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INTELSAT V SPACECRAFT ANTENNA SUBSYSTEM

V. J. Jakstys and H. T. Ward
Ford Aerospace and Communications Corporation

Palo Alto, California

ABSTRACT

Design and development has been completed on the Antenna Subsystem for the
INTELSAT V Communications Satellite. The Communications antennas include two
C-Band (transmit and receive) Hemi/Zone coverage antennas, two C-Band (transmit and
receive) Earth Coverage antennas, two 11/14 GHz Spot Beam antennas and an 11 GHz
Beacon antenna. The C-Band Telemetry and Command antennas consist of two directional
beam telemetry (transmit) antennas, a dual-port toroidal beam telemetry antenna and two
cardioid beam command (receive) antennas. The designs have been verified by
measurements, and the test results indicate that all major performance requirements will be
achieved.

INTRODUCTION

The INTELSAT V is the fifth generation telecommunications satellite designed to
provide the global community of nations with communications capability. The satellite is a
three-axis body stabilized craft to be positioned above each major ocean thus linking the
adjacent continents via multiple antenna beams. A contract for the new generation of
satellites was awarded to Ford Aerospace and Communications Corporation by the
International Telecommunications Satellite Organization (INTELSAT) in 1976.

This paper describes the satellite’s Antenna Subsystem consisting of communications and
of Telemetry/Command Antennas. The design and the development work reported herein
is being performed by Ford Aerospace and by several subcontractors (Selenia, Mitsubishi,
Electric, British Aerospace Dynamics Group, TRW Systems).

SUBSYSTEM REQUIREMENTS AND FUNCTIONS

The Antenna subsystem design is dictated by a requirement to provide multiple
communications links between the earth and the spacecraft and by a need to track,
command and monitor the spacecraft during all phases of its flight. Consequently, the 



antenna subsystem must provide the capabilities listed in Table 1, and the major subsystem
functions are summarized below:

a. Hemi/Zone Communications Coverage – Provide transmission in the 3704 to 4073
MHz frequency band and reception in the 5929 to 6298 MHz frequency band via
multiple beams that are spatially isolated to have high circular polarization purity and
are shaped to provide optimum coverage in the East and the West hemispheres.

b. Spot Beam Communications Coverage – Provide communications service to high
traffic regions in the North-West and North-East portion of the earth in the 11 GHz
(transmit) and 14 GHz (receive) frequency range. The narrow Spot beams must have
capability to be re-positioned over respective scan zones upon command from the
ground.

TABLE 1

ANTENNA SUBSYSTEM REQUIREMENTS



c. Earth Coverage Communications Link – Provide transmission in the 3955 to 4200
MHz frequency band and reception in the 6180 to 6425 MHz frequency band via
circularly polarized beams which cover the entire earth disk as observed from the
spacecraft. High purity circular polarization is required to provide good isolation
between transmit and receive links and to provide standard reference for calibrating
earth terminals.

d. Beacon, Telemetry and Command Functions – Provide transmission of signals at
11 GHz using earth coverage beam to allow the earth terminals to locate and to track
the spacecraft. Provide transmission of telemetry information in the 4 GHz frequency
band using toroidal beams for spin stabilized spacecraft during transfer and drift
orbits and via directional beams after the spacecraft has been stabilized in a
synchronous orbit. Provide reception of commans signals from earth in the 6 GHz
frequency band using redundant cardioid beams to insure the reception of signals for
nearly all altitudes of the spacecraft.

The coverage requirements for the communications antennas are illustrated by Figure 1.
The telemetry and command coverages are depicted in Figure 2.

FIGURE 1
COMMUNICATIONS ANTENNAS COVERAGE REQUIREMENTS



FIGURE 2  TELEMETRY AND COMMAND ANTENNAS
COVERAGE REQUIREMENTS

SUBSYSTEM DESIGN

The overall Antenna Subsystem design approach was to arrange the individual
antenna components within the spacecraft constraints while allowing clear fields of view
for each individual antenna and a minimum of interaction between the antennas. A design
study was conducted to determine the overall configuration, and the resultant arrangement
is shown in Figure 3.

The four off-set fed reflector antennas are mounted on four sides of a structural
support or tower. Except for East Spot Beam antenna, each reflector is mounted on a hinge
mechanism to allow the reflectors to be stowed for launch. The medium gain Earth
coverage antennas are located near the top of the tower while the broadbeam Telemetry
and Command antennas are positioned at the very top of the tower, where they have
unobstructed view of the earth.



Figure 3
INTELSAT V Antenna Subsystem

Arrangement

The Antenna subsystem includes 15 waveguide runs to connect the antennas (or
feeds) to the antenna/transponder interface at the base of the tower. The C-Band
waveguides are made of Graphite Fiber Reinforced Plastic (GFRP) for weight saving while
the K-Band waveguides utilize thin-wall aluminum construction.

