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Effect of Hygrothermal Aging on Mechanical and Electromagnetic
Properties of Stealth Composites

Han-Jun Seo*, Geon-Gyu Lee*, Seung-Hyeon Kang*, Seong-Haeng Heo*, Young-Woo Nam™**"

ABSTRACT: This study analyzes the environmental durability and electromagnetic wave absorption performance of
radar absorbing structures (RAS) composed of nickel-coated glass fibers (NCFs) embedded in an epoxy resin matrix.
Two types of NCFs, differing in nickel plating thickness, were used to fabricate single-layer RAS specimens, and their
mechanical and electromagnetic properties were evaluated before and after exposure to a high-temperature and high-
humidity environment in accordance with MIL-STD-810H, Procedure II. Mechanical testing and free-space
measurements on the RAS specimens were conducted to assess the effects of moisture ingress. Specimens with lower
nickel content exhibited microstructural damage due to internal moisture penetration, leading to a more significant
reduction in mechanical strength compared to those with thicker nickel plating. This behavior is attributed to the
superior moisture barrier properties provided by the thicker nickel layer, which suppressed moisture diffusion and
stabilized the fiber-matrix interface. The variation in complex permittivity induced by moisture absorption was
negligible, and the RAS retained its electromagnetic absorption performance after environmental exposure.
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Table 1. The composition of Ni coated glass-fabric layers as
determined by EDS analysis

Weight percentage (wt %)/Atomic ratio (at. %)
C (@] Ni Ca Al Si Cu
3.80/ | 42.72/| 2.10/ | 15.14/ | 6.05/ |24.78/

Samples

NCE 691 | 5835 | 0.78 | 825 | 490 | 19.28 i
GND i 1.18/ | 43.44/| 0.87/ ) 0.21/ | 50.83/
4.38 | 47.30 | 1.29 0.44 | 47.30

/ 8 6mm x5.00k SE(L) ‘B " 0.0pm

Fig. 1. Scanning electron microscope (SEM) images of the sur-
face of the glass fibers: (a) NCF; (b) GND
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Nickel-coated glass fabric

Nickel-coated glass fabric for GND

Fig. 2. Energy-dispersive spectroscopy (EDS) images of NCF
and GND
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Fig. 3. Fabrication process of the proposed specimens of NCF
and GND

Fig. 4. Environmental test chamber and specimens before
moisture absorption
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TAB 4 TAB

(d)

Fig. 6. (a) and (b) non-exposed specimens; (c) and (d) Exposed
specimen tensile test
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(©)
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Fig. 7. (a) and (b) non-exposed specimens; (c) and (d) Exposed
for the compressive test

(b)

Fig. 8. Mechanical test setups: (a) Tensile test, (b) compressive
test
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Fig. 10. Schematic of the single-slab RAS [27]
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Fig. 15. SEM images of the specimens: (a) And (b) Before the
environmental test; (c) And (d) After the environmental
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