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1 Introduction
For this assignment, the user will be assessing the production line at a vehicle manufacturer, with the objective to identify and reduce or eliminate possible faults on the production line.  These faults will be highlighted using a Failure Mode & Effect Analysis (FMEA) Report structure, this will indicate the Likelihood of occurrence, Severity and Likelihood of detection of the faults, once these three categories have been given a numerical value between 1-10 the report will produce a Risk Priority Number (RPN) for each fault. This will help the user address the criticalness of resolution as well as Identify the order of the faults from most to least prevalent. 
After the first FMEA report has been created and the suggested changes implemented the user will then create another FMEA report on the same faults and assess the risk after changes. The comparison of the RPN numbers will help the user evaluate the effectiveness of the changes implemented.

2 Literature Review
Risk management is a crucial asset within the transport production industry, this can reduce accidents and injury both within the production process and potential risks later into the products public release. As a vehicle manufacturer there are health and safety requirements that must be reached and maintained in order to release the product. Without risk management techniques such as FMEA reports and failure analysis matrixes the vehicles created can be dangerous. The four failures under investigation in this assignment will be 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. Due to these failures all being in the assembly process instead of the actual fabrication or material of the parts used, FMEA will be the report structure used in the assignment. A Failure analysis matrix can be used to test the bonding within the integrity of the material to test its failure potential, if the failure being looked at was the brake disc cracking instead of the incorrect brake disc size installed, the user could use a failure analysis matrix in the report to review the strength of the brake disc and increase the accuracy of the risk report. Although due to the fault being under investigation being an installation error the user will use a FMEA report to create mitigating actions to reduce or eliminate the potential risk. These mitigating actions must consider health and safety protocol as well as correlating with the engineering ethics mentioned below.
2.1 IMECHE – Code of conduct
The Institution of Mechanical Engineers (IMECHE) have a code of conduct that engineers are encouraged to follow which enables the engineer to maintain a high level of integrity in their field, this is not a requirement of an engineer to follow the code of conduct however it is recommended and should be considered when setting safety standards. This is relevant in this context because if an engineer in the assembly line did not take steps to properly avoid risk within their job role, they would be violating the first code in the code of conduct, more specifically CR1.2 which states. 
“CR 1 Members shall act with care and competence in all matters relating to their duties and shall:
· CR 1.2 take all appropriate measures to assess and limit risk in all aspects of their work for others to whom they owe a duty of care.”
This means that the engineer within the vehicle production line must ensure they are working within a safe environment to produce vehicles that have been accurately assessed for potential risks or errors in assembly. As an employer of an engineer you should enable the tasks, they are given has the correct measures to comply with the code of conduct and allows the engineer to maintain their professional integrity. Sometimes there are cost and time implications in actions that would create a safer workplace, this leaves the employer a lot of responsibility to ensure appropriate safety measures are met. Risk assessments such as the FMEA report allows the risks to be highlighted and the introduction of mitigating actions to reduce the risk priority number in the second amended FMEA report which follows the initial FMEA report. 

3 Initial Failure Mode & Effect Analysis
When using FMEA reports to create a risk analysis it is important to not only be able to justify the numeric values given but also to be able to suggest and implement mitigating action to reduce the risk priority numbers. Below is the initial FMEA report for four potential failures indicated in the literature review. 
Table 1 – Initial failure mode & effect analysis
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3.1 Breakdown of Failure modes 
· Brake calliper mounting bolts not torqued to correct level.
Likelihood of occurrence – 8 – This was given an eight due to the lack of a torque measuring wrench meaning, the prevents a consistent accurate torquing of the mounting bolts to the correct level. This is now likely for a bolt to be over torqued or under torqued.  
Severity – 6 – In order for this fault to be given a six for severity the user had to decide if the bolts not being torqued would always lead to failure of the braking components. This is dependant on the case, in some cases a bolt that is just less than the correct torque could go undetected and not back out of the threads, however a very loose bolt could further back out under vibration and lead to failure of the braking system which increases the severity massively. 
Likelihood of Detection – 4 – Again this score considers both instances where a bolt is close to being the correct torque but is just out of tolerance and examples where the bolt is drastically over or under torqued. If a mounting bolt is under torqued to an extent in which it is considered loose it has a greater chance of being visibly noticeable and this increase. Unfortunately with the bolt being fully threaded or over torqued it is not possible to see this on the visible inspection the bolt is given. This causes the fault to have a low detection score.

