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[bookmark: _Toc66058577]Introduction
It is important for engineers to have a thorough understanding of risk assessment as they design both items and processes for others then to use. Lack of proper risk management could lead to a defective product, injury to the end user or injury to those manufacturing the product, all of which are unacceptable. Risk management allows us to create safer processes that reduce the chance of error.
[bookmark: _Toc66058578]Aims
The aim of this assignment is to build skills in using a FMEA risk system in a practical application.
[bookmark: _Toc66058579]Objectives
This will be achieved by applying the concept of FMEA analysis to the factory assembly of a motorcycle brake system. This will be used to suggest improvements to the assembly process in order to reduce the risk of error and the analysis repeated.
[bookmark: _Toc66058580]
Literature Review
Engineers have a duty to reduce risk to ensure the safety of all that are involved with their designs and processes. A reason for this is to ensure the engineering field is reflected as capable and considerate as without this then trust in the field falls apart. This is particularly noticeable in the design of processes in the vehicle sector as any mistakes that aren’t noticed could be dangerous for the end user or lead to a recall which severely tarnishes brand image. This is especially noticeable in the case of safety items, like brakes (NADA, 2014, p.16). The role of an engineer is well shown by Nader (1969, p. 146), he described how the engineers were chasing excuses not to make cars safer rather than implementing safety features. This lead to some horrendously dangerous cars and a lot of unnecessary deaths.
As a result of this, the Institution of Mechanical Engineers (IMechE) has strict Codes of Conduct and By-laws that ensure the good practice of the industry. By-law no. 30 declares that members must be considerate to all they work with (IMechE, 2014, p. 12).
There are also laws in most countries governing the safety of worker: in the UK this falls to the Health and Safety Executive. In a factory scenario there must be safeguards to protect the safety of workers and companies can be taken to court if adequate measures aren’t taken. An example of this would be when Compass Engineering Ltd were prosecuted under the Health and Safety Act 1976 due to serious and avoidable injury to one of their employees (IMechE, 2011). 
Risk management tools are important to allow risk to be predicted before people are injured. They allow you to plan how to prevent and detect failures (University of Cambridge, 2016). It can also be used for product design to assume how things will fare in wide use on the market, however there are always unforeseen factors.

[bookmark: _Toc66058581]
Initial FMEA
[image: ]
Table 1- Initial FMEA and recommendations
[bookmark: _Toc66058582]Mounting Bolts Torque
It was given a low risk value for the issue occurring as due to it being a safety critical item there will always be processes in place to ensure it is correctly torqued, the issue lies more with machine accuracy. Having said this “12% of new cars” (Bolt Science, 2021) were found to have loose fasteners in an American survey. With such a critical item the issue would more likely be around machine calibration. This could result in the bolt being under-torqued or over torqued past its yield point. Another issue may arise if manual torque wrenches are used as the worker may incorrectly set it.
The bolts being fitted at too low of a torque value could lead to loosening or failure of the bolt due to a lack of preload (Eccles, 2008). In use of the vehicle this would be a catastrophic failure as it would cause immediate failure of one of the brakes. In the case of a single disc front you could entirely lose front wheel braking and therefore the majority of the motorcycle’s braking capacity. A sudden halving of braking performance, in the case of a dual disc set up, would also be detrimental but would be a slower failure. The loss of the rear brake would also have a sudden drastic impact but to a lesser extent than the front. More of an issue with the rear would be where the free caliper would go too, in such a confined space it could bind up in the rear wheel or chain and entirely lock the rear wheel. This would most likely result in loss of control and a potential collision. If it bound the front wheel, the consequences would be even more dire. It is highly likely the rider would be thrown clear of the bike with likely fatal results. If any manufacturer developed a reputation for such catastrophic failure it would have long term sales impacts. Fatalities would also attract a lot of news coverage and therefore prolong the negative opinion of consumers towards the manufacturer (NADA, 2014, p.6). It is however a very easy fix if discovered before any damage is done
It received a mid-score on the chart as it will likely be discovered before becoming critical. It should be checked before the vehicle goes on the road as part of the pre-sale dealership inspection although this is not guaranteed. It would however likely be a protracted failure that would be noisy. The caliper being at all loose would cause a loud noise that the user is likely to spot, worsening as they loosen. This would be noticed during the service intervals. It is however possible that the reduced torque will cause the bolts to shear (gates techzone, 2017) and this would most likely happen in a high load situation, ie sudden braking.
The recommended mitigation for this risk is the use of a dedicated tool to torque those particular bolts that is regularly recalibrated by the manufacturer to their schedule for the product. This should be followed up by a bright paint marker across either exposed threads and the nut or bolt head and load surface if it threads into the caliper itself. 
[bookmark: _Toc66058583]Incorrect Disc size
The chance of an incorrect sized brake disc being fitted is low due to stock control but not impossible. It likely wouldn’t immediately be noticed by assembly staff either as it could be a physically small difference.
It isn’t a particularly severe issue as the brakes would work. The issue however is that a smaller than intended portion of friction surface is responsible for the entirety of braking friction. This leads to increased heat and would likely cause the pads to glaze and lose their effectiveness. Following on from this there could be premature pad failure through excess heat (Sunstar Braking, 2018). This isn’t an immediate or catastrophic failure as when the braking performance dropped it would be taken to a garage and the issue spotted. Braking distance would increase and their efficacy diminish but this isn’t a sudden, dangerous failure. It would definitely hinder brand support and accidents would happen that could be attributed to the error.
It would be difficult to spot when assembled and likely would not be detected until the pads needed changing by which point the error has long since happened.
The recommended fix is to consolidate brake disc mounting across all vehicles so that the wrong size physically cannot be fitted to the machine through a differing number of studs or differing stud size. For example, a 120mm disc mounting on 6 M8 studs a the 100mm disc mounting on 8 6mm studs. Any vehicle intended for a 120mm disc would need that particular standardized mounting hub.
[bookmark: _Toc66058584]Inverted Pads
This issue is unlikely to happen as those fitting brake discs are trained specifically to do that job and therefore the chance of them doing it backwards is incredibly slim. It isn’t impossible however and the opposite may be true, such a repetitive task that those assembling become complacent.
It would be a serious issue as it would drastically reduce the braking performance of the vehicle and likely damage the rotor if applied. This would require the wheel being removed and the pads and rotors replaced, unless it was identified in an earlier visual inspection. If that vehicle made it to the road then there is a high risk of personal injury due to the ineffective brakes and the company image would be greatly tarnished due to shoddy assembly.
It is however very likely to be detected as the metal on metal contact would give a very loud, shrill noise that would be easily identified in final testing. 
The solution to avoid this would be reiterated staff training on installation of the brake pads and implementation of a visual inspection prior to the final braking performance test. This wouldn’t impact the detection rate but would reduce the severity of repairs.
[bookmark: _Toc66058585]Brake Line Torque
This component has the same issue as the caliper mounting bolts, it will be carefully torqued but there is still room for human and machine error. 
It would be a high risk failure mode as under braking the lines see very high pressure. If the fitting was loose enough to allow fluid to escape then there would be a rapid loss of pressure and therefore braking power, this would impact every caliper from that master cylinder. As a result, all braking on the front or rear wheel could be lost. This would limit the ability of that vehicle to stop in a controlled manner. Furthermore, there is a risk that that brake fluid could end up on the tire friction surface and reduce the traction as well as the braking. This could cause a serious crash. However, it would more likely be a slow leak from the fitting that would be noticed as a drop in fluid level and identified in a regular vehicle checkup by the user. 
It would be unlikely to be noticed during assembly but may present itself as a small leak when the system has been filled with fluid or when it undergoes its first brake test. The chance of this being spotted however is very slim indeed.
The remedial process is the same as the mounting bolts however, where a dedicated torqueing tool is used in order to reduce human error and ensure it is kept calibrated. Following this is should be clearly identified with marker to ensure that others can see it has been torqued.
[bookmark: _Toc66058586]
Post-Mitigation FMEA
[image: ]
Table 2- FMEA analysis after the recommended adjustments have been carried out
[bookmark: _Toc66058587]Mounting Bolts Torque
Post remedial action the severity of the failure remains the same but it is less likely to happen due to the dedicated calibrated tool and is a lot easier to spot due to the clear visual indicator the process has been carried out. It also has the secondary safety ramification of making it more obvious the bolt has loosened later down the line to anybody who looks without the need to carry out a torque test. The Risk Priority number has nearly quartered from 120 to 32.
[bookmark: _Toc66058588]Incorrect Disc size
The suggestions would negate this issue as it would not be able to happen, the wrong disc could not be fitted and as a result only the correct or none at all could be used. If the correct is used, then no error has occurred and if none is fitted then it would be virtually impossible not to detect.
[bookmark: _Toc66058589]Inverted Pads
There is still a very slim chance that the brake pad may be fitted backwards and end up on the road however it is much more likely to be detected and at earlier stages of the production process.
[bookmark: _Toc66058590]Brake Line Torque
The application of the marker gives a clear visual signal to ensure the item has been torqued. This allows quicker, effective quality control.

