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Abstract—This work is concerned with determining the metal-
lic strut cross section of inverted-Y tripods to minimize the
plane-wave scattering contribution to the noise temperature of
ground-station reflector antennas and radio telescopes. This is
accomplished by numerically optimizing the cross section for
minimum' ground-noise pickup over the antenna elevation-angle
operation range. Advantage is taken of the fact that although
the struts’ cross-section perimeter can be comparable to the
operation wavelength, their electrical lengths are usually long.
This allows the struts’ scattering characteristics to be determined
by solving standard two-dimensional field integral equations. This
work concentrates on the top strut of an inverted-Y configaration
since it is responsible for the dominant ground noise pickup asso-
ciated with the plane-wave scattering, Numerical simulations are
presented to substantiate this fact and a simple and convenient
broadband closed-form representation for the minimum-noise
top-strut cross section is derived and tested.

I. INTRODUCTION

XIALLY-SYMMETRIC ground-station reflector-antenna
systems are widely used in numerous applications such
as deep-space links, satellite communications, radio astron-
omy, and radar. In the majority of these applications, the
system has either one or two reflectors, and in both cases
the antenna-entrance aperture is partially obstructed by the
feed (single reflector), feed and subreflector (dual reflec-
tor), and their respective supporting structures (struts). This
blockage decreases the overall antenna gain, increases the
sidelobe and cross-polarization levels, and increases the an-
tenna noise temperature. The electrical impact of the struts
on the reflector-antenna performance has been investigated
by several authors. Although considerably more emphasis
has been ‘placed on gain-loss and co- and cross-polarization
radiation pattern effects [1]-[3], recently several authors have
also been specifically concerned with the strut contribution to
the antenna noise temperature [4]-{7]. Of particular interest
is the minimization of the noise-temperature dependence on
the antenna orientation, a critical effect in radio-astronomy
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measurements of the cosmic microwave background-radiation
anisotropy [6].

The equivalent antenna noise temperature 74 is primarily
caused by the environment thermal radiation, which is propor-
tional to the environment absolute temperature 7. Invoking
the reciprocity between the receive and transmit antenna
operation modes, the antenna noise temperature can then be
regarded as being produced by the transmitting antenna power
radiated toward the environment (sky and ground). Hence,
the antenna noise temperature is intrinsically dependent on
the antenna orientation and radiation pattern. It is known
that the blockage caused by the antenna struts produces
relatively large conical sidelobes that cross the radiation-
pattern main beam. These sidelobes are the radiation cones
(strut cones [2]) generated when the struts scatter the quasi-
plane wave that leaves the main reflector. Hence, depending on
the antenna orientation, part of these strut cones may illuminate
the relatively warm ground (T, ~ 300 K) in the near field,
picking up more thermal noise than if they illuminated the sky
(T. =~ 5 K, including high-elevation angle ideal atmospheric
attenuation). ) ‘

There are other important effects that-contribute to the
antenna ground-noise pickup besides the strut cones associ-
ated with the plane-wave scattering. For instance, the quasi-
spherical waves radiated by the feed and by the subreflector
(when it is present) are also scattered by the struts and may
illuminate the ground. In general, however, the feed energy is
highly tapered when it illuminates the struts, and the associated
noise pickup can be neglected. Furthermore, for physically-
large shaped dual-reflector antennas designed for: optimum
gain and noise performance, the struts are commonly attached
well inside the main-reflector surface. Due to this, most of the
subreflector radiation scattered by the struts illuminates the
main reflector, and hence, does not go to ground. For these
reasons, the strut spherical-wave scattering is not considered
in this work. There is also the contribution of the feed and
subreflector spillover, but this effect is outside the scope of
the present work.

The objective of this work is to minimize the strut-cone
power density produced by the plane-wave scattering that
illuminates the relatively warm ground. Simple geometric
considerations indicate that the struts located on the main-
reflector upper half will scatter substantially more power
density toward the ground than the ones on the lower half.
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For this reason, only an inverted-Y strut configuration is
considered here—the inverted-Y geometry has the minimum
number of struts (i.e., one) located on the top half of the
antenna. In the next section, the contribution of the strut
radiation cone to the antenna temperature is determined. In
Section III, this result is used to numerically optimize the top-
strut cross section to further reduce its plane-wave scattering
toward ground. Based on the optimized results obtained in
Séction IV, a broadband closed-form representation is derived
for the optimum top-strut cross section.

