[image: Text

Description automatically generated]John Forster 2004393


University of Wales Trinity Saint David


Wales Institute of Science & Art



Risk Assessment 
Technical Report



Workshop & Practice
ACHA4011



John Forster
2004393









03/2021

 


Contents

1.0 – Introduction
2.0 – Research Review
3.0 – Initial FMEA
3.1 – Brake Calliper Mounting Bolts
3.2 – Brake Disc Size
3.3 – Brake Pads
3.4 – Brake Line
4.0 – Post Mitigation FMEA
4.1 - Brake Calliper Mounting Bolts 
4.2 - Brake Disc Size
4.3 - Brake Pads
4.4 - Brake Line
5.0 – Conclusion
6.0 – Bibliography

























1.0 – Introduction

Risk assessments are paramount in engineering to ensure the safety of other engineers as well as the general public. This investigation will outline the risks that can occur on braking systems whilst on the assembly line and how these risk can be mitigated or eliminated completely. This report will also refer to the IMECHE code of conduct as well as government health and safety legislation. The IMECHE are a professional engineering body that promote high standards and ethical conduct from their members (Institution of Mechanical Engineers, 2021). The code of conduct exists to ensure that other IMECHE members and member of the public are protected (Institution of Mechanical Engineers, 2021). Engineers must understand the importance of risk assessments so that high standards and ethical practices are maintained. 

2.0 – Research Review

“Risk management is a process of analytical and management activities that focus on identifying and responding to the inherent uncertainties of managing a complex organization and its assets.” (U.S. Department of Transportation Federal Highway Administration, 2014).
In essence risk management is vital in the transportation sector as it is the way to mitigate or stop potential risks from coming to fruition in order to protect the potential customers buying the product as well as all engineers reputation of designing and creating the product. 

Using a Failure Mode & Effect analysis (FMEA) is a great way to outline potential hazards that may arise as they outline the severity of the potential hazard that might emerge, the likelihood of the issue occurring, as well as how likely the problem can be detected before the product has been sold. The chart ranges from 1-10 in all three factors: 
· Likelihood of Occurrence
· Severity
· Likelihood of detection
In likelihood of occurrence ‘1’ is impossible and ‘10’ is certain. In severity ‘1’ is very low and ‘10’ is extreme and in likelihood of detection ‘1’ is certain and ‘10’ is impossible. Following this the three numbers are multiplied together to get what is called the risk priority number (RPN). RPN shows quickly which risks should have the highest priority given to them shown by the value of RPN. 
These charts are pivotal in the transport sector as they show a level of competence from the engineer as shown in article CR 1.2 of the IMECHE code of conduct. (Institution of Mechanical Engineers, 2018).  
Risks can also be managed by verifying that that the people responsible with the task at hand have the correct skill set required this is in accordance with article CR 2.1 and CR 2.3 of the IMECHE code of conduct. (Institution of Mechanical Engineers, 2018). It is also the responsibility of any engineer to own up to their employers if they believe they are not competent to complete the task (article CR 2.2) (Institution of Mechanical Engineers, 2018). This is important as this will reduce the risk of failure as someone competent will complete the task. Conducting research into a subject area is essential and will reduce risks as the engineer will have a greater understanding of the task that will be undertaken therefore, reducing the chance of problems arising. This relates to section 6 article 2 of the 1974 Health and Safety at Work act (revised 2018) (legislation.gov.uk, 2018). 
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Figure 1 – Initial FMEA table

3.1 – Brake Calliper Mounting Bolts

The likelihood of the brake calliper mounting bolts being not torqued to is not impossible but not massively likely, so it is a 4/10 (shown in figure 1). This is because when applying torque to the mounting bolts a torque wrench is required. Actions that could cause the bolts to be incorrectly torqued is by selecting an amount of torque either too high or low to be applied by the torque wrench. Applying too much torque to the bolts or not using a torque wrench can cause damage to the threads on the bolts making the bolts not hold the brake calliper sufficiently. (ChrisFix, 2015).  This is why the severity of the issue is a 7/10 (shown in figure 1) as the result can be fairly hazardous with a braking issue. The likelihood of detection is 5/10 (shown in figure 1) as it might not always be clear is the brake calliper mounting bolts are sufficiently torqued to the correct level is a torque wrench is not used. This gives this potential failure an RPN of 140 (shown in figure 1) giving this potential risk a moderate priority. Ways to mitigate this issue is to know how to use a torque wrench correctly (ChrisFix, 2015) or to be supplied with the correct tools for the job required as this ensures that the bolts will be fitted correctly. This is in article CR 2.1 and 2.3 of the IMECHE code of conduct. (Institution of Mechanical Engineers, 2018). If brake calliper mounting bolts are to be changed a mitigation of risk would be to make sure that the service manual is on hand as this will ensure that the correct torque will be able to be applied to the bolts. 

