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Abstract: In response to the problems of traditional cold storage refrigeration systems relying on manual judgment, insufficient timing
defrosting accuracy, reduced heat transfer efficiency caused by evaporator frosting, and high hardware modification costs, this paper
takes the refrigeration process of food cold storage as the research object and constructs and optimizes an adaptive control model based
on PLC. This model takes the temperature difference between evaporation temperature and warehouse temperature as the core
judgment variable, and achieves accurate identification of frost state and automatic adjustment of refrigeration process through
closed-loop logic of “temperature difference monitoring, PLC judgment, automated frost, and system recovery". The practical results
show that this control method can maintain the temperature of the warehouse stable near the set value, with a temperature difference
judgment accuracy of £0.8 °C, a defrosting response time of about 8 seconds, and a daily electricity consumption reduced from
126kWh to 111kWh, reducing energy consumption by about 12%. The annual electricity cost savings exceed 100,000 Yuan. This
solution relies on existing equipment and PLC program optimization to achieve low renovation costs, strong adaptability, and high
safety, which can provide a replicable technical path for intelligent operation and maintenance of cold storage in industries such as
food and medicine.
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