· Incorrect brake disc size installed.
Likelihood of occurrence -6-  with a medium chance of occurrence installing the incorrect brake disc is a likely risk due to the brake discs not being appropriately separated on the production line and not individually labelled. Due to the visible size difference in the different size brake discs this reduces the occurrence rate but does not eliminate the risk.
Severity -9- This fault has a high severity due to if the incorrect brake disc is installed the contact of the brake pads would be detrimental to the brakes ability to function which could lead to total brake failure. 
Likelihood of detection –5- With early detection unlikely due to the visible difference in brake discs only present when they are next to each other it is unlikely for the wrong size rotor to be detected once on the car through a visual inspection of the rotor. However later in the production line when the brake callipers have been installed the contact patch of the brake pad will be visibly incorrect causing a high chance of detection later in the production line. 

· Brake pads installed in wrong orientation, with friction material not contacting disc surface.
Likelihood of occurrence – 4 – This fault has a low chance of occurrence due to the installation engineers being qualified in their field and the clear visible difference in the correct and incorrect orientation of the brake pad. Nonetheless this fault is still plausible to happen due to the speed that engineers work and the symmetrical design of the brake pad making it possible to be installed with the friction material not pointing towards the brake disc. 
Severity – 10 – If the brake pads are installed without the friction material contacting the brake disc on braking this would be treated as brake failure. This causes it to have the highest severity rating of all the faults on the RMEA report. 
Likelihood of detection – 8 – Although this fault is very severe it is very noticeable with both visual and physical inspection, it has been given an eight instead of a ten because even with it being noticeable the installing engineer does not have a checklist of parts to inspect after installation, so it is not likely to be detected until later in the production line. 

· Brake line fitting not fully tightened. 
Likelihood of occurrence – 7 -In order for this fault to receive a seven and be considered likely to happen the user must consider the lack of the correct tools being using in this example. With just hand tools being used in this example its highly likely for the fitting not to be fully tightened. The number gets reduced from a ten to a seven because although there is no torque measuring tools or power tools being used the engineer is still able to hand tighten the fitting which may result in it being fully tight. 
Severity – 8 – This error was given a severity rating of eight because depending on the situation the severity fluctuates this is assuming the fitting is not fully tightened, if the fitting is extremely loose this could cause brake liquid to leak as well as air to get into the hydraulic system causing spongey or failing brakes, this is considered extremely dangerous. Alternatively if the fitting were tight but not fully tightened the fitting could remain tight enough to create the seal for the remainder of its use which would make it a non-dangerous fault, equally if after a few years of vibrations the fitting loosens and causes brake failure then it is considered a dangerous fault. 
Likelihood of detection – 7 – A not fully tightened fitting is easily detected due to the positing of the fitting on the calliper that if it were very loose the exposed threads are visible, this detection is further assisted by the fact that if the fitting were extremely loose when the brake fluid is being installed it would leak from the loose fitting.  In some cases where the fitting is not fully tightened but is still tight the fault would not be as visible, and the liquid would not leak. 

