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Abstract

To address the issue of food cooling leading to loss of taste, a detachable constant temperature
warming plate based on PID control was developed. This warming plate adopts a modular and sep-
arable design, equipped with a PID temperature control algorithm to achieve precise temperature
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regulation. The system uses the STM32F103C8T6 as the main control chip. Through real-time tem-
perature acquisition and PID calculations, it dynamically adjusts the PWM duty cycle to drive the
PTC heating unit, quickly reaching the target temperature. Each heating module achieves intelligent
networking communication via the CAN bus. The main control unit has a built-in Bluetooth module
for mobile connectivity, supporting real-time display of device ID and current temperature, and al-
lowing remote setting of target temperature and heating duration via a mobile terminal. Tests show
that the device can heat up by 10°C (from 26°C to 36°C) within 10 seconds, with a steady-state error
of <£3°C, providing technical reference for industry research and development.
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Figure 1. Algorithm flow of system control architecture
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Figure 2. User interface
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Figure 3. Positional PID diagram
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Figure 4. Hardware system. (a) Host module connection diagram; (b) Host-slave module connection dia-
gram; (c) Slave module connection diagram
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Figure 5. MP2359 voltage regulator circuit design diagram. (a) MP2359 voltage reg-
ulator circuit schematic; (b) MP2359 voltage regulator circuit PCB
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Figure 6. JDY31 bluetooth module circuit schematic
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Figure 14. PID control curve at 80°C
Bl 14. BARIRE 80°C THY PID 12| thLk &

DOI: 10.12677/sea.2025.145089 1010 OISR


https://doi.org/10.12677/sea.2025.145089

WA, 3 5

Kl 14 s Z B ebR iR S AR S E 12 —3, BHE 14 piE il 2R IR RIL 80°CE4E
RSN AR OIS 1) o AP 14 mT DUACEIL, R SR AR 50 A8 T B AE ST TH iR 9 8O°CH, BRSEAR BEAZAE 100
s LN ENE 80°CIHFYEFFETIRE, IR, Z RGNS ZEEHIEL3ICZIE, WA M R=EE 1l
AR,

@ REAZIR SN i 5 T L DL AORR SR AT PR REXRT b, AR 1

Table 1. Performance comparison of food warming plates on the market
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