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Introduction 


The task set is to compile a report researching Failure mode effects and criticality analysis, which is designed to detect all potential failure modes of the various parts of an engineering system, allowing for failure mitigation controls to be put in place. 
Using the scenario that using detection type controls, complains have been received that the XL5 racing bicycle, the following failure mode has been observed, this is insufficient friction in the hand brake subsystem between the brake pads and the wheels during heavy rain conditions. Using this scenario, a FMECA report can be compiled and a discussion looking into the following:

· A description of FMECA
· The primary objective of FMECA
· The different types of FMECA
· The FMECA severity evaluation criteria
· Detection type controls 
· The risk priority number 
· Recommended actions and actions taken 
· The advantages and disadvantages of FMECA

By researching the outlined points an informative and conclusive report will be compiled meeting the set-out requirements of the task, carrying out both an FMEA and FMECA charts compiled with the necessary data.












What is FMECA?

FMEA was formalised in 1949 by the U.S. Armed Forces by the introduction of Military Procedures document (MIL-P)-1629, “Procedures for Performing a Failure Mode Effect and Criticality Analysis” (Carlson, 2012).
The objective was to classify failures “according to their impact on mission success and personnel/equipment safety.” The FMECA was originally developed by the National Aeronautics and Space Administration (NASA) to improve and verify the reliability of space program hardware (Carlson, 2012).

Failure FMECA (Failure Modes, Effects and Criticality Analysis) is an extension of the FMEA (Failure Mode and Effects Analysis) methodology
The FMEA and FMECA are methodologies designed to identify potential failure modes for a product or process before the problems occur, to assess the risk (Carlson, 2012). Ideally, FMEA’s are conducted in the product design or process development stages, although conducting an FMEA on existing products or processes may also yield benefits. 
The FMEA team determines, by failure mode analysis, the effect of each failure and identifies single failure points that are crucial. It may also rank each failure according to the criticality of a failure effect and its probability of occurring. The FMECA is the result of two steps: 
· Failure Mode and Effect Analysis (FMEA) 
· Criticality Analysis (CA)

There are two primary types of FMECA. One is Quantitative FMECA, and the other is Qualitative FMECA. Both types of FMECA use a defined criticality analysis. They are similar in procedure, with the exception that the Quantitative FMECA uses a Quantitative Criticality Analysis using formulae and the Qualitative FMECA uses a Qualitative Criticality Analysis.
Quantitative Criticality Analysis is a series of calculations to rank items and failure modes according to formula (Carlson, 2012). 
Qualitative Criticality Analysis does not involve the same rigorous calculations as Quantitative Criticality Analysis. To use Qualitative Criticality Analysis to evaluate risk and prioritise corrective actions:
1. Rate the severity of the potential effects of failure. The severity ranking is determined using the unique severity scale for FMECA. 

2. Rate the likelihood of occurrence for each potential failure mode. The occurrence ranking is determined using the unique occurrence scale for FMECA.

3. Compare failure modes using a criticality matrix. The criticality matrix identifies severity on the horizontal axis and occurrence on the vertical axis. 
(Haq, 2011)









Primary objective of FMEA/FMECA
In society customers are placing increased demands on companies for high quality, reliable products. The rising capabilities and functionality of many products are creating it additional complex for producer to keep up the quality and reliability. Conventionally, reliability has been accomplished through widespread testing and applies of method such as probabilistic reliability modelling (Haq, 2011). 
These are techniques done in the delayed phase of improvement. The challenge is to devise in quality and reliability early in the expansion phase. Failure Modes and Effects Analysis (FMEA) is tactic for evaluate possible reliability troubles in the early hours at the progress cycle where it is simpler to acquire actions to overcome these matters, thereby improving consistency through design. FMEA can be apply to recognise probable failure modes, conclude their effect on the process of the product, and categorise actions to diminish the failures. A vital step is anticipating what might go incorrect with a product (Haq, 2011). 
Whereas anticipating each failure mode is not possible, the improvement team should invent as extensive a record of likely failure modes as probable.
Near the beginning and steady use of FMEAs in the design process let to the engineer to drawing out failures and manufacture dependable, protected, and customer satisfying goods. FMEAs also carry chronological information for use in upcoming product development (Haq, 2011). 
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Different types of FMEAs

There is a wide range of different types of FMEAs show bellow. Even though what is being analysed is slightly different and the assessment criteria may change some, the step by step approach or technique still remains essentially the same. 
Some of the more common types of FMEAs are described below:

System FMEA (SFMEA)

· This is the highest level analysis of an entire system, made up of various subsystems. The focus is on system-related deficiencies, including system safety, system integration, interfaces or interactions between subsystems or with other systems, interactions with the surrounding environment, human interaction, service, and other issues that could cause the overall system not to work as intended 

· In System FMEA, the focus is on functions and relationships that are unique to the system as a whole. The System-level FMEA includes failure modes associated with inter- faces and interactions in addition to considering single-point failures. 

