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Introduction - 1
The investigation will be carried out from the point of view of a process engineer who is working for an established vehicle manufacturing company. The whole point in this investigation is to analyse the assembly line process currently being used within the company and to identify certain areas where a risk can become imminent or an area with potential weaknesses which can cause harm to the workers. The risks or areas with potential failures will be scored on certain aspects such as severity etc. by using an FMEA. Once this has been done, suggestions will be made on how to improve these areas of failure and how to make the workplace safer. A second FMEA will then be conducted based on the ideas being implemented to see how things would have improved within the assembly process line in terms of safety. As an engineer, in any given working environment it is massively important for them to understand risk management.  This is because engineers make and build things which can have the potential to put peoples lives at risk if not done correctly and completed to a high standard with given prevention and precaution mechanisms put in place. If the work done by engineers is not done correctly then they could essentially be to blame if a catastrophe happened which endangers somebody’s life. Especially in the automotive industry where cars and vehicles are used by billions of people worldwide and this is an area with many potential risks and hazards, therefore the work must be done correctly and to a high standard.


[image: ]









                                     Figure 1 – An image to show an assembly line used by Porsche




Research/Literature Review - 2
Within different workplaces there are always hazards. A hazard is something which has the potential to cause harm. It is the responsibility of an employee, in this instance the process engineer, to notify a senior member of staff if a potential hazard is spotted or something that has the possibility to cause harm. It is very important to do this even if nobody gets injured as it will help to prevent someone from getting injured from the same occurrence within the future. Anywhere in the working area that there is an occurrence where there’s potential for harm is classed as hazardous. It would also be the responsibility of the engineer to check machines thoroughly before operating them to check that they are safe to use. Finally, the engineer would need to carry out a risk assessment before undergoing any jobs. There are several different legislations and regulations that will need to be followed within this workplace to ensure the safety of the members involved, as stated below. 
[bookmark: _Hlk66048029]-Health and Safety at Work Act 1974)  (Locke, 1974) - this is the main legislation that covers profession health and safety in the United Kingdom. It is the main duty of an employer to make sure that their employees are safe whilst at work. They also need to protect and ensure the health of any other members that are on their premises, which may include visitors or members of the public.
-Personal Protective Equipment at Work Regulations 1992 (HSE, 1992) – this regulation shows PPE is equipment that employees must wear within the working area to protect them from any dangers and will protect them against any risks. It is the employee’s responsibility to wear things like; hard hats, gloves, protective eyewear, steel toe boots and overalls when undergoing any jobs if necessary. 
-Manual Handling Operations Regulations 1992 (HSE, 1992) – this regulation requires the employers where possible to ensure that employees do not carry out jobs which involve manual handling work where there is the risk of any kind of injuries occurring. If this type of work is required and necessary, the employers must do a risk assessment and take any necessary precautions to reduce the risks of injury.
[bookmark: _Hlk66048130]-Reporting of Injuries Diseases and Dangerous Occurrences Regulations 2013 (HSE, 2013) – this regulation requires employers and staff in control of workplaces to report and record any accidents which cause death or injuries and any industrial diseases, therefore if there was an injury, it would be the responsibility of an employee to report this.
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                                                                    Figure 2 – HSE company logo
IMECHE Code of Conduct (Institution of Mechanical Engineers, 1847) – 2.1
The four main principles – 
1. Practice competently and maintain up-to-date knowledge and skills
· Should take practical measures to keep professional knowledge up to date and keep track of professional development.
· Ensure that there is sufficient technical indemnity protection, either by the employer or individually.
· Quantify and reduce risks in all areas of the professional work being done, including for members under the authority of yourself.

2. Act with integrity and respect for others
· Do not intentionally deceive others or encourage others to deceive you.
· Honesty and accuracy are used to present and analyse engineering proof, theory and analysis.
· Declare conflicts of interest.

3. Promote sustainability
· Recognise the significance of social and environmental variables.
· Try to find a balance between current and future generation’s needs.
· Consider the needs of a diverse society by never knowingly depleting natural resources.

4. Exercise engineering leadership
· Contribute objectively, clearly, and truthfully to public debate on engineering issues within one's own area of expertise.
· When we come across an unmanaged risk or malpractice, we must take positive action.
· Encourage and support diversity in the sector.

