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Fault tree analysis is top-down [1]method of breaking down potential failures down into contributing components. Fault tress analysis use logic gates [2] such as “and” and “or” to show how events effect the probability of the event above. Probabilities can be given for each contributing component can be compounded on each other to the resulting effect. 
In this report a fault tree is used to show the probability of successfully making a hot drink correctly, it also covers the effect of making the drink at day and night introducing human factors [3].
Fault tree analysis can be used to identify [4] hazards, weaknesses to improve system reliability. 
[bookmark: _Toc196671603]Fault Tree Construction
As stated above the fault tree analysis is to create a cup of tea this is then broken down into the Steps and components needed to be successful. This will go into the detail that to the operator might be assumed such as power available. 
Fault Trees can also be used to calculate probability of the success or failure of the events. Using the logic gates and probability maths the overall system probability can be calculated.
[image: ]

As shown above in between each level logic gates are used to show the relation ship of the factors to the level above. 
[image: ]This is the symbol of “and” [5] this means order for the level above to be successful all of the factors must be available to the operator. This effects how the probability is calculated for the outcome. The maths for the “and” operation is A*B = P of A and B [6]. 

[image: ]This is the symbol of “or” this means that for the level above to be successful the probabilities are added together. 1-( (1-A) *(1- B)) = P of A or B [6].

The drink is broken into the 3 components of Hot water, Cup and ingredients. The 3 components are then broken down another level into hot water – water in kettle, power to element. Cup – In good order, available. Ingredients in cup – Correct drink, sugar, milk.  These components are then broken down again into details such as water supply available, no water in kettle and Milk freshness. 
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The probability of each factor was provided for making a cup of tea in the daytime in this table.
	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 1 – Provided in Proforma
These probabilities are then affected when being completed at night by another probability shown below in the nighttime probability. The nighttime probability is calculated by multiplying the Daytime success rate by the night probability. The probability for Nighttime failure was calculated by 1 – Nighttime success rate.
All probabilities were used as decimals.

	Event
	Probability
	D S
	D F
	N S
	N F
	Night probability

	Tea availability
	0.8
	0.8
	0.2
	0.8
	0.2
	1

	Coffee availability
	0.9
	0.9
	0.1
	0.9
	0.1
	1

	Chance of leaky Kettle
	0.1
	0.9
	0.1
	0.9
	0.1
	1

	Chance of water supply failure
	0.01
	0.99
	0.01
	0.99
	0.01
	1

	Kettle reliability
	0.99
	0.99
	0.01
	0.99
	0.01
	1

	Plug in operation reliability
	0.7
	0.7
	0.3
	0.525
	0.475
	0.75

	Switch on reliability
	0.7
	0.7
	0.3
	0.525
	0.475
	0.75

	Mains supply failure chance
	0.01
	0.99
	0.01
	0.99
	0.01
	1

	Cup availability
	1
	1
	0
	0.9
	0.1
	0.9

	Cup reliability
	0.7
	0.7
	0.3
	0.7
	0.3
	1

	Milk availability
	0.9
	0.9
	0.1
	0.9
	0.1
	1

	Milk freshness
	0.8
	0.8
	0.2
	0.8
	0.2
	1

	Sugar availability
	0.6
	0.6
	0.4
	0.6
	0.4
	1

	Sweetener Availability
	0.9
	0.9
	0.1
	0.9
	0.1
	1


Figure 2 – Probability table with multiplier

Below is the nighttime fault tree with the complete maths.
	Nighttime

	Hot drink milk and sugar

	Success
	0.1027157531
	10.27157531
	Failure
	0.8972842469
	89.72842469

	hot water
	Cup
	Ingredients in cup

	0.2406947957
	0.63
	0.677376

	water in kettle
	power to element
	In good order
	available
	Correct drink
	sugar
	Milk

	0.891
	0.2701400625
	0.7
	0.9
	0.98
	0.96
	0.72

	Water supply
	No leak
	Plugged in
	Switched on
	mains supply
	kettle ok
	
	
	Tea
	Coffee
	White
	Sweetener
	Available
	fresh

	0.99
	0.9
	0.525
	0.525
	0.99
	0.99
	
	
	0.8
	0.9
	0.6
	0.9
	0.9
	0.8


Figure 3 – fault tree excel calculator Nighttime
Below is the daytime fault tree with completed maths.
	Day time

	Hot drink milk and sugar

	Success
	0.2028953147
	20.28953147
	Failure
	0.7971046853
	79.71046853

	hot water
	Cup
	Ingredients in cup

	0.427901859
	0.7
	0.677376

	water in kettle
	power to element
	In good order
	available
	Correct drink
	sugar
	Milk

	0.891
	0.480249
	0.7
	1
	0.98
	0.96
	0.72

	Water supply
	No leak
	Plugged in
	Switched on
	Mains supply
	kettle ok
	
	
	Tea
	Coffee
	White
	Sweetener
	Available
	fresh

	0.99
	0.9
	0.7
	0.7
	0.99
	0.99
	
	
	0.8
	0.9
	0.6
	0.9
	0.9
	0.8


Figure 4 – fault tree excel calculator daytime

	1
	Day
	Night

	Pass
	20.28953147
	10.27157531

	Fail
	79.71046853
	89.72842469


Figure 5 – Final table calculator

[bookmark: _Toc196671605]Results
As shown above the nighttime has a far lower probability of success then in the day. The day times has about double the success rate 20.2% compared to 10.2%. The reason that the probability of success decreased at night is due to human factors such as fatigue, this is discussed further on the report. The Success rate is low due to the combination of lots of different components in which they are all necessary therefore all the probabilities multiplying to create a low probability.
[bookmark: _Toc196671606]Limitations
There are some limitations with the data we used to complete the probability calculations. 1 doesn’t account for human factors i.e. fatigue, distractions, complacency, malicious compliance [3]. 2. The probability will not always be the same and may not be accurate to the operator as this doesn’t account for familiarity with the tooling or beverage. 
Human factors are in all components of human interaction and is crucial to a process. Human factors are normally categorised into slip and lapses, Slips are unintentional actions and lapses is forgetfulness. In Health care 80% of errors are contributed [7] to human errors, another report suggests 75-100% of incidents human factors [8] are a leading contribution. Human errors can be more prevalent from fatigue, Stress, distraction and lack or training.  Example of human factors is adding too much milk into the tea; The person hasn’t failed the described task but isn’t completed to satisfactory condition therefore leading to a dissatisfactory product.

[bookmark: _Toc196671607]Conclusion
The fault tree shows how the probability changes from day to night due to human factors. The Human factor drastically increases the probability of failing.
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