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Abstract: To improve the adaptability of the energy management strategy for mining hybrid loaders to variable cyclic operating
conditions, an energy management strategy integrating Deep Q-Network (DQN) and Transfer Learning (TL), named DQN-
TL, was proposed. The core idea of this method is that the inherent cyclic characteristic of the loader’s V-type operation is
utilized, and such repeatable patterns are regarded as extractable and reusable high-value knowledge. First., DQN is utilized by
the strategy to learn and distill the general control laws for typical operating cycles in a data-rich source domain. Then, through
parameter transfer, the relevant law features are introduced into the target domain model, which is then fine-tuned with a small
amount of data to adapt to specific operating conditions. Finally, by establishing the intrinsic relationship between the
structured cyclic characteristics of the operating conditions and transfer learning, the adaptability to complex underground
conditions is improved. The simulation results show that, compared with a rule-based control strategy. the fuel consumption
rate of the proposed DQN-TL strategy is 189.21 g/(kW « h), the fuel economy is improved by 13.8% , its power allocation
strategy is closer to the global optimal solution, and good potential for engineering application is demonstrated.
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Fig.1 Structure of series hybrid loader system
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Fig.2 Equivalent model of engine-generator-rectifier
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Table 2 Comparison of simulation results

of the three strategies
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