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a. Georgia Tech Reseai-ch institute (GTRI) has designed and
fabricated a very large outdoor Compact Range for the US Army Electronic
Proving Ground (USAEPG) to test antennas mounted on large vehicles and
aircraft. A photograph of this range appears below.

Photo. USAEPG Outdoor Compact Range.

b. The term "compact" refers to the range's abiliLy to perform
antenna tests that would require huge tracts of electromagnetically
quiet real estate if conventional far-field methods were used. Depending
on the combined size of test antenna and host vehicle and the operational
frequency, far-field antenna measurement ranges can require very large
distances between the antenna under test and the transmission source.
For example, for a characteristic dimension of 50 feet, the antenna and
receiver must be separated by 5.7 miles at 6 GHz, or 92 miles at 95 GHz.
If it is desired to measure very low sidelobe antennas, these distances
rist be increased even further. The USAEPG Compact Range utilizes a
specially designed parabolic reflector to produce a collimated beam of
parallel rays with a flat wavefront within a radiation path only
300 feet long.

c. The Compact Range provides improved and new test capabilities
to the existing facilities located at the East Range Antenna Complex.
Already located at the facility is the Arc Range that provides automated
hemispherical antenna measurement capabilities for targets at frequenciec
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below 8 GHz. The Arc Range has been usId for testing up to 18 GHz;
however, far-field distance criterion often limits the absolute accuracy
of these measurements. The Compact Range enables USAEPG to test large
antenna/host vehicle systems from 6 to 40 GHz.

d. In 1985 USAEPG examined a report on the feasibility of
designing a large outdoor compact range (ref 1, app G). The report
concluded that a compact range producing a 50-foot diameter quiet zone
could be used to measure antenna patterns on vehicles. To further
define necessary parameters for the compact range, two studies were
funded in 1986 to design the required feed horns and to analyze the
effects of the surface tolerances associated with building a large
reflector (refs 2 and 3, app G). In 1986, USAEPG began to fund the
construction of the range, which was completed in 1989.

e. The Ccmpact Range complements the capabilities of the Arc Range
by expanding USAEPG's ability to handle large, heavy vehicles and high
frequencies. The Compact Range can handle targets up to 70 tons and
50 feet in size at frequencies to 40 GHz. The Compact Range was
designed to be a stand-alone system, allowing it to operate
independently of the Arc Range. Both ranges share a common computer
system and file structure.
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SECTION 1. SUMMARY

1.1 BACKGROUND

USAEPG has obtained a compact range facility which can provide a
far-field radio frequency (RF) condition in a relatively short distance.
The compact antenna range will provide a unique capability to irradiate
large target systems with a highly controlled and precisely oriented
electromagnetic (EM) field. A significant potential application of this
capability is the measurement of "upset events" produced by EM environ-
ments that couple directly into the components and circuits of electronic
systems.

1.2 PROBLEM

There are other measurements beside antenna patterns for which a
compact range is suitable. The cost of making these measurements could
be reduced by integrated or combined testing. This process could
replace the current procedure of measuring different characteristics of
a test item at different facilities.

1.3 OBJECTIVE

The objective of this investigation was to determine how the new
Compact Range at USAEPG can be adapted to other measurements such as
target return signals and equipment responses to specialized signal
environments.

1.4 PROCEDURES

a. Phase I

"' D-ermnen the capzbi!it~~ ~of t!, Compact Range to perform
basic antenna pattern measurements.

(2) Research current methodology and implementation of radar
cross section measurements on compact antenna ranges.

13) Provide an approach to technology development.

(4) Provide an approach to equipment interface.

b. Phase II (follow-on and completion of Phase I)

(1) Determine technology/equipment needed for target return
signal measurement and other specialized signal environment measurements
(i.e. electronic equipment, antenna/feed horn, and pylon/pedestal).

(2) Provide report with suggested equipment list and
methodology.
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1.5 RESULTS

a. Antenna Pattern Measurement/Basic Range Functions. The
original acceptance testing demonstrated the operation of the hydraulic
positioner, RF instrumentation, feeds and reflector, and data collection
system. Comparison of the known characteristics of standard gain horn
antennas against measurements made with the Compact Range demonstrated
the overall performance of the system. The remaining information in
this section was obtained during the Phase I study.

(1) Hydraulic Positioner. The control system software was
modified to prevent a massive load from accelerating or decelerating too
quickly and overstressing the load mounts or the positioner. A low-pass
filter was added to the manual positioning control circuit to prevent
the same kind of damage due to overstress. The gain of the azimuthal
servo loop was reduced to eliminate oscillations observed when the OV-l
Mohawk aircraft was mounted on the positioner. The Mohawk test load
closely approached the design limit for maximum azimuthal inertial
moment.

(2) RF Instrumentation, Feeds, and Reflector

(a) Dynamic Range and Signal-to-Noise Ratio. :he RF
instrumentation system demonstrated a minimum dynamic range of 50 dB at
40 GHz [with a 10-dB signal-to-noise (S/N) ratio]. Feed horns were
developed to allow testing from 6 to 40 GHz. The center section of the
reflector was designed and constructed to mechanical tolerances suf-
ficient for future applications up to 95 GHz; however, current testing
was lirmlLed to a maximum of 40 GHz.

(b) Qiiet Zone Field. The preliminary evaluation study
performed by Quick Reaction Corporation (QRC) extracted a high spatial
frequency ripplp o. t" (TRI field probe data of appr:-imately ± 2.5
degrees in ph ? il 0.4 decibels (dB) in amplitude. (Please see
figure 1, top of pF.e 1-3, for clarification of terms dealing with
rippie.1 This report also evaluated the presence of low spatia fre-
quency ripple in the quiet zone. Peak-to-peak amplitude ripple, as
measured by the GTRI field probe, was < 2.6 dB at frequencies below 12.4
GHz; < 4.9 dB from 12.4 to 18 GHz; < 3.5 dB from 18 to 26.5 GHz; and
< 4.2 dB from 26.5 to 40 GHz. Due to physical limitations of the field
probe used by GTRI, only the central 13-foot diantke secti.. --- the
quiet zone was measured. This field probe was not well suited to
perform these measurements with a high degree of repeatability in
positioning accuracy.

(c) Multipath and Clutter Signals. Using the time-domain
mode of the range receiver, the coupling between the feed antenna and
the antenna under test was measured, and investigations of any multipath
signals that may be present were performed. Measurements of RF couplina
from the feed horn to the antenna under test were taken using the spare
feed horn antenna as the test item. With the test antenna suspended
approximately 22 feet in front of the positioner's center of rotation,
and with the positioner at 0 degrees elevation, a worst-case coupling of
28 dB below the desired signal response was measured. Clutter from
around the reflector and positioner structures was about 25 to ]3 dB
below the desired response.
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Phase or
Amplitude

These variatons in phase or amplitude that The overall trend of the f:e'd prcbe da*a.
recur periodically as Ihe field probe moves represented by the gray l:ne, shows a "io..
across the quiet zone are what ORC calls spatial frequency ripple" in ORC's terms.
"hgh spatial frequency ripple.*

Figure 1. Definitions of terms associated with quiet-zcne rippe.

(3) Data Collection System. Data presentations on the rani.i
operator's display and hardccpy plots of the antenna pattern data
as expected and in accordance with design goals.

(4) Pattern Measurement Performance. Relative pattern mea-
surements of standard aain horn antennas were made at low, middle, ana
high frequencies within each of six RF bands from 6 to 40 GEz. Tese
measurements show a qualitative match between the known patterns of tao
antennas and the results produced by the Compact Range. It was,
however, determined that the 6-to-18-GHz local oscillators requ:red
atternuators to prevent saturation of the amplifier.

b. Radar Cross Section Measurement. GTRI has presented a whie
paper on the possibility of using the Compact Range to perform gaoed
radar cross section (RCS) measurements (app F). Their report suggest
modifying the existing RF feed ecncoire to accommodate the m in
receive and transmit feeds adjacent to one another at the focal point c
the reflector. Modifications to the range's hardware and software would
also be required. The GTRI report provides only a general technical
approach to RCS measurement using the Compact Range; it does not specify
the hardware that would be required. Several companies (March
Microwave, Hughes, Flam and Russell, Scientific Atlanta, and Harris
Corporation) have developed RCS measurement ranges based on the hewiett
Packard (HP) 8510 network analyzer as the range receiver (the same
receiver used at USAEPG). Due to limited resources, we have noL yet
investigated the approaches used by these other ranges, nor have we
confirmed the findings of the GTRI report.
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c. Specialized Electromagnetic Environment Tests. Due to limited
resources, we were unable to investigate the range's use for EMI
testing.

d. Instrumentation and Interfacing. We purchased spares to back
up the range's RF mixers and the fiber-optic instrumentation bus
extenders. All of these items are critical to the operation of the
range. We also obtained precision attenuators and test cables capable
of operation to 50 GHz, as well as precision torque wrenches. The
wrenches help prevent workers from overtightening and damaging the
millimeter-wave RF connections.

1.6 ANALYSIS

a. Antenna Pattern Measurement/Basic Range Functions

(1) Hydraulic Positioner. The Ml Abrams tank and OV-i Mohawk
aircraft represent conditions near the maximum design values for tcta.
weight and azimuthal inertial moment. Hardware and software
modifications to the positioning system have successfully fined-tune:
the system to handle these test loads.

(2) RF Instrumentation, Feeds, and Reflector

(a) Dynamic Range and Signal-to-Noise Ratio. The Comrpat:
Range was designed for a minimum dynamic range of approximately 68 dB at
40 GHz (with a 10-dB S/N). This design goal assumed a test antenna wita
a nominal gain of 10 dB referenced to isotropic (dBi) Using the spare
feed antennas (which have gains close to 10 dBi) as test antennas, the
measured dynamic range--50 dB--falls short of the design goal.

(b) Quiet Zone Field. A perfect field would exhibit no
variations in amplitude or phase across the quiet zone. This would he
an indication that the RF field was completely uniform and planar in
nature. The closer the actual measurements are to this ideal, the
closer the quiet zone approaches the theoretical far-field condition.
The design goal of 3 dB peak-to-peak amplitude ripple appears to be well
within the reach of the present range geometry and instrumentation,
taking into account the mechanical limitations of the field probe that
was used.

(c) Multipath and Clutter Signals. Multipath and clutter
effects degrade the range's potential accuracy. Direct coupling from
the feed to the antenna under test is a potentially significant source
of interference. Direct coupling effects will be most pronounced for
hicher elevation angles where the antenna under test is pointed more
directly at the feed. Testing showed that direct coupling was 28 dp
down from desired response when the antenna under test (gain: 10 dE)
was at an elevation of 0 degrees. This coupling will increase with
higher-gain antennas and greater elevation angles. Clutter is also a
potential source of degraded accuracy. Testing showed clutter levels
13 dB below the desired response. Undesired responses 13 dB below the
desired level of response will result in a response error of ± 0.2 dB.

(3) Data Collection System. The data collection system
successfully supported basic measurements of antenna patterns.
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(4) Pattern Measurement Performance. Qualitative comparisons
of the data were in agreement with the manufacturer's published data for
typical standard gain horn antennas. Mainlobe beamwidths and sidelobe
structures were very symmetrical at all test frequencies.

b. Radar Cross Section Measurement. GTRI's white paper indicates
that it is technically feasible to perform gat-d RCS measurements on the
USAEPG Compact Range. A major concern is the large radar cross section
presented by the positioner pedestal and whether this return could be
removed by the time-domain gating features of the HP 8510 network
analyzer currently used as the range receiver.

c. Specialized Electromagnetic Environment Tests. No testing or
study could be performed; therefore, no analysis is possible.

d. Instrumentation and Interfacing. No testing or study could be
performed; therefore, no analysis is possible.

1.7 CONCLUSIONS

a. Antenna Pattern Measurement/Basic Range Functions. Successful
demonstrations of the data collection, RF instrumentation, and hydraulic
positioner systems during acceptance testing showed that the Compa-t
Ranc, has met the original design goals for providing basic antenna
pattern measurement capability from 6 to 40 GHz.

(1) Hydraulic Positioner. The hydraulic positioning system is
capable of controlling the movement of the kinds of large and heavy
loads for which it was designed. Software modifications and the addition
of a low-pass filter on the manual control system have been successful in
preventing too-rapid acceleration/deceleration of the test vehicle.
Adjustment of the azimuth servo loop has greatly reduced or eliminated
the oscillations caused by a test load with a high moment of inertia in
the azimuth plane.

(2) RF Instrumentation, Feeds, and Reflector

(a) Dynamic Range and Signal-to-Noise Ratio. The results
indicate that the RE instrumentation does not meet the design goals for
dynamic range at 40 GHz. The measured result of 50 dB is adequate for
all but the most critical of antenna pattern measurement requirements
(i.e., very low sideinhe antennas of moderate gain). The design goals
were based upon empirical estimates of range performance and represent a
best-case prediction of performance.

(b) Quiet Zone Fie'd. Preliminary analyses of GTRI field
probe data confirmed the physical limitations of the probe and emphasized
the need for more detailed characterizations of the field using a laser-
corrected field probe capable of spanning the entire 50-foot quiet zone.
Because some of the probe data was suspect due to its non-repeatability,
any quantitative judgements regarding the quiet zone field should be
made with caution. This preliminary probing provided enough data to
conclude that the design goal of 3 dB peak-to-peak ripple is attainable
with the present range geometry aid instrumentation.

(c) Multipath and Clutter Signals. Multipath and clutter
signals limit the accuracy of the Compact Range for antenna pattern
measurement, and will reduce its sensitivity in applications such as
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determination of a target's radar cross section. QRC's preliminary
evaluation of the GTRI field probe data concluded that the high spatial
frequency ripple of ± 0.4 dB in amplitude and ± 2.5 degrees in phase was
most likely due to reflector edge effects. The fact that these values
are as low as they are indicates that the reflector's shaped edge ser-
rations are performing as designed to minimize edge diffraction effects
in the quiet zone. QRC also concluded that the observed low-freqency
ripple was due to a combination of multipath, continuous wave (CV;)
leakage, and diiect coupling from the feed to the antenna under test.
The effects of these interference sources could be reduced or eliminated
by employing range gating. Range gating involves sending the RF
illuminating signal as a brief pulse and gating the receiver circuitry
to allow reception over a relatively narrow span of time corresponding
to the time-of-arrival window of the desired signal response.

(3) Data Collection System. The data collection system is
adequate for the purpose of collecting, reducing, and presenting antenna
pattern measurements. The system will support the basic antenna pattern
measurement mission of the Compact Range.

(4) Pattern Measurement Performance. The preliminary quali-
tative measurements of standard gain horn antenna patterns indicate thac
the existing range configuration is capable of performing relative an-
tenna pattern measurements with some degree of confidence.

b. Radar Cross Section Measurement. We feel that it is tech-
nically feasible to develop the capability to perform RCS measurements
on the USAEPG Compact Range.

c. Specialized Electromagnetic Environment Tests. No testing or
study could be performed; therefore, no conclusions are possible.

d. Instrumentation and Interfacing. No testing or study could be
performed; therefore, no conclusions are possible.

1.8 RECOMMENDATIONS

a. Antenna Pattern Measurement/Basic Range Functions

(1) Hydraulic Positioner. No further modifications to the
hydraulic positioner should be made, based on the successful control of
test vehicles near the maximum design values for weight and azimuthal
moment of inertia.

(2) RF Instrumentation, Feeds, and Reflector

(a) Dynamic Range and Signal-to-Noise Ratio. The present
dynamic range of 50 dB at 40 GHz (with a 10-dB S/N) is adequate for the
antenna pattern measurement mission of the USAEPG Compact Range. Dynamic
range may improve if in the future more accurate measurements of the
quiet zone field lead to improved alignment of the feed location or
reflector panels in the central zone of the reflector.

(b) Quiet Zone Field. The field probe used to evaluate
the quality of the quiet zone field provided a preliminary look at the
central 13-foot diameter section of the 50-foot diameter quiet zone. In
order to further align the reflector and characterize the quiet zone, a
precision laser-corrected field probe should be used for further
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testing. Detailed analyses of extraneous reflected and diffracted RF
energy that would corrupt the quiet zone field cannot be performed
without a more complete and accurate database.

(c) Multipath and Clutter Signals. Investigation into
the application of hardware and software gating in order to reduce
and/or eliminate clutter sources is required. These methods would
greatly facilitate the accurate measurement of target returns and also
yield greater accuracy for antenna pattern and gain measurements. The
optimized combination of hardware and software gating can greatly reduce
or eliminate coupling between the feed antenna and the antenna under
test, ground clutter, and clutter associated with the reflector
backstructure and range architecture.

(3) Data Collection System. Additional hardware and software
should be developed to accommodate future applications of the Compact
Range, such as the measurement of target return signals, upset effects,
and the generation of specialized signal environments.

(4) Pattern Measurement Performance. More precise antenna
pattern confirmation testing using standard gain horns of known accuracy
should be performed to quantify the ability of the Compact Range to
accurately measure absolute antenna gains. More extensive and accurate
field probing of the quiet zone field is required to gain confidence in
the uniformity of the illuminating RF field and to provide a basis for
engineering conclusions on the absolute accuracy of the measurements.

b. Radar Cross Section Measurement. GTRI's study does not address
additional software or hardware requirements in sufficient detail to
make specific recommendations at this time. The Compact Range is
currently configured to perform basic antenna pattern measurements with
the range receiver operating in a CW dual-source mode with a single
antenna at the reflector's focal point. In order to fully characterize
the ability of the Compact Range to perform RCS measurements, we should
investigate the tradeoffs involved in implementing specific hardware and
software modifications. These studies should include, but not be
limited to: single- versus dual-feed systems; optimization of the
transmitted pulse width, receiver gate width, and delay time; and
selection of pulse repetition rates that will avoid interference in the
receiver's intermediate frequency (IF) passband.

c. Specialized Electromagnetic Environment Tests. We recommend
investigation of a forthcoming piece of test instrumentation that would
permit simulation of a variety of special types of signals--the Hewlett
Packard HP 8791 Model 21 Frequency Agile Signal Simulator (HP FASS).
This equipment, scheduled to be released in late 1991, will perform 100-
nanosecond phase-coherent frequency-agile switching. from 10 MHz to
18 GHz. Typical instantaneous bandwidths of up to 40 MHz are possible.
The system will be able to simulate multi-emitter threats. User-defined
waveform generation will allow for real-time control of complex signals
and threat scenarios. Some of the signals that could be simulated with
this system are: 800-MHz-wide barrage noise, frequency-agile chirp
signals, spread-spectrum waveforms, variations of radar pulse repetition
intervals, sector scanning, and multiphase coded radars.
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d. Instrumentation and Interfacing

(1) The acquisition of network analyzer test and calibration
sets would allow checkout and troubleshooting of various equipment such
as coaxial cables, filters, isolators, amplifiers, and mixers.

