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Preface

The work described in this report was performed by the Telecommunications
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Abstract

Conical antennas have recently been shown to effectively meet the requirements
for large erectable spacecraft antennas. One configuration investigated consists of
an antenna with three scattering surfaces requiring four reflections for an electro-
magnetic wave. This article presents a method for evaluating the performance of a
four-reflection or “quadreflex” antenna. Geometrical optics was used initially to
determine the ideal feed pattern required to produce uniform illumination on the
aperture of the conical reflector and the reverse problem of quickly finding the
aperture illumination given an arbitrary feed pattern. The knowledge of the
aperture illumination makes it possible to compute the antenna efficiency, which is
useful for comparing antenna performance during tradeoff studies. Scattering cal-
culations, using physical optics techniques, were then used to more accurately
determine the performance of a specific design.

JPL TEGHNICAL REPORT 32-1591



Conical Quadreflex Antenna Analytical Study

i. Introduction

The conical quadreflex antenna is a four-reflection an-
tenna consisting of a feed horn, ellipse of revolution sub-
reflector, an “urn” with a parabola of revolution shape,
and a conical reflector (Fig. 1) (Refs. 1 and 2).

In its simplest form, the antenna can be considered to
consist of an equivalent parabola which generates a sur-
face by being rotated about an axis parallel to and offset
from the axis of parabola. The focus of the surface thus
generated is a ring formed by the focus of the parabola
as it is rotated about the offset axis. The ellipse serves
the purpose of transforming a point focus on the axis of
rotation to the ring focus required by the equivalent
parabola of revolution.

The antenna has one unique feature which complicates
the design procedure. The pattern illuminating the urn-
conical surface structure is inverted from the original feed
pattern. This can be visualized by referring to Fig. 1.
Beginning with the feed at the focus point, an axial ray 1-2
is scattered from the ellipse as ray 2-3, which becomes
rays 3-4, 4-5, and 5-6 in sequence. An off-axis ray 1-8 from
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Fig. 1. Quadreflex geometry

the feed becomes rays 8-9, 9-9, 9-9, and 9-10. Thus, the
outer ray from the feed becomes the inner ray after final
scattering from the antenna.

This phenomenon causes a number of design problems
since the traditional edge taper problem is now affecting



the performance of the center of the equivalent parabola
and the center of the feed pattern, which contains little
of the pattern power due to the sin ¢ effect, is now illumi-
nating the outer portions of the equivalent parabola,
which accounts for a large part of the scattering surface
area. The outer edge of the surface, therefore, experiences
an unusually high level of edge taper. Therefore, it is
necessary to determine the effect of this property on the
antenna performance.

In the following discussion an equivalent parabolic
surtace will be used to replace the urn and conical re-
flector to simplify this analysis.

To facilitate the analysis of such an antenna, two tech-
niques were used;

(1) Geometrical optics was used as a fast and efficient
tool for trade-off studies.

(2) Scattering calculations were made on the 1.83-m
(6-ft) version at 16.33 and 8.448 GHz to obtain a
more accurate determination of the antenna per-

Il. Geometrical Optics
Two objectives were to be met:

{1) Given the quadreflex antenna configuration, deter-
mine the feed pattern required to provide a uniform
amplitude aperture distribution. The feed phase
pattern is constant since the antenna geometry of
the quadreflex antenna transforms a spherical phase
front from a feed into a uniform phase pattern on
the aperture. Thus, the phase pattern transforma-
tion is defined and need not be determined.

(2) Conversely, given practical feed patterns, determine
what aperture plane distributions will result and
what aperture efficiencies can be obtained. Again,
due to the antenna geometry, for each ray originat-
ing from the feed, the phase where these rays
intercept the aperture will differ from the feed
phase by a constant. Thus, the phase transformation
is simply defined.

To meet these two objectives, by ray optics, an expres-
sion was derived which related the aperture amplitude

formance. fields with the feed pattern:
sin (¢ + B8) } . %
_ sin (¢ — 8) {sin(¢:-—6) +1¢ = 2asinp
Ei(r) = Ex{8) 5 (1)
sin {¢ + B)sec (-2—) 2aF{A + 2F tan (-g—)}
where
E {r) = aperture fields
Ep(8) = feed pattern
and
sin 8 (cos ¢ — M cos 6) + sin ¢ cos # — cos ¢ sin §
0= -
cos f Msin g — sing (2)

