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Abstract. Conventional radome bandwidth is narrow, band bandwidth usually refers to the center
frequency of 0.85%, it is difficult to meet the needs of anti-radiation seeker system, so that the
radome wide band difficult to meet its requirements. In this paper, the design method of electrical
performance of wideband radome and its related design principle are discussed and analyzed. The
design of the equivalent network of wideband radome is introduced, and the relevant design
examples are put forward to provide reference and reference for related design fields.

Introduction

Broadband radome is a key technology in all kinds of wideband seeker. In order to meet the
requirements of high-speed flight and precision guidance, the broadband radome needs to have a
certain strength, and has high temperature, high power transmission, aiming line low error slope and
low error line and other characteristics [1]. At present, Chinese wide-band radome technology
research is not a lot, and broadband radome technology and its electrical performance design
research is also very urgent to promote the development of broadband seeker.

Research on Broadband Radome Design Theory

The design theory of wideband radome is based on the theory of microwave transmission line. At
the end of 20c30s, some scholars have simulated the efficiency of propagation of wavelengths in
dielectric medium and propagation in long lines, and the theory of dielectric wave impedance from
the point of view of the plane wave, the wave impedance where 1 and ¢ are the permeability and the
dielectric constant, respectively. According to the comparison between the wave impedance type
and the wavelength in the dielectric medium and the long line, two kinds of dielectrics the
characteristics of media boundary conditions are different [2]. In the case of oblique incidence on
the boundary, the expression of the wave impedance can be pushed according to the
electromagnetic theory, and two kinds of medium with infinity can be used to derive the wave
impedance expression of parallel polarization and vertical polarization.
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Where Z //iand Z L i are the waveguides of horizontal polarization and vertical polarization,
and the dielectric constants in the two different dielectrics are given by i =1, 2, 3, ..., n; €1, pul and
€2, u2, and the incident angle of the electromagnetic wave to the two media is represented by 01
and 02, respectively [3].

In the case where both the wave impedance and the medium wavelength are known, it can be
found that the input impedance of the medium segment with length d is based on the simulation of
the wavelength in the long line and the dielectric medium.
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Electromagnetic wave in the dielectric medium 1, 1 is a constant that the electromagnetic wave
propagates along the normal direction of the dielectric boundary. Electromagnetic waves in the
transmission is along the air to the media, and then from the media to the direction of the air to
spread in the process of propagation through different boundaries, this process and multi-layer
dielectric wall equivalent circuit equivalent effect, its essence The impedance has changed [4].

According to formula 1 and formula 2, it can be deduced that the parallel polarization and
vertical polarization normalized impedance formulas can be expressed as:
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In the case of polarization, the radome of the cover wall of the same thickness of the case of its

expression:
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The equivalent impedance of each layer of parallel polarization and vertical polarization is

expressed by Z2//0, 2/ 1, ...,
constant is expressed by ¢l, ...,

Z/nandZ 10,72 11, ..

Z 1 n, and each layer The electrical

en [5]. The graph of the equivalent impedance with the change of

the dielectric constant and the incident angle is shown in Fig 1.
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Figure 1: The relationship between the equivalent impedance and the dielectric constant and the
incident angle

Wideband Radome Design Method

In order to meet the requirements of the electrical performance, in the design of the radome can
take a single-layer half-wave wall structure, and in order to meet the bandwidth requirements, you
can use multi-layer wall Structure to achieve [6]. The type of multi-layer cover wall structure,
including A-type sandwich, C-type sandwich and B-type sandwich, etc., and | also used in the
design of these types, including A-type interlayer is mainly composed of two relatively close and
thin surface layer, such as glass fiber, and low loss, low density and low dielectric constant of the
middle core layer, such as honeycomb or foam-like structural materials. The C-type interlayer is
mainly formed by the combination of two-layer A-type interlayer. The B-type interlayer is
composed of two layers of low-density, low dielectric constant surface layer and compact
intermediate core layer [7].

