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Summary
“Failure Mode Effects and Criticality Analysis is designed to detect all potential failure modes of the various parts of an engineering system.so that mitigation can be put in place. Discuss FMECA using the context of the following scenario. Using detection-type controls, complaints have been received that in the 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. You should produce a report which carries out an FMECA and mitigates the problem.” (Assignment brief, 2020).
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1.0 Introduction
FMECA (Failure Mode, Effects and Criticality Analysis is probably the most used methodology in industry.  FMECA is based on a semiquantitative approach for risk evaluation.  The risk is expressed though a Risk Priority Number (RPN).  The main reason for an RPN is to evaluate and analysis failure mode in order of score.  This semiquantitative approach is only suitable for situations when its not possible to find out accurate value for inputted values. Most important is RPN evaluation.  The sum of RPN is severity, occurrence and detection are viable for full quantitative risk evaluation.  But cannot be applied for semiquantitative approach. The correct order of failure modes is important as it could be applied to unimportant places.  Once a value of the RPN has been obtained recommendations and corrective action can be achieved in-order to reduce this number to a more suitable criticality. (Zajicek, 2010).
 “With the new RPN of failure modes is possible to evaluate RPN of objects, so there is a possibility to compare not only failure modes, but the components, subsystems etc. too. FMECA is useful tool for failure modes identification and for identification of the most critical failure modes, but it's necessary to do it better.” (Zajicek, 2010).

2.0 Objectives

· Be able to locate and analyse the cause and effects of faults in engineering systems.	


3.0 What is Failure modes, effects & criticality analysis?
FMECA is a structured methodology when followed allows causes of failure, and the effect it has on production, safety, cost and quality to be assessed.  FMECA is widely used reliability techniques in initial stages of development.  These methodologies are designed to: (Rausand, 2020).
· Find/ Identify failure modes that could potentially occur within a product or process.
· Highlight the risks associated with failure modes.
· Issues can be ranked in terms of importance RPN.
· Highlight corrective actions needed to address the highest ranked concerns.
FMECA are methodologies designed to:
· Identify potential failure modes for a product or process
· Assess the risk associated with those failure modes
· Rank the issues in terms of importance
· Identify and carry out corrective actions to address the most serious concerns
· Systematic approach. (Zepf, 2002).

“FMEA is a bottom-up inductive analytical method used to chart the probability of failure modes against the severity of their consequences.  In case of the FMECA, also the criticality of each failure mode is established, so the analysis becomes quantitative.” (Failure Mode Effects and Criticality Analysis (FMECA) - DMD Solutions, 2020).

4.0 The primary objective of FMECA
Primary objective of FMECA is to ultimately improve design. 
· For FMECAs relating to systems the main objective is to improve design of said system. (Rausand, 2020)

· For FMECAs relating to design the main objective is to improve the design of a sub-system or component. (Rausand, 2020)

· For FMECAs relating to process the main objective is to improve the design of a manufacturing process. (Rausand, 2020)

· For FMECAs relating to service the main objective is to improve the design of a service. Effective FMECA (2020).

· For FMECAs relating to software the main objective is to improve the design of software. Effective FMECA (2020).

· For FMECAs relating to manufacturing the main objective is to improve the design of manufacture. Effective FMECA (2020).


5.0 Different types of FMECA
As mentioned above there are many types of failure mode, effects, criticality analysis however each one is focus on the function of risk assessment, detection, elimination and mitigation of critical risk events.  There are 6 main types of FMECA these are listed below.
· System / Functional FMEAs
· Design FMEAs
· Process FMEAs
· Service FMEAs
· Software FMEAs
· Manufacturing FMEAs
*Effective FMECA (2020).

6.0 The DFMEA severity evaluation criteria
6.1 Severity
	Detection
	Rating
	Definition

	Extremely dangerous/ hazardous and occurs without warning.
	10
	Failure occurs unpredictably often without any warning.  It involves non-compliance with government/ safety regulations.

