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Abstract. In a two-dimensional space, the conductor outline is approximated by
a triangular column, and an array antenna is simulated with a set of infinitely long
line current sources. The calculation is carried out using the methods of moments
(MoM) and the finite element method (FEM) respectively, to analyze the influence
on the radiation field of the array antenna in the presence of a conductor nose cone.
Experimental results show that, as the rotation angle of the antenna array changes,
conductor shielding has a significant impact on the far field strength and deviation
angle, especially the nose cone size has a significant effect on the antenna radiation
field.
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1 Introduction

For good penetration of electromagnetic waves, generally radome are made of dielectric
materials. But when it is necessary to resist the impact of raindrops and the heating
of air friction, the top of the radome is installed with a rain erosion head [1] or an
anti-ablation head [2] made of conductive material. And sometimes it is necessary to
install a pitot tube for speed measurement. These conductor nose cones are located
near the antenna, and people have to consider their influence when analyzing the wave
transmission characteristics of the radome. Zhang used a hybrid physical optics-moment
method to analyze the transmission characteristics of an airborne radome with a metal
pitot tube [3]. Meng proposed to analyze and calculate by the hybrid finite element-
physical optics method, and calculated the influence of the airborne radome with a
metal cap on the millimeter wave antenna pattern [4]. Rao uses 3D EM simulations
to analyze the insertion loss and bore-sight error of the quartz ceramic missile radome
with metal tip [5]. Wang analyzed the wave-transmitting characteristics of the radome
with anti-ablation head using geometric optics method [2]. The literature [6, 7] analyzes
the transmission loss of a radome with complex structures such as conductors. These
literatures regard the near-field conductor as a part of the radome design, and pay more
attention to the design of the dielectric radome, but lack the targeted analysis of the
influence of the shape and size characteristics of the near-field conductor on the antenna
radiation. In order to provide reference for the design of rain erosion head and anti-
ablation head, this paper uses the method of moments (MoM) and the finite element
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method (FEM) to perform numerical simulations to analyze the influence of the shape
and electrical size of the conductor nose cone on the far-field radiation of the array
antenna.

2 Mathematical Model

The nose cone is usually in the shape of a conical rotating body, which is mathemat-
ically modeled by a two-dimensional infinite triangular column; for an array antenna
that rotates mechanically with its own center as the axis, mathematical simulation is per-
formedwith a set of equally spaced infinite current sources, themathematical calculation
model is shown in Fig. 1.

Fig. 1. Calculation model.

Among them, a represents the cross-sectional side length of the conductor triangular
column, l represents the distance between the conductor and the antenna array, the
coordinate origin o is the center of the array antenna, d is the antenna element spacing,
and θ corresponds to the rotation angle of the antenna.

The research goal of this paper is to solve the electric field of distant points distributed
on the arc centered on the origin, and analyze the influence of the far field in the relevant
radiation direction. Since the target cylinder and the line current as the excitation source
are parallel to the z coordinate axis, the electric field generated by each line current can
be expressed as [6],
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When using the method of moments to solve, the electric field integral equation of
the research target is [7],
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Select the pulse basis function, solve the integral equation by the point matching
method [8], obtain the current distribution on the conductor surface, and then calculate
the far field [9],
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When the finite element method [10] is used to solve the problem, the problem can
be expressed by Helmholtz equation as,
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Combining the second-order absorbing boundary conditions, using the Ritz method
to discretize the corresponding variational formula, the near-field distribution around the
conductor is solved, and the far-field expression is:
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3 Experimental Results and Analysis

During the experiments, set the triangular column side length a to 2 λ, the conductor-
array distance l to 30 λ, the antenna array element spacing d to 0.5 λ, and the antenna
array rotation angle θ to be within the range of 0 to 30°. The far filed is 530 λ away from
the center of the antenna array.

When the array width is 10 λ, that is, when 21-unit line current sources are included,
the far-field distribution calculated by MoM and FEM are shown in Fig. 2. Due to the
need to observe the peak direction angle offset the irradiation direction angle, the electric
field amplitude curve in Fig. 2 has been shifted moderately, so that ϕ = 180° always
indicates the direction of the array antenna. It can be seen from the figure that, the
calculation results of the two methods are consistent, and both show the changing law
of the far field distribution under different rotation angles.

When the conductor is directly in front of the array, the shielding effect ismost signif-
icant. With the increase of the rotation angle, the field distribution gradually approaches
the situation without shielding. At a certain rotation angle, the presence of conductor
shielding even increases the peak value of the electric field amplitude.
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Fig. 2. The distribution of the antenna’s far field varies with the rotation angle of the array. (a)
MoM; (b) FEM.

When the array width is 10 λ and 15 λ, the offset results of the electric field peak
value to the incident direction are shown in Fig. 3 and Fig. 4. It can be found from
the figures that, when the array width is small, the influence of conductor shielding
on the peak direction and amplitude is more obvious. In both array widths, the peak
value is enlarged, which occurs when the rotation is 20° and 25°, respectively. When the
maximum peak occurs, the peak direction is always close to the actual array direction.
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Fig. 3. Variation of far-field peak value with rotation angle, 21-element array. (a) Angle offset;
(b) Amplitude change.

Replace the right straight line boundary of the triangular column conductor section
in Fig. 1 with an arc boundary. The radius of the arc is 2λ. The center of the arc on the left
side of the boundary represents the convex bottom of the nose cone, and the right side
means the bottom is concave. The MoM is used to calculate the far-field distribution to
analyze the influence of the bottom shape of the nose cone on the array radiation. During
the calculation process, the array is not rotated, and the width is 10λ. The calculation
result is shown in Fig. 5. It can be seen from Fig. 5 that, the shape of the bottom of
the nose cone has little effect on the far-field distribution, indicating that the shape of
the bottom of the nose cone is not the decisive factor on affecting the antenna radiation
effect.
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Fig. 4. Variation of far-field peak value with rotation angle, 31-element array. (a) Angle offset;
(b) Amplitude change.

Set the side length a of the conductor cross-section in Fig. 1 to be in the range of
0.1λ–5λ, use an unrotated array with a width of 10λ to illuminate, and use the MoM to
calculate the far-field distribution to investigate the influence of the size of the conductor
target on the antenna radiation. The far-field distribution is shown in Fig. 6. The results
in the figure show that the larger the nose cone size, the more significant the occlusion
effect.
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Fig. 5. The far-field distribution under the occlusion of the nose conewith different bottom shapes.

Fig. 6. The far-field distribution under the occlusion of different sizes of nose cones.

4 Conclusion

In this paper, the influence of the shielding of the conductor target in the near area of
the antenna on the radiation characteristics of the antenna is studied. The MoM and the
FEM methods are used to calculate the change law of the far field under different array
widths. The experimental results show that, as the rotation angle of the antenna array
changes, the conductor shielding has a significant impact on the far field strength and
deviation angle, and even the radiation field strength is amplified. At the same time, the
shape change of the conductor bottom has no obvious effect on the antenna radiation
field, while the nose cone size has a significant effect on the antenna radiation field.
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