(2) The present HP 8501B range receiver should be upgraded to
an 8501C model. The present firmware has several known deficiencies
that would be corrected by the upgrade. For example, the 8501B model
exhibits problems in implementing the 'fast CW' mode for some data point
sets. The range software currently handles this limitation; however,
upgrade to the 8501C receiver would eliminate the problem and the need
for a software workaround. Eliminating this limitation would improve
the efficiency of the range by increasing data throughput.

(3) Another factor related to the efficiency of the range's
data throughput is the speed with which the RF source can switch fre-
quencies. A tenfold improvement in switching speed would be realized by
replacing the present HP 8340B RF source with the HP 83640A (used in
conjunction with the upgraded range receiver). These hardware upgrades
would have a minimal impact on compatibility with the range operating
software. The resultant increase in data throughput should decrease the
occurrence of hydraulic positioner overspeeds. It may also be necessary
to replace the local oscillator source in order to fully realize the
improvement in switching speed.

(4) We should acquire spare local oscillator amplifiers to
minimize the downtime that occurs when the 6- to 18-GHz unit fails.
This unit has failed twice, exhibiting low gain. Results of this study
determined that attenuators should be placed on the two local oscillator
amplifier inputs in order to prevent the amplifiers from being driven
into saturation. The manufacturer (AVANTEK) has not experienced any
other reliability problems with these units. The exact failure mechanism
is unknown at this time, but we will add attenuators to the inputs in an
effort to solve this problem.

(5) We should acquire attenuators to balance the local
oscillator signal levels at the test and reference mixers. Thumbwheel-
type attenuators should be added to this system to avoid frequent
make/break cycles of the RF connectors at the mixer local oscillator
injection ports.
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SECTION 2. DETAILS OF INVESTIGATION

2.1 OVRALL RANGE DESIGN

a. The Compact Range has several different systems and components
that must function together as a unit. The ranae consists of:

(1) Computer System.

(2) RF Instrumentatio- System.

(3) Positioner and Hydraulic System.

(4) RF Feeds.

(5) Reflector.

Figure 2 shows the equipment groups and their locations. A functional
block diagram appears in figure 3.

b. The primary task of the range is to automatically acquire
antenna patterns for antennas mounted on military vehicles. To do this,
the computer system commands the instrumentation to specific frequencies
and the positioner to specific locations. The end result is either a
single pattern or a series of patterns that describe the radiation
characteristics of the antenna under test.

c. An ideal compact range would have uniform amplitude and phase
over the test zone. In practice, reflection and scattering from various
surfaces degrade field uniformity. Indoor compact ranges are usually
placed in absorber-lined rooms to suppress undesired reflections.

d. Because of its size, the USAEPG Compact Range had to be built
outdoors, making extensive use of absorber impractical. Obviously,
there are no wall or ceiling reflections, but ground reflections are
more difficult to suppress. Indoor ranges use precise temperature
control to maintain range geometry. An outdoor reflector is subject to
thermal and wind loads that constantly change its shape, resulting in
amplitude and phase variations in the quiet zone. We concluded that a
random ripple of 3 dB (± 1.5 dB) could be achieved. This is compatible
with the antenna measurement mission of the USAEPG Compact Range.

e. Table I summarizes the design goals for the USAEPG Compact
Range.

f. The acceptance testing demonstrated the successful integration
and operation of the Compact Range's systems and physical components.
As part of this study, standard gain horn measurements, investigaticns
of multipath and clutter signals, and preliminary analyses of the quiet-
zone field-probe data were performed. These indicate that the initial
design goals have been satisfied.

It
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TABLE I. COMPACT RANGE DESIGN GOALS

Reflector
Type Offset-fed paraboloid
Diameter. 75 feet
Focal length 150 feet
Panel accuracy < 0.002 in.
Panel alignment < 0.005 in. for R < 28 feet

< 0.025 in. for 28 < R < 32 feet
< 0.050 in. for R > 32 feet

Feeds
Type Corrugated horns
Polarization Linear
Frequency range 6 to 40 GHz in 5 bands:

6 to 8 GHz
8 to 12.4 GHz
12.4 to 18 GHz
18 to 26.5 GHz
26.5 to 40 GHz

VSWR 1.2:1 maximum
Gain 10 dBi

Target Positioner
Type Azimuth-over-elevaticn
Drive Azimuth- hydraulic motor

Elevation- hydraulic cylinders
Maximum target weight 70 tons
Scan limits Azimuth- continuous rotation or

± 200 degrees
Elevation- -1 to 90 degrees

Position transducers Two-speed synchro (1:1 and 36:1)
Speed regulation 1 percent
Position resolution 0.01 degrees

Instrumentation
Signal source Synthesized

Type Continuous wave
Frequency stability 1 Hz at 1 GHz
Frequency range 10 MHz to 40 GHz (with frequency

doubler for 26.5 to 40 GHz)
Power amplifier Logimetrics TWTA, 18 to 40 GHz,

10 watts maximum
Receiver Network analyzer (HP 8510B)

Frequency coverage 45 MHz to 110 GHz
Harmonic conversion

Measurement Single-channel phase and amplitude
Measurement Capabilities

Quiet zone diameter 50 feet
Data collection method Raster scans
Record increments 0.1 degrees minimum

10.0 degrees maximum
No. of data points per scan 3600 maximum
Multiplexed frequencies 10 maximum
Data analysis Beamwidths, sidelobe levels,

multiple beams, and null depths
Plotting capabilities

Two-dimensional Rectangular/polar
Three-dimensional
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2.2 MICROWAVE DESIGN

a. The microwave design of the compact range was undertake, with
the goal of providing a basic compact range system initially capable of
performing vehicle antenna pattern measurements at frequencies of 6 to
40 G~z with provision for extending the operating frequency to 95 GHz
without major modification to the microwave structures. The general
configuration of the compact range appears in figure 4 below.

reflector

" quiet zone

---- ----------- '------ ------- ------.75 ft
!:::::+ .turntable

•.turntable

150 f '-feed box

ground reflection fence

Figure 4. Physical layout of the Compact Range.

b. The preliminary design for the electromagnetic aspects of the
range was reviewed and detailed analyses were conducted in key areas
(quiet zone size, quality and location, reflector surface tolerance, and
interference suppression) to complete the final configuration (ref 1,
app G). The final selection of the basic reflector parameters (size,
focal length, edge geometry, surface accuracy, etc.) was based on the
effect of these parameters on the quality of the quiet zone.

c. The surface quality of a reflector is specified by the magni-
tude and spatial frequency of its roughness. Conventional compact range
design calls for a root-mean-square (RMS) surface roughness of less than
1/100th of a wavelength for all spatial frequencies with a period of
greater than three wavelengths. The preliminary reflector design called
for serrated edges with a minimum length of 2 feet (12 wavelengths at
the lowest frequency of 6 GHz). The serrated edge has an advantage over
the rolled edge or absorber edge primarily due to its lower manufacturing
cost. The final design determined the number and geometry of the edge
serrations for optimum quiet zone quality.

d. The shape and quality of the quiet zone was optimized through
careful examination of its determining factors: reflector parameters,
feed parameters, and sources of reflection and scattering. Five
specific parameters have a significant effect on quiet zone quality:
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(1) Feed antenna pattern (see section 2.2.6).

(2) Focal length to diameter ratio (F/D) of the reflector.

(3) Edge geometry.

(4) Distance between reflector and quiet zone.

(5) Reflector size.

For the desired quiet zone field quality and size, the microwave design
consisted of a final trade-off between edge geometry and quiet zone
size, with the feed antenna pattern, the F/D ratio, and the axial
location of the quiet zone as parameters. The goal was to produce a 50-
foot diameter quiet zone utilizing the 75-foot diameter circular
aperture reflector size that was recommended during the preliminary
study (ref 1, app G).

c. The imihe quality of the quiet zone is specified by the
ratio of stray radiation to direct optical radiation within the quiet
zone region. Stray radiation produces amplitude and phase ripples in
the otherwise constant fields in the quiet zone and is produced by
several mechanisms including the following (as shown in figure 5):

(1) Ground reflections.

(2) Scattering by the feed antenna and its support.

(3) Back radiation from the feed antenna.

(4) Scattering from the edges of the reflector surface.

(5) Scattering due to reflector surface roughness.

(6) Reflection and scattering by both the reflector supports
and the target positioner supports.

reflector edge scattering

reflector surface scattering

........... u ie t zone

positioner support
scattering

reflector ground bounce fence edge feed scattering
support scattering scattering and back radiation

Figure 5. Sources of stray radiation affecting quiet zone quality.
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From the beginning, the most difficult problem appeared to be that of
adverse effects due to ground reflections. A summary of the causes of
stray radiation and their treatments appears in table II.

TABLE II. STRAY RADIATION MECHANISMS

Mechanism Treatment(s)

Ground reflections Clutter fence(s).
Absorbing panels.

Feed/support scattering Feed enclosure with absorber.

Feed back radiation Corrugated horn and feed enclosure
with absorber.

Reflector edge scattering Serrated edge.

Reflector surface roughness Minimum spatial frequency for
scattering surface variations.

Reflector support scattering Support enclosures and shaping.
Target positioner support
scattering

f. The design goals were the product of the following factors:

(1) Trade-offs made to achieve the best quiet zone quality.

(2) The accuracy of construction that could be achieved in a
reflector of the required size.

(3) Desired performance.

The goal for measurement accuracy was set with the understanding that it
is especially sensitive to the level of stray radiation. As noted
above, stray radiation due to ground reflections was expected to be one
of the most challenging microwave problems to be solved.

g. The overall range concept that was adopted appears in figure 4
(page 2-5). It incorporates a number of key design features:

(1) An offset-fed paraboloidal reflector .to minimize the
adverse effects of feed blockage.

(2) Serrated reflector edges to control edge scattering and
produce a rapid tapering of the aperture field to maximize the quiet
zone size.

(3) Tilted support legs on the target positioner supports.

(4) Shaped coverings for the reflector and target positioner
supports.
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(5) A feed enclosure box to minimize back radiation and
scattering.

(6) A ground reflection fence to minimize the level of ground-
reflected energy that enters the quiet zone.

Table III presents a list of key microwave design issues that were care-
fully examined to provide a high quality quiet zone.

TABLE III. KEY MICROWAVE DESIGN ISSUES

Item Criteria

Focal length (F) Large F to reduce edge taper.

Quiet zone location (positioner) Close to reflector to mirimize
ripple and maximize quiet zone
area.

Edge treatment Taper edge field 30 dB over 10 tc
20 wavelengths.
Direct edge-diffracted energy out
of quiet zone.

Ground reflection Direct ground reflected feed energy
away from reflector and quiet zone.

Panel gaps Minimize gaps consistent with
manufacturing capability (area
ratio < 0.0025).

Feed/enclosure Maximize bandwidth (50 percent).
Large beamwidth/minimum edge taper.
Prevent feed sidelobes and back-
lobes from entering quiet zone.

Support Structure Treatment Redirect reflected feed energy and
minimize backscattered energy.

h. Measurements of the dynamic range of the RF instrumentation
performed during acceptance testing and preliminary-investigations of
multipath and clutter signals performed as part of this study indicate
that the microwave design issues have been successfully addressed. When.
a laser-corrected field probe is available, we will perform more detailed
studies of the following aspects of the range's design: effectiveness cf
the reflector edge shaping; effects of reflector smoothness, panel gaps,
and panel alignment; and effectiveness of measures used to suppress RF
reflections from the ground and support structures.
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2.2.1 Ouiet Zone Location and Focal Length

a. The optimum location for the quiet zone and the focal length
were determined via a trade-off analysis. This analysis was based on
computation of the quiet zone fields utilizing aperture diffraction
effects only. A trade-off was necessary since the quality of the quiet
zone becomes better as the focal length is made longer and as the quiet
zone location is moved closer to the reflector. Obviously, it is not
practical to have the feed located further from the reflector than the
positioner. Tilting the positioner supports forward helps alleviate the
feed location problem and minimizes energy reflected into the quiet zone
(see section 2.2.5). Through this analysis, the optimum reflector focal
length was determined to be 150 feet and the positioner was placed
relative to the feed as shown in figure 4. The computer simulation that
was used for the trade-off analysis is described below.

b. A computer simulation provided an assessment of the quiet zone
field for all of the proposed compact range configurations. The smu-
lation used meas.rcd far-field pattern data to model the compact range
feed antenna. The feed horn antenna for each band was measured to
determine the E-plane and H-plane principal Ulane patterns. Equations
for the main beam shape were developed to match these measurements. The
strength of the electric field of the feed antenna is calculated at each
point on the reflector surface. The field strength is proportional to
the pattern of the feed antenna and inversely proportional to the dis-
tance trom the feed antenna to the point on the reflector. The field
strength is also related to the aiming of the feed antenna. In offset-
fed compact range configurations, the minimum amplitude taper is
achieved by aiming the maximum of the feed antenna pattern slightly
higher than the center of the reflector to compensate for the longer
propagation distances associated with the top half of the reflector.
The field is reflected from the surface of the reflector using Snell's
law for the reflection of plane waves from planar surfaces. The field
is propagated a short distance from the reflector to an aperture plane
and its amplitude and phase in the plane are recorded. The field at
equally spaced points throughout the aperture plane is calculated using
this process. The field at each point in the quiet zone is calculated
as a near-field integral of the reflector aperture field. The comouter
simulation was written to be very general in that the various parameters
of this offset-fed, point-source compact range can be varied with
minimal effort. Such parameters include:

(1) Pattern of the feed antenna.

(2) Location of the feed antenna.

(3) Aiming direction of the feed antenna.

(4) Focal distance of the paraboloidal reflector.

(5) Size of the parabolcidal reflector.

(6) Reflector edge shape.

(7) Smoothness of the r~flector surface.

(8) Location of the quiet zone.
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c. The parameters of the reflector edge shape will be discussed
further in section 2.2.2 below. A panel gap model and a ground reflec-
tion model were also developed and added to the basic campact range
model. The additional models were necessary to assess the effects of
gaps between the finite sized panels used to construct the reflector
surface and the effect of ground reflection of the feed antenna radiat c
onto the reflector and then into the quiet zone. A further model was
developed to assess the benefit of diffraction fences and absorber rrater-
ial on the suppression of feed pattern radiation onto the ground.

2.2.2 Reflector Edge Treatment

a. Serrated edges have long been used to reduce edge diffraction
effects in compact ranges. The computer simulation described above
allowed an optimization of the shape of the edge serration for best
quiet-zone performance. The edge serrations were given a generic shane
which had the desirable property of continuously varying the scattered
field strength from a maximum value at a specified distance from the tir
to zero at the tip of each serration. The serrations are cut from the
desired paraboloidal surface shape. The optimum reflector edge serraticn
was determined to be a "flower-petal" design consisting of approximat:e:
192 4-foot-long specially shaped petals situated along the periphery of
the reflector (see figure 6). The petal shape provides a transiticn In
reflector illumination that is given by:

T(r) = (1/2 + 1/2 COS(7c(r-rmin)/(rax-rmin)))A

where rmax-rHiP= L is the radial length of each serration and A is a non-
zero shape parameter. Note that T(r) = 1 when r = r,1i (beginning of e
serration) and T(r) = 0 when r = rmax (tip of the serration), for all
non-zero values of A.

4.0 ft * *

192 petals around
periphery of eflector

.1 .1 I<-

Figure 6. Reflector edge treatment.
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b. The serration design has the following variable parameters:

(1) Number of serrations.

(2) Length of each serration.

(3) Shape parameter (A) of each serration.

(4) Width of serration.

c. A large number of analyses were conducted to assess the effects
of each of these edge-serration variables on quiet-zone performance.
The shape parameter was found to have the greatest effect on quiet-zone
performance and has an optimum value of 0.8. The effect of the length
of the serration was found to be minimal, if the length is at least 10
wavelengths at the operating frequency. Random serration lengths and
widths were tested and found not to improve performance over the easier-
to-construct equally sized serrations. The chosen serration length of
4 feet provides a length of over 24 wavelengths at the lowest design
frequency of 6 GHz. The serrations are even longer electrically at the
higher frequencies. Detailed results of this optimization process are
presented in references 4 and 5 (app G).

2.2.3 Ground Reflection Suppression (Feed Fence)

a. The initial fence design incorporated a single fence with a
straight edge. Diffraction analysis and subsequent antenna range tests
showed that the fence greatly reduced the amount of feed energy striking
the ground between the feed and the reflector. However, a significant
level of energy was diffracted by the edge of the fence producing feed-
pattern amplitude ripples on the order of ± 1.3 dB in an angular region
that would be intercepted by the reflector surface. Such ripples would
be detrimental to the overall performance of the compact range.

b. The second fence design incorporated petal-shaped serrations
similar to those utilized on the reflector edge. The level of feed
energy that was diffracted directly from the edge of the fence into the
quiet zone was reduced by the action of the petals in tapering the dif-
fracted field. However, diffraction analysis showed that the reduction
was not significant enough to warrant the increased complexity. The
pattern ripple varied between ± 1.0 and 1.5 dB depending on the particu-
lar configuration analyzed. The computer simulation results for the
serrated fence tops, although not significant for compact range usage,
were applied to far-field range fences with good results. This work is
described in reference 4, appendix G.

c. Further analysis indicated that either multiple, short,
absorbing fences or a single absorbing fence with a relatively long
absorber layer (on the order of 30 feet) separating it from the feed
(see figure 7) should work much better than the diffraction fence
designs. However, both approaches would have incorporated large amounts
of absorber exposed to sunlight, moisture, and mechanical damage. An
undesirable level of maintenance would have been required.
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TOP

Absorber

2.51 gt 2 It SIDE

F4' 30 ft IT'
Figure 7. Non-preferred reflection fence configuration.

d. The subsequent approach used the straight-edge fence with a
rolled edge added to negate the edge diffraction. Since it was expected
that the rolled edge would scatter too much energy forward into the
reflector, a thin, painted-on absorbing epoxy layer was added to the
rolled surface in an attempt to reduce the surface currents. This
surface-wave absorber approach was not successful, but the application
of a layer of standard convoluted foam absorber gave relatively good
results. This was the approach taken in the initial fence installation.
However, during RF testing the rolled edge did not perform to expec-
tations. Absorber was applied to the existing fence and the front part
of the rolled edge was removed. This configuration, shown in figure 8,
was used during the field probing and acceptance tests. This configura-
tion appears to work well; however, when field probing of the entire
quiet zone is performed with a precision field-probe, adjustment may be
required.

