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(7) ABSTRACT

A two-axis measurement system for use with an article
under test (AUT) is provided with a thermal control system
to maintain the measurement system at a stable temperature.
The thermal control system may be use a temperature-
controlled fluid, such as liquid or gas, conducted through the
measurement system. The measurement system further com-
prises a field probing sensor that is adapted to be positioned
at a plurality of points spaced from the AUT to perform a
measurement of the AUT. The probing sensor is manipulated
by at least a first member extending in a first axial direction
and a second member extending in a second axial direction
perpendicular to the first axial direction. A near-field mea-
surement of the AUT is performed by moving the field
probing sensor in a pattern in front of the AUT to sample the
RF energy of the AUT at a plurality of points. Internal
passageways provided through the first and second members
permit communication of the temperature-controlled fluid
therethrough.

31 Claims, 7 Drawing Sheets
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THERMAL CONTROL APPARATUS FOR
TWO-AXIS MEASUREMENT SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to two-axis measurement
systems, and more particularly, to a robotic scanner for
performing planar near-field antenna measurements which
includes a control system to maintain thermal stability of the
scanner in an otherwise uncontrolled thermal environment.

2. Description of Related Art

High performance antennas are increasingly prevalent in
the art as spacecraft, aircraft, ship and ground vehicle
mission requirements become more sophisticated. One prob-
lem in the development and manufacture of high perfor-
mance antennas is the measurement of antenna performance.
Traditionally, antenna measurement was conducted by plac-
ing the antenna at a remote location to measure the ampli-
tude response characteristics of the antenna in its operational
range. Typical operational distances for high gain antennas
can range from fifty feet to three miles. This measurement
technique, known as far-field testing, suffers from significant
limitations, such as susceptibility to weather effects, ground
reflections and increasing real estate costs.

As an alternative to far-field testing, near-field testing was
developed. A nearfield test is conducted in an indoor test
range using a microwave probe to sample the field radiated
near the antenna under test (AUT). A computer collects the
amplitude and phase data sampled by the microwave probe,
and calculates the far-field equivalent response using a
Fourier transform technique. Accurate near-field measure-
ments require that all the significant antenna energy be
sampled by the microwave probe. Highly directive antennas,
such as reflectors and waveguide phased arrays, beam most
of the energy in the forward direction normal to the antenna
aperture. To test these types of antennas, a planar near-field
robotic scanner is utilized to move the microwave probe
along a planar pattern approximately normal to the antenna
aperture. To accurately reconstruct the measured field, the
probe must sample the antenna energy at a plurality of points
with a minimum spacing based on the Nyquist sampling
theorem. A near-field measurement system of this nature is
described in U.S. Pat. No. 5,408,318 to Slater, for WIDE
RANGE STRAIGHTNESS MEASURING SYSTEM
USING A POLARIZED MULTIPLEXED INTERFEROM-
ETER AND CENTERED SHIFT MEASUREMENT OF
BEAM POLARIZATION COMPONENTS, assigned to the
same assignee as the present invention, the subject matter of
which is incorporated herein by reference.

The near-field measurement technique is also applicable
to other types of reflecting bodies, emitters/receptors or
transducers having other types of emitted waveforms, such
as optical or acoustic waves, and is effective in measuring
performance of antennas, lenses, anechoic chambers and
compact ranges. The measuring probe may act as both a
transmitting antenna and a receiving antenna for measuring
a reflected phase front from a reflecting body. The reflecting
or transducing bodies discussed herein are collectively
referred to as antennas or transducers.

To make accurate near-field measurements, all the sig-
nificant antenna energy must be sampled by the probe.
Highly directive antennas, such as reflectors and waveguide
phased arrays, send most of the energy in the forward
direction normal to the antenna aperture. To test these types
of antennas, a planar near-field scanner is utilized. Precision
positioning systems, such as Cartesian robots, are used to
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move the probe along a planar raster pattern approximately
normal to the antenna aperture. Cylindrical and spherical
scanners are also possible, in which the AUT is rotated
relative to a measuring probe. To accurately reconstruct the
measured field, the probe must sample points at some
minimum spacing which is usually less than half the wave-
length of the antenna signal (A/2). Therefore, to achieve an
accurate near-field measurement, the precise position of the
probe and its planarity with respect to the AUT is critical.

