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10
Design and Analysis of a Planar
Array-Fed Axisymmetric
Gregorian Reflector System

10.1 Introduction

In this chapter, an axisymmetric array-fed confocal parabolic Gregorian
reflector antenna system for potential deployment in space from a small
satellite is explored. The antenna utilizes a planar array located near the
vertex of the primary parabolic reflector. Electromagnetic simulations are
used to analyze and optimize the antenna parameters for fixed on-axis peak
directivity performance. Simulations of the radiation pattern performance of a
dual reflector system with an electrically large primary and small subreflector
and high magnification are presented. The chapter is organized as follows.
Section 10.2 describes the antenna design. Section 10.3 shows simulated
results. Section 10.4 has a summary.

10.2 Antenna Design

Reflector antennas are of interest for space applications requiring high gain
and low sidelobes. In the case of a space-deployable antenna, a reduction in
mass is an important goal, which might be achieved using inflatable structures
which have been investigated by a number of researchers [1–7]. In the present
chapter, an axisymmetric reflector antenna design is described, which is
depicted as an artist’s concept in Figure 10.1. It is assumed here that a satellite
has accurate attitude control pointing so that errors in the antenna main beam
pointing direction can be neglected. A thin-profile planar array would be

359



360 Electromagnetics and Antenna Technology

Solar panels

Satellite 
body

Main reflector

Subreflector
Electrically non-conducting material

Figure 10.1 Artist depiction of a concept for an inflatable axisymmetric dual-reflector
antenna deployed from a satellite.

located near the vertex of the main reflector and attached to the satellite body.
An example offset Gregorian reflector antenna system with a planar phased
array feed was shown previously in Chapter 2, Figure 2.13. However, here
an axisymmetric Gregorian antenna system design with confocal paraboloids
and planar array feed was desired, which could allow easier fabrication
and inflatable deployment compared to an offset Gregorian or Cassegrain
design [8–11]. Limited electronic scanning with an axisymmetric Gregorian
dual reflector with confocal paraboloids and a planar phased array feed has
been demonstrated by simulations [12]. Thin-film materials with and without
electrically conducting coatings can be considered for designing an inflatable
space-deployable antenna [13–16]. An ideal planar array source feeding the
Gregorian subreflector is assumed in the simulations that follow. In the case
where the large primary reflector surface could have distortion that creates
phase errors, a phased array feed could provide phase compensation. When
a large focal magnification is used in the Gregorian design, the blockage
of the main beam by the subreflector can be relatively small. The primary
reflector diameter is assumed here to be 2.4m with an ideal (undistorted)
surface operating at Ku-band at 16 GHz (λ = 1.875 cm). With this electrically
large aperture (128λ at 16 GHz), the antenna system has been analyzed and
optimized using sparse moment method simulations with the multilevel fast
multipole method (MLFMM) [10, pp. 209–253, 11].

Figure 10.2 shows a side view of a general axisymmetric Gregorian
antenna with confocal parabolic reflectors. The common focal point is located
close to the subreflector along the axis of both reflectors. The primary reflector
has a diameter D and a focal distance fp. The subreflector has a diameter d
and a focal distance fs. In Figure 10.3, ray paths are shown for the case where
a field is incident along the axial direction of the reflector system. In general,
a ray incident on the reflector surface will have the reflected angle equal to the
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Figure 10.2 Side view of an axisymmetric Gregorian antenna with confocal parabolic
reflectors.
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Figure 10.3 Side view of an array-fed axisymmetric Gregorian antenna with confocal
parabolic reflectors and ray paths shown as dashed lines.

incident angle. Since the subreflector and primary reflector are confocal, the
ray path from the subreflector to the array is also in the axial direction. Thus,
a uniform plane wave with constant amplitude and phase distribution received
across the aperture of the primary reflector will be received at the planar array
with constant amplitude and phase distribution.

As described by Fitzgerald [9], the magnification factor m for the
Gregorian dual-reflector antenna system with confocal paraboloids is given
by the ratio of the primary to subreflector focal distances or

m = fp/fs (10.1)

In the case where limited main beam scanning from the Gregorian antenna
system boresight would be desired, the array would need to be phased such
that the array scan angle θsa is, to first order, equal to the Gregorian main
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beam scan angle θsg times the magnification factor m. That is,

θsa = mθsg (10.2)

In the limited scanning case, as Fitzgerald has described, the phased array
location relative to the location of the subreflector is a significant design
parameter. Additionally, as the array scan angle increases the subreflector
must be oversized to avoid significant spillover, otherwise the Gregorian main
beam gain would decrease and the sidelobe levels would increase. However,
in this chapter only the fixed-boresight case is examined.

