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Abstract-— The present work investigates the efficiency
decay due to small axial feed displacements in classical
axially-symmetric dual-reflector antennas. Analytical ex~
pressions for the antenna aperture field were previously
derived from Geometrical Optics principles. These expres-
sions enable the study of the aperture aberration depen-
dence on small feed displacements and the consequent de-
crease in antenna efficiency. Parametric studies are con-
ducted, in a generalized way, for the complete set of classi-
cal axially-symmetric dual-reflector antennas. Some repre-
sentative geometries are further analyzed by the Moment
Method to determine the accuracy of the present formula-
tion.

Indez Terms— Reflector antennas, aperture radiation,
feed defocusing.

I. INTRODUCTION

Dual-reflector antennas are widely used in high-gain ap-
plications such as satellite communications and radio as-
tronomy. In axially-symmetric configurations, the aper-
ture blockage offered by the subreflector and its sup-
porting structure precludes the achievement of a uniform
aperture-field distribution and, consequently, reduces the
antenna, efficiency. In some applications, the antenna per-
formance is improved via reflector shaping. However, pre-
vious works have dealt with alternative classical axially-
symmetric dual-reflector geometries yielding efficiencies
higher than those typically obtained by the classical
Cassegrain and Gregorian antennas [1]-[4]. These alterna-
tive reflector antennas are classified into four distinct con-
figurations: Axially Displaced Cassegrain (ADC), Grego-
rian (ADG), Ellipse (ADE), and Hyperbola (ADH) [2]-[4].
The basic parameters of their classical generating curves
(a parabola for the main reflector and an ellipse or a hy-
perbola for the subreflector) are depicted in Figs. 1-4,
respectively. The three-dimensional surfaces are yielded
by spinning the generating curves around the symmetry
axis. Using Geometrical Optics (GO) principles, closed-
form expressions were derived, in a generalized way, for
their design, as well as for their aperture-field distribu-
tion {2],{3]. The formulation was further applied on a
parametric study to determine their aperture efficiencies
and, consequently, the optimum geometries {4]. In prin-
ciple, efficiencies beyond 90% can be attained [4].
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Five relevant input parameters are used to design the
antennas: Dy, Dg, Dp (the main-reflector, subreflector,
and blockage diameters, respectively), g (the subreflec-
tor edge angle), and £, (the total ray-path from the pri-
mary focus to the aperture at the plane z = 0). Specific
details about the antenna design are found in [2]. Never-
theless, when the tilt angle 8 (see Figs. 1-4) is null, the
ADC and the ADG become the classical Cassegrain and
Gregorian configurations, respectively. However, under
the same circumstances (8 = 0) both ADE and ADH are
not feasible as the subreflector surface degenerate into a
point (i.e., Ds = 0).

From the analytical expressions of the GO aperture field
and the corresponding transformation of the input feed
ray into the output aperture point, it is possible to inves-
tigate the aberrations caused by a small feed displacement
from the antenna primary focus and the consequent decay
of the radiation efficiency. The present work is concerned
with the effects caused by a small axial feed defocusing.
Such study is of great interest in the design of reflector
antennas operating over a wide frequency range (as the
feed phase center moves with the frequency) and in ap-
plications where the feed is axially displaced to achieve a
broader main-beam pattern. In Sect. I, analytical expres-
sions are derived for the aperture aberration as a function
of the feed position over the symmetry axis. The adopted
analysis is based on previous works conducted by Drag-
one, where the feed displacement is assumed small com-
pared to the overall antenna geometry and to the radia-
tion wavelength [5]. In Sect. III, the formulation is applied
on a parametric investigation of the efficiency decrease
with the feed location for several antenna geometries. As
GO does not consider diffraction effects, in Sect. IV some
representative antennas are numerically analyzed by the
Moment-Method (MoM) technique and the results com-
pared with those obtained by the present formulation to
determine its accuracy and range of validity. The conclu-
sions are presented in Sect. V.

II. THE APERTURE ABERRATION FUNCTION

The aberration function describes the phase distribu-
tion of the aperture field. Its derivation follows the pro-
cedure in (5], where a small feed displacement is consid-
ered. Let zp be the z-coordinate of the feed location over
the symmetry axis (g = yr = 0), with 2r = 0 meaning
that the spherical feed source is located at the antenna
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Fig. 2. ADG configuration.

primary focus (see Figs. 1-4). For small values of |zp| it
can be shown that [5]

V(zr,0r) = L, — zp cosfp, (1)

where V(zp,0F) is the ray-path from the feed source to
the corresponding aperture point (at the plane z = 0)
and cos@r is the direction cosine of the input feed ray
(see Figs. 1-4). The second term at the right-hand side of
(1) is the aberration function for the present case. Due to
the circular symmetry, there is no azimuthal dependence.

