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ABSTRACT

The requirement for a lightweight, quick deployment C-Band satellite communication
antenna system for Aegis Class Destroyers has been addressed and this paper describes a
novel solution currently being implemented. The new antenna system takes advantage of
the low windload properties of the FLAPSTM (Flat Parabolic Surface) reflector and features
a broadband FLAPSTM reflector mounted on a lightweight, high performance X-Y
positioner. The system is designed in a modular fashion and operates in a shipboard
environment without the protection of a radome. The system is stabilized to counteract the
ship's motion, operates without counterweights, weighs less than 250 kg and provide
communication links in the 3900 to 4100 MHz and 6000 to 6200 MHz frequency bands.
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INTRODUCTION

The U.S. Navy has a growing need to provide shipboard broadband satellite
communication channels for many non-tactical applications. These cover a wide variety of
operational scenarios which range from the very critical video conferencing for medical
diagnostics to the more mundane reception of e-mail and entertainment. Permanent on-
deck emplacement for this type of hardware is non-existent and any acceptable
implementation must be of a lightweight, quick deployment type not requiring
modifications to the ship's deck. These constraints preclude the use of standard systems
with conventional parabolic reflectors and are a natural domain for an antenna system
based on a FLAPSTM reflector. [1], [2]



The system described in this paper takes advantage of the low windload properties of the
FLAPSTM antenna and features a broadband FLAPSTM reflector mounted on a new
lightweight, high performance X-Y positioner. The system is of a modularized construction
and is designed to operate in a shipboard environment without the use of counterweights or
the protection of a radome. The system is stabilized to counteract the ship's motion, weighs
less than 250 kg and can be deployed in less than 30 minutes.

This system consists of the following major sub-assemblies:

(1) An antenna assembly featuring a low windload broadband FLAPSTM reflector and a
tracking feed assembly.
(2) An X-Y positioner.
(3) A PC based antenna controller unit.

Figures 1 and 2 show the prototype system during an earlier trial run. Figure 3 is an artist
rendering of the antenna system in its final configuration and Table 1 lists the basic system
performance specification.

ANTENNA ASSEMBLY

An antenna based on a broadband implementation of the FLAPSTM technology was
selected for this application because of its lightweight and low windload properties which
greatly reduce the requirements imposed on the positioner assembly and on the underlying
support structure. These reductions are a direct result of the 60-80% reduction in the
magnitude of wind generated forces experienced by the pedestal when an open structure
FLAPSTM reflector is used instead of a conventional solid or mesh parabolic reflector.

The FLAPSTM reflector is based on the premise that a geometrically flat surface can be
designed to behave electromagnetically as though it were a parabolic reflector by
introducing an appropriate phase shift at discrete locations on the flat surface. In its
standard planar implementation illustrated in Figure 4 operation is limited to bandwidths
not exceeding 10-13 percent due to the individual dipole element bandwidth and the
pathlength dispersion factor inherent in the geometry of a planar reflector.

Dipole Element Bandwidth

The bandwidth of an individual dipole element used in a standard FLAPSTM reflector is
similar to that of a shorted dipole above a ground plane and its behavior is well known.
The shape of the response curve for a reflector is entirely attributable to the dipole
elements and is both a function of the phase vs frequency behavior of individual dipole
elements across the FLAPSTM surface and of the distance of each element from its ground



Table 1.

SYSTEM SPECIFICATION

ANTENNA

Reflector Size/Type 3 meter FLAPS technology, 4 piece

Operating Frequency Receive: 3900 to 4100 MHz
Transmit: 6000 to 6200 MHz

Tracking Technique Sequential Lobing

G/T @ 4000 MHz $ 19 dB/EK

Net Antenna Gain 4000 MHz
6100 MHz

$ 39.9 dBi
$ 42.7 dBi

Polarization Receive RHCP
Transmit LHCP

3 dB Beamwidth 4000 MHz
6100 MHz

1.5E nominal
1.0E nominal

Sidelobes Intelsat compliant

POSITIONER

Type X-Y, intersecting axes

Velocity, X & Y $ 25E/sec

Acceleration, X & Y $60 E/sec2

Travel Limits Hemispherical to -15E in "45E sector
broadside to ship

Dynamic and Tracking Error $0.1E rms

Backlash $ 0.001E

Wind: Operational
Survival

100 km/hr, 135 km/hr gusts
200 km/hr



plane. In a typical implementation of a small to medium size standard FLAPSTM reflector a
useful 1.5 dB bandwidth of 10 to 13 percent is entirely achievable.

Pathlength Dispersion

The pathlength dispersion phenomenon is a direct result of the method used by the
FLAPSTM reflector to simulate the operation of a parabolic reflector. A conventional
parabolic reflector provides equal pathlengths between the feed and any point on a flat
reference plane in front of the reflector via reflection points on the parabolic surface. This
is the property that makes a conventional parabolic surface frequency independent. In a
planar FLAPSTM reflector the reference plane is located at the reflector surface and the
pathlengths between the feed and points on the surface vary monotonically; they are
shortest at the center and slowly increase as the reflection point moves out toward the
perimeter. At the center frequency of operation the phase of each individual dipole is
adjusted to exactly compensate for the varying pathlengths and provide the necessary
conditions to assure a collimated beam. As the frequency of operation is changed from its
center value a quadratic phase dispersion is introduced due to the varying pathlengths and
the fact that, to a first order, the dipole phases are frequency independent.