As shown in Figure 10.4, an example fixed-boresight Ku-band Gregorian
confocal reflector system with a primary parabolic reflector diameter D=2.4m
and focal distance fp = 0.9m (fp/D = 0.375), parabolic subreflector diame-
ter d = 0.25m and focal distance fs = 0.08m (fs/d = 0.32), and planar array
diameter 0.2m, has been analyzed and optimized using numerical simulations
conducted with the FEKO software (www.feko.info) MLFMM solver. The
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Figure 10.4 Simulation model for the axisymmetric Gregorian antenna with confocal
parabolic reflectors and planar array feed.

feed array geometry is depicted in Figure 10.5. The 20 cm diameter array
feed was modeled in FEKO as a near-field source that approximates a
uniformly illuminated planar array of 140 ideal Hertzian (short) electric
dipoles polarized in the y direction. For this feed, the array elements are
assumed to be spaced on a truncated square lattice with element spacing
1.5 cm which corresponds to 0.8λ at 16 GHz.

The primary and secondary reflectors were analyzed as perfect electric
conductors with ideal parabolic shape. Optimization was performed as a grid
search with the subreflector diameter d and subreflector focal distance fs taken
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Figure 10.5 Aperture excitation model for the 20 cm diameter planar array feed.

as the search parameters. The search optimization goal was assumed here to
be peak directivity at boresight. The magnification factor m for this dual-
reflector antenna system is given by the ratio of the primary to subreflector
focal distances from Equation (10.3) as

m = fp/fs = 11.25 (10.3)

The angle from the center of the feed array to the edge of the subreflector is
approximately 8◦.

10.3 Electromagnetic Simulation Results

The dual-reflector Gregorian reflector system was simulated with 3,810,646
moment method basis functions using the FEKO fast multipole method on a
computer system utilizing 34 parallel processors on two CPUs at 2.3 GHz.
The peak memory usage was 5.2 GBytes and the execution time was 392
seconds. The simulated far-field (infinite range) and near-field (range 0.98m
at the subreflector) radiation patterns of the uniformly illuminated 20-cm
diameter planar array feed are shown in Figure 10.6. The far-field radiation
pattern of the array feed has nulls formed at ±6.5◦ and the first sidelobes
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Figure 10.6 Comparison of the simulated near field (range is 0.98m) and far field
(infinite range) radiation patterns of the planar array feed. The angle
formed from the center of the feed array to the edge of the subreflector
is ±8◦.

are at the −18.2 dB level. In contrast, the feed array near-field amplitude at
range distance 0.98m that illuminates the edge of the subreflector is at the
−13.2 dB level (edge illumination) and the far-field null at ±6.5◦ is filled in
at the −13.8 dB level.

The simulated two-dimensional near-field radiation pattern for the
electric-field y component in the xz plane at y = 0 of the Gregorian reflector
system is shown in Figure 10.7. In Figure 10.7, with the array feed operating
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Figure 10.7 Simulated two-dimensional near-field radiation pattern of the Gregorian
reflector system.

in transmit mode the field is concentrated toward the subreflector, and
blockage by the subreflector is observed in the near field amplitude behind
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the subreflector. The simulated surface currents on the subreflector and
primary reflector are depicted in Figure 10.8. The surface current magnitude is
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Figure 10.8 Simulated surface current density on the subreflector and primary
reflector of the Gregorian reflector system.

observed to be centered and concentrated on the subreflector. The simulated
E-plane and H-plane directivity patterns for the Gregorian reflector system
over a ±15◦ field of view at 16 GHz are shown in Figure 10.9. The simulated
radiation pattern characteristics are as follows: peak directivity is 49.4 dBi,
half-power beamwidth is 0.52◦, and first sidelobe level is−28.5 dB. For a 2.4
meter diameter aperture with 100% efficiency, the peak directivity at 16 GHz
is 52 dBi, so the simulated aperture efficiency of this antenna design is 55%.

10.4 Summary

An axisymmetric array-fed confocal parabolic Gregorian reflector antenna
system for potential inflatable deployment in space from a small satellite
has been analyzed. The antenna utilizes a planar array located near the
vertex of the primary parabolic reflector. Electromagnetic simulations based
on the multilevel fast multipole method were used to analyze and optimize
the antenna parameters for fixed on-axis peak directivity performance.
Simulations of the radiation pattern performance of this dual-reflector system
with a 2.4m diameter primary reflector operating at Ku band indicate that
high gain and low sidelobes can be achieved with this design approach. All
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Figure 10.9 Comparison of the simulated E-plane and H-plane directivity patterns for
the planar array fed axisymmetric Gregorian reflector system at 16 GHz

.

of the results presented in the chapter assumed ideal aperture illumination
and ideal parabolic surfaces for the primary and secondary reflectors. Future
work in this area could consider the effects of reflector surface distortion
along with reflector alignment errors, followed by calibration and distortion
compensation using phased array feeding techniques.
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