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Abstract

In response to the low detection accuracy of the electrode tip position and the complexity in the
development process for submerged arc furnaces, this paper introduces a novel differential mag-
netic field array detection system. The system, by deploying a magnetic sensor array and utilizing
differential signal processing technology, effectively eliminates environmental interference and sys-
tem noise, enhancing the accuracy and reliability of electrode tip position detection. The study ini-
tially constructs a magnetic field detection model for the submerged arc furnace and analyzes the
external magnetic field distribution based on the Biot-Savart law. The effectiveness of the differen-
tial magnetic field array detection method is validated by simulations. Test results indicate that the
system can accurately detect the electrode tip position in harsh industrial environments, providing
strong support for the efficient operation of submerged arc furnaces. This research offers new ideas
and technical support for the detection and control of industrial parameters in submerged arc fur-
naces.
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Figure 1. Magnetic field radiation model of SAF
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Figure 2. Schematic diagram of magnetic field monitoring outside the furnace
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Figure 3. Magnetic field distribution characteristics along the median line
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Figure 4. Analysis of simulation results, (a) hi-Byi curve; (b) hi-Bzi curve

E 4. (FELRSH, () hi-Byi#iZk; (b) hi-Ba i

M 4 TSR], A8 hi FIBUETEEY—10~10 m &), hade b5 sl R N IR B By A AF BRI 4K
REE, T Bai RN 1 R EACRE 1k < hi-Byi 2R K% 55 hi-Bai 12 AR VAL sl 35005 I T A by F) P A B P8 2 6
Bl iz a2 BRI ST, By 5 Ba B 1 AR S AL B A A OGAE R

3. EF COMSOL R9{FEIEIE
3.1 JLATEE

P I R ARGIE N AP A, T R I AW T 5 4t DX 2 () 2 [15] o PRI, M7 3 2 ey v A v
PRSI M B LA &) 5 iR

z

Yot

Figure 5. Geometric model of SAF
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Table 1. Geometric dimensions of electrodes and arcs
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Figure 6. Magnetic flux density magnitude in two-dimensional axisymmetric components
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Figure 7. Variation of magnetic flux density magnitude with radial coordinate
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Figure 8. Variation of magnetic flux density magnitude along the z-Axis

El 5. BB AA 2 SRR
4. RS SCENE

4.1, ERNT BRI HEIAEIIREART

it M Z s A BRI th Z BRI (5 S ARBRIR . IR, AR, 23S R 45
wnE 9 fis.

Figure 9. Differential magnetic field array module
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Figure 10. Structural design of differential array probe
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Figure 11. Architecture of the SAF electrode tip position detection system
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Figure 12. Magnetic field array calibration scenario
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Figure 13. Field testing scenario of SAF
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Figure 14. Comparison of curves before and after adjustment of array position
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Figure 15. Analysis of field measurement curves for the SAF
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