The reduction of the strut contribution to the antenna
noise temperature can also be accomplished by introducing
corrugations at the strut surface [8] or by covering it with
a dielectric layer [9], [10]. However, the present work is
concerned with optimizing the cross-section geometry of an
all-metallic strut. Retrofitting an existing antenna with an
optimum-profile strut may be a less expensive alternative to
reduce the antenna noise temperature.

II. STRUT-CONE NOISE-TEMPERATURE CONTRIBUTION

As mentioned above, the objective of this work is to reduce
the strut-cone power scattered toward the relatively warm

ground. A rigorous calculation of the strut-scattered field is

somewhat involved since it must take into account the actual
strut geometry (e.g., truss configuration), its relative loca-
tion on the antenna, the spherical- and plane-wave scattering
mechanisms, multiple reflections in the antenna system, etc.
However, the problem can be rendered more tractable using
a simplified yet accurate model. This model considers only
the plane-wave scattering and, for the purpose of determining
the induced surface-current densities, considers the strut as an
infinitely-long perfect electric conducting cylinder of arbitrary
cross section. The finite strut length is taken into account
afterwards by truncating the strut to a finite length once its
surface currents are known. Although this model is approx-
imate, it is capable of modeling struts (with good accuracy)
not constructed of separate members (e.g., truss struts). '

An infinitely-long perfect electric conductor illuminated by
a plane wave scatters an electromagnetic field that can be
represented by cones of rays (strut cones) propagating away
from the strut [7], as illustrated on Fig. 1. The strut-cone semi-
angle 6, is identical to that between the incident plane-wave
Poynting vector and the cylinder axis. At large distances from
the cylinder axis the scattered-wave power density is given by

I L 1 |Ez6(ﬁ)‘2
SE(R) = E, Er=_— "= 1
° @ 216 * T 2n, sin®6, )
o 7 7 H..(p)?
sz =" i, fir = o Mz 2
(@) =5 * =3 sin?e, ©

where the superscripts £ and H denote the £ (no magnetic
field along the cylinder axis) and H (no electric field along
the cylinder axis) polarizations, respectively, 7, is the free-
space wave impedance, § is the usual cylindrical coordinate
position vector (the z-axis is assumed along the cylinder axis),
and E, and H,, are the scattered electric and magnetic field
3-components, respectively. E,, and H,, can be obtained
by solving the two-dimensional electric and magnetic field

: RADIATION
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Finite-length strut-scattering parameters.

Fig. 1.

integral equations using method of moments (MoM) tech-
niques [11]. Throughout this work a plane wave with a 1 V/m
electric-field amplitude has always been used to illuminate the
struts.

Once the infinite-length strut currents are known and their
radiated field determined, the finite length of practical struts is
taken into account. This can be done recalling that a long finite-
length strut still radiates, for near-zone observation points in
the 8,-direction, scattered rays with the same power density as
the infinite-length strut [4]. Note that in the far-zone, the finite-
length strut produces a radiation pattern very different from the
infinite-length one [2], [3]. However, for the problem at hand
we only need to be concerned with the near-zone patiern of
the finite-length strut. Hence, the power AP, scattered by the
finite-length strut inside a sector of angular width A¢ is

AP5(¢) = Ss(ﬁ) L p sinf. A¢ 3

where S, is given by (1) and (2), depending on the wave
polarization, L is the strut length, and p and ¢ are the
cylindrical coordinates shown in Fig. 1. The contribution of
AP, to the antenna noise temperature is given by

Te(eelu ¢)
P,

AT (ber, ¢) = APs(¢) 4

m

where P, is the total power radiated by the antenna and
T, is the environment noise temperature. 1. is a function of
the antenna elevation angle 8., and the strut-fixed azimuth
angle ¢, both shown in Fig. 2, which depicts the reflector-
antenna geometry with an arbitrarily located strut positioned-
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Fig. 2. Strut orientation with respect to the antenna main reflector and
ground.

by the angles 6, and ¢.. Using (3) and (4), the radiation-cone
contribution to the antenna noise temperature can be written as

T(6,) = L2 5m0e / 5.7) T(0a,d) db.  (5)

Recalling that a reflector antenna normally operates over a
range of elevation angles, it is more convenient to consider an
average noise-temperature contribution (average value over all
elevation angles of operation) given by

Lpsinf, [
Pin 0

where  the average environment noise temperature Wy (4)
toward a ¢-direction is given by

Lp sin 8.

