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A UHF/EHF Hybrid Antenna

1. INTRODUCTION

The objectives of this study were the development and experimental demon-
stration of the RF feasibility of combining a UHF antenna with an EHF paraboloid.
The combination is to provide dual frequency band operation for air-to-satellite
communication links. Present airborne SATCOM systems use separate antennas
for these applications. The UHF radiator is generally fixed to the fuselage, while
the microwave reflector antenna is located on a steerable platform within a large
radome and mechanically tracks the satellite. The problem with this approach is
the low gain of the UHF antenna at the aircraft horizon. Increasing this gain would
bring about a substantial improvement in performance and reliability of the UHF
data link.

At the request of SAMSO (SKX) the Electromagnetic Sciences Division of RADC
has undertaken this primarily experimental study of placing a rather large wide-
band UHF radiator in various aperture locations of an EHF reflector antenna.
Increased gain and radiation characteristics are desired at the UHF band, while
minimizing the degradation to the EHF capability. The experimental program was
conducted in two phases. In Phase I, a UHF crossed-dipole was designed, fabri-
cated, and integrated with a focal point-fed paraboloid at 34.5 GHz. The UHF
dipole was positioned between the focal point feed and the parabolic reflector in

(Received for publication 4 April 1978)




order to investigate the 'worst case' geometries for the combination, Section 2 i

describes these results. In Section 3, a simple analysis is presented to study the

effects of EHF reflector blockage especially with respect to antenna gain and rad-
iation sidelobe levels. Phase Il of the experimental program explored the modifi- ™
cation and repositioning of the UHF dipole near the focal point of a 43,5 GHz

cassegrain reflector antenna, These results are detailed in Section 4, f

2. PHASE I HYBRID ANTENNA

2.0 Description of the UHE Dipole

The basic requirements for the UHF radiator include an operational capability
{ for the frequency band 293 to 400 MHz, and knowledge of radiation characteristics
down to 243 MHz. Essentially, the total 225 to 400 MHz band would be examined
with emphasis on the operating band. In addition to operating over a wide band-
width, the UHF antenna is required to be circularly polarized. One dipole that
satisfies these requirements is the balun-fed, open-sleeve design selected for this
application.

The basic pararieters influencing the balun-fed, open-sleeve crossed dipole
have been investigated in great detail by Wong and King. 5 This work forms the
basis of our design., Their studies have shown that with the addition of parasitic
elements (sleeves) to the conventional cylindrical dipole, the VSWR bandwidth can
be broadened significantly with negligible changes in the radiation padterns. The
open sleeve dipole can operate over a 1. 8:1 frequency bandwidth as compared to
1.25:1 for the cylindrical dipole. The sleeve necessary to compensate for the
required bandwidth of a crossed-dipole must be of the circular disk or Greek-
Cross shape in order to provide circular symmetry. The cross=-sectional area of
the crossed dipole including its sleeve, has a direct relationship on any gain de-
crease to the EHF reflector antenna's radiation characteristics when the dipole is
positioned near the radiating aperture of the reflector. The EHF gain is reduced
and the resultant radiation pattern sidelobe are increased when the blockage is
introduced. The relatively large size of the UHF dipole (20 in.) with respect to
the diameter of the parabolic reflector (39.4 in.) dictates that a substantial gain
reduction can be anticipated. An additional negative effect also occurs when the
position of the dipole is between the focal point feed and the reflector, as is the
'worst case' blockage of this Phase I study. The position effect is discussed in

Section 3.

| 1. Wong, J.L., and King, H.E. (1973) Design Variations and Performance Char-
' acteristics of the Open-Sleeve Dipole, Report SAMSO-TR-73-133, The

' Aerospace Corporation, EI Segundo, Ca.
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In order to reduce the blockage effects, the UHF dipole and its sleeve were
designed using wire-grid construction. 2 A photograph of this design is shown in
Figure 1. The construction details of the crossed, open-sleeve dipole and its
balun are given in Figure 2. The wire-grid assembly of the Greek-cross shaped
compensation sleeve consists of 0,0625 in. brass rods spaced 1.0 in. and soldered
to a 0.125 in. »x 0.125 brass frame. This construction simulates a solid metallic
surface. The dipole elements are also designed using wire grid or '"cage' tech-
niques which has been described in Schelkunoff and Friis. . When the wires are
thin and equispaced, the "cage' structured dipole will replace a cylindrical dipole

according to expression

o 1/n

r‘eff:r( ro)

where
r = radius of the wire "cage"
n = number of wires
N radius of the wires
and
Tofr " the effective radius of the solid dipole replaced by the ""cage' dipole.

