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sides of the platform 2. Any number of antenna elements
50-1. .. can be mounted along the beam 9. The mounting
beam 9 is directly-driven by a stepper-motor 31 also
mounted in framework 6 for hemispherical rotation about a
horizontal (y) axis.

As seen in FIG. 2, the rotary actuator assembly 29
comprises an azimuth motor 30 that extends a geared pinion
32 (FIG. 2 dotted lines) vertically upward to engage a
hollow rotary stage 34.

As seen more clearly in FIG. 4, the rotary stage 34 is
constrained within a stationary base 35 affixed to the top of
pedestal 4. The rotary stage 34 includes a radial gear 37
around its lowermost periphery for engaging pinion 32, so
that pinion 32 directly-drives stage 34 to rotate it about
vertical axis (z). The rotary stage 34 is constrained within
base 35 and is seated atop a suitable set of mechanical roller
bearings (not shown). Suitable rotary actuator assemblies 29
are commercially available from Oriental Motor USA, Inc.
as their DGII Series Rotary Actuator™ line, which are
available in 60 mm, 85 mm, 130 mm and 200 mm frame
sizes depending on the maximum torque, thrust load and
high moment loading specifications of the intended use. For
azimuth motor 30, these commercially available rotary
actuator assemblies 29 include a highly efficient and energy
saving AR Series closed loop motor (likewise from Oriental
Motor USA, Inc.) which affords high accuracy positioning.

The rotary stage 34 entirely supports the multi-tier frame-
work 6 rotatably on the pedestal 4 and facilitates its con-
trolled-rotary motion about the single vertical (z) axis, the
azimuth motor 30 mounted in the pedestal 10 driving the
motion.

Referring back to FIGS. 1-2, framework 6 defines a lower
tier A and upper tier B. The lower tier A of framework 6
includes the elongate horizontal antenna-mounting beam 9
and support structure for rotation of the antenna-mounting
beam 9 about a horizontal (x) axis.

The upper tier B houses stepper-motor 31 for direct-drive
rotation of the antenna-mounting bar 9. Both vertically-
stacked tiers A, B are defined by three flat rectangular plates
5, 8, 11 separated and affixed in a sandwich configuration by
corner-mounted standoffs 7. As best seen in FIG. 2, stepper
motor 31 is mounted within the upper tier B and drives a first
spur gear 13 about the horizontal axis (x). The presently
preferred stepper motor 31 will have a basic step angle
within a range of from 1-2 degrees, more preferably 1.4-2
degrees, and most preferably 1.8 degrees. A suitable stepper
motor is commercially available from Oriental Motor USA,
Inc. as their model PK244PDA. First spur gear 13 engages
a second spur gear 14 mounted on antenna-mounting bar 9
through an aperture in the middle plate 8, and thereby rotates
antenna-mounting bar 9 through the two spur gears 13, 14.
This way, the antenna-mounting bar 9 remains in the x-y
plane (level with the horizon) as the azimuth motor 30 turns
the hollow rotary stage 34, which in turn rotates frame 6 to
rotate about the vertical (z) axis.

As seen in FIG. 1, multiple antenna elements 50-1 . . . »
may be attached in a conventional manner on both sides of
the antenna-mounting beam 9. In accordance with the inven-
tion, antennas 50-1 . . . » should be equally divided by mass
between the left and right sides of antenna-mounting bar 9
and should be mounted as closely as possible to the pedestal
4 to appropriately control the center of mass, keeping it
uniformly distributed about the pedestal 4, while minimizing
the moment of inertia by keeping the antennas 50-1 . . . »
located as close to the center of the pedestal 4 as possible.
Where possible, all associated antenna receivers, transmit-
ters, and transceivers needed to connect to the antennas

10

15

20

25

30

35

40

45

50

55

60

65

6

50-1 . . . » will also be attached to the backside of the
antenna-mounting beam 9 (facing away from antennas
50-1 . . . ») so that they counterbalance the weight of
antenna(s) 50-1 . . . », thereby minimizing torque due to
gravity on the antenna-mounting bar 9. When the stepper
motor 31 rotates the antenna-mounting bar 9, all antenna
elements 50-1 . . . » attached to the antenna-mounting bar 9
along with their attached transmitters, receivers, and trans-
ceivers are rotated in unison, changing their elevation angle
and keeping the center of mass located at or very near the
center of the antenna-mounting bar 9. When the azimuth
motor 30 rotates the frame 6, the antenna-mounting beam 9
is thereby rotated about the azimuth plane, keeping all
antennas 50-1 . . . » pointed to the same azimuth (compass)
angle.

Looking more closely at FIG. 2, it can be seen that the
stepper motor 31 is mounted horizontally on the middle
plate 8 by a mounting bracket 24 comprising an angled
bracket which provides a horizontal footer for screw-affix-
ation to middle plate 8 and a vertical yoke for supporting the
stepper motor 31 centrally between plates 8 and 11. The
shaft of stepper motor 31 is coupled to the shaft of the first
spur gear 13 via a shaft coupling 52 which accommodates
variation in shaft size. Shaft coupling 52 may be, for
example, a conventional %16-12" shaft coupling. Spur gear 13
may be a 3" gear with its own shaft. On the facing side the
spur gear 13 shaft 15 continues into a pillow block bearing
16 mounted atop a spacer block 17, which together support
one end of the rotating spur gear shaft.

As indicated previously the middle plate 8 is provided
with a small rectangular aperture, and first spur gear 13
engages a second spur gear 14 through the aperture to
achieve a geared reduction. The second spur gear 14 resides
in lower tier A of frame 6 and is mounted collar-like on
antenna-mounting beam 9. The second spur gear 14 is
slightly larger than first spur gear 13 to achieve geared-
reduction as a metter of design choice, and a 3/5 ratio is
presently preferred. Antenna-mounting beam 9 is rotatably
supported within the lower tier B between plates 8 and 5 by
a pair of pillow block bearings 33.

The horizontal beam 9 on which the antenna elements
50-1 . . . » are mounted is allowed to rotate 360 degrees
azimuth but only +/-110 degrees from vertical. This means
the antennas 50-1 . . . » may point 20 degrees below the
horizon to straight up, and all angles in between, but the
beam 9 will not rotate them past a straight down position.
The raw data and video feeds from antenna element
50-1...n, Txs, Rxs, and XCVRs are passed along the beam
9 to the middle of the assembly, then down the center of the
rotary actuator assembly 29 and pedestal 4 to remote equip-
ment. This enables the use of fiber optic rotary joints or slip
ring assemblies instead of RF (waveguide) rotary joints
because only data and video are being passed through the
rotary joint, not the high power RF signal from the antenna.

Thus, all telemetry data and video cable connections to
the antenna receivers and transmitters mounted on the
rotating beam 9 are connected to remote equipment through
a fiber optic rotary joint (FORJ) 60 or slip ring assembly
mounted at the hollow center of the pedestal assembly 4. The
connections to the lower stationary portion of the FORJ/Slip
Ring Assembly 60 are routed directly down through the
center of the rotary actuator assembly 29 to the remote
equipment. The connections to the upper rotating portion of
the FORJ/Slip Ring Assembly 60 are routed directly along
the length of the antenna mounting bar 9 to their respective
receivers, transmitters, and transceivers. The use of the
FORIJ/Slip Ring Assembly 60 prevents the fiber optic cables
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