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1. [bookmark: _Toc227588566]Introduction
Fault tree analysis (FTA) is a commonly applied engineering method for predicting the probability of failure identifying potential flaws in a system, widely used in the aerospace, nuclear, chemical, and automotive sectors [1][2]. 
FTA is a top-down approach to determine how and why a complex system can fail., i.e. through a fault. It involves breaking down the root cause of a failure (the top event) into its contributing factors using logic gates (ANDs and ORs) and represented graphically through a logic diagram known as a tree to identify potential failure modes and the associated probabilities [2]. 
The specific problem was outlined as a user has woken up in the middle of the night and wants to make a cup of tea. A base probability for their beverage making skills is outlined as well as fatigue multipliers to certain events. The problem requests proof of where the user’s key errors may lie when acting under fatigue and how fatigue alters the chance of success.
An example tree diagram was supplied in the proforma.
[image: ]
Figure 1 - Tree diagram


2. [bookmark: _Toc227588567]Calculation of Probabilities
Events A and B probabilities can be combined with the connective AND term to result in event C, where both events A and B must take place for C to be true. The resultant probability of event C, also described as P(A∩B), is given by

In set theory, this is referred to as an ‘Intersection’ of events A and B [3].
Events A and B probabilities can be combined with the connective OR term to result in event C. If outcomes A and B are mutually exclusive, then

If outcomes A and B are not mutually exclusive, then

P(C) can also be referred to as P(A ∪ B) or the ‘Union’ of events A and B [3].
The base probabilities of each individual action were given by the proforma and are listed in the table below.
	Event
	Probability

	Tea availability
	0.98

	Coffee availability
	0.98

	Chance of leaky Kettle
	0.001

	Chance of water supply failure
	0.01

	Kettle reliability
	0.99

	Plug in operation reliability
	0.89

	Switch on reliability
	0.89

	Mains supply failure chance
	0.01

	Cup availability
	1

	Cup reliability
	0.99

	Milk availability
	0.95

	Milk freshness
	0.95

	Sugar availability
	0.88

	Sweetener Availability
	0.99


Table 1 - Table of individual base probabilities
The individual events were grouped together in a tree diagram (Figure 2), and the resultant probability of each Intersection and Union was calculated, as was the overall probability of task completion.
	Total base chance 
	0.684918

	Hot water
	0.767805

	Cup
	0.99

	Ingredients in cup
	0.901056

	Correct drink
	0.9996

	Water in kettle
	0.98901

	Power to element
	0.776337

	Cup
	0.99

	Milk
	0.9025

	Sugar
	0.9988


Table 2- Table of applied base probabilities
The areas affected by fatigue and the probability change as a result was outlined in the proforma as a drop to 75% of normal ability to plug in and switch on the kettle, and a drop to 90% of normal ability to select a cup. The tree diagram was updated to reflect this (Figure 3).
	Total fatigued chance
	0.462319

	Hot water
	0.575854

	Cup
	0.891

	Ingredients in cup
	0.901056

	Correct drink
	0.9996

	Water in kettle
	0.98901

	Power to element
	0.582253

	Cup
	0.891

	Milk
	0.9025

	Sugar
	0.9988


Table 3 - Table of applied fatigued probabilities
	
	P(Base)
	P(Fatigued)
	Variance

	Total chance
	0.684918
	0.462319
	-0.2226

	Hot water
	0.767805
	0.575854
	-0.19195

	Cup
	0.99
	0.891
	-0.099

	Ingredients in cup
	0.901056
	0.901056
	0

	Correct drink
	0.9996
	0.9996
	0

	Tea availability
	
	
	 

	Coffee availability
	
	
	 

	Water in kettle
	0.98901
	0.98901
	0

	Chance of leaky kettle
	
	
	 

	Chance of water supply failure
	
	
	 

	Power to element
	0.776337
	0.582253
	-0.19408

	Kettle reliability
	
	
	 

	Plug in Operation reliability
	
	
	 

	Switch on reliability
	
	
	 

	Mains supply failure chance
	
	
	 

	Cup
	0.99
	0.891
	-0.099

	Cup availability
	
	
	 

	Cup reliability
	
	
	 

	Milk
	0.9025
	0.9025
	0

	Milk availability
	
	
	 

	Milk freshness
	
	
	 

	Sugar
	0.9988
	0.9988
	0

	Sugar availability
	
	
	 

	Sweetener availability
	 
	 
	 


Table 4 - Table of comparison between base and fatigued probabilities


3. [bookmark: _Toc227588568]Application of Human Factors
Fatigue was given as the cause for the errors in the user’s beverage making process.  Fatigue is a common cause of failure in people and is considered a ‘Human Factor’, often cited as one of the ‘Dirty Dozen’ [4]. The ‘Dirty Dozen’ are a set of failure modes that humans introduce into a system.
Major failure categories can be broken down into their base cause, either technical, human-factor-related, or potentially both.
	Potentially technical failures
	Potentially human factor failures

	Chance of leaky kettle
	Tea availability

	Chance of water supply failure
	Coffee availability

	Kettle reliability
	Plug in operation reliability

	Plug in operation reliability
	Switch on reliability

	Switch on reliability
	Cup availability

	Mains supply failure chance
	Milk availability

	Cup reliability
	Milk freshness

	
	Sugar availability

	
	Sweetener availability


Table 5 - Table of potential causes of errors
‘Plug in operation reliability’ and ‘Switch on reliability’ can be considered both a technical failure and a human factor failure as the failure could be down to a physical inability to plug in the kettle or switch it on by the user, which would be a human factor failure, or the equipment could be damaged or fail, the fuze of the plug might be blow, which would be a technical failure.
It can be argued that any failures due to reliability could be down to either poor build quality or lack of maintenance, both of which can be regarded as failures resulting from human factors. At some point a line must be drawn between what is and what is not a human factor related failure, since through a reductive enough lense everything becomes a human factor.


4. [bookmark: _Toc227588569]Conclusions
Initially, the main individual causes of failure lies with ‘Sugar availability’ at 0.88 probability and ‘Plug in operation reliability’ and ‘Switch on reliability’ both with a probability of 0.89. 
The relatively high chance of failure with both ‘Plug in operation reliability’ and ‘Switch on reliability’ both falling under the event category ‘Power to element’ combined with the fact that ‘Power to element’ has four sub events below it in the tree diagram, where other categories only have two, and thus even minor chances of error are compounded on to each other results in ‘Power to element’ being the main mode of failure in the system.
Once the fatigue multiplier is applied, the primary failure mode is once again ‘Power to element’, reduced from 0.776337 to 0.582253, a decrease of 19.4% chance to complete the task.
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6. [bookmark: _Toc227588571]Appendix 
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Figure 2 - Tree diagram for base probability
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Figure 3 - Tree diagram for fatigued probability
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