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[bookmark: _Toc195747869]Introduction to Fault Trees
A fault tree is defined as ‘a diagram providing a model of the interactions between the components of a system when a failure occurs’[1]. This simply means that a fault tree shows the flow of how different factors interact with each other to form a whole system and where the faults may stem from between these interactions. A fault tree analysis is commonly used in a system engineering capacity so that the user developing the tree can work out what the probability that any aspect is likely to fail and what external factors are likely to affect the outcome by inhibiting select processes within the tree.



[bookmark: _Toc195747870]Making a Hot Drink
A fault tree has been created (see figure below) to show the steps that a user would take to make a hot drink and what outcomes might happen due to these chosen steps.
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Figure 1 – Fault Tree

Each event in the tree is given a probability of being completed, this is shown in the table below. We take these probabilities and take them from 1 (1 – probability of completion) this is used to work out the chance of an event not being completed, the smaller the number the lower the chance of the event not being completed.

	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


Figure 2 – Probability Table

Working from bottom right of figure 1 across, the probability of each event is calculated to work out what are the chances that ‘Bill’ can successfully make a hot drink as outlined in the report brief.

P(Water in kettle) = 1 – [1 – P(Water supply failure)][1 – P(Water leak)
		= 1 – [1 – 0.01][1 – 0.1]
		= 1 – [0.99][0.9]
		= 1 – 0.89
P(Water in kettle) = 0.11

P(Power to kettle) = 1 – [1 – P(Plugged in)][1 – P(Switched on)][1 – P(Supply from mains)][1 – P(Kettle works)]
		= 1 – [1 – 0.7][1 – 0.7][1 – 0.01][1 – 0.99]
		= 1 – [0.3][0.3][0.99][0.01]
		=1 – 0.01
P(Power to kettle) = 0.99

P(Correct drink) = 1 – [1 – P(Tea)][1 – P(Coffee)]
		= 1 – [1 – 0.8][1 – 0.9]
		= 1 – [0.2][0.1]
		= 1- 0.02
P(Correct drink) = 0.98

P(Sugar) = 1 – [1 – P(White sugar)][1 – P(Sweetener)]
		= 1 – [1 – 0.6][1 – 0.9]
		= 1 – [0.4][0.1]
		= 1 – 0.04
P(Sugar) = 0.96

P(Milk) = 1 – [1 – P(Milk available)][1 – P(Milk fresh)]
		= 1 – [1 – 0.9][1 – 0.8]
		= 1 – [0.1][0.2]
		= 1 – 0.02
P(Milk) = 0.98

P(Hot water) = 1 – [1 – P(Water in kettle)][1 – P(Power to kettle)]
		= 1 – [1 – 0.11][1 – 0.99]
		= 1 – [0.89][0.01]
		= 1 – 0.01
P(Hot water) = 0.99

P(Working cup) = 1 – [1 – P(Not broken)][1 – P(Available)]
		= 1 – [1 – 0.7][1 – 0.9]
		= 1 – [0.3][0.1]
		= 1 – 0.03
P(Working cup) = 0.97

P(Ingredients in cup) = 1 – [1 – P(Correct drink)][1 – P(Sugar)][1 – P(Milk)]
		= 1 – [1 – 0.98][1 – 0.96][1 – 0.98]
		= 1 – [0.02][0.04][0.02]
		= 1 – 0.01
P(Ingredients in cup) = 0.99

P(Correct drink) = 1 – [1 – P(Hot water)][1 – P(Working cup)][1 – P(Ingredients in cup)]
		= 1 – [1 – 0.99][1 – 0.97][1 – 0.99]
		= 1 – [0.01][0.03][0.01]
		= 1 – 0.01
P(Correct drink) = 0.99

The above calculations show that given ideal conditions ‘Bill’ will be able to make a successfully hot drink with sugar and milk 99% of the time (assuming all values are rounded to 2 s.f.).

[bookmark: _Toc195747871]Effects of fatigue

According to the report brief when fatigued ‘Bill’s’ ability to plug in and switch on a kettle reduces to 75% of his original chance, his ability to select a working mug will also drop to 90% of it’s original probability. The affects that has on the overall process is shown in the calculations below.

P(Plugged in) = 0.7
P(Plugged in (F)) = 0.7 * 0.75
P(Plugged in (F)) = 0.53

P(Switched on) = 0.7
P(Switched on (F)) = 0.7 * 0.75
P(Switched on (F)) = 0.53

P(Working Cup) = 0.96
P(Working Cup (F)) = 0.96 * 0.9
P(Working Cup (F)) = 0.86
 
P(Power to kettle (F)) = 1 – [1 – P(Plugged in (F))][1 – P(Switched on (F))][1 – P(Supply from mains)][1 – P(Kettle works)]
		= 1 – [1 – 0.53][1 – 0.53][1 – 0.01][1 – 0.99]
		= 1 – [0.47][0.47][0.99][0.01]
		=1 – 0.01
P(Power to kettle (F)) = 0.99

P(Hot water (F)) = 1 – [1 – P(Water in kettle)][1 – P(Power to kettle (F))]
		= 1 – [1 – 0.11][1 – 0.99]
		= 1 – [0.89][0.01]
		= 1 – 0.01
P(Hot water) = 0.99

P(Correct drink) = 1 – [1 – P(Hot water (F))][1 – P(Working cup (F))][1 – P(Ingredients in cup)]
		= 1 – [1 – 0.99][1 – 0.86][1 – 0.99]
		= 1 – [0.01][0.14][0.01]
		= 1 – 0.01
P(Correct drink) = 0.99

As can be seen from the results, fatigue has a small affect on ‘Bill’s’ ability to make a hot drink.

[bookmark: _Toc195747872]Conclusion
In conclusion, a fault tree analysis is a good way of showing probabilities for simple tasks, as tasks get more complex and require more steps, it can grow large and hence more difficult to read.

I realised at the end of this report that I got confused at the beginning of the task and didn’t do different calculations for ‘and’ and ‘or’ gates, so if I were to complete this assignment again I would make sure to show that in my calculations.
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