<T>= Ss(F) Wr(4) dp  (6)

1 bmaz
W)= =g [ T.Cawd) #a @
gmax - emzn Brnin
and 0,4, and 8,,;, are the maximum and minimum values of
the antenna elevation angle 6,;, respectively.

III. STRUT CROSS-SECTION OPTIMIZATION

It is clearly shown in (6) that for a typical environment
with a warm ground and a relatively cold sky, a reduction of
the strut-cone contribution to the antenna noise temperature
can be achieved by reducing the power densities SZ-H ()
scattered toward the ground. To accomplish this, one must first
determine the ¢-directions where the strut cone illuminates
the ground. This can be done considering, once again, Fig. 2.
Transforming the scattered-ray direction BRAy(d)) from the
strut local Cartesian coordinate system z, v, z to the ",y , 2~
coordinate system based on ground, the scattered ray will
illuminate the ground whenever 3 ,v(4) < 0. Note that if
the angle . is greater than about 45° (the exact value depends
on the main-reflector curvature and strut-attachment point),
part of the strut cone may strike the main reflector surface.
However, in this work it is assumed that 8, is sufficiently small
for this not to occur—mechanically-large reflector antennas
generally satisfy this requirement. Also note that the feed and
subreflector (if present) will obstruct part of the strut come.

However, since their relative dimensions are usually small,
the corresponding effects are also neglected here.
To minimize <7"> numerically, it is convenient to approx—
imate (6) by
Ng
Lpsinf, 27 ;
<T>m ZEER R Z Sa(e) WT(m) ®
where ¢y = 27f/Ny4 and N, is the total number of equidistant
¢-angles used to evaluate the integral. Now, recalling that the
sky equivalent noise-temperature (T, = Tyx, &~ 5 K) is much
smaller than the one of the ground (7, = grd & 300 K) @)
can be approximated by
g ' -0 in ‘
Ld(_@_W_ Tgr d 9)

amin

Wr(¢) = )
max
where g,.4(¢) is the value of the elevation angle 6,; for
which 2 5y (¢) = 0. It will be assumed here that the antenna
operates over the elevation angles 0,,,, = 90° and 0,5y, =
With the above results, a convenient objective function to min-
imize the strut-cone noise-temperature contribution can now
be constructed using (8) and (9) combined with appropriate
penalties. In the present work, the objective function

grd

Ny .
Forj =7 {w [Wi Sf(W) + W Sf(aﬁzﬂg}
(10)

has been used, where SZ and SE are given by (1) and
(2), respectively, the term p/) has been added to remove
the irrelevant p-dependence from the scattered cylindrical-
wave power density expression, Wg and. Wy are weights
appropriately chosen to stress the relevance of any particular
polarization of interest, and Wpp is a weight associated with
the soft penalty function Fpp;. The soft penalty function Fp,;
has been added to (10) to impose physical constraints on the
cross-section geometry and depends on the particular strut
cross-section representation employed, as will be shown. It
is important to notice that the average.environment noise
temperature Wr(¢) is larger in the ¢p-directions that most
strongly contribute to the strut-cone noise (i.e., it stresses the
directions toward which the strut scattered energy should be
minimized). .

As mentioned previously, in the inverted-Y -strut tripod
geometry the top strut generates the strut cone with the domi-
nant ground illumination. This can be readily seen considering
Fig. 3, which shows a front view of the reflector antenna with
three struts located at ¢, = 0°, 120°, and 240° (the inverted-
Y configuration) and their respective strut-cone peak contours
(the spherical coordinates §’ and ¢’ are associated with the
#',y’, 2’ Cartesian coordinate system of Fig. 2, in the usual
form). In this figure, the horizon (border between ground and
sky) is also represented for different values of 6,; (dashed
line). The strut-cone contours located below the corresponding
horizon line are directed toward ground. Fig. 3 then clearly
shows that the largest strut-cone noise contribution is indeed
produced by the top strut (¢, = 0°). It can also be observed
that this noise contribution decreases as the elevation angle
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Fig. 4. Average environment noise temperature.

