what risk there is to the employees, and how to control/eliminate the risk (HSE, n.d.). 
1.3. [bookmark: _Toc65578368]The use of FMEA
One way a health and safety officer can test how safe a workplace is by running a ‘Failure Mode and Effects Analysis’ (FMEA). Porsche engineering described FMEA up by saying, “Failure Mode and Effects Analysis is an established instrument for identifying and correcting errors or potential sources of errors in the design of products and the associated manufacturing and assembly processes” (Porsche Engineering, n.d.). When running an FMEA test, each risk will get its own RPN number; RPN being “a measure used when assessing risk to help identify critical failure modes” (FMEA - FMECA, n.d.). 
1.4. [bookmark: _Toc65578369]IMechE Code of Conduct
The IMechE is an institution for engineers providing recourses, training and many other applications for engineers. The IMechE has a specific ‘code of conduct’ for all engineers to abide by. The code of conduct is there to not only protect the engineers but also the members of public. The code of conduct has 4 principles (IMechE, n.d.):
1. Practice competently and maintain up-to-date knowledge and skills
2. Act with integrity and respect for others
3. Promote sustainability
4. Exercise engineering 
2.0. [bookmark: _Toc65578370]Initial FMEA
2.1. [bookmark: _Toc65578371]FMEA Results
[image: ]In Table 1 below, I have presented the results obtained from the FMEA test I ran in the motorsport workshop. I ran each potential failure and produced an RPN number which tells me the extent of the risks. I then looked into how I could reduce these risks to make the workplace safer but also the final product safer for customers. [bookmark: _Toc65401703]Table 1 - Initial FMEA Results