3.2 Mitigating actions recommended: 
· Introduction of electronic Torque wrench – An electronic torque wrench can be used to give a visual and audible notification when the bolts are torqued down to the correct spec, if they are maintained, and calibration checked at service intervals the torque wrench can massively reduce the chances of a bolt being under or over torqued assuming the assembly engineer follow the notifications given off by the tool. Electric torque wrenches are used in other vehicle manufacturing facilities such as the BMW group motorcycle assembly line Germany. 
· Separation and labelling of different sized brake discs. – Although the different brake discs are visibly different when compared to each other with simple labels and colour coded bins or workstations the technician can make sure that the right size brake disc is installed preventing any brake errors or installation errors when mounting the callipers later in the assembly process. 
· Addition of inspection after installation by the technician that installs the brake pad – with the pads being symmetrical it is possible for the technician to instal the pads with the friction material facing the wrong way, if the technician were to do a visual and touch inspection of all bolts and brake components after installation it would prevent the vehicle advancing through the assembly process with this fault prevalent. This type of inspection can be seen in similar facilities in order to make sure no bolts are missed off when assembling motor vehicles.
·  Next operator in the line checks the fitting is tightened before conducting their duties – Within the production lines after the braking components and fittings have been installed the vehicle advances to have brake fluid added and have the brakes bled. With the introduction of this next operator to check all Fittings on the calliper are tight before adding brake fluid this would enable the system to be properly bled without the addition of air or loss of fluid. 




4. Post-Mitigation Failure Mode & Effect Analysis
Table 2 – Amended failure mode & effect analysis.
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After implementing the mitigating actions suggested during the last FMEA report, the risk priority numbers (RPN) have dropped due to the causation of the risk being reduced or the severity of the risk reduced. The main drop in the severity is due to introduced inspections that mean that even if there was a fault its likelihood of detection is massively increased lowering the overall risk of the failure. All these failures are only dangerous and severe if undetected and the vehicle is released to the customer or open market with the fault present, this means that if the fault in the brakes can be detected before the brakes are needed to stop the vehicle than the seriousness of the risk is reduced. 
The risk priority number is created through multiplying the numerical values for the; likelihood of occurrence, severity and likelihood of detection together, the RPN can be used to show which order the risks need to be addressed from the highest number being the most prevalent or serious to the lowest RPN being the lowest priority risk. By looking at table 2 and comparing it too table 1 you can see the RPN’s have massively reduced but none of them are zero. This means that although the likelihood of the risk might be reduced, or the likelihood of detection increased there is still the possibility for human error or the introduced procedures to fail in rare circumstances. An example of this would be the RPN circled in red above for the fault of “Brake calliper mounting bolts not torqued to correct level”. Although this RPN is now exceptionally low and has been reduced its still possible for the introduced equipment to no longer be calibrated over time and could cause a failure in the introduced tool, this could lead to under or over torquing which was the fault present before, however due to it being a lack of calibration it is likely to be within a smaller tolerance window than if the bolt were hand tightened. This can be resolved through adding maintenance intervals and calibration checks to the introduced tools. It is important when introducing tools or procedures into the production cycle of the vehicle that the tools are cost efficient in the running of the factory, else it would not be reasonable to add the tool into the production line. 


5 Conclusion
In conclusion Failure Mode & Effect Analysis has both strengths and weaknesses within the automotive production industry in its practical application. Its strengths are within the assembly process it allows the user to create a routine that sees installed components are thoroughly inspected to insure they are professionally installed and are not going to progress down the assembly line without being quality checked. It also allows users to find which tools should be used within the assembly process to reduce the possible risks but working within a budget, this can be seen through comparing the money spent to the reduced risk priority number to find where the manufacturer is complying with health and safety guidelines and following the IMECHE code of conduct as well as selecting options that are financially viable. However its limitations is the number of possible faults or risks that could happen later on down the life cycle of the vehicle, this is based off a manufacturing error of the parts they receive ready for assembly, these parts aren’t made by the company assembling the vehicle. An example of this could be a hairline crack that could go undetected for years and is only detectable by inspecting each part received thoroughly, these faults are often missed by FMEA reports and can result in vehicle recall later. This would suggest that FMEA is an affective risk assessment procedure but should be used alongside other risk assessments to enable a high quality is maintained and the assembling engineer is taking necessary steps to produce a safe vehicle. 
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