6., increases. In fact, when 6.; > 20., the noise contribution

considered in this work is not present since only the plane-
wave scattering is taken into account. The part of the strut
cone that will fall on the ground as the antenna sweeps over
its elevation angles of operation is proportional to the average
environment noise temperature Wr(¢) [given by (7)]. Fig. 4
depicts Wr(¢) as a function of the angle ¢ for each of the
three struts of a typical inverted-Y tripod with 6, = 28.6°. As
expected, the top-strut radiation cone illuminates ground more
intensely than the other two, and its largest noise contribution

comes from the backscattering region (¢ =~ 270°). Hence, the -

minimization of the top-strut noise contribution requires the
minimization of its backscattering, and this is accomplished
using (10) to optimize the strut cross-section geometry.

In the optimization procedure, the top-strut cross-section
contour has been approximated by straight-line segments con-
necting N,p¢ points with corresponding polar coordinates p;

Optimized (8.42 GHz)
O O O O Optimized Points
————— Starting Diamond

pma'x ------------- Size Constraints

Fig. 5. Cross-section geometries of the starting diamond and optimized strut.

and ¢; (see Fig. 5). Each one of these segments is further
subdivided by the MoM solution procedure, which requires
segments smaller than about 0.2 A for good accuracy. To
reduce the number of variables to be optimized, the ¢;
coordinates have been kept fixed and only the radial distances
pi have been adjusted. This yields N,,; unknown values of p;
to be determined. Size constraints are imposed using a penalty
function F,,; to require that ppin < pi < Pmaz (see Fig. 5).
This type of constraint is convenient since it is simple and can
be used to indirectly set mechanical strength and cost limits.
The specific form of Fp,; used here is

Nopt
Fyne =) F(p) (1
=1
where
(pi - pmin)zy if Pi < Pmin
F(pz) = (pi - pmaw)27 it pi > pmax (12)
07 if Pmin S Pi S Pmaz -

Before proceeding toward optimizing specific strut cross
sections, consider Fig. 6 which depicts representative scattered
power densities of (infinite-length) commonly used struts.
The particular results shown correspond to circular (diameter
equal to 5.08 cm) and rectangular (- and {-sides equal
to 1.33 and 15.24 cm, respectively) cross sections, at an
operation frequency of 8.42 GHz (X-band). Circular and
rectangular cross sections are commonly used in practice, and
the two above were chosen with the same cross-section area
(yielding comparable mechanical rigidity). Although these are
not optimum cross-section results, they have been included
here to provide a reference against which the performance
of the optimized strut can be compared. A better strut cross
section, from a noise contribution standpoint, is the diamond.
Fig. 6 also shows its scattering, for a diamond with diagonals
equal to 5.08 and 15.24 cm (comparable to the circular and
rectangular cross-section dimensions). The geometries of these
three cross sections are shown at Fig. 6(a). Note that for
comparable mechanical rigidity, the diamond cross section
produces considerably less backscattering radiation, indicating
that it has a smaller strut-cone noise contribution than either
the circular and rectangular cross sections.
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Fig. 6. Scattering characteristics of infinite-length struts with optimized, dia-

mond, rectangular, and circular cross sections at 8.42 GHz: (a) E-polarization
and (b) H-polarization.

Returning to the optimization of the top-strut cross section,
the p; values of the previously described diamond shape have
been used as the starting point for the numerical procedure.
Exploiting the symmetry about the z = 0 plane, half of the
cross-section contour has been represented by 10 straight-line
segments (see Fig. 5), yielding 11 p;-values to be optimized
(Nopt = 11). The weights of (10) have been selected as Wg =
Wy = Wpp =1 (stressing equally both polarizations), with
Wrde)/Tyra given by Fig. 4 (plot with ¢, = 0°). Ny =
360 equally spaced azimuthal ¢-directions have been used.
The constraints for the optimization' variables p; have been
selected as prmin = 2.54 cm and pyq, = 7.62 cm'(equal t6
half the dimensions of the starting-point diamond diagonals).
The optimum cross section obtained is depicted in Fig. 5,
and Fig. 6 depicts the .corresponding scattering results. The
improved backscattering levels are evident, particularly for the

H-polarization. These results are typical of the many cases
considered in the present work.