TOP

48.0 in

69.7 in.

reference only)

r.0 Fal oud Ir i fen.onf o
21 23.30•01 degrees SIDE

I- 50.4 in. >I

Figure 8. Final ground reflection fence configuration.
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2.2.4 Reflector Panel Gaps

The panel gaps were specified to provide a ratio of gap area to
panel area of no more than 0.0025 within the 32-foot radius zone of the
reflector. This specification provides a pattern ripple within the
quiet zone due to the panel gaps of less than ± 0.4 dB. It is achievable
within the constraints of the reflector mechanical design and tolerance
specifications (per discussions with reflector manufacturers).
Additional analysis of the effects of gaps on compact range performance
was conducted using an aperture model for each of the many reflector
gaps. This model is a function of polarization and frequency, unlike
the gap area model described above. This improved model shows that gaps
have minimal impact on electric fields parallel to the gaps, and that
such scattering increases with gap width and frequency. The significant
scattering by gaps is via scattering of the fields perpendicular to the
gap. This cross-polarized scattering is found to increase with gap
width but decrease with frequency. The worst case for this scattering
occurs at the low frequency limit of 6 GHz where an RMS average of
± 0.18 dB quiet zone ripple is predicted for 0.060-inch gaps. Details
of this analysis and the results are provided in reference 6 (app G).

2.2.5 Support Structure Treatment

a. The positioner's leg structures are designed for minimum impact
on quiet zone field performance. The legs are sheathed in forward-
leaning ogival shells. The ogive radius used in the design ensures that
any electromagnetic energy traveling from the reflector toward the quiet
zone and positioner, parallel to the range axis, will not be reflected
back toward the reflector (see figure 9); that is, the energy passing
between the two towers may undergo multiple reflections from one tower
to the other but will continue in a down-range direction. The forward
20-degree tilt angle of the positioner legs was chosen to ensure that
specularly reflected energy from the front edge of each of the shells is
directed downward, away from the quiet zone. The angle of tilt is such
that the downward directed energy strikes the ground and is then re-
flected upward and over the top of the reflector, ensuring that this
energy will not be reflected into the quiet zone. Leading edge scat-
tering which is directed downward and to the side is also directed away
from the compact range reflector.

4194.00 
1

(all measurements
are In Inches) 77.00

Radius =267.27 (typical)
Figure 9. Interior of positioner support leg.
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b. Similar shells were applied to the portions of the reflector
support structure that are visible to the incident radiation from the
feed horn. The geometry of these shells causes energy to be directed
away from the quiet zone, even after as many as two reflections.

2.2.6 Fe ei

a. The initial design for the feed horns was established in an
earlier report (ref 3, app G). The initial design in the report covered
only frequencies from 8 to 12 GHz. In order for the feeds to cover the
required range of 6 to 40 GHz, the feeds were scaled to cover a total of
five frequency ranges: 6 to 8, 8 to 12.4, 12.4 to 18, 18 to 26.5, and
26.5 to 40 GHz. The feeds were required to have a small feed pattern
taper over the illuminated reflector.

b. The feeds have the following specifications:

(1) Bandwidth: 50 percent.

(2) Gain/3-dB beamwidth: 10 dBi,'40 degrees.

(3) Polarization: Linear.

(4) VSWR: 1.2:1.

c. The feeds are made of brass and have internal corrugations as
shown in figure 10. A detailed drawing of the C-band feed appears in
figure 11. Each feed is attached to an individual base. Each combina-
tion of feed and base has been phase matched, putting the phase center
at the same location. This permits the feeds to be interchanged in the
feed enclosure without having to realign the feed system.

d. The feed mount and positioner are located inside the feed
enclosure (see figure 12). The enclosure has a front window and radome
of teflon-treated fiberglass that allows the feed to radiate from inside
the enclosure. RF absorbing material surrounds the feed to help control
stray radiation. The enclosure is made so that the entire front can be
opened to change the feeds. A weather cover can be closed over the
radome to keep olit rain and dust.

e. The feeds are mounted on a flat plate that forms a part of the
feed positioner. The positioner uses a parallelogram linkage that
positions the phase center of each feed at the same location. The
linkage permits the feed to be rotated about the phase center without
displacing or translating the feed. The feed mount is positioned so
that the phase center coincides with the focal point of the reflector.

f. As previously described, the center of the feed horn points
slightly above the center of the reflector (see figure 13).
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X Band C Band
(8-12 GHz) (6-8 GHz)

Ka Band K Band Ku Band
(26.5-40 GHz) (18-26.5 GHz) (12-18 GHz)

(Relative size of each horn shown.)

Figure 10. Compact Range feed horns.
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Figure 11. C-band horn.
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2.3 POSITIONER DESIGN

a. The positioner's basic configuration appears in figure 14. The
tower is composed of two parallel pldne i-beam frames, joined at the
top. These frames support the hinges about which the tilt table pivots,
and the trunnions of the hydraulic cylinders which drive the tilt table.
The tilt table carries the turntable bearing. The target antenna or
vehicle is mounted to tne turntable, which is driven by a hydraulic
motor. The turntable/tilt table arrangement creates an azimuth-over-
elevation positioner. Azimuth travel is unrestricted. Nominal
elevation range is -1.40 degrees to +90.63 degrees. The positioner
provides full hemispherical coverage of the target.

// /

' /1

pA

, II

/ i

Figure 14. Positioner at 0 degrees (left)
and 90 degrees (right) of elevation.
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b. The positioner can handle vehicles weighing up to 140,000
pounds (70 tons). This capacity allows mounting a wide variety of
vehicles, aircraft and antennas, including the Ml Main Battle Tank,
Bradley Fighting Vehicle, 2-1/2 and 5-ton trucks, and OV-i aircraft.
These vehicles can be securely mounted, using special brackets to inter-
face to the turntable. Mounting an Ml tank required removing six road
wheels and suspension units. The brackets bolt to the tank's suspension
mounting surfaces and to plates bolted to the outside perimeter of the
turntable. The tracks straddle the turntable.

c. The size of the target is limited by the need to keep all
significant portions of the target within the quiet zone as the
positioner moves. Ideally, any point of interest remains inside the
quiet zone. There are no excursions outside the quiet zone for radii up
to 20 feet, at heights up to 18 feet. There are minor excursions (20
inches or less) for a 25-foot radius at heights up to 12 feet. Permis-
sible heights and radii are shown graphically in figure 15. Most
systems of interest can be mounted so that all major features remain in
the quiet zone.

ABOVE TURNTABLE DATUM -A":

TO MAINTAIN THE TEST OBJECT V -THIN THE 50-FT DIAMETER "QJIET ZONE'
THROUGHOUT ALL POSS.BLE AZIMUTH AND ELEVATION POSITION COMBINATIDOS
All POINTS WHICH DEFINE THE TEST OBJECT OUTLINE MUST LIE WITHIN ANY

CYLINDER DEFINED BY THE SHADED PORTION OF THE GRAPH BELOW (SEE OPERATION

MANUAL FOR MORE INFORMATION:

10

0 10 20 20
R

(FD)

'WH-ERE R IS DEFINED AS THE DISTANCE FROM THE BEARING CENTERLINE
AND h IS DEFINED AS THE HEIGHT ABOVE TURNTABL.E DATUM 'A'

Figure 15. Permissible size of test item to stay within quiet zone.
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2.3.1 Hyaraulic System

a. Test range positioners are usually driven by electric motors.
However, a hydraulic drive was chosen for the USAEPG Compact Range in
order to satisfy several design requirements including heavy loads, high
speeds, space restrictions, and low backlash. The need for accurate
speed control over a wide range of loads and geometries led to a servo
system with velocity feedback. The hydraulic system is divided into
several major units: the hydraulic power unit (HPU), hydraulic control
unit (HCU), two elevation cylinders, and azimuth motor. The cylinders
actuate the elevation axis; the hydraulic motor actuates the azimuth
axis. The simplified schematic of the hydraulic system is shown in
figure 16.

b. The HPU is housed in the underground equipment enclosure
immediately behind the positioner. A 40-horsepower (hp) electric motor
drives a variable displacement piston pump. The pump's operating limits
are 45.7 gallons per minute (gpm) and 3000 pounds per square inch (psi).
The pump is pressure-compensated and horsepower-limited. The pump
displacement varies to hold output pressure at 3000 psi as long as the
required power does not exceed the electric motor's capability. The
pump output, modulated by electrically controlled jet pipe servo valves,
drives either the azimuth motor or the elevation cylinders. The two
axes do not operate simultaneously.

c. An auxiliary pump, powered by a 5-hp electric motor, provides
flow to the filter and cooler. In addition, it is designed to operate
the positioner (at substantially reduced axis speeds) in case of main
pump/motor failure or main power outage (with emergency power).

d. The HCU is located on the rear work platform, or balcony, of
the positioner. It includes a manifold block, filter, shutoff valve,
solenoid-operated axis select valve, and servo valves. The axis-select
valve supplies high-pressure hydraulic fluid to the appropriate servo
valves.

e. The turntable is driven by the azimuth motor through a pinion/
internal gear mesh. The motor torque is amplified by the 6:1 gear
ratio, providing up to 113,000 foot-pounds to the azimuth axis. The
turntable maximum speed is approximately 15 degrees per second (2.5
rpm). Backlash is set to 0.01 degrees. Motor overhauling loads are
controlled by counterbalance valves. Maximum pressures are limited by
cross-port pressure relief valves. The azimuth axis has a hydraulically
released spring-applied disc brake to prevent drifting when the motor is
not under active control.

f. The two identical elevation axis cylinder units are trunnion-
mounted within the tower structure. The cylinders receive hydraulic
fluid at equal pressures and exert approximately equal forces on the
tilt table (the tilt table mechanically synchronizes the cylinders).
The cylinders have 8-inch bores, 4.5-inch diameter rods, and 11.5-foot
strokes. Each is capable of 145,000 pounds extension and 99,000 pounds
retraction forces. The positioner can move the 140,000-pound design
load through the full range of el,3vation travel with no measurable
backlash. Maximum elevation axis velocity is approximately 0.7 degrees
per second.
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g. Manifolds containing counterbalance valves, flow-limiting
valves and cross-port pressure relief valves are bolted to the upper
head blocks of each elevation axis cylinder. Manifolds containing flow-
limiting valves are located likewise on the lower head blocks. The
counterbalance valves prevent uncontrolled retraction or extension of
the cylinders so a plumbing failure will stop all positioner motion.
Overhauling loads are also controlled by the counterbalance valves.
Flow-limiting valves keep the maximum cylinder speed within safe limits.
Potential pressure spikes from rapidly closed hydraulic valves are
prevented by cross-port pressure relief valves. Cylinder cushions limit
elevation travel. During the end of the stroke, a tapered plug attached
to the piston progressively restricts flow from the cylinder, bringing
the piston to a smooth stop. Hydraulic cushions can safely stop the
load even when the elevation limit switches have been overridden
electrically.

h. As a result of this study and the investigation of the
hydraulic system's behavior under near-maximum weight and inertial
loading, some modifications were deemed necessary in order to avoid
overstressing the vehicular mounts and positioner azimuth bearing. They
consisted of the addition of a low-pass filter, modifications to the
control software, and adjustment of the gain of the azimuth rate servo
loop. These modification were designed to prevent oscillation of the
test item, and to reduce the maximum rates of acceleration and deceler-
ation in the azimuth axis. These modifications successfully limited
undesirable movements of the tank and aircraft test loads used during
this study.

2.3.2 SZZnure

a. The tower carries gravity loads (from the elevation pivots and
hydraulic cylinders) as an independent pair of plane frames. These
frames are rigidly anchored to the foundation at the base, and are
rigidly joined at the top. This allows lateral (wind) loads to be
shared by the two frames, each carrying bending moments at the top and
bottom. The frames have internal clearance through which the elevation
cylinders swing. The tilt table and turntable provide very stiff, flat
mounting surfaces for the azimuth bearing. The four-point contact,
combined load bearing has an internal spur gear cut into the inner race.
This race, bolted to the turntable, is driven by a hydraulic motor and
pinion.

b. The positioner structure was analyzed by an independent con-
sulting firm. The analysis used various combinations of wind, gravity,
and seismic loads at various azimuth and elevation orientations to
determine the stress in the structure. Also, a natural frequency
analysis was performed to piedict dynamic characteristics for various
elevation angles and load conditions.

c. Several design features suppress scattering or reflection of
energy into the test volume. The tower is tilted 20 degrees toward the
reflector; bracing between the tower legs was omitted; ogive-shaped
shells were placed around the tower legs (see section 2.2.5 and figure
9, page 2-13); and a radar absorbing material (RAM) panel was installed
in front of the elevation axis. These features appear in figure 17.
More precise field probe data will be necessary to determine the
effectiveness of these suppression techniques.
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Figure 17. Compact Ranqe positioner.

d. Figure 18 is taken from GTRI drawing 39224010, "Interface
Requirements, Vehicle-to Turntable." The top and sides of the turntable
have clearance holes for 1-inch bolts to facilitate mounting targets.
Mechanical clearance requirements are delineated. A simple graph of
target height and radius (figure 15, page 2-20) determines whether a
target will stay inside the quiet zone as the positioner axes move.
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e. The elevation moment (Mel) imposed on the positioner by the

target at 90 degrees is:

Mel = W X Z,9

Where W is the total load weight on the turntable and Zc:g is the
horizontal (at 90 degrees) distance (moment arm) between the load's
center of gravity and the elevation axis. Me, must not exceed

* 10.22 X 106 inch-pounds, or 8.52 x 105 foot-pounds.

f. The azimuth offset moment is the maximum moment imposed on the
turntable drive by the target as an off-center load when the elevation
axis is at 90 degrees. It is defined as:

Maz = W x Rcg

W is defined above. Rcg is the distance between the load's center of
gravity and the azimuth axis of rotation. Maz must not exceed 1.04 X 106

inch-pounds or 8.67 X 104 foot-pounds.

Exceeding either moment limit may stall the hydraulic drive. Figure 18
shows a generic test load and defines R,.g and ZC9.
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(For coitionol informotion, refer to DWG. 39224010, Srit. 2)

Figure 18. Mechanical clearance requirements.

2-25



2.3.3 Foundat.ion

a. The positioner foundation is reinforced concrete. It includes
a mat, four caissons, a multitude of reinforcing rods and 48 threaded
anchor rods (12 per tower leg member). The design of the foundation was
based on the positioner structural analysis and borings and soil tests
at the positioner site.

b. The grade-level mat measures 10 feet 5 inches wide by 15 feet
8 inches long by 4 feet deep. The mat ties together the four caissons.
The caissons are 4 feet in liameter and 35-foot deep, with centers at
11 feet 8 inches fore and aft and 6 feet 5 inches side-to-side. The
caisson's tensile strength is provided by full-depth steel rod cages.
The anchor rods transfer their loads into the cages through the concrete.
The anchor rods, 1-1/2 inches in diameter and 5 feet 1 inch long, were
supported during the pour by a precision template and allowed to
protrude 8 inches above the mat to secure and level the positioner.

2.3.4 Shells

a. The shells are ogive-shaped devices that reduce the effect of
electromagnetic scattering from the positioner on quiet zone quality.
They cover almost all of the two parallel-plane I-beam frames. The
shells are composed of 48-inch wide panels riveted to leading and
trailing edge extrusions. The panels have reinforcement ribs every
16 inches (see figure 9, page 2-13 and section 2.2.5).

b. Two types of analysis were performed in designing the shells.
A ray tracing analysis was done to ensure that all the microwaves
passing the leading edges are reflected so that they do not interfere
with testing. Since the entire structure is tilted at 20 degrees with
respect to vertical, the microwave energy that hits the leading edges is
reflectei with minimal interference. A stress analysis was also per-
formed to ensure that the structure would support its weight and with-
stand a 100-mph wind. This scress analysis did not include buckling. A
test fixture was used to test a sample of aluminum sheet metal for
buckling. The sample was 48 x 48 x 0.060 inches with plywood bulkheads
every 16 inches simulating reinforcement ribs. Wind was simulated by
piling sand on top of the sample and an axial load simulating the weight
of the structure was applied using springs. The test demonstrated that
the shells would not buckle.

2.4 ELECTRONIC DESIGN

a. The purpose of this section is to provide an overview of the
Compact Range electronic design. The RF instrumentation and computer
systems are located in four separate locations (as seen in figure 2,
page 2-2):

(1) Operations trailer (range control room) next to the Arc

range.

(2) Underground equipment shelter behind the positioner.

(3) RF electronics enclosure behind the feed box.
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(4) Top of the positioner.

b. All locations are interconnected by various electrical, RF, and
fiber optic cables. A functional block diagram appears in figure 3,
page 2-3. The controlling software uses a standard IEEE-488 interface
with the range instrumentation and general purpose input and output
(GPIO) boards to monitor and control the range. The input board is
interrupt-driven and the interrupt service routines maintain a set of
real-time status variables which are checked before commanding positioner
motion. If an item being monitored requires immediate operator action,
the interrupt service routine returns control immediately to the
operator. The monitored items include "panic" switches (switches that
allow emergency range shutdown), axis limit override switches, and the
status of the hydraulic filters.

c. The Compact Range is operated from the control room where the
computers and Flam and Russell 8502 positioner controller are located.
An HP 8510B is situated 350 feet away (in terms of control cable length)
in an underground equipment enclosure and is operated in the remote-
mixer/dual-source mode. The system's RF source is located immediately
behind the feed while the local oscillator (LO) source is located on top
of the positioner tower. Besides the HP 8510B, the underground equipment
enclosure houses the hydraulic interface unit and the tachometer servo
unit, both developed and produced by GTRI. A Scientific Atlanta 4180
SCR unit is located on the positioner tower to allow use of either a
standard positioner or other unit (e.g. field probe).

2.4.1 Electronic-to-Hydraulic Interfaces

a. The hydraulic interface unit (HIU) was designed to allow the
hydraulic positioner to operate using standard antenna positioning
systems. A tachometer servo unit (TSU) was required to allow accurate
monitoring of the hydraulic elevation axis. The HIU was designed to
incorporate a dual-axis hydraulic positioner into the existing protocol
used by commercial antenna positioner controllers. The USAEPG Compact
Range could not use a standard axis driver/controller configuration
because the hydraulic axes required current actuation (servo valves)
rather than voltage actuation (dc motors) normally used by conventional
positioners.

b. The HIU performs two primary functions; it serves as the axis
select decoder and as the axis velocity and limit controller. The HIU
monitors the axis select lines originating from the Flam and Russell
8502 Positioner Controller to determine which axis is being addressed.
If an auxiliary axis is selected (a::es C, D, E, F), the HIU becomes
transparent to the system and the system behaves as a typical positioner
using the Scientific Atlanta 4180 SCR unit as an axis driver/controller.
If a primary axis is selected [i.e. hydraulic azimuth (axis A) or
hydraulic elevation (axis B)], the control signals are passed on to the
HIU circuits.