Conversely, if the cylindrical dipole radius has been determined, the radius of
the ""cage'' dipole replacement would be

- n/n-1
L eff
kS 1/n
(n ro) -

The effective radius of the dipole shown in Figure 2 is 0. 567 in. The dipole length
was determined experimentally by optimizing VSWR response over the UHF fre-
quency band of interest.

2. King, H.E., and Wong, J. L. (1972) 225-400 MHz Antenna System for Spin
Stabilized Synchronous Satellites, Report SAMSO-TR=-72-77, The Aerospace
Corporation, EI Segundo, CA.

3. Schelkunoff, S.A., and Friis, H.T. (1952) Antennas: Theory and Practice,
John Wiley and Sons, Inc., New York, pp 110-111.
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Figure 1. Photograph of UHF Dipole Using Wire Grid Construction
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Figure 2. Construction Details of UHF Dipole Using
Wire Grid Construction
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Figure 4. Photograph of UHF Dipole Using Solid Element

D

Radiation Characteristies for the Combination Antenna

'he Phase I hybrid antenna combines the UHE dipole with a 1 meter diameten
EHIE (34,5 GHz) parabolic reflector antenna as shown in Figure 5. The location ol
the dipole. approximately midway between the EHE focal point feed and the reficctor
surface, is obviously positioned poorly with regard to operation at EHE., However,
this location does provide a good point to test the leakage effects or invisibility of
the grid sleeve and cage dipole to the EHIE radiation. The wire-grid spacings o
seen by the EHE radiated wave vary from approximately 0.5 in, for the dipole
elements to 1 in, for its sleeve, These dimensions are somewhat larger than the
wavelength at EHE (X = 0,342 in.) and, thus, some EHE radiation would be expected
to pass through the structure. Table 1 lists the more important dimensions ol the
Phase [ combination antenna.

In order to test the UHE dipole's interference, fav=t«(d radiation patterns

and relative gain measurements at 34, 5 GH2 for the EHE vellector antenna were

performed with and without the dipole mstalled. The resultant - and H-plane
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Figure 5. Photograph of the Phase I Hybrid Antenna

Table 1. Dimensions of Phase I UHF/EHF Hybrid Antenna

EHE Parabolic Reflector Diameter: 1 m

Focal Distance (f/D): 0.4

Spacing of EHE Feed Horn: 0.37Tm

L.ength of UHE Dipole: 20 in,

Spacing of UHF Dipole to Reflector Surface; 8.75 in.

Diameter of UHEF Caged Dipoles: 1. & in.

Dimensions of UHF Dipole Sleeve: See Figure 2 '

patterns are traced in Figures 6 and 7. These plots indicate the normal operation
without UHF dipole as solid lines, while the dashed curves are superimposed and
reflect the quantitative changes due to the influence of the dipole. The dipole addi-
tion reduces the unobstructed boresight gain of 47. 6 dBi by 2.0 dB, while the
angular width of the main beam is narrowed slightly and significantly higher side-
lobe levels result, All pattern and gain measurements were performed over a

1/2 mile free space range at the RADC Antenna Test Facility, Ipswich,

Massachusetts.
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Radiation Patterns of the
EHF Parabolic Reflector Antenna With
and Without the UHF Dipole Attached
(E-Plane, f - 34.5 GHz)
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EHF Parabolic Reflector Antenna With
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(H-Plane, f - 34.5 GHz)
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Radiation Patterns of the

In order to identify the dipole components contributing the major portion of

the blockage at EHF in the combination antenna, a series of structural changes

were made to the dipole.
eters unchanged.

were observed.

No noticeable differences to either the EHF patterns or the gain

First, the grid sleeve was removed with all other param-

As a second step, the cylindrical dipole elements shown in Fig-

ure 4 were substituted for the '""caged'" elements of Figure 1, again without the

sleeve,

Likewise, no change in the EHF patterns and gain level was noticed.

Finally, the dipole elements were removed completely, leaving only the balun and

feed cables fixed in the parabola.

