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Abstract: To address the challenges of insufficient temperature control accuracy and poor
environmental adaptability in traditional control methods for electric vehicle battery thermal
management systems, an intelligent control approach based on deep reinforcement learning is proposed.
An environment is constructed by combining a battery electro-thermal coupling model with an air-
conditioning system model, and the Twin Delayed Deep Deterministic Policy Gradient (TD3) algorithm
in reinforcement learning is applied for control strategy training. By incorporating dual critic networks
and a delayed policy update mechanism, the algorithm effectively mitigates the overestimation issue
commonly observed in conventional reinforcement learning methods. Training results demonstrate that,
under summer charging conditions, the average battery pack temperature can be maintained at
approximately 25 °C, while under winter charging conditions, it can be stabilized at around 20 °C, with
the maximum temperature difference between modules controlled within 1 ° C. Furthermore, the
compressor speed adjustments executed by the agent are smoother. Compared with PID and ON/OFF
control, the proposed method achieves up to 32.1% energy savings during summer discharging and
15.8% during summer charging, as well as up to 17.0% energy savings during winter discharging and
26.3% during winter charging. In addition, the agent adapts promptly to environmental variations,
ensuring that the battery pack temperature remains close to the target. These findings demonstrate that
the TD3-based reinforcement learning algorithm enables stable and precise control of battery thermal
management systems under varying conditions, confirming the feasibility and effectiveness of
reinforcement learning in this application.

Keywords: Battery thermal management; Battery thermoelectric coupling model; Reinforcement

learning; Air conditioning modeling
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