[bookmark: _Toc66058591]
Conclusion 
FMEA is a powerful risk management tool in order to reduce the likelihood of a product failing but also to reduce the risk of injury to those manufacturing the product. An issue lies however in the weighting of the three variables (Bradley and Guerrero, 2011, p.743) as the RPN number treats them all as the same. 
A different system would be that of ISO 31000. Some of the key differences are that of uncertainty where risk is also treated as an inability to meet the corporation’s goals. It also brings in the idea of affordable risk where the organization accepts some risk to help profits (Risk Engineering, 2017).
I think by identifying risk completely separately of the finances and business goals then FMEA sticks truer to the Codes of Conduct listed by the IMechE by upholding the industry. Without it then we return to the Chevrolet Corvair described by Ralph Nader in which it was cheaper to be sued than to save lives (1965, p.6)
The issue with any risk management system is that there will always be unforeseen failure modes. They’re all dependent on the experience of the person carrying out the analysis in terms of how the system may fail. A good example would be that of Hank Gregorich who received a bad batch of transaxles whilst racing at the 24 hours of Daytona with a Ford GT (Carroll Smith, 1985, p. 15)
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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

Consolidate vehicle range so different discs 

can't be fitted

Brake calliper mounting bolts not 

torqued to correct level

3 8 5 120

Using a calibrated tool specifically for the 

brake bolts and marking the bolts as torqued 

with a marker

Incorrect brake disc size installed 4 4 6 96

Using a calibrated tool specifically for the 

brake bolts and marking the bolts as torqued 

with a marker

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

2 6 2 24

Staff training on pad installation and ensuring 

they're checked on final assembly

Brake line fitting not fully tightened 3 7 8 168
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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

There is a slim chance that no brake disc is 

fitted at all.

Brake calliper mounting bolts not 

torqued to correct level

2 8 2 32

Doesn't reduce severity but makes it less 

likely to occur and not be noticed.

Incorrect brake disc size installed 1 1 1 1

Still a slight chance that it could occur and go 

unnoticed but it is easier to spot whether the 

process has been carried out correctly.

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

1 4 2 8

There is still a chance they could be fitted 

backwards and it would be a dangerous 

failure.

Brake line fitting not fully tightened 2 7 3 42