2.2. [bookmark: _Toc65578372]Reasons for results
2.2.1. [bookmark: _Toc65578373]Brake calliper mounting bolts not torqued to correct level
The first of the 4 tests I ran was the calliper bolts being fastened to the correct torque level. First of all the Likelihood of occurrence. I gave a score of 7 as I felt like it was very likely that the bolts weren’t being tightened as well as they could be. For severity I gave an 8. This is because if the bolts were to vibrate loose under load and time, then eventually there will be calliper failure which could result in an accident. In motorsport, when a car is travelling at 100+mph, the last thing the driver wants is for a brake failure. This can cause serious damage. Lastly, the likelihood of detection. For this I put 5 as it’s not possible to check the correct torque of the bolt by human feel. You need to use a torque wrench with torque ratings on it. In total, the RPN number I got out of the test was 280 which is relatively high. With the right actions, this can be hugely reduced. 
The mitigation actions I would put into place would for the mechanics to use a torque wrench that would tighten the bolt to the correct torque and prevent the mechanism from over-stretching the bolt to the point of breaking (DoItYourself, 2010). This would make sure that the bolt had been tightened correctly to minimise any failure. Once the bolt has been tightened the subassembly would go through quality control where another engineer will make sure that the bolt had been tightened to the correct torque. 
2.2.2. [bookmark: _Toc65578374]Incorrect brake disc size installed
The likelihood of this happening I put was 6 as it is a possibility that the wrong brake disc can be installed. However, the likelihood of this is slightly smaller than the brake calliper bolts not torqued correctly as it’s less likely to frequently install the wrong disc size on the sub-assembly. Although it can still be done so new precautions need to be put in to reduce the likelihood to make sure it doesn’t happen at all. The severity is very high as having the wrong disc size on the car could potentially cause a huge accident. When the brakes applied at high speed, the driver trusts that the brakes will slow the velocity of the car down. Following on from this, the likelihood of detection I put was 6. This is because the company only use few amounts of brake discs so it should be relatively obvious to the engineer to spot the wrong brake pad on the car. As well as this, when the car is out for its shakedown test before going racing, the driver should be able to feel that the brakes aren’t cooperating as well as they should. In total the RPN number I got out of the test was 324 which is very high so the risk needs to be reduced to make the car and the environment safer.
The mitigation actions that I am putting into place is that when the subassembly is in manufacture, the jig only allows for the correct brake size to be installed. Before the brake disc goes onto the sub-assembly however, the measurements are checked including; the diameter and thickness. After the sub-assembly has been complete, the assembly will go through quality control where all measurements and details noted in drawings will be checked by another personal. 
2.2.3. [bookmark: _Toc65578375]Brake pads installed in wrong orientation
The likelihood of occurrence I thought was quite high as it’s not too obvious on which way round the pad should go. Therefore, this can make this potential failure mode one that can occur often especially as the pads will be changed on the cars after each race. The severity of this potential failure is very high as this could cause severe damage. If the friction material is on the wrong side then there would be no friction material in contact with the brake disc meaning that the result of the brakes being applied could cause severe damage to the driver or others around. The likelihood of detecting this is very low at a score of 4. This is because the likelihood of detecting the pad failure before the car going to track is very unlikely. When the car goes to track however, the driver will quickly work out there is an issue with the brakes. This would be very dangerous for the driver and others on and off track. Finally, the RPN number taken from this test was 252. Although it’s not as high as the other tests, the severity is very high which still means that there’s still a high risk. This risk needs to be reduced so that the likelihood of this failure is minimal. 
The mitigation actions I thought were necessary are; a note on the assembly drawings which will note to the engineer that’s assembling the calliper to make sure and double check the orientation of the brake pad, as well as the correct training for the engineer so he knows how to correctly assemble the brake assembly and how to check all details. This will reduce the likelihood of this failure massively and hopefully protect the driver/engineers from harm.
2.2.4. [bookmark: _Toc65578376]Brake line fitting not fully tightened
The likelihood of occurrence to this potential failure is very high due to the brake line fitting being a small aspect of the assembly. As the brake line fitting is relatively small, the chances of the fitting not being fully is very high. This could mean that under heavy braking, the brake line could fail resulting in the brake assembly failure. This could cause some serious harm hence the severity again is very high at a rating of 9. Lastly, the likelihood of detection is low. As it’s a small part of the assembly but very also very crucial, it is very likely that the failure won’t be detected but if the engineer does check the fitting, they would be able to tell that it’s not fully tightened. This would mean that the engineer could solve this fault. Overall, the RPN number for this failure mode was very high as it could cause some serious damage. 
The mitigation actions that I am going to put in place to reduce the risk are; the first being a note on the assembly drawing notifying the engineer to check and double check the fastening, and the second being the engineer having a torqued spanner/wrench so the engineer knows when the fitting is tightened enough.
3.0. [bookmark: _Toc65578377]Post-Mitigation FMEA
3.1. [bookmark: _Toc65578378]Revised FMEA Results
[image: ]In Table 2 below, I have presented the revised FMEA test results where I have ran the FMEA test with the new mitigation actions to generate a new RPN number to test the safety. [bookmark: _Toc65401704]Table 2 - Amended FMEA Results


