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Introduction 
Fault Tree Analysis (FTA) is a structured method used in systems engineering to analyse how failures within a system can lead to an undesired outcome. It works by starting with a top-level event and breaking it down into smaller contributing events using logical relationships such as AND and OR gates. This allows the probability of success or failure to be calculated based on the reliability of individual components [1].
In this report, FTA is applied to a simple everyday task: making a cup of tea (or coffee). Although this appears straightforward, the process involves multiple steps, including the availability of materials, the functionality of equipment, and human interaction. Each of these elements contributes to the overall probability of success.
The aim of this report is to calculate the probability of successfully making a cup of tea under normal conditions and then to evaluate how human factors, specifically fatigue, affect this probability. This demonstrates how FTA can be used to identify weak points within a system and assess how performance can change under different conditions.

Fault Tree Structure
The process of making a cup of tea can be broken down into three main elements:
· The kettle system functioning correctly
· Availability of ingredients
· Availability of a usable cup
These elements must all occur for success, meaning they are connected using an “AND” relationship.
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Calculation of Probabilities
Kettle System
The kettle system requires all components to function correctly, so the probabilities are multiplied:
· Kettle reliability = 0.99
· Plug-in reliability = 0.89
· Switch-on reliability = 0.89
· Water supply reliability = 0.99
· Mains supply reliability = 0.99
· No leak probability = 0.999
P(Kettle) = 0.99 x 0.89 x0.89 x 0.99 x 0.99 x 0.99 = 0.768

Ingredients and Cup
Milk must be both available and fresh:
P(Milk) = 0.95 x 0.95 = 0.9025
Cup must be available and usable:
P (Cup) = 1.00 x 0.99 = 0.99 
Other required probabilities:
· Tea availability = 0.98
· Sugar availability = 0.88

Overall Probability of Success
All components must succeed:
P(Success) = 0.99 x 0.768 x 0.98 x 0.9025 x 0.88
Step-by-step:
0.99 x 0.768 = 0.768
0.7603 x 0.98 = 0.7451
0.7451 x 0.9025 = 0.6724
0.6724 x 0.88 = 0.5917





Final Result (Normal)

P(Succes) ≈ 0.592 (59.2%)
This shows that even under normal conditions, the system is not perfectly reliable.

Human Factors  
Human factors play an important role in overall system performance, particularly in tasks that rely on manual actions [2]. In this scenario, fatigue affects the ability to carry out key steps such as plugging in and switching on the kettle, as well as selecting a suitable cup. According to the brief, both the plug-in and switch-on operations are reduced to 75% of their normal reliability, while cup selection is reduced to 90%. Applying these reductions, the plug-in reliability decreases from 0.89 to 0.6675, and the switch-on reliability also decreases from 0.89 to 0.6675. Similarly, cup reliability is reduced from 0.99 to 0.891. These changes illustrate how fatigue can significantly reduce the likelihood of successful task completion, particularly when multiple human-dependent steps are involved in the system.
Adjusted values:
· Plug-in = 0.89 x 0.75 = 0.6675
· Switch-on = 0.89 x 0.75 = 0.6675
· Cup reliability = 0.99 x 0.90 = 0.891

New Kettle Probability

P (Kettle) = 0.99 x 0.6675 x 0.6675 x 0.99 x 0.99 x 0.999 ≈ 0.432

New Overall Probability

P (Success) = 0.99 x 0.432 x 0.98 x 0.9025 x 0.88

Step by step:
0.99 x 0.432 = 0.4277
0.4277 x 0.98 = 0.4191
0.4191 x 0.9025 = 0.3784
0.3784 x 0.88 = 0.3328




Final Result (Fatigue)
P(Success) ≈ 0.333 (33.3%)


Discussion
The results show that the probability of successfully making a cup of tea under normal conditions is approximately 59.2%. While this may initially seem low for such a simple and familiar task, it reflects the number of individual steps involved and the dependency between them. Each stage in the process must be completed successfully, meaning that even small risks at each step accumulate and reduce the overall reliability of the system [3]. This demonstrates how systems that appear straightforward can still have a relatively high chance of failure when broken down into their individual components.
When fatigue is introduced, the probability of success drops significantly to around 33.3%. This highlights the strong influence of human factors within the system [4]. Tasks such as plugging in and switching on the kettle are critical steps, and any reduction in human performance has a large effect due to the multiplicative nature of the fault tree. A small decrease in reliability at one stage can significantly impact the final outcome, especially when several human-dependent actions are required in sequence.
This analysis clearly shows that human interaction is one of the weakest points in the system. While the technical components, such as the kettle and power supply, are relatively reliable, human performance introduces variability and increases the likelihood of failure. This is particularly important in real engineering systems where safety and reliability are critical. In practice, this suggests that improvements could be made by reducing reliance on human input, for example through automation or fail-safe design features. Additionally, clearer procedures, better training, and improved ergonomic design could help minimise human error. These findings reinforce the importance of considering both technical and human elements when analysing and designing reliable systems [5].

Conclusions
This report has demonstrated how Fault Tree Analysis (FTA) can be used to evaluate the probability of success in a simple system. Under normal conditions, the probability of successfully making a cup of tea is approximately 59%, which shows that even everyday tasks involve multiple dependent steps that can introduce risk. When fatigue is considered, this probability reduces significantly to approximately 33%, highlighting the impact that reduced human performance can have on overall system reliability. The results clearly show that human factors play a major role in system performance, particularly when tasks rely on manual actions such as operating equipment or making decisions. The analysis demonstrates how multiple small risks, when combined, can significantly reduce overall reliability due to the multiplicative nature of the system.
Overall, FTA has proven to be a useful and effective tool for identifying critical points within a system and understanding how different factors influence performance. It allows engineers to break down complex processes into manageable parts and assess where failures are most likely to occur. This approach can be applied to more complex engineering systems to improve reliability and reduce the likelihood of failure. It enables engineers to prioritise improvements by focusing on the most critical failure points. By addressing these areas, system performance and safety can be significantly enhanced.
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