· Sometimes separate out human interaction and service into their own respective FMEAs. 
(Carlson, 2012)

Design FMEA (DFMEA)

· This focuses on product design, typically at the subsystem or component level. The focus is on design-related deficiencies, with emphasis on improving the design and ensuring product operation is safe and reliable during the useful life of the equipment.

· The scope of the Design FMEA includes the subsystem or component itself, as well as the interfaces between adjacent components. Design FMEA usually assumes the product will be manufactured according to specifications.

· Design FMEAs are normally done at three levels – system, subsystem, 
and component levels. 
(Carlson, 2012)

Process FMEA (PFMEA)
· This focuses on the manufacturing or assembly process, emphasising how the manufacturing process can be improved to ensure that a product is built to design requirements in a safe manner, with minimal downtime, scrap, and rework. 

· the scope of a Process FMEA can include manufacturing and assembly operations, shipping, incoming parts, transporting of materials, storage, conveyors, tool maintenance, and labelling. 

· Process FMEAs most often assume the design is sound 
(Carlson, 2012)
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Additional to the 3 main FMEAs listed above there is a whole range of different FMEAs that are used in different industries and for different applications these include: 
· Concept FMEA
· Software FMEA
· Reliability centred maintenance (RCM)
· Hazard analysis 
· Human factors FMEA
· Service FMEA
· Business Process FMEA
· Failure mode effects diagnostics analyses (FMEDA)
· Failure modes, mechanisms, and effects analysis (FMMEA)
(Carlson, 2012)
DMECA severity evaluation criteria for XL5 bicycle 
Severity is a ranking number associated with the most serious effect for a given failure mode, based on the criteria from a severity scale. It is a relative ranking within the scope of the specific FMEA and is determined without regard to the likelihood of occurrence or detection. 

	Effect
	Criteria: severity of effect
	Rank

	Failure to meet safety and/or regulatory requirements
	Potential failure mode affects safe operation and/or involves noncompliance with regulations without warning.
	10

	
	Potential failure mode affects safe operation and/or noncompliance with regulations without warning.
	9

	Loss or degradation of primary function
	Loss of primary function (bicycle inoperable, does not affect safe operation.
	8

	
	Degradation of primary function (bicycle operable but at a reduced level of performance.
	7

	Loss or degradation of secondary function
	Loss of secondary function (bicycle operable, but comfort/convivence functions inoperable)
	6

	
	Degradation of secondary function (bicycle operable, but comfort/convenience functions at reduced level of performance)
	5

	Annoyance
	Appearance or audible noise, bicycle operable, item does not conform, defect noticed by most customers (>75%)
	4

	
	Appearance or audible noise, bicycle operable, item does not conform, defect noticed by most customers (>50%)
	3

	
	Appearance or audible noise, bicycle operable, item does not conform, defect noticed by most customers (>25%)
	2

	No effect
	No discernible effect.
	1



Note: charts based off information found in effective FMEA’S (Carlson, 2012).



Detection type controls for XL5 Bicycle 

Failures managed by system detection, such as tire pressure monitoring, are usually considered prevention-type controls as they reduce the occurrence of the cause. Detection type design controls describe how a failure mode or cause in the product design is detected, based on current or planned actions, before the product design is released to production, and are used as input to the detection ranking. Detection controls are intended to increase the likelihood that the problem will be detected before it reaches the end user. 