In every type of industry, it is extremely to think about the risk management as it can potentially save peoples lives. The purpose of risk management is to reduce the potential negative consequence of a risk. This can be achieved within work areas by working with risk managers and this allows employees to make the correct decisions to increase the chance of a successful outcome. 
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                                                               Figure 3 – IMECHE company logo
Initial FMEA - 3
By looking at figure 4 below it is clear to see that there have been four potential failures identified in the braking component installation process. These four potential failures have been put into an FMEA (Failure Modes and Effect Analysis) and have al been ranked on a scale from 1-10 for each aspect of likelihood of occurrence, severity and likelihood of detection, and a final risk priority number (RPN) has been calculated based on the scores given. 
The first potential failure which has been identified in the process is the brake caliper mounting bolts not being torqued to the correct level. The score which has been given for the likelihood of occurrence is 6 as this is quite a common problem which occurs regularly. For the severity, a score of 4 has been given as this is not a potential life-threatening problem and can be fixed relatively easily. The likelihood of this potential failure being detected has been given a score of 5 as it should be easy enough to spot this problem if the work is done properly but due to it being a common problem a score of 5 is justifiable. A score of 120 for the RPN is calculated by multiplying the three previous scores together. A way of preventing and minimizing this potential failure is by completing a thorough check at the end of the process to ensure that the torque level is correct. 
The next potential failure which has been identified is the incorrect brake disc size being installed. The score which as been given for the likelihood of occurrence is 3 as this is not a common problem which occurs. A score of 3 has also been given for the severity as this is not a serious problem even if it does occur because a vehicle with the wrong brake disc size can still travel for long periods of time before it needs to be corrected and it is relatively safe to do so. The likelihood of this potential failure being detected has been given a score of 7 as these problems often get found during the process and are corrected. A score of 63 for the RPN is calculated by multiplying the three previous scores together. 
Another potential failure which has been identified is the brake pads being installed in wrong orientation, with friction material not contacting the disc surface. A score of 3 has been given for the likelihood of occurrence as this problem is unlikely to occur during the process. This is because it is a very serious problem if it does occur and can potentially be life threatening hence the score for severity given is a 9. The likelihood of detection has been given a score of 8 as this a potential failure in which the engineers will be particularly looking out for in order to prevent it from happening. The RPN value calculated is 216. A way of minimising this potential failure from becoming a reality is to do a test once the brake pad has been installed by applying pressure to the brakes several times to check that they work correctly and that there is contact with the disc surface. 
The final potential failure which has been identified is the brake line not being fully tightened. The likelihood of occurrence for this has been given a score of 3 as it is an unlikely failure to occur. This is due to similar reasons as the previous potential failure identified because if this did happen it could be potentially life threatening. Therefore, a score of 9 for the severity of the failure has been given. For the likelihood of detection, a score of 6 has been given as this problem is usually found with ease however can be harder to detect than the previous potential failure identified. The RPN score calculated is 162. A mitigation action which can be recommended is to seat the brake line by using a deep well socket.
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        Figure 4 – FMEA table for four potential failures in the braking component installation process
















Post-Mitigation FMEA - 4
By looking at Figure 5 below it is clear to see that the four potential failures identified in the braking component installation process have been given new scores based on the fact the mitigation actions previously discussed have been implemented. Looking at the table below it is clear to see that mitigation actions that have been implemented have had a positive effect on the FMEA of the potential failures identified which is obviously a good thing.
On the first potential failure identified the score for the likelihood of occurrence has changed from 6 to a 3 which reduces this problem from happening by half. The score for severity stays the same at 4 because if it does happen then the outcome is still the same as it previously was. It is also clear to see that the likelihood of detection has increased from 5 to 8 which also minimises the potential failure from becoming a reality. Overall, the value for the RPN has reduced from 120 to 96. Even though this potential failure has been minimized there is still the possibility of it happening due to the factor of human error. 
For the second potential failure identified, the score for the likelihood of occurrence has been reduced from 3 to 2 and this is because it is very unlikely that this potential problem will happen. Yet again, the severity score stays the same as it previously was because outcome would not change if it were to happen. The likelihood of detection has increased from a score of 7 to 8 because the engineers would be carrying out thorough checks to ensure the correct disc size has been installed. Yet again the RPN value has decreased from 63 to 48. There is still the potential risk remaining that if the checks are not carried out properly, the incorrect brake disc size is still installed and after time can affect the overall braking performance of the vehicle. 
The score for the likelihood of occurrence for the third potential failure identified has decreased again from 3 to 2 due to the test of the brakes which will be carried out at the end of the process making this failure very unlikely to occur. Like the others, the severity stays the same at a score of 9. The likelihood of detection has increased from a score of 8 to a score of 9 because of the severity of the failure the engineers will be making thorough checks to eliminate it from happening. The overall value for the RPN has also decreased from 216 to 162 which is a positive. There is still the potential risk remaining that if the test is not done correctly and the brake pads are continued to be installed incorrectly then this can endanger peoples loves due to the braking of the vehicle being massively impacted in a negative way making it very dangerous.

The final potential failure identified has also been minimised after the mitigation action has been implemented. The score for the likelihood of occurrence has been reduced from 3 to 2. The severity score has remained the same at 9 as it is a very dangerous potential failure. The likelihood of detection score has improved from a score of 6 to 7 due to the severity of the failure the engineers will be keeping a close inspection that the brake line has been fitted correctly. Finally, the RPN value has been decreased from 162 to 126 which is great. There is still the potential risk remaining that is the seat is not fitted correctly, fluid can leak and can cause the braking system to fail which can be life threatening.
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                                                             Figure 5 – Amended FMEA table 

Conclusion - 5
Throughout this investigation I have found out the importance of risk management and different risk management tools that are used within the engineering industry. An FMEA had been used in order to identify potential failures in a vehicle assembly production line and how dangerous they could be. A second FMEA was then made after suggested mitigation actions were implemented in order to reduce and minimise these potential failures from becoming a reality. I discovered that the actions which I suggested would have an overall positive effect and managing to reduce the risks involved. I believe that using an FMEA is a good way to spot and reduce potential risks within the industry.
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