Obtaining high accuracy position information for the
probe relative to the test article has proven to be difficult to
achieve. Undesired variations in the spacing between the
probe and the AUT can be experienced due to thermally
induced expansion and contraction of the scanner structure.
Even in a controlled environment, such as an indoor testing
facility, thermal variations may be experienced due to peri-
odic cycling of the air conditioning system within the
facility. The temperature fluctuations affect the near-field
measurement by distorting the shape of the AUT mount and
near-field scanner mount that adversely affects azimuth and
elevation of the AUT with respect to the probe. These
distortions in AUT position further result in distortion of the
energy emitted by the AUT, and decrease the accuracy of the
near-field measurement. A method of correcting for thermal
drift between the AUT and the scanner is disclosed in U.S.
Pat. No. 5,419,631, to Slater, for THREE-AXIS MOTION
TRACKING INTERFEROMETER FOR MEASURE-
MENT AND CORRECTION OF POSITIONAL ERRORS
BETWEEN AN ARTICLE UNDER TEST AND A MEA-
SUREMENT PROBE, assigned to the same assignee as the
present invention, the subject matter of which is incorpo-
rated herein by reference. As with the near-field scanner
structure, the phase reference cable that carries the signal
from the probe is highly susceptible to temperature changes,
which can cause physical changes in the length of the phase
reference cable by as much as several wavelengths. Such
dimensional changes adversely affect the accuracy of the
near-field measurement.

It is increasingly desirable to perform some antenna
near-field testing at a field location of the antenna, without
removing the antenna to an indoor test facility. For example,
certain large antennas mounted on ships cannot be easily
removed from service for periodic testing, and it would
therefore be advantageous to perform near-field tests on
these antennas while in their operational location. The
outdoor position of these antennas presents a particularly
harsh thermal environment, with unpredictable variations in
temperature of the AUT and the scanner due to atmospheric
effects, as well as thermal coupling of the scanner to local
heat sources or sinks, uneven heat transfer rates, and mate-
rial mismatches.

Thus, a critical need exists to increase the thermal stability
of the scanner to permit operation in an uncontrolled envi-
ronment. It would be particularly desirable to provide a
thermally stable scanner without substantially increasing its
operational weight or complexity.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present invention,
a two-axis measurement system for use with an article under
test (AUT) is provided with a thermal control system to
maintain the measurement system at a stable temperature.
The thermal control system may use a fluid, such as gas or
liquid, as a thermal conducting medium for heating or
cooling the measurement system.

More particularly, the measurement system comprises a
field probing sensor that is adapted to be positioned at a
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plurality of points spaced from the AUT to perform a
measurement of the AUT. The probing sensor is manipulated
in a pattern in front of the AUT to sample the RF energy of
the AUT at a plurality of points. The probing sensor may be
manipulated through a raster pattern by at least a first
member extending in a first axial direction and a second
member extending in a second axial direction perpendicular
to the first axial direction. Similarly, cylindrical or spherical
movement patterns may also be utilized. A near-field mea-
surement of the AUT is generated from the RF energy
sampled from the AUT.

In an embodiment of the invention, a circulating gas is
used to thermally stabilize the measurement system. The
first member further comprises a shroud defining a passage-
way extending lengthwise along the first member adapted to
conduct the gas therethrough. A plenum is disposed at an end
of the first member to increase pressure within the passage-
way. A support frame for the first and second members
comprises a plurality of legs coupled to ends of the first
member, with the legs each having respective internal pas-
sageways in communication together to conduct the gas
therethrough. A flow restricter may be disposed in at least
one of the legs to increase gas pressure within the internal
passageways.

In another embodiment of the invention, a circulating
liquid is used to thermally stabilize the measurement system.
The first member further comprises a main pipe extending
lengthwise therethrough to conduct the circulating liquid.
According to a first construction of this embodiment, the
first member further comprises a manifold plate coupled to
the main pipe, with the manifold plate having a plurality of
channels. A plurality of tubes extend along surfaces of the
first member, and are coupled to respective ones of the
channels. The liquid passes through the channels and the
tubes. According to a second construction, the channels
extend to surfaces of the first member, allowing the liquid to
flow along the surfaces. According to a third construction,
the main pipe further comprises spray nozzles adapted to
provide a turbulent flow of liquid within the first member.
According to a fourth construction, the main pipe further
comprises a plurality of spaced openings adapted to provide
a mist of liquid within the first member. In each of these four
constructions, the liquid conducts heat out of or in to the first
member as necessary to maintain the measurement system at
a uniform temperature. The liquid may also be conducted
through a jacket surrounding the phase reference cable to
maintain it at a uniform temperature.