16

This resulted in a 1.3 dB increase in the gain




level over that with the complete dipole structure. Table 2 summarizes these

changes and the corresponding gain variations.

Table 2. Influence of the UHF Dipole on the EHF Boresight Gain of
the Phase I UHF/EHF Hybrid Antenna

Antenna Condition Gain (dBi)
EHF Parabolic Antenna (No UHF Dipole) 47.6
Cage Dipcle Added (See Figure 5) 45.6
Sleeve Removed 45.6
Cylindrical Dipoles Substituted (No Sleeve) 45.6
Dipole Elements Removed 46. 9

Radiation patterns for the UHF range were also measured, but are not included
in this report. Generally, these patterns had directive radiation characteristics
yielding gains of 4 to 7 dBi over the 225 to 400 MHz band. The geometric config-
uration of the strut support for the focal-point feed horn, however, presents
unsymmetric interference to the UHF radiation which would be especially signif-
icant for the intended circularly polarized application. These unsymmetries could
be observed in E- and H-plane patterns for the individual orthogonal dipoles. The
capability for making circular polarized patterns and axial ratio measurements

for these frequencies was not available at this time.

3. ANALYSIS OF APERTURE BLOCKAGE FOR THE UHF/EHF HYBRID ANTENNA

The UHF crossed dipole with its Greek-Cross sleeve presents a fairly large
obstruction to the directed radiation from the EHF horn of the Hybrid Antenna.
The effective area of this blockage and its respective location geometries have a
direct relationship to the degradation or gain losses at the EHF band. By using
techniques such grid and "caged" construction, the blockage may be reduced for
more acceptable EHF operation.

In analyzing the effect of blockage depicted in Figure 8, it is assumed that the
EHF feed system energy associated with the shaded area is absorbed or scattered

17
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Figure 8. Aperture Blockage Geometry

in such a way that its contribution to the axial gain is negligible. g The shaded

area refers specilically to the 'worst' case blockage of a UHF crossed-dipole us -
ing solid metallic elements and sleeve., Similarly, it is assumed that the effect on
the unshaded area is also negligible, The rectangular coordinate system and

square aperture are used to simplify the blockage calculations. Since however,

’

the separable aperture illumination is nearly circular, the dimension "a'" may be
associated with one half the diameter of the parabola. The far field radiation

pattern in the principal plane (defined to include the y and z axes) is evaluated in
the remainder of this section.

The un-normalized field pattern for these geometries may be expressed as

1k ysing
E(x,y, 9) = f f(x,y) e © B(x, y) dx dy

4Ru:;(‘h, W. V. T., and Potter, P.D. (1970) Analysis of Reflector Antennas,
Academic Press, Inc., New York, pp 82-106.

18




where
f(x,y) - the area illumination function ,
B(x, y)  the unblocked radiating aperture, and

k 2m/\ .

(8}

The illumination function

f(x,y) - cos ( ;—:) cos (%)

is chosen because its nearly circular distribution and its resultant sidelobe levels
approximate the operating characteristics of a typical EHF parabola. The
unblocked area B(x, y) is symmetric with respect to the x and y coordinates, and
may be integrated by summing the area integrals as indicated in Figure 9. The

integral may now be expressed as:

#
b a
o nx!' !
E(x',y',0) 4]0+ f cos (—,—;1—) dx! f cos (—,3—) cos (k_ y' sin 0) dy'
o h
¢ a
X' my! ;
! cos (-,: dx! cos (—,?) cos (k | y' sin 0) dy'
b d
d a
”xl ”\-l E
+ f cos (W)dx' f cos (—,-; ) cos (k” y' sin 0) dy'
¢ -
h a
"X' ”vl
t cos (3; )dx' cos ( 3a ) cos (k” y' sin 0) dy'
d b
a a
X' Tyt
+ cos (—2—21—) dx! f cos( -.-,‘?) cos (ko y' sin 0) dy! .
h o




Figure 9. Symmetric Areas of Blockage
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The integral now becomes:

E(xt, y',8) 4"—‘1 sin ( ;l—: )[n(H, a) - n(o, h))

+ [ sin (!iq) - sin(;—b)] [n(6, a) - n(8, d)]

£ ] sin ( —”,%) - sin( %—) [n(6, a) - n(o, )

L

-

¢ | sin ( —,—:) - sin ( %‘—) [n(8, a) = n(o, 0)] [

-
+ [ sin ({,rl: ) - sin (;’—d{)] [n(n, a) - n(o, b)]

L

This equation may be reduced to:
E(x!, y', 0) = i} 3sin ( :,'—‘,: ) [n(n, d) - n(o, h))
+ sin ( ;—;) [n(e, ) - n(a, d)|
+ sin( _27@1) [n(B, b) = n(o, )]
t (0, a) - sin ( g;—‘)[n(n,m]‘ .