3.2 – Brake Disc Size 

The incorrect brakes discs fitted is unlikely but still possible of occurring therefore it is a 3/10. This because it will look fairly obvious if the brake discs are fitted as they will not fully fit the space. The severity of this is however is moderate rather than low as smaller brakes will have a profound effect on how effectively the vehicle can decelerate possibly resulting in minor incidents. Furthermore, if the brake discs are too thin then the brakes will fail to dissipate the energy in decelerating the vehicle effectively enough (TECHMATE, 2017). Thin brake discs will cause the brake callipers to potentially overextend which could result in brake drag which in turn could cause the brake fluid to boil causing a full brake failure in the worst-case scenario (TECHMATE, 2017). Therefore, this warrants an 8/10 (shown in figure 1). Although this should be reasonably possible to detect the issue as the brakes would look out of place on the vehicle which is why detection was a 5/10 (shown in figure 1). Overall, this gives an RPN value of 90 (shown in figure 1) the lowest value of all four potential hazards therefore this potential should be given significant priority but out of all four it is the lowest priority. To mitigate this issue calculations worked out to decide the correct brake discs should be checked at least twice and larger or smaller (depending on the issue) should be then fitted. Another way to mitigate this unrealized problem is to always refer to the cars service or maintenance manual to ensure the correct size is fitted.

3.3 – Brake Pads

Brake pads are vital in decelerating a vehicle so being oriented in the wrong direction can cause major impacts. Despite that brake pads being installed in the wrong orientation is very unlikely as it will look clearly obvious due to the pads being the incorrect way around on the disc. Therefore, this only 2/10 (shown in figure 1) as the chances of this occurring are very unlikely. Despite that the severity of this is extremely high as if the brake pads friction material will not make contact with the brake disc surface. This means that the car brakes will not work causing the car to have a serious incident which could possibly result in endangerment for the driver, passengers, members of the public and animals. This therefore is rightly awarded 10/10 for severity (shown in figure 1). It is also vital that the brake pads fitted to a vehicle are the correct size as sizes of brake pads are not the same across all vehicles as sizes will depend on what model the vehicle is. (All Rotors, 2020). Despite this it is very likely that this hazard will be detected during manufacture and testing as the brakes will not be able to stop the vehicle. Thus, giving a value of 9/10 in detection shown in figure 1. A way to mitigate this from ever happening would be to double check the way the brake pads are fitted to the vehicle as this will ensure that the brakes should work as expected. In motorsport brake pads are mounted at the 5 or 7 o’clock positions (mainly for weight distribution) but also so that if air got into the brake line the air can easily leave the braking system through a bleed nipple on the brake pads and calliper. (Bear, 2018) therefore, this could be one way to mitigate the risk of installing the brake pads in the wrong orientation. If detected the entire braking system should be disconnected from the car to ensure that the brakes can be fixed without affecting any other part of the vehicle. As this hazard is potentially endangering the risk priority number is 180 (shown in figure 1); the joint highest priority with tightening the brake line correctly. This means that this area will need substantial scrutiny to ensure that no unseen risk will arise. 

