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1. [bookmark: _Toc227313132]Abstract
A short calculation report, considering the concept of a fault tree analysis, the mathematics behind them & their implementation to consider the failure probability within complex systems. Human factors are also considered, and their influence on the probability of successful manufacturing a hot cup of tea.
2. [bookmark: _Toc227313133]Introduction
A fault tree analysis is a tool which may be used to determine the causes of a system failure (product or process) by identifying root causes, their probabilities & relationships [1]. This allows the user to determine the reliability or safety of complex systems, and the identification of critical elements which could result in failure [1]. This fault tree is built upon the concept of coherent structure failure [2], which assumes that the where components (or process steps) fail the probability of system failure shall only increase [2]. The fault tree is constructed using Boolean logic, specifically and / or gates, which can be used in conjunction with quantative probabilities to mathematically solve the probability of system failure [1].
Human factors is the study of human influence in process; their interaction with the process, their working conditions, the complexity of the task and the wider factors which may influence their ability to succeed in carrying out their task [3]. In high hazard processing or where a product may pose a high hazard, a human factors analysis (HFA) is undertaken to better understand the potential failure modes, and identify improvements which could reduce these failures [3].
In this study, the probability of failure during the manufacture of a hot beverage shall be investigated, through fault tree analysis. Once completed, the effects of human factors on this process shall be incorporated to further develop the scope of the study.

3. [bookmark: _Toc227313134]Fault Tree Analysis
[bookmark: _Toc227313135]3.1 Theory
In terms of the given problem, the manufacture of a hot beverage, the process is broken down into individual steps required to complete each process task. The probabilities of the initial tasks are defined; these can then be calculated through a series of equations to determine the overall probability of success.
3.2 [bookmark: _Toc227313136]Calculation
To calculate the probability of successful completion of the process, the probabilities are calculated from the base to the final level. Figure one below depicts the probabilities and their identifies through equations one to nine. Equation one gives the probability of success in the operation of manufacturing a hot cup of tea at 0.6849 (rounded, full answer included in equation one).
[image: ]
Figure 1 – Fault tree with probabilities & Algebraic identifiers.
The first calculations consider the probability of successfully having water in the kettle to enable boiling of water. Equation one defines the calculation required, where an “and” gate is present, the probabilities are multiplied to determine the combined probability. The specified probability defines the probability of the kettle leaking; therefore, the inverse is required.


Equation 1 – Calculation of probability of water in kettle.
This process is then repeated in equations two and three, where the same logic is used to determine the probabilities of power being available to the heating element within the kettle, and that milk of suitable quality is available.

Equation 2 – Calculation of probability of power available to kettle element.

Equation 3 – Calculation of the probability that milk is available.
Next the “or” gates shall be considered. As the specified drink required is tea, the probability of accidentally making coffee should be considered. The probabilities are considered using the “or” gate logic, whereby the inverse of each is found before multiplying both & finding the inverse of the result. This is shown in equation four.

Equation 4 – Calculation of probability that correct drink is chosen
In terms of the addition of either white sugar or sweetener, no option is specified in the technical description of the tea as to the preference, therefore, the calculation shall be considered as a standard or gate, where the inverse is found as detailed in equation five below.

Equation 5 – Calculation of the probability that correct additive is added.
Next, the probabilities are followed up the tree to the next stages (Hot water, Suitable Cup & Ingredients in cup). These are all “and” gates, and as such the same logic applies where the probabilities are multiplied together for each. This is detailed in equations six, seven and eight below.

Equation 6 – Calculation of hot water probability of success.

Equation 7 – Calculation of probability that a cup shall be available.

Equation 8 – Calculation of probability that all relevant ingredients are in cup.
Finally, these probabilities are again related by an “and” gate, as such they are multiplied to determine the final probability as defined below in equation nine.

Equation 9 – Calculation of final probability.
The probability of successfully manufacturing a cup of tea is therefore 0.6849175139017.



4. [bookmark: _Toc227313137]Incorporation of Human Factors
The operation shall now be completed at a different time of day, specifically during the night. This shall influence the chance of success, as humans are less likely to complete tasks correctly at night. The given multipliers affect the ability to plug in & switch on the kettle, as well as the ability to select a suitable cup. The specific effect is shown in figure 2. Equations two, six, seven and nine shall remain the same as section three, as there is no change to their value or influence from the changes.
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Figure 2 – Fault tree for manufacture of a cup of tea, considering human factors.
Firstly, the plugged in & switched in values are multiplied to determine the new values, this is done within equation ten as well as determining the overall probability of having power supplied to the heating element.

Equation 10 – Determining the probability of having power supplied to element with human factors considered.
Next, the probability of selecting a suitable cup is considered. Again, the probability is multiplied by the percentage to determine the new value, however in this calculation both “in good order” and “available” are considered. This is defined below in equation eleven.

Equation 11 – Determining the probability of selecting a suitable mug.
Finally, these changes are flowed up the tree. To determine the new probability of having hot water available, the “and” gate probabilities below are multiplied in equation twelve. As the probability of selecting a suitable cup is at the final and gate, it is simply inputted into the final calculation as described in equation thirteen.

Equation 12 – Determining the probability of having hot water available.

Equation 13 – Determining the probability of successfully manufacturing a cup of tea considering human factors.
As described in equation thirteen, the final probability of successfully manufacturing a cup of tea, while considering human factors results in a probability of 0.34673949141274.
5. [bookmark: _Toc227313138]Conclusions
In terms of the results, the implementation of human factors considerations made a major difference to the probability of success, highlighting the importance of including these considerations, as in a real-world context these shall always apply, whether the cause of failure being deliberate, a task performed in the wrong order or the wrong material [4].A more complex investigation may be undertaken utilizing a “human factors assessment” to consider the human interaction with the system and any potential failure points.
In conclusion, fault tree analyses may be utilized to consider the probability of failures occurring in complex systems, especially where relationships exist which may only result in failure if all events occur, or where only one event may be required [5]. They may also be used as described in this report to determine the probability of success.
In summary, fault tree analyses are a critical tool for use in the design of complex systems, especially where the result of a failure could result in a major hazard scenario. In terms of a real-world context, these should be utilized alongside other toolsets, such as hazard identification & operability studies to determine the consequences and therefore criticality of failures. A failure mode evaluation assessment may also be undertaken to better understand the methodology and context of any failures.
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