We now have a general equation for the field pattern with open-sleeve crossed
dipole blockage. This equation will handle the special cases when the sleeve is
removed or altered in size or shape. The normalized power pattern as a function

of # is expressed as:

92
P(x', y',0) = 20 log (;"3) [E(x', y', 0)] z

A problem encountered in locating the UHF dipole between the EHF feed horn
and the reflector surface, is that the dipole casts a shadow on the reflector surface
when it is illuminated by the horn. Figure 10 describes the geometries for a para-
bola (Figure 10a) and a parabola with a shadow cast on its surface (Figure 10b).

In Figure 10a, the general equation describing the reflector in terms of its focal
point is
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X
Y = §f

In Figure 10b, a dipole is mounted a distance H from the surface. The dipole of

height, h, casts a shadow of height XM Let
‘2
M
# o (LAY, f-ym _f-45
h XM X
This equation may be re-written as
2 2
4f - XM 4foR
and finally
xy - 2f [-Rt YRZ 41
M
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but XI\I must have a positive value. Therefore

2
v 9 -
XM 2f [ R +1 R] -

This expression is referred to as the magnification factor describing the height of
a shadow cast by a dipole located H from the parabolic surface.. If the same
analysis is used to calculate the shadow cast by the dipole width, a complete
straight line description of the "blocked'" area of the surface can be determined.
Because of the relative flatness of the reflector surface of the Phase I antenna,
the blocked area has been analyzed without including the added complexity of the
parabolic curvature.

The Phase I EHF radiation performance has been calculated using the magnif-
ication factor for two conditions of blockage described in Figure 11. These include
the solid crossed-dipole (Figure 1la) and the same dipole with a solid sleeve added
(Figure 11b), The resultant computed radiation patterns are plotted in Figure 12.

y
r-l 5.0"
——a 10.5"
x = ——
tl.o" 20" 50" 7
l L_lﬂt 105"
a b.

Figure 11, Examples of Blockage
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Figure 12. Calculated Radiation Patterns for the Phase I Hybrid Antenna

Introduction of crossed-dipoles to the antenna system reduces the boresight gain
by approximately 1.6 dB over the unblocked case. In addition, sidelobe energy
levels are raised substantially at small angular displacements off boresight. With
the addition of the solid sleeve, the directional radiation characteristics become
obviously unacceptable,

When these computed results are compared to the experimental measurements
of Section 2.2, a similiarity in the variations to the gain levels and radiation pat-
tern shape can be observed. These observations would suggest that the "caged"
dipole element design does not increase radiation transmission or reduce the
cross-sectional blockage, when substituted for the solid dipole element. More
research in wider wire spacings is probably needed before this technique cculd be
recommended. More effective results are obtained when the sleeve is tested.
Removal from the dipole in the boresight gain experiment indicates no noticeable
change in the gain level. The computed plot of Figure 12 using a solid dipole and
solid sleeve, however, dictates a gross effect to the gain. It can be assumed that
the grid sleeve design is almost invisible and does reduce the blockage problem
‘ effectively.
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4. PHASE I1 HYBRID ANTENNA

4.1 Description of UHF/EHF Antenna

The Phase Il UHF/EHF Hybrid Antenna consists of an EHF cassegrain reflec-
tor antenna in combination with a variation of the UHF dipole of Section 2. Fig-
ure 13 shows a cross-sectional view of this antenna chosen in order to reduce the
magnitude of the dipole blockage effects experienced in the Phase [ measurements.
The double reflector technique allows the UHF dipole to be repositioned behind the
sub-reflector and thus out of the converging field at the EHF reflector focus,
eliminating the magnified shadow effect, The blockage created by the UHLF dipole's
presence is equal to the dipole dimensions for the cassegrain geometry.

