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pure electric vehicles on electromagnetic field exposure levels in the inner ear of passengers with cochlear implants.
A dipole antenna equivalent model of the traction motor was established. Combined with an anatomically detailed
computational model of the human head and cochlear implant, electromagnetic - thermal multi-physics coupling
analysis was carried out using COMSOL software. The induced electric field intensity (E, ), local specific absorption
rate (SAR, denoted as Ry,), and temperature rise in key areas of the inner ear were calculated. The results showed
that after cochlear implantation, the maximum E,, in the inner ear reached 121 mV/m, which was 24.1 times that of
those without implants; the maximum R, was 3.24x10°¢ W/kg, which was 581 times that of those without implants,
with the larger areas mainly concentrated around the tissues at the end of the electrode. Although the temperature
rise caused by this was only 0.02 °C, far below the thermal damage threshold defined by ICNIRP, the abnormal
electric field distribution may interfere with the auditory signal processing through non-thermal effects. Additionally,
by comparing the exposure differences between adults and children wearing cochlear implants, it was found that the
E, and SAR of the inner ear of children wearing cochlear implants were 1.53 times and 3.06 times those for adults,
respectively; in the dual-motor model, the E, and R, of the inner ear of passengers were 2.8 times and 8.1 times
those of the single-motor model. The results indicate that attention should be paid to the non-thermal effect risks
faced by cochlear implant wearers in the complex electromagnetic environment of electric vehicles, and it is
recommended to improve the safety assessment standards for children and multi-source radiation scenarios.

KEYWORDS Electric vehicles, Traction motors, Cochlear implants, Inner ear, Electromagnetic exposure dose
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Table 1 The dielectric parameters of human tissues at 80 MHz
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Table 2 Thermal parameters of human tissues at 80 MHz
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Table 3 Material and dimensional parameters of the cochlear implant model
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Fig.5 Passenger model with cochlear implants
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Table 4 SAR value comparison and error analysis
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Fig.10 Distribution of SAR within the inner ear (color online): (a) ordinary passengers; (b) passengers with cochlear implants
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Fig.11 Temperature variations of the inner ear (exposure
duration: 30 min) (color online)
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Table 5 Dielectric parameters and density of the main tissues in the inner earof passengers of different ages at 80 MHz
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Fig. 12 Comparison of inner ear exposure levels for
passengers with different ages (color online)
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Fig.13 Comparison of inner ear exposure levels for
passengers in different vehicle models (color online)
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