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Technologies for Hydraulic Turbines to Identify Failure Mechanisms during Startup Processes and to Achieve
Quick Startup Time and Suppress Fatigue Life Consumption by Applying Reinforcement Learning
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Integration of renewable energy systems to make power grids more flexible is garnering more attention than ever before. Hydroelectric power
systems play a key role in adjusting electricity supply and demand as they enable quick startup and shutdown and can also quickly control output
fluctuations. In recent years, demand for faster startup times and more frequent startup and shutdown operations has grown, however, such operations
could significantly impact the lifetime of turbine runners, as the mechanisms behind fatigue damage remain unknown.

Toshiba Energy Systems & Solutions Corporation has succeeded in identifying the mechanisms behind turbine runner damage and established
a method for evaluating turbine runner strength during the startup process. Simulations have confirmed that applying reinforcement learning to
shortenstartuptimeandsuppressfatiguelifeconsumptionshortensthestartup time by approximately 8% compared with on-sitetestdataregardless
of the same degree of fatigue life consumption. Our approach to developing turbine runners capable of high-speed startup while maintaining

hydraulic performance is expected to contribute to enhancing the value of hydroelectric power in the supply and demand adjustment market.
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Example of Francis turbine runner dynamic strain measurement results
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Results of overstress measurements using model test equipment
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Results of chain-reaction collapse of cavitation clouds (CC)
obtained by computational fluid dynamics (CFD) analysis
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Relationship between startup time and dynamic strain on blade
surface for different startup modes
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Results of measured and predicted startup times and fatigue life consumption indexes
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Changes in behaviors of reinforcement learning agent and comparison of training result and benchmark during startup process
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Results of strength evaluation method validation during startup process
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