IV. TEAR-DROP REPRESENTATION
FOR THE TOP-STRUT CROSS SECTION

In all the optimization runs performed, it was observed that
the optimized strut cross section has a shape that resembles
a tear-drop (e.g., see Fig. 5). This fact can then be exploited
to reduce the computational effort required to optimize the
many variables needed to describe the strut by segments.
The following closed-form e)&pression is here suggested to
represent the tear-drop cross-section contour (see Fig. 7)

2
§+7)1V—[?% +772<Wi1) } — sin 5}
(13)

where W is the strut cross-section width along the §-direction
(assumed given) and A, &, m, and 7y are parameters that
control the cross-section shape—the des1red tear-drop shape
is obtained with

z(y) = iAm{sin

m > 0 and 7y > 0. (14)

Although (13) has four parameters, only 7; and 7, are in-
dependent. Recalling that the ‘cross-section contour must be
closed, z(0) = z(W1) = 0. Since z(0) is already equal to
zero, to make z(W1) = 0, one then must have

_ T [t
5_2<2>'

The parameter A,,, can be obtained from the derivative of (13)

dz Am
=+ — 2

ay W (771 +2n2 Wl)

2

Y Y

5+771W1 +772<W1> :l
recalling that at the point ¥ = v,,, the coordinate = has its
extreme values z,, = £Wy/2, where W5 is the strut cross- -
section width along the Z-direction (also assumed given). An

expression for y,, can then be derived by equatmg (16) to
zero and solving for y to obtam

15)

X cos (16)

Wy

2
sl (ﬂ + 1) +1 - I
2 n 72

Ym = an

where the results from (14) and (15) were uéch The subsﬁtﬁ-
tion of z,, and y,, in (13) yields the desired A, expression

2 -1
:% {sm [f—l—myw-l-ng(g{;;) ] — gin f} .

(18

Observing that § and A, are given by (15) and (18),
respectively, it is clear that, once Wy and W5 are specified for
a given strut mechanical rigidity, only n; and 7, remain to be
determined to fully define the contour. This is done using the

Am

optimization procedure described in Section TII, together with

four appropriate constraints. Two constraints are already given
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Fig. 7. Tear-drop strut cross section.

by (14). Another is obtained enforcing the fact that the tear-
drop contour has only one maximum width W (see Fig. 7)
which implies that there is only one y-value where dz/dy = 0,
namely y,,,. From (16), this requires that

2
Y Y 3T
= =1 < = 19
€+7/1W1+nz(Wl> 5 (19)
which, using (15), yields
m+mn < 27 (20)

The last constraint is provided by imposing a minimum value
amin for the attack angle o, shown in Fig. 7. This avoids a
strut with a very sharp edge, which is difficult to manufacture.
Recalling that tan(a/2) = dz/dy|y=0, one can write from

(15) and (16)
Amm sin (771'1'772)} > Omin. (21

Wy

The above four constraints can be used to construct the
penalty function Fj,: of (10). A convenient Fpne for the
tear-drop cross section is

=2 arct
o' arcan[ 3

Fypnt = €17 +€am3 +e3(m +12—27)% + ea(@— Amin)® (22)

where €1, €3, €3, and ¢, are set equal to zero whenever (14),
(20), and (21), respectively, are satisfied. Otherwise, they are
set to 1.

Using (10), (13), and (22), the variables 7; and 7, of the
tear-drop cross-section contour have been optimized for the
same antenna geometry and operating frequency of Section IIL
Note that in this case Nopt = 2, imposing a relatively
small computational burden in the numerical optimization
procedure. The cross-section widths were set to W; = 15.24
cm and W5 = 5.08 cm—values that produce strut dimensions
comparable to the ones of Section III. The minimum attack
angle oy, was set to 18.9° (the same attack angle of
the triangular cross section defined below). The numerical
optimization procedure yielded 7; = 1.01 and 7, = 2.15.

