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Beamwaveguide Research at JPL

Introduction to the Deep Space Network

JPL (Jet Propulsion Laboratory) is respon-
sible for the design and operation of the NASA
Deep Space Network (DSN) which is the largest
and most sensitive scientific telecommunications
and radio navigation network in the world. Its
principal responsibilities are to support unmanned
interplanetary spacecraft missions and radio and
radar astronomy observations. The netwrok
consists of three Deep Space Communications
Complexes which are located on three continents:
in the Southern California Mojave Desert, near
Madrid, Spain, and near Canberra, Australia, Each
of the three complexes consists of four operating
stations equipped with ultra sensitive receiving
systems and large paraboloidal reflector antennas.
At each complex there are two 34-meter diameter
antennas, one 26-meter, and one 70-meter antenna.
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A centralized Signal Processing Center generates
and transmits spacecraft commands, and receives
and processes the spacecraft telemetry.

The main features of the complex arc the
large antennas. Although diameters and mountings
differ, all antennas employ a dual-reflector Cas-
segrainian feed system. The feed system is made
up of a large horn, transmitter, and low-noise
amplifier equipment and is housed in a cone type
structure mounted on the main reflector.

Motivation for Beamwaveguides

It was recognized that there are a number of
advantages to feeding a large groundstation an-
tenna via a beamwaveguide (BWG) system rather
than directly placing the feed at the focal point of
a dual-reflector antenna. In a beamwaveguide
system, the feed horn and support equipment are



Fig. 1 The JPL BWG Test Facility
with Two-Mirror Configuration

placed in a stationary room below the antenna and
the energy is guided from the horn to the sub-
reflector using a system of reflecting mirrors.
Thus, significant simplications are possible in the
design of high-power water cooled transmitters
and low noise cryogenic amplifiers since these
systems do not have to tilt, as in a normally fed
dual reflector antenna. Furthermore, these systems
and other components can be placed in a more
accessible location, enabling easier servicing and
repair. In addition, the losses associated with rain
on the feed horn cover are eliminated because the
feed horn is sheltered from the weather.

Consequently, the DSN undertook a com-
prehensive research program aimed at introducing
BWG fed antennas into the operational network.
The research encompassed 1) new analytical
techniques for predicting the performance of
BWG, 2)a model test facility to experimentally
verify the analytical tools, and 3) the design, con-
struction and test of a new 34-meter research and
development antenna.

New Analytical Techniques

A BWG system consists of a number of conic
section mirrors enclosed in a metal tube. There is
a horn on the input and the output irradiates the
subreflector of a dual reflector system. The
commonly used analysis of this system ignores
the presence of the metallic tube enclosing the
beamwaveguide mirrors and uses either Physical
Optics, Geometrical theory of Diffraction, or
Gaussian mode analysis for the diffracted field
calculations.

However, the basic weakness of these
analyses is that they do not shed any light with
regard to the effect of the metal tube. Therefore,
a new and fundamentally more correct BWG
analysis, which considers the presence of the metal
tube, was developed. The basic concept is to use
a Green’s function appropriate to the circular
waveguide geometry to compute the scattered
field. With the new analysis, an accurate assess-
ment of the effects of the tube including noise
temperature increase due to conduction losses in
the tube can be factored into the design.

Objectives of New BWG Test Facility
In support of this activity, a flexible test
facility was constructed to study BWG perform-
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ance parameters. The objectives of the test facility
were to 1) measure and characterize multiple
mirror systems used in BWG antennas, 2) verify
computer software and software models, 3) charc-
terize¢ BWG components not easily modeled by
software, and 4) predict performance of BWG
antenna designs.

Description of Test Facility

The BWG test structure was installed in a
microwave anechoic chamber 6-meters wide by
6-meters high and 18-meters long. The test facility
setup consists of 1) a structure to hold the BWG
elements under test, 2)a test probe mounted
independent of the BWG structure support to
provide the radiating patterning sampling device,
and 3) an instrument control and its acquisition
software. The test probe assembly consists of an
open-ended circular waveguide feedhorn mounted
at the end of a long radial arm that is rotated in
a spherical arc by a 20-cm optical grade rotating
table. The horn/arm/rotating table element is itself
mounted on an azimuthal positioner. This design
allows complete tangential field sampling over a
hemispheric surface at a given radius from the
center of the radial arm rotation point, thus
producing a spherical near-field range measure-
ment setup. A picture of the test facility is shown
in Figure 1.

One-quarter size mirrors (of those used in
the full-scale 34-meter BWG antenna) were
machined from solid aluminum blocks and used
in one-, two-, and three-mirror test configurations.
Excellent correlation between measured and pre-
dicted results enabled the full-scale 34-meter
antenna system implementation to proceed with
confidence.

New Research and Development Antenna

JPL has maintained an experimental R&D
station for testing new equipment prior to its
installation into the operational network. To pro-
vide an upgraded antenna capable of Ka-band
frequencies, as well as prove BWG technology
before installation into the operational network, a
new 34-meter BWG fed antenna was built and
tested.

The design of the new 34-meter BWG
antenna (Figure 2) is based upon a Geometrical
Optics criteria, which optimizes high-freugency

performance. Since it may be desirable to retrofit
existing antennas with a BWG, as well as con-
struct new antennas, there are two independent
BWG designs built into the research and
development antenna. The first, termed a bypass
design, places the BWG outside one of the eleva-
tion bearings on the rotating azimuth platform,
thereby retaining the existing elevation wheel and
counterweight subassembly, suitable for retrofit
applications. The second, a center design, places
the BWG through the center of the main reflector,
inside the elevation bearings, and through the
azimuth axis into a pedestal room located below
the antenna. The centerline design is preferred for
new construction. The bypass design uses two
parabolic and two flat mirrors, whereas the center
design uses the same four-mirror concept above
the azimuth bearing with a flat plate and an
ellipsoidal mirror that functions as a beam
magnifier in the pedestal room. A beam magnifier
is required since the pair of paraboloids requires,
a 29-dBi gain horn as input, whereas at the lower
frequencies a 29-dBi gain horn would be too large
to fit in the pedestal room. The ellipsoid design
allows the use of smaller 22-dBi gain horns in
the pedestal room. Observe that in the centerline
design the feed doesn’t move for any scan angle,
while in the bypass design, the feed rotates on

Fig. 3 The New 34-m Research and
Development Antenna
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the azimuth platform. The Usuda 64-m diameter
antenna is an example of a BWG system where
the feeds are mounted on the azimuth platform
and thus only move in azimuth and do not tilt
with the elevation motion.

The construction of the antenna was com-
pleted in mid 1990 (Figure 3) and the initial phase
of the program was to test the centerline design
at 8.45 GHz and 31.4 GHz. Figure 4 shows the
8.45 GHz test fixture and mirrors in the pedestal
room. The loss in the BWG system measured less
than 0.2dB as compared with a standard-fed
Cassegrainian antenna.

Testing of the bypass BWG is currently
underway. Future plans call for installing a simul-
taneous 8.45 GHz receive system, a simultaneous
2.3 GHz and 8.45 GHz receive system and a 7.7
GHz transmit system.

New 34-m Antennas for the Operational
Network

Based upon the success of the BWG research,
the DSN is building three new 34-m antennas (one
for each complex) that will be completed by the
mid 1990’s. These antennas will provide a simul-
taneous 2.295 GHz and 8.45 GHz receive system

with a 20 kW 2,115 GHz transmitting system and
will incorporate a centerline design.
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Fig. 4 Microwave Test Package
in the Pedestal Room
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