Following are the design descriptions of individual antennas.

Hemi/Zone Antennas

The Hemi/Zone transmit and receive antennas, shown schematically in Figure 4, are
made up of large offset reflectors illuminated by multi-element feeds. The feed array
elements are connected to power division and phasing networks in order to provide a
proper feed element excitation for forming two Hemi and two Zone beams. As seen from
Figure 4, each Zone beam network incorporates a coaxial switch to select different groups
of feed elements and thus form two different shape Zone beams one beam shape for
Atlantic and Pacific Ocean coverage and the second beam shape for the Indian Ocean
coverage. The Zone beam selection is accomplished upon a command from the ground.



The 96-inch transmit antenna and the 61-inch receive antenna reflectors employ thin
(1/4 inch) Kevlar honeycomb sandwich with Kevlar/Graphite skins on both sides. The
graphite forms the layer of the skin and is included in the design to provide electrical
conductivity. Structural support of this thin “shell” is provided by an “egg crate” structure
fabricated of 1/4 inch Kevlar honeycomb core with Kevlar face skins and caps. The back-
up structure is shaped to closely fit the reflector back surface and is secondarily bonded to
the reflector shell.

Each feed array consists of 88 elements although 9 of the elements do not contribute
to the four coverage beams. The feed array elements are square waveguide horns utilizing
several steps between the polarizer section and the radiating aperture. Septum polarizer is
used to convert a linearly polarized wave from the two input ports into circularly polarized
waves. Each element is excited with a magnetic loop coupler attached to a coaxial
connector.

The power division/phasing networks are designed as air supported transmission line
utilizing printed circuit center conductors and honeycomb sandwich ground planes.
Multiple layer boards are used to package the Hemi and Zone networks within the feed
array envelope. A prototype model transmit Hemi/Zone antenna feed array is shown in
Figure 5.

 Figure 5
Prototype Model Hemi/Zone Transmit Antenna

Feed Array



Spot Beam Antennas

The East and the West Spot Beam antennas are offset reflectors fed by conical
corrugated horns. Each reflector is mounted on a two-axis gimbal to achieve beam
scanning in two orthogonal planes. Linear actuators are used to position the beams upon
command from the ground. The Spot Beam antenna arrangement is shown in Figure 6
which is typical for both antennas.

Figure 6
Spot Beam Antenna Arrangement (Typical for both Antennas)

Both antennas are linearly polarized with polarization orientation configured to
produce orthogonal polarization between East and West antennas at the transmit band
(11 GHz) and at the receive band (14 GHz). The polarization orientation provides isolation
between the two coverage zones. Nearly identical beamwidths at the transmit and at the
receive frequency bands is achieved by controlling the reflector illumination. At the
transmit band, each antenna feed is designed to illuminate the reflector with approximately
-12dB edge taper while at the receive frequency band the edge taper is about -25dB.

The elliptical (3.2E x 1.8E) East Spot beam is obtained with a circular reflector by
shaping the reflector to produce phase error in the horizontal plane.1 The antenna is
mounted on the tower in such a way that the minor axis of the elliptical beam is oriented



22.9 degrees clockwise from true North in order to match the earth curvature when the
beam is pointed at the earth’s edge.

Earth Coverage Antennas

The 4 GHz Transmit and the 6 GHz Receive Earth Coverage antennas are circularly
polarized multimode horns.2 The 4 GHz antenna beamwidth (~18E) is optimized to
illuminate the earth when the spacecraft is pointed at its center. The transmit antenna is
mounted on a single axis gimbal to enable the antenna to be re-pointed towards earth’s
center (up to ±2E in the East-West direction). The receive antenna beamwidth
(±2E circular) is sufficiently broad to provide earth coverage for all spacecraft altitudes and
thus elliminate need for gimballing.

Both antennas consist of five basic components: conical horn, TM11 mode converter,
polarizer, reflection absorber and circular-to-rectangular waveguide transition. The
components are made of several different materials with largest component (i.e., horn)
being made of multiple layers of high modulus graphite epoxy, oriented to produce
dimentionally stable structure. Dimentional stability of Earth Coverage antennas
components over the temperature is especially important in view of low axial ratio
specification (0.4dB maximum over the field of view).

Beacon, Telemetry and Command Antennas

The Beacon antenna is a circularly polarized conical horn operating over relatively
narrow 11 GHz frequency band. Its design is similar to the Earth Coverage
Communications antennas except that the components perform over a narrow frequency
band. The antenna is fixed-mounted on the tower.

The telemetry antennas consist of two directional antennas and a dual-port biconical
horn antenna. The antennas are connected to two redundant telemetry transmitters thru
directional couplers with the auxiliary ports of each coupler being connected to the two
directional antennas.

