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[bookmark: _Toc39134900]Introduction
This report will discuss Fault diagnosis and condition based monitoring in the format of Failure Mode Effects and Critically Analysis (FMECA) in engineering systems pacifically an XL5 racing bikes brake pads when subjective to heavy rain conditions. 
The Following will be discussed in the report below; a description of the FMECA, the primary objectives of a FMECA, the different types of FMECA, the DFMEA severity evaluation criteria, detection type controls, Risk priority number, recommended actions and actions taken and also the advantages and disadvantages of FMECA.  Throughout the report credit to the author will be shown via Harvard referencing techniques.  Recent and a variation of sources will be used in order to demonstrate a broad range of information. Some sources of information provided have been gathered by one of the GCS apprentice students where he has carried out FMECA Training on site (Wall Colmonoy UK).  
The objectives of the FMECA analysis were to establish the relationship between the hand brake subsystem, brake pads and wheels when subjective to heavy rain, therefore identifying the critical failures by using risk-ranking methods, and align the current maintenance, inspection, and testing practices and their associated frequencies with each functional failure and the associated subsystem and equipment failures. Section 2 of the report outlines the methodology used to conduct the FMECA. The FMECA was conducted in two phases, functional-level and equipment-level. The functional-level FMECA was conducted to identify the functional failures.
The equipment-level (FMECA was conducted to identify the impact of major equipment and component failures on the performance by evaluating equipment-level failure modes, identifying specific equipment-level causes, identifying the safeguards to prevent or detect the failure modes, and ranking the criticality of failure modes. In addition, the equipment-level FMECA was used to align the activities with equipment-level failure modes and specific equipment failures. In preparation for the FMECA, Gower College Swansea (GCS) engineers identified potential functional failures and equipment-level failure modes to help guide the analysis team. 
Functional- and equipment-level FMECA sessions were held with subject matter experts from the original equipment manufacturer (OEM), and operators.  GCS engineers facilitated and documented the analysis using a software tool. The team identified the Business Operating procedures (BOP) functions in the recommended Practices and one additional function prior to the FMECA analysis to meet the above objectives. Section 3 will be the discussion around the FMECA and finally section 4 will be the conclusion. 
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See above flow chart for general FMECA Approach. (Oakland, 2015)


[bookmark: _Toc39134901]The different types of FMECA: 
FMEA / FMECA General Benefits: 
Prevention Planning, identifies change requirements, Cost reduction, Increased throughput, decreased waste, decreased warranty costs and Reduce non-value-added operations 
Concept FMEA: 
Helps select the optimum concept alternatives, or determine changes to design specifications, Identifies potential failure modes caused by interactions within the concept, Increases the likelihood all potential effects of a proposed concept’s failure modes are considered, Identifies system level testing requirements, Helps determine if hardware system redundancy may be required within a design proposal (Defence, 2018)
Design FMEA: 
Aids in the objective evaluation of design requirements and design alternatives, Aids in the initial design for manufacturing and assembly requirements, Increases the probability that potential failure modes and their effects have been considered in the design/development process, Provides additional information to help plan thorough and efficient test programs, Develops a list of potential failure modes ranked according to their effect on the customer, Establishes a priority system for design improvements, Provides an open issue format for recommending and tracking risk reducing actions, Provides future reference to aid in analysing field concerns. (Singh, 2016)
 Process FMEA: 
Identifies potential product related process failure modes, Assesses the potential customer effects of the failures, Identifies the potential manufacturing or assembly process causes and identifies process variables on which to focus controls or monitoring, Develops a ranked list of potential failure modes, establishing a priority system for corrective action considerations, Documents the results of the manufacturing or assembly process, Identifies process deficiencies, Identifies confirmed critical characteristics and/or significant characteristics, Identifies operator safety concerns, Feeds information on design changes required and manufacturing feasibility back to the designers. (WallColmonoy, 2019)

[bookmark: _Toc39134902]The DFMEA severity evaluation criteria: 
To provide a consistent means to evaluate the relative criticality of the subsystem/component failures and to help judge the sufficiency of the activities performed to prevent and detect the failures, a risk priority number ranking scheme based the following factors was employed: 
 Frequency of Failure of the Major Equipment Failure Mode 
 Level of Redundancy to Prevent Specific Failure from Resulting in Complete Loss of Safety Critical Functions
  Ability to Detect and Prevent the Failure Mode via Practices (Indication / Protection / Maintenance) 
 Severity of End Effect for Each Functional Failure

Risk mitigation is a discipline required to reduce possible failure. The identified risk in the criticality matrix is the substitute for failure and must be treated in the same context as a test failure or customer returned component or item. FMECA requires a change in risk levels / criticality after mitigation. A defect / defective detection strategy, commensurate to the risk level, may be required. Acceptable risk management strategy includes the following:
· Mitigation actions directed at Highest Severity and Probability combinations
· Any risk where mitigation was unsuccessful is a candidate for Mistake Proofing or Quality Control, protecting the customer / consumer from the potential failure
· Detection methods are chosen for failure modes first and if possible individual causes which do not permit shipping or acceptance
· Action logs and “risk registers” with revision history are kept for follow-up and closure of each undesirable risk
Other examples of FMECA mitigation strategies to consider:
· Design change. Take a new direction on design technology, change components and/or review duty cycles for derating.
· Selection of a component with a lower lambda (failure rate). This can be expensive unless identified early in Product Development. (Oakland, 2015)