The EHF antenna consists of a 36 in. diameter main reflector with a 4. 125 in,
diameter sub-reflector illuminated by a conical feed horn protruding axially
through the main reflector surface. The main reflector is a paraboloid and the
auxiliary reflector is a hyperboloid. The geometry of this horn-reflector combina-
tion needed in order to collimate the radiation, requires that the feed horn be
positioned at the near focus of the hyperboloid and that the focus of the paraboloid
and far focus of the hyperboloid be coincidental. Cassegrain antennas are usually
recommended at frequencies where feed waveguide attenuation is appreciable and
where the aperture is large enough to produce a beamwidth of 1 degree or less.
Sidelobes are nominally -18 dB with aperture efficiencies of 50 percent. This
antenna which is readily available commercially (TRG Model B821-36-C), has an
operating frequency of 43.5 GHz t 3 percent, a boresight gain of approximately
49 dB referred to an isotropic radiator, a half-power beamwidth of about 0.5 de-
gree and the capability of circular polarization.

The UHF portion of the Phase II Hybrid Antenna has been redesigned to be
compatible with the EHF cassegrain antenna. As may be seen in Figure 13, the
dipole has been repositioned outside the sub-reflector approximately at the focal
point of the paraboloid. The fundamental dipole dimensions including length, diam-
eter, and sleeve size have been retained from the Phase I conditions. The support-
ing rod for the cassegrain sub-reflector, normally machined as a single metallic
unit was redesigned and fabricated of plexiglas dielectric so that the balun and
feed cable section of the UHF dipole could be machined into its core. The cross-
sectional diameter of the UHF feed network was reduced by replacing the 0. 25 in.
diameter coaxial cables of the Phase I dipole (see Figure 2) with 0, 141 in. diam-
eter semirigid cables and recalculating the correspondingly smaller cable separa-
tion. This new support was fitted to the strut system holder for limited axial
adjustment. Because of the close proximity of the sleeve to strut system and the

e~

resultant instability of the structure, a new sleeve was fabricated with 0.125 in.
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square rod replacing the wires and was repositioned between the UHF dipole ele-
ments and the EHF sub-reflector. The sleeve was then fastened to both, to pro-
vide greater strength to the entire sub-reflector-UHF dipole combination.

One of the problems anticipated at UHF operation was the effectiveness of the
main reflector and its directional gain characteristics when combined with rela-
tively large dipole. An alternate reflector scheme was devised and implemented
in the form of a widely spaced flat grid of wires, installed across the face of the
paraboloid and located approximately one quarter wavelength from the UHF dipole
at the midband frequency. The wire-grid spacing equals approximately 0. 1x at
400 MHz. Figures 14 to 18 show several photographs of close views of the UHF
dipole including both solid or caged elements and the various reflector combina-
tions. The dimensions of the UHF wire grid are described in Figure 19, while its
relative location in the paraboloid is indicated by the dashed line of Figure 13.
Figures 20 and 21 show both reflector variations of the Phase II antenna.

By using a conical feed horn (TRG Model B876) as the primary EHF radiator,
the symmetrical geometries needed for circularly polarized operation are avail-
able. The proper series addition of such waveguide components as an orthomode
transducer, circular polarizer or mode transition with the feed horn allows the
measurement of right-or-left-hand circular or dual-linear polarization., The
waveguide components used for Phase II Hybrid Antenna are shown in Figure 22.

4.2 Calculated Radiation Patterns

The analytical techniques developed in Section 2 are also applicable to the
Phase II Antenna. Because of relocation, the UHF dipole in the new structure is
illuminated by plane wave radiation and the magnification factor of the Phase I
antenna is no longer needed. The blockage parameters to be used in the power
pattern equation are simply the cross-sectional dimensions of the dipole. Fig-
ure 23 is a plot of the EHF radiation patterns for similar conditions as those
plotted for the Phase I antenna in Figure 12. In this case the EHF reference pat-
tern, however, includes the paraboloid with the sub-reflector as indicated by the
solid curve. Table 3 lists the boresight gain changes due to the two cases of
biockage.

