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Abstract

Fault Tree Analysis (FTA) is a deductive method used to identify how combinations of component failures and human errors lead to an undesired event. This report applies FTA to an everyday scenario – the preparation of a hot drink with milk and sugar. Probabilities were provided and the system was broken down into three subsystems – Hot water, Cup and Ingredients.
The probability of a successful drink being made under normal conditions was calculated as 0.69 demonstrating the effect of multiple events despite having high component reliability.
Human factors, fatigue, was then added in resulting in the probability of success dropping to 0.35, almost halving the system reliability. The results highlight the importance of including human factors into FTA.
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	AND
	Logical AND gate

	FTA
	Fault Tree Analysis

	P(F)
	Probability of failure

	P(A∩B∩C) 
	Probability of combined events under an AND gate

	P(A∪B)
	Probability of combined events under an OR gate

	OR
	Logical OR gate
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Fault Tree Analysis (FTA) is a top-down deductive failure analysis method. It starts with an undesired event and works the way back to the root cause of a fault. This process allows engineers to understand how component failures contribute to a system failure. [2] FTA was invented in 1961 in Bell Laboratories by H.A. Watson to help in the design of US Air Force’s Minuteman missile system. There are used today by system engineers in Aerospace, Manufacturing, Defence and many other sectors. It provides a way for companies to quantify risk and identify weaknesses in their system.
The FTA starts with a top event, which is the failure being investigated or consequence which needs to be avoided. In the later example the top event is the failure of Bill successfully making a cup of tea. Below the top event are intermediate events and basic events. Basic events are the root causes at the very bottom of a fault tree. They tend to be component failure, human error, software faults or environmental conditions. Between the basic event and top event are intermediate events. These are the effects of the basic events and cause of the top event. Intermediate events break the system failure into subsections creating groupings of failure. AND and OR gates are logic gates which connect basic events to intermediate and intermediate gates to the top event. An AND gate means that the event above the gate can only occur if both events below occur, whereas an OR gate means that just one event below would cause the event above the gate to occur.
[image: What Is Fault Tree Analysis (FTA)?]
[bookmark: _Toc233912611]Figure 1‑1 [1] Fault Tree Structure
This report will apply the use of FTA to an everyday scenario of Bill making a cup of tea. Using the probabilities provided the analysis will assess the likelihood of success under normal conditions and then re-assess the likelihood of success considering human factors when Bill is fatigued.

[bookmark: _Toc233916291]Calculation of Probabilities
The top event, preparation of a hot drink with milk and sugar, requires the success of the three subsystems, Hot water, Cup and Ingredients. Each of these subsystems sit under an AND gate, meaning that they all must be successful for the system to succeed. [3] To identify the probability of failure of the system, the probability of failure of each subsystem must be calculated and then multiplied by each other. P(A∩B∩C) = P(A)*P(B)*P(C). 
Therefore P(System Success) = P(Hot water)*P(Cup)*P(Ingredients)
The hot water subsystem consists of water being in the kettle with basic events of a water supply and no leaks, the element having power with basic events of the kettle being plugged in, being switch on, the mains supply being available and the kettle is functioning okay. The basic events under cup are the cup being in good order and available. All these basic events sit under an AND gate. The ingredients in cup subsystem consists of using the correct drink - Tea or coffee, sugar – white or sweetener, and milk which needs to be available and fresh.
The formula used to calculate the AND gates is explained above, however the ingredients in cup subsystem is also composed of OR gates. [3] The probability of at least one event being successful is calculated by P(A∪B)=1−(1−P(A))(1−P(B))
Hot water subsystem 1
1. Water in Kettle (AND gate)
Chance of water supply failure 0.01, therefore P(Water Supply) = 0.99
Chance of leaky Kettle 0.001, therefore P(No Leaks) = 0.999
The probability of failure is P(F)(0.99 x 0.999) = 0.98901

