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In this report I will be investigating some potential risks that may happen in the production line while manufacturing cars. These include brake calliper mounting bolts not torqued to correct level, incorrect brake disc size installed, brake pads installed in wrong orientation, with friction material not contacting disc surface, brake line fitting not fully tightened. 
I will be using an FEMA (Failure Mode Effect Analysis) to analyse risks and how to mitigate them. I will then use a second one to re-assess the risks after commenting my changes that can be made. An FEMA contains 3 different factors, the likelihood of detection, the severity, and the likelihood of occurrence. These factors combine to form the risk priority number RPN.
The Likelihood of Detection is what it says it is. This is how likely is it that the failure will be detected before it causes a catastrophic issue, ranked 1-10, 10 worst. The Severity Number is ranking the severity of the potential failure on a numeric scale 1-10, 10 worst. This can be a business case (process) or risk to life/injury (component failure). Finally, the Likelihood of Occurrence is how likely is it that this identified failure will occur, ranked on a numeric scale 1-10, 10 most likely (Noble, 2020). The RPN is all these numbers multiplied together meaning the higher the number the more effort put in to rectifying the mistake.
It is important for engineers to understand risk management because as engineers there is a responsibility on safety for both those using the products and those making it. Engineers should incorporate safety into all aspects of designing and planning to help mitigate safety errors. If a part fails, then the engineer who designed it could be liable.
I will be doing this more from the point of view from a motorsport company. This means that there will be a lot less mass manufacture and less robots used in the production run.
In this report I will include some reasons why risk management is so important for engineers. I will also include my own example of one type of risk management.
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It is of the upmost importance that engineers adhere to all safety standards and have a good culture of safety in the workplace. This safety includes the end user and those that may be producing the component whether that be in their factory or a sub-contractor’s factory. 
The designer of the part should when designing the part make sure that the part not only adheres to the legislation governing the part but also ensure that the any chance of failure is as low as possible. Engineers do not only have a moral responsibility but also a legal responsibility (The Institution of Mechanical Engineers, 2014).
The work that they create will also reflect on themselves as engineers and so they should strive to achieve the highest standards because higher quality work may lead to better chances for bigger projects. 
It is necessary to consider the risk involved in parts because the target market for the automotive industry is ordinary people so any failure in a part may result in deaths. It is therefore of the upmost importance that all parts must be designed so that these risks are as low as possible and to design failsafe’s for these issues. One such way of doing this is to conduct an FEMA.
The FEMA was developed as tool by the US Military in the 1940’s to find failures in missions whether this be by the equipment or due to personnel. Since then, it has been adopted into manufacturing industry (Dai et al, 2010).
An FEMA is a good tool for risk management and mitigation this is because it allows you to use it in several different stages of a products life span. The first one is in the designing process which allows you to explore the longevity of a product and any malfunctions that may arrive. The other stage is the manufacturing process. This explores the potential risks that may occur when the product is being manufactured such as the tolerances being incorrect. The last factor is for when the product is in the customers hands these may include the customer dissatisfaction or when the customer may throw the product away due to it being obsolete (Quality-One, 2018).
The downsides of a FEMA are that it can only be filled out to the best knowledge of the team creating it. If the team does not understand an issue that may arise then it is possible for the team to miss this issue. Another example is that it is easy to approach the subject in too broad a detail and miss some of the smaller issues that may not seem that bad at a glance but will hinder the progress of design or manufacture. The last issue I will cover is that as the production changes you have to keep updating the FEMA as it is not static. This means that you will have to keep a team for making sure all FEMA’s is completely up to date (Hodge, 2014). 
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Figure 1 showing the initial FEMA
The reason I have given the brake calliper mounting bolts not torqued to correct level a likelihood of occurrence score of 2 is that when the car is being assembled, they are usually done up by a human using a powered torque wrench (WELT Documentary, 2020). This means that the bolts will be correctly tightened with little error if the wrench is correctly calibrated. 
I have given it a severity of ten as not having these bolts correctly tightened could impact the performance of the braking system. Due to the braking system being critical to stopping it is of the upmost importance that the car must stop in an appropriate distance in any circumstances (SI 1986/1078, 1986) hence a 10 as severity.
It was given a six a likelihood of detection because once the brakes have been fitted on the car it is unlikely that you will come back to it too check it.