2-27



c. The internal circuits of the HIU are a hybrid of GTRI and
Scientific Atlanta engineering. Modified versions of the Scientific
Atlanta limit and rate control circuitry are used in conjunction with
circuit boards developed by GTRI. The GTRI boards furnish the interface
to the hydraulic axes by providing closed loop velocity control and
position limit control of the axes. The custom printed circuit boards
also convert the drive voltage into a proportional direct current
required to drive the servo valves for both hydraulic axes.

d. The tachometer feedback system used for closed loop velocity
control of the axes varies with each axis. Tachometer feedback for the
azimuth axis is provided by a conventional gear train linked directly to
the axis. The slow speed of the elevation axis prevented turning the
tachometer directly from the elevation axis. A tachometer feedback
signal for the elevation axis is provided by the TSU. The TSU uses an
electromechanical technique to multiply the velocity of the elevation
axis by using a servo loop which follows a synchronizer transmitter
mounted to the axis. By using a high-speed motor mounted in the TSU
chassis and turning a dc generator, a higher voltage level is produced
for the necessary speed of the elevation axis.

e. The hydraulic drive is controlled by a servo with velocity
feedback. The block diagram appear in figure 19. In the automatic
mode, the programmable position controller receives position information
from the synchronizers and generates a velocity command. In the local
mode, the velocity command comes from a hand-held local controller. The
servo control compares the velocity command to the tachometer feedback,
generating milliampere signals to control the hydraulic servo valves.
These valves regulate flow to the cylinders and motor. The servo control
is designed to interface directly with commercially available equipment
that might be used on the range. This gives the added flexibility of
using an additional positioner attached to the turntable (e.g.,field
probe).

Syncms

S Display

Loc~al Coifller

Figure 19. Block diagram of positioner control functions.
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2.4.2 Slip-Ring Package

In addition to the RF rotary joints on the positioner turntable
provided to route the LO and mixer signals to the antenna under test, a
slip ring package is included. These slip ring contacts are primarily
designed to allow mounting an auxiliary positioner on top of the
positioner platform. These contacts could also be used to route low-
frequency signals to/from the system under test.

2.4.3 Computer System

a. The Compact Range is completely automated and is based on a
multiple-process, dual-computer design using a VAX 11/751 and a Micro
VAX GPX Workstation. The VAX 11/751 is the processing computer where
all I/O and CPU intensive tasks such as test creation, plotting, and
data analysis are performed. The Micro VAX executes the test and col-
lects the data for transmittal to the VAX. Thest two units are connected
by Ethernet communications (DECnet). Use of the DECnet requires that
the computers be assigned node names. These node names are sometimes
used to refer to the computers themselves. The node name for the VAX
11/751 is EAGLE. The node name for the compact range Micro VAX
Workstation is HAWK. In the event of VAX 11/751 failure, control and
data processing can be handled by the Micro VAX computer at reduced
performance.

b. The computer software is designed for automatic acquisition of
antenna amplitude and phase data. In addition, it has analysis algo-
rithms to evaluate the measured antenna data as well as specialized plot
routines. The size and configuration of the Compact Range presented
several distinctive challenges for software development. Some of these
were the need to: (1) remotely monitor and control equipment whose con-
figuration and presence varied with the frequency band, (2) operate the
HP 8510B remotely, and (3) provide a method for handling positioner
overspeeds without operator action.

c. An overspeed event occurs when the positioner arrives at a data
collection increment before the rest of the system has finished acquiring
data from the last data collection increment. When this occurs, the
Compact Range positioner system will reposition to the last completed
data point and continue. If an overspeed happens within the first few
points of a scan, then in addition to returning to the last completed
data point, the system also reduces the positioner speed. No data are
lost and no operator intervention is required.

2.4.4 RF Source Enclosure

a. The RF source enclosure is located behind the feed enclosure.
This enclosure contains an HP 8340B signal source, HP 8349B microwave
amplifier, HP 83554A millimeter-wave source module, Logimetrics traveling
wave tube amplifier (TWTA), mixers, and two HP 37204A fiber optic bus
extenders.

b. The HP 8340B signal source provides the necessary RF signals
from 6 to 18 GHz. Above 18 GHz, the system also uses the HP 83554A (in
conjunction with the HP 8340B and HP 8349B) to operate up to 40 GHz.
The HP 8349B provides RF amplification to 18 GHz, and the TWTA is used
for RF amplification from 18 to 40 GHz.
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c. The HP 8340B is commanded by the HP 8510B network analyzer over
the HP 8510B system bus using one of the HP 37204A fiber optic bus
extenders. The other fiber optic bus extender is connected to the TWTA
and is not part of the system bus extender located at the computer.

2.4.5 LO Source Enclosure

The LO source enclosure is located on the positioner tower below
the azimuth turntable. This enclosure contains an HP 8341B source, an
HP 37204A bus extender, and the LO amplification assembly. The HP 8341B
is controlled by the HP 8510B through the HP 8510B system bus. The LO
assembly is controlled and monitored by the computer controller via the
GPIO lines. The GPIO controls the LO amplifier power supply and selects
the proper LO amplifier.

2.4.6 Remote Control of the HP 8510B

The HP 8510B is located in the equipment enclosure 350 feet (in
terms of cable length) from the controlling computer. One of the
features of the instrumentation control software is a graphical interface
specially designed to allow the operator to have manual control of the
HP 8510B from the Micro VAX Workstation. The interface is a graphical
duplication of the front panel of the HP 8510B. The buttons of the
front panel are activated by clicking the mouse cursor over the desired
button displayed on the screen. This action has the same effect as an
HP 8510B operator pressing buttons on the front panel. Data and messages
that appear on the video display of the HP 8510B are routed and displayed
on the simulated HP 8510B CRT display on the Micro VAX Workstation.

2.5 REFLECTOR ALIGNMENT

a. The reflector for the Compact Range was designed, fabricated
and erected under a subcontract to ESSCO, Concord, MA. (refs 7 and 8,
app G). Initial alignment was accomplished using a theodolite and
standard surveying techniques. The accuracy of the alignment was then
verified by the use of photogrammetry. A summary of these measurements
(ref 9, app G) appears in appendix D.

b. The reflector surface was assembled onto the backstructure in a
face-up configuration and rough aligned. The reflector was then lifted
into its final vertical orientation, and the surface was fine tuned.

c. The results of modeling studies and actual measurements per-
formed by ESSCO are summarized as follows:

(1) The surface change due to backstructure thermal changes

between day and night was measured to be 2.5 mils.

(2) The final surface accuracy was measured to be 4.8 mils.

(3) Individual panels were measured to be 1.0 mils.

(4) Modeling estimates for panel thermal deformation is 1.0
mil, panel wind deflection is 1.5 mils, and backstructure wind deflection
is 3.3 mils.
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Combining all of these errors on a root-sum-square (RSS) basis yields a
total reflector accuracy of 6.7 mils RSS.

d. Actual measurements on the central 56-foot diameter section of
the reflector yielded a final RMS surface accuracy of 5.26 mils. The
RMS sur-face accua-cy rf the zcnc from a d1_etnc-cr of 56 feet tc a
diameter of 64 feet was 8.03 mils, and the RMS surface accuracy of the
zone from a diameter of 64 feet to the tips of the reflector edge
serrations at a diameter of 75 feet was 21.87 mils.

e. Preliminary analyses of field probe data collected to date
indicate that the current alignment of the reflector has met the design
goals. More detailed analyses of the adequacy of the alignment and its
effect on quiet-zone quality cannot be performed until many more data
points are collected over the entire 50-foot diameter quiet zone using a
precision laser-corrected field probe.

2.6 ACCEPTANCE TESTING PERFORMED BY GTRI

Acceptance testing of the Compact Range took place during the first
half of 1990. It included testing of the computer system, RF instru-
mentation, limited quiet zone field probe measurements, standard gain
horn antenna pattern measurement validation tests, and load testing with
an Ml Abrams tank mounted on the positioner. Antenna pattern tests
using standard gain horns were conducted at the same frequencies as the
field probe measurements (table V, page 2-34). Absolute gain measure-
ments were not taken. Qualitative comparisons of the patterns agreed
well with the manufacturer's published data for typical antennas of this
kind. Measured main beam and sidelobe structure were very symmetrical
at all test frequencies. Copies of these standard horn antenna patterns
appear in appendix C. The acceptance test plan appears in appendix E.

2.7 QUIET ZONE QUALITY

a. On a far-field antenna range, the beamwidth of the illuminating
antenna is chosen to give a reasonably constant amplitude variation (low
taper) over the antenna under test (AUT), typically less than 0.25 dB.
Because of the geometry involved, the phase variation over the AUT will
be parabolic. The standard definition of the "far-field distance" for a
particular antenna is that distance such that the phase variation is
less than 1/16th wavelength (22.50 degrees). Thus the characteristics
of an antenna measured on a good far-field range (as defined above) will
be close to, but not quite the same as, the characteristics that would
be measured on an ideal range, if such a thing existed. An antenna
range with these characteristics is suitable for measuring an AUT that
does not have extremely low sidelobes (no better than -30 dB), since the
presence of the phase taper will most directly corrupt the measured
sidelobe level. The field variations can be described analytically so
that the effect on measured patterns can be estimated easily.

b. Ground (and other) reflections will create perturbations in the
incident field of a far-field range and also corrupt the measurements,
but if the range geometry is such that refractions are not a problem (as
is usually the case), the "nearly uniform" field described above can be
easily achieved using standard hardware. Thus, most far-field antenna
ranges are seldom probed unless there is reason to believe that reflec-
tions are a problem, or if a very low sidelobe antenna is to be
measured.
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c. The incident field that can be achieved with a compact range
utilizing a prime-focus paraboloid has inherently different character-
istics from that of the far-field range described above. The area where
this field is designed to exist is comnonly called the "quiet zone" of
the compact range. Because of the nature of the paraboloidal reflector,
the phase in tne quiet zone can be made reladivel uniioma, but with
cyclic variations (ripples due to the effect of reflections and diffrac-
tion from the edge of the paraboloid and other sources). In the case of
the USAEPG Compact Range, the ground between the feed and the reflector
is the major source of reflections.

d. Typically, the amplitude of the quiet zone field will have a
greater taper than that of the far-field range because of the combined
effects of the feed pattern itself and the "space taper" caused by the
paraboloid. There will also be ripples on top of the amplitude taper due
to the effects of reflections and edge diffraction just as is the case
with the phase. Thus the field distribution of a compact range is
inherently more complex than that of a far-field range and requires more
careful examination. The smaller the ripples can be made, th& better
will be the quiet zone.

2.7.1 Compact Range Performance Prediction

a. The work in this area was aimed toward establishment of
compact range computer models which would represent the key electro-
magnetic contributions to the quiet-zone fields. These include illum-
ination of the reflector by the feed, collimation of this energy by the
reflector, scattering of feed energy from the reflector and the ground
via the diffraction fence, direct back radiation from the feed to the
quiet zone, etc. The models also compute electromagnetic effects
due to the panel gaps, the reflector edge serrations, and the fence
edge.

b. Some sub-elements of this model were completed early in the
program and were used to provide preliminary computations of the effect
of the panel gaps and to determine the optimum reflector focal length
and edge serration (petal) design for input to the reflector vendor as
described above. The construction of the total model was successfully
completed in December 1987 and the model was exercised extensively
through January 1988 to determine the final configuration for the
diffraction fence design and to evaluate the predicted performance of
the compact range (i.e., quiet-zone quality).

c. Table IV shows the predicted worst-case performance of the
50-foot quiet zone field of the total compact range system over the
frequency range of 6 GHz to 40 GHz.
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TABLE IV. QUALITY PREDICTION FOR 50-FOOT DIAMETER QUIET ZOIZE
(Worst-case results over a range of 6 to 40 GHz)

Amplitude Amplitude
Compact Range Parameter Taper Ripple

Feed horn/focal length 0.5 dB -

Reflector edge scattering - ± 0.15 dB

Reflector surface smoothness
and panel offset (high F) - ± 0.50 dB

Reflector panel gaps (low F) - ± 0.18 dB

Back radiation from feed - ± 0.20 dB

Ground reflection - ± 0.50 dB

Root-sum-squared 0.5 dB ± 0.76 dB

2.7.2 Field Probing Issues

a. The primary purpose of probing any antenna measurement range is
to determine the characteristics (spatial distribution of amplitude and
phase) of the field incident on the AUT. These characteristics are
indicative of the "quality" of the range and the accuracy of antenna
measurements that are performed on the range. The ideal antenna
measurement range will have a field distribution that has uniform
(constant) amplitude and phase over the entire extent of the AUT.

b. The quiet zone field must be probed not only as part of the
initial establishment and alignment of the range geometry, but also to
determine the field structure so that the effect that any perturbations
will have on measurement of the AUT can be estimated. Ideally, the
entire quiet zone would be probed, with field samples taken at no
greater spacinq than a half wavelength. As a practical matter, this
would not be done unless the range were to be used for extremely
accurate measurements of very low sidelobe antennas because of the time,
manpower, and cost involved. It is usually considered sufficient to
perform a limited set of probe cuts over the quiet-zone area. The
average level of amplitude and phase variations that are measured in the
quiet zone can be used to estimate how accurately the sidelobes, gain,
and beamwidth of the AUT can be determined. Spatial transforms of the
measured data can also be used to determine the physical location of
extraneous scattering so that the cause can be eliminated.

c. The ultimate purpose of the field probe is to provide data
which, to some extent, characteri:es the quality of the quiet zone,
thereby providing information that may be used to evaluate the potential
performance of the compact range in measuring antenna patterns. Perhaps
more importantly, gathering field probe data periodically can provide
verification that range performance has not deteriorated over a period
of time, or can provide diagnostic information if indications are that
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the range is not performing properly. Because the quiet zone field is
dependent in a very complex way on the geometry of the range, on extran-
eous reflections, and on edge diffraction, a change in any of these
could cause perturbations to the field. Therefore, it would be important
to re-probe the range if there were an indication that any of these
items had changed. Such changes could include physical damage to ret-ec-
tor panels or the edge treatment, movement of or damage to the ground
reflection fence, deterioration of absorber panels due to environmental
effects, and improper placement of the feed when changing the frequency
band. If questioiable and/or unexplained results are obtained during
the measurement of an AUT, the only way to be sure that the range is not
at fault is to re-probe the quiet zone. Clearly, a trade-off must be
made between the desired level of characterization and the time and
expense of not only gathering, but also analyzing, the resulting data.

d. During the installation of the Compact Range at Fort Huachuca,
field probe data were taken. Representative plots of the aata appear in
appendix B. There are five frequency bands covering the specified fie-
quency range of 6.0 to 40 GHz (6 to 8, 8 to 12.4, 12.4 to 18, 18 to
26.5, and 26.5 to 40 GHz). Because of difficulties in using the field
probe, the probe was mounted at the center of the turntable. This
permitted the central 13-foot .enter section to be probed. The field
was probed at frequencies over the 6- to 40-GHz range to provide a
reasonable indication of the performance of the compact range. This
selection of frequencies provided probe data at the low, mid, and high
frequencies of each band. Duplicate data were taken at each frequency
at which the bands intersect because there are differences in the per-
formance of the individual feed horns used for each band. Cuts were
made with the probe positioned vertical and horizontal. The specific
frequencies at which data were taken are as shown in table V.

TABLE V. FIELD PROBE MEASUREMENT FREQUENCIES

Portion C Band X Band Ku Band K Band Ka Band
of Band 6-8 GHz 8-12.4 GHz 12.4-18 GHz 18-26.5 GHz 26.5-40 GHz

Low 6.0 GHz 8.0 GHz 12.4 GHz 18.0 GHz 26.5 GHz

Mid 7.0 GHz 10.0 GHz 15.0 GHz 22.0 GHz 35.0 GHz

High 8.0 GHz 12.4 GHz 18.0 GHz 26.5 GHz 40.0 GHz

e. A summary of the peak-to-peak amplitude and phase variation
data appears in tables VI and VII. Several reflector panels have been
readjusted since this data was taken. The success of this adjustment
will not be known until the field is re-probed.
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TABLE VI. FIELD PROBE DATA, AMPLITUDE RIPPLE
(dB, peak-to-peak)

C Banc X Band Ku Band K Band Ka Band
polar-S ization 6 7 8 8 10 12.4 12.4 15 18 18 22 26.5 26.5 30 35 40

0 Vert 0.9 1.7 1.4 1.5 1.5 2.4 1.7 1.1 0.5 2.6 3.5 3.2 2.8 2.6 2.7 3.9

0 Horiz 1.5 1.7 1.4 1.4 1.8 1.9 4.5 2.4 3.5 2.7 2.8 2.7 3.2 3.0 3.0 3.9

90 Vert 1.6 1.9 2.1 2.6 1.7 1.5 7.8 2.9 4.5 2.4 2.3 2.9 2.9 2.8 3.7 4.2

90 Horiz 1.9 1.9 2.2 2.2 2.3 1.9 4.9 2.7 1.8 3.0 2.2 2.1 2.0 2.8 2.9 3.4

TABLE VII. FIELD PROBE DATA, PHASE VARIATION
(degrees, peak-to-peak)

C Band X Band Ku Band K Band Ka Band
polar-

e ization 6 7 8 8 10 12.4 12.4 15 18 18 22 26.5 26.5 30 35 40

0 Vert 21 25 33 28 37 43 47 60 70 74 79 94 74 95 101 116

0 Horiz 21 26 30 39 46 56 41 67 74 77 89 100 78 95 103 112

90 Vert 16 19 25 22 18 19 72 35 36 61 28 46 30 31 44 42

90 Horiz 18 25 27 15 25 28 42 87 70 62 22 44 31 36 49 50

2.8 TEST VEHICLE MOUNTING

The Compact Range positioner turntable has been desicgned to allow
interfacing a variety of test vehicles. For very heavy vehicles particu-
lar attention must be taken to design the interface mounts to minimize
the moments of inertia about the center of rotation. Figure 18, page
2-25 shows the many mounting holes that are available on the positioner
turntable. This allows for a high degree of flexibility in positioning
the test vehicle over the turntable to minimize inertial loading.

2.8.1 Ml Abrams Tank

a. Mounts have been designed to interface an Ml Abrams tank to the
Compact Range pedestal turntable. The tank engine was left installed.
All fluids were drained and the batteries were removed. In order to
accommodate the mounting plates, three road wheels, idler arms and their
torsion bars were removed from each side. The tracks were put back on
after removal of the road wheels.
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The final weight of the tank in its mounting configuration was measured
by the lifting crane to be about 63 tons. The mounting plates were
designed to allow placement of the tank's center of gravity as close as
possible to the turntable center of rotation whether or not the engine
power pack wa- installed. The photograph at the beginning of this
report shows the Ml tank as mounted on the positioner turntable during
acceptance testing.

b. Load tests were performed as part of the acceptance testing.
It was necessary to modify the existing positioner control software to
limit the maximum turntable acceleration/deceleration with such a massive
test load on the turntable platform. A low-pass filter was also instal-
led in the manual positioning control circuitry to limit the peak
acceleration and deceleration of the test load while under manual
control.

