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Abstract

This paper discusses the design, fabrication,
installation, and testing of a Scientific-Atlanta
Model 5702 Compact Range used for radar system
testing. The unique feature of this compact range is
that it provides a plane wave target source for
automated closed loop radar system testing.
Techniques employed for meeting and verifying
stringent specifications such as phase and amplitude
gradients over the quiet zone are discussed. Results
from closed loop testing of radar systems in the
compact range are also presented.
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1.0 Overview

Under contract to Boeing North American (BNA),
Scientific-Atlanta (S-A) developed a turn-key Compact
Range and Anechoic Chamber to be utilized by BNA
for Radar System testing. The Compact range consists
of a modified Mode! 5702 Compact Range and 2095
Microwave Measurement System designed to operate
from 2 to 40 GHz.

1.1 Purpose of Test Facility

The Scientific Atlanta Compact Range and Anechoic
Chamber provide an RF Source for the Ka-band
system. The RF Source is capable of both receive only
and transmit/receive testing. The test facility is used to
perform both Calibration and Acceptance tests on radar
systems. Calibration tests include: Antenna
resolver/Gyro/monopulse alignments, radar zero range
delay, and radome mapping. Acceptance tests provide
verification of all Radar System performance
parameters including: range independent monopulse
noise, full closed loop target track over a variety of
range and Doppler scenarios, Py, and P;. A secondary
purpose of the facility is to perform antenna pattern
testing.
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1.2 Specifications

The specifications were tailored to achieve a pseudo
Plane Wave at the radar antenna face that will provide
enough accuracy to conduct the tests stated in the
purpose.  The following is a list of the major
specifications:

e Reflected RF (from 2 to 40 GHz) received at the
receiver end of the chamber in a two-foot diameter
cylinder (quiet zone) around the radar antenna and
radome from other than the main beam of the
Compact Range Feed shall be attenuated by at least
45 dB.

e  The amplitude variation across the plane wave in
the Quiet Zone shall be less than 0.75 dB. The
phase variation in the Quite Zone shall be less than
20 degrees. The phase variation in the area of the
radar antenna shall be less than 5 degrees. In the
same area, the phase gradient shall be less than 0.5
degree/inch.

e The Compact Range feed shall be linearly polarized
in the Radar Ka band and be capable of rotating
synchronously with the Roll Test Stand at up to 4
revolutions per second (with buyer supplied motor).

e The gain of the test target source antenna shall be
greater than 6 dB at Ka band and be capable of both
transmit and receive.

e Signals entering or exiting the chamber shall be
attenuated by at least 60 dB per the guidelines in
NSA 65-6, except that the NSA 65-6 specification
shall be followed through the Ka-band signal range.

o The supplier shall provide a fixture to be used as a
calibration tool. This fixture will be used to
measure Quite Zone performance at regular
calibration intervals. The intent of this fixture is to
verify Quite Zone performance (of all plane wave
related specifications).

The facility was specified to be a Turn-Key system with
S-A integrating the Anechoic Chamber, the Microwave
Measurement System (MMS), the Field Verification
System, and the Compact Range.




2.0 Compact Range Design
2.1 Modified 5702 Compact Range Design

The standard 5702 Compact Range was adapted in
three major ways to accomplish the specifications.
Since BNA had no need for Range portability, the
reflector and feed positioner could be fixed to the
chamber floor, and built as two separate assemblies.
This eliminated unnecessary supporting structure,
casters, and leveling feet. Additionally, BNA desired
to verify the field quarterly, so a field verification
planar scanner was designed.

The parabolic reflector is machined from a single
aluminum block to a 0.002 inch surface tolerance. The
reflector support structure allows adjustments of
reflector height and tilt. The feed positioner assembly
consists of the feed assembly, synchronous roll motor,
and the roll drive mounting structure. The feed
positioner allows adjustments of feed height, tilt, and
phase plane orthogonality.

The field verification scanner can probe a 24 inch high
by 48 inch wide area of the field normal to, and
centered on the range centerline. The scanner can be
installed into the chamber by a hoist located outside the
chamber. In minutes, the scanner can be reinstalled
and realigned to its original position within 0.005
degrees.

2.2 Compact Range Feed

A scalar feed horn designed to operate in the Radar Ka
band with a nominal gain of 11 dB was utilized .

