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1. [bookmark: _Toc66113408]Introduction
This written report will go into the research that has been conducted into how the element of risk is managed in the world of engineering. It will look at the processes used, such as FMEA, to minimise risk, create a safer working environment and to ensure any products manufactured and used by the public are as safe to use as possible. Two FMEA charts will be included in this report. The first will outline the risk before adding in mitigations, and the likelihood of any errors occurring causing a hazard to the public. The second will look at how the risk differs once mitigating actions are put in place to prevent these types of errors happening. 

[bookmark: _Toc66113409]Research/Literature Review

[bookmark: _Toc66113410]What Is Risk Management?

Risk management is often overlooked when starting a project. This can lead on to many undesired aftereffects, such as loss in turnover, re-calls, risk to an employees or member of the public’s health, a product not being ready for an agreed date, a loss of staff as a result of contracts running out before a project is completed, a negative impact on a company’s reputation, a loss in return customers, funding running out before a project is completed as well as many more. All off these situations can lead to businesses going into administration and even loss of life. (Roseke, 2012)
[bookmark: _Toc66113411]How Do Companies Manage Risk? 

All major companies in the engineering world that run a production line will have a system in place that identify and minimise any potential risks, anything from making sure the correct coloured sit cover is fitted to ensuring the brake line is fitted correctly on a vehicle. This report is focused on the FMEA approach, so this is where the focus of research will be based. FMEA stands for Failure Modes and Effects Analysis and is a process that identifies the likelihood of occurrence, severity rating and likelihood of detection. These three factors are assigned a number up to ten and then multiplied to calculate the RPN (Risk Priority Number). The RPN number helps a project manager identify the biggest risks and analyse how the risk can be lowered. This is to lower the likelihood of occurrence and the likelihood of detection in order to lower the overall RPN number. The severity number is very difficult to lower without a compete change in safety technology, as it is calculated with the assumptions that the errors have already been made on the production line and have not been detected before the vehicle is in use. (FMEATraining, n.d)
[bookmark: _Toc66113412]IMechE Code of Conduct

The IMechE stands for “The Institute of Mechanical Engineers” and is an independent institution that represents people in the profession of engineering. Anyone involved in the world of engineering can become a member of the IMechE, which means they must adhere to the IMechE code of conduct, which outlines the expectations of working as an engineer. The IMechE website states that “as a professional body, we promote high standards of ethical conduct amongst our members to; protect the members of the public, protect IMechE members and uphold the reputation of the institution and the wider engineering profession. (IMechE, n,d)
The IMechE explains how they expect their members to do this in their code of conduct. The code of conduct has a strong focus on ensuring their members are fully competent of completing all the tasks they are doing. This means that they are trained for what they are doing and to not pose any risk to harming themselves or the public who may be in use of any product an individual has had a part in producing; “members shall perform services only in areas of current competence.” The code of conduct goes on to explain that if any individual thinks that they are not competent to complete any task, they should inform their project manager to gain the proper training. The code of conduct also places importance on managing risk. In section CR 6.4, the code of conduct quotes that members shall “identify and quantify all risks and hazards associated with their work and manage them in conformity with accepted engineering and environmental standards and in a manner which does not compromise the welfare, health and safety of society. They shall inform those for whom they work of all matters relating to risks and hazards in a full and timely fashion.” This means that there must be a system in place to identify and minimise risk and ensure that health and safety requirements are adhered to with no corners being cut. It also emphasises the responsibility of engineers to protect the public. (IMechE, 2018)


[bookmark: _Toc66113413]Initial FMEA
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[bookmark: _Toc66112578]Table 1- Initial FMEA
[bookmark: _Toc66113414]Brake Calliper

The likelihood of occurrence has been set to a 7. This is because it is an easy mistake to make for an employee on a production line. This could happen as a result of the employee thinking the torque wrench has clicked when it had not, not using a torque wrench at all as a result of lack of training or having the torque wrench set at the wrong torque setting. This is the result of a high likelihood of occurrence. The severity is set at a 5. This is because if the bolts were over-torqued, the vehicle would still be able to break and slow down. It is not likely that the vehicle would lose all ability to brake. The likelihood of detection is set to 3, as detecting the issue before a failure would be high, as the vehicle would likely make a detectable noise or vibration that would be notable to either an employee doing checks on the vehicle or a customer using the vehicle. 
The mitigating actions that have been recommended are that torque wrenches must be used, with each employee being competent to use them and a stage on the production line checking each bolt to make sure that no vehicle leaves the factory with incorrect torques. These actions will lower the chance of occurrence and increase the chance of detection. 



[bookmark: _Toc66113415]Brake Disc

The likelihood of occurrence for the incorrect disc size being installed has been set to a three. The reasoning behind this is that it would be quite difficult to fit a brake disc on a brake assembly that it is not designed for. The likelihood of detection is set at a three, as it is likely that the incorrect brake disc size would cause the wheel not to spin freely, or a detectable noise to be made that would indicate that there was a problem with that corner of the vehicle. The mitigating actions suggested are to make sure that the brake disc specs are organised correctly in order to avoid any mix up. A stage on the production line that also checks the specs of each component in the braking system for any mix ups before the vehicle gets sent out to the public. Some form of rolling test looking for any resistance or noises that point towards a problem is also suggested. These actions aim to reduce the likelihood of occurrence and increase the likelihood of detection. The severity of this error is set to an 8, as if a member of the public were using the vehicle and one of the corners of the vehicle had the wrong brake disc spec, this could cause unbalanced braking which could unsettle the vehicle and cause a serious accident. As discussed in the research, this could not only harm members of the public and cause serious injury, but it would also cause a very negative impact on the company’s reputation and the reputation of the industry as a whole. 