The optimum tear-drop cross-section contour obtained is
depicted in Fig. 8(a), together with two other potentially
useful low-noise cross sections. These cross sections are the
diamond used as the starting geometry in Section III, and
an isosceles triangle with height W; and basis W5. The
scattering of the corresponding infinite-length struts is shown
in Fig. 8. The relative top-strut noise improvements, computed

using (5), are shown on Table I, where Ty, Ty, T}, T;, and
T, are the strut-cone noise-temperature contributions for the
tear-drop, diamond, triangular, rectangular, and circular strut
cross sections, respectively (where the rectangular and circular
ones are those previously used in Section III). From Fig. 8
and Table I (at 8.42 GHz) we observe that the improve-
ment produced by the tear-drop, relative to the diamond
and triangular cross sections, is small for the E-polarization
(T1a/Ts ~ 0.83 and Tiq/T; ~ 0.99), but more significant
for the H-polarization (T;q/Ty ~ 0.40 and T3q/T; =~ 0.20).
Also, the diamond, triangular, and tear-drop cross sections
have a much smaller noise contribution with respect to the
rectangular and circular ones for both polarizations. However,
the impact of these improvements on the top-strut noise
contribution must take into account the polarization of the
reflector-radiated wave and the operating frequency, as well
as the antenna elevation angle. For instance, at 8.42 GHz and
for a circularly polarized radiation (which has equal amounts
of E- and H-polarizations), the improvement produced by
the tear-drop over the diamond or triangular cross sections
may not be relevant. The reason is that the H-polarization
backscattering levels are smaller than the E/-polarization ones
by approximately 10 and 7 dB, for the diamond and triangle,
respectively (see Fig. 8). Hence, any improvement in the top-
strut noise contribution is dominated by the reduction of the
E-polarization backscattering, which is small {see Fig. 8(a)].
In this particular case, the H-polarization noise pickup can
be neglected. Also, if the antenna elevation angle f; is
sufficiently large so that the strut cone does not illuminate the
ground, no improvement in the noise temperature associated
with the plane-wave scattering is obtained.

Although it is not the objective of this work to study the
influence of the strut cross section on the antenna efficiency,
we can observe from Fig. 8 that for the E-polarization, the
strut scattering toward the antenna boresight (¢ = 90°)
is practically independent on the cross-section. For the H-
polarization, the tear-drop forward scattering is about 5 dB
smaller than the triangular one and 2 dB higher than the
diamond. However, similarly to the backscattering case, the
dominant forward-scattering contribution comes from the F-
polarization, and these differences may not be relevant.

One additional advantage of the optimized tear-drop cross
section is that its backscattering levels (and, hence, its associ-
ated noise-temperature contribution) have a relatively small
frequency dependence. This is a consequence of the fact
that the tear-drop behavior is not dependent on band-limited
effects as may be the case, for example, of corrugated-surface
[8] or dielectric-coated struts [9], [10]. This is demonstrated
in Fig. 9, which depicts the frequency dependence of the
backscattered peak level (over the pattern region 220° < ¢ <
320°) of the three cross sections shown in Fig. 8(a)—the plots
have jagged lines because only a few discrete frequencies
have been considered. As evident, the optimized tear-drop
scattering is very low and broadband (S,p/A ~ —40 dB and
—52 dB for the E- and H-polarizations, respectively, from
4 GHz to 40 GHz). In comparison, the corresponding H-
polarized backscattering peaks of the diamond and triangular
cross sections increase with frequency, reaching levels equal
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tear-drop, diamond, and triangular cross sections at 8.42 GHz: (a)
E-polarization and (b) H -polarization.

or higher than the ones of the E-polarization. These facts
indicate that for struts designed to operate over a wide band,
at higher frequencies the optimum tear-drop cross section is
very effective in reducing the noise associated with the H-
polarization. This is exemplified in Table I for 31.9 GHz
(Ka-band). From this table, we observe that for the H-
polarization, the noise-temperature ratios are 1i3/Ty =~ 0.09
and T3q/T: ~ 0.04. However, for the E-polarization the ratios
are approximately equal to the unity. For the rectangular and
circular cross sections, the Tyg /\ T, and T34 /T, noise ratios are
almost zero for both polarizations. These results show that,
for a circularly polarized radiation, high frequencies (so that
both - and H-polarizations have comparable backscattering
levels), and small elevation angles, the tear-drop cross section
is able to suppress the H-polarization backscattering and,
consequently, reduce by half the studied top-strut coniribution
to the antenna noise temperature.

