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XL-L
A NOVEL TWO AXIS PEDESTAL SYSTEM WHICH
ELIMINATES KEYHOLES AND HAS COMPLETE

CONTINUOUSHEMISPHERICALCOVERAGE WITHOUT THE
USE OF ROTARY JOINTS OR SLIPRINGS

Eugene P. Augustin and Arthur Sullivan

ABSTRACT

The XL-L Two-axis Pedestal is a novel adaptation of an existing design using a cross
elevation over elevation axis configuration. This design affords full hemispherical
coverage without gimbal lock (keyholes). In addition, the system provides continuous
coverage without the necessity of rotary joints and sliprings. The design is ideally
suited for shipboard systems, but is equally advantageous for any tracking mission
where the target can approach a zenith gimbal lock or keyhole.
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HISTORY OF PEDESTALS

Since this paper is about pedestals and in particular, a pedestal that eliminates the
gimbal lock problem, it would be appropriate to examine the definition of pedestals,
rotators, and gimbals. By definition, a pedestal is merely a base or bottom support. In
mechanics a pedestal is the structure that holds the rotator. A rotator is simply a
device that rotates. A gimbal is a device consisting of a pair of orthogonal rotators.
The word gimbal is derived from the French word gemelle, meaning twin. Gimbal
lock sometimes referred to as a keyhole, or zone of occlusion, is a technically correct
term since gimbal lock only applies to a two-axis rotating system. The majority of
people in our business today refer to a pedestal as any device that rotates something,
usually an antenna. Common usage refers to a pedestal as the base and rotator or
rotators. We will continue with that convention in this paper.

The most common and well-known type of pedestal today, is the elevation over
azimuth pedestal. This pedestal has two gimbal locks, or keyholes; one directly above,



and the other directly below. Since tracking is not performed below, the only gimbal
lock of concern is at zenith. If the pedestal were following a target making an
overhead pass, the system would stop tracking at zenith since now the azimuth angle
after zenith is 180E different from the azimuth angle immediately prior to zenith. This
is called gimbal lock. With the advent of microprocessor control systems, a perfect
overhead pass could easily be accomplished by changing azimuth 180E at the zenith
point with software. The problem is that a direct overhead pass is extremely rare, and
usually it is a near overhead pass that occurs. For a near overhead pass when the target
gets within a few degrees of zenith, azimuth must be rotated 180E to continue
tracking. Because of the dynamics of the system, there will be a cone that cannot be
covered. Reducing the size of the cone means greatly increasing the drive power of the
azimuth axis.

With these terms defined, a heuristic view of the history of what we call pedestals in
our business follows. The birth of pedestals as we know them began with World War
II. Single axis pedestals were used for ground-based direction finding systems, or for
airborne, ground mapping systems. Basic radars were elevation over azimuth
pedestals. Radars were primarily developed for tracking a moving enemy target,
usually an airborne target. No one was concerned with the zenith gimbal lock, since if
an enemy aircraft was approaching zenith, the operator should have already started
running. The primary use for radar was long range detection, and long range always
implies low elevation angles.

While elevation over azimuth pedestals were ideally suited for most of the earlier
pedestal applications, there were later requirements for high angle tracking, mostly for
satellites. The XY pedestal, which has also been referred to as traverse over elevation,
cross level over elevation, dual elevation, and two-axis zenith search was developed.
The XY pedestal was considerably more expensive than the elevation over azimuth.
Machining and alignment were very critical on an XY pedestal to maintain axis
orthogonality. Another expense of the XY pedestal was that both axes required
counterbalancing. In addition, the center of gravity of the top axis changed with
respect to the angle of the antenna.

When near hemispherical coverage was required for shipboard systems, three axis
pedestals were developed. Three axis pedestals are extremely expensive, usually more
than double the cost of a two-axis pedestal. In addition, counter weighting becomes a
problem. About 15 years or so ago, Datron developed a two-axis pedestal with the
elevation axis tilted up 45E from the normal elevation axis. They referred to it as a
differential mount. It was less expensive to use two differential mounts on a ship to
obtain hemispherical coverage than a single three-axis pedestal. The use of the
differential mount or pedestal would have not been practical before the advent of



microprocessor control systems, because of the coordinate translation required. This is
relatively easily done with an algorithm in software, but completely impractical with
an analog control unit. The XL-L concept presented in this paper is the optimum
solution for a full hemispheric (and below) coverage mission requirement.

THE XL-L SYSTEM

The XL-L System is an XY configuration. Since the configuration is cross elevation
over elevation, we will refer to it as an XL-L pedestal. Because of the enormous
capabilities of the modern microprocessor antenna control units, the XL-L or XY
configuration can now be put to more practical use. As previously mentioned, one of
the major disadvantages of the XY type systems of the past was the cost of
maintaining axis orthogonality. Today it is not necessary to maintain any high degree
of axis orthogonality since orthogonality errors can be measured after manufacture
and with a lookup table can be easily corrected with software. In addition, there are
many ways of counterbalancing such as a combination of either springs or hydraulics
with proportional counterweights so that this is not as much of a problem as it was in
the past. Figure 1 shows four different axis configurations on a model developed for a
new XL-L antenna system. Figure 2 is a drawing of the XL-L pedestal that further
delineates the axis configuration. Figure 3 shows a transformation of target motion
data from the conventional Az/El to XL-L coordinates.

While it is easy to see that the XL-L system completely eliminates the zenith keyhole
problem, it is more difficult to see how the hemispherical coverage without use of
rotary joints or sliprings is achieved. It is relatively easy to see on a model, but more
difficult to describe. If a low angle target was flying a circle around the XL pedestal
when the target was perpendicular to the L axis, then the L angle would be equivalent
to the elevation angle. As the target moves at constant elevation the XL system would
be changing both XL and L angles. When the target crosses the L axis, the L axis will
be aimed at zenith and the angle of the XL axis will be the target's elevation angle.
Based on this, the XL axis is at the center of its rotation when the target is
perpendicular to the L axis. As the target progresses in a circle the XL angle now
moves in a direction necessary to look at the target. Once the target crosses the L axis,
the XL angle rotates in the opposite direction. Therefore, both the XL and the L axis
only travel to their maximum excursion, which is usually a little greater than 90E from
the center point. For this reason, rotary joints and sliprings are not required.

Since most tracking antennas today are circularly polarized there is no polarization
problem with the XL system. If linear polarization is required, then an inexpensive
rotator would be added to the antenna feed and be controlled by the microprocessor
antenna control unit.



While the model and drawing show a conventional type drive motor, pancake drive
motors can also be used. For smaller systems, torque drives would be the most
practical. For larger systems yoke type configurations are more practical.

CONCLUSION

For shipboard systems, or almost any system where full hemispherical coverage is
required, the XL-L System has the following advantages:

‚ FULL HEMISPHERIC COVERAGE (AND BELOW) WITHOUT GIMBAL
LOCK

‚ NO ROTARY JOINTS OR SLIPRINGS REQUIRED
‚ ELIMINATES THE NEED FOR A THREE AXIS SYSTEM OR TWO

TWO-AXIS SYSTEMS FOR SHIPBOARD SYSTEMS








