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Development and Evaluation of an Intelligent Fuzzy Expert System for
Equipment Condition Assessment and Maintenance Decision Support in the
Waste Tire Recycling Industry
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Abstract

Background and Problem: The global increase in end-of-life tire generation has underscored the necessity of developing intelligent ap-
proaches to enhance equipment reliability and operational efficiency in recycling facilities. These facilities face significant challenges,
including sudden equipment failures, unscheduled downtime, escalating maintenance costs, and reduced operational productivity. De-
spite extensive research on waste management policies, recycling technologies, and circular economy principles, no integrated artificial
intelligence-based framework has yet been proposed to support maintenance decision-making in this industry.

Objective: The present study aims to design, implement, and evaluate an intelligent fuzzy expert system that improves equipment condi-
tion assessment and prioritization of maintenance activities in end-of-life tire recycling systems.

Methodology: The proposed framework is based on the systematic integration of maintenance expert knowledge (with over 15 years of
experience), objective equipment reliability indicators, and fuzzy logic to manage uncertainty. The system comprises 7 input variables
(vibration, operating temperature, wear intensity, failure frequency, MTBF, MTTR, and inspection score), 2 output variables (equipment
health index and maintenance priority), and 23 [F-THEN fuzzy rules. Implementation was carried out using the scikit-fuzzy library in
Python, employing the Mamdani inference method and center-of-gravity defuzzification. The research dataset includes 1000 simulated
records from 10 main equipment types in recycling centers, and system evaluation was performed using statistical metrics including
correlation coefficient, mean absolute error, and classification accuracy.

Findings: The developed fuzzy expert system achieved a correlation coefficient of 0.9266, a mean absolute error of 10.97, and an accuracy
of 93.1% within a £20-unit range of the actual health index in predicting equipment health. The system's accuracy in identifying critical
equipment was 91%, and the overall classification accuracy for maintenance priority was 59.7%. Sensitivity analysis revealed that "wear
intensity" (correlation -0.87) and "vibration" (correlation -0.84) had the greatest impact on reducing equipment health. The system success-
fully identified 106 critical equipment items with an average health index of 29.74, and it was determined that 65.5% of equipment fell into
"high" and "critical" priority categories, highlighting the necessity of structured maintenance planning in recycling facilities.

Conclusion: The proposed fuzzy expert system, demonstrating satisfactory performance under uncertainty conditions, can serve as an
effective tool for automating equipment condition assessment, enhancing decision-making uniformity and transparency, and optimizing
maintenance resource allocation in the end-of-life tire recycling industry. Beyond its adaptability to other recycling sectors, this frame-

work establishes a bridge between waste management, physical asset management, and artificial intelligence domains.

Keywords: Equipment Condition Assessment, End-of-Life Tire Recycling, Fuzzy Expert System, Intelligent Maintenance.
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