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[bookmark: _Toc197346985]Introduction
Falt tress analysis is a way to break down any a process from the top down to see any potential causes of failure and the likelihood of a successful outcome. Starting at the wanted outcome the process is broken down to what needs to be done successfully for it to be a success. These smaller tasks are then broken down even more till the lowest level failures are reached. Probabilities are then assigned to each step in the process. This type of analysis helps determine where there are higher potential failures to help guide process improvement.[1]
In this report a fault tree analysis will be applied to the process making a hot drink, in two separate scenarios where the environment impacts the statistical likelihood of one being complete therefore the overall likely hood is then changed. 
[bookmark: _Toc197346986]Calculation of probabilities.
Probabilities are calculated by ‘and’/’Ors.’ If something must happen for the next step to take place then these values are multiplied together, however if either option could be used then they are added together, that probability is then subtracted by the two probabilities multiplied. Formulars are shown below. 
P(A) and P(B) = P(A)*P(B) 
P (A or B) = P(A) + P(B) − P(A and B)

Bill wants to make a cup od tea, process chart is shown below in figure 1. 
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[bookmark: _Toc197341483][bookmark: _Toc197341580]Figure 1 - A hot drink fault tree.
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[bookmark: _Toc197346987]Senario 1 
Bill has woken up and would like to make a walk drink, the likelihood of success of each stage is shown below in table 1.
[bookmark: _Toc197341457][bookmark: _Toc197341599]Table 1 - Scenario 1 Probability
	Event
	
	Probability
	Success 
	fail 

	Tea availability
	P1
	0.8
	0.8
	0.2

	Coffee availability
	P2
	0.9
	0.9
	0.1

	Chance of leaky Kettle
	P3
	0.1
	0.9
	0.1

	Chance of water supply failure
	P4
	0.01
	0.99
	0.01

	Kettle reliability
	P5
	0.99
	0.99
	0.01

	Plug in operation reliability
	P6
	0.7
	0.7
	0.3

	Switch on reliability
	P7
	0.7
	0.7
	0.3

	Mains supply failure chance
	P8
	0.01
	0.99
	0.01

	Cup availability
	P9
	1
	1
	0

	Cup reliability
	P10
	0.7
	0.7
	0.3

	Milk availability
	P11
	0.9
	0.9
	0.1

	Milk freshness
	P12
	0.8
	0.8
	0.2

	Sugar availability
	P13
	0.6
	0.6
	0.4

	Sweetener Availability
	P14
	0.9
	0.9
	0.1



Using the fault tree in figure 1 the likelihood of success can be calculated as shown below. 
[bookmark: _Hlk197338422]
[bookmark: _Toc197346988]Stage 1 Hot Water
Water in kettle= P3andP4 = 0.99*0.9 = 0.891
Power to element = P5 and P6 and P7 and P8= 0.99*0.7*0.7*0.99 = 0.480249
P(Hot) =0.427902 (6 significant figures)

[bookmark: _Toc197346989]Stage 2 Cup
Cup = P9 and P10 =1*0.7 = 0.7 
P(Cup) =0.7

[bookmark: _Toc197346990]Stage 3 ingredients 
Correct drink = P1 OR P2 = (0.8+0.9) – (0.9*0.8) = 0.98
Sugar = P13 OR P14 = (0.6 + 0.9) – (0.6*0.9) = 0.96
Milk = P11 and P12 = 0.9*0.8 = 0.72
P(Ingredients) = 0.677376

[bookmark: _Hlk197346594][bookmark: _Toc197346991]Overall drink 
P (Hot drink) = P(Hot)+P(Cup)+P(ingredients)
	          = 0.427902*0.7*0.677376
	         = 0.203 (3 significant figures)
[bookmark: _Toc197346992]Scenario 2
Bill has woken up in the middle of the night, his ability plugs in and swich on the kettle has dropped to 75% of the normal and his ability to select a cup is 90% of the normal the new statistics are shown in table 2. 
[bookmark: _Toc197341600]Table 2 - Scenario 2 probabilities
	Event
	
