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This report will discuss what a Failure Mode Effects and Criticality Analysis (FMECA) is; as well as its primary objective. Different types of FMECA will also be discussed. Other topics that will be discussed in this report include detection type controls, the risk priority number, recommended actions and actions taken and the advantages and disadvantages of conducting an FMECA. 
FMECA is a functional “approach to risk assessment” (Failure Mode, Effects & Criticality Analysis (FMECA), 2020). It is a quantitative tool that can be used to determine what needs attention in the system to effectively reduce the likelihood of the system from failing. The system must firstly be defined and the “failure modes” (Failure Mode, Effects & Criticality Analysis (FMECA), 2020) must be identified. “Identify the function(s), failure(s), effect(s), cause(s) and control(s) for each item or process to be analyzed” (Basic Concepts of FMEA and FMECA, 2020). 
Different types of FMECA would include (“Concept” (FMEA-FMECA.com, 2020)) CFMEA. This is used to “analyze concepts in the early stages” (FMEA-FMECA.com, 2020) so that there will be less failure further down the road and if the concept is flawed then not much time effort and money has gone into it and there will have been a significant saving of recources. “Design” (FMEA-FMECA.com, 2020) or DFMEA is used to “analyze products before they are released into production” (FMEA-FMECA.com, 2020). This can help highlight problems before they would otherwise be found and if they are severe then it can be weighed up whether the new design is actually worth putting into production. There is also a “Process” (FMEA-FMECA.com, 2020) or PFMEA which is “normally used to analyze manufacturing and assembly process system, subsystem or component levels” (FMEA-FMECA.com, 2020). The process FMECA is the FMECA that will be used further on in this report. 
To find what needs the most attention the FMECA ranks the potential failure modes in their criticality order. To determine the criticality order, a number is generated from the severity, occurrence and detection (all scored from 1-10 each). To find what number the severity should be look to Figure 1. To find the probability ranking look at Figure 2. To rank the detection, look at Figure 3. The severity, occurrence and detection are then all multiplied together e.g. severity 3 x occurrence 7 x detection 4 = 84.  84 in this example is the risk priority number (RPN). The RPN is a number that can then show the “criticality” (Basic Concepts of FMEA and FMECA, 2020) of that potential failure mode. The higher the RPN number the more risk it has and the higher priority it will be.  
[image: FMEA Severity Criteria]
(FMEA-FMECA.com, 2020) Figure 1
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(FMEA-FMECA.com, 2020) Figure 2
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(FMEA-FMECA.com, 2020) Figure 3 
Detection type controls are used to detect faults in the process/ system. The better the detection type control the lower the detection number and the lower the RPN number. Detection controls would include “Internal control procedures” (Bradford, 2018) that “limit” (Bradford, 2018) employees to certain tasks that they are competent to complete. For example, an inspector that has been trained to inspect the bike brakes would not be allowed to manufacture the brakes as they would not have the authorisation and a brake manufacturer would not be allowed to inspect the brakes because they will not have been trained. To control this a company may be able to implement a stamp log. By giving employees stamps with numbers that correspond to their names and the stamp log, different authorisations can be granted to employees depending on their training. The employees would then use their stamps to stamp data cards that follow the parts through production. A data card can be picked up at any point in the process and it can be observed who conducted what tasks and then the stamp log can be checked to see if they have the authority to conduct that task. Routine audits con then be carried out to ensure that only authorised personnel are carrying out tasks. Information on stamp logs, data cards and audit process was from Wallcolmonoy. 
Once the RPN numbers have been put in order (highest at the top) the process of risk mitigation can begin. To mitigate risk recommended actions must be thought of and carried out by the responsible people. 
Advantages to conducting a FMECA would be that the weaknesses of a system are exposed so that they can be fixed. The less critical weaknesses are exposed so that once the main problems have been alleviated then the less catastrophic problems can be dealt with. Disadvantages to carrying out a FMECA would be that it takes time and there may not be any critical problems so the time used to carry out the FEMECA would have been wasted. Another flaw to the FEMECA would be that it is only as good as the person carrying it out, meaning that if someone misses something then the FEMECA could say there is low risk to failure however that may not be correct.
This report will also contain a FMECA on a XL5 racing bicycle. The following failure mode has been observed, there is insufficient friction in the hand brake subsystem between brake pads and wheels during heavy rain conditions.
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[image: ]	Using the explanation above an FMECA will be created for the XL5 racing bicycle.
