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Research and development of a distributed continuous temperature
measurement system embedded in the tundish for molten steel

Liu Bo Shi Gang Zhao Wei Wang Yu Li Yongqing

(Shenyang Institute of Automation Chinese Academy of Sciences,Shenyang 110169, China)

Abstract: Based on the research on non-isothermal flow of molten steel in the tundish, and in response to the practical
demand for monitoring multi-point temperature of molten steel in the tundish under production conditions, a distributed
continuous temperature measurement system embedded in the tundish for molten steel was developed to address the
problem that the existing temperature measurement system in the continuous casting workshop cannot accurately and
dispersedly monitor multi-point temperature. Firstly, an innovative measurement method using a through-wall
blackbody cavity was proposed. The weak signal generated by the photovoltaic cell is collected with low power
consumption and resistant to high-temperature leakage interference. A customized insulation box is designed through
thermal conduction analysis to resist the thermal shock of the permanent layer. Finally, a comparative test was
conducted on the continuous temperature measurement performance of the system. The results indicate that the
blackbody cavity structure of the temperature sensing probe can sensitively detect temperature changes and the
temperature measurement node can accurately collect pA level current signals. The static power consumption of the
temperature measurement node is around 60 pA, and the thermal insulation box can last for 12 h to ensure that the
internal temperature does not exceed 50°C. By comparing and analyzing data with high-temperature furnaces and
thermocouple temperature measurement systems, it can be concluded that the overall system’s continuous temperature
measurement performance is stable and accurate. In summary, the system can monitor the multi-point temperature of
molten steel in the tundish, providing practical system level support for studying the non isothermal flow of molten
steel in the tundish.

Keywords: non-isothermal flow; blackbody cavity; weak signal acquisition; low power consumption; thermal insulation

box;high-temperature leakage interference
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Fig. 1 Overall architecture of system development plan
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Fig. 2 Structure of through-wall temperature sensing probe
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Fig. 3 Optical path structure of optical channel

transmission unit
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Fig.4 Schematic diagram of microcurrent signal conversion circuit
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Fig. 5 Layout diagram of high impedance conductor circuit

surrounded by protective ring
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Fig. 6 Schematic diagram of weak voltage signal acquisition circuit
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Fig. 8 Schematic diagram of power monitoring function circuit
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Fig. 10  Structure of high-temperature thermal

insulation box
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Fig. 11 Temperature variation curve of muffle furnace and

thermal insulation box cavity
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Table 1 The relationship between specific resistance and temperature of different refractory materials
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Fig. 12 High temperature leakage interference

measurement diagram
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Fig. 13 System temperature measurement performance test
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Fig. 14 Dynamic characteristic curve of system

temperature measurement
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Fig. 15 Stability curve of system temperature measurement
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Fig. 16  Accuracy curve of system temperature measurement
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