3.4 – Brake Line
      
Brake lines play a vital role in any vehicle’s braking performance allowing pedal pressure to be converted into breaking power. (Christian Brothers Automotive, 2020).  “They act as the arteries of the braking system” (Bear, 2018). Thus, meaning that installing the brake lines too loosely means that the brakes will leak brake fluid. Overall, this is believed to be possible if the vehicles being built are not checked properly or not supplied with up-to-date tools however, this is unlikely so the likelihood of occurrence in figure 1 is 3/10. If the brake lines are installed loosely this can significantly reduce braking efficiency as the brake lines will leak fluid allowing air into the braking system. This makes the brakes feel spongy to the driver, increase breaking time or potentially causing a complete brake failure. This justifies why in figure 1 the severity is 10/10. The likelihood of detection is only a fairly likely 6/10 (shown in figure 1) because it will not always be easy to detect this hazard on a production line. This hazard can only be detected during testing as the wire might look tight when it actually is not. Ways to mitigate this issue would always tighten the brake line to manufacture specification (O'Reilly Auto Parts, 2019) which can be found in a service manual for the vehicle. Another mitigation would be to loosen then tighten the brake line four times using a line wrench to ensure that the brake line is fully tightened (Inline Tube, 2019). This issue has the joint highest priority also with a value of 180 this means that this area also will be required substantial scrutiny to ensure that no unaccounted-for risk will arise.
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Figure 2 – Final FMEA table

4.1 – Brake Calliper Mounting Bolts

The likelihood of occurrence for incorrectly torquing the mounting bolts is now only a 2/10 rather than 4/10 (shown in both figures 1 and 2) as the correct equipment (torque wrench and service manual) should now be on hand. This also means that the severity has more than halved (dropped from 7/10 to 3/10) between figures 1 and 2 this is because the bolts will most likely be fitted correctly if all the mitigating actions are implemented and in turn decreasing the severity. Detection has increased from 5/10 to an 8/10 as the person responsible for fitted the bolts will now know how to find any problems with the mounting bolts. Overall, all these factors reduce the RPN from 140 to 48 as the risk for this happening has overall dramatically decreased. Risks that could still occur is that the bolts could be over tightened if the service manual used is outdated.

4.2 – Brake Discs

When all the mitigating factors have been applied the likelihood of brake discs being the incorrect size is very unlikely as the calculations would have been checked and the correct size should have been selected this is why the value for occurrence in figure 2 is now 2/10 rather than a 3/10. The severity is still moderate as if the risk occurs there will still be an issue with the brakes being not as efficient at decelerating the vehicle therefore granting this a 5/10 (shown in figure 2). Despite that the severity is lower than sown in figure 1 as if this occurs there will be mitigations in place reducing the chance of this hazard being too serious. On top of this the potential hazards will be easier to detect as the person responsible will have a greater knowledge to the problem so that it can be solved sooner. However, it cannot be ruled out that the brake discs being fitted could be too large which still grants this moderate levels of priority despite having a much lower RPN of 70 (shown in figure 2). 
4.3 – Brake Pads

Brake pads being installed in the wrong orientation has around the same level of priority as ensuring the correct brake discs being installed at an RPN of 72 shown in figure 2. The chances of detecting this hazard in the instillation process is the same in figure 2 as figure 1 because it will always be fairly obvious whether or not the brake pads are installed that make the brakes not work. The severity of this unseen problem (with the mitigating actions presented in section 3.3) is now much less as it has dropped from 10/10 to 4/10. This is because the problem will now be identified much sooner meaning a significant drop in how severe this issue will be. The chance of this occurring is the same in figures 1 and 2 because the person responsible should have the information available at all times to be able to fit the brake pads in the correct orientation. A potential risk still could be that the brake pads being fitted could have some unseen wear to them.

4.4 – Brake Line

The likelihood of occurrence remains the same in both figures 1 and 2 because the engineer installing the brake line should be able to determine whether or not the brake line is tight enough. Although with the mitigating factors it will be easier to detect if it is not tight enough. That is why the value for detection is now 8/10. The risk still could be that the engineer overtightens the brake line which could break the thread where the nut fits. The severity of this is still moderate because of this potential risk. This means that this hazard should have the most priority according to figures 1 and 2.