Radiation characteristics for the EHF frequency band have been calculated and
are plotted in Figure 24. These curves for 43.5 GHz, 42 GHz, and 45 GHz have
been referenced to the cassegrain antenna at fo using the solid UHF dipole and
sleeve blockage. Gain level variations reflect the changes in area illumination

due to frequency.
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Figure 18. Side View of UHI Dipole and EHI Sub-Reflector with UHE

Grid Reflector
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Figure 22. EHEF Waveguide Network
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Figure 24, Radiation Patterns for the EHF Frequency Band
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Table 3. Influence of the UHF Dipole on the EHI
Boresight Gain of the Phase I UHF/EHF Hybrid
Antenna (Calculated)

Condition Gain (dB)

Cassegrain Antenna REF
Solid Dipoles Added -0.3

Solid Sleeve Added -0.75

4.3 Gain and Radiation Pattern Measurements

The performance tests of the Phase 11 UHF/EHF Hybrid Antenna were under-

taken in both frequency ranges for the two basic configurations with and without
the UHF grid reflector. All EHF pattern measurements were again performed
over the 1/2 mile range, using a right-hand circularly polarized 43. 5 GHz signal.
Gain level measurements were made by altering the EHF waveguide network on
the Hybrid Antenna for linear reception and comparing the received levels against
a standard gain horn (TRG Model B861). Some linear polarized patterns were also
included. A short range of approximately 25 ft was used for measurement of UHI
patterns and the determination of gain. Figure 25 shows a photograph of the UHI®
gain standard and test antenna. Patterns were recorded using linear polarization
in the two major orthogonal planes., The equipment necessary for making circular
polarized tests at UHE was not vet available, but RHCP operation can be predicted
from the linear polarized results.

The initial EHF radiation patterns were reference plots of the Cassegrain
antenna system in its optimized gain condition, without blockage tor both the eleva~
tion and azimuth planes. These patterns, shown in Figures 26 and 27, are fairly
symmetric and interference free except for a low level ground reflection at 129 in .
the elevation plane. With the addition of the UHF dipole in front of the paraboloid,
a new set of patterns were taken on an expanded scale for both right-hand circular
and linear polarizations, and are compared with the reference patterns in Figures
28 through 31. The gain of the unblocked case was measured at 49.5 dB over an
isotropic radiator and is reduced by 0. 8 dB when the UHF dipole is added. The
gain figures are detailed in Figure 30. Additional pattern changes are noted with
the increase in sidelobe levels and the slight narrowing of the main beam. The
sidelobe increase is not severe, and the resulting levels seem quite reasonable for
the present application. Of primary importance is that the small (0. 8 dB) gain
reduction emphasizes that incorporating the UHI dipole imposes only a very minor

penalty to the EHF communication link,
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frequency range ave summarized in Table 4,

Measured UHE

Frequency (MH Without Grid Refl.

UHE Gain standard

A complete set of UHLE patterns over the 225 to 400 MHz band are
I'he UHE grid reflector was then installed in the parabolornd,
and a second set of UHE patterns were recorded in Figures

corresponding gain measurements for both cases over the upper portion of

1i¢ Phase Il Hybrid Antenna

Gain (dBu)

With Grid Refl,




No gain measurements were made below 320 MHz, In general, the UHLI pat-
terns have good characteristics above 320 MHz for both UHF configurations. How-
ever, at 320 MHz and below, the K- and H-plane pattern shapes become extremely
dissimilar and would have a definite affect on off-axis CP operation. On the other
hand, the axial gain at UHI is significantly better than the fixed fuselage antenna.

Additional EHF pattern and gain measurements were required by the installa-
tion of the UHF grid reflector. These measurements showed that adding the grid
reduced the EHF gain as referred to the unblocked antenna by 3.2 dB. Table 5

lists all the EHF gain figures for comparison.

Table 5. Measured EHF Gain of the Phase II Hybrid

Antenna
Condition Gain (dBi1)
Cassegrain Antenna 49. 8
UHE Dipole Installed 48. 7
UHF Grid Reflector Installed 46,3

The radiation patterns with the reflector grid installed are plotted in Fig-
ures 76 and 77,

Since the grid introduced such a substantial loss of EHF gain and did not
markedly improve the UHF performance except at certain points in the frequency

band, it was determined that the grid should be omitted from further design study.

