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Numerical investigation of radar reflection reduction of quadratic surfaces and conical sections
made of aluminum in the X-band frequency range: A study based on electromagnetic
permittivity and permeability
Ph.D student in Aerospace Structural engineering,Shahid Sattari University, Tehran, Iran.
2Assist. Prof., Shahid Sattari University of Aeronautical Sciences and Technology, Tehran, Iran.

Abstract

This research investigates the reduction of radar cross-section and electromagnetic signal loss in various
geometric cross-sections, including conical sections and quadratic surfaces made of aluminum. Numerical
solution was performed in the finite element software COMSOL and the cross-sections were coated with a
layer of electromagnetic absorbers including carbon nanotubes, silica magnetite in an epoxy resin matrix.
Simulations were performed in the X-band frequency range (8 to 12 GHz) considering environmental
conditions similar to the incident electromagnetic wave. The results from the S11 element of the dispersion
matrix indicate that the elliptical parabolic cross-section with a loss of -8.2 dB at 10 GHz has a significant
loss of 84.6 percent of the energy. In addition, this cross-section offers an optimal impedance match in the
range of 0.05 to 1 ohm, which helps improve the loss and propagation of electromagnetic waves. The
elliptical geometry also achieves a loss of -8 dB at 9 GHz, which clearly demonstrates its importance in the
design of stealth systems. In contrast, the spherical cross-section with an average loss of -0.08 dB, due to its
surface uniformity, provides a significant performance for optimal antenna performance in detection. In
general, the selection of appropriate geometry and absorbing materials has a significant impact on improving
the efficiency and reducing the radar cross-section of defense systems. These results can help develop
effective solutions to increase stealth capabilities in future designs.

Keywords: Radar cross-section; conical sections; aluminum; X-band; electromagnetic loss; absorbent
materials.
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