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[bookmark: _Toc194057629]1 Fault Tree Analysis (FTA)  
1.1 [bookmark: _Toc194057630]What is an FTA?

A Fault Tree Analysis (FTA) is a block diagram which can be used to display and highlight potential low-level failures which may source high-level failure in a system or process. It can account for a combination of failures which could enable full system failure and hence allows for the introduction of engineering or procedural controls which may make a system or process more robust. The FTA is a probabilistic safety management system for a process and therefore enables for accurate values to be given for the probability of success for undertaking a specific process. An FTA is beneficial for users to understand where failure modes can occur from a top-down view. A FTA can be used as an alternative to a Failure Mode Evaluation and Analysis (FMEA) table as it focuses on all system failures that may occur which could cause system failure whereas FMEA conducts analyses on all failures irrespective of the severity [1]. FTA diagrams are predominantly used by designers, safety case engineers, safety engineers, project managers and manufacturing engineers. This allows these stakeholders to undertake root cause analysis as to system failures and implement Lines of Defence (LOD) in the workplace or system safety measures which enable the decrease of system failure likelihood whilst also integrating a probabilistic view of the safety of a system or process [2]. In Figure 1 an example of an FTA for the overheating of a motor is displayed. 
[image: What is Fault Tree Analysis (FTA)?]













[bookmark: _Toc195453133]Figure 1- FTA Example of Overheating Motor [3]

1.2 [bookmark: _Toc194057631]How does an FTA work? 
The FTA process works by understanding the process of the system and how it operates through using the terminology of the process to integrate logic gates and accumulate the risk of a failure in the system to occur. The top-level failure is clearly labelled at the top of the FTA and the symbol underneath each heading symbolises the logic gate which is applicable for the failure to occur. More failures across the system are then stated which could have an impact on the top-level failure and these are connected to the top-level failure by logic gates (AND and OR gates). The process is repeated until the lowest events are captured and enable for robust prevention methods to be implemented.

 The FTA failures can then be calculated which allows for each failure to have a probabilistic assessment on the chance of failure. Depending on the logic gate type some values may be determined differently. For AND gate logic gates the values are multiplied and for OR logic gates the values are subtracted by 1 before being multiplied together and subtracted by 1 once more, this is analysed later in the report. This provides an overall probabilistic view of the failures throughout the process as well at the top-level probabilistic value for failure during the process. 
2 [bookmark: _Toc194057632]Make Hot Drink FTA 
[bookmark: _Toc194057633]2.1 FTA Calculation 
The FTA process for making a hot drink was undertaken using an event probabilistic table. This provided probability of non-availability values for each of the failures starting at low-level failures within the FTA and an FTA which required probabilistic values to be added for each failure within the diagram. The FTA and values are shown below in Figures 2 and Table 1. 
[image: ]
[bookmark: _Toc195453134]Figure 2-FTA Make Hot Drink Diagram










	Event 
	Probability of Failure 
	Probability of availability 

	Tea availability
	0.8
	0.2

	Coffee availability
	0.9
	0.1

	Chance of a leaky kettle
	0.1
	0.9

	Chance of water supply failure 
	0.01
	0.99

	Kettle reliability
	0.01
	0.99

	Plug in operation reliability
	0.3
	0.7N/0.525F

	Switch on reliability
	0.3
	0.7N/0.525F

	Main supply failure chance 
	0.01
	

	Cup availability
	0
	1N/0.9F

	Cup reliability
	0.3
	0.7

	Milk availability
	0.1
	0.9

	Milk Freshness
	0.2
	0.8

	Sugar reliability
	0.6
	0.4

	Sweetener availability
	0.9
	0.1




[bookmark: _Toc195449177]Table 1-Event Probability Table



This process commenced by calculating the events in terms of probability of availability in contrast to values being measured from the probability of non-availability. Two values were calculated separately as different failure opportunities were present due to user fatigue and hence decreased the likelihood of producing a hot drink correctly and therefore for a potential failure to ensue.  Below demonstrates the calculations produced in figure 4. 
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[bookmark: _Toc195453135]Figure 3-FTA probability Values for making a Hot Drink
[bookmark: _Toc194057634]2.2 Logic Gate Calculations 
[bookmark: _Toc194057635]2.2.1 AND Gate 
The formula for AND gates probability calculations consist of multiplying values from the low-level failures that may have an impact on high level failures within the system the value for the FTA for that factor within the process. The formula for this calculation is shown below in Equation 1.  