2.8.2 OV-1 Mohawk Aircraft

a. A mounting bracket has been designed to interface an OV-I
Mohawk aircraft to the Compact Range positioner turntable. This aircraft
is one owned by the USAEPG Antenna Test Facility. The Mohawk's engines
and most of the cockpit instrumentation have been removed. The mounting
bracket interfaces to the aircraft at the wing attachment points on each
side. Th mount was designed to allow placement of the aircraft on the
turntable in both normal and inverted flight aspects. This permits
measurement of antenna pattern data over both lower and upper
hemispheres of coverage.

b. Figures 20 and 21 show the OV-1 Mohawk aircraft as mounted in
its normal and inverted flight aspects, respectively. The mounting for
the normal flight aspect was completed and tested while this report was
being prepared. It was necessary to adjust the gain of the servo loop
in order to eliminate low-frequency oscillations of the test item.
These oscillations were most likely due to the higher azimuth moment of
inertia of the airplane as compared to the Ml Abrams tank.

c. Inverted mounting of the aircraft will be completed during
Phase 1I of this methodology investigation.

A2
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2.9 RAN4GE RECEIVER

2.9.1 Curr nt Implementation of the HP 8510B

a The HP 8510B range receiver is currently operated in CW dual-
source mode. The HP 8510B provides frequency control of the RF source
and LO signal generators. The appropriate frequency definitions and
mixer harmonic equations are loaded into the HP 8510B by the system
software. The resulting 20-MHz intermediate frequency (IF) signals from
the RF reference mixer and from the LO mixer are applied to the HP 8510B
IF/detector section for the second-frequency conversion to 100 kHz,
detection, post-processing, and display on the HP 8510B monitor.

b. Another feature of the instrumentation control software for the
HP 8510B is a graphical interface designed to allow the operator to
remotely control most front-panel operations from the Micro VAX Work-
station in the control van. This feature is discussed in section 2.4.6.

c. Problems have been identified in the current implementation of
the fast-CW mode of the HP 8510B. Hewlett Packard (the manufacturer) is
aware of these deficiencies and plans to correct them in the future by
revising the internal firmware. The problem is one of controlling how
the Compact Range times its data output requests from the HP 8510B in
the fast-CW mode. The HP 8510B often locks up and becomes unresponsive
if the timing is not exactly right. It has been difficult to work
around this problem by patching the Compact Range software. An easier
approach would be to upgrade the HP 8510B to an 8510C. At a cost of
about $12,000 this upgrade would eliminate the bugs seen in the 8510B.

2.9.2 Time-Domain Mode for Diagnostics and Range Gating

a. The time domain mode of the HP 8510B is a very useful
diagnostic tool that can help in the isolation of equipment problems and
location of clutter sources and target anomalies.

b. Figure 22 is a time-domain plot of the Compact Range as con-
figured for X-band operation (12.4 to 18 GHz). This plot was taken
prior to range calibration. Undesired responses can be seen at 0 nano-
second and at +40 nanoseconds. From this data it was determined that
the first response at 10 dB down and 0 nanoseconds was largely due to
the lack of calibration of the range receiver and this response, internal
to the HP 8510B, would most likely be removed once the receiver was
properly calibrated. The second response at 26 dB down and -40
nanoseconds was determined to be a result of direct coupling bet.;een the
feed horn and the antenna under test. This mutual coupling respnnse is
a good example of the kind of multipath responses that are dictated by
the geometry of the range, but cotid be removed by employing range
gating techniques.

c. Time-domain gating can also be used to isolate desired target
responses from undesirable clutter returns, imprcving the quality and
accuracy of the measured data. From figure 22 it can be seen that there
are several clutter sources around the desired response at about +300
nanoseconds. This region has bee., expanded in figure 23. The combined
effects of the clutter sources carn be seen to contribute undesired
responses in the order of 20 to 13 dB below the desired response.
Figure 24 in an example of how these unwanted responses can be removed
by utilizing a time gate of 5.0 nanoseconds about the desired response.
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2.10 TEST AND MEASUREMENT SUPPORT INSTRUMENTATION

a. As part of this study, some equipment has been purchased to
augment the test and support measurement capabilities of current range
equipment. The range instrumentation provided with the GTRI system did
not include any spares and this was identified as an area that needed to
be addressed. In addition, the current test instrumentation available
to range personnel was lacking in its ability to perform RF measurements
above 22 GHz.

b. The Compact Range RF system uses a series of three different
signal mixers to provide frequency coverage from 6 to 18 GHz, 18 to 26.5
GHz, and 26.5 to 40 GHz. Two of each kind of mixer are used in the
configured system to downconvert the reference and signal channels to
the 20-MHz IF inputs of the HP 8510 range receiver. Two of tie 6- to
18-GHz mixers were obtained as system spares. Three of the two high band
mixers were obtained to be utilized as both system spares and to expand
RF measurement capabilities beyond the previous 22-GHz upper frequency
limit. Precision attenuators and test cables capable of operation to 50
GHz were also purchased.

c. The fiber optic instrumentation bus extenders allow the
computer system to corraunicate with the HP 8510 range receiver, RF
source, and local oscillator source. These extenders represent possible
single points of failure for the system. Several spares were purchased
to expedite field replacement and to minimize down time in the event
these devices fail.

d. Precision torque wrenches were purchased to enable all RF
connections to be tightened according to the manufacturers specifi-
cations. This is extremely important with millimeter frequency con-
nectors as they are very susceptible to damage if tightening speci-
fications and good connector mating procedures are not followed.
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December 1988
METHODOLOGY INVESTIGATION PROPOSAL

1. TITLE. Compact Antenna Range Test Applications

2. INSTALLATION OR FIELD OPERATING ACTIVITY. U.S. Army Electronic Proving
Ground, Fort Huachuca, Arizona 85613-7110.

3. PRINCIPAL INVESTIGATOR. Ms. Beverly Hawks, Surveillance and Range
Division, STEEP-ET-U, AUTOVON 879-6581, steepetu@epgl-hua.arpa.

4. BACKGROUND. USAEPG is obtaining a very modern and accurate compact range
facility which can provide a far-field RF condition in a short distance. The
compact antenna range will provide a unique capability to irradiate large
target systems with a highly controlled and precisely oriented E1 field. A
significant potential application of this capability is the measurement of
"upset effects" produced by EM environments that couple directly into the.
components and circuits of electronic subsystems.

5. PROBLEM. There are other measurements besides antenna patterns for which
the compact range is suitable. The cost of making these measurements could be
reduced by integrated or combined testing. This process could replace the
current procedure of test item measurement at different facilities.

6. OBJECTIVE. To determine how the new compact antenna range at USAEPG can
%e a/apLe LO other measurements such as target return signals and equipment
responses to specialized signal environments.

7. MISSION AREA SUPPORTED. COS

8. PROCEDURES.

Determine technology/equipment needed for target return signal
measurement and other specialized signal enviro-ant measurements; i.e.,
electronic equipment, antenna/feed horn, and pylon/pedestal.

Provide an approach to technology development.

Provide an approach to equipment interface.

Provide report with suggested equipment list and methodology.

9. JUSTIFICATION/IMPACT. Data which may be possible to collect at a reduced
cost are:

a. Target return measurements.

b. Special specular reflection measurements.

c. Specialized signal environment measurements.

10. DOLLAR SAVINGS. N/A.
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Compact Antenna Range Test Applications (Cont)

11. RESOURCES.

a. Financial.
Dollars (Thousands) Dollars (Thousands)

FY90 FY91
In-House Out-of-House In-House Out-of-House

Personnel Compensation 26.5 -- 30.0 --

Travel 7.0 -- 5.0 --

Contractual Support -- 10.0 -- 85.0
Consultants & Other Svcs -- 56.5 -- 20.0
Materials and Supplies ........
Equipment ........
General & Admin Costs .......

Subtotals 33.5 66.5 35.0 105.0
FY Totals 100.0 145.0

b. Explanation of Cost Categories.

(1) Personnel Compensation. GS-13 855, Electronic Engineer

(2) Travel.

(a) To organizations presently using compact ranges.

(b) To organizations making target return measurements.

(3) Contractual Support. Special computational analyses.

(4) Consultants and Other Services. Consultation to resolve
controversial technical areas.

c. Obligation Plan (FY90).

FQ 1 2 3 4 Total
Obligation Rate 10.0 30.0 30.0 30.0 100.0

(Thousands)

d. Manhours Required.

In-House: 900

Contract: 1000
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Comoact Antenna Range Test Applications (Cont)

12. ASSOCIATION WITH TOP PROGRAM. New TOPs will be prepared when the test
applications and test methods development effort is completed.

FOR THE COMMANDER:

ROBERT E. REINER
Chief, Modernization and Test

Technology Office
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STEEP-RM-F (70-lOp) 6 Oct 89

MEMORANDUM FOR C, S&R Div (ATTN: Mr. Davis. x8-6581)

SUBJECT: Internal Directive, IFY9O-008, FY90 RDTE MIP Grant, Compact Antenna
Range Test Applications I, TECOM Project No. 7-CO-RgO-EPO-006

1. Ref Test Officer's Handbook, Jul 87.

2. You have been assigned as the test officer for subject project. Enclosure
2 (STEEP-RM-F Form 1) contains suspense dates and reporting schedules for this
project. You must review the reporting schedules and determine:

a. If the schedules can be met, notify me (TRMS Monitor, Wanda L. Casaus.
x8-7683) NLT 25 Oct 89 for entry into the TRMS.

b. If rescheduling is necessarv because of lack of resources a first
endorsement must be prepared per Tab I of ref and arrive at TECOM by the above
suspense date.

3. Supporting estimates are to be provided to you IAW the test schedule
(STEEP-BM-F Form 1) dates. You will submit the cost and manhour estimate(s)
(EEP Form 1301) through me to the Bud & Prog Div. The Bud & Prog Div will
issue and expenditure order (EO) (XO) number and necessary cost centers will be
openeu upon receipt of project funds (See Tab 3 of ref).

4. Prior to start of testing/support you must coordinate with the following:

a. Environmental Quality Coordinator (EQC), x8-6182.

b. Foreign Intelligence Ofc (FIO), x8-6981. (See Tab 5 of above ref)

c. Intelligence & Security Div. x8-6077. (See Tab 6 of above ref)

d. MANPRINT/RAM Div, x8-2929, if Human Factors Engineering (HFE) and/or
Reliability, Availability, & Maintainability (RAM) services are required.

e. M&TT Ofc. x8-7602, for Test Operations Procedures (TOPS) on the
formulation of test plans. (See Tab 15 of above ref)

f. E3 Div, Mr. Weeks, x3-5819. if TEMPEST Testing is anticipated. (See
Tab 31 of above ref)

g. PAO, x8-6211 if photographic coverage is required for test items,
final reports, in-house briefings. etc.

h. TRMS Monitor. xB-7683. to obtain one or more projpct notebooks. (See
Tab 4 of above ref)

i. Safety Office. x8-6181. (See Tab 23 of above ref)
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STEEP-RM-F (70-10p)
SUBJECT: Internal Directive, #FY90-008, FY90 RDTE MIP Grant, Compact Antenna
Range Test Applications I, TECOM Project No. 7-CO-R90-EPO-O08

5. A project description will be sent to you via Profs notes. Request this
note, subJ: PD, Compact Antenna Range, 7COR9OEPO006, be cowpleted and the note
resent to TRMS2 NLT 28 Oct 89. In order to type en the notc you must press PF7
(Resend) and then type the note. Press PF7 (Send) again and this will send the
note to TRMS2. I will then forward this information to the Test Directors,
Technical Director, and the Commander, USAEPG.

8. Warda L. Casaus, TRYS Monitor, STEEP-RM-F, x8-7683, is the POC for this
office.

FOR THE COMMANDER:

2 Encl PATRICIA A. SLAYBAUGH
Actg C, Force Management Division

(F:

Tech Director
PAO
USMC LC
EPG Read File
Fac Mgr
C, IS Div
TRMS
Safety Engr
C, Bud & Frog Div
Cdr, Bn
D, ETT
C, MITT Ofc
C, Tech P.bs 'Dv
C, S&I Dlv
C, EWI Dlv
D, C3 Test
C, E3 Div
C, Comm Div
C. MR Div
C, C2 Div
C, FIC
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APPENDIX B. FIELD PROBE DATA

C Band, 6 to 8GHz.................................................... B- 3
X Band, 8 to 12.4 GHz................................................ B-19

* Ku Band, 12.4 to 18 GHz.............................................. B-39
K Band, 18 to 26.5 GHz............................................... B-52
Ka Band, 26.5 to 40 GHz.............................................. B-82
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o -15 __ ___

06 -20 _______

-25 _____ ________ ____

-30
-80 -t0 -40 -20 0 20 40O 60 8

Herlmosta1 ftlar1:etlmn
w Im AW W-ft Radial Distance (Inches) 1w. Fl.aelwam

h,t C~t a~
Ft pnA FUAwe NMI .FL

FIELD PROBE DATA

0FREM 8.000000 SNZ C-BAND Theta -90.00 Do..

fJ~~i~FET - 097 FSE: 0. 0

-5 - - ___ ___ ___

L
01

S t

a. -20

-25 _______ _____ _

-30 ____ ____ ____ ____ ___ _

-80 -60 -40 -20 0 20 40 60 80

- 'N Radial Distance (Inches) 7wrn mm si
AlW m~u



FIELD PROBE DATA

FREG: 8.000000 GHZ X-BAND Theta -0.00 Deg.
AMPLITUDE OFFSET: 62.78 ANGLE OFFSET: 0.00

V

C2

00 4o L)C~ u 40 bc h

Vertical Polar'ization

Radial Distance (Inches) TEST; FIELO2.XMVHO4A

10 FEB 90 FILENAME: PPP .

FIELD PROBE DATA

FREG: d.000000 GHZ X-GAND Thea- 0.00 Deg.
PHASE OFFSET: -37.03 ANGLJ.E OFFSET: 0.00

C3

CB 1



FIELD PROBE DATA

FREG: 8.000000 GHZ X-BAND Theta - 0.00 Dog.
AMPLITUOE OFFSET: 19.71 ANGLE OFFSET: 0.00

Cl.
r _U

-- 4

- s" -b~l -4U -. ) .) 4d) 4 "

Vertlcal Posarizot on

Radial Distance (Inches) Tor FTEuM .DM=4
=t ...... ,zFILI A XAJ4S . PLT

15-FEb-1990

FIELD PROBE DATA

FAEQO 8.000000 6HZ X-BAND Theta - 0.00 Dog.
PHASE OFFSET: 35.12 ANGLE OFFSET: 0.00

B-20

Vart teal Polwrl~it on
..... .Radial Distance (Inches) mut ,z au1o

,15 FES gO. . .CO4PESATEO F104&Je xTPrE.Pm.r

B-20



FIELD PROBE DATA

0 FREt 8.000000 6HZ X-BAND Theta - 0.00 Dog.
PHASE € FFSET: 35.12 " ANGLE C WFSET: O. )0

-5 ____ ____ ____

o -15

f. -20

-25 ____

-30
-0 -60 -40 -20 0 20 40 60 so

Vertical Polarization
us fl-" "W4Radial Distance (Inches) War IEL PaMfV-40

n. .. ~. ~zFREwNAMM ARiT.PLT

4-4

o. -9 ___ -_ i - --- -.--- ____ _____

B-21



FIELD PROBE DATA

FAM 10. 000000 SKZ X-SAND Theta -0.00 Dec.
PHASE OFFSET: -106.69 ANGLE OFFSET: 0.00

L

/TJ

-u" -4 -'0 2j 41)

Vertical Polarization~
Radial Distance (Inches) Tor fiB.t m4o

Z-Axis Comnsated Ffl.AL EW. IE 2 ..LT

FIELD PROBE DATA

FREG' 10.000000 6HZ X-GAND Theta -0.00 Dog.
AMPLITUDE OFFSET: 20.69 ANGLE OFFSET: 0.00

--- - --- - ----

B-2



FIELD PROBE DATA

FAEO 10.000000 6HZ X-DANO Theta - 0.00 Dog.
PHASE OFFSET: -63.81 ANGLE OFFSET: 0.00

1 . .. [ -- . .

C)

15 FE . . . . .. . . . . .. N A E n W CAT .L

P _____ - 1L_0

-1

U)
a) -15 -

I -

Vlltical Pu1w1zet 1on
............. Radial Distance (Inches) twr.otmo

15 FEB 90...COeNSATED ~ XAT.C

FIELD PROBE DATA

FREt 10.000000 6HZ X-OAND That. - 0.00 Deo.

-5 PHASE__ ( ._FST: -6__.81 AN___._ CFST: O )0

Cm

-10

-20 v

CL'U -25 - -

-30 - -

-35 _- _

-40 _

-80 -60 -40 -20 0 20 40 60 80

Vwtl cil fll lstlon
we 3l. .- L. 41 Radial Distance (Inches) Tw PmJt3 4CdE

B-PI23 NANU.PLT

B-23



-4

-tl ) -b 4U -lU 0 .U 4U

FIELD PROBE DATA

FREG: 12.400000 6HZ X-OANO Theta -0.00 Deg.
PHASE OFFSET: -194.84 ANGSLE OFFSET: 0.00

C-

4,;

ve"Ical POlewization

RadliaI Distance (Inches) ITM:s? L netm~~c

Z-Axle Compensated rIENM MECCU93 PIT

B-2 4



FIELD PROBE DATA

FREQ: 12.400000 GHZ X-eAND Theta - 0.00 Deg.

A4PLITUOE OFFSET: 24.43 A4GLE OFFSET: 0.00

- -____

CL

4;-

-4

b0 -4u -U V) AU bt

votlcal Polarization

Radial Distance (Inches) TEBT: FIW.DZ io4F

15-Feb-1990 FIDWC XAWSG.PIT

FIELU PHUBE UA]A

FREG
" 

12.400000 GHZ X-BAND Theta - 0.00 Deg.
PHASE OFFSET: -152.38 ANGLE OFFSET: 0.00

¥1rt |cll Poliat ion~ 1

Radial Distance (Inches) JW: eIn D& XW04"

I.l -- PIT. L

15 FEB 90 ... COMPENSATED IMLXCRE.T

B-25



FIELD PROBE DATA

FREM 12.400000 GHZ X-BAND T1eta - 0.00 Ong.