4.4 Fuselage Simulation Measurements

The Phase II Hybrid Antenna combines a UHF capability in an EHF paraboloidal
reflector, as a means of increasing the UHF performance over that which is pres-
ently used in contemporary aircraft. When a reflector antenna of these dimensions
is operated at microwave frequencies and is directed toward the horizon or near-
horizon, some minor variations in the pattern shape and boresight gain due to
reflections from the aircraft's fuselage will be observed. In the microwave fre-
quency region, these changes are small and can be tolerated. However, with UHF
operation, these fuselage reflections are more significant because of the relatively

small reflector size, An experiment was conducted to estimate the severity of

these effects for a worst case geometry,




An experimental method to test the fuselage effects at UHF was implemented
by constructing a 4 ft « 4 ft ground screen and mounting it 3 in. from the edge of
the Hybrid Antenna and parallel to its axis. Figures 78 through 83 provide a sketch
of the experimental fuselage simulation set up and some radiation pattern data un-
der its influence. It may be seen that the ground screen extends forward of the
antenna aperture by approximately 3.5 ft and is pivoted at a point in line with the
antenna aperture, Superimposed patterns for both the E- and H-plane orientations
over various aspect angles, ap, have been recorded at three frequencies. Exten-

sive pattern reshaping takes place as the aspect angle is varied and the UHF bore-

sight gain does increase and decrease by a few decibels.,

The key feature of these data is that although substantial pattern degradation
results from placing a reflecting sheet in the immediate vicinity of the antenna,
the minimum boresight gain is still in excess of 6 dB over the frequency range
tested, which is a major improvement over the present stationary UHF antenna.
In addition, the actual aircraft should have a smaller specular reflection compo-
nent because of its convex surface, and so the present experimental results should

be nearly "worst case' data.

5. CONCLUSIONS

The results of this experimental development program indicate that the per-
formance specifications of efficient EHF and UHF communications systems can be
met by installing a UHF dipole in the radiating aperture of an EHF paraboloid. The
objective was to increase the UHF gain over the 0 dB of present antenna systems
while preserving the EHF operational capability, These fundamental experimental
tests indicate an approximate gain level of 6 dBi can be achieved over the UHF
operating band. The EHF gain is reduced by 0. 8 dB while the corresponding radia-
tion patterns are degraded only slightly. This substantial increase in UHF gain
makes the EHF /UHF option extremely attractive from a link-margin point of view.

Several unanswered questions should be addressed if future work on this prob-
lem seems warranted by operational requirements. The effects of the aircraft
environment has been examined by a very basic experiment. Further assessment
should require that the gain and pattern measurements be performed with the
antenna installed on an aircraft platform including the radome. It is expected that
the UHF gain might be slightly higher for the real application. Although no circu-
larly polarized measurements were performed at UHF, the orthogonal linearly
polarized patterns of this report indicate that a circularly polarized wave would
suffer some pattern deterioration off the boresight axis. Specifically, if one
examines the UHF patterns throughout the frequency band (Figures 32 to 53), the
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E- and H-plane patterns are fairly symmetric but quite dissimilar in shape. CP
operation at each frequency would correspondingly yield a high axial ratio at angles
off boresight. If, however, the aircraft application uses the EHF band or the
ephemeris data for antenna pointing, the UHF link will always be operated on bore-
sight or beam maximum where the off axis ratio will be of little concern.

In addition, the paraboloid strut support causes some pattern deterioration at
the UHF band, but these effects have been minimized by locating the dipoles at
angles between the struts so that the beam shape for the various polarizations
remains syvmmetric,

Another consideration not addressed in this study is the power handling cap-
ability of the UHF dipole. The grid sleeve has been relocated for the Phase 11
antenna, which in turn results in some changes to the impedance match,  Any
further development should include additional dipole optimization to meet specific
input power level and VSWR requirements. In addition, the rather extended balun
section of the dipole should also be shortened or folded during this study so that
mechanical interference with the radome surface does not affect antenna pointing.
I'hese issues have not been addressed in the current program, but they do not
present serious design problems and, in our opinion, are minor development effort
that can be addressed when and if the Air Force elects to develop a UHEF EHF
SATCONM system.

Assuming that the power loss budget achieved by this antenna structure at both
frequency bands 15 satisfactory, the data provided would indicate that combining a
UHFEF dipole in the aperture of an EHP paraboloid presents an extremely attractive
alternative to the use of an omnidirectional UHE and directional EHF antenna. The
overall conclusion of this study 15 that this enhanced UHF performance can be

¢

achieved with minimal additional design effort and without major design compro-

mises at EHE.
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