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Preparation and properties of multi-functional composite integrated with heat-shielding

and radar-absorbing

SONG Ruokang' , ZHANG Mengshan®, DAI Zhen™ , PAN Zhenxue' , HONG Yiqiang' , ZHU Yu'
(1. Beijing System Design Institute of Electro Mechanic Engineering, Beijing 100854, China; 2. Beijing Machinery and
Equipment Research Institute, Beijing 100076, China)

Abstract: In this paper, two kinds of multi-functional composites integrated with heat-shielding and radar-absorb-
ing were prepared by high pressure resin transfer molding (HP-RTM), employing traditional phenolic and silicone
resin as matrix, needle stitched quartz fiber fabric as reinforcing material, and metamaterials as radar absorbing
layers. The effects of microstructure, mechanical properties, and ablation on the microwave absorbing properties of
the multi-functional composites were systematically investigated. The results show that the two multi-functional
composites prepared have uniform microstructure and excellent mechanical properties. The average reflectivity of
the composites in 2-18 GHz are lower than -10 dB, especially in S, C, and X bands, and the effective bandwidth is
wider than 9 GHz, which is ascribed to the good transmissivity of the medium layer and the resonant absorption
effect of metamaterial layers. However, a continuous carbon layer with high conductivity are formed on the surface
of phenolic matrix composite after ablation, which seriously degraded its wave absorbing property. In contrast, the
wave absorbing property of silicone matrix composite remains the same due to discontinuity of the carbon layer
with band shifting to high frequency, which shows its great application potential in high temperature ablation/
stealth field.
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Fig.1 Synthetic route for boron containing polysiloxane (PSOB)
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Fig.4 Photos of electromagnetic metamaterial absorber sheets and
multi-functional composite: (a) Metamaterial absorber sheets;

(b) 1* sample; (c) 2* sample
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Fig.5 Characterization of chemical structure of new borosilicate resins: (a) FTIR spectrum; (b) 'H-NMR; (c) Si-NMR; (d) ''B-NMR
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Fig.6 Microstructure of multi-functional composites integrated with heat-shielding and radar-absorbing: (a) Surface of sample 1%;

(b) Cross section of sample 1% (c) Surface of sample 2°; (d) Cross section of sample 2
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Table 2 Mechanical properties of multi-functional composites integrated with heat-shielding and radar-absorbing

Items Density/cm® Tensile stress/MPa Modulus/GPa Elongation/% Interlaminar shear strength/MPa
1" 1.6 95.2 8.7 1.5 32
2" 1.5 90.4 6.3 1.6 28
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Fig.7 Vertical radar transmittance of the medium layer in 2-18 GHz
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Fig. 8 Reflection loss curves of multi-functional composites integrated

with heat-shielding and radar-absorbing
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Table 3 Results of reflection loss tests of multi-functional
composites integrated with heat-shielding and
radar-absorbing

Sample Parameter f/GHz R;/dB
Avg. 2.00-18.00 -10.00
1 Max 2.00 _2.74
Min 10.64 -20.54
Avg. 2.00-18.00 -10.85
2! Max 18.00 -3.39
Min 11.08 -39.49
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Fig.9 Ablation tests of multi-functional composites integrated with heat-

shielding and radar-absorbing
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Fig. 10 Microstructure of multi-functional composites integrated with heat-shielding and radar-absorbing after ablation: (a) Surface of sample 1%

(b) Cross section of sample 1% (c) Surface of sample 2*; (d) Cross section of sample 2°
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Fig. 11 Reflection loss curves of multi-functional composites integrated

with heat-shielding and radar-absorbing after ablation
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Table 4 Reflection loss of multi-functional composites
integrated with heat-shielding and radar-absorbing

after ablation
Sample Parameter f/GHz R, /dB
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