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EXTENDED ABSTRACT
1. Introduction

Coal remains a critically crucial global energy resource, serving as a fundamental fuel for electricity
generation and steel production due to its abundance and cost-effectiveness (Xie et al., 2022). Modern
mining operations, particularly those employing the longwall method, increasingly depend on
sophisticated equipment such as shearer loaders. However, these complex systems operate under
exceptionally harsh conditions, making them susceptible to various failures and necessitating
advanced reliability assessment methodologies. Traditional approaches to reliability analysis,
including Fault Tree Analysis (FTA) and Reliability Block Diagrams (RBDs), exhibit significant
limitations in handling component interdependencies, dynamic probabilities, and common-cause
failures (Bobbio et al., 2001; Cepin, 2011; Weber et al., 2012). To address these shortcomings,
Bayesian Networks (BNs) have emerged as a robust probabilistic framework capable of modeling
complex causal relationships and enabling dynamic probability updates (Givehchi & Heidari, 2018;
Portinale & Bobbio, 2013). This study focuses on the shearer loader at the Tabas coal mine,
implementing a comprehensive three-phase methodology that involves FTA-based graphical
modeling, systematic conversion to BN, and critical component identification using Birnbaum's
Importance Measure. The effectiveness of this integrated FTA-BN approach has been validated
across various industrial applications, including power distribution systems (Hamza & Hacene,
2019), automatic sprinkler systems (Givehchi & Heidari, 2018), fire alarm systems (Jafari et al.,
2020), elevator braking systems (Jin et al., 2023), flare systems (Kabir et al., 2023), and mining truck
fleets (Rahimdel, 2024), demonstrating its robustness for reliability assessment and maintenance
optimization of critical mining equipment.

2. Methodology

This section presents the theoretical framework and procedural steps of the research. The study first
introduces the fundamental concepts of Fault Tree Analysis (FTA) and Bayesian Networks (BNs),
which serve as the primary reliability modeling tools. A systematic, step-by-step procedure is then
outlined for mapping the FTA structure to an equivalent BN representation.

Fault Tree Analysis (FTA)

Fault Tree Analysis (FTA) is a top-down, deductive graphical methodology used to identify and
examine potential causes of undesired system events (top events). This technique finds extensive
application in risk management, industrial safety, and system reliability assessment domains.

The graphical structure of FTA is based on Boolean logic, representing logical relationships between
component failures within a system. In this structure, the top event represents complete system
failure, which may result in either a total operational shutdown or significant performance
degradation of critical equipment, such as coal shearers. The analysis then decomposes this top event
by identifying intermediate and basic events, constructing the complete tree structure using logical
"AND" and "OR" gates.

Bayesian Network

A Bayesian network is a directed acyclic graph used to represent probabilistic relationships between
random variables. The network consists of a set of nodes (variables) and directed edges, in which
parent nodes influence child nodes.

Each child node has a conditional probability table (CPT), in which the probability of the node's
different states is determined by the states of its parent nodes (Langseth & Portinale, 2007). These
tables provide the basis for Bayesian inference and allow the calculation of posterior probabilities
after receiving new evidence.
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The joint probability distribution of all network variables is calculated using the Bayesian chain rule
and the combination of the conditional probabilities of the nodes. Subsequently, as new evidence or
data enter the network, the probability values are dynamically updated, leading to a more accurate
analysis of the system's behavior.

Mapping a Fault Tree to a Bayesian Network

Mapping a fault tree to a Bayesian network involves two main steps: graphical mapping and
numerical mapping. In the first step, graphical mapping, the events in the fault tree are converted to
nodes in the Bayesian network. In this process, the basic events are converted to root nodes,
intermediate events to intermediate nodes, and the top event to a leaf node in the Bayesian network.
In the second step, numerical mapping, the failure probability of each event is considered as a prior
probability for the corresponding nodes. Also, the logical gates “AND” and “OR” are represented in
the Bayesian network as conditional probability tables (CPTs) that capture the logical relationships
between events (Khakzad, 2019).

Birnbaum Importance Measure

The Birnbaum Importance Measure has been utilized to identify and prioritize critical system
components. This measure quantitatively assesses the impact of changes in component reliability on
overall system performance and can be effectively applied within Bayesian Networks. Sensitivity
analysis based on this measure enables precise evaluation of each component's influence on overall
system behavior. The identification and prioritization of critical components through this approach
leads to a significant reduction in failure rates and improvement in overall system performance.
(Guetarni et al., 2019).

3. Findings and argument

A fault tree analysis was systematically developed for the coal mine shearer loader through
hierarchical decomposition of primary system failures, beginning with the definition of the top event
and subsequent analysis of four critical subsystems. The hydraulic subsystem comprises five
components (pumps, cylinders, hoses, oil, and filters), the mechanical system consists of cutting arms
and haulage units, and the electrical system includes cables, microprocessors, and motors. In contrast,
the water subsystem contains filtration, spray, sensor, pump, and Hoses and Valves components.
Maintenance data analysis revealed the electrical subsystem as the most failure-prone (58 instances),
followed by the water, mechanical, and hydraulic systems in descending order, providing critical
insights for prioritizing reliability improvements and maintenance strategies.
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Figure 1. Failure data of the studied shearer-loader subsystems

The reliability analysis methodology integrated fault tree analysis (FTA) and Bayesian networks
(BN) to evaluate the shearer loader's reliability. Initial failure events were identified through a
comprehensive analysis of operational records, failure reports, and technical expertise. The FTA-to-
BN conversion process involved two critical phases: graphical mapping, in which basic and
intermediate events were mapped to corresponding nodes in the Bayesian network, and numerical
mapping, in which occurrence probabilities were converted into prior probabilities and conditional
probability tables (CPTs). The resulting network comprised 19 parent nodes (H1-H8, T9, T3-T7, and
T11-T15) with associated child nodes. Time-dependent reliability analysis revealed significant
component-specific performance variations: components T6, T12, and H5 exhibited rapid increases
in failure probability, indicating lower reliability. At the same time, T15 and H3 demonstrated more
gradual degradation patterns, suggesting higher reliability. The handling system showed particularly
concerning reliability degradation, decreasing to 0.14 after just 30 hours of operation, while the drum
motor reached zero reliability after 110 hours. Birnbaum Importance Measure analysis confirmed
these two components as the most critical system elements, necessitating prioritized maintenance
interventions including visual cable inspections, connection integrity verification, vibration and
acoustic monitoring, and thermal profiling. These findings enable data-driven maintenance
optimization and resource allocation specifically targeting components with the highest impact on
overall system reliability.
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Figure 2. BIM for Basic Events of the studied Shearer Loader
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4. Conclusions

This study developed a Bayesian Network (BN) model in GeNle to assess the reliability of shearer
loaders at the Tabas coal mine, integrating maintenance reports, operational records, and expert
analyses. Results identified the electrical subsystem as the most critical, accounting for 40% of
failures, followed by water, hydraulic, and mechanical systems. System reliability degrades
significantly, decreasing by 30% after 2 hours, 90% after 8 hours, and reaching complete failure after
14 hours. Birnbaum Importance Measure analysis highlighted the cable transport system and drum
motor as the most critical components, with the latter failing after 110 hours. The study recommends
prioritized preventive maintenance—including visual inspections, connection checks, and vibration
monitoring—for these components. The BN approach demonstrated strong capabilities for dynamic
failure simulation and evidence-based updates, offering a robust framework for optimizing
maintenance strategies and enhancing operational efficiency in industrial systems.
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