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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 agent control method based on deep reinforcement learning is proposed.
Based on a battery electro-thermal coupling model and an air conditioning refrigeration system

model, the twin delayed deep deterministic policy gradient (TD3) algorithm in reinforcement
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learning is applied to train the control strategy. By utilizing dual critic networks and a delayed
policy update mechanism, the issue of overestimation common in traditional reinforcement
learning is overcome. Results show that under summer charging conditions, the average battery
pack temperature can be controlled around 25 ‘C, while under winter charging conditions, it can
be maintained around 20 °C, with the maximum temperature difference between battery modules
controlled within 1°C. Moreover, the compressor speed adjustments made by the intelligent agent
are smoother. Compared with proportional-integral-derivative control and on-off control, the intelligent
agent control achieves energy savings of up to 32. 1% during summer discharging, 15. 8% during
summer charging, 17.0% during winter discharging, and 26.3% during winter charging.
Additionally, when environmental conditions change, the agent can promptly adjust control
actions to maintain the battery pack temperature near the target. This study demonstrates that
the TD3 reinforcement learning algorithm can achieve stable and precise control of the battery
thermal management system under varying environmental conditions. proving the feasibility and
effectiveness of reinforcement learning in battery thermal management.

Keywords: battery thermal management; battery thermoelectric coupling model; reinforcement

learning; air conditioning modeling
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Fig. 1 Electric vehicle battery thermal management system
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Table 1 Basic lithium ion battery parameters studied in

this paper
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