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Effective model of aramid paper-based honeycomb absorbing structures and its electromagnetic characteristics
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(1. National Key Laboratory of Land and Air Based Information Perception and Control, Xi'an 710065, China; 2. Xi'an Modern Control Technology
Research Institute, Xi'an 710065, China; 3. Shandong Institute of Nonmetallic Materials, Jinan 250031, China)

Abstract : Aramid paper-based honeycomb absorbing structures usually have significant differences in electrical size from their
application platforms, and the full-wave method seriously affects the optimization design efficiency of this structure. By the effective
medium theory, the Hashin-Shtrikman formula was used to predict the effective electromagnetic parameters of the aramid paper-
based honeycomb structure, and constructed an effective electromagnetic model of the complex honeycomb absorbing structure
combined with the transmission and reflection theory of layered structures. Focusing on the typical radar frequency bands (2 to 12
GHz), S, C, and X, the influences of aramid paper-based honeycomb height, mesh size, carbon black thickness and incident angle on
its reflectivity were investigated. Additionally, field analysis was employed to illustrate the electric field and loss distributions of the
honeycomb absorbing structure under different conditions, explaining the absorption mechanism.Results demonstrate that the equiva-
lent electromagnetic model enables rapid optimization design for aramid paper-based honeycomb absorbing structures. The strong
energy dissipation at the antinodes of the electric field standing wave and the points with abrupt change in the direction of the
induced current at the surface of the coated carbon black are the dominant origin of the absorption peaks of this structure, where the

former corresponds to the thickness matching point of a quarter-wavelength of the effective medium. Increasing the honeycomb
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height reduces the frequency corresponding to the quarter-wavelength match, shifting the absorption peak toward lower frequencies.

Similarly, reducing the cell size and increasing the coated carbon black thickness both raise the effective permittivity of the honey-

comb structure, also causing the absorption peak to shift to lower frequencies. Specifically, when the honeycomb mesh size decreas-

es from 4 mm to 1 mm, the —10 dB absorption bandwidth significantly reduces from 59% to 26%, and when the carbon black coat-

ing thickness increases from 0.2 mm to 0.5 mm, the —10 dB absorption bandwidth gradually decreases from 49% to 0. Under

oblique incidence, the reflectivity of the honeycomb absorber exhibits distinct behaviors for transverse electric wave (TE) and trans-

verse magnetic wave (TM) polarizations. Especially, as the incident angle increases from 0° to 60°, the absorption peak frequency

for TE waves remains approximately constant at 7.6 GHz, while that of TM waves increases from 7.6 GHz to 10.9 GHz. Thus, the

effective model enables rapid optimization of the absorption performance of aramid paper-based honeycomb absorbing structures,

effectively reducing the design cycle of this type of honeycomb structure.

Keywords : honeycomb absorbing structure ; effective medium theory ; transmission and reflection theory of layered struc-

ture ; effective electromagnetic model ; effective electromagnetic parameter
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of different coated carbon thickness
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Fig. 14 Distribution of electric fields and losses at the absorption peak

of different incident angles of TE mode
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