This phenomenon limits the frequency bandwidth of a planar FLAPSJ reflector. The 1.5
dB bandwidth is calculated as:

BW (1.5 DB)  = 1.15 x C/D x �((1 + 12 x (f/D) 2 ) Hz (1-1)
Where : C = velocity of light  =  3 x 108 meters/sec.

D = antenna diameter in meters.
f = focal distance in meters.
BW = total bandwidth in Hz to the 1.5 dB points.

For an f/D of 0.5 the expression becomes: BW (1.5 DB)  = 2.3 x C/D Hz. (1-2)
For an f/D of 1.0 the expression becomes: BW (1.5 DB)  = 4.14 x C/D Hz. (1-3)

Figure 5 is a plot of values for the 1.5 dB bandwidths of two standard FLAPS� reflectors
(f/D = .4 and f/D = 1.0) as a function of their sizes. Figure 6 shows bandwidth vs
frequency for a 1 meter, a 3 meter and a 5 meter reflector. This figure shows that the
pathlength dispersion phenomenon severely limits the bandwidths of these reflectors when
operating at frequencies above 4.0 GHz, 1.8 GHz and 1.0 GHz respectively. This
phenomenon is exclusively a function of the size of the reflector.



Broadband FLAPSJJ Technology

The approach to extend the operational bandwidth of the FLAPSTM reflector addresses the
two limiting factors described above. The bandwidth of both the individual dipole elements
and of the planar FLAPSTM surface is broadened in the following fashion.

The standard individual dipole elements are replaced with broadband elements based on
the same concept as the broadband stripline dipoles used in broadband conical scanners.
They consist of a two layer dipole located in front of a ground plane and necessitate the
addition of a third support layer to the standard FLAPSTM configuration. Bandwidths in
excess of 35% are achievable with these broadband dipoles.

The bandwidth limitation caused by pathlength dispersion is strictly a function of reflector
size. It is handled by dividing the planar surface into a number of sub areas with size
compatible with a 35% bandwidth and assembling them in a cupped configuration. This
new modified cupped configuration is illustrated in Figure 7 where the distances a and b
from the feed to the centers of the individual sub panels are equal. As far as pathlength
dispersion is concerned the cupped configuration has the same effect as operating with an
assembly of smaller independent FLAPSTM reflectors with broader bandwidths. By
properly sizing these sub-panels one can extend the bandwidth of the reflector to be equal
to that of the individual dipole elements.

POSITIONER ASSEMBLY

The choice of geometry for the positioner was dictated by the nature of the most common
mission scenario which requires tracking satellites located at high elevation angles and
involves frequent overhead or near zenith antenna orientation. This mode of operation is
further complicated by the motion of the ship which renders the use of a conventional
elevation over azimuth configuration impractical. The geometry of the X-Y positioner, also
referred to as cross elevation over elevation, is ideally suited for this application because it
provides near hemispherical coverage and can easily track zenith passes with minimum
axes velocities. Its singularities or keyholes extend to the horizon from each end of the X
axis (primary axis) which in this case is aligned with the ship's long axis.

The new X-Y positioner is centered on a "powered cross" with both X and Y axes
intersecting at its center. It is called a "powered cross" because the motors, gear heads,
data position transducers, rotary joints and cable wraps are fully contained within this
structure. This configuration results in a reliable compact unit easy to maintain and
designed to enhance its reliability. Each axis is powered by a brushless DC motor driving a
special harmonic drive reducer with virtually zero backlash and very low compliance to
insure high precision tracking under the most stringent dynamic conditions. Further



reduction in weight is achieved by using oversized motors and eliminating the
counterweights.

The "powered cross" is held in place by two upright 14 centimeter diameter structural
tubes which are supported by a single 28 centimeter diameter tube secured to a conical
riser base tall enough to elevate the reflector off the deck of the ship. The riser base
bottom flange is designed to be bolted to davit sockets located at various places on the
ship's deck and the 28 centimeter diameter tube retracts into the conical riser base for
storage.

The 3 meter FLAPSTM reflector is fitted with a circular support structure and is connected
to the Y axis of the "powered cross" by a pair of tubes, also 14 centimeter in diameter.
Spacing of these tubes and of those connected to the X axis is approximately seventy
centimeters, a value chosen to optimize the antenna coverage capability. In this
configuration elevation travel extends to -15E in a "45Esector broadside to the ship and to
approximately 0E fore and aft.

ANTENNA CONTROLLER UNIT

The antenna control unit is a standard PC-based Malibu Research antenna control unit
modified to include stabilization of the antenna/positioner unit to a degree which allows
acquisition of the target before autotrack operation begins. The capabilities and features of
the antenna control unit are the same as those normally associated with units of this type
and will not be covered here.

CONCLUSION

Broadband implementations of the FLAPSTM technology are now feasible and their use
allows the deployment of antenna systems in environments which so far have precluded
the use of such systems because of restrictions on weight and/or on support structure. It is
now operationally feasible to quickly deploy and operate a 3 meter shipboard
communication system without the use of heavy moving equipment or the need to modify
the ship's substructure.
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Figure 2.

Figure 3.
Final System Configuration



Figure 4.
Planar FLAPSJJ Reflector Geometry

Figure 5.
Bandwidth vs Size



Figure 6.
Bandwidth vs Frequency

Figure 7.
Cupped FLAPSJJ Reflector Geometry