3.2. [bookmark: _Toc65578379]New Precautions in Place
3.2.1. [bookmark: _Toc65578380]Brake calliper bolts
The new precautions I put in place reduce the RPN number dramatically resulting in a safer environment. The likelihood of occurrence has now dropped massively to 1 as the precautions ensure that the potential failure mode won’t occur. Even though the severity is still relatively high, the chances are very low of anything happening. The chances of the engineer detecting the brake calliper bolts aren’t torqued right is very high meaning that the engineer is able to ensure the brake calliper assembly is safe not only for the engineers but also for the driver using the car. The RPN number as a result is very low meaning that the precautions have reduced the risk of harm massively.
3.2.2. [bookmark: _Toc65578381]Incorrect brake disc size
The new precautions I put in place for the brake disc size again reduce the risk of harm. Again the likelihood of occurrence has improved massively down to 2. There is still a slim chance of the failure occurring but it’s a massive improvement than before. Yet the severity is still high, the chances of detecting the failure is still very high so it’s unlikely to happen. Therefore, the RPN number is again much lower than before as the new precautions put into place reduces the risk.
3.2.3. [bookmark: _Toc65578382]Brake pads installed in wrong orientation
The new precautions put into place reduce the likelihood of the occurrence as the engineer has the correct tools to not get the brake pad orientation wrong. This also means that the likelihood of detection has been increased due to the tools allowing the engineer to know what orientation the brake pad should installed in. The severity is still relatively high because if the component was to fail, this could cause a serious accident. Overall, the RPN number has been reduced due to the new precautions.
3.2.4. [bookmark: _Toc65578383]Brake line fitting
Finally, with new precautions in place for the brake line fitting, the likelihood of occurrence has been reduced. This means that the brake line fitting will be fully tightened following the new precautions minimising the chances of failure as well as making it more obvious to the engineers to detect when the brake line isn’t fully tightened. This means the chances of a failure occurring is very small so an accident, that could be highly severe, is less likely to happen. This again results in a reduced RPN number making the product safer.
4.0. [bookmark: _Toc65578384]Conclusion
Overall, FMEA is a great tool to use when a company wants to reduce potential failures that can cause risks of harm others. It’s also very easy to use and very effective. It allows the company to improve the quality of their product while making their product safer for the consumers or surrounding environment. FMEA is particularly effective within the motorsport industry as the manufacturer can make the car safer. If the failures are reduced, then the less likely an accident will occur which could cause serious harm. As well as this, the reliability is improved due to the unlikely chance of a failure. This means that the car is more likely to go on and finish the race increasing chances of success. 
When running the FMEA test, not only was it a quick and easy process, I was able to place suitable precautions in place to help minimise the risk of potential failure. I found that the precautions I put in place reduced the likelihood of occurrence and detections massively. The severity stays relatively high but due to the occurrence and detection being so much lower, the risk is massively reduced. This as a result makes the car safer so when it’s on track, the likelihood of an accident is very minimal. All precautions I put in place aren’t expensive and easy to use including a torqued wrench or even notes on drawings. These all make a huge difference when it comes to safety.
All in all, the FMEA test is a very valuable tool to not only improve the safety of the car but also makes the car more reliable increasing the chances of success. Finding a way of reducing the risks was key for safety and FMEA is definitely a useful/brilliant tool to use. 
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Note on all assembly drawings to check brake lines are all 

tightened to the required torque rating. Use torqued 

spanner/tool to check torque. Can also use locktight to help the 

fastening to not come loose. 

Brake pads installed in wrong orientation, with 

friction material not contacting disc surface

7 9 4 252

A note on the assembly drawings ensuring that brake pad 

installed at this orientation and notes that quality control is 

esential. The correct training for all employees is a must.

Brake line fitting not fully tightened 8 9 4 288

Installation jig only allows correct brake disc to be installed on 

sub assembly. The disc break also needs to be double checked 

in quality control check. Also check for any imperfections in the 

disc.

Brake calliper mounting bolts not torqued to correct 

level

7 8 5 280

Use torque rench that has torque blah to tighten up the bolts 

till the rench clicks. Get bolts quality checked after instal to 

make sure all bolts are tightened to the right torque value.

Incorrect brake disc size installed 6 9 6 324

Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process
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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)

Potential Risk Remaining

The potential risk now is if the correct brake disc has 

incorrectly been installed onto the subassembly whether 

that’s the fixing or not alligned correctly. This is very 

unlikely as long as everyone has had the correct training.

Brake calliper mounting bolts not 

torqued to correct level

1 4 8 32

The only potential risk left is a calliper bolt failure where 

the bolt may fail under excessive use or the very unlikely 

chance of the torque rench breaking and giving an 

inaccurate measure.

Incorrect brake disc size installed 2 5 8 80

Only possibilities of risk left is the fastening coming loose 

over time and viabrations. Also if the torque rating is 

incorrect but this is still unlikely.

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

2 5 7 70

There is still a small chance of a component failure. There 

is also a very slight chance that the pad has been aligned 

incorrectly with the calliper.

Brake line fitting not fully tightened 1 6 8 48
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