The multi-layer mask wall is a multi-step impedance matching device. The single-step mating
device, that is, the larger impedance mutation in the monolayer wall is divided into several small
mutations, and the thickness and equivalent characteristics of the abrupt plate Impedance to a
reasonable choice, so that the reflection in the entire frequency band is small, in order to be able to
follow the relevant design requirements to the antenna envelope for effective design. Under normal
circumstances, the commonly used design method is with the frequency change, so that the
reflection coefficient can meet the Chebyshev polynomial relations, and become its ladder converter
[8]. In the design of Chebyshev's stepped converter, the known condition is that the number of flat
plates is N, and the equivalent characteristic impedance ratio of output and input is r, that is,r=2Z 0
(N +1) / Z in, where the input and output equivalent impedance are Z.

Z 0 (N + 1); in a certain operating frequency band, given the maximum power of the reflection
coefficient is 2max. The equivalent electrical thickness of the plates of the layers is equal, ie, D'n is
equal, without any loss of the dielectrics of the layers, given the incident angle 00 and the
polarization direction. It is known that the equivalent impedance is Z cn (n = 1, 2, N) in each
stratified medium, and the value of €n0 is obtained according to the value of Z cn. Secondly, it is
known that the electrical thickness D'n, according to the value of D'n to find the geometric thickness
dn.

The relationship between the reciprocal of the power transfer coefficient and the polynomial of
Chebyshev is given as follows:
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The number of half-flat plates is N, and the pending constant associated with the operating band
is P, 2max. In the given case, the value of h2 can be determined. The first type of Chebyshev
polynomial is T and then the expression of T N (X) can be expressed as:
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Analysis of Broadband Radome Design

Assuming that the number of radomes is 3, then N = 2, the electromagnetic wave is a vertically
polarized wave, and the incident angle 00 is equal to 30 degrees, 45 degrees and 60 degrees, r = 0.5,
respectively. (4), (5) and (6), respectively: r1 =0.7513, r2 = 0.6746, r3 = 0.5135, r4 = 0.6115, r5 = 0,
= 0.64; €20 = 2.64; €30 = 3.7; the antenna is the same as the impedance of the antenna The center
frequency f 0 = 7.4GHz, then A0 = 45.1533mm, calculated,
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According to the formula (7), it can be calculated that the frequency of the transmission
characteristics is 1 to 3 GHz when the antenna angle is 30 degrees, 45 degrees and 60 degrees, and
the antenna cover wall is in the case of three layers, the first and second And the dielectric constant
and thickness of the third layer are 10 = 1.54, d1 = 8mm; 20 = 2.40, d2 = 7mm; 30 = 3.48, d3 =
15mm. According to the calculated results, 13GHz case, the power transmission coefficient is more
than 85%, indicating that the power transmission characteristics of good [9].

In order to further optimize the wide-band radome, in the course of design and development, the
rotary symmetry aeronautical cone-shaped radome is optimized. The antenna is vertically polarized
and the actual operating frequency is about 15GHz. The azimuth scanning range is 0 to 60 °,
composite cover wall structure is anti-static coating and five layers with rain A sandwich structure,
different media parameters are controlled as follows.
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Layer material € r t 6 & Wall thickness range (mm)

1 Solid glass steel 4.1 0.016 0.1—1.0
2 Honeycomb core material 1.0 0.005 1.0—20
3 Solid glass steel 4.0 0.017 0.1—1.0
4Rust-proof coating 34 0.060 0.1—05
5Anti-static coating 6.5 0.500 0.01——0.05

In the above table, the optimization of the single target for different parameters is carried out. In
the actual radome design, different parameters are expected to achieve the optimal target at the
same time. If the single objective optimization model is expanded, it can be closely integrated with
the multi-objective optimization method up, but also to quickly handle the radome design during the
multi-objective optimization, global optimization and a series of problems.

Conclusion

Based on the theoretical basis of the transmission line, this paper analyzes the design principle of
the broadband radome, and provides the reference for the design of the broadband radome through
the calculation and design of the broadband radome.
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