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Abstract In response to the needs of unmanned mine countermeasures platforms, a novel electromagnetic driving
structure is designed to achieve a compact structure, large displacement output, and powerful very low frequency (VLF)
radiation capabilities. This structure is characterized by simple design, linearization of input and output, and a high driving
force-to-current ratio. Based on the operating principles of the electromagnetic driving structure, an equivalent magnetic
circuit model is established and the dynamic model is then established according to the single-degree-of-freedom damped
forced vibration model. These models are verified through a finite element simulation model. The simulated
electromagnetic force and output displacement are compared with the simulation results based on the equivalent magnetic
circuit. The finite element analysis results are in good agreement with the magnetic circuit analysis results, which proves
the accuracy of the models. Then, based on the sound radiation model, the output sound source level under 30~200 Hz
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excitation is calculated. The results show that the output level of the very-low frequency sound source driven by the
proposed new electromagnetic driving structure can reach 185 dB at the resonant frequency of 70 Hz, and the output level

of the sound source in the frequency band of 30~200 Hz is greater than 145 dB, which can meet the requirements of the

very-low frequency high-power output, and the high sound source level output can be realized through modular assembly.
It can provide theoretical support for the design of new minesweeping sound source.
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Fig. 1 Schematic diagram of novel electromagnetic
driver with moving iron
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Table 1 Driver size and magnetic
performance parameters
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Fig. 2 Dimensions of each part of driver core
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Fig. 3 B-H curve diagram of silicon steel for drivers
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Fig. 4 Equivalent magnetic circuit diagram for drivers
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Fig. 5 Driver dynamic model based on Simulink
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Fig. 6 Calculation results of electromagnetic force on
moving iron of driver in Simulink
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Fig. 7 Calculation results of displacement of moving
iron in Simulink
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Fig. 9  Calculation results of electromagnetic force on
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Fig. 10 Calculation results of displacement of moving
iron in Maxwell
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Schematic diagram of very low frequency sound source structure
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