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Maintenance optimization is a major challenge in the industrial vehicle sector, playing a key role in ensuring fleet

reliability and minimizing unexpected failures. Effective maintenance management not only enhances vehicle availability

but also helps manufacturers meet customer requirements and maximize component effectiveness by fully exploiting

their service life. This underscores the need for advanced methods and technologies for optimized maintenance

scheduling.

This study aims to develop a method for optimizing maintenance decisions over a finite horizon using a condition-based

maintenance model that explicitly incorporates operational constraints. The considered constraints include: circularity

constraints, allowing the replacement of components with remanufactured parts; availability constraints, accounting for

stock levels of new and remanufactured components; and customer constraints, ensuring maintenance actions align with

operational availability requirements. Availability and customer constraints are incorporated through a time-dependent

maintenance cost function reflecting variations in resource and operational constraints.

The methodology starts with defining the studied system and distinguishing between new and remanufactured

components by characterizing and analyzing their degradation behavior. Based on this, the decision problem is

formulated (inspection intervals, possible actions, and associated costs). Dynamic programming is then applied to

optimize maintenance decisions and derive the optimal policy. Subsequently, a series of Monte Carlo simulations

reproduces various operational scenarios, enabling evaluation of constraint effects and calibration of model parameters.

Cost curves are also generated to compare and assess the performance of optimized strategies.

In summary, this work proposes a comprehensive framework for optimizing maintenance decisions over a finite horizon,

integrating operational and circularity constraints to ensure cost-effective, efficient, and sustainable maintenance of

industrial vehicles. The approach provides a practical tool for improving maintenance management and effective decision-

making in industrial settings.
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