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Introduction 
A fault tree is a tool that can be used in risk analysis and safety engineering [1]. It is mostly used to identify root causes of failure and is represented as a diagram that resembles a tree, with the top of the tree representing an event and then branching down to various contributing factors or failures. 
Fault trees will often use logic gates to represent relationships between the events. These logic gates are symbols like ‘AND’ and ‘OR’ gates. In the case of an ‘AND’ gate, all connected events must occur for the top event to happen. These events can be given probabilities and using calculations an overall probability risk can be determined. 
Fault trees can be used in the calculation of both the probability of failure and the probability of success. The following report investigates using fault trees to calculate the probability of success.  


Calculation of probabilities
As mentioned in the previous section the use of ‘AND’ and ‘OR’ gates within fault trees. Using numerical probabilities along with common rules of probabilities for ‘AND’ and ‘OR’ gates. 

	
	‘AND’ Gate
	‘OR’ Gate

	Symbol 
	




	

	Rule
	Output can only occur when all inputs are ‘on’ (or all input Events need to be occurring in the branch below for the ‘and’ gate event to be successful) [2]. 
	Output can occur when one or more inputs are ‘on’ [3].
(in this instance either Event 1 OR Event 2 needs to occur for the event to occur) 

	Example 
	(E1)(E2)(E3)= probability of event occurring 
	1-(1-E1)(1-E2)=  probability of event occurring

	Numerical example 
	0.990.9= 0.891

	1-(1-0.8)(1-0.9)= 0.98     


Table 1: Logic Gate Rules


Traditionally ‘AND’, ‘OR’ & ‘NOR’ gates use Boolean algebra in the circuitry of digital or electrical devices for logic controllers. When being used in fault trees probability percentages are used where 1 is 100%.  






	Event
	Probability

	Tea availability
	0.8

	Coffee availability
	0.9

	Chance of leaky Kettle
	0.1

	Chance of water supply failure
	0.01

	Kettle reliability
	0.99

	Plug in operation reliability
	0.7

	Switch on reliability
	0.7

	Mains supply failure chance
	0.01

	Cup availability
	1

	Cup reliability
	0.7

	Milk availability
	0.9

	Milk freshness
	0.8

	Sugar availability
	0.6

	Sweetener Availability
	0.9


Table 2: Given Fault Probabilities







	Event
	Probability

	Probability 
opp

	Tea availability
	0.8
	0.2

	Coffee availability
	0.9
	0.1

	Chance of leaky Kettle
	0.1
	
0.9

	Chance of water supply failure
	0.01
	


	Kettle reliability
	0.99
	0.01

	Plug in operation reliability
	0.7
	0.3

	Switch on reliability
	0.7
	0.3

	Mains supply failure chance
	0.01
	

	Cup availability
	1
	Always available

	Cup reliability
	0.7
	0.3

	Milk availability
	0.9
	0.1

	Milk freshness
	0.8
	0.2

	Sugar availability
	0.6
	0.4

	Sweetener Availability
	0.9
	0.1

	Event
	Probability

	Probability 
opp

	Tea availability
	0.8
	0.2

	Coffee availability
	0.9
	0.1

	Chance of leaky Kettle
	0.1
	
0.9

	Chance of water supply failure
	0.01
	


	Kettle reliability
	0.99
	0.01

	Plug in operation reliability
	0.7
	0.3

	Switch on reliability
	0.7
	0.3

	Mains supply failure chance
	0.01
	

	Cup availability
	1
	Always available

	Cup reliability
	0.7
	0.3

	Milk availability
	0.9
	0.1

	Milk freshness
	0.8
	0.2

	Sugar availability
	0.6
	0.4

	Sweetener Availability
	0.9
	0.1





	Event
	Probability
	Human Factors influence 

	Tea availability
	0.8
	

	Coffee availability
	0.9
	

	No leaks in Kettle
	0.9
	

	Chance of water supply success
	0.99
	

	Kettle reliability
	0.99
	

	Plug in operation reliability
	0.7
	0.75

	Switch on reliability
	0.7
	0.75

	Mains supply availability 
	0.99
	

	Cup availability
	1
	0.9

	Cup reliability
	0.7
	0.9

	Milk availability
	0.9
	

	Milk freshness
	0.8
	

	Sugar availability
	0.6
	

	Sweetener Availability
	0.9
	



Table 3: Adapted Fault Probabilities












Fault tree probabilities have been adapted to the probability of eventual success rather than failure, the language used within the fault tree itself is what prompted this adaptation. With the addition of the human factors influence given in the right column and specifically where these human factors influence the individual events.     
	Event
	Probability


	Tea availability
	0.8

	Coffee availability
	0.9

	Chance of leaky Kettle
	0.1

	Chance of water supply failure
	0.01

	Kettle reliability
	0.99

	Plug in operation reliability
	0.7

	Switch on reliability
	0.7

	Mains supply failure chance
	0.01

	Cup availability
	1

	Cup reliability
	0.7

	Milk availability
	0.9

	Milk freshness
	0.8

	Sugar availability
	0.6

	Sweetener Availability
	0.9


Application of Human Factors
It is widely accepted that a significant portion of failures can be attributed to human error. 
Some of the biggest contributing factors to human error can be:
· Fatigue 
· Distraction 
· Workload 
· Competence time pressure 
· Morale 
· Poor design 
Aswell as many others [4]. It was highlighted in the brief given that:  
“Bill’s ability to plug in and switch on the kettle will drop to 75% of normal and his ability to select a cup will drop to 90% of normal” 
Due to this the probability of ‘cup reliability’ and ‘cup availability’ is now 0.63, derived from the original given probability of 1 and 0.7 and the 90% reduction. (0.71= 0.7) (0.70.90= 0.63).
[image: A diagram of a drink
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As seen in figure 1, Bill has a 10% probability of success to make himself a cup of tea when waking in the night. Figure 1: Fault Tree Diagram

Conclusions
This type of fault analysis can work well for simple systems like applied in this study. There could be more confusion when applied to a more complex system with many subsystems that each have an interaction e.g. between all ‘AND’ and ‘OR’ gates between each layer of a complex system. This type of fault analysis could quickly get large, cumbersome and difficult to follow. The calculations performed during this analysis had to be re-traced and repeated multiple times. The language used within the tree and probability table could be misinterpreted. The positive and negative language would need to be set to a standard for it to work efficiently as well as having a comprehensive human factors evaluation to give a more acute value of each human factors influence on probability. 
Other types of fault analysis could be used for example:  
· A reliability block diagram- this has benefits if used in conjunction with a fault tree due to the RBDs ability to viewing how component and subsystem combine to cause a system failure and for determining reliability from the critical components highlighted [5]. 
· Markov Analysis- can be used to analyse failure rate using a diagram to represent the parts or whole system in consideration. Markov Analysis has the ability to analyse and model complex systems however the largest limitation when using Markov analysis is the assumption of Markov property assuming future state depends only on the present state, and more often than not this largely does not hold true for real-world systems [6] [7]. 
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