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I.  INTRODUCTION

In the pattern measuwwrextits of low-gain, wide-beamwidth antennas an
illuminating source antenrna Wit low sidelobes is required to minimize the
zfiects of greund multdipath slgmals. In the VHF frequency region, the antenns

'ohysical 8iz¢ requ(red to ywrovide 2 directional pattern becomes relatively

1si ° end a single dionle, {agl dipole array, or dipole-reflector antenna is
often employed &; .° - -wce antenna. Alzhough these antennas are simple te
construct, there are certain .o -i=ita*{gna -~ narrow bzaudwidis, wde

beamwidth and high sidelobes/backlobes wiiv i multipsth-rejec:ion
characteristics. The present study is concerned with the devilzopz. .. £ a
low=sidelobe source antenna for a VHF test range. The design parameters are
listed below:

48~-80 MHz and 110 - 150 MHz

VSWR < 2:1

Low pattern level at 63.4° relative to beam peak
Axial ratio < 1.dB

Dual circular polarization

Minimal size

A four-clement, uniformly fed array of turmnstile dipoles arranged in a 2
x 2 configuration was selected for the design study. In the diagonal plane,
the 2 x 2 array provide an equivalent 1:2:1 (binomial) amplitude distribution
which has the inherent characteristics of low sidelobes (Ref. 1). To meet the
broad bandwidth perforrance, open-sleeve dipoles (Ref. 2) were chosen as array

elements.

The experimental studies were made by means of scale mudel antennas in
the 240 tc 400 MHz band; thus, all the results presented herein are given in
tevme of the scale frequencies. To optimize the multipath-rejection per-
formance, measurements were made as function of element spacing, ground plane

size and dipole~to-reflector spacing.



11, DESCRIPTION OF ANTENNA

The array utilizes two sets (designated as A and B) of mutually per-
pendicular dipoles. Each set consists of four similarly oriented, linearly
polarized dipoles fed with a 4-way power divider (Microlab/FXR Model Dé4-
OIN). To acquire dual circular polarization, the input ports of the two 4-way
power dividers are connected to 2 4-port quaq;ature hybrid (Merrimac Model QHM

¢ 2.312 G).

To achieve a broadband VSWR performance over the required operating
frequency range (1.66:1 ratio), crossed open-gleeve dipoles were employed as
array elements (Ref. 3). The basic element consists of a conventional dipole
with two closely spaced parasitic sleeves as shown in Fig. 1. The dipole arm
is constructed from a flat 2-in, wide brass sheet and has a total length of
21,25 in., The dipolez are fed from a balun constructed from 0.250-in.
diameter semir.¢id coaxial cable. The two sleeves, 10.9 in. diameter, are
spaced 1.2-in. fr¢» the dipole arms, The measured VSWR of the orthogonal
dipoies (A and B) is < 1.85 from 240 to 400 Miz as shown in Fig. 2(a).

The VSWR characteristics measured at the inputs to the 4~way power
dividers for both the A and B set of dipoles are shown in Fig. 2(b). The VSWR
response is in general similar to the individual dipole VSWR of Fig. 2(a).
However, some difference is noted and is caused by interaction between the
dipoles, interconnecting cables, and the power divider. The measured VSWR at
the inputs (ports 1 and 4) to the quadrature hybrid is < 1,22:1, and is also
shown in Fig. 2(b). These two input ports are isolated and provide the con-
nections for left-hand and right-hand circular polarization operation of the
array.,

The ampiitude and phase characteristics of the quadrature hybrid are
shown in Fig. 3. The amplitude unbalance is < 1 dB and the quadrature rela-
tion is within 2°,
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Fig. 1. Details of crossed, open-sleeve dipole.
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111, MEASURED RESULTS

A detailed experimental study was made of the radiation pattern charac-
teristics of the 4-element array as a function of the design parameters, which
include reflector size, element spacing, dipole-to-reflector spacing and
'dipole orientation. The .objective of the present study was to optimize the

» multipath rejection performance by minimizing the pattern gain level at an
angle of approximately 63.4° from the array axis. The 63.4° angle corresponds
to the ground (multipath) specular reflection point for an antenaa range where
the separation between the source and test antenna is the same «Js the height
above the ground.

Radiation patterns of the array were measured at five test frequencies in
a slant range as illustrated in Pig. 4. A 240-400 MHz corner reflector
(Ref. 4) was used as illuminating antenna for these measurements. Axizal ratio
was recorded by rotating the linearly polarized corner reflector about the
boresight axis. The multipath specular reflection angle is ~ 55.8° for the
slant range. Since the corner reflector patterns are relatively directional
(Ref., 4), wmultipath ecrrors are expected to be insignificant for the array
measurenents. The crossed polarization level is < -28 dB.

'( 26.56 ft |

T —— 10.4°

—
\

17.64 ft

Fig. 4. Antenna-range geometry for pattern measurements,
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With s dipole-to-reflector spacing of 9.5 in. and an element spacing of
25 in., patterrs were recorded for a 4-, 5-, and 6-ft square reflector. The
measwed patterns for the 4-ft and 6-ft square reflectors are shown in Figures
S and 6, respectively. A sunmary of results, which include the pattern level
at 63.4°, the half-power -beamwidth (HPBW) and the fromt-to-back ratio (F/B),
is shown in Fig. 7. The 63.4° pattern level relative to the beam peak, which
is of primary interest for our present application, represents the highest
linearly polarized siznal (worst-case multipath) as indicated by the E 4 con”
ponent. The measured results clearly illustrate that the large 6-ft reflector
yields better multipath rejection performance. However, from a mechanical
standpoint a smaller physical size is preferable.

