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ABSTRACT

This paper presents a new variable beamwidth antenna designed for use in telemetry
tracking systems when a high gain/low gain antenna configuration is required. This
antenna can be commanded to continuously vary its beamwidth between a high
gain/narrow beamwidth mode of operation and a low gain/ wide beamwidth mode of
operation. A design goal of a 4:1 increase in beamwidth has been set and a 3.0:1
increase has been achieved without causing any significant degradation in the shape of
the antenna patterns and without generating exceedingly high sidelobes in the low
gain setting. The beamwidth variation occurs continuously without any loss of data,
boresight shift or jitter such as experienced with the operation of conventional
implementations of the high gain/low gain antenna technique.

Keywords: acquisition aid antenna, variable beamwidth, variable gain, telemetry
tracking.

INTRODUCTION

Many telemetry tracking systems incorporate a dual purpose low gain acquisition aid
antenna which is desirable for either its low gain or its broad beamwidth properties.
The low gain characteristics are specially useful for close-in operations when received
signal levels exceed the saturation level of the low noise preamplifier/receiver system.
The broad beamwidth characteristics are helpful when locating a target which may be
outside the beamwidth of the main antenna and may be a necessity when the
acceleration of the target temporarily exceeds the capability of the tracking pedestal.
This dual purpose antenna capability is typically implemented by adding a second low
gain tracking antenna behind the high gain feed or on the periphery of the reflector.



Over the years, various versions of this concept have been fielded with varying results
but they all suffer from two basic flaws. First, by its very nature, a low gain/broad
beamwidth antenna is not very space selective and its operation in the autotrack mode
is subject to abrupt changes in its pointing angle. These changes are typically caused
by reflections of the telemetry signal off any obstacle in the field of view of the
antenna and can instigate loss of track when they occur at the time of switching to the
high gain antenna. The second shortcoming is associated with the loss of data which
occurs during the change over from one mode to the other or during oscillations
between these two modes.

This paper presents an attempt at improving the utility of the low gain/broad
beamwidth acquisition aid antenna by replacing the traditional high gain/low gain
antenna configuration with a new variable beamwidth antenna designed to
continuously vary its beamwidth between a high gain/narrow beamwidth mode of
operation and a low gain/wide beamwidth mode. To-date a 3.0:1 increase in
beamwidth has been achieved with an 2.5 meter reflector illuminated with a single
channel monopulse feed and continuing experimental work indicate that a ratio of 4:1
ratio is feasible. The beamwidth variation is commanded from the antenna controller
and can be automated with the addition of the proper software module which is
designed to accommodate a number of different mission scenarios.

VARIABLE BEAMWIDTH ANTENNA

The concept of a variable beamwidth antenna is based on the physical reality that the
aperture efficiency and the beamwidth of a reflector/feed antenna system is primarily
determined by the size of its aperture. Mechanical variation of the size of a reflector
results in changing its beamwidth and gain but is an approach reserved for very small
antennas. It has been used in a few specialized systems but is not applicable to the
reflector sizes typically encountered in telemetry tracking systems.

A second method described here involves changing the illumination of the reflector in
such a way as to reduce its effective area without paying a heavy penalty for the
introduction of quadratic errors across the aperture. This approach consists of
physically moving the aperture of the feed from its prime focus position toward the
reflector. A move equal to 20% of the focal length yields a beamwidth increase of
approximately 3:1 and can be implemented without a need for phase correction in the
feed aperture. Such an implementation is relatively easy with the Malibu Research
single channel monopulse feed because of the axial symmetry of its construction and
the simplicity of its aperture.



This feed, shown in figure 1, is a multimode unit based on the theory that the
propagation of energy in a waveguide can be achieved through a number of different
orthogonal modes each one of which is excitable in a unique fashion and each one of
which can generate a unique antenna pattern when used to illuminate a reflector.
Concentric coaxial waveguides are used for a symmetrical aperture and the TE11 and
TE21 modes are chosen for the sum and the difference channels respectively. These
modes are excited through a complement of probes which also act as waveguide-to-
coax transitions and feed signals to the RF beamforming assembly and the scan
converter assembly located behind the feed housing.

The feed radiating structure consists of a family of coaxial waveguides nested one
inside the other. The radiating aperture, which is at the open end of the coaxial
waveguides, can be moved by extending or shortening the waveguides. This motion
can be achieved without physically moving the main body of the feed itself or
changing its position inside the spar assembly which holds it at the focal point of the
reflector. A cross section of the modified feed aperture is presented in figure 2 and it
shows the basic components necessary to effect the beamwidth variation. The
waveguide extensions are interconnected by a Rexolite disk and they ride on Teflon
coated surfaces. The Rexolite disk is used both as a mechanical member and as a
matching device for the waveguides. The Teflon coating provides a sliding surface
and insures RF continuity. The driving mechanism is conceptually similar to the one
used on a camera telephoto lens whereby rotational motion is translated into axial
motion by forcing a diagonal slot cut in the outside cylinder to ride on a stationary pin.
The slot is cut at a 40E angle and is 25 cm long to support a 20 cm axial motion.
Remote motion control has not been implemented at this time.

Experimental data collected on a 2.5 meter system at a frequency of 2300 MHz is
summarized in figures 3 through 6. Figure 3 is with the feed at the prime focus and the
beamwidth is 3.4E. Figures 4, 5 and 6 correspond to respective displacements of 10,
15 and 20 cm each with bandwidths of 4.2E, 5.0E and 10.1E. The resulting reduction in
gain is of the order of 10 dB.

The test prototype configuration is shown in Figure 7.

CONCLUSION

It is now feasible to include a variable beamwidth acquisition aid capability to a
telemetry tracking system by modifying the feed itself and without the added
complexity and cost of a separate antenna assembly. The ability to select a variety of
antenna gain/beamwidth combinations can provide significant operational advantages
to the operators of small to medium size telemetry tracking systems.












