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Abstract: To address the vulnerability of onboard electronic packaging equipment to damage and failure under
the high overload and strong magnetic shock environment of electromagnetic railguns, this study analyzed the
propagation patterns of high overload and strong magnetic shocks. It proposed an integrated protection method
for electronic packaging equipment tailored to high overload and strong magnetic environments. Using wave
propagation theory, we derived the stress wave and electromagnetic shielding mechanisms within multilayer
heterogeneous media, and constructed a constrained model linking stress wave and electromagnetic wave
shielding effectiveness to material thickness. The NSGA-IT (Non-Dominated Sorting Genetic Algorithm 11D

was employed to obtain the Pareto front. The optimal reference point distance method was then used to
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optimize the protective structure parameters. The integrated protective system was designed and fabricated using

low-temperature crimping and threaded fastening techniques. ANSYS simulation results demonstrate that the

optimized protective structure achieves a 71.4% improvement in overall shielding performance. The protective

structure guided by the optimization algorithm based on the shielding model improves a 4. 1% in overall

shielding performance.

Key words: electromagnetic railgun; stress wave shielding; electromagnetic wave shielding; NSGA-II

algorithm; structural simulation
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effectiveness simulation
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Fig. 13 Simulation results of stress wave shielding
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Tab. 6 Shielding effectiveness of three-group structures

g3 FL G I o MR T IS 13 5 e

- SB/dB SL/dB
Group49 115.367 501 4 226.268 625 5
Group50 124.362 841 8 225.362792 3
Group51 106.400 241 2 231.939 437 3
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Fig. 15 Test facility of electromagnetic pulse
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Fig. 16 Excitation electromagnetic pulse test facility
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Fig. 17  Magnetic flux density measured by magnetometers within

three structural groups
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Fig. 19 Excitation current curve of electromagnetic railgun
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Fig. 20  Overload sensor records from three-group electromagnetic

railgun structure experiments
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