[bookmark: _Toc39134903]Detection type controls: 
Detection Rating – This rating assesses the likelihood of the current applicable inspection and maintenance activities to detect the failure mode before it results in the functional failure. 
Detection Rating Detection Likelihood of Detection:
1 Almost Certain: Very high probability of detection (>90% probability of detection) by design controls (redundant or independent self-diagnostic capability, independent alarms) will certainly detect failures
 2 Very High: High probability of detection (50 to 90% of detection) by design controls (single device self-diagnostic capability, single alarms, visual monitoring, leak monitoring, loss of fluid etc.) will certainly detect failures 
3 High:  Probability of detection via weekly on-stream tests/inspections will provide immediate detection of the failure 
4 Moderately:  high Probability of detection via monthly on-stream tests/inspections will provide immediate detection of the failure 
5 Moderate: Probability of detection via quarterly on-stream tests/inspections will provide immediate detection of the failure 
6 Low: can only be detected during routine inspections/tests while the BOP is pulled from the well 
7-8 Very Low: Can only be detected during Major PMs While the BOP is pulled from the well 
9 Remote: can only be detected and/or corrected during major overhaul or rebuilding-type activities 
10 Absolute Uncertainty:  Currently no design controls or maintenance techniques in place
(WallColmonoy, 2019)

[bookmark: _Toc39134904]Risk Priority number (RPN):
During the equipment-level FMECA meetings, the analysis team evaluated each major equipment item by first identifying potential equipment-level failure modes and then postulating on specific equipment failure causes resulting in each failure mode. The team then identified the potential effects resulting from each failure mode. The effects were then identified and classified into various BOP functional failures. 
Based on this classification the equipment-level failure modes and BOP were linked with a corresponding BOP functional failure. Once these links were established, the analysis team identified any safeguards that are currently in place to detect, prevent or mitigate the failure mode. The analysis team then identified specific practices currently employed to prevent or detect the specific equipment failure causes. In order to establish the potential risk of each equipment level failure mode, the analysis team used a Risk Priority Number (RPN) scoring methodology. 
The identified failure mode effects were ranked according to their severity, occurrence, and detection. The RPN for each effect (functional failure) was determined and recorded. The severity rankings were based on the worst-case end effect of each functional failure assuming that there is no redundancy. The occurrence rankings were based on the frequency of the failure mode occurring, giving credit for any system redundancy in the system(s). Finally, the detection rankings were based on the probability of the failure mode being detected by current protections.
RPN = Severity Rating X Occurrence Rating X Detection Rating The individual.  RPN rankings provide a relative ranking of the risk associated with a given functional failure effect-equipment failure mode pair. Thereby, providing a means to identify the most critical equipment-level failure modes in overall BOP performance, as well as, identifying the more critical failure modes associated with a specific BOP functional failure.
A Risk Priority Number (RPN) ranking for each functional failure associated with an equipment level failure mode was based on the product of the following three independent factors:
· Severity Rating – This rating assesses the severity of worst-case end effect for a given functional failure. (Note: The functional failure end effects documented in the functional level FMECA were used to determine this rating assuming no redundancies are present.) 
· Occurrence Rating – This rating assesses the likelihood of the failure mode resulting in the functional failure and its stated end effect. This rating takes into consideration any safeguards that are in place to detect, prevent or mitigate the failure mode from resulting in the functional failure. These are the Protection items in the Indication / Protection / Maintenance
· Detection Rating – This rating assesses the likelihood of the current applicable inspection and maintenance activities to detect the failure mode before it results in the functional failure. These ratings are based on the Indication and Maintenance items from the Indication / Protection / Maintenance 

(WallColmonoy, 2019)

[bookmark: _Toc39134905]Recommended actions and actions taken:
Risk mitigation is a discipline required to reduce possible failure. The identified risk in the criticality matrix is the substitute for failure and must be treated in the same context as a test failure or customer returned component or item. FMECA requires a change in risk levels / criticality after mitigation. A defect / defective detection strategy, commensurate to the risk level, may be required. Acceptable risk management strategy includes the following:
· Mitigation actions directed at Highest Severity and Probability combinations
· Any risk where mitigation was unsuccessful is a candidate for Mistake Proofing or Quality Control, protecting the customer / consumer from the potential failure
· Detection methods are chosen for failure modes first and if possible individual causes which do not permit shipping or acceptance
· Action logs and “risk registers” with revision history are kept for follow-up and closure of each undesirable risk
Other examples of FMECA mitigation strategies to consider:
· Design change. Take a new direction on design technology, change components and/or review duty cycles for derating.
· Selection of a component with a lower lambda (failure rate). This can be expensive unless identified early in Product Development.
· Physical redundancy of the component. This option places the redundant component in a parallel configuration. Both must fail simultaneously for the failure mode to occur. If a safety concern exists, this option may require non-identical components.
· Software redundancy. The addition of a sensing circuit which can change the state of the product. This option often reduces the severity of the event by protecting components through duty cycle changes and reducing input stresses.
· Warning system. A placard and / or buzzer / light. This requires action by an operator or analyst to avoid a failure or the effect of failure.
· Detection and removal of the potential failure through testing or inspection. The inspection effectiveness must match the level of severity and criticality. (Oakland, 2015)