PHASE CFSET: -152.38 iI-LE C FFSET: 0. DO

-5.
-10]

-1.0 ____ ___ ___ ___ ___

-15 ___ __ _
L2 - 0

C,

CD -25
8)
0

2 -30

-35 __vv __

- ,4 0 - -

-45 -20 0

-80 -60 -40 -20 0 20 40 60 80

Vf-tleml PolewlzatSon

Radial Distance (Inches) iUr IEL2W4
rt ~ t VD.DAME~ MARK%. PLT

I It (A.LtC ,;cta .0 o f

f C

- . . .. ..

4 - 4

Rad l c . . . . . . ..

B-26



FIELD PROBE DATA

FRE
" 
8.000000 GHZ X-BAND Theta - 0.00 Deg

PHASE OFFSET: 137.18 ANGLE OFFSET: 0.00

/

Q)"

L

0)0

- I
0,- / -

-4, - . ... . . ... . . . ..- -t . . . . . . .

- . . ./..

Hori tae t tl Polariztllon

Radial Distance (Inches) w FIE .neWW

Z-Axle Compensated VUlDiAH& NEW-OW3 PT

FIELD PROBE DATA

FREQ: 10.000000 GHZ X-BAND Theta - 0.00 Deg.

AMPLITUDE OFFSET: 64.51 ANGLE OFFSET: 0.00

Iv

-4I'

4JF

Horizontal Polarizat ion
. .Radial Distance (Inches) TEST: FIELDaneelOM

10 FES 90 M FPD.PT

B-27



FIELD PROBE DATA

FREQ 10.000000 5HZ X-8MANO Thets 0.00 Dog.
PHASE OFFSET: 67.54 ANGLE OFFSET. 0.00

G3-

CL

ok 4o -_

a, ~~ ~ ~ ~ ~ orzna polarization-Vv -- - - -- -__

Raia Ditne (Ice) T : ' * 4

AP IME OFF 4T -6o3 ANL 1,SEI

R adia Di t n v( n h s) r m ~ ~ .

FIL-ROEDT

o 031.000 H -AOTet .0Dg

ANLT EOFS' 63

E
4 -4 ____ ________ ________

a.

-6 _ _

-80 -60 -40 -20 0 20 40 60 80

woAzamta3 Nflathsfl
0 o 910-.P.IftAk-tt Radial Distance (Inches) To i=304

10-Fob 1990 ILIMM. AMI.PtT

13-2 8



FIELD PROBE DATA

FRE
" 

12.400000 GHZ X-SAND Theta - 0.00 Oeg.

PHASE OFFSET: -13.42 ANGLE OFFSET: 0.00

CU

c-

L.

............ .... Radial Distance (Inches) M. FIELI xM

• , , ........ zZ-Axis Comlpensated FILE]NAt NE'WCOW .PL T

i*,o: 8.0000Vo ij. , A 'he-t - 9O0.O00 .

.

-4

5
S4 t _ ... U0

41i.1

B-29



FIELD PROBE DATA

FREO: 8.000000 614 X-OAND Theta W OO De..
PHASE OFFSET: 153.60 ANGLE OFFSET: 0.00

InI

CL

1.zbd4'alDistance iInches) T.Maxs0

Z-xeComponhateclJVM WVGW.L

-4- ___-4 4,---------- - -- -

HaUd a 'Zj.*

B-30



FIELD PROBE DATA

FREQ 10.000000 6HZ X-BANO Theta - 90.00 Deg.

PHASE OFFSET: 84.59 ANGLE OFFSET: 0.00

U)U

L

a.1

vetical pglartration

S''-' Radial Distance (inches) TUT. FIaI naXWV048

* -.. Z-Ais Comensated FZ1 SCAWE. lWbCW3.PLT

-4

.i.

* jJ . Jt . . .. . .. .,- N .' . J

V/j\

UI

BI31

S--.-:" ,.aJU ,J 'J. ;S t d i N .: (,,l I'to ,J • .I J J ,-

ii' ' ; f ;r. )lrt I .'. '. JINN , .; , ' ' ii /

B-31



FIELD PROBE DATA

FRED- 12.4000C0 GQ X4AN Theta -90.00 Deog.

PHASE OFFSET: 7.66 ANLE OFFSET: 0.00

4)'

to-

-4, f . .
-t". - - 4 4-- - - - --- ----

;.

Vertica1 Pulerization

Radial Distance (Inches) TEst 7FMJl.Vwo4C

Z-Axie Compensated FrLEAIC NEWCOW3.P.T

O: 3.000L00 , ' , J 90.00 d Jc .

I' UJ;' ', K 6 0, . S.-': 0. 00

-H- I, 4 0 b-1 -1-.

Radia. Distance U ncnes) tsT: J .'
.0 ktL' to

B-32



FIELD PROBE DATA

FREQ e *000000 SH! X-SAND Thea- 90.00 og.

PHASE OFFSET. 124.38 ANGLE OFFSET: 0.00

I ~fT

9V 
_

L

- ,4 , 4

Horizontal Polortzetien
Radial Ditne(Inches) TEST: PXEWZ2 XYO4A

Z-Axls Compenated FIEA- WWCW3.PIT

FRE2. 10.000000 GHZ X-AND Theta -9000 Deg.
AMPLITUDE OFFSET: 64.00 ANGLE OFFSET: 0.00

K

-4,

t4 o -40 4,,

Horizontal Polarization

Radial Distance (Inches) TEST: FILZ oXHV4vo 4

10 FEB 90 FILENW- FPDAS.PI.T

B-33



FIELD PROBE DATA

MCI: 10.000000 GHZ X-BAM Thets - N.00 0eg.
PHASE OFFSET 48. 34 ANGLE OFFSET: 0.00

Q)
In

47

06, -0 -j C 1U 4 ,

@3iote aizto

Radial Distance (Inches) ~W IWA04

Z-Axis Come.nsated FLEMAME. ECO.L

(ku *2.4UUUULU~ Li .a ,,Q.~

-44

-tl(. -b0 -40 -1L. 0 u 40

Haoia, .~ JISl nt. ST r1

B-34



FIELD PROBE DATA

FREt: 12.400000 6HZ X-OAND Thea - 90.00 Dog.

PHASE OFFSET: -35.30 ANGLE OFFSET: 0. 00

w -2

C-

CLa -4L,

-&' -0" -4o u 4. L,

~ ~~~- Radial Distance (Inches) TEFFT FIa12M4C

Z-Axle Compensated FXL04W IEWCOe3.PLT

FIELD PROBE DATA

FREQi: 8.000000 6HZ X-SANO Theta -90.00 Deg.
AMP'LITUDE OFFSET: 19.57 ANGLE OFFSET: 0.00

_ _~ ~ V_ _ _^\_ )_

B-34



FIELD PROBE DAIA

0 FREa' 8.OCOO" GHZ X-BAND Theta - 90.00 Deg.

PHAS ET: -3.50 TANGrLE CA FSET: 0. 0O

-4

-6

- j
-10

2 -

-60 -60 -40 -20 0 20 40 60 80

Hopizonte1 Pft lo$rzltion
UAt..v uv-&V. Radial Distance (Inches) TEST: FILOZXWVo4o

ft nm Q FILE&AKE NAW2W.PLY

FIELD PROBE DATA

FREQ. 10.000000 6HZ X-BAND Thet - 90.00 Deg.
AMPLITU1E OFFSET: 20.67 ANGLE OFFSET: 0.00

-:0 4J b

J f f V I

V ( -_~t 4,_ - V.- --- b-- - _'

Horizonte] Polarizationm
.... ................ Radial Distance (Inches) TES. F: DMoXM04

B-36

-4 ____i

4 . 4 b~.



FIELD PROBE DATA

FREO: 10.000000 GHZ X-GAND Theta - 90.00 Deg.

0 I-7 -
- P-. -I T: t 8"3 - ! 1

LE I'I T\p
cii

W -10

-II

-251•.. .
80 -60 -40 -20 0 20 40 60 60

Hor&zontl Polar:lot ion

- ---. -- '- Radial Distance (Inches) TEST: FIEL0ZXM4VO4E

FIELD PROBE DATA

FREG: 12.400000 GHZ X-eANJO That. - 90.00 08g.

AMPLITUDE OFFSET: 25.14 ANGLE OFFSET: 0.00

• \I* [x.v I

- ..

-d ___I _,. I '

.... ....... ......... ad al Distance (inches) YnqT: FI0Dz~D-Vo4F

15 ....:t-Feb- 1990 ID0EXS8M

B-37



FIELD PROBE DATA

PFI~l 12.400000 42Z X-SAW Theta -90.00 00g, 6

-
10

U, -20 _ _ -

L

0 -30 ____

U)

