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Introduction

Within this report, I will be investigating, and outlining, the importance of a risk assessment, when applied to the automotive engineering sector. To illustrate, I have completed an FMEA (Failure Mode and Effective Analysis) for a process within the production line of a motorcycle. This configures a breakdown of the potential failures that could go wrong within that section, alongside any mitigating actions I feel necessary to add that will reduce the opportunity of the failures occurring.
FMEA is a method of analysing a task, step by step, and highlighting any area that has the potential to fail in any form. Once areas of imperfection are found, they are given a basic measurement, between one and ten, for how likely it is that the failure will reoccur; how severe the damage could be once the customer receives the product, with the failure not being resolved and the likelihood of detecting the failure before it has left the factory. The three numbers a person might allocate to a potential failure would also be multiplied to generate a risk priority number (RPN). The RPN provides an indication for the manufacturer as to which tasks could cause the most damage and to identify the tasks that require prioritisation to resolving any potential failures.
Once the tasks that have the opportunity to fail are noted, and are given their individual rankings of severity, the assessor will note down any mitigating actions to suppress the opportunity of the tasks failing. Although many potential failures may have no known resolutions to suppress their damage, it is always useful to track them as FMEA is a brilliant visual aid to show which tasks are either near perfect and have the slimmest possibility of collapsing, or which are too dangerous to be attempted by the manufacturer and should be completely ruled out.
To highlight the importance of an FMEA in the automotive sector of engineering, I have completed a template of one for the process of installing the brake system on a motorcycle. I listed four areas that have a potential of failing the production line. Each task contains its relevant rankings of severity under the three columns mentioned previously; followed by the mitigating actions. Alongside this, I completed the template FMEA with identical tasks however, theorising that my mitigating actions were taken in full effect I reattempted the rankings for each of the categories to generate a new RPN value. Once completed, I manufacturer will have a deeper understanding as to which sections of their process line are susceptible to failure. 
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In order to conduct this report, I first had to understand the demand for risk management and how it can protect overspending and injuries to staff. As you could imagine, working in a manufacturing plant or an assembling factory comes with numerous amounts of dangers, especially if someone is working with heavy machinery. Back in 2011, a man by the name of Matthew Lowe was caught in a horrific incident which led to him being “dragged through a machine for processing heavy steel beams at a factory in Barnsley, South Yorkshire” (Engineering firms plead guilty to health and safety breach, 2011). The fault of the incident includes two engineering firms that had not setup the correct safety equipment around the machine for the worker. This is a prime example that represents the need for risk management, as well as health and safety in the work place.
In the United Kingdom, the Government enforced the Health and Safety at Work Act in 1974 which is designed to protect companies and their workers. The act contains hundreds of passages, each specific to a different requirement from either side of the chain, however under section 6 of this act it mentions numerous times that it is the employer’s responsibility “so far as is reasonably practicable, the elimination or minimisation of any risks to health or safety” (Health and Safety at Work etc. Act 1974, 1974).
Following upon the Health and Safety at Work etc Act 1974, a new law was later enforced: The Management of Health and Safety at Work Regulations 1999. Section 3 of this regulation requires any employer, including self-employed, to assess their work place of anything that poses a risk to either an employee or visitor. These risks would have to be documented, alongside how dangerous they could be and what will be done to minimise or extinguish the risk. Failing to complete a risk assessment before commencing work can lead to legal action and companies are likely to be prosecuted and fined.
The Institute of Mechanical Engineers are a group of people that uphold the standards that engineering should adhere to. Their foundations are based on protecting the public, their members and the organisations reputation. Imeche states on their website that they “promote high standards of ethical conduct” (Code of Conduct explained - IMechE, 2021), which is also reflected in their code of conduct. When regarding risk management, section 6.4 of the code of conduct regulations states that all members are to “identify and quantify all risks and hazards associated with their work and manage them in conformity with accepted engineering and environmental standards” (Royal Charter & By-Laws, 2014). Consequently, members are expected to follow the code of conduct to a strict standard to uphold the organisation’s professionality, where penalties can get a member disbanded from the association.
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When analysing the video provided of the BMW motorcycle production line, I admit to not noting too much of the processes, however this was just used as an example to illustrate the pathway of a process engineer inside their role at ensuring the assemblies are carried out as per the specifications.
[image: ]Below is table 1, of which I had completed four tasks within the installing of the motorcycle’s brakes. The rankings provided were based from the ‘1 to 10’ scale as mentioned previously: ‘1’ would be ranked as either not likely to occur, easy to detect and not severe for the customer, whereas ‘10’ represents that the task is nearly impossible to avoid, will be very dangerous on the customers end and is likely to leave the factory undetected. To complete this fairly, I created the initial FMEA as if the production line had not been designed before risk analysis was established, therefore no production line existed before.Table 1 - Primary FMEA

