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[bookmark: _Toc196310110]Task Description
The task objective was to perform Fault Tree Analysis (FTA) on the process of Bill making a hot drink.  This was completed through the given Fault Tree diagram seen in Figure 1 and was calculated quantitatively using the basic event probabilities provided in Table 1.
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[bookmark: _Toc196309674]Figure 1 - Hot Drink Fault Tree Diagram
[bookmark: _Toc196309704]Table 1 - Basic Event Probabilities
	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



The scenario was then analysed where Bill wakes up in the middle of the night to make a cup of tea whilst fatigued which made ‘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’.  The chance of Bill’s success of making a cup of tea was then calculated using the updated probabilities.
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[bookmark: _Toc196310112]What is Fault Tree Analysis
Fault Tree Analysis is a deductive, top-down approach to determine the probability of an undesired event happening.  The event is normally the failure of a product, system or process and it is often used to analyze risk and safety issues.  It starts by firstly considering the unwanted event and the immediate events that could cause it.  These causes are then evaluated and broken down into further causes identifying pathways to find the root causes of the undesired event. [1]  
[bookmark: _Toc196310113]Fault Tree Diagram
A fault tree diagram is a key feature of FTA and is one of the first thing that would be produced when conducting FTA.  Although the diagram is not the end result or purpose of FTA, it allows for a visual display which is easy to interpret which can be very useful when analyzing complex systems. [2]
The Fault Tree diagram starts with an undesired event that is being analyzed which should be specific and measurable such as a system malfunction or component failure.  Factors and events that might contribute to its occurrence are then identified which generally fall into the category of basic or intermediate events.  Basic events are ones that can’t further be broken down into more events.  These are the most fundamental event in a Fault Tree diagram and represent the lowest level of events that can be analyzed.  Intermediate events are located in between the initial unwanted event and the basic causes.  These events are caused by other events which then cause other events until you end up with a basic event. [3] 
Fault Tree diagrams are constructed using Boolean logic gates where the relationship between the top-level unwanted event and the basic events is broken down through intermediate events.  The two main types of logic gates used in Fault Tree diagrams are AND and OR gates.  AND gates are used when all contributing factors must occur together for the event above to occur whereas the OR gate is used when any of the input events is sufficient to cause the event above it in the diagram. [4]
To quantify the risks associated with the undesired event, failure data would need to be gathered for the basic events in the diagram expressed as failure rates or probabilities.  These can then be used to calculate the aggregated risk of the top-level event and the most critical contributing factors.
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Using the diagram in Figure 1 and the probabilities in Table 1, the initial probability was calculated for Bill’s chance of success for making a cup of tea which can be seen in Figure 2.  


[image: ]
[bookmark: _Toc196309675]Figure 2 - Fault Tree Diagram at 100% operability
It can be noted that there is a cross over the coffee availability as the proforma specifically asks for Bill’s success rate of making a cup of tea.  From Figure 2, Bill’s initial success rate for making a cup of tea at 100% operability is 17%.
Bill’s success rate for making a cup of tea when fatigued using the probability modifiers mentioned in the task description was then calculated using the same Fault Tree diagram which is shown in Figure 3.
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[bookmark: _Toc196309676]Figure 3 - Fault Tree Diagram for new operability
Again, the coffee section was disregarded as the proforma asks for a cup of tea and in the red boxes are the areas affected by the new probabilities.  Bill’s ability to plug in and switch on the kettle dropped to 75% of normal and his ability to select a cup dropped to 90% of normal.  This gave a success rate of Bill making a cup of tea successfully while fatigued of 9%.
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From Figure 1, it can be seen that there is a mixture of AND gates and OR gates which are calculated using different formulas.  Some example calculations will be shown.
[bookmark: _Toc196310117]AND Gate
For the probability of there being power delivered to the element, there are 4 basic events with their respective probabilities connected to an AND gate seen in Figure 2.  The aggregated probability is calculated as follows:
[bookmark: _Toc196310088]Equation 1 - AND Gate: Power to Element



The same formula was used for all events connected by an AND gate to get the aggregated probability of the top level event.  For when Bill attempts to make a cup of tea when fatigued, shown in Figure 3, the same calculation was made but with the probability multipliers included in it:



From Figure 3 it can be seen that the probability of having a cup was 0.63 rather than 0.7 from Figure 2.  This was calculated using the probability multiplier that Bill’s ability to select a cup would drop to 90% of usual.  This was calculated as follows:




[bookmark: _Toc196310118]OR Gate
From Figure 3, it can be seen that the event of having Sugar is connected by an OR gate with 2 basic events on them which are White and Sweetener.  This means the Sugar event can be achieved by either of these events.  The calculation for this OR gate event is as follows:
[bookmark: _Toc196310089]Equation 2 - OR Gate: Sugar




[bookmark: _Toc196310119]Human Factors
Human factors play a crucial role in safety assessments in a variety of industries involving complex systems such as nuclear, aviation and healthcare.  The discipline acknowledge that human performance is variable, and that variability can lead to operator errors which can then become initiators to serious accidents.  Therefore, understanding and mitigating human error is essential to the reliability and safety of systems.  Human factors can be integrated into Fault Tree analysis to quantify the probability of human error and its impact on the system by using a variety of methods.
Unlike mechanical components whose reliability can often be quantified with relative ease, human behaviour is influenced by a plethora of factors that are both internal and external to the individual.  These factors can be split into 3 categories: individual, organisation and environment with different factors coming under each such as stress, workload, distractions, and human-machine interfaces.  Through combining human reliability analysis and the systematic breakdown governed by FTA, a more holistic view of operational risks can be achieved where identification of failure paths that may not be evident when not considering the impact of human interaction on systems. [5]
[bookmark: _Toc196310120]Conclusion
To conclude, with the given scenario and probabilities it can be deduced that Bill is not very good at making a cup of tea with only a 17% success rate normally and a 9% success rate when fatigued.  Although this is just a simple example with exaggerated figures, it can be seen how Fault Tree analysis can be used for large complex system to provide a visual representation of failure paths, identify root causes, and allow for resource prioritisation.  Including human reliability analysis in Fault Tree analysis also offers several advantages as it gives a more complete picture of system failures as human error is often the most significant contributor to accidents and system failures.
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