	Likelihood of failure
	Criteria: Occurrence of cause (design life/reliability of bicycle)
	Rank

	Very high
	New technology/ new design with no history 

	10

	
	Failure is inevitable with new design, application, or change in duty cycle operating conditions.
	9

	High
	Failure is likely with new design, new applications or change in duty cycle/operation conditions. 
	8

	
	Failure is uncertain with new design, new application, or change in duty cycle/operating conditions. 
	7

	Moderate
	Frequent failures associated with similar designs or in design simulation and testing. 
	6

	
	Occasional failures associated with similar designs or in design simulation and testing.
	5

	
	Isolated failures associated with similar designs or in design simulation and testing.
	4

	Low
	Only isolated failures associated with almost identical design or in design simulation and testing.
	3

	
	No observed failures associated with almost identical design or in design simulation testing. 
	2

	Very low
	Failures is eliminated through preventative control.
	1



Note: charts based off information found in effective FMEA’S (Carlson, 2012)


	Criteria: Detection (likelihood of detection)
	Rank
	Likelihood of detection

	Failure mode/cause are not detectable in service 

	10
	Absolute uncertainty

	Failure mode/cause is possibly detected during offline unplanned testing or inspection 

	9
	Very remote

	Failure mode/cause is most likely detected during offline unplanned testing or inspection 

	8
	Remote

	Failure mode/cause is possibly detected by offline planned periodic testing or monitoring 

	7
	Very low

	Failure mode/cause is most likely detected by offline planned periodic testing or monitoring 
	6
	Low

	Failure mode/cause is possibly detected by online planned periodic testing or monitoring 

	5
	Moderately

	Failure mode/cause is most likely detected by online planned periodic testing or monitoring 

	4
	Moderately high

	failure mode/cause is possibly detected by online automatic continuous testing or monitoring 

	3
	High

	Failure mode/cause is most likely detected by online automatic continuous testing or monitoring 

	2
	Very high

	failure mode/cause is detected by online automatic continuous testing or monitoring 

	1
	Almost certain


Note: charts based off information found in effective FMEA’S (Carlson, 2012).
Risk priority number 

The RPN “Risk Priority Number.” It is a numerical ranking of the risk of each potential failure mode/cause, made up of the arithmetic product of the three elements: severity of the effect, likelihood of occurrence of the cause, and likelihood of detection of the cause. values range from 1 (absolute best) to 1000 (absolute worst) (Rasand, 2014).

Each of the elements stand for: 

Severity (S) -  Severity is a numerical subjective estimate of how severe
the customer or end user will perceive the effect of a failure.

Occurrence (O) - is a numerical subjective estimate of the likelihood that the cause of a failure mode will occur during the design life, or during production in the case of a Process FMEA (Rasand, 2014).

Detection (D) - It is a numerical subjective estimate of the effectiveness of the controls to prevent or detect the cause or failure mode before the failure reaches the customer. The assumption is that the cause has occurred
(Rasand, 2014).


Alternative to the RPN is a risk matrix which is more commonly used in conjunction with a FMECA this looks at the occurrence level and severity and places into a matrix chart as shown further down in the report. 
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FMEA Chart 

This chart represents the FMEA carried out on the XL5 racing Bicycle although this does don’t contain the criticality analysis, the basis of the FMEA report will be almost always used in the whole FMEA process. 
[image: ]

Qualitative FMECA
The FMECA differs to that of the FMEA, the Failure Mode Effects and Criticality Analysis is similar to FMEA, with a few exceptions, it uses a different standard, a different set of scales, and it adds a calculation or assessment of criticality to the analysis. These include a severity classification, failure probability and risk matrix. These are the key points: 
· Rate the severity of the potential effects of failure. The severity ranking is determined using the unique severity scale for FMECA. 
· Rate the likelihood of occurrence for each potential failure mode. The occurrence ranking is determined using the unique occurrence scale for FMECA. 
· Compare failure modes using a criticality matrix. The criticality matrix identifies severity on the horizontal axis and occurrence on the vertical axis. 
(Carlson, 2012)
The severity classification and failure probability along with the risk matrix is additional associated with the FMECA are as follows:

Severity Classification 

This indicates the severity of the risks that can occur. 

	Description 
	Category 
	Mishap definition 

	Catastrophic 
	I
	A failure that may cause death or system loss 

	Critical 
	II
	A failure that may cause severe injury, occupational illness, major property damage or major system damage 

	Marginal 
	III
	A failure that may cause minor injury, occupational illness, minor property damage or minor system damage   

	Minor 
	IV
	A failure that is not serious enough to cause injury, occupational illness or system damage. But will result in unscheduled maintenance or repair  


Note: charts based off information found in effective FMEA’S  (Carlson, 2012).
Failure probability 

This gives the probability of occurrence evaluates the frequency that potential risk/s that will occur for a given situation. 

	Rating 
	Occurrence 
	Definition 

	1
	Frequent
	High probability of occurrence during the item operating time interval.
Frequent may be defined as a single failure mode probability greater than 0.20 of the overall probability of failure during the item operating time interval.