0.. -40 -

-50 --

-0 -0 -40 -20 0 2~0 40 0 s

Radial Distance (Inches) Twff F1LZWV4

~~~~ ~~Z-Axis Compbneted 15-feb-1990 ~l4E 4~ I

B-38



FIELD PROBE DATA

*0.0 FAE: 12 40 '20 6HZ -~KU-BAND Theta -0.03 Deg.
AmLIE0 FSET -0.B-5 7 -ANGdLE-iE t 1-7bo

-0o6
I I

2 -0.4K

-ItIo

-I 41

-8 6 4 2 0 40 60 8

vartlcul Peoslzmtlun
w- Radial Distance (Inches) TEST: 1ELMZKXC4A

FIELD PROBE DATA

0 FREG: 12.400000 GHZ KU-BAND Theta -0.00 Deg.
PHASE FSE. -1 .64 1 NLIST 0

-5 7

QJ' 20 LL
L

In -30

a-60 -50 -40 -20 0 20 40 60 so

v rtical PvXmr1ttc'

w i Radial Distance (Inches) TEST: FIEtLM KM4A

" '~~~ ~ Z-AxiS conensated.. 13-Mar'ch-2990 LEA- P1

B-39



FIELD PROBE DATA

FREG 15.000000 6HZ KU-BAN Theta - 0.00 Deg.

AMPLTIL"E OFF Y -2.4 -Aw.E FSE F. - -T-

0.6 O

0.6

0A....4

0.2 . . . . .

0) 0.0.~

-0.2-

E -0.4 . . .. 6

-0.6 .

-. 2 L .0
-BO -60 -40 -20 a 20 40 60 o

Vertical Polarlzation
usa,4-t-MF- Radial Distance (Inches) TEST: FraD2a KUV404

f. A FILENA: MAFWC3K .PLT

FIELD PROBE DATA

0 FREG: 15.000000 GHZ KU-BAND Theta - 0.00 Deg.

- PHASE FSE .B. .A.NL. i .T.... . , . . - -

-10

-~ -20 ____

C,

a)

0- -40

-60 -60 -40 -20 0 20 40 60 s0

Vartic I Paler lzatZlf

m A ffwf.-"*'*ft6 Radial Distance (Inches) TM.1 ;sE -zMmN'A&

Z-Axis com~onsated. .13-Uo,-ch-1990 TILKO

B- 40



FIELD PROBE DATA

0.0 FREG: 17.999000 6HZ KU-SAND Theta - 0.00 Deg.
A __ CTIT-E 0ffSE T1_- -IT 0~s~

-0.1

-0.3 I -2

2 -0.4

-0.5 I

E I
-0.7 -E

-0.8

-0.9

-1.0 ~I
-80 -60 -40 -20 0 20 40 60 80

vertical Po liSztlcn
me U--,.".2m, - Radial Distance (Inches) TEST: FIELDJZKUWVlH4C

Ft. % A FILAEI4E: NM3J.PLT

FIELD PROBE DATA

0 FREG: 17.999000 GHZ KU-BAND Theta 0.00 Deg.
PHASE -FSET: ANGLE .

F S E
T
: 0

I
)  

' TT

L -30-

-40

V)I

-,0 . i . ...i. --

-60.. .. .. . . ... . . ,

-70 . . - -1-.. .. .. " -
-80 -60 -40 -20 0 20 40 60 s0

Vartic;l PolarlzatiOn
ft"%f" ' *-dw Radial Distance (Inches) TST: F1ELDZKUH04C

Z-Axis compensated.. 13-Maerch-1990 FILE)AML KLPMe.PH.?

B-41



FIELD PROBE DATA

.0 FREa 12.400000 644Z KU-SAND Theta -0.00 Deg.
AM LITL E 0 -. 6 AL FSgy-7EofEflob0-

0.0 
- -

- -
I

-0.5 . - -

-1.0

-3.0

-4.0 .j -

-50 -60 -40 -20 0 20 40 60 e0

on w 1-1-Mft-ftRadial Distance (Inches) TEST: FIELDZKL~ffVAA

-t. FA. FILENAME MAR(31.PLT

FIELD PROBE DATA

-0 FREG: 12.400000 GHZ KU-BANO Theta - .00 Deg.

, 7HS iS- 
.13- ANGLE FSET0

C;,

-20

CO

9 -25 __

r

-40

-501

-80 --60 -40 -20 0 20 40 60 80

ffj " 4--" dv. Radial Distance (Inches) TEST: FlEWLD2IM0404A

ft. A 7-Axis cnmfPvlAt~d 11-mmrrh-1QQ0 FILEA. XLFROE.P.P.T

B-4 2



FIELD PROBE DJATA

1.0 FREG: 12 400000 GHZ KU-SAND Theta -0.00 Deg.

0.5 - j

0.0 ;

101

-2.0f

E -2.

-3.0

-4.0__
-80 -60 -40 -20 0 20 40 60 80

Hori1zontal Polarization
us ra ln~l ftkn W-aI Radial Distance (Inches) TEST: FIELOZ KUM"440

*t. .. ,~t .zFILENAME: WOH-MP.T

FIELD PROBE DATA

0 FREG: 12.400000 GHZ KU-BAND Theta -0.00 Deg.
PHAS SE -1 .55- ANGLE FS~ff 0. 01

_5 _T T [4
.-15 -

a)

CL)

0- - I-30-

0. -305 . .

-80 -60 -40 -2 0 40 60 Po 80z~o

w 6-l'ftP~tt 6aa Radial Distance (Inches) YtSTF: PIEU20 KL"604O
ft.~ ft a Z-AxIS com~enhated. 13-March-1990 PLN4.K~ie~HP

b-I



FIELD PROBE DATA

10 PE0: 15.000000 GHZ KU-SANtI Theta -0.00 Dog.
.0 AMPLITIE OFFET -1.94 NL ST .

0.0

V

0

-2.5

-B0 -60 -40 -20 0 0 40 50 0

3'orizontel Polerizotion
Radial Distance (Inches) TEST: FIEL.02K8@440d

FILEJMW AE: .L

FIELD PROBE DATA

0 FREQ: 15.000000 GHZ KU-BANO Theta -0.00 Deg,.PHASE TPSET -3 5 ANGLE TSET rO-O
-10 T-~

-20 -

L -3

Cu -40. - -

C

-S0 -60 -40 -20 0 20 40 60 so

skw.".Radial Distance (Inches) mrI FmzKw4

ft . A Z-Axis comoAIDflSted. .3-Mar'ch-1990 FILENAWE XLPROGE-.PH.PLT

B-4 4



FIELD PROBE DATA

00 FREQ., 17.999900 GHZ KU-BAND - oTheta -0.00 Deg.

AN LIT E 00TT!-V0. ANGULE 'SfO:0

13 r

-4.0
-60 -60 -40 -20 0 20 40 60 so

us ra fL ft. Radial Distance (Inchies) ~TeST FIBOELM 41*4c

It. -..~ FZLBUIME. HARK3F.PLT

FIELD PROBE DATA

0 FREG: 17.999900 GHZ KU-BAND Thea- 0.00 Deg.

PHASE CFSE Ti M677 AN LE FSET 0.0M

020

a) -30 -~.

a)

U~~~~ -40 .1 L .i___
-6a6)40 -0 0 20 4 0 6

Heimnu PO50.lo
RailDsacCIcesLETFDK344

-60 ~

Zw~ Z-Axis Comoenuated -..13-March-1990 FtLD4AIE KUPRPOEtpH.PLT

B-4 5



FIELD PROBE DATA

FREr± 12.400000 GHZ Ku-AND Theta *90.00 Deg.
AKPLITLE OFFSET -0.,18 AINWLE UFT: 0. 0D1

I 2

-3- j
-4

-80 -60 -40 -20 0 20 40 60 00

vertical Polari~zation

us -- Radial Distance (Inches) Mr. FIEL02:KVOA

ft. z FILDEMO KARC3E.PLT

FIELD PROBE DATA

0 FREG: 12.400000 6HZ KU-BAND Th eta -90.00 Deg.
PHASE TFSE: 6. 36 ANGLE WFSE :0.

-20 __- -.-- -

-30 ___ _

L

II)

-440__ ____ ___

-60 --

-70

_________ 0___I

-80 -60 -40 -20 0 20 40 60 s0

vertical Polarizationl

We ft aww'" , .ft Radial Distance (Inches) 7Mu, F111132 KUVY04A
Ot %AS Z-AxiS compenated..13-March-1990 FILENAME KLPROB&YH.PUT

B-4 6



FIELD PROBE DATA

b.o FREQ: 15.000000 6HZ KU-BAND Theta - 90.00 Deg.
A LIT E OFFSET, -2:86 AN LE OFSET: 0. 0 ! -r --

5-0.5

-2.0 
_ !.

-2 .5_ _ ] .. . .

-3.0 , . . . .

-80 -60 -40 -20 0 20 40 60 80

VertIca1 Polarzaltion

w 4'a"w " "'f"" Radial Distance (Inches) TV-w.: F&tLZKUMV0o4
-- FIL.DENA M R3DPLY

FIELD PROBE DATA

0 FREG: 15.000000 GHZ KU-BAND Theta - 90.00 Deg.
PSE CFFSET:-1 .75~ ANL sY.lI

C-
a) -15

-30 ... . .. ! _____

-80 -60 -40 -20 0 20 40 60 80

'" Radial Distance (Inches) i'ur: rw.,-.m-vo.a

Z-Axia comvensated. .13-Natch-BO FLEM.990OE.P4P.

B-47

• m mm m m I-35



FIELD PROBE DATA

FREGa: 17.999900 6H2 OWJ-BA Theta -90.00 Deg.

rII E OFFSE't -3.2 ANGLE FFS 0. T

-1.5 ~ .- _

03 V -2.5~

-3.5

-4.5 __ _

-80 -60 -40 -20 0 20 40 60 s0

vartical Polarization
AM ~mr-WP,1,QI-Radial Distance (Inches) TEST: PXEL02:KLIV4C

Pt. ~ .zFILENAW KARa(3C.PIA

FIELD PROBE DATA

FREG: 17.999900 0HZ KU-OBANO Theta -90.00 Deg.
0 AS IFET: -1 --_ANGLE cff-EE.-o 71 11

L1

Awr

-15

En

-3

-00 -60 -40 -20 0 20 40 60 so

Vat ltol Polarizaton
Radial Distance (Inches) rTST FIED2 KWVAC

Ft Z -Axle Campenaated. i-March-J990 FTLENW KLPRPSEPI.PLT

B-4 8



FIELD PROBE DATA

0.0 FREG: 12.400000 GHZ KU-BAND Theta - 90.00 Deg.

ANPLITTE OFFSE -1.56 ANGLE FSET: 0.30

-0.5 1 --

-2.0

-l .o t . .. . . . ......... ,- ......

, ..-.0 -__ __ ---Cu
-2.5 -0 --2 - -

-3.0 i
E

-3.5 __ _

-4.0

-_.5

-80 -60 -40 -20 0 20 40 60 0
morizontll Poirz~t ton

U9 .w U-1 . -L" WRadial Distance (Inches) TEST: FIR KU4Vo4A
F'l A. FILEMAJE KMM~3 PLT

FIELD PROBE DATA

0 FREI 12.400000 GHZ KU-SAND Theta - 90.00 Deg.
O PHASE CFSET: 21.90 " ANGLE CFFSET: 0." "

-5 A

- -15__ _ _ _

0 -2a2)

I 3 -2 5_

0-3 -20 __.. . . _____1

cii-30

-35 - -- _ 1..~
-45 1

-80 -60 -40 -20 0 20 40 60 80
Harizontel p P|rzai on

61 - -St& m Radial Distance (Inches) TEST: FzIELwK o4A

fIt. A Z-AXl coIpenhated.. 13-March-1990 FILO4AIE. KPOV E.PH.PLT

B-4 9



J __________FIELD PROBE DATA

.0. FRE0. 15.000000 GH-Z KL-BAND Theta -90. 00 Dog.
AM4PLITUDE OFFSET -2.75 ANGLE OFSET 0.,

-0.5 -- -.- I

-1.5-

-2.5

-3.0 _________

-80 -0 -40 -20 0 0 4 60 80

al~k PF-" R dialDistnce (Inc es) TEST: FIE.02 KLW~V048

Ft. FILDL"I- KARK3A.PLT

FIELD PROBE DATA

*0 FREQ: 15.000000 GHZ KW-SAND Theta -90.00 Deg.

L
0 -40 -___ ___.- .- --- -4---

05

(I,

C- -- - -- - -- - I0
-70 ___ ____

-80___ _

-80 -60 -40 -20 0 20 40 60 so

Hoizonlt3 Poarizaetion
MM ~Radial Distance (Inches) TMwrnk UN4

~' ~Z-Axis compentated.. 13-March-191)0 FILDEN KUPlOBSE-'H.PLT



FIELD PROBE DATA

FREG: 18.000000 GHZ KU-BAND Theta - 90.0C Deg.

AMPLIT E OFFSETI -1.9 ANGLE OFSET: 0.DO r

-0.2 -

-0.4 .... -

-0.6 _ . . . . . ..- t -

S -0.8 -- -.---..-- -

E
< -1.4 

I-

-2.0 ______ __ .- __ --

-80 -60 -40 -20 0 20 40 60 80

HMrzontl] PolariZation

Radial Distance (Inches) TEST: FIBW2aKL'-"4C
f . •. A2FILNAE. KARK2Z.PLT

FIElD PROBE DATA

0 FPEG: 18.000000 GHZ KU-BAND Theta 90-00 Deg

OPH kSE O FSETF -i1.40 ANGLE OFSET: O.fO 1
I I I

-20
fl I

O -40 ......
___ ...

I ,
-50 . - -- .

-60 -60 -40 -20 0 20 40 60 60

Horizontal pciS'iratit r

1,.. .. IM . ra. Radial Distance (Inches) TEST: FLZKU~W0c

Z-Axts comoensated.. 13-March-1990



FIELD PmOBE DATA

FREGL 1B000010 GH K-B.ND Theta - 0.00 0-9.

AMLITUDE OFFSET: 9.19 ANGLE OFFSET: 0.00

0__

-2-

10

2 ,
-I

a I

-44~ .......y

-Ift 0 Radial: Distace (Iches)Td0 T cIEZMCH

F~ O16 FES 90 MbCK0.T

FIELD P DBE DAIA

FREQ: 18.000010 GHZ K-BAND Theta -0.00 Deg.

PHASE OFFSET: 34.29 ANGLE OFFSET: 0.00

200 T-

150 t
L'

9 
0

or)
m

-200
-0 -60 -40 -20 0 o ,o 60 so

Vertical Polaiizttion

w ln . -We 0 Radial Distance (Inches) TM. FV.=W.O*Q4A

In. Q6 FEB 90 ... COMPENSA.TED...

B- 52



FIELD PROBE DATA

FREQ 16.O00010 GHZ K-BD Theta - 0.00 Do.

-to - rFSET: 34.29 " J ! T - .10

-10

-20 .

02 -30A

-40

o -4

0 -50

C-

-60 _

-70

-80 ____--
-80 -60 -40 -20 0 20 40 60 so

vo sel Pslorizatlon

Radial Distance (Inches) T. FIaeM. 4a"
F F l'N4N k4AW.PLT

FIELD F..OBE DATA

FRE: 22.000000 GHZ K-BANO Theta - 0.00 Deg.

AMPLITUDE OFFSET: 9.03 ANGLE OFFSET: 0.00

-1 - - -. <---03 I

V -3

EI I

-5 . -
* I I

-80 -60 -40 -20 0 20 40 60 so

us" -- .". ' ' " Radial Distance (Inches) Mr. FISu Ov

.ft,. ,3 is FES 90 M

B-53



FIELD PrIBE DATA

FMM2 22.000000 PCZ K-o"P Tht. 0.00 0o..

PM4SE OFFSET: 39.02 ANGLE OFFSUT 0. 0027Th

1001 1 7

a) 0________ soI
-6C6U40 -0 0 20 4 0 5

0aklPllalf
RaClDsace(nhs wun~amo

- -

-50 7 6FB9. .C*NAE

-8 6 4 2 .9 00 s

-10 ~ ~ ~ ~ ~ aris _____ _____ ____ _____ ____

-u 0 M" ___ Cmb.___ ____RdalDstne (Ices wFE=_A

&* a-3 a."________________

-1-

-2

050

a. --60 ____ ____ ____

-70

-60 -60 -40 -20 0 20 40 60 s0

on~ Q ~ Radial Distance (inches) 2W. urM PAnDA
n. M.' MMA MIEe MIX.PLT

B-54



FIELD PH-OBE DATA

FREG: 22.000000 6HZ K-BAND Theta -0.00 Dog.

AMPLITUDE OFFSET: 7.71 ANGLE OFFSET: 0. 00

0i

44

-4 ___

-80 -60 -40 -20 0 20 40 60 s0

vertical Palaflzetian

&M 2.01.p"It W0, Radial Distance (Inches) TO. nm.DZ Mf4loE
16m FEB. goM FZLDPM KW.PLT

FIELD P )BE DATA

FAEOa 22.000000 GHZ K-OANG Theta -0.00 Gag.

PHASE OFFSET: -276.87 ANGLE OFFSET: 0.00

200 ____________

150

100

L 50

0)

CLB-50



FIELD PROBE DATA

0 PFM 22.000000 GHZ K-AM "ht - 0.00 Ogg.

0 HAS SET: -276.07 
AMBLE F.ET T .

i 
"

@2 -60 ___ ___ _ __
-20

-40.

-so

-120 ____ ___ _

-140

-600 ,0
-80 -60 -40 -20 0 20 40 so 0O

Ywtlcal Pu1mwizatison
us m .t. 8.."= Radial Distance (Inches) Ti Fre

FIELD PROBE DATA

FREQk 22.000000 6HZ K-DNAD Thete 000 og.
PHASE rFFSET: -76.87 ANGLE -FSET: O. 0

-10

-20

0 -30

C-

o -40 ___ ___

@O "-50

-60

-80 -L
-80 -60 -40 -20 0 20 40 60 @0

Radial Distance (Inches) Tmm OUmI
PAweW.21J.PILT

B-56



FIELD Pf-itBE DATA

FREG: 26.499990 6HZ K-6AND Theta -0.00 Deg.

AMPLITUDE OFFSET: 9.02 ANGLE OFFSET: 0.00

0 ----- ---

-
j2

-5 -- -

-6
-80 -60 -AC -20 0 20 40 6j 80

vorticol Poarwizationl

Lo W = $ P~ft W Radial Distance (inches) TE~ FIEULtM W4C

F. U16 FEB 90 h.W.KCFL

FIELD pr'IBE DATA

FREG: 26.499990 GHZ K--BAND Theta -0.00 Deg,

PHASE OFFSET: 42.71 ANGLE OFFSET: 0.00

200 .......... ....---------

150 j I I-

100'

of 50

0I

0

a

-500

-80 -60 -40 -20 0 20 40 60 so

Vorticei Polarizationl

No Radial Distance (Inches) Tor Frb f"4

16 FEB go... COMENSATED IEM.K.JM

B-57



FIELD PROBE DATA

FME 26.4990 HZ K-" Thta - 0.00 Deg.
0

-20 -

-- lo 0 11

*2 -40

IIQ -50

o -60 -
*2V

-70

-90

-100 -L I.

-80 -60 -40 -20 0 20 40 60 so

Verticul Pftlizatiton
US AM P*" = 0 Radial Distance (Inches) Tor, Pmom vHO*

FUMWC NAMIZ.PLT

FIELD P,.JBE DATA

FREG: 18.000010 GHZ K-BAND Theta - 0.00 Deg.

AMPLITUDE OFFSET: 9.39 ANGLE OFFSET: 0.00

01

E
-4!

-2 I I

o I I

-6 L
- __ __ 1__I _ ___ __I

-80 -60 -40 -20 0 20 40 60 0

IHOP Zlts2l P, )W1Zlt 1 O

t- . Radial Distance (Inches) TEST: Fl2:ZK)fO4A
6-Feb-1990 FILEMAK: KAWIPIT

B-58



FIELD P .JBE DATA

FREG: 18.000010 GHZ K-BAND Theta -0.00 Deg.
PHASE OFFSET: 48.56 ANGLE OFFSET: 0.00

1501

d) -50-

-L 6 4 2 0 4 0 8

RailDsane(nhs TT In4

-200____ ________ ____

w- 0 -60__ -40__ -20 __ 0___ 20 40 60 s

HoUotlPlrzto
toAS a ilDsac (nhsM I * 4

-t T___

-2 A

0.0

-40 A___A_

-80
-60 -60 -40 -20 0 20 40 60 80

ul ~wq4 Radial Distance (Inches) Tw ULM Mznm"~

IB-59



FIELD PH-OBE DATA

FREG: 22.000000 G*4Z K-BAND Theta 0.00 Deg.
AMPLTTUOE OFFSET: 7.34 ANGLE OFFSET: 0.00

0 _____

-1_____- _______________I ____ ____

-3 --

-0 -6 _ -4 2.0 2 0 0

11-f t-eRadial Distance (Inches) TEST' FvEZan±WeMio
wl4. C~1t A .

f. Z16-Feb-1990 FILENAME- KAW1 PLT

FIELD PH-OBE DATA

FREG: 22.000000 GHZ K-BAND Theta -0.00 Deg.
PHASE OFFSET: 47.31 ANGLE OFFSET: 0.00

200

150

(U

Cm

-150

PA~1 FEB~ 90s FILDEAIE. K7.PLT

B-60



FIELD PROBE DATA

FRE
r
k 22.000000 6HZ K-BAND Theta - 0.00 Dog.

-20 -- _[

-n -30 /

-50010

L -60

-70

-80

-90

-80 -60 -40 -20 0 20 40 60 so

-ZOflta2 Powrlzatiom
us M '. P, -i .m Radial Distance (Inches) Tar FCAM VA

ft. AZ Fr4* NAM .?

FIELD P1 ,BE DATA

FREQ: 22.000000 GHZ K-BAND Theta - 0.00 Deg.
AMPLITUDE OFFSET: 7.51 ANGLE OFFSET: 0.00

-2 _ _ _ _ _ _ _ _ _ _ _

E.4

-4

-5 j

-80 -60 -40 -23 0 20 40 60 80

"ONIZont8 Pol1o.rzat n
Radial Distance (Inches) msy: FI V.D2K KoAE

t6-Feb- t990 FILE KAWIPLT

B-61



FIELD PhJBE DATA

FEQk 22. 000000 MHC K-GAM Theta - 0.00 Deg.
PHASE OFFSET: -307.36 ANGLE OFFSET:. 0.00

200

150 - ---

100 - - 4
r- 5

U)
cc

-100 -1-

-150-

-200 ________________
-80 -50 -40 -20 0 20 40 so s0

MWRadial Distance (Inches) Mr1. FZE.a WW4E
&Ad 0-0t ftm

. to*a15 FEB 90 Fr14AWE K7.PLT

FIELD PROBE DATA

0FE 22.000000 SHZ K-SAND Theta 0.00 Deg.

- 2 0 P H A S E _ _ _ _ _ _ _ _ _ _ - 3 D .3 I A N L E T F S T : O

-60

C-
0)0

-120 __ _

-140 ___ _ _

-80 -60 -40 -20 0 20 40 60 so

Radial Distance (Inches) To wi m919
,f. .. Al P1U4M2e KNa.PLT

B-62



FIELD PROBE DATA

0 FREQ 22.000000 6HZ K-BAND Theta - 0.00 Dog.PHASE CFFSET: -3)7.36 ANGL C :FSET: 0-. 0 ^r

-10 ____ ________

-20 _ A

- -30 ,.Y
2 -40

-50a).
O. -60

-70

-80

-90

-80 -60 -40 -20 0 20 40 60 80

Hrizontal Polarlzation
No PESft't Radial Distance (Inches) TW P. naEi00E