 (PART 1512—REQUIREMENTS FOR BICYCLES, 2020) reference for current controls in place for making bicycles safe for use. 
As there was insufficient friction ways to increase friction was researched. The first way to increase friction is to “create a “rougher” or more adhesive point of contact.” (Dequilla, 2018). To accommodate this way to increase friction the FMECA had the points of friction (Brake pads and wheel arch) labelled in the process inputs column. The second way to increase friction would be to “Press the two surfaces together harder” (Dequilla, 2018). This is the job of the break cord so it was placed in the process inputs column. After this was complete the severity had to be decided. It was decided that all three process inputs would have a severity of 10 as the bike must stop in “4.57 m” (PART 1512—REQUIREMENTS FOR BICYCLES, 2020) and “Very high severity ranking when a potential failure mode affects safe vehicle operation and/or involves noncompliance with government regulation without warning” (FMEA-FMECA.com, 2020). The occurrence was then determined to be 8 for the brake pads and wheel arch as it rains often in the UK and it rains heavily often. Roughly “1 in 8” (FMEA-FMECA.com, 2020) times which would lead to an occurrence score of 8. The brake cord had an occurrence of 3 as it would have “relatively low failures” (FMEA-FMECA.com, 2020). Detection was then ranked to be 4 for the brake pads and the wheel arch as there is a “Moderately high chance the Design Control will detect a potential cause/mechanism and subsequent failure mode.” (FMEA-FMECA.com, 2020). The brake cord however was ranked 2 because there is a “Very high chance the Design Control will detect a potential cause/mechanism and subsequent failure mode.” (FMEA-FMECA.com, 2020). Then the severity, occurrence and detection where all multiplied together and the RPN number was generated. The RPN number then shows that the brake pads and the wheel arch are more important to fix then the brake cord as the brake cord number is much lower.
The recommended action taken was then thought of. For the brake pads using composite rubber and ceramic brake pads instead of just rubber brake pads will increase the pads rigidity and instead of being more malleable the pad will be able to be pushed harder into the wheel arch therefore increasing friction. This solution decreases the severity from 10 to 8 and decreases the occurrence from 8 to 3. This gives a final RPN number of 96, which is significantly lower than the initial 320. With the wheel arch it was recommended that the surface roughness of the wheel arch be increased by grit blasting. This will increase friction as there will be a “rougher” (Dequilla, 2018) point of contact. This change will decrease the severity from 10 to 8 and decreases the occurrence from 8 to 3. This gives a final RPN number of 96, which is significantly lower than the initial 320. The brake cord then had a recommended action that stated selecting a material with less ductility more pressure would be able to be exerted on the brakes and wheel arch. The initial RPN was 60 and as this was low the recommended action was not taken as there would be a higher cost in purchasing a less ductile material for the brake cord and there would be limited benefit. 
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[bookmark: _GoBack]	In Conclusion FMECA’s are only as effective as the person carrying them out; meaning if the person carrying them out missed something the RPN number could be very different. This could be mitigated by incorporating effective training for people who will be carrying out FMECA’s. Follow up FMECA training could also take place to ensure that people remember their training and continue to conduct FMECA’s effectively. FMECA’s can also be time consuming however the time spent fixing a system that failed that could have been mitigated would be more time consuming so it is believed the benefits outweigh the drawbacks. This is without considering the possibility that operators or consumers of the product could die if a FMECA is not carried out. The XL5 bicycle brake had a FMECA carried out on it and it was found that the friction could be increased by increasing the roughness for the “point of contact.” (Dequilla, 2018). The second way to increase friction would be to “Press the two surfaces together harder” (Dequilla, 2018). This information was then used to re design aspects of the brake system that could be improved. The brake pads were designed to have composite rubber and ceramic increasing the hardness and decreasing the compressibility of the brake pads allowing them to be pressed harder into the wheel arch and therefore increasing friction. The wheel arch was grit blasted to increase the roughness of the arch, increasing the friction further. The brake cord had a suggestion to change the material to a higher carbon steel to make it less malleable so that it would loose less force over distance, increasing the force that pushes the brake pads into the wheel arch. However the RPN number was low to start with so the change was not implemented. These changes should decrease the stopping distance of the XL5 in heavy rain, allowing it to comply with the “4.57 m” (PART 1512—REQUIREMENTS FOR BICYCLES, 2020) requirements and making it safer for use and pass the requirements.
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