[bookmark: _Toc39134906]Advantages and disadvantages of FMECA: 

Failure Mode and Effects Analysis (FMEA) is a methodology designed to: 
· Identify potential failure modes for a product or process. 
· Assess the risk associated with those failure modes and prioritize issues for corrective action. 
· Identify and carry out corrective actions to address the most serious concerns. 
Some benefits of performing FMEA/FMECA analysis include: 
1. Contributes to improved designs for products and processes. a) Upper reliability. b) Better quality. c) Enlarged safety. 
2. Improved consumer satisfaction. a) Contributes to cost savings. b) Decreases development time and re-design costs. c) Decreases warranty costs. d) Decreases waste, non-value added operations (Lean Management). 
3. Contributes to the development of control plans, testing requirements, optimum maintenance plans, reliability growth analysis and related activities. Cost benefits connected with FMEA are generally probable to come from the ability to recognise failure modes in advance at the process, when they are less costly to address. 
Financial benefits are also resultant from the design progress that FMEA is probable to facilitate, as well as minimised warranty costs, enlarged sales through better customer satisfaction. (Haq, 2017)

Disadvantages of FMEA/FMECA:
 If it is used as a top-down tool, FMEA may only identify major failure modes in a system. Fault tree analysis (FTA) is better suited for "top-down" analysis. When used as a "bottom-up" tool FMEA can complement FTA and identify many more causes and failure modes resulting in top-level symptoms. It is not able to discover complex failure modes involving multiple failures within a subsystem, or to report expected failure intervals of particular failure modes up to the upper level subsystem or system. 
Additionally, the multiplication of the severity, occurrence and detection rankings may result in rank reversals, where a less serious failure mode receives a higher RPN than a more serious failure mode. The reason for this is that the rankings are ordinal scale numbers, and multiplication is not a valid operation on them. The ordinal rankings only say that one ranking is better or worse than another, but not by how much. For instance, a ranking of "2" may not be twice as bad as a ranking of "1," or an "8" may not be twice as bad as a "4," but multiplication treats them as though they are. The FMEA requires a thorough knowledge of the issue to be studied. In general, a brainstorming session with several people involved from conception to delivery is required. This means that a team can reach an agreement on the failure modes studied. (Haq, 2017)
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[image: ]Please see below FMECA for the XL5 racing bicycle:
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CAUSE:
· Thermal or mechanical overload 
· Subsurface corrosion between lining and base plate
· Insufficient fitting accuracy of the brake pads
· Damage to the brake pad due to incorrect handling or installation
· Non-compliant brake pads
EFFECT:
· Grinding noises when not pressing the brake
· Squeaking during braking
· Deficient braking characteristics
· Breakdown of friction lining due to thermal overload
REMEDY:
· Clean the brake calliper and check for proper function 
· Check the brake calliper and pad for fitting accuracy 
· Replace the brake pads and accessory parts if necessary 
· Thermal overload
· Brake pad has been damaged due to overheating. Binder in the pad has been destroyed and the pad material is breaking down. The surface is porous and glazed in parts.
· Incorrect material type selected for racing bike pad. 
 


The main objective of the analysis is to assess the brake pads of a XL5 Racing bike, from the above FMECA the occurrence was selected to be 8 for the brake pads and wheel arch as rain fall in the United Kingdom is very likely (occurrence 8). They were also ranked 4 for detection as there is a high chance that there is potential mechanism failure. 
 The final sector brake code was calculated to be 2 which then generated the severity, detection and occurrence where multiplied to find the RPN number. Therefore, from the results above it was deemed that the brake pads and wheel arch is scored a higher priority. Following the structure of the FMECA the recommended actions taken was considered and put forward that a material change to a composite material was far more effective. With the following actions put in place the occurrence and severity decreases indicating the actions put in place are adequate. This is also evident as the RPN number decreases. This leaves the wheel arch sector where it was suggested that it would be shot blasted to create a key (grip) surface. This again decreased the occurrence and severity and gave the RPN which again was lower. The brake cord then had a recommended action of changing the material to provide a less ductile option. 

[bookmark: _Toc8910365][bookmark: _Toc39134908]Conclusion

[bookmark: _GoBack]In conclusion FMECA’s are only deemed effective if the personal carrying them out is competent and is trained to do so. FMECA extends failure mode and effects analysis (FMEA) by including criticality analysis, which is used to chart the probability of failure modes against the severity of their consequences. The result highlights failure modes with relatively high probability and severity of consequences, allowing remedial effort to be directed where it produces the greatest value. It is a risk assessment methodology to monitor corrosion and critically analyse failure. Overall, the actions considered and actions taken will improve not only the quality but overall performance of the XL5 racing bike. 
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