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1.0 Introduction:   
The role of a process engineer is to assess the current assembly line for a large vehicle manufacture. As well as seeking out and exploiting weaknesses and potential areas of failure, whilst also looking for a view to put in place corrective actions. 
Engineers have a high degree of accountability. This is down to engineers designing and constructing almost everything used today ranging from motor vehicles, buildings, aircrafts and computers. Due to engineers always trying to evolve modern day society, they have a duty of care to ensure their work is ethical and safe. 
(Noble, 2021)
1.1 Aims and Objectives:
To assess and produce a ‘Failure Mode & Effect Analysis’ (FMEA) table, this table will contain four potential failures as well as a calculated ‘Risk Priority Number’ (RPN). The process should be made safer by offering real mitigation action and therefore producing a new RPN. 
After the FMEA has been produced and re-evaluated, a technical report will be created. This report will include the relevancy of risk management to the automotive engineering sector and the process of conducting an FMEA with justifications for rankings and its corrective actions.

2.0 Research/Literature Review
	Engineers have a responsibility to ensure their work is ethical and safe. Engineers are expected to work with big demands and risks by society and are held to high standards. These standards are:	
· To protect members of the public.
· To protect themselves.
· To protect and enhance the reputation of the profession.
(Noble, 2021)
2.1 Failure Mode & Effect Analysis
	Failure Mode & Effects Analysis (FMEA) is a type of analysis which can be applied to different aspects in the automotive sector. It is mainly used when evaluating a process to identify where and how it might fail and to assess the impact of these failures. This is then used to identify what process needs to change.  
(Improvement, 2019)
There are many to a process FMEA:
1. Review the Process.
2. Brainstorm Potential Failure Modes
3. List Potential Effects of Each Failure
4. Assign Severity Rankings -This is a ranking number associated with the most serious effect for a given failure mode.
5. Assign Occurrence Rankings -This is a ranking number associated with the likelihood that the failure mode and its associated cause would be present. 
6. Assign Detection Rankings -This is a ranking number associated with the likelihood of detecting the failure or cause.
7. Calculate the RPN -This is also known as risk priority number it is calculated by multiplying the severity, occurrence and detection rankings to give you the total RPN. 
8. Develop the Action Plan
9. Act
10. Calculate the Resulting RPN -This is done by re-evaluating each of the potential failures once the improvements have been made.
(Mikulak, 2016)
2.2 Professional Bodies/Code of Conduct
Professional bodies such as IMechE have produced code of conducts which are used to ensure engineers are held accountable for their actions and maintain a high standard of professionalism. The four main principals of the IMechE code of conduct are:
· Practise competently and maintain up-to-date knowledge and skills.
· Act with integrity and respect for others.
· Promote sustainability.
· Exercise engineering leadership.
(IMechE, 2018)
2.3 Risk Management/Assessment  
	Working within the automotive industry can be dangerous due to hazardous chemicals and materials or the evolution of different machinery becoming fatal if not used correctly. In order to reduce the risks, a risk assessment is put in place by law. Risk assessments are where an employer assesses potential risks to individuals within a workplace whilst also taking precautions to prevent them causing any harm.  A risk assessment takes place through the following steps:
1. Identify the hazards.
2. Decide who might be harmed and how.
3. Evaluate the risks.
4. Record your findings.
5. Review the risk assessment. 
2.4 Health & Safety 
	Health & Safety is a main issue in the automotive sector. Each year engineers continuously try to improve the industry resulting in health & safety improving too.  In 2019/2020 there was a reported 111 workers killed at work, 1.6 million working people suffering from a work-related illness, 38.8 million working days lost due to work related illness and workplace injury and 16.2 billion estimated cost of injuries and ill health from working conditions. 
(Anon, Health & Safety Statistics, 2019/2020)
In order to ensure that health and safety at work is effective, the automotive sector produced legislations and regulations for companies to follow.	
Health & Safety legislation covers multiple factors including:
· Vehicle Maintenance and Repair
· Body Repair
· MOT Testing
· Roadside Recovery 
Health & Safety Regulations in the automotive sector consists of:
· LOLER (Lifting Operations and Lifting Equipment Regulations)
LOLER is in place to ensure that all lifting equipment are used in a safe manner. Lifting equipment should undergo regular examinations and all employees who operate lifting equipment are required to comply with the regulations. 