2. Power to Element (AND gate)
Plugged in reliability 0.89
Switched on 0.89
Mains supply failure chance 0.01, therefore P(Mains available) = 0.99
Kettle reliability 0.99
The probability of failure to power to the element is 
P(F)= (0.89 x 0.89 x 0.99 x 0.99) = 0.77633721

Probability of Hot water (AND gate)
P(F) Water in Kettle x P(F) Power to Element
0.98901 x 0.77633721 = 0.77 (2dp)

Cup subsystem 2
Probability of Cup
Cup reliability 0.99
Availability 1
P(F) = (0.99x1) = 0.99

Ingredient subsystem 3
1. Correct drink (OR gate)
Tea availability 0.98
Coffee availability 0.98
The probability of selecting the correct drink = 1 - (0.02 x 0.02) = 0.9996
2. Sugar (OR gate)
Sugar availability 0.88 therefore failure probability = 0.12
Sweetener availability 0.99 therefore failure probability = 0.01
The probability of sugar being input = 1 – (0.12 x 0.01) = 0.9988

3. Milk (AND gate)
Milk availability 0.95
Milk freshness 0.95
Probability of fresh milk input = P(F) = (0.95x0.95) = 0.9025
Probability of suitable ingredients in cup
P(F) Correct Drink x P(F) Sugar x P(F)Milk
(0.9996 x 0.9988 x 0.9025) = 0.90 (2dp)
Hot Drink Milk and Sugar (Top Event)
P(F) Hot water x P(F) Cup x P(F) Ingredients in Cup
P = (0.77 x 0.9988 x 0.90) = 0.69 (2dp)

[bookmark: _Toc233916292]Application of Human Factors
Human reliability is an important consideration in FTA, particularly if human interactions directly influence the basic events. Factors such as fatigue, stress, workload and environmental conditions will affect the probability of success for these events. Following the scenario above, human performance affects Bills ability to plug in and switch on the kettle and his ability to select a cup, which falls to 75% and 90% of Bills normal performance. The changes this makes to the calculations are as following.
Plugging in Kettle, previously 0.89 reduced to 75%.
0.89 x 0.75 = 0.67 (2dp)
Switching on Kettle, previously 0.89 reduced to 75%.
0.89 x 0.75 = 0.67 (2dp)
Selecting a cup, previously 0.99 reduced to 90%.
0.99 x 0.9 = 0.89 (2dp)
Hot Water
The water in kettle subsystem remains the same (0.98901), the power to element subsystem becomes Plugged in = 0.67, Switched on = 0.67, Mains = 0.99, Kettle okay = 0.99.
P(F)= (0.67 x 0.67 x 0.99 x 0.99) = 0.44 (2dp)
Cup
Becomes 0.89 (2dp)
Ingredients in cup
Remains unchanged = 0.90 (2dp)
Overall
P(0.44 x 0.89 x 0.90) = 0.35 (2dp)
Human factors have almost halved Bills chance of success whilst fatigued highlighting the importance of considering human factors whilst conducting FTA. 

[bookmark: _Toc233916293]Conclusion
The report applied Fault Tree Analysis to quantify the probability of successfully preparing a hot drink with milk and sugar. The probability of success under normal conditions was calculated as 0.69. Individually the probability of failure of each event was low, however the FTA has identified that the accumulation of multiple events, even in a basic task, has a significant effect on the probability of success of a system.
The introduction of human factors had an even greater effect, highlighting the importance that engineers factor in this consideration. The input of human factors reduced the probability of Bill successfully making a cup of tea from 69% down to 35%.
The highest risk event in this FTA was the plugging in of the kettle. Under normal conditions the probability of success was 0.89, making it the largest single contributor to system failure. Human factors reduced this further by 75% resulting in a probability of success of just 0.67.
The analysis reinforces the value of FTA in identifying crucial failure points and understanding how human performance interactions with system reliability. 
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