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Abstract

To enhance the flexibility of electromagnetic braking in continuous casting molds, this paper pro-
poses a Vertical Traveling Wave Magnetic Field combined with Horizontal Steady Magnetic Field
electromagnetic braking (VTHS-EMBr) technology. The device comprises vertical traveling wave
magnetic poles positioned on the wide faces adjacent to the narrow sides and horizontal steady
magnetic poles located beneath the Submerged Entry Nozzle (SEN). Through numerical simulation
analysis of the synergistic effects between vertical magnetic field intensity (Iv), frequency (fv), and
horizontal magnetic field intensity (Iu), this research reveals their combined influence on magnetic
field distribution and braking force distribution in molten steel. The results demonstrate that when
the vertical magnetic poles operate at Iv = 500 A, fv = 5 Hz and horizontal magnetic poles at In = 350
A, the vertical traveling magnetic flux density reaches 0.042 T while the horizontal steady magnetic
flux density achieves 0.07 T. Under their combined action, the braking force density on the molten
steel jet reaches 1541.8 N/m3, This study provides theoretical support for multidimensional elec-
tromagnetic braking technology in high-speed continuous casting processes.
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Table 1. Numerical simulation parameters and structural configuration specifications
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Figure 1. Models for electromagnetic field and flow field calculations: (a) Integrated model for magnetic field calculation; (b) Top

view; (c) Side view; (d) Model for flow field calculation; (¢) Mesh of the flow field calculation model
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Figure 2. Comparison of experimentally measured magnetic flux density data from literature [8] with numerical simulation
results
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Figure 3. Magnetic flux density distribution along Line V1 in the z = 0 m cross-section under different /v values with /u = 350
Aandfv=5Hz
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Figure 4. Distribution of electromagnetic force and induced current along Line V1 in the z = 0 m cross-section under varying
Iv conditions with /u =350 A and fv =5 Hz
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Figure 5. Magnetic flux density distribution along Line V1 in the z = 0 m cross-section with varying /u under Iv = 300 A and
fv=5Hz
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Figure 6. Distribution of electromagnetic force and induced current along Line V1 in the z = 0 m cross-section under varying
I conditions with /v =300 A and fv =5 Hz
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Figure 7. Electromagnetic force distribution along Line V1 under different /v conditions with /u =350 A and /v =300 A
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