A more complete understanding of the thermal control
apparatus for a two-axis measurement system will be
afforded to those skilled in the art, as well as a realization of
additional advantages and objects thereof, by a consider-
ation of the following detailed description of the preferred
embodiment. Reference will be made to the appended sheets
of drawings which will first be described briefly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an antenna under test with
a first embodiment of a thermally-stabilized near-field scan-
ner having a circulating gas;

FIG. 2 is a side sectional view of the scanner of FIG. 1
illustrating the gas flow through the scanner;

FIG. 3 is an enlarged portion of FIG. 2;

FIG. 4 is an enlarged portion of FIG. 2;

FIG. 5 is an end sectional view of the scanner of FIG. 1
illustrating the gas flow through the scanner;

FIG. 6 is an enlarged portion of FIG. §;
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FIG. 7 is an enlarged portion of FIG. 5;

FIG. 8 is a perspective view of an antenna under test with
a second embodiment of a thermally-stabilized near-field
scanner having a circulating liquid;

FIG. 9 is a partial perspective view of the scanner of FIG.
8 illustrating the fluid flow through the scanner;

FIG. 10 is a partial perspective view of an alternative
construction of the scanner of FIG. 8 illustrating the fluid
flow through the scanner;

FIG. 11 is a partial perspective view of another alternative
construction of the scanner of FIG. 8 illustrating the fluid
flow through the scanner;

FIG. 12 is a partial perspective view of another alternative
construction of the scanner of FIG. 8 illustrating the fluid
flow through the scanner;

FIG. 13 is an end sectional view of a phase reference cable
enclosed by a temperature-controlled fluid; and

FIG. 14 is a partial side sectional view of the phase
reference cable connected to a near-field data processor.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention satisfies the critical need for a
scanner having increased thermal stability to permit opera-
tion in an uncontrolled environment. In the detailed descrip-
tion that follows, like element numerals are used to describe
like elements illustrated in one or more of the figures.

Referring first to FIG. 1, a first embodiment of a portable
scanner is illustrated in conjunction with a planar phased-
array antenna 10. The antenna 10 has a slanted aperture
plane and is externally mounted to the surface of a
superstructure, such as the deckhouse of a ship. The portable
scanner mounts to the superstructure to match the angle of
the antenna aperture plane in order to move a probing sensor
through a planar pattern to sample RF energy from the
antenna 10. The portable scanner further comprises an x-axis
beam 22 and a y-axis beam 24. The y-axis beam 24 is
capable of controlled horizontal movement on rails disposed
along the length of the x-axis beam 22. A probe carriage 26
is provided on the y-axis beam 24, and is capable of
controlled vertical movement on rails disposed along the
length of the y-axis beam. A probing sensor 28 extends from
the probe carriage 26 in a direction normal to the plane
formed by the x-axis beam 22 and the y-axis beam 24. By
operation of the y-axis beam 24 and the probe carriage 26,
the probing sensor 28 can be manipulated to any point along
the plane.

As known in the art, the probing sensor 28 is moved in a
repeatable pattern within the plane to sample the RF energy
emitted from the antenna 10 at a plurality of points. A
controller (not shown) may be used to control the position of
the y-axis beam 24 and the probe carriage 26 by use of
motors, belts, gears or other known mechanical systems. The
probing sensor 28 transmits a signal representative of the
sampled RF energy from the antenna 10, from which is
computed the far-field equivalent phase and amplitude
response of the antenna. It should also be appreciated that
the scanner could also be adapted for movement in a
cylindrical or spherical configuration to accommodate other
antenna sizes and shapes.

The portable scanner further includes a mounting frame
that supports the x and y-axis beams 22, 24 in the proper
orientation relative to the antenna 10. The superstructure
supporting the antenna 10 further includes a plurality of
kinematic mounting brackets 12a—12¢ disposed at points