2.3 Microwave Measurement System

The Scientific-Atlanta 2095 Microwave Measurement
System consists of the Model 1795 Microwave
Receiver, the Model 2180 Signal Source, a positioner
control system, and computer hardware and software
for automated antenna measurement and testing. The
standard 2095 software was modified to allow control
of a field verification probe and integration with
Customer Furnished Equipment. Figure 1 contains a
photograph of the 2095 equipment rack in the Compact
Range Control Room.

3.0 Installation, Integration, and
Testing of Compact Range

3.1 Installation

The 5702 Compact Range was installed in several main
steps. The reflector was installed and aligned first to
the geometric range centerline. From the reflector tips,
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a new centerline was established. From this, the feed
positioner, two-axis positioner, and the field
verification scanner were installed. Data from the field
verification probe were used to adjust the reflector tilt,
feed tilt and orthogonality, and finally the scanner
orthogonality. Once aligned and fixed, mirrors were
mounted in line on the scanner and the rear chamber
wall. An autocollimator was aligned to the scanner
mirror. Next, the mirror on the rear wall was aligned
to the autocollimator, and permanently fixed. Then the
scanner was removed from the chamber.

To verify the field, the scanner is installed in the
chamber. An autocollimator is aligned to the rear wall
mirror. Then the scanner is aligned to the
autocollimator.

3.2 Integration With Customer Furnished
Equipment

The main equipment to be integrated into the Turn-Key
system was the Two Axis Positioner (TAP) with the
Synchronous Roll Motor to drive the feed, and a data
link to provide the MMS information from TAP.
(Figure 2 shows the S-A 5702 Compact Range
Reflector, the TAP, and the Compact Range feed
positioner with the synchronous roll drive.) The feed
was first integrated with the Compact Range at a
Scientific-Atlanta facility to verify the Compact Range
reflector’s electrical performance. It was then
integrated in the BNA facility with the Synchronous
Roll Motor. A micrometer was used to verify that the
feed would roll true to the Compact Range axis.
Compact Range Quiet Zone patterns were then taken at
different roll angles to verify the phase and amplitude
slopes were within specification.

The TAP will be used to scan antennas to perform
pattern testing. The position interface was provided by
a dedicated parallel interface from the BNA System
Test Set (STS) attached directly to the MMS. Scan
rates, start and stop limits, start and stop commands are
controlled through an IEEE 488 bus to the BNA Test
Computer which then forwards those commands to the
TAP. After attaching an antenna with the MMS
receiver to the TAP, the MMS starts the scan and
performs antenna pattern tests as it would if it were
using a standard S-A  Positioner by collecting
amplitude and phase data. Position information is sent
in real time to the MMS from the STS on the dedicated
parallel bus to correlate the amplitude and phase data
with the position. The MMS provides the RF source
through the range feed.




3.3 Field Verification

During Quiet Zone Verification, the Field Verification
Probe is mounted to the floor, with the probe placed in
the Quiet Zone at the same position as the radar
antenna (with the radar removed from the TAP). This
is a stand alone mode, with no interface to the STS
required. The MMS controls the X-Y scanner while
collecting amplitude and phase ripple data from the
Quiet Zone.

3.4 Facility Acceptance Test Results

In order to verify the stray signal performance of the
Compact Range equipment as installed in the Compact
Range Anechoic Chamber, the method of longitudinal
pattern comparison was utilized prior to the installation
of the TAP. Table 1 summarizes the reflectivity
measurement results, which met the stray signal
suppression requirement.

Table 2 gives the specifications for amplitude and
phase variation. During final acceptance testing, when
the microwave measurement system was used in
conjunction with the field verification fixture, data files
were collected so that a best-fit “phase plane” could be
determined at each of three Ka-band frequencies using
a least-squares method for the phases measured over
the primary measurement plane of the quiet zone. The
gradient of the “phase plane” was determined for the
primary measurement plane of the quiet zone. The
deviation of measured phase from the best-fit “primary
phase plane” was calculated by subtraction. The
maximum deviation in absolute value determined the
phase ripple. The composite worst case calculated
values for phase taper and ripple at three frequencies
are given in Table 3. In each case the result is within
the specification listed in Table 2. A typical plot of
phase measured over a 24-inch by 24-inch planar
region of the quiet zone is reproduced in Figure 3.