	Very dangerous/ hazard occurs with warning.
	9
	Failure is hazardous and very dangerous but occurs with warning.  It can often mean non-compliance with regulations.

	Very high
	8
	Vehicle/ component inoperable (primary function is lost).  It involves major repair needed.  Safety has not been compromised and in compliance with safety regulations.

	High
	7
	Vehicle/ component is operational but at a reduced performance.  Repair work can be done with difficulty.

	Moderate
	6
	Primary function of vehicle/ component operational,  but comfort/ convenience is compromised.  Failure occurs in a area of the system.

	Low
	5
	Vehicle/ component is operable but at a slightly reduced comfort and performance is affected.  It creates enough performance loss for repair.

	Very low
	4
	Small failure which can be overcome by minor modifications.  There is no serious loss/ effect to the system/ component. Fitting and finishing failures are involved here.

	Minor
	3
	It causes little annoyance but no performance loss, minor rework  can be undertaken to solve.

	Very minor
	2
	System/ component is operating correctly with very little deterrence.  Failure is not observed easily.  Repairs may not be needed.

	None
	1
	No noticeable effect of the failure and does not affect the operating performance in any way.


Table 1: Severity scoring criteria (Borgovini, Rossi and Pemberton, 1996).





6.2 Occurrence
	Likelihood of failure
	Likelihood / Probability of Occurrence
	Rating
	Definition

	Very high
	Very high: failure is inevitable and persistent.
	10
	≥ 100 per thousand ≥ 1 in 10.

	High
	High : Similar processes have often failed.
	9
	50 per thousand 1 in 20.

	
	High: Repeated failures.
	8
	20 per thousand 1 in 50.

	
	High: Frequency failures.
	7
	10 per thousand 1 in 100.

	Moderate
	Moderately High: Frequent failures.
	6
	2 per thousand 1 in 500.

	
	Moderate: Occasional failures.
	5
	.5 per thousand 1 in 2000.

	
	Moderately Low: Infrequent failures.
	4
	.1 per thousand 1 in 10,000.

	Low
	Low: Few failures.
	3
	.01 per thousand 1 in 100,000.

	
	Very low: Isolated failures.
	2
	≤ .001 per thousand 1 in 1,000,000.

	Very low
	Remote: Failure unlikely.
	1
	Failure is eliminated through preventive control.


Table 2: Occurrence scoring criteria. (Borgovini, Rossi and Pemberton, 1996).











6.3 Detection
	No.
	Detection
	Rating
	Definition

	1
	Absolutely no detection of almost impossible
	10
	Almost certainly of non-detection.  No known controls capable to detect failure mode.

	2
	Very remote
	9
	Very less chance of detection  of failure by controls.

	3
	Remote
	8
	Controls have poor chance of detecting the failure mode.

	4
	Very low 
	7
	Very low chance of detection of failure mode by controls.

	5
	Low
	6
	Controls may detect the failure mode.

	6
	Moderate
	5
	Moderate chance of detection of failure by control.

	7
	Moderately High
	4
	Controls have a good chance to detect the failure mode.

	8
	High
	3
	Controls certainly detect the failures, automatic detection of failure by the process.

	9
	Very high
	2
	Control almost certain to detect failure mode.

	10
	Very high/ Almost certain
	1
	Certain detection of failure and controls.


Table 3: Detection scoring criteria. (Borgovini, Rossi and Pemberton, 1996). 