Also for the same 9.5 in. dipole-to-reflector spacing and a 6-ft
reflector, patterns were measured with the dipole-to-dipole or element spacing
varied from 25 in. to 35 in. The results are summarized in Fig. 8, which
indicate that the optimum element spacing lies between 25 and 30 inches.

The measured on-axis axial ratio (AR) is < 1 dB from 240 to 400 MHz for
all the cases investigated. Typical AR plots are shown in Fig. 9. The AR
values are essentially the same as the hybrid imbalance as shown in Fig. 3.
The measured AR- variations as the array is rotated are believed to be caused

by range and instrumentation errors.

It is noted from Figures 7 and 8 that the HPBW curves become flattened at
the high end of the operating band. The beamwidth widening is caused by the
fact that the dipole-to-reflector spacing is > A/4 when the operating fre-
quency exceeds 310 MHz; i.e., the element pattern flattemns or begins to bi-
furcate as the frequency is increased. To minimize the element-pattern deam-
width, the dipole-to-reflector spacing was reduced to 7.5 in., which is
equivalent to A/4 at 400 MHz. Also, an element spacing of 27.5 in. was chosen
based on the results of Fig. 8. Patterns were then recorded for 4-, 5- and
5.5-ft square reflectors, and the results are summarized in Fig. 10. Again,
the larger 5.5-ft reflector yields better performance than the smaller
reflectors. The 5.5~ft reflector size was considered to be a good choice on
the basis of both mechanical and RF considerations; i.e., low 63.4° pattern
level and low sidelobe/backlobe levels are realized with a relatively small

reflector. The measured patterns are shown in Fig. ll.
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The effects of dipole orientation were also investigated. Measurements
were made with the dipcle axes oriented either parallel to the reflector edges
or at a 45° angle. lowever, little or no differonce in the pattern charac-

teristics was observed.

In an attempt to further improve the pattern and gidelobe/backlobe char-
acteristics, the use of cavities or walls surrounding the dipoies was con-
sidered. Two types of csvities were investigated: (1) a circular wall around
each of the four indivicdual dipcles and (2) a wall around the periphery of the
square reflector. Measurements indicated that there are no sisnificant RF
improvements over a plane veflector.
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IV.  CONCLUSIONS

A 4~element diagonal array has been developed for use as source antenna

in a VHF omnidirectional-antenna test range, where multipath-induced errors

. are a major problem. The array is capable of operation over a 1.66:1 band-

width with dual circular polarication. Although the present array design is
optimized to provide a lov 63.4° pattern level and low sidelobe/backlobes in
the 240 to 400 MHz band, the design can be scaled to other VHF/UHF frequencies

and used for other range geometries.
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The Aerospace Corporation functions as au "architect-engineer® for
national security projects, specializing in advanced military space systems.
Providing research support, the corporation's Laboratory Operations conducts
experimental and theoretical investigations that focus on the application of
sclentific and technical advances to such systems. Vital to the success of
these investigations 18 the technical staff’'s wide-ranging expertise and its
ability to stay current with new developments. This expertise is enhanced by
a research program aimed at dealing with the many problems assoclated with
rapidly evolving space systems., Contributing their capabilities to the
regearch effort are these indi :dual laboratories:

Aeraphysics Laboratory: Launch vehicle and reentry fluid mechanics, heat
transfer and flight dynamics; chemical and electric propulsion, propellant
chemistry, chemical dynamics, environmental chemistry, trace detection;
spacecraft structural mechanics, contamination, thermal and structural
control; high temperature thermomechanics, gas kinetics and radiation; cw and
pulsed chemical and evcimer laser development including chemical kinetics,

spectroscopy, optical resonators, beam control, atmospheric propsgation, laser
effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical veactions,
atmospheric optics, light scattering, state-~specific chemical veactions and
radlative signatures of missile plumes, sensor out-of -fleld-of ~view rejection,
applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
physics, battery electrochemistry, space vacuum and radiation effects on
materials, lubrication and surface phenomena, thermionic emission, photo-
sensitive materials and detectors, atomic frequency standards, and
environmental chemistry.

omputer Science Laboratory: Program verification, program translation,
pertormance-sensitive system design, distributed architectures for spaceborne
computers, fault-tolerant computer systems, artificial intelligence, micro-
electronics applications, communication protocols, and computer security.

Electronics Research Laboratory: Microelectronics, solid-state device
physics, compound semiconductors, radiation hardening; electro-optics, quantum
electronics, solid-state lasers, optical propagation and communications;
microwave semiconductor devices, microwave/millimeter wave measurements,
diagnostics and radiometry, microwave/millimeter wave thermionic devices;
atomic time and frequency standards; antennas, rf systems, electromagnetic
propagation phenomena, space communication systems.

Materials Sciences Laboratory: Development of new mater:als: mectals,
alloys, ceramics, polymers and thelr composites, and new forms of carbon; non-
destructive evaluation, component failure analysis aund reliability; fracture
mechanics and stress corrosion; analysis and evaluation of materials at
cryogenic and elevated temperatures as well as in space and enemy-induced
environments.

Space Sciences Laboratory: Magnetospheric, aurural and cosmic ray
physics, wave-particle interactions, magnetospheric plasma waves; atmospheric
and ionospheric physics, density and composition of the upper atmosphere,
remote sensing using atmospheric vadiation; solar physics, infrared astronomy,
infrared signature analysis; effects of solar activity, magnetic storms and
nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere;
effects of electromagnetic and particulate radiations on space systems; space
instrumentation.