Equation (2) must be solved for 8 = f(#), where the
aperture fields are desired, and § = g(g), where the feed
pattern is to be obtained. The parameters of these equa-
tions are defined in Fig. 2. A program entitled “Conical
Quadreflex Antenna Efficiency Program” has been written
to evaluate Eq. (1) and a program entitled “Transcen-

dental Equation Solving Program” has been written to
evaluate Eq. (2). It should be pointed out in Eg. (1) that
the independent variable is either Er(4) and its associated
polar angle # or, by simple rearrangement, E.{r) and its
associated radius +. ¢, A, @, and F are fixed parameters
defining the antenna geometry. r, #, and g are functions
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Fig. 2. Equivalent parabola configuration

of each other as shown by Eq. (2) and by the following
expression:

r= A+ 2F tan (‘-g) (3)

The computed optimum feed pattern for a uniform
aperture distribution is shown in Fig. 3. The infinite peak
required on the axis is the result of the pattern inversion
property of the quadreflex antenna and can be visualized
as the zero area of the feed pattern center being required
to illuminate the finite area of the outer edge of the
conical reflector.

Utilizing Eq. (1) the aperture distribution was com-
puted for an E = exp(— K6*) feed pattern. The exponen-
tial form was selected as it quite closely models the fields
of the corrugated feed hom utilized in the quadreflex
antenna. The parameter K is determined by the sub-
reflector edge illumination desired. Figure 4 illustrates
typical computed feed patterns selected to give edge
tapers of 8 to 24 dB on the subreflector edge. The corre-
sponding aperture distributions are shown in Fig. 5. It
should be pointed out that in Fig. 5 the aperture fields
were plotted as a function of the polar angle g (Fig. 2).
Since 8 = 0 is the center of the plot and corresponds to a
point on the aperture a distance A from the axis of the
antenna, the hole or null that appears in the aperture
distribution within the radius A does not show in Fig. 5.
If the fields had been plotted as a function of the radius
r, the hole would not be suppressed, since the region
within A would appear on the plot.
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A series of aperture distributions were caleulated for
edge tapers between 9 and 20 dB, and the aperture
efficiencies were in turn calculated from these distribu-
tions. Since ideal feed patterns with spherical phase fronts
were considered, the phase was constant across the
aperture and, therefore, did not contribute to any effi-
ciency degradation. The spillover, illumination, and over-
all efficency is plotted in Fig. 8. As can be seen, the
overall efficiency increases rapidly from 9-dB edge tapers
to about 14 dB and then levels out. The broad efficiency
peak results from the fact that the spillover efficiency is
improving at the same rate the illumination efficiency was
decreasing. In measured efficiencies versus edge taper, the
overall efficiency begins to drop off at about 14 to 15 dB.
The difference is attributed to the fact that feed patterns
in reality do not have ideal phase patterns. For most
patterns the phase patterns begin to change rapidly, as the
pattern amplitude drops. For cases where increased edge
tapers are used, it would then be expected that over a
greater portion of the aperture there would be widely
varying phase values. The varying phase would then
detract from the phase efficiency. Thus, if the efficiency

solution was to use the asymmetrical scattering program
to obtain the scattered fields from the elliptical sub-
reflector when the subreflector is illuminated by a corru-
gated horn. Then, by taking a spherical wave expansion
of the scattered fields, the fields on the surface of the
equivalent parabola were calculated and then projected
onto the antenna aperture, Last, the antenna efficiency
was then calculated based on the projected fields in the
aperture plane. Figure 7 shows a flow chart describing
the sequence of programs used to obtain the final effi-
ciency value. Table 1 shows the efficiencies obtained for
X-band and Ku-band antennas, each with a two-section
corrugated horn feed. In each case the feed was located
at the position that was experimentally found to give the
highest efficiency. As a final case, the Ku-band configura-
tion was adjusted to place the phase center at the focus
of the ellipse. The efficiency that resulted is also pre-
sented in Table 1. Figure 8 shows the subreflector dimen-
sions for each of the three cases.

Table 1. Antenna efficiency (1.83-m (6-ft) diameter)

computed from calculated aperture fields could be ad- Frequency Ku-band  Ku-band  X-band
justed for phase, it would be expected to show the same ] .
dropoff observed from measured efficiencies. Feed phase center location  Optical Ma;;rir:lum Ma;:::-lum
LEfficiency
Ill. Efficiency Determined by Scattering Subreflector blockage 0.979 0.979 0.979
Calculations Spillover, main reflector ~ 0.884 0.908 0.825
Because of the relatively small sizes of antennas under Urn blackage 0.972 0.987 0.989
consideration, the various scattering surfaces were in the Hlumination 0.886 0.905 0.904
near field of the fields incident upon them. Therefore, Phase 0.984 0.933 0.967
usi tics techni i ici
ng ray optics technigues does not.prowde su.fflment Overall 0.754 0.740 0,608
accuracy. The approach taken to obtain a more rigorous
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