5.0 – Conclusion

Overall, this report shows how important conducting risk assessments this can be shown in section 2.0. Risk assessments such as FMEA tables also show a good way in presenting certain issue that may arise and how to deal with them when/if they happen. This is because they take use the likelihood of occurrence, likelihood of detection and severity to create a priority number. On top of this FMEA tables show mitigations to prevent failures. Despite this FMEA tables are not always great as they only work if the mitigations are fully implemented (Quality Training Portal, 2021). Also, another negative is that it is not always possible every failure can be accounted for (Quality Training Portal, 2021). Overall, FMEA is a great way to find potential failures that may arise even though there are issue with it.
6.0 - Bibliography
All Rotors, 2020. How to find your rotor/pad size and confirm the right fit. [Online] 
Available at: https://www.allrotors.com/blog-39-how-to-find-your-rotor-pad-size-and-confirm-the-right-fit
[Accessed 6 March 2021].
Bear, C., 2018. F1 Braking Systems. [Online] 
Available at: https://www.youtube.com/watch?v=0ykCdaRzn5g
[Accessed 6 March 2021].
ChrisFix, 2015. How to use a Torque Wrench PROPERLY. [Online] 
Available at: https://www.youtube.com/watch?v=3v3hLvuO_KU
[Accessed 5 March 2021].
Christian Brothers Automotive, 2020. Brake Lines: What They Do And How To Service Them. [Online] 
Available at: https://www.cbac.com/media-center/blog/2013/may/brake-lines-what-they-do-and-how-to-service-them/
[Accessed 6 March 2021].
Inline Tube, 2019. How to | Prevent a Brake Line Fitting from Leaking. [Online] 
Available at: https://www.youtube.com/watch?v=-dlmZ9s9VxU
[Accessed 6 March 2021].
Institution of Mechanical Engineers, 2018. Code of Conduct Regulations. [Online] 
Available at: https://www.imeche.org/docs/default-source/governance-documents/code-of-conduct-regulations-(5-12-18).pdf?sfvrsn=2
[Accessed 3 March 2021].
Institution of Mechanical Engineers, 2021. Code of Conduct Explained. [Online] 
Available at: https://www.imeche.org/about-us/imeche-governance/governance-and-finance-reviews/code-of-conduct-explained
[Accessed 3rd March 2021].
legislation.gov.uk, 2018. Health and Safety at Work ect. Act 1974. [Online] 
Available at: https://www.legislation.gov.uk/ukpga/1974/37/section/6
[Accessed 4 March 2021].
O'Reilly Auto Parts, 2019. How To: Replace Brake Hose and Line (Cutting, Flairing and Bending). [Online] 
Available at: https://www.youtube.com/watch?v=gDF7oc9Mr1U
[Accessed 6 March 2021].
Quality Training Portal, 2021. Pitfalls and Limitations of FMEAs. [Online] 
Available at: https://qualitytrainingportal.com/resources/fmea-resource-center/pitfalls-limitations-fmeas/
[Accessed 7 March 2021].
TECHMATE, 2017. Discs - How low should you go?. [Online] 
Available at: https://www.apecbraking.co.uk/Apec/media/product-bulletins/Discs-How-low-should-you-go.pdf
[Accessed 5 March 2021].
U.S. Department of Transportation Federal Highway Administration, 2014. Transportation Risk Management: Strategies for Success. [Online] 
Available at: https://international.fhwa.dot.gov/scan/12029/
[Accessed 3 March 2021].




1

image1.jpg
Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process

Likelihood of
Occurrence

Potential Failure Mode

When appiying torque to the brake caliper mounting bolt use a
torque wrench and ensure it s set the correct torque. Check
coect torgue to apply in the service manual

Brake calliper mounting bolts not torqued
to correct level

Check calculations that led to the size selected.
Fita slightly larger disk that will it the car to ensure

Incorrect brake disc size installed

the car can sufficiently brake.
Brake pads installed in wrong orientation, Double check brakes to ensure that the friction
with friction material not contacting disc ‘material comes into contact with the disc surface

surface under breaking

When tightening the brake line always tighten it to
manufacturing specifications

Brake line fitting not fully tightened





image2.jpg
Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process

Ukelioodof [ Likehood of |~ Risk Priority ot Rk el
Occurrence ST Detection | Number (RPN) ben emaining

Brake caliper bolts could be over tighten if wrong
service manuel is used

Potential Failure Mode

Brake calliper mounting bolts not torqued
to correct level

Incorrect brake disc size installed Brake discs could be too large
Brake pads installed in wrong orientation,

‘with friction material not contacting disc Brake pads fitted could be worn down
surface

Brake line fitting not fully tightened Brake line could be over tightened





image3.jpg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David