I believe that having the use of digital torque wrenches allows for greater accuracy due to it being harder to overtighten the bolts when the motor stops when the correct torque has been reached. I also think that having the torques being uploaded to a database allows for any errors that may occur to be traced back to the engineer who did the tightening and to also rectify the mistake.
The reason I have also given the incorrect brake disc size installed a score of 2 on the likelihood of occurrence due to the person or robot that is building that subsection will probably notice the disk is not the correct size.
I have only given it a severity of 8 because again it is always very severe when it comes to the braking system however if there is still some form of braking on the car it will at least stop. However, of a disk too small is put on this can hamper the performance of the brakes and may also destroy the rest of the components in the braking system.
I have given it a likelihood of detection a 2 because when fitting other components such as the brake callipers and pads it would be obvious that the disk is not correct. 
My mitigating suggestion is just to have a visual check before fitting the chassis to the body as it will be easy to distinguish if the disks are not the same size on both pairs of axels. Having cars randomly checked will also help keep the fault down because it may prompt a check into some of the other cars from the same batch.
The reason I have given a 2 for likelihood of occurrence for the brake pads installed in wrong orientation, with friction material not contacting disc surface is because it is hard to put brake pads in the wrong way round without forcing very hard. 
I have given it a 10 on severity however as one of the key components of a braking system is the friction material on the brake pads. Without this the car is not likely to stop hence the severity rating.
I gave it likelihood of detection a 4 because even a quick visual inspection would show that the brake pad is in the wrong way round. 
My mitigating actions would include having visual inspections of the braking system before the chassis is inserted onto the body. This will allow an engineer to find the mistake. It would also include having a brake test on a rolling road and to check that the braking force produced is in the correct tolerance. This would allow you to see the mistake in data, but you would also be able to hear it as the metal on metal screeching sound would be easy to hear.
For the likelihood of occurrence for the brake line fitting not fully tightened I gave it a 2 because again the tool that is used to tighten the bolts use a function that turns off the motor when the correct torque is reached. 
I gave it a 2 for severity because if this bolt comes loose then it could allow the brake line too to come off and leak brake fluid everywhere loosing pressure in the brake system and then stopping any braking from happening resulting in a crash.
I gave it a 6 for likelihood of detection because once again once the bolt has been tightened then it may not be tested again. However, there may be brake fluid dripping from it which would help you notice it was not correct.
 The mitigating action I suggested was to also have the torque uploaded into a database for a program to check that it is to the correct standard. I would also have random checks done to ensure that the tool that was used is calibrated correctly. 
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Figure 2 showing the secondary FEMA

One of the main points I focused on to help mitigate these issues was to focus on ways to find the issue rather than prevent it. This is reflected in this FEMA where the likelihood of detection is the same as the initial FEMA. While I think it is worthwhile putting systems in place to prevent it from happening, I think that it is easier and a more cost-effective way to put systems in place to find the issue. I have also given them the same severity because even though measures may have been put in place it does not stop the severity of the issue.
Where it does change is the likelihood of detection goes down. This is because of the action that I suggested means that it is easier to find the issue. For this reason, I gave the likelihood of detection for the brake calliper mounting bolts not torqued to the correct level a 3. This is because with my actions in place it would become easy to find the mistake and to also see if there was anything wrong with the tool that was used as well.
For the incorrect brake disk installed I gave it a likelihood of detection a 1 because if the chassis was being inspected before fitted onto the body then the issue should be found out. This also goes for the brake pads being installed in the wrong orientation, with friction material not contacting the disk surface. However, I also suggested a secondary test for this issue which should mean that the issue should be found easily and then rectified.
The last issue, brake line fitting not fully tightened, I gave it a likelihood of detection a 3 because once again I am using inspections that would do a fair bit to find the issue but also the database program would allow you to find the issue and to also check that the tool is calibrated correctly.
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As we have seen here the use of an FEMA is a good way of helping to understand the risk and trying to find ways to mitigate this risk. This is because it incorporates three different factors to think about and combine it in to one risk number. It also allows you to suggest mitigating actions to help with potential problems. It can also be done more than once allowing you to keep on working on the risk management. It also shows you where the most potential for risk may be. This may be in the detection part of the production line or whether it is in the process of putting the product together. Despite some of its drawbacks it is a good tool for risk mitigation.
I have given an example of an FEMA and how it can be used to show some potential mitigations to potential problems. 
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