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[bookmark: _Toc66019942]Introduction	
Within this assignment I was given the task of working as a process engineer for a large automotive company and was asked to go and assess and evaluate their current assembly line, looking for any issues that could occur and creating solutions to solve these problems. Risk management within the automotive production industry is vital as it allows you to identify any possible risks within the assembly line before they occur, this allows you to adjust your process and minimise the risk/impact of these problems before it is too late.
[bookmark: _Toc66019943]Research
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One of the most common yet affective methods to discover any issues/ potential risks within an assembly line is failure mode and effective analysis otherwise known as FMEA. According to ASQ (2021), “The purpose of the FMEA is to take actions to eliminate or reduce failures, starting with the highest-priority ones.” from this I gather that FMEA is an essential tool to all types of industry as it allows them to pinpoint specific areas of weakness that could have potential risks and jeopardize the assembly line. It allows companies to eliminate any risks before they occur allowing for a free-flowing production line with minimal area of risk and weakness. This a great method for companies to use to as it assesses their production lines as it clearly outlines how severe each problem is whether it is an issue that needs immediate attention or can be left with minimal risk, the likelihood of this risk occurring and also how visible the risk is. ASQ, (2021) also states that, “Failure modes and effects analysis also documents current knowledge and actions about the risks of failures, for use in continuous improvement.”  It then also allows the prevention of further risks occurring and for advancements in minimising risks for the future of the assembly line as the risks have already been identified and companies can adjust their process to try and minimise the impact of these risks.
[bookmark: _Toc66019945]Risk management
Another key aspect of controlling potential risks within the automotive industry is Risk Management. Being able to manage all potential risks to either eliminate the risk or minimise the impact is crucial as it then takes away any further harm being caused and minimises any potential safety accidents to staff or the product user. “In automotive manufacturing operations, risks that go unaddressed can lead to missed production targets, safety incidents and vehicle recalls.” (Smentowski, 2017) if these issues go unaddressed, they could cause serious injury to staff when the vehicle is being assembled on the production line or the vehicle user however by managing these potential risks it eliminates/minimises this factor and reduces the probability of any of these occurring. Risks that do go unseen can cause harm not only to staff but to the companies “production targets” therefore affecting how successful the company’s production line is by manging these areas of potential risk will not only improve the safety aspect of staff and product users but allows big chain companies to maximise production rates and become a more sustainable company. “You may not be able to stop every problem in your automotive operations. But you can reduce the likelihood of them occurring and disrupting your automotive operations by focusing your risk-management efforts on where those risks originate.” (Smentowski, 2017) Therefore it is clear that even though we can prevent many risks, we never have full preventive actions complete, due to the job at hand. We can only minimise risks, this will then in turn support lowering the probability of risks to eliminate injury occurring. 
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H&S legislation covers multiple areas within the workplace some of which are: employer, employees, COSHH, Electrical safety, maintenance, machinery and PPE. Although all these target areas apply within the automotive industry, I will be more specifically looking at machinery and PPE as these are the subject areas that I feel apply more towards the production line. 
[bookmark: _Toc66019947]Machinery 
“A company were prosecuted after a worker was killed when he was crushed in the rollers of a rubber and cloth inspection machine” (Health and Safety Executive, 2014, p.64).  This is the reality of what can happen when legislation safety rules are not implemented into a production line and how severe the injuries can be and they do occur within the automotive industry and this is why H&S is so important to companies as it can lead to fatal injuries especially when using heavy machinery as they do within the automotive industry to manufacture certain components, when looking in to machinery within industry is it vital that the machines being frequently used are maintained to a high standard of maintenance as this could lead to unreliability . “Injuries can also occur due to machinery becoming unreliable and developing faults or when machines are used improperly through inexperience or lack of training.” (Health and Safety Executive, 2014, p.68) Looking at this if the employee operating the equipment has a lack of training on the machine it then becomes a risk not only to himself, but his co-workers and they could not knowingly have tampered with the machine so when it is being used next it could have un-visible issues and the risk still being present to those using it. 
[bookmark: _Toc66019948]PPE 
PPE is one of the most investigated areas within H&S legislation due to so many accidents occurring in the past due to the lack of correct protection wear for staff. A case study said “A commercial gardener was using a petrol-driven strimmer to trim undergrowth. He hit a piece of unseen debris, which was thrown into the air and caught him in the eye. He lost the sight in that eye because he was not wearing protective goggles” (Health and Safety Executive, 2014, p.80) Due to the lack of protection the gardener was wearing he had a vital injury and subsequently lost his sight due to not wearing any PPE. It is vital that within all industry PPE is worn regardless as it minimises the risk of danger towards staff. Looking into automotive sector health and safety was not always present however with companies such as FIA which was established in 1904 H&S took a leap in advancements and products being manufactured for vehicles had to meet these new H&S standards to be able to be used.  When looking at PPE for industry you must think what body parts are vital? What needs to be protected as standard such as eyes and hands. However, when your specific machinery such as a welder what else needs to be protected to ensure the safety of the person carrying out the task.  “Choose products which are CE marked in accordance with the Personal Protective Equipment Regulations 2002” (Health and Safety Executive, 2014, p.81). The employer then must think is the PPE that is being provided to staff suitable and safe for them to use. The CE mark is a brilliant way for employers to know the safety equipment they are implementing into their production line is safe as they know it is approved by the government.