	Probability
	new prob 
	prob
	success
	failure

	Tea availability
	P1
	0.8
	
	0.8
	0.8
	0.2

	Coffee availability
	P2
	0.9
	
	0.9
	0.9
	0.1

	Chance of leaky Kettle
	P3
	0.1
	
	0.1
	0.9
	0.1

	Chance of water supply failure
	P4
	0.01
	
	0.01
	0.99
	0.01

	Kettle reliability
	P5
	0.99
	
	0.99
	0.99
	0.01

	Plug in operation reliability
	P6
	0.7
	0.49
	0.3675
	0.3675
	0.6325

	Switch on reliability
	
	0.7
	
	
	
	

	Mains supply failure chance
	P7
	0.01
	
	
	0.99
	0.01

	Cup availability
	P8
	1
	0.7
	0.63
	0.63
	0.37

	Cup reliability
	
	0.7
	
	
	
	

	Milk availability
	P9
	0.9
	
	0.9
	0.9
	0.1

	Milk freshness
	P10
	0.8
	
	0.8
	0.8
	0.2

	Sugar availability
	P11
	0.6
	
	0.6
	0.6
	0.4

	Sweetener Availability
	P12
	0.9
	
	0.9
	0.9
	0.1



[bookmark: _Toc197346993]Stage 1 Hot Water
Water in kettle= P3andP4 = 0.99*0.9 = 0.891
Power to element = P5 and P6 and P7 = 0.99*0.3675*0.99 = 0.360187 (6 Significant figures)
P (Hot water) = 0.793881
[bookmark: _Toc197346994]Stage 2 Cup
Cup = 0.63

[bookmark: _Toc197346995]Stage 3 ingredients 
Correct drink = P1 OR P2 = (0.8+0.9) – (0.9*0.8) = 0.98
Sugar = P11 OR P12 = (0.6 + 0.9) – (0.6*0.9) = 0.96
Milk = P9 and P10= 0.9*0.8 = 0.72
P(Ingredients) = 0.677376

[bookmark: _Toc197346996]Overall drink 
P (Hot drink) = P(Hot)+P(Cup)+P(ingredients)
	          = 0.793881*0.63*0.677376
	         = 0.338 (3 significant figures)
[bookmark: _Toc197346997]Application of Human Factors
Human factors is a study of how people interact with the process and potential areas where this interaction could increase the likelihood of a failure in the process. These errors could be known or known by the operator. Two ways in which human factors apply is the cognitive and physical. If the task to challenging or tedious to completely humas will make short cuts or skip steps to make it seem more achievable increasing the probability of a failure. However, on the cognitive side the operator may be fatigued meaning a reduced focus and precision when using the equipment decreasing the changes of success [2]
Some ways human factors can be reduced is having a good safety culture so mistakes can be reported early and managed before they can affect the outcome, if possible, Regular training and easy to follow operator instructions to reduce the likelihood of short cuts. [3]
Its important to look at the human factors’ element as well as the fault tree to get a broader understanding of the process and how the likely hood can change depending on the context, analysing both together gives u a truer likelihood of success overall.
In Bills case the two scenarios had different likelihood of successes although the operation and equipment stay the same this showed that the likelihood of an unsuccessful outcome increased when Bills ability to do the task decreased. This shows the effect of human factors on an operation. 
If bill wanted to increase his chances of success, then we can look at the main difference in scenario 2 being the plug in and switch on of the kettle as well as the selection of the cup. To reduce the effect of human factors the cup could already be set up before the operation take place. The kettle could also already be plugged in so that step would not have to be completed before hand therefore lowering chances of a mistake. 
[bookmark: _Toc197346998]Conclusions
The fault tree analysis help break down all the potential errors within a process to help see where they could be improved, in the two scenarios it highlighted they effect of human factors on the ability to complete the task. This also show cased that a fault tree alone is not a definitive probability it needs to be done alone side a human factors analysis for a closer to real life result. 
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