7.0 The Risk Priority Number
	Item/Function
	Potential failure mode
	Potential effect of failure
	Severity
	Potential causes/ mechanism of failure
	Occurrence 
	Current design controls prevention
	Detection
	RPN

	Brake lever - mounted on the handlebars for the rider to have enough leverage and travel to actuate the brake.
	Brake lever cut.
	No actuation of braking action.
	7
	Brake lever has not been designed to endure enough force.
	2
	Design review of brake lever
	4
	56

	
	Brake lever does not provide proper leverage of does not travel all the way.
	Brake level to tight or difficult to grip.
	5
	Brake lever clutch mechanism.
	3
	Ergonomic design for less force needed, easier operation.
	3
	75

	Brake cable - The brake cable allows adjustable and calibration movement between the brake lever and calliper.
	Cable brakes
	Failure of cable pull brakes, unable to close brake callipers
	6
	Cracks due to fatigue, due to inadequate cable diameter.
	3
	Check current cable diameter.
	5
	84

	
	
	
	7
	Corrosion on cable because of poor material unable to withstand tensile force.
	2
	Check current cables material and test tensile strength.
	4
	56

	
	
	
	4
	Cable tight from calliper to lever
	5
	Check cable length/ adjustability.
	2
	40

	Brake pads - Do not apply enough friction against the wheel rim to stop.
	Brake pads edge wear out.
	No ideal braking action.
	5
	Pads overhang with actuated little utilization of friction surface.
	2
	Review overhang of pads with plate.
	5
	50

	
	Does not provide enough friction force to allow wheel to stop.
	No/ little contact between brake pad and wheel.
	6
	Brake pads are not sufficiently sized thickness.
	3
	Review brake pads thickness.
	6
	108


In-order to calculate the RPN, it is the product of S*O*D.
Table 4: Effects, causes, current controls & Risk priority number.  (DFMEA of Bicycle System 2020).
7.1 FMECA report analysis
After prioritising the braking system according to their RPN, it was found that there is Insufficient friction delivered to wheel rim achieved the highest RPN which was 108, this indicates its very critical to the braking system.  Detailed prevention techniques will be listed below with recommended actions needed to reduce the risk priority number (RPN), overall lower the RPN values for all potential cause(s).

7.2 Risk priority graph

In order to understand the data in the FMECA table a graph has been compiled to show results of RPN.

Graph 1: Potential causes, RPN in-order of risk value.(Excel).

As you can see from the above graph the highest value is 108, brake pads were not sized correctly enough to cause enough friction for the wheel to stop.  However, fatigue brake cable came a close second.



8.0 Recommended actions/ actions taken / reduced RPN
	Item/Function
	Potential causes/ mechanism of failure
	Current design controls prevention
	Current RPN
	Recommended action
	Actions taken
	 Severity
	Occurrence   
	 Detection
	 New RPN

	Brake lever - mounted on the handlebars for the rider to have enough leverage and travel to actuate the brake.
	Brake lever has not been designed to endure enough force.
	Design review of brake lever
	56
	Durability test to be run and re-design lever system.
	Brake lever has been re-designed.
	3



	1



	9



	27




	
	Brake lever clutch mechanism.
	Ergonomic design for less force needed, easier operation.
	75
	Re-design of pivot point, mounts, brake lever.
	Brake lever has been re-designed.
	2


	2


	8


	32



	Brake cable - The brake cable allows adjustable and calibration movement between the brake lever and calliper.
	Cracks due to fatigue,
 inadequate cable diameter.
	Check current cable diameter.
	84
	Thickness of cable increased.
	Adequate cable diameter.
	4
	2
	7
	56

	
	Corrosion on cable, poor material unable to withstand tensile force.
	Check current cables material and test tensile strength.
	56
	Selection of new cable material and outer shell.
	Cable material changed
	2
	1
	9
	18

	
	Cable tight from calliper to lever
	Check cable length/ adjustability.
	40
	Cable length increase.
	Brake cable now given slack.
	2
	1
	8
	16

	Brake pads - Do not apply enough friction against the wheel rim to stop.
	Pads overhang with actuated little small friction surface.
	Review overhang of pads with plate.
	50
	Reduce overhang or minimal overhang of brake pads.
	Reduced overhang of brake pads.
	3
	1
	6
	18

	
	Brake pads are not sufficiently sized thickness.
	Review brake pads thickness.
	108
	Review brake pad thickness and dimensions.
	Re-designed brake pad to be thicker 
	4
	2
	8
	64


Table 5: Effects, causes, current controls & Risk priority number.  (DFMEA of Bicycle System 2020).
8.1 Reviewed Risk priority graph
After recommended actions and action taken were complete a new graph was compiled to show the reduction in RPN value. The aim was to reduce all RPN values by at least 50%.
Graph 2: Potential causes, reviewed RPN in-order of risk value.(Excel).