P(A n B n C )
[bookmark: _Toc194049554]Equation 1-AND Gate Formula
[bookmark: _Toc194057636]2.2.2 OR Gate Calculations 
The formula for OR logic gates probability calculations consist of taking each value and subtracting a value of 1, multiplying together the resultant values and then subtracting 1 once more to get the value for the FTA for that factor within the process. In equation 2 this is highlighted as the OR gate formula. 

P = 1- (1-[PA1]) (1-[PA2]) (1-[PA3])
[bookmark: _Toc194049555]Equation 2-OR Gate Formula [4]

[bookmark: _Toc194057637]3 Human Factors 
[bookmark: _Toc194057638]3.1 Human Factor considerations in FTA 
Due to the users’ fatigue state, the likelihood of a hot drink being manufactured correctly decreased and therefore two results were calculated showing likelihoods when the user is in a normal state versus when he is fatigued. The users’ ability to produce a hot drink was severely impacted particularly when plugging in the kettle as well as their ability to select a cup. The plugging in of the kettle success rate was 75% less when fatigued which took the probability value down from 0.7 during normal conditions versus 0.525 when the user was fatigued. In addition to this the users’ ability to select a cup would drop 90% of the probability event value when under a fatigued state. This therefore reduced the likelihood event of selecting a cup to a value of 0.9 compared to the value at normal conditions which was 1. The impact of this then influenced the multiplication of values and therefore produced an overall value of 0.101 when the user was fatigued in comparison to 0.201 as shown above in figure 3. 

4 [bookmark: _Toc194057639]Conclusion 
The FTA is a useful way to understand the potential failures which could cause a high-level system failure. It can be significantly affected by human factors which can significantly reduce the likelihood of success probability; however, this depends on the system or process being undertaken which is being analysed as part of the FTA. In this case the FTA likelihood of a hot drink being manufactured correctly is low in terms of the process which is being undertaken by the user, and this is made more unlikely due to the factor of fatigue. In this case the FTA demonstrates the impact to which human factors can have in a low-level task and the effect this can have to the overall process and the importance of preventing against human factors As Far as Reasonably Practicable (AFARP). From calculating the probable likelihoods for each failure, it can be estimated that tea, coffee and sweetener non-availability are the most likely to be the leading causes for failure to the hot drink making process. 


 5 References

[1] 	T. Hessing, “Fault Tree Analysis,” 60 study guide.com, [Online]. Available: https://sixsigmastudyguide.com/fault-tree-analysis/#:~:text=Fault%20Tree%20Analysis%20(FTA)%20is,level%20failures%20(top%20events).. [Accessed 27 March 2024].
[2] 	Rockwell Automation, “Fault Tree Analysis (FTA),” Rockwell Automation, [Online]. Available: https://fiixsoftware.com/glossary/fault-tree-analysis/#:~:text=Fault%20tree%20analysis%20(FTA)%2C,maintenance%20teams%20prioritize%20corrective%20actions.. [Accessed 28 March 2025].
[3] 	Fault Fixers, “Fault Tree Analysis (FTA),” Fault Fixers, [Online]. Available: https://www.faultfixers.com/glossary/fault-tree-analysis-fta. [Accessed 27 March 2024].
[4] 	Fault Tree Analysis FTA Explained With Example Calculation, /: The open educator, 2020. 



6 [bookmark: _Toc194057641]Appendix 
[image: A paper with writing on it

AI-generated content may be incorrect.]


















[bookmark: _Toc195453136]Figure 4-Hot water Calculation Working
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[bookmark: _Toc195453137]Figure 5-Cup Calculation Workings
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[bookmark: _Toc195453138]Figure 6- Ingredients in Cup Calculations Working
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[bookmark: _Toc195453139]Figure 7-Hot Drink Milk and Sugar Calculations Workings
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