At the aperture, it is convenient to express V' as a func-
tion of p4 (the radial distance of the aperture point),
whose dependence with 6 is given by [2]:

Or\ 2As — Aipa
tan (7> T 244 — Aspa’ @
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where
A = 1—-ecosf, (3)
Ay = esinf, (4)
A3 = (cAL + eF)sing, (5)
Ay = F(1 + ecosf) + cAssinf, (6)

F is the focal length of the main-reflector generating
parabola, and e and 2c are the eccentricity and the
inter-focal distance of the subreflector generating el-
lipse/hyperbola, respectively (see Figs. 1-4). Note that
0 < e < 1 for the ADG and the ADE, while |e| > 1 for
the ADC and the ADH [2],[3]. The problem at hand can
be treated in a general way (i.e., for the four different
configurations) by defining counterclockwise (clockwise)
angles in the plane of Figs. 1-4 as positive (negative) an-



gles. From (2)—(6) one obtains

(244 — A3 pa)® — (245 — A1 pa)?
(2A4 — A2 pa)® + (245 — A1 pa)?’

which can be expanded into powers of p4 yielding

(7

cosfp =

o0 . B

cosfp = Z B; (pa)*. : (8)
i=0

The coefficients B; can be written in terms of A;, As,
Az, and A4 with the help of [6]. The constant term By
in (8) does not affect the antenna efficiency. Furthermore,
it can be shown that the coefficient B; is null whenever
B = 0ore? = 1. The'former condition occurs for the clas-
sical Cassegrain and Gregorian antennas (obtained from
the ADC and ADG, respectively, as previously discussed
in Sect. I), where the defocus (p4)? is already known to
be the prominent aberration when the feed is axially dis-
placed. The later condition is never met for practical
antennas, as the subreflector generating curve tends to
a parabola and, consequently, 2¢ — oo. It can also be
shown that as |8) — 0 and e? — 1 the aperture becomes
less aberrated for a fixed value of zp.

III. PARAMETRIC STUDY OF THE .-
APERTURE EFFICIENCY DECREASE

The basic antenna radiation characteristics (e.g., gain,
efficiency, radiation pattern, etc.) can be calculated from
the GO aperture field distribution. However, diffraction
effects are ignored by GO and this might be a signifi-
cant source of inaccuracy in all but reflector systems with
very large electric dimensions (when GO is the dominant
effect). Besides, the GO aperture field distribution -also
neglects the direct feed contribution to the antenna radia-
tion pattern, multiple bounces over the reflector structure,
etc.. In any event,.for antenna-design purposes the infor-
mation contained in the GO aperture distribution is very
useful and, in this section, it will be adopted to study the
aperture efficiency of the present antennas.

The previous formulation was employed on a paramet-
ric investigation of the aperture efficiency (n4) decay with
zr. This was accomplished by integrating the GO aper-
ture field to obtain the antenna far-zone radiation. As-
suming that |zp| is sufficiently small, the change in the
aperture-amplitude distribution does not significantly af-
fect the antenna efficiency [5]. For this reason the ampli-
tude distribution at the aperture was assumed unaltered
and the associated phase determined from (1)-(8). Com-
plete closed-form expressions for the GO aperture field
when zp = 0 are found in [2].

The antenna eﬁimency 14 accounts for the splllover loss
(assuming zr = 0).and the aperture illumination -effi-
ciency (with respect to a uniformly illuminated-aperture

with diameter D), such that the antenna boresxght gain |

is given by [7]
, .
G=0°) = na ("DM> SO

A
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where A is the radiation wavelength. Due to the adopted
GO principles, similar antennas (antennas with identical
angular dimensions) will have the same efficiency 4 pro-
vided that the same feed illumination and the same zp /)
are adopted. For this reason the parametric investiga-
tion was conducted with the antenna linear dimensions
normalized to Djys and with zp expressed in terms of \.
The values of Dg = Dp = 0.1 D were chosen aiming
highly efficient antennas, based on previous results in [4].
The remaining parameters were varied through the ranges
0° < |0p} £ 50° 0.5 < €,/Dpy <1, and 0 < |2p|/X < 5.
Note that, due to the adopted assumptions, the results
are symmetric about zp = 0. A linearly-polarized and
circularly-symmetric raised-cosine feed model (cos™0r)
was.employed as the spherical feed source {7]. Its expo-
nent n was adjusted for every single reflector configura-
tion in order to provide the maximum possible efficiency
whenever zp = 0 [4].