8.2 Comparison of  RPN values
Table below shows the reduction in RPN value with a percentage difference given.
	Potential cause(s).
	Original RPN
	Reviewed RPN 
	Difference (%)

	Cable to tight from calliper to lever
	40
	16
	60.00

	Pads overhang with actuated little utilization of friction surface.
	50
	18
	64.00

	Brake lever has not been designed to endure enough force.
	56
	27
	51.79

	Corrosion on cable because of poor material unable to withstand tensile force.
	56
	18
	67.86

	Brake lever clutch mechanism.
	75
	32
	57.33

	Cracks due to fatigue, due to inadequate cable diameter.
	84
	56
	33.33

	Brake pads are not sufficiently sized thickness.
	108
	64
	40.74


Table 6: Effects, causes, current controls & Risk priority number.  (DFMEA of Bicycle System 2020).
9.0 The advantages and disadvantages of FMECA

	Advantages
	Disadvantages

	
[1] The methodology is easy to learn and understand even by a complete novice. (Rausand, 2020).

[2] Focuses on each element of the system under analysis. (Robbins, 2020).

[3] Actions need are highlighted and steps can be taken to reduce failures in order of there quantitative RPN. (Zepf, 2002).

[4] Standardised approach to risk assessment and reduction. (Robbins, 2020).
	
[1] The process of FMECA can be expensive, time consuming and very tedious.(Rausand, 2020).

[2] If FMECA is applied too late it will not affect design decision making. (Chao and Ishii 2007).

[3] This method is not suitable for multiple failures. (Rausand, 2020).

[4] Human errors are often very easily forgotten about. (Rausand, 2020).


Table 7: Advantages & disadvantages FMECA.

10.0 Conclusion
Failure mode, effects and criticality analysis (FMECA) was carried out listing all possible failures of the racing bicycle braking system,  with its effects and causes.  Severity of failures, likeliness of the occurrence and detection were highlighted as areas of interest.  An RPN was then calculated for each of the potential situations.  When this area of interest was studied preventive measures could then be put in place for each failure mode in-order to reduce the risk of failure.
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Risk priority number assessment


Cable tight from caliper to lever	Pads overhang with actuated little ultization of friction surface.	Brake lever hasn’t been design to endure enough force.	Corrision on cable because of poor material unable to withstand tensile force.	Brake lever clutch mechanism.	Cracks due to fatigue, due to inadequate cable diameter.	Brake pads are not sufficienctely sized thickness.	RPN	
Cable tight from caliper to lever	Pads overhang with actuated little ultization of friction surface.	Brake lever hasn’t been design to endure enough force.	Corrision on cable because of poor material unable to withstand tensile force.	Brake lever clutch mechanism.	Cracks due to fatigue, due to inadequate cable diameter.	Brake pads are not sufficienctely sized thickness.	40	50	56	56	75	84	108	Potential cause(s)


RPN value



Reviewed risk priority
 number

New RPN	
Corrosion on cable because of poor material unable to withstand tensile force.	Pads overhang with actuated little utilization of friction surface.	Brake lever has not been designed to endure enough force.	Brake lever clutch mechanism.	Cable tight from calliper to lever	Cracks due to fatigue, due to inadequate cable diameter.	Brake pads are not sufficiently sized thickness.	18	18	27	32	16	56	64	Potential cause(s)


RPN value
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