	2
	Reasonably probable
	A moderate probability of occurrence during the item operating time interval.
Reasonably probable may be defined as a single failure mode probability of occurrence which is more than 0.10 but less than 0.20 of the overall prob- ability of failure during the item operating time.

	3
	Occasional
	An occasional probability of occurrence during item operating time interval.
Occasional probability may be defined as a single failure mode probability of occurrence which is more than 0.01 but less than 0.10 of the overall prob- ability of failure during the item operating time.

	4
	Remote
	An unlikely probability of occurrence during item operating time interval. 
Remote probability may be defined as a single failure mode probability of occurrence which is more than 0.001 but less than 0.01 of the overall prob- ability of failure during the item operating time. 

	5
	Extremely unlikely
	A failure whose probability of occurrence is essentially zero during item operating time interval. Extremely unlikely may be defined as a single failure mode probability of occurrence which is less than 0.001 of the overall prob- ability of failure during the item operating time. 



Note: charts based off information found in effective FMEA’S (Carlson, 2012).

Risk Matrix 

This allows a visual evaluation of risk based on the criticality metrics listed.

	Frequency/
Consequence 
	(1) Very unlikely
	(2) Remote
	(3) Occasional
	(4) Probable
	(5) Frequent

	Catastrophic
	
	
	
	
	

	Critical
	
	
	
	
	

	Major
	
	
	
	
	

	Minor
	
	
	
	
	




· Acceptable – Only as low as reasonably practicable actions considered

· Acceptable – Use as low as reasonably practicable action principles and consider further actions

· Not acceptable – Risk reducing measures required 


(Rasand, 2014)










FMECA chart 

[image: ]This chart represents the FMECA chart carried out on the XL5 racing bicycle following approved FMECA structures.

Recommend Actions 

The FMEA team will combine all findings, from each of the analysis carried out this each highlighting the pacific points that required attention, additionally by using the RPN and risk matrix evaluations can be made to determine the magnitude of the issue and again put actions in place. As in the 2 charts above the recommended actions and compensation provisions provided the analysis/ testing team information to act upon. The potential cause with the highest RPN/ or severity, require prioritisation and need addressing first, this allowing for the overall risk to be reduced. 




























FMECA Advantages and disadvantage 

Advantages 

· The FMECA will, highlight single point failures requiring corrective action. Aid in developing test methods and troubleshooting techniques, provide a foundation for qualitative reliability, maintainability, safety and logistics analyses. provide estimates of system critical failure rates, provide a quantitative ranking of system and/or subsystem failure modes relative to mission importance and identify parts & systems most likely to fail (Chief of Engineers United States Army , 2006).

· Therefore, by developing a FMECA during the design phase of a facility, the overall costs will be minimised by identifying single point failures and other areas of concern prior to construction, or manufacturing. 

The FMECA will also provide a baseline or a tool for troubleshooting to be used for identifying corrective actions for a given failure. This information can then be used to perform various other analyses such as a Fault Tree Analysis or a Reliability Centred Maintenance (RCM) analysis (Chief of Engineers United States Army , 2006).

· FMECA 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, etc (Chief of Engineers United States Army , 2006).






Disadvantages 

· If it is used as a top-down tool, FMECA 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 FMECA 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 (Chief of Engineers United States Army , 2006).

· 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 (Chief of Engineers United States Army , 2006).

· The FMECA 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. This method is, therefore, cumbersome to implement (Chief of Engineers United States Army , 2006). 










Conclusion 

FMECA Contributes to improved designs for products and processes and Improved consumer satisfaction reports show overtime with the implementation of FMEA systems company warranty claims subsequently have reduced. They allow: 
· Increase reliability
· Better quality 
· Enlarged safety
· Contributes to cost savings
· Decreases development time and redesign costs
·  Decreases warranty costs
· Decreases waste, non-value-added operations
Although using FMEA’S does have certain drawbacks, one of which are the certain limitations to using RPNs, and when carrying out an FMEA it is important to note the limitations such as the RPN subjective, each of the component ratings are subjective the end value is considered subjective. The main use of this number is to give the analysis team are prioritisation of risk to follow corrective actions. Furthermore there is no perfect risk priority system and it is important that analysis team address the severity risk separately. 
Ultimately the use of this system gives large advantages to organisations and allows for a structure to be put in place, but a key highlight of this system is that training is required in order to achieve the best possible results. Each individual partaking in the FMEA must understand the concept and each element associated with the system in order to get the best possible results. This system should be used in conjunction with a range of different systems in order to get the best analysis results. 
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