The resulting 14 values are shown in Figs. 5-8 for the
ADC, ADG, ADE, and ADH, respectively. These figures
present contour plots of n4 (values in percent) as a func-
tion of |zp|/A, 6, and £,/Dys. For the ADC and the
ADE no blockage mechanisms are present (under a GO
perspective) [2]. However, for the ADG and, specially,
for the ADH the subreflector self blockage is present for
smaller values of £,/D s, while the feed blockage occurs
as |fg| increases [2]. In Figs. 6 and 8, the depicted values
of £, /D and |8g| are such that no blockage mechanisms
are present whenever zp = 0. From Figs. 5-8 one observes
that n4 decreases as |zg|/X increases, which is expected
since the aperture-field distribution becomes more aber-
rated according to (1). Also, the efficiency decay is less
pronounced for smaller values of [#g|. This is due to the
fact that |8] — 0 and €2 — 1 as |fg| — 0, which agrees
with the observation made at the end of Sect. II. Further-
more, the variation of £,/D s has a small impact on 74, as
the aperture-field distribution does not vary significantly
for £,/Dar > 0.5 [4].

As GO does not account for diffraction mechanisms,
the absolute values of n4 depicted in Figs. 5-8 are ex-
pected to be met only in reflector antennas with very
large electric dimensions. However, numerical MoM anal-
yses conducted for some representative antenna geome-
tries showed that the relative efficiency decay can be pre-
dicted from the previous study with a reasonable accu-
racy. This is the topic of the next section.

IV. MOMENT-METHOD NUMERICAL ANALYSIS
OF SOME REPRESENTATIVE ANTENNAS

In order to investigate the accuracy and range of va-
lidity of the previous formulation and results, some rep- -
resentative antenna configurations were numerically an-
alyzed by the MoM technique. The analysis was based
on the electric field integral equation for bodies of revo-
lution. The raised-cosine feed model used in Sect. III was
readopted as the spherical feed source. The antenna ge-
ometries were chosen among several analyzed in Sect. III,
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Fig. 5. ADC n4 variation (values in percent) with |zp|/A and 0E:
£o/Dpr = 0.5 (solid lines) and 1 (dashed lines).

10 20 30

IeEl (degrees)

Fig. 6. ADG n4 variation (values in percent) with |zp|/X and |0g|:
£,/ Dps = 0.7 (solid lines) and 1 (dashed lines).

presently with Dps = 100\ and Dp = Ds = 10X. For
all geometries, the main-reflector generating parabola was
extended toward the symmetry axis to simulate more re-
alistic configurations. The results for some of the ana-
lyzed ADC, ADG, ADE, and ADH antennas (with differ-
ent pairs £,,0g) are illustrated in Figs. 9-12, respectively.
From the figures one observes that the adopted technique
reasonably predicts the antenna relative efficiency decay,
regarding the MoM results as references. The agreement
improves for smaller || angles since the aperture aber-
ration is less pronounced (according to the discussion in
Sect. III). For this reason, the reader should not be im-

pressed by the results of Fig. 12, as blockage mechanisms

impair ADH configurations with large |#g|. Furthermore,
the accuracy of the present formulation diminishes as zg
increases, specially when zg > 0. This is basically caused
by the change in the aperture amplitude-field distribu-
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Fig. 7. ADE g4 variation (values in percent) with {zg|/\ and 0g:
£o/Dpr = 0.5 (solid lines) and 1 (dashed lines).
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Fig. 8. ADH 74 variation (values in percent) with |zr|/X and |6g|:
£o/Dar =1 (dashed lines). -

tion, which becomes more accentuated when the feed ap-
proaches the subreflector. Another important observa-
tion, based on the MoM results, is the general occurrence
of maximum efficiencies for feeds slightly defocused to-
ward the subreflector. This is due to the spillover reduc-

tion that rapidly occurs before the phase synchronism is
lost by defocusing {8].

V. CONCLUSIONS

An analytical study of the aperture aberration caused
by an axial feed defocusing in generalized classical axially-
symmetric dual-reflector antennas was performed. Its
consequences to the antenna radiation efficiency were in-
vestigated, providing useful results to the antenna design,
particularly for issues concerning the feed phase-center
displacement. Geometrical conditions were obtained for
the reflector surfaces in order to minimize the aperture
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aberration and the associated efficiency decrease. Several
representative reflector arrangements were analyzed by
the Moment-Method technique to specify the limits of the
adopted formulation and to illustrate the general trends
of these particular axially-symmetric antennas. It was
-observed that the relative efficiency decay caused by the
feed defocusing can be reasonably predicted, specially for
configurations with smali subreflector edge-angles. The
adopted analysis can be improved (e.g., by considering
the aperture amplitude-field variation with the feed axial
location). However, simplicity always benefits the acqui-
sition of physical insights necessary for real-case designs.
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