[bookmark: _Toc66113416]Brake Pads

The likelihood of occurrence set for the brake pads being installed incorrectly so that the friction material did not make contact has been set at a four. The reason behind this is that it would be difficult to install the brake pads either the wrong way round or in the wrong orientation as it is likely that the brake pads would fit in the system in any other orientation. This is because the brake pad slots are manufactured to a very strict tolerance. The severity of this error however is set to a 10. This is because the brake on this corner of the vehicle would have little to no braking force at all. This would be incredibly dangerous on a public road, especially at high speed, which could lead to loss of life. The likelihood of detection after this error is set to a four, as the car should be tested before being sold to the public and a severe lack of brake pressure should be detected. However, if proper tests were not conducted properly, the vehicle could end up being sold to the public. The mitigating action suggested include introducing a testing stage where the wheel is rolled on the ramp and the brake is applied to make sure there is friction in the braking system. Also make sure that all employees have the proper training and are competent, like the IMechE code of conduct states all employees in the engineering profession should be. These actions should reduce the chance of occurrence and increase the likelihood of detection. 

[bookmark: _Toc66113417]Brake Line

The brake line not being tightened properly resulted in having the highest RPN, which means it is the risk that should have the highest priority as it poses the most risk to the public. The likelihood of occurrence has been set to an eight. The reason behind this is that it is not a component that is likely to use a torque wrench to tighten, which means there is more human judgement involved which increases the chances of error. The detection number is also set to an eight. This is because it is an error which is hard to detect once that corner of the vehicle has been assembled. Any testing of the braking system may not show this issue either, as the majority of the symptoms will only show once the brake line has detached and all braking pressure is lost. This is the same reason the severity is also set to a ten, as brake pressure would be completely lost, which could cause a serious accident. The mitigating actions suggests ensuring that all staff have proper training and are competent.  Also, an addition on the production line of a stage that checks the brake line, making sure that is tight and has no visible damage. 
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[bookmark: _Toc66112579]Table 2- FMEA post mitigation

The post mitigation table shows a drop in the likelihood of occurrence and a better likelihood of detection in all the instances. This is because the mitigations were aimed at these sections in order to reduce the RPN numbers. The severity of each instance has remained the same. This is because the severity figure assumes that the error has already made and has caused a risk to the health and safety of the operator. The trend of the potential risks remaining lies on the engineers working on the production lines making sure that they take responsibility for keeping their standards high. This backs up the findings of the research section of this report, as every engineer has a responsibility to ensure that any product that they design or manufacture is safe for their colleagues and the greater public. Any errors have a greater effect that can lead to injury and even loss of life. This can lead to legal action being taken against an individual cutting corners and the company and organisations that they represent. 





[bookmark: _Toc66113419]Conclusion

In conclusion, this written report has looked into the importance of risk management in the engineering industry to protect those who work in it as well as the greater public. It details how risk management is not only important for safety, but also to maintain the reputation of a company and the industry as a whole. This report has also looked into FMEA as a tool to manage risk and maintain a high standard. It has shown how it lowers the chances of occurrence as well as increasing the chances of detection and prioritises the biggest risks to the individuals working in the industry and the public. 
Overall, FMEA is a good tool for the engineering industry that aids the safety of employees and the public. 
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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

Ensure that each brake disc spec is properly 

organised into groups to avoid any mix up. 

Introduce containers for each brake disc spec 

to lower the chance of each spec being mixed. 

Ensure that the containers are properly 

labelled. Introduce a stage on the production 

line that checks each spec in the breaking 

system. Make sure that each wheel rolls free 

from resistance that a larger break disc would 

cause.

Brake calliper mounting bolts not 

torqued to correct level

7 5 5 175

Ensure that a torque wrench is used. 

Introduce a stage on the production line that 

checks that all bolts are torqued to the 

correct level.

Incorrect brake disc size installed 3 8 3 72

Ensure employees working on the production 

line have had proper training. Add stage on 

the production line that checks the brake line, 

making sure that it is propely tightened and 

has no visable damage. Make sure brake 

system is tested before vehicle is sold. 

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

4 10 4 160

Introduce testing stage where the wheels are 

rolled while the vehicle is on a ramp and the 

breaks are applied to ensure friction is 

applied. Ensure that the employees working 

on the production line have proper training 

and understand the componants they are 

working with 

Brake line fitting not fully tightened 8 10 8 640
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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

Staff being incompitent and not completeing 

the process corectly.

Brake calliper mounting bolts not 

torqued to correct level

5 5 3 75

Failure of the new stage checking the torques 

that could lead to the vehicle being sold to 

the public.

Incorrect brake disc size installed 2 8 2 32

Severity remains the same as the effect of the 

error would still be life thretening. Still 

difficult to detect once the brake system is 

installed.

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

3 10 2 60

Severity remains the same as the effect of the 

error would still be life thretening. 

Brake line fitting not fully tightened 5 10 5 250


