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Offshore wind turbines operate in complex environments with high maintenance costs, and their fault-induced downtime
significantly impacts grid integration, necessitating intelligent production control and maintenance strategies. Existing
methods rely on fixed maintenance schedules or empirical decision-making, with disjointed repair decisions and
production control, making them inadequate to address dynamic uncertainties such as wind speed fluctuations and
equipment degradation. To address these challenges, this paper proposes a Markov Decision Process (MDP)-based
optimization method for wind turbine production and control, achieving reduced operational and maintenance costs
through dynamic modeling and policy optimization.

Incorporating a Gamma process degradation model, a hybrid state space is constructed based on wind speed levels and
equipment degradation states. A comprehensive reward function integrates power generation revenue, operational costs,
constraints, and degradation costs, establishing a production control model aimed at maximizing long-term cumulative
rewards. The aggregated transition probability formula is derived to achieve global optimization for multiple turbines. The
model dynamically balances power generation demands and equipment health under assumptions of wind speed
consistency and independent degradation. Simulation results show that the single-turbine model achieves a high monthly
demand fulfillment rate, while the three-turbine model realizes collaborative optimization through state aggregation,
offering new insights for intelligent operation and maintenance of large-scale wind farms.
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