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Data Mining; A majority of production equipment worldwide today experiences failures in its working life cycle
Petrochemical Industry; and must be repaired and maintained. Since production downtime incurs enormous financial
Clustering; implications, it is extremely crucial to find solutions for taking preventive action. Moreover, the
Decision Tree; use of sophisticated equipment—whose spare parts are expensive and sometimes unavailable due
Critical Root Cause. to political or technical limitations—has elevated the status of maintenance systems within

companies, with it becoming a key determinant in productivity. A maintenance system not only
reduces the final cost of production but also impacts the overall organizational value chain.
Elements such as production speed and delivery time, product quality, production line reliability,
and organizational flexibility all come under the influence of maintenance decisions. Therefore,
in industries such as petrochemicals, where high-level machinery is utilized in the production
systems, equipment reliability and maintenance gain greater significance. In this study, to analyze
and predict equipment failures by using data mining methods, a 1304640 record dataset measured
between December 20, 2021, and May 20, 2022, from 17 measurement sensors on one of the 3000
-series compressors of the Mahabad Petrochemical Complex were used. These data were
examined, analyzed, and mined with Weka software. The statistical summaries and correlation
relationships among the data were studied initially. Then, the reasons for equipment failure and
the critical path leading to compressor shutdown were evaluated using the application of K-Means
clustering, decision trees, and feature selection methods. Finally, based on the findings,
recommendations were provided to focus maintenance efforts on critical sensors.

Extended Abstract

1. Introduction

direct role in enabling companies to compete on the basis of low cost, high quality, and superior performance.

Consequently, its importance within organizations has been steadily increasing. In recent years, maintenance
management policies have evolved from simple systems into complex and proactive approaches. Under such conditions,
corrective and preventive activities are implemented based on inspections, monitoring, and forecasting in order to ensure
continuous operation, improved productivity, and enhanced reliability.

Maintenance is regarded as a crucial industrial process that significantly affects both costs and reliability and plays a
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With the continuous advancement of information technology in the petrochemical industry, the volume of operational data
has been growing exponentially. A critical challenge is how to optimally manage and efficiently analyze these data in order to
remain competitive in the global market while achieving high levels of productivity and reliability.

2. Statement of the Problem

Fault detection and prediction in industrial systems have become essential due to their direct impact on system performance
and efficiency. Process gas compressors play a critical role in the oil, gas, and petrochemical industries. Instrumentation
systems monitor control parameters such as temperature, pressure, flow rate, and vibration, and acceptable operating ranges
are defined for each parameter. Any deviation beyond these limits may result in equipment or system shutdown. Therefore, the
availability of an intelligent system capable of analyzing recorded data and detecting abnormal changes in vibration, bearing
temperature, oil condition, unusual noises, cooling system performance, leakage or tube blockage, pressure variations, and seal
failures prior to an incident is extremely valuable.

The aim of this study is to apply data mining techniques to predict critical operating states of compressors in the
petrochemical industry. Factors influencing compressor failure include compressor gas parameters such as inlet and outlet
temperatures, suction and discharge pressures, as well as environmental conditions. To achieve this objective, the required data
were collected from 17 sensors installed on a compressor at the Mahabad Petrochemical Complex.

3. Methodology

This study employed K-means clustering, decision tree analysis, and feature selection techniques to identify critical
features. All computations were performed using the Weka software. Based on the type of equipment and the extracted time-
series data, various numbers of clusters were tested to determine the optimal clustering configuration. The sum of squared
errors was calculated for each case, and the number of clusters with the minimum error was selected as the optimal solution.
Subsequently, critical clusters were identified. These clusters require further investigation to identify failure risks and
implement preventive measures. For decision tree construction, a random tree algorithm was used. This algorithm is a
supervised classification method and belongs to the category of ensemble learning techniques.

4, Results

The performance evaluation results of the decision tree indicate only a slight discrepancy between predicted and actual
values, demonstrating the high accuracy and efficiency of the proposed model. Based on the combined results of the three
methods, critical sensors were identified, the reasons for their importance were analyzed, the causes of their malfunctions were
determined, and recommendations were proposed to prevent compressor shutdowns.

5. Conclusion

In this study, data mining techniques were applied to analyze and predict critical operating states of compressors in the
petrochemical industry. Three methods—K-means clustering, decision tree analysis, and feature selection—were used to
identify critical features. Based on the obtained results, critical sensors were identified and practical recommendations were
proposed to prevent compressor shutdowns
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