To break down each task individually, I assumed that all the staff had a minimum level of knowledge and understanding to assembling any variant of car, hence marking the likelihood of occurrence to torquing of brake calliper mounting bolts as a 7. Not always a fault of the workers in the bay, however missing this could happen every so often. For example, if staff in the bay are torquing multiple components throughout a day it would not be difficult to have one or two bolts slip the mind, especially if the torque values vary across a few different parts. If the calliper mounting bolts were not torqued correctly before the customer obtained the motorcycle then this could be very dangerous and has the potential to be the cause of a crash as the braking system may not function as should, hence the severity marked as 9. Likelihood of detection is also noted high on the scale as the bolts would not be expected to be double checked as they should be completed to the standard set by the manufacturer at a first pass. I believe that if the engineers had the correct tools for the parts they are assembling, with torque settings pre-set on the torquing tools, then this should minimise the possibility of brakes being fitted incorrectly to a minimum.
Brake lines not being fully tightened has been placed toward the centre of the scale for the first category; although not impossible to avoid, staff may get distracted while tightening the hoses and forget to finish the job. Furthermore, this could also lead to a failing brake system as the hydraulic fluid has odds-on to leak, which prevents the brake pads being able to grip the brake disc when the lever is pulled, however this is always dependent on how loose the hose is compared to the specifications. Severity is marked as an 8 as this would likely prevent the brake system to function and would certainly be an inconvenience for the customer to find that the brake fluid has leaked on to their driveway/garage floor. Possibility of detection was noted as a 9 as the brake lines are not likely to be double checked, especially once the wheels are installed. 
On the other end of the scale is installing the incorrect disc size and fitting the brake pads invertedly; I believe that these would be easily noticed as it is likely that only one motorbike model would be going through the bay, until notified, hence the tools and parts should theoretically be the same throughout. Installing brake pads the wrong way would be near impossible as any mechanic/automotive engineer understands how each component works, hence knowing which direction it should be orientated to the bike. Although both activities have a slim chance of being performed incorrectly, it would be detrimental to the customer as the brake system may not function at all, for incorrect brake pad orientation at a minimum. With my current knowledge around brake discs, the problem I could visualise is if the engineer installed the wrong design brake disc. A lot of motorbike models will carry similar sized discs; however, the design of the disc can vary between bikes for braking efficiency and life length. The main problem that may occur would be installing a disc which is too thick, or small, to fit inside the brake calliper, nevertheless this would be picked up on along the production line as certain parts won’t fit to the bike and they could back track it to the discs. Due to this, I have noted the likelihood of detection fairly low as they should definitely be picked up on, if the mistake was made.
Based off the initial FMEA, the manufacturer can understand what tasks in the brake system section of the assembly line will require more attention and how they can improve the quality and outcome from said sector.
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[image: ]Below is the secondary FMEA I completed, assuming that all the mitigations in the primary FMEA had been taken out in full effect. Table 2 - Secondary FMEA


At an initial glance, the most noticeable feature is that there are fewer red boxes, meaning lower rankings of severity, across the table. All of the categories carry identical severity rankings, in comparison to my initial table, as I believe that if the problem was to still occur, with all the changes made before, it should still have the same variant of damage on the customers end of the bargain.
As the two tasks that were already least likely to happen, I was able to remark the probability of occurrence to a level 1. Although this is the lowest I can mark the task, it will always carry a potential to fail: fractional. Following this pattern, the figures representing the likelihood of occurrence have also been marked as the lowest allowed number. I would presume that, even without the mitigating actions, mechanics should almost never make the mistake of installing the false brake disc or disorientated brake pad as it would be considered a ‘rookie’s mistake’. 
The installation of the brake lines and ensuring that they are tightened to specification has also been remarked lower in the likelihood of occurrence. Despite the ranking still remaining the highest out of the four tasks, I expect the task to be carried out correctly providing the staff acknowledge how tight each line is required to be. There is not much that is changeable to correct the perfection of this task, however any minor details missed, or provided, can always make the difference. The possibility of detection was lowered but remains in the middle of the scale as the brake lines are typically hidden behind the wheels or suspension. The foremost action that should be carried out is marking parts with a pen to signal that they do not require anymore attention. Doing this provides a visual for the entirety of the workforce that are involved with assembling the bikes and acts as a checklist to note the part has been fitted.
Lastly is the torquing of the brake calliper bolts. Although it was ranked between the brake lines and the brake disc/pads, it would be something to look out for by the engineers in the bay. I was able to remark the initial category by five points, however the task still presents the opportunity to fail. Similar to the brake lines, I expect that if the bolts were to be marked by a pen this would allow me to further lower the probability of occurrence as it is a very useful visual for the surrounding staff. I was also able to denote the possibility of detection by a few points as the tools provided via mitigations should allow the staff to torque the bolts down with higher probability of it reaching the specification. However, as I mentioned in the table, the equipment provided may cause some faults of their own as staff may forget to alternate between torque settings across different parts.
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Through my research and application methods, I believe that FMEA, as a tool, is a brilliant way of identifying risk as a larger spectrum: the simple design makes them easy to understand.  It benefits from having its form of severity scale and creates rankings for each task. This makes an employer’s work easier as they can quickly identify which tasks are likely to fail first, as well as having a list of the area that it most likely failed in.
However, they lack the detail that other risk assessments may employ. I personally think that the use of FMEA is optimal for smaller industry/factory work where the amount of detail may not be needed, although an employer can modify these to make them suitable for larger amounts of detail. FMEA would also work in large warehouse when numerous assessments are carried out to break down risks across multiple sectors. Although this creates many assessment tables to view, it imposes each of them to be significant to its own area of speciality. 
In summary, FMEA is a highly useful tool within the automotive sector and, especially, when associated to an assembly line that may contain numerous dangers. It can be implanted into start up businesses or large businesses that have relocated to a bigger factory: FMEA is a universal tool that engineers will always have a use for.
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