(Robertson, 2019)
· PUWER (Provision and Use of Work Equipment Regulations)
PUWER is in place to ensure that equipment provided for work is safe to use, used by people who have received adequate information, used in accordance with specific requirements and accompanied by suitable health and safety measures.
(Anon, Provision and Use of Work Equipment Regulations 1998)	
· COSHH (Control of Substances Hazardous to Health)
COSHH is in place to ensure that employees can control substances which are hazardous to their health.
(Anon, Control of Substances Hazardous to Health 2002)
· PPE (Personal Protective Equipment)
PPE is in place to ensure that employers wear the corrective equipment for certain jobs. Some examples of PPE are goggles (eye protection), steel toe boots, gloves, masks etc. 
· PSSR (Pressure System Safety Regulation)
PSSR is in place to prevent serious injury from hazard or stored energy as a result of a pressure system.
(Anon, The law- Pressure systems)
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(Table 1)
The figure above shows an FMEA table with four different potential failures. All the above potential failures have been given its own rankings based on the likelihood of occurrence, severity and likelihood of detection. These three rankings are then multiplied together in order to produce the RPN. The numerical values given for each potential failure are based on research and first-hand experience.
3.1 Brake Calliper Mounting Bolts
	From first-hand experience the likelihood of occurrence is a 6. This ranking is due to some engineers/technicians either under tighten or over tighten the bolts. Novice engineers are more likely to do this as more experience engineers/technicians can ‘feel’ when it is torqued corrected. Under tightened bolts could lead to bolts coming loose or fall out whilst driving and over tightened bolts could lead to the thread/bolt break over time. 
The severity of this is ranked as 9. The reason behind the 9 ranking is because the brakes are the main safety feature of any vehicle, with the mounting bolt not correctly torqued it could lead to injuries or even death if an incident happens. On a forum a member talked about how a top bolt of the mounting fell out due to not being torqued properly and was lucky that he was not on the motorway.
(DeeDust, 2017)
The likelihood of detection is ranked as 1. This ranking due to the calliper bracket bolts being small (normally 13mm bolts). These bolts make it difficult to correctly torque. Also, it is hard to detect if the brake calliper mounting bolts are not tightened properly if you do not service your own car and you cannot really feel or test if they are loose.  
From the mitigation table provided in Table 1, a torque wrench should always be used to tighten all bolts to its correct torque setting unless advised not to. Using the user’s manual or websites such as auto data providing the correct torque settings should be used to help prevent human errors occurring. 
3.2 Incorrect Brake Disc Size
	From first-hand experience the likelihood of occurrence is ranked as 2. The reason behind this ranking is that the brake discs would be easy to spot if they were the wrong size. Even a novice engineer would be able to tell the difference between two different discs. 
The severity of the incorrect brake disc size is ranked as 5 as even though the wrong size brake discs may have been installed, there will still be aspects of braking as the brake pads would still create friction allowing the vehicle to stop. The problem with this is that having the incorrect brake disc causes the vehicle to have a longer stopping distance which could be fatal on a motorway. 
The likelihood of detection is ranked as 10 as the likelihood of an incorrect brake disc being detected is quite high due to the discs being easily visible and having different mounting holes. 
From the mitigation table provided in Table 1, a measuring tape/rule should be used when unsure if the brake discs are the same size. If these are not available, placing the two discs side by side should allow you to identify the differences between both sets of brake discs. 
3.3 Brake Pads Installed in Wrong Orientation 
	The likelihood of occurrence is ranked as 4 as mounting the brake pads the wrong way is very unlikely due to them having two different type of surfaces with one being a shiny surface installed facing the wheel and the other being a more textured pad due to the frictional material which is installed facing the brake disc. Even though it is very unlikely to mount the brake pads the wrong way, it is still possible especially if you are unexperienced.
The severity is ranked as 9 since it could be fatal if this were installed incorrectly. If these pads were installed incorrectly there would be hardly any friction surface as the other side is a shiny and less textured, resulting in the brakes failing and the vehicle not being able to stop. Also, in a forum, a member spoke about an “incompetent mechanic” who installed his brake pads in the wrong orientation. 
(Cipitiox, 2015)
The likely hood of detection is ranked at 7 as an experienced engineer should know if they are the wrong way around as the frictional material should be facing the disc. Also, from first-hand experience it is easy to tell the difference between the two sides. However once fitted, it could be hard to tell if they are installed wrong especially if it is on the other side that you cannot see well. On a forum, a user found out that his brake pads were fitted the wrong way as he heard a “terrible grinding noise” and took it to a garage to get it checked. 