TABLE I
NoOISE-TEMPERATURE RATIO BETWEEN THE OPTIMIZED TEAR-DROP
(Zq) AND THE RECTANGULAR (77), CIRCULAR. (T¢), DiamonD (1),
AND TRIANGULAR (7}%) CrOSS SECTIONS AT 8.42 GHz AND 31.9 GHz

Freq . POI&TiZ. g el Ttd / Tr Ttd / Tc Ttd / Td Ttd / Tt
50° | 0.450 | 0.171 { 0.886 | 1.001
8.42 GHz | E-pol. | 30°| 0.525 | 0.205 | 0.841 | 0.995
10°] 0.532 | 0.209 | 0.829 | 0.993

50° | 0.071 { 0.007 | 0.220 | 0.111 |
8.42 GHz | H-pol. | 30° | 0.135 | 0.022 | 0.402 | 0.177
10°1 0.164 | 0.027 | 0.411 | 0.201
50° | 0.093 | 0.053 | 0.941 | 1.073
319 GHz | E-pol. |30°| 0.168 | 0.067 | 0.885 | 1.062
10° | .0.174 | 0.068 | 0.871 | 1.057
50° | 0.002 | 0.001 | 0.056 | 0.024
31.9 GHz | H-pol. | 30°| 0.006 { 0.003 { 0.096 | 0.041
' 10° | 0.006 | 0.003 | 0.089 | 0.039
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Fig. 9. Frequency dependence of the strut backscattering peak level, over
the angular range 220° < ¢ < 320°, for infinite-length struts with optimized
tear-drop, diamond, and triangular cross sections.

V. CONCLUSION

In reflector-antenna applications, the reduction of the ther-
mal noise associated with the antenna spillover and the plane-
and spherical-wave scattering by the struts is of great inter-
est. This work presented a method for optimizing the cross
section of reflector-antenna supporting' struts to minimize
the ground-noise pickup associated with  their plane-wave

‘scattering mechanism. It was shown that the struts attached

to the main-reflector lower half pick up less plane-wave-
scattering ground noise than the ones attached to: the upper
half. The inverted-Y strut tripod, with its single strut in
the reflector top half, is then an optimum configuration to -
minimize this noise mechanism and, hence, was considered
in detail. Since the inverted-Y top-strut noise contribution is
much larger than the ones of the other two struts, only the
cross section of the top strut was optimized to reduce noise
contribution. Numerical optimizations produced a top-strut

.
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cross section with a tear-drop shape, and advantage was taken
of this fact to derive a convenient closed-form representation
for the optimum cross section.

Representative results were computed for the fields scattered
by the tear-drop and other potentially useful strut cross sections
(i.e., circle, rectangle, diamond, and triangle). They show
that the tear-drop, diamond, and triangle can greatly reduce
the plane-wave-scattering ground-noise pickup of antennas
employing circular and rectangular struts. When compared
with the high performance diamond and triangle cross sections,
the tear-drop still can significantly reduce the ground-noise
pickup associated with the H-polarization (strut in the plane
of the magnetic field), but yields an insignificant improvement
for the E-polarization (strut in the plane of the electric field).
The advantage of the tear-drop in this case is that as opposed to
the diamond and triangle, which have E- and H-polarization
noise contributions of the same order when their cross-section
perimeters become larger than about 15 wavelengths, the
tear-drop maintains a very low H-polarization noise pickup,
regardless of its perimeter (broadband performance).

In conclusion, the results obtained show that depending
on the existing strut geometry and antenna elevation angles
of interest, an optimum cross-section strut can significantly
reduce the strut-cone contribution to the noise temperature of
reflector antennas.
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