


1. Abstract
An Assignment was posed to discuss how Fault Tree Analysis works using the context of making a cup of Tea. A basic Fault Tree was created, the provided values used to calculate the probability of success and further calculations were made when the chance of success alters due to Human Factors. 
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1. Introduction

A Report published by the University of Nottingham defines a Fault Tree as: “A Fault Tree represents the causes of a specified system failure mode in terms of the failure modes of the system components. The analysis of the fault tree can produce two types of result: qualitative and quantitative. Qualitative results specify the minimal combinations of component failures which result in system failure. Quantification provides the probability or frequency of the system failure mode.” [1]. Essentially, Qualitative refers to the “what” will go wrong and Quantitative  refers to “how often” malfunctions occur. 

1. Underlying Concepts

Fault Trees are made of various Events linked by Logic Gates, as shown in Figure 1. The Tree begins with a Top Event and spreads downwards into Basic Events and terminates with Basic Events as these are the simplest form of System Malfunction. Essentially, a Fault Tree Analysis exists to split a System Failure into its constituent “parts” to understand what can go wrong, how it can go wrong and how often it goes wrong [1].  

Top Events are the “head” of the Fault Tree and these refer to Accident Scenarios which represent a threat to Human Health or Life, or a Failure to Function by the System which could also lead to harm [1]. Predictably, this means that the Top Event should be treated with the greatest overall importance and the Likelihood and Severity of occurrence should be minimised as much as reasonably practicable. 
[image: ]Figure 1 – Basic Fault Tree Construction [1]


Intermediate Events are Accident Causes and their function is self-explanatory; they are contributing factors that lead to the Top Event occurring based on the Basic Events. These are the “midpoint” of the tree, they are intended to combine Basic Events into a single event for both brevity and show how combinations of Failures can lead to  Accidents [1]. 

Basic Events are the simplest part of a Fault Tree, they are the “building blocks” that allows the Accident Sequence to begin and without these, the rest of the tree cannot exist. Care should be taken to prevent these from occurring as their elimination prevents Accidents before the have a chance to occur. It should be noted that eliminating just one Basic Event from a “tree branch” does not make that branch irrelevant, it simply removes another contributing factor to an Intermediate Event.

These three types of Event are linked by Logic Gates are previously mentioned, ultimately they serve to show the relationship between Events and how they contribute to the Top Event. These function differently based on the type but for this exercise, only OR or AND gates are used.

OR Gates are used when one or more of the contributing Events occur and their Output is generated when the likelihood of each contributing Events are added together. The disadvantage of this is that if one of the Events are removed, by redesign or other such method, then the Output will still be generated (albeit with a lower overall probability) and will remain relevant to an Accident Sequence [1].
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Figure 2 – Or and AND Gates [1]

The Output of an AND Gate is generated if all Events occur, otherwise no result will be present, therefore eliminating one “feeding” Event will cause the rest of the Events to become irrelevant, so AND Gates can be treated as a Failsafe. In terms of Probability Calculation, AND Gates are multiplicative; the likelihood of all feeding Events are multiplied to create an Output, which may feed into further Gates [2].

1. Experiment Conditions

[image: ]For this scenario, the following Fault Tree was provided: 
Figure 3 – Fault Tree for Tea

This Fault Tree also included values to assign to each of the Basic Events and these would form the basis for the Probability calculations further on. 
	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 4 – Fault Tree Analysis Probability Values

[image: ]When Figure 4’s values are assigned to Figure 3’s Fault Tree, the following Tree was generated: 9.02E-7
1.7
4.9E-6
4.9E-3
0.8
0.9
0.6
0.9
0.9
0.8
1
0.1
0.99
0.01
0.7
0.7
0.1
0.01
1.5
0.72
1E-3
0.1
1.84

Figure 5 - Fault Tree Analysis with Probabilities Calculated

To calculate the Outputs from each Logic Gate, the behaviour of the Gates from Para iii must be used, AND Gates are to multiply Probabilities and OR Gates add them. To use the Power To Element AND Gate and Correct Drink OR Gate Intermediate Events as examples of the calculations: 
Correct Drink = Tea + Coffee
Correct Drink = 0.8 + 0.9
Correct Drink = 1.7


Figure 6 - Correct Drink OR Gate Calculation
Power To Element = Plugged * Switched * Power * Kettle Condition
Power To Element = 0.7 * 0.7 * 0.01 * 0.99
Power To Element = 4.9E-3





Figure 7 – Power To Element AND Gate Calculation


1. Experiment Results

Similar calculations as discussed in Para iv were applied to all other Logic Gates and some anomalous results were encountered, for example a final value of 9.02E-7 was reached to make a cup of Tea. For context, this shows that there was a 9 in 10 million chance of successfully making Tea, this does not seem accurate in the slightest.

On a similar vein, several calculations ended with a value exceeding 1. For a Fault Tree analysis, this is impossible because the maximum value that any Event may have is 1, which indicates 100 percent chance that event occurring. For either scenario, it would appear that the provided values are incorrect and produce Outputs that are entirely unrealistic for each Event. 

1. Conclusions

This exercise has been an introduction to Fault Tree Analysis and final probabilities reached, it fraught with frustration as the exercise is fundamentally backwards; a Fault Tree Analysis is intended to describe how a System fails and an Accident Scenario reached based on Component Failures leading to Accident Causes. It is not meant to describe how a System succeeds in it’s intended usage as described here. For example, if the task was to describe how the Kettle fails to function, it would be more appropriate to how a Fault Tree Analysis is intended to be used and more easily digestible as a result.
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