(Cipitiox, 2015)
From the mitigation table provided in Table 1 the brakes should be visually inspected and double checked once the brake pads are fitted onto the vehicle preventing this issue from happening. Also, having someone else to check to see if it is installed correctly would help reduce this issue.
3.4 Brake Line Fitting Not Fully Tightened 
	The likely hood of occurrence is ranked as 3 due to being based on the brake line fitting which is located on the calliper. The ranking is down to it being very unlikely that the brake lines are not fitted properly as there is never any need to remove or replace unless it is leaking, cracked or corroded. 
The severity of this is also ranked as 9 because the brakes are one of the most crucial parts in a car and if the brake lines are not fully tightened, brake fluid could be leaking. Additionally, air can enter meaning that your brake pedal would become spongey making it unsafe and dangerous to drive. 
The likely hood of detection is ranked as 4 because the loose brake line fitting could go unnoticed by any engineers as the brake line is normally located behind the calliper and disc. 
From the mitigation table provided in Table 1, a manual should be used to check how tight the brake line fitting should be. A second person could help to double check if it has been tightened which would decrease the chances of it being not fully tightened. 
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(Table 2)
	After the mitigation actions was produced in Table 1, a new FMEA table has been created. This table, Table 2 was created to show the new likelihood of occurrence, RPN and the remaining potential risk once the mitigation action from Table 1 was followed through. Both severity and likelihood of detection would remain the same as the mitigation action do not affect these factors. 
4.1 Brake Calliper Mounting Bolts
	The mitigation action provided in Table 1 recommends using the user’s manual and a torque wrench to torque the bolt correctly which would reduce the likelihood of occurrence to 2. The likelihood of occurrence being reduced also decreases the RPN from 54 to 18. However, there still is a potential risk which is provided in Table 2. 
4.2 Incorrect Brake Disc Size 
	The mitigation action provided in Table 1 recommends using a tape measure/rule to compare the disc sizes and to view them side by side which would reduce the likelihood of occurrence to 1. The likelihood of occurrence reducing also decreases the RPN by half. However, there still is a potential risk which is provided in Table 2. 
4.3 Brake Pads Installed in Wrong Orientation
	The mitigation action provided in Table 1 recommends double checking the brake pads once they were installed which would reduce the likelihood of occurrence to 2. The likelihood of occurrence reducing also decreases the RPN from 252 to 126. However, there still is a potential risk which is provided in Table 2. 


4.4 Brake Line Not Fully Tightened 
	The mitigation action provided in Table 1 recommends checking a user’s manual to see how much the brake line can be or needs to be tightened which would reduce the likelihood of occurrence to 2. The likelihood of occurrence reducing also decreases the RPN from 108 to 72. However, there still is a potential risk which is provided in Table 2. 

	
















5.0 Conclusion
From the viewpoint of a process engineer who seeks out weaknesses and potential areas of failures and looks to correct these failures by the FMEA process, this process is effective as results have shown that Table 2 has a much lower RPN value than Table 1 once you mitigate the action. 
5.1 Failure Mode and Effect Analysis 
	The process of FMEA has shown that it works and is effective as from the results provided you can see that mitigating the actions can lower the RPN. Even though this method was successful, there can still be some improvements. For example, the way that the RPN is calculated could be changed.
The process to find the RPN could be changed as in the current way it is, having a good likelihood of occurrence (1) and a good likelihood of detection (10) and multiplying them together gives 50 which is still high. If this were changed by using a ranking system from 1-10, 1 being good and 10 being bad, the RPN would be lower. An example of this in the results is brake pads being installed in wrong orientation made the RPN much higher than the brake line not fully tightened despite it having a better ranking for likelihood of detection. 
Despite this issue, FMEA is an effective method to use. However, there are other alternatives in the automotive sector, including:
· Hazard and Operability assessment
This was created by ICI and is used in chemical and process and uses guide words instead of FMEA’s numeric content.
· Fault Tree Analysis (FTA)
This is used to perform probability calculations in nuclear and aerospace.
· Event Tree Analysis (ETA)
This is like FTA but is more dynamic and works by tracking forward in time or a casual chain to model risk. 
· Cause Consequence Analysis 
This combines both FTA and ETA and examines chain reactions of failure conditions. 
(Joshi & Joshi, 2014)
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