The best fit “amplitude plane” was also determined for
three Ka-band frequencies using a least squares method
for the amplitudes measured over the primary
measurement plane of the quiet zone. The deviation of
measured amplitude from the best fit “amplitude
plane” was determined by subtraction. The maximum
deviation in absolute value established amplitude ripple
and is recorded in Table 4. In each case the result is
within the specification listed in Table 2. Figure 3 and
Figure 4 contain typical plots of amplitude and phase
measured over a 24-inch by 24-inch planar region of
the quiet zone.
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4.0 BNA Radar System Testing
4.1 Test Setup

The simplified block diagram given in Figure 5
illustrates the system test setup. As shown, the STS
has real time control of the entire system. The radar’s
rotary joint is accurately placed over the TAP azimuth
axis of rotation. The TAP roll axis is accurately
aligned to the compact Range boresight. The radar is
controlied through slip rings located in the TAP so that
the system can be rolled the full 360 degrees at up to 4
revolutions per second while positioning the TAP in
azimuth to emulate a variety of target scenarios. This
also serves as the mechanism to map radome refraction
effects by comparing the radar’s reported target
position to TAP target truth.

The RF Test Set (RFTS) provides the RF source for
both receive only and transmit/receiver testing. The
RF Test Set is phase locked to the radar and provides a
coherent Ka-band signal with true range delay of the
radar’s  transmitted  waveform, true  Doppler
modulation, and target amplitude control. The RFTS is
compatible with all radar waveforms and operating
modes.

4.2 Test Results

Test results of the multiple systems indicate the entire
facility is performing to expectations, and that all
pertinent  specification  parameters are  being
accomplished. Figure 6 illustrates the Compact Range
performance normalized to the radar’s boresight error
requirement. The data were collected using radar
systems that had been fully calibrated to account for all
known errors. The remnant boresight error is believed
to be due the Compact Range (because multiple radar
systems report the same residuals). As shown the
Compact Range is accounting for about 50% of the
radar’s boresight error tolerance. These data are from
multiple radar systems over multiple runs and show the
range performance is very repeatable. Figure 7 is
Compact Range performance data collected with the
field verification system over a 19 month period. Each
data point of amplitude and phase is from a scan of
6688 data points across the Quiet Zone, output from
the MMS.




it

Figure 2 Photograph Showing 5702 Reflector, Feed Positioner with Synchronous Roll Drive and TAP
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Figure 3 Typical Isometric Plot of Phase over 24" Figure 4 Typical Isometric Plot of Amplitude
by 24" Planar Region of Quiet Zone over 24" by 24" Planar Region of Quiet Zone
Radar’s
Rotary
Joint transmitted
Radar’ radar beam
adar’s
Antenna
MMS | e
Position o '
Information and R R LR R, e
Control L. ’
___Control Rotary ' o
System [¢ i L .t
Test o e Compact
Set (STS)|, Control N ‘ T : Range
A ot Reflector
<Lontrol » RF Test Set . ’
X_ Compact
Range
Feed
Feed
Positioner

Figure 5 Test Setup for Radar System Testing
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Table 1 Reflectivity Results

Frequency Band Ka

Polarization Vertical Horizontal
Worst Case at Various Azimuth Locations: -49.7 dB -52.7dB
Specification -45 dB

Table 2 Maximum Amplitude and Phase Variation Specifications

Maximum. Amplitude Variation

Taper and Ripple Maximum Phase Variation Maximum Phase Gradient
24-inch Zone 24-inch Zone 6-inch Zone 6-inch Zone
0.75dB 20 degrees 5 degrees 0.5 degree/inch

Table 3 Worst Case Phase Taper and Ripple over 24-inch-diameter Planar Region of Quiet Zone

Phase Gradient Phase Taper Phase Ripple Total

Frequency Band Polarization (degrees/inch) (degrees) (degrees) (degrees)
Ka Horizontal 0.16 3.87 10.22 12.31
Ka Vertical 0.19 4.51 10.22 14.73

Table 4 Worst Case Amplitude

Taper and Ripple over 24-inch-diameter Planar Region of Quiet Zone

Amplitude Amplitude Taper Amplitude

Frequency Band Polarization Gradient (dB) Ripple Total

(dB/inch) (dB) (dB)

Ka Horizontal 0.01 0.25 0.51 0.74

Ka Vertical 0.01 0.18 047 0.65
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