The telemetry directional antennas are circularly polarized conical horns fed with
coax-to-waveguide transitions. The biconical horn antenna is designed to radiate toroidal
beam pattern from a series of inclined slots placed around a periphery of a circular
waveguide. The bicone dimensions are adjusted to cause 90E differential phase shift
between the fields being radiated from inclined slots thus providing circularly polarized
waves of opposite sense which are launched into the antenna as linearly polarized waves
from two orthogonally placed coax-to-waveguide transitions and are then converted into
clockwise and counter-clockwise spinning waves by a polarizer section.



The two command antennas also consist of circular waveguide sections having the
radiating slots placed around their periphery. The two antennas, along with their pattern
shaping cone, provide a cardioid pattern coverage with predominatly left-hand polarization
along the antenna longitudinal axis. Each antenna is excited from a coax-to-waveguide
transition, and a polarizer is used to convert the linearly polarized wave to a circularly
polarized wave by a three iris polarizer. The two command antennas and the telemetry
biconical antenna are constructed as a single structure.

PERFORMANCE SUMMARY

The performance of the INTELSAT V antennas has been optimized analytically and
experimentally by first developing individual components and then by verifying the entire
subsystem on a Breadboard Antenna Module. The key performance results are
summarized in paragraphs below.

Hemi/Zone Antennas

Extensive computer modeling work was used to arrive at the desired Hemi/Zone
antenna design. Number of feed array elements and their amplitude and phase excitation
coefficients were varied, and the antenna performance was computed in order to study the
effect on pattern coverage, gain, sidelobes and gain slopes. The analytically optimized
design was then tested to verify the antenna performance using a Breadboard Model
antenna. The antenna feed array incorporated a capability for modifying the computer
predicted feed excitation coefficients to account for such factors as scattering and mutual
coupling effects which cannot be easily modeled on a computer.

A typical measured Hemi transmit beam contour, covering the West half of the earth,
is shown in Figure 7. The earth stations in the West coverage region as well as the stations
in the adjacent (East) coverage region are indicated by crosses. The rectangular boxes
around the stations near the edge of each coverage zone represent the spacecraft pointing
error. As seen from the figure, the West Hemi stations are within -3dB contour of the
shaped beam while the sidelobes in the East Hemi coverage region are at least 30dB below
the West Hemi beam peak.

Spot Beam Antennas

The Prototype Model East Spot antenna patterns are shown in Figure 8. Both the
major axis and the minor axis of the elliptical beam can be seen from the figure. In
addition, the crosspolarized response in the major plane of the beam axis is superimposed
on the plot. Peak gain for this antenna was measured to be 37.5dBi while the minimum
gain over the 3.8E x 1.8E specified coverage region is 33.7dBi at the feed input port. As 



Figure 7
Measured West Hemi Transmit Beam Contour

Breadboard Model Antenna (f=3888 MHz)

Figure 8
Measured East Spot Beam Antenna Pattern

Prototype Model Antenna (f=ll GHz)



seen from Figure 8, the East Spot antenna beam shape in the broad plane is somewhat
triangular in shape as a consequence of the phase error deliberately introduced to broaden
the beam in this plane.

Earth Coverage Antennas

A typical measured pattern of the Transmit Earth Coverage antenna is shown in
Figure 9. The pattern was recorded using a linearly polarized source antenna spinning
about the boresight axis. As seen from the figure, the antenna exhibits extremely low axial
ratio within the specified coverage region (±9). The on-axis gain for this antenna was
measured to be 20dBi, and the gain over the specified 18E field-of-view is 17.3dBi
minimum across the frequency band.

Figure 9  Measured Transmit Earth Coverage Antenna Pattern
(Prototype Model Antenna) f=4073 MHz

Interaction Effects

As seen from Figure 3, the Antenna Module contains many antennas in close
proximity to each other. The initial locations of individual antennas were established using
minimum blockage rule and only minor adjustments were needed during the Breadboard
Model test phase.

The most significant interaction between communications antennas was found
between the 4 GHz Hemi/Zone antenna and the Spot Beam antennas. The Hemi/Zone
Transmit antenna feed array, having a broad primary (illumination) pattern, was found to
have sufficient spillover energy to illuminate the Spot Beam reflectors thus causing
degradation of Hemi/Zone antenna sidelobes. The problem was solved by installing



triangular shape metallic screens on the corners of the support tower between the feed
array and the Spot Beam reflectors.

Interaction between upper tower antennas was found to be minimal. Full scale mock-
ups were used to perform the measurements, and only minor adjustments in the initially
established locations were needed to meet the performance of each upper tower antenna.

CONCLUSIONS

A multi-function Antenna Subsystem for the INTELSAT V Communications Satellite
has been designed. The subsystem performance has been substantially verified on
individual antenna components and on a Breadboard Model Antenna Module. The
measured results indicate that the major performance goals will be met.
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