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Abstract: To comprehensively investigate the arcing characteristics of quartz sand direct current
(DC) current-limiting fuses and facilitate their development and application, a two-dimensional
axisymmetric magnetohydrodynamic (MHD)model for the arcing process of a single narrow-neck
DC current-limiting fuse is established. The model first couples the flow field, thermal field, and
electromagnetic field into a two-dimensional axisymmetric model. Then, a DC fuse experimental
observation platform was constructed to collect the arcing electrical parameters and boundary
pressure characteristics of the fuse. The calculated plasma physical properties were imported into

the model. The experimental images and the morphology of the post-arcing residue were used as
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the basis for constructing the simulation geometric model and dynamic mesh., while the measured
current and pressure were applied as the simulation boundary conditions. The model yields the
spatio-temporal evolution of the temperature and pressure fields in the arcing region, as well as
the transient arc voltage within the first 5.0 ms. The comparison between simulation and
experimental results shows that at prospective peak currents of 2. 0 kA and 3. 0 kA, the errors of
the simulated peak arc voltage relative to the experimental peak arc voltage are 11. 9% and 6. 8%,
respectively. During the period from 2. 90 to 4. 62 ms after arc initiation, the simulated central
temperature decreases from 19 741. 3 K to 15 546. 6 K. The simulated pressure field shows that at
1 ms after arc initiation, the pressure at the arc root can reach 0. 29 MPa, which is significantly
higher than that at other positions. Further analysis indicates that methods such as restricting the
radial development of the arc to promote its axial expansion, increasing the arc pressure, and
introducing artificial nozzle structures can help improve the breaking capacity of DC fuses. The

proposed MHD-based numerical simulation approach provides an efficient tool for fuse research
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and development, thereby reducing associated costs.
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Fig. 2 Coupling relationship of various physical fields in

the arc model of the DC fuse
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Fig. 3 Comparison of density of 100% silica plasma with

temperature at different pressures
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Fig. 4 Comparison of physical parameters of 100% silica

plasma with temperature at different pressures
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changing over time under two conditions
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conditions, and initial condition setup
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