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Design of Wing-shaped Leading-edge Stealth Honeycomb Sandwich
Composites Based on Gradual EM Wave Attenuation

Chae-Hwan Lim*, Dong-Jun Hong*, Seong-Haeng Heo*, Han-Jun Seo**, Won-Ho Choi***,
Seong-Weon Hong***, Hyun-Seok Lee***, Soo-Yong Lee*"**, Young-Woo Nam*:****!

ABSTRACT: This study proposes a radar-absorbing structure for the leading edge by combining conductive carbon-
based nanoparticles-coated honeycomb core and a multi-layer wave absorbing structure based on metal-coated glass
fabric. The honeycomb core induces electromagnetic wave gradual attenuation through absorption and scattering, while
multi-layer wave absorbing structure exhibits broadband absorption characteristics. SEM and EDS analyses were
performed to investigate the microstructure and particle distribution, and a free-space measurement system was used to
evaluate the electromagnetic properties of the metal-coated glass/epoxy composite. In the proposed radar absorbing
structure, the honeycomb core contributes to wave attenuation by absorbing and scattering incident electromagnetic
waves, and the dielectric loss characteristics of the metal-coated glass fiber further enhance wave absorption efficiency.
By applying the proposed structure to a wing leading-edge, we compared its RCS performance under TM and TE
polarizations and various incidence angles with those of a conventional model. In the combined design which integrates
a conductive nanoparticle-coated honeycomb core and a multi-layer radar absorbing structure, gradual attenuation led
to improved RCS performance. Under oblique conditions, additional absorption and scattering provided by the radar
absorbing structure further enhanced electromagnetic wave performance compared to the conventional model.
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(a)

Pristine
honeycomb
core

<Dipping>

Temperature : 190 °C
Time : 10 minutes

Fig. 1. (a) Dip coating process (b) Left: non-coated honeycomb
core, right: conductive nanoparticles-coated honeycomb
core
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Table 1. Properties of honeycomb core

Cell Density Compression | Wall thickness
type (kg/m?) Strength (MPa) (mm)
Case 1 48 2.07
Case 2 50 1.97 0.07
Case 3 48 2.00

Fig. 2. Conductive carbon-based nanoparticles-coated honey-
comb core (a) non-contact surface resistance measure-
ment (Mitsubishi MCP-T610) (b) results of SEM (c) results
of EDS
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Metal-coated
glass fabric

200 40—

Metal element
10.66 at.% (1.75 w.

Fig. 3. (a) Electroless metal plating process, metal-coated glass
fabric of (b) results of SEM, (c) results of EDS

oMeta]-coated glass fabric

oHand Lay-up

ol-"abricated composite

Fig. 4. Fabrication process of the metal-coated composite
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Fig. 5. (@) Free-space measurement system (b) The complex
permittivity of GFRP, MCF composites
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Fig. 6. Effect of cell size on return loss for (a) TM-polarization, (b)
TE-polarization
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