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The chart above is to display what each ranking means in oder of whether it should have imideate action taken against it (9.0-10.0) or whether it is less severe moving down towards the bottom end of the scale where no action needs to be taken (1..0-2.0)
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Looking into my rankings which I have accumulated, the potential failure mode (PFM) with the highest RPN number is the brake calliper bolts not being torqued to the correct level, there are a few reasons behind this one of which is it does not specify whether they have been torqued too much or too little. Which could result in the calliper and disc being damaged if too tight, however if too loose the calliper in a worst-case situation falls off, it is also a hard area to detect if done by a single engineer using basic tools as there is not toque reading and could be inaccurate.  For the mitigating actions I recommend brining in routine checks by other staff to double check the torque of the bolt as this would be a safer easier option as multiple people have checked the bolts. I then also suggested the use of digital tools which will get the bolt to the correct torque automatically as they are automated and have a readable torque scale for ease of use.
The PFM with the third most severe RPN figure was the brake pads being installed the wrong way, if this is done it could cause damage to the disc when under pressure. The vehicle will struggle to deaccelerate but also have heating issues to metal being on metal. The actions I recommended was to have an experienced engineer install these because they would have installed multiple brake pads over their career and would know the correct formation. Allow more time to be installed so the task is not rushed and completed incorrectly. However, for the brake pads to be labelled to their correct position this would be to eliminate any confusion for the engineer installing them.
The second most sever PFM was the brake line fittings are not fully tightened, I gave this the rankings I did due to where the brake lines are on the vehicle, they would be hard to spot any leaks just by looking at them and if not fully tightened you would have a loss of brake fluid. If the loss were too great the brakes would not function correctly, and this could cause serious harm to the potential user.  The recommended actions I provided for this section was to have an experienced engineer install these as it can be a hard task for someone who has only just started his career may struggle to correctly install these. I then went on to suggest having the brake lines tested with brake fluid and have someone to inspect all brakes lines for any leaks this would be a clear and visible way to see if any of the lines was not fully tightened as they would leak some brake fluid.
The PFM with the least severe RPN figure was the incorrect brake disc size installed, this is due to this would be easy to detect just by sight as an experienced engineer would recognise that is either too small or too big just from knowing what they fitted to the previous car on the production line. However, it is still a risk as if the brake disc installed was too small the calliper would have less surface area to clamp on to, to bring the car to a holt. It will also lead to the disc having uneven wear but also if too small it will damage the calliper itself and due to the size, it would not be free to rotate. My actions that were recommended was to ensure all components on the production line were separated to remove any confusion as to which components should be installed on to the vehicle. My final action I recommended was to have two separate installation lines one for the front brakes and one for the back to again eliminate any further confusion for the employees who are to instal the brake discs. However, if the factory has multiple models of vehicle on the same production line, I recommend having separate lines for each model and only parts for the specific model go to that production line due to some vehicles have different size discs.
For all the PFM above I would recommend a supervisor to double check all actions taken and to sign off each individual activity and keep a record of who signed what and when for safety purposes.
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With all the new recommended mitigating actions in place as shown above all the values have dropped for each section especially the RPN value
For the brake calliper PFM, the RPN value has dropped from 252 to 36, one main reason for this would be the use of the new digital tools that are now in place which are a lot more accurate and can torque a bolt to a specific figure with ease. The likely hood of the problem is very low to happen again due to this new equipment brought in to place and it is now very easy to detect this problem as there are routine checks in place all the way down the assembly line to ensure the bolts are at the correct torque figure.  There are some potential risks remaining (PRR) such as these new tools when frequently used can become slightly in accurate so to maintain this sustainability all tools will have to be serviced and maintained so they are still accurate and calibrated correctly.
Looking at the incorrect brake disc size installed it now has the lowest RPN, this would be due to how organised the new production lines are, by splitting up front and rear brake instalment and different model vehicles separated there is no confusion as to which disc should be installed on which vehicle and which position. The only PRR which would remain is when parts are being ordered, if the wrong size brake disc is ordered and sent to the wrong production line the problem will still occur, but this is not likely to happen due to the organisation of the production lines.
With the brake pads being installed incorrectly the RPN value is now 32 with the lowest severity off all PFM’s. again, with the line now having labelled components the confusion in which pad goes where would be drastically lowered but then with having an experienced engineer onboard they would be able to detect if the pads are positioned correctly due to experience but also with break checks on all vehicles the staff would be able to tell due to the performance of the brakes. 
Finally, the brake line PFM does now have the most severe RPN value at (75) however there are enough mitigating actions involved to ensure the problem is now as safe as it can be. With the brake fluid checks being complete it is a very reliable way of detecting if they are not fully fitted or whether they need some adjustments especially if carried out by experienced personal, with the experienced personal carrying out the task the likelihood drastically drops as they are very experienced and know how the task should be carried out. However, the PRR of this PFM would be that a very small leak even with the lines are tested go unseen and not thoroughly checked by both the engineer and supervisor. 
[bookmark: _Toc66019953]Conclusion 
Reviewing all the data from above it can be seen that the subject areas such as FMEA, RPN are critical to the automotive production industry due to their ability to focus on weakness areas within a production line and how they allow companies to target these specific areas and reduce/ eliminate the risk which has been detected.  I assessed each PFM individually using FMEA looking more specifically at the likely hood, the severity and the likelihood of detection for each problem. This is an effective way of detecting and creating solutions for any form of PFM as it enables you to assess each problem individually but also means you can reduce the amount of risk or eliminate that risk, overall FMEA is a very effect tool for companies to use. However, risk management and H&S are both as important as FMEA as these are what allow you to prevent the risk after using FMEA such as using PPE from H&S legislation. This is also strengthened by Vanyi, (2016) as they state all elements within the FMEA process are ‘important internal requirements.’
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