FIELD P,,JBE DATA

FREG: 26.499990 GHZ K-BAND Theta - 0.00 Deg.

AMPLITUDE OFFSET: 9.65 ANGLE OFFSET: 0.00

0

-1 A

~~11

0) -3 {
a I _ _

-4 t-

-5 __,

-6
-80 -60 -40 -20 0 20 40 60 so

Hr zontl PO21IlSt ion
Radial Distance (Inches) TESt: FlEZ ,*o4C

Ft. - 2 16-Feb-i99O FILEM E. KAI¢. PLT

B-63



FIELD FPmOBE DATA

FREk 26.499990 s*HZ K-GAND That@ 0.00 Deg.

PHASE OFFSET: 42.06 ANGLE OFFSET: 0.00
200

50

03

015

-200

-80 -60 -40 -20 0 20 40 60 s0

#wiZonlt Pols,*lzation

us wu~-u It _ Radial Distance (Inches) TUT: FWl= K*O4C

S16 FEB 90 FIID"PC K7.1LT

FIELD PROBE DATA

0 FREtI 26.499990 6HZ K-SAND mu t@ 0.00 Deg.

10 P A E C F T: 4 .06 0.GL 0FS T 
-.

-30 ____ ___ -____ ___

020
L
Ch

050

020

-70

-80 ____ ___

-90 ____

-100

-B0 -60 -40 -20 0 20 40 60 80

-Radial Distance (inches) 1Wn. eMLM..'O0C
Ft ~xt .1FlLowe N#AaM.T~

B-64



FIELD PhJBE DATA

FREG: 26 499990 GHZ K-BAND Theta - 0.00 Deg.

AMPLITUDE OFFSET: 9.36 ANGLE OFFSET: 0.00

-1 3-

E

-41 -. .. ...

-5 _ ]-

-60 -60 -40 -20 0 20 40 60 80
HOrizontal Polotltton

us Radial Distance (Inches) TEST: FI8L0 V.OAF

i6-feb-1990 F1D4AW-. KM.3 PLT

FIELD PHOBE DATA

FREG: 26.499990 GHZ K-BAND Thet, - 0.00 Deg.
PHASE OFFSET: 38.29 ANGLE OFFSET: 0.00

200 i

150 . - - -.----.

100 . -

CU

. . . . . . i

C- 50 - _

0)

e ,
.. . . . . . ... I

-50t0_ -50 _ _ , -. .... .

-15. 0 . -ii

-200. ,

-80 -60 -40 -20 0 20 40 60 so

HO ilOftaI Pol itOtion
Radial Distance (Inche) TEBT: FZVZK 4F

F. AZ 1 FILE6E9 K.PLT

B-65



FIELD PROBE DATA

0 F1EQ: 25.499990 Gta K-IAND Theta - 0.00 Dog.

PHS I EFFT: 31.29 ANGL~ E T -0. )0

-20

-40 J

-6O0 1 u

01

OL 0

-120

-80 -60 -40 -20 0 20 40 60 80

Horizonta1 Polarlitstion
Redial Distance (Inches) Z. K*',

7FL 4 HARW.2P.LT

FIELD PHOBE DATA

FREQ: 18.000100 GHZ K-BAND Theta - 90.00 Deg.

AMPLITUDE OFFSET: 9.26 ANGLE OFFSET: 0.00

..... 1.... !V-2

-3 j

B-66
Radia Ditac (Ichs TEST: FIELmmnmnuZ nnnnl0iAi



FIELD P,.JBE DATA

FRED: 18.000100 6HZ K-BAND Theta -90.00 Deg.

PHASE OFFSET: 61.97 ANGLE OFFSET: 0.00

200-

C-

0

r 5

-100 ---- -. . . . . . .

-150

-200 _________ 1____________

-80 -60 -40 -20 0 20 40 60 80

vefticil Polarization
um n--1Radial Distance (Inches) TEWM pIn.DZJWV0A

n.M Z16 FEB 90 FIJNA1E K7.PLT

C:nn'p

FIELD PROBE DATA

0 FREQ 18.000100 6HZ K-BAND Th tb 90. 00 Deg.
PHASE F 61.7 E CFiSET i.D

-5 AA A I I. d

Ch -20 _ _ _ _ _ __ _ _ _ _

-3-

04

so -30 -40__ - 0-0 4 0 s

Radial Distance (Inches) mrv F&M WtmVU'

B- 67



FIELD PROBE DATA.

FREa: 18.OuluO bHZ k-BAND Theta - 90.00 Deg.
AMP. ITUOE OFFSET: 9.21 ANGLE OFFSET: 0.00

-3
-02 _ ___.. ..

-4-5 1... . --- J.......

-80 -60 -40 -20 0 20 40 60 so
vertical Pax.ritation

USRadial Distance (Inches) ITT FIELZ KXVV040

• 43

f. z16-fab-1990 FILONW KAW3.PLT

FIELD :. .JBE DATA

PREO: 18.000100 6HZ K-eAND Theta 90.00 Deg
PHASE OFFSET: -304.58 ANGLE OFFSET: 0.00

_° I 1 I

20

Cu

03

U)

'00

-00 -60 -40 -20 0 20 40 60 80
Verticl Poaprizaton

us A " Radial Distance (Inches) TET: FIBOZ KMiO

16 FEB 90 FILOUPM 1(7.PIT

B-68



FIELD PROBE DATA

0FREG: 18.000100 6I4Z K-SAND Theta -90.00 Dog.

0)
C-
c"
a) o -80

0)2

014

-160
-80 -60 -40 -20 0 20 40 Go so

Vertical Palowlzatlm,
LN nL P~e t Radial Distance (Inches) mi. rZBt= aV60

FIELD PROBE DATA

0 FREtk 18.000100 6HZ K-BAND Theta -90.00 Dag.

020

a,
030

04

C -50 A____ A____ A___

-60 - ___

-80 -60 -10 -20 0 20 40 60 so

vertical Poarerutiwn
Usorwfuw Radial Distance (Inches) Mr imi na.mrVOO

B- 69



FIELD PfnuBE DATA

FFMQ 22.000000 9HZ K-BAW Theta 90.00 Doag.
NMLrII2E OFFSET. 0 15 ANGLE OFFSET: 0.00

-2 - --

03

-4

-61~___________
-8o -60 -40 -20 0 20 40 60 so

verticei Palerizatie.

ua- Radial Distance (Inches) TOT: PIEU.DaIMM40d

F%. A2 16-f eb-1990 FXrE KAJI.PLT

FIELD P-')BE DATA

FREG: 22.000000 6HZ K-SAND Theta -90.00 Deg.

PHASE OFFSET: 64.90 ANGLE OFFSET: 0.00

200

aj

00

U)

-100

-200
-0 -0 40 -20 0 20 40 so 0

on~ mw A."Radial Distance (Inches) TT FlW0 KuffY04

%._ S FEB g0 FILBAME K7.PLT

B-70



FIELD PROBE DATA

0 FREM 22.000000 8HZ K--AND Theta ,0.00 Deg.
-PASEC FF 9 " W C FFSET" Q.P,0 "

-20 
4vA.V "

-30

-40

o -50a,

-50

OL

-70

-80

-90

-100
-80 -60 -40 -20 0 20 40 60 So

vertical ftlrlisattr

Radial Distance (Inches) Tall pzm WYOM
ft. AZ UDO kAMP

FIELD PROBE DATA

FREG: 22.000000 GHZ K-BAND Theta - 90.00 Deg.

AMPLITUDE OFFSET: 8,38 ANGLE OFFSET: 0.00

-3 ... _ _

-61

V

-80 -60 -40 -20 0 20 40 60 so

verticsl Polritation
Radial Distance (Inches) ?tIrr: FE IxtKVo4f

16-feb-1S90 F I"UAE KAP3 .PL?

B-7 1



FIELD F )BE DATA

FREt: 22. 000000 6HK K-SANO Theta -90.00 Deg.
PHIASE OFFSET: 64.~1 ANGLE OFFSET: 0.00

200

150 -I-I
100 -- 4- ___

050

-10

-20

-0 -60 -40 -20 0 20 40 60 80
Vertical Polarization

us PW4u Radial Distance (Inches) .w- ,: z vwnowoa
ft. M*. AZ 16 FEB 90 FZL=M IO.M.T

FIELD PROBE DATA

0FEQ 22.000000 GHZ K-GArN Theta - 90.00 Deg.

-10 ___ __ _

-2D .1___A

aj -40 - -____ ______ __

060

-90

-1001 1
-80 -60 -40 -20 0 20 40 60 80

Go-mr 2.0f."Radial Distance (inches) lur F~IM 0mom
*I~ AZ FUIL3WM NARM2.PLT

B-72



FIELD PROBE DATA

FRE 22.000000 GHZ K-BOAN Thet$ - 90.00 Dog.
!PHAE i 1 ANGLE CFSET: q000

@3

-2.

-60 -60 -40 -20 0 20 40 60 80

vwvt1lC4 Po.IlztSon
Radial Distance (Inches) Tw. FBAnZwvoo

ft. ~ MFlDWe NAACOS .PL?

FIELD Pt,,BE DATA

FREG: 26.499990 GHZ K-BAND Theta - 90.00 Deg.
AMPLITUOE OFFSET: 9.50 ANGLE OFFSET: 0.00

0

-3 - -_

-4 4

-6 1
-80 -60 -40 -20 0 20 40 60 so

Vof't |€1 ]PolIarlat on
us.,--,,, . . Radial Distance (Inches) TEST: FIS.0 KkWO4C

16-feb-1990 FILEKWE KAW3.PLY

B-7 3



FIELD P )BE DATA

FREO. 26.499990 GHZ X-BAND Theta -90 00 Dog.
PHASE OFFSET: 57.30 AkW..E OFFSET* 0.00

200 ________________ _

150 - _

100 - - ----- - --

50

C,

0

a)
o

-80 -60 -40 -20 0 20 40 60 80
Vurtic.1 PolarlzatiolW lLi ~4UM Radial Distance (Inches) 1Ur~ fVZ KVVO04C

ft WA 16 FES 90 FILE,4ME K7.F..T

cop-iP

FIELD PROBE DATA

0FREQt 26. 499990 6HZ X-SMN Theta -90.00 Dog.
PM1E V: 5. 30 1 NL S:.0

-105___

Ch -250_ _ _ _ _ _ _ _ _ _ _ _ _

03

-35

-25

a. -0 -60__ -4 -0 2 4 6 s

mmRadial Distance (Inches) MW.t rEMimwvic

B-'74



FIELD PHOBE DATA

FREG: 26 499990 6HZ K-BAND Theta -90.00 Deg.
AMPLITUDE OFFSET: 9.28 ANGLE OFFSET: 0.00

-3

-4

-5 -.-. K j
-6L.~..... ___ ___

-80 -6 -40 -20 0 20 40 60 s0
vertical Pcerizatiom

us l~s PIftW- Radial Distance (Inches) TET. FIELOZ KWV04F
Ft. ~ 116-f eb-1990 FILENAW- KAMP3.PLT

FIELD PHOBE DATA

FREG: 26.499990 GHZ K-BAND Theta -90.00 Deg.
PHASE OFF'SET: 58.31 ANGLE OFFSET: 0.00

200

150......................1

100~~~

50

In

-15

-s0 -60 -40 -20 0 20 40 60 80
Vertical Polarization

meA"Radial Distance (Inches) Mr~ Fr8.ntIW04F
16 FES 90 FrLDUe K? MLT

B-7 5



FIELD PROBE DATA

0 FIEG 2S.,d49W I! K-10" 'The 90.00 Dog.
CFFT: 0.31 ANG LE 0ET. o ---

-10 . .. .

-15 I _______

a'
* -20

LI-2-

i -3 0

-35 -

-45 . ...- - -- i ___ _ -

-50,

-80 -60 -40 -20 0 20 40 60 80

Vertical FolwlZatlion
tmm. ." 0.. Radial Distance (Inches) Tor rmm wwvw

ft. Wi k'.f a

FIELD PhJBE DATA

FREG: 18.000100 GHZ K-BAND Theta - 90.00 Deg.

AMPLITUDE OFFSET: 9.19 ANGLE OFFSET: 0.00

0

2 2

-10{ !*.!. -

-60 -60 -40 -20 0 20 40 60 so

HIveZOfntal PI attit iont
Pv -,Radial Distance (Inches) 7W. FIELD lft04A

16 FES 90 ILD E KO .PLT

B-7 6



FIELD P )BE DATA

FREO: 18.000100 6*4Z K-BAND Theta -90.00 Deg.

PHASE OFFSET: -86.27 ANGLE OFFSET: 0.00

200 -

100

C- 5

0

w -

-8U3 -00 2 4 0 8

-20_____

-0 -60 -4 -0 2 4 6 s

L % -60 ft AZ__ 16FB 0.. OPNSTD _M _ .L

02

-40

Q 6
Ch

a- -8

* -100

-120 ___ ___ ___ __ _

Uff00M sftM ""mam," Radial Distance (Inches) To rhmi WO
Pimae mC*.L.

B-77



FIELD PROBE DATA

o FPEM 8.0001o0 *a Z-SuN 1heto - 30.00 Dog.j FFSET: - .27 ANGLE CFFSEI". O.DO

-10 _____ ____

-20 I_

CD
a,
f. -30 _ !. ,

O -40 6A _. _

1f

-50

-60

-70

-0 -60 -40 -20 0 20 40 60 80

bWr~m~ otl arlzetlon
- -h Radial Distance (Inches) 1u1 Fmm me4aun. Mf- AZ FZWf K#AW.PLT

FIELD PRuBE DATA

FREO 22.000000 6HZ K-BAND Theta - 90.00 Deg.

AMPLITUDE OFFSET: 9.77 ANGLE OFFSET: 0.00

01

S-2. . . ..... ;

" -3 '-.. . . 1

C I

mollental IIPolr t ttOnum M- -*," m Radial Distance (Inches) zZn raum o":

1- FEB 8 F EN8N K7.PLT

B-78



FIELD PI)BE DATA

FREQk 22.000000 6HZ K-SAND Theta -90.00 Deg.
PHASE OFFSET: -94 .36 ANGLE OFFSET: 0.00

150 _

100 ~- .

Wl-.~- . --- 4---I I
-eo -6500020 4 0 8

a. b -5

50.

-20

Raia Ditne (nhs TrFEMI!4

FIL -ROB DAT

-12 E- ____T -_.36 ____CF W .- 0

cm -14 N Ilia_

o -16 A___

-18

-20

-22
-80 -60 -40 -20 0 20 40 60 80

l~r1zmital PslauizaCio
me ut~ "I"Radial Distance (Inches) iwr z; ntmw.4

*FILDW C .. i.Mtt

B-7 9



FIELD PHOBE DATA

FREQ" 26.49900 GRZ K-BAND Theta - 90.00 Dog.

AMPLITUDE OFFSET: 10.35 ANGLE OFFSET: 0.00

0 -

03 -2
-3 ... ...

-44

-80 -60 -40 -20 0 20 40 60 s0

mbitual Polorizution
"Radial Distanc. (Inches) War FIMLO2IoMVOAC

Fti A 6 FEB 90 FX1D"W- KS.PLT

FIELD F JBE DATA

FREQ. 26.499900 6HZ K--BAND Theta -90.00 Dog.
PHASE OFFSET: -85.95 ANGLE OFFSET: 0.00

200 _ _ _ _ _ _ _ _ _ _ _ _ _ _ ..--

ic

ci1

c. -0 -- -4 --- 40-0...

LS

Hor1ztSl Paolrzt loft
= - -. '-- Radial Distance (Inches) m. Fxenanvoc

fl m~~ 16 FED 90..1 FCENSTD I90.KK

100 -

-1 50

-20 -8 i o - 0 2 204soo

B08



FIELD PROBE DATA

0 ____264_90__ XGIN That* - 90.00 Do..

-10

-20 -0 -40 -20 20___ 40 60 80

NmfoSlflrzto
usA"aCMFIt&a ailDstne(nhs w IA "V4

-25 ____ ______ ______



FIELD PROBE DATA

FEQ: 26.500010 6HZ K(A-BAND Thea - 0.00 Dog.
AMPLITUDE OFFSET: 14.31 AILE OFFSET: 0.00

r=

Vertical Polarization

Radial Distance (Inches) nmiFEL KAXntuM4E

16 FES 90 FILD4AJE' XAS PLY

FIELD PROBE DATA

FFIEO: 26.500010 GHZ KA-BAND Theta -0.00 Deg.
PHASE OFFSET: -110.25 ANGLE OFFSET: 0.00

200 -

,
50

Cri

-e4s 40 -0 0 20 4 0 8

Vw2s Poa0zte
4ailDsac3Ices ET iL~M4a

W t~* 6FB9 ~ LiAE A L

B-o8



FIELD PROBE DATA

0 FREQ: 26.500010 6HZ KA-OABD Theta - 0.00 Dog.
PHASE OFFSET: -110.26 ANGLE "FSET: 0.D

-20

03 -30

L

e -40

to -50

-60

-70 f,

-00 -60 -40 -20 0 20 40 60 80

VertlCal ftlerliztlon
w -,-v ef-..- Radial Distance (Inches) m,. FmM KUME

Ft. PUNL W A4 iU.P.T

FIELD PROBE DATA

FREO: 30.000000 GHZ KA-BANO Thte - 0.00 Dog.
AMPLITUDE OFFSET: 14.06 ANGLE OFFSET: 0.00

$ i t

I I

b .i

VaticSI ftlWizatt

Radial Distance (Inches) mi. XID& K. .

16 FED 90 
FILD4Me . Pie

B-83



FIELD PROBE DATA

FAM 30. 000000 6HZ KA-iKAN That& 0.00 Deg.

PHASE OFFSET: -197.61 ANGLE OFFSET: 0.00

200 1 1
150 -- - -

100

0

Q)
'U

0. -50--_ _ --- - -

-60 -60 -40 -20 0 20 40 60 60

Vertical Polarization
0- Radial Distance (Inches) TEST: FIEL2KAMOF

S16 FEB 90 FILEMAME: XAS.PI.T

FIELD PROBE DATA

0FREtk 30.000000 6HZ KA-BAN Theta -0.00 00g.

PHS SEt 7.61 CADE.-0

-10 ____

-20

-40

CD

oL -70_________

@2 -60 _ _ _

-90

-80 -60 - 40 -20 0 20 40 60 60

Varutas Polu~ntion
usM" P-"Radial Distance (Inchles) T1'~ r~FlJM M

ft ~ PZLSWE KA211.PLT

B-84



FIELD PROBE DATA

FRED: 35.000000 6HZ KA-SAND Theta -0.00 0o..
AMPLITUDE OFFSET: 15.17 ANGLE OFFSET: 0.00

-41

RailDistance (Inches) 7W: FMCaD2KAWMDA8

16 FES 90 Fr.DWE: KM .PLT

FIELD F 3E DATA

FREG: 35.000000 GHZ KA-BANO Theta -0.00 Deg.

PHASE OFFSET: -113.06 ANGLE OFFSET: 0.00

200- -

150 -

100

0 5

01

0. -50 --.- -.----- - __

-150

-200

-60 -60 -40 -20 0 20 40 s0 s0

W~tRadial Distance (Inches) TEST: FIEOZ KA0VHOAG

16 FEB 90 FILEXAMIE KA9.PLT

E3-85



FIELD PROBE DATA

FRE 
" 35.000000 GHZ KA-BANO Theta - 0.00 Dog.

PHAFS ET: - 1t3.06 ANGLE FSET: O.

0 _____/___ _________ ____

-20

a)
C-

-000

C -

o-0 -60 -40_ -20 0 2 4 608_

a)
60

L -80 _FJI

FIELD PROBE DATA

FR80 40.000000 HZ KA-BAND Theta - 0.00 Dog.

AMPLITUDE OFFSET: 19.20 ANGLE OFFSET: 0.00

-v I "

I A

Vetitcl Polarzetion
Is.... ... .. W Radial Distance (Inches) m am zzlu a.".i

6 FEB 90 FAMJP1

B-86

FIL PROBE DATA



FIELD PROBE DATA

FRE: 40.000000 6HZ KA-BANO Theta -0.00 Deg.
PHASE OFFSET: -245.67 ANGLE OFFSET: 0.00

200

4150

100-

0

4)

-150 ~ ~ .. ___

-80 -60 -40 -20 0 20 40 60 80

Vertical Polarization
to-w i m- Radial Distance (Inches) TEST: FIEWL: KAM74m

Ut 16 FEB g0 FILD4AME: KA9.PLT

"n -

FIELD PROBE DATA

0 FREQ 40.000000 6HZ KA-BAJI) Theta -0.00 Deag.
PHASE CII FSV:-56 ANLC FS : . 0

-20 ____ ____ ____

-4-

ci

-6 A

ID

-100 ________

-120 ________

-s0 -60 -40 -20 0 20 40 60 80

Vertical Polarization
ritt'-. m a-* Radial Distance (Inches) ivm. FU~EL= KMAY

It -mc-.. a PlEIXW. NAM1 PIT

B-87



FIELD PROBE DATA

FREM 26.500010 BH A-BAND Theta - 0.00 Dog.

AW4Lr.DE OFFSET- 14.65 UGLE OFFSET: 0.00

I _

° [LUL __

.4
E I

Veetl a poleriztion

Radial Distance (Inches) TEXT. PZIBlKAWM4A

16 FEB 90 FXW4. KAI.PLT

FIELD PROBE DATA

FREG: 26.500010 GHZ KA-BANO Theta " 0.00 Deg.

PHASE OFFSET: -71.37 ANGLE OFFSET: 0.00

__ _ _ _ .. .. .. ..___ _ 2

200 _ - -

150
C-

IitCm
-C

CL -50

-too
-150

-200
-10 -60 -40 -20 0 20 40 6o 80

Vsrtl1 Pu |0r001t $'

Radial Distance (Inches) TST: IEL02 KAM4 44A

Ft - A16 FEB 90 FILM: K,,P

B-88



FIELD PROBE DATA

0 FREC 26.500010 GHZ KA-6AND Theta - 0.00 Dog.

PHS CFSP 7.3 NL FSET: 0{0 -
-0-

-20

01

L -30 _______________________ ___
C3

4) -40 __. . ..
U)

00
-50 . ... __... .

-70 . .. . . ..
-60 -60 -40 -20 0 20 .40 60 80

Vertlcl POlb-IZstlon
Radial Distance (Inches) TW: FZEM tUNYMQ

.t. .t... *zF!LD4M NhM1A PLT

FIELD PROBE DATA

FREQ: 30.000000 GHZ KA-SAND Theta - 0.00 Dog.
AMPLITUDE OFFSET: 14.21 ANGLE OFFSET: 0.00

I ______ _________

Radial Distance (Inches) Tesi' F~zMAuXV'iA

16 FES go ~ F.AIE tA1.PUT

B--89



FIELD PROBE DATA

FREQ: 30.000000 6HZ KA-OAW 7nhr - O.Oj Deg.

PHASE OFFSET: -89.23 ANG.LE OFFSET: 0.00

2 0 - . .. . . .. . ..

II I

100

Cu

w
Ch

-200
-80 -60 -40 -20 0 20 40 60 80

vrtIcol Poirllttion

Radial Distance (Inches) TESt FIELDZ K&4MV4O

16 FES 90

* In m' )

FIELD PROBE DATA

FREOL 30.000000 6HZ KA-BAND Theta " 0.00 Oag.

-J -40 _ -.. ,_-

U)

-600

to

___ 710 1 771

-S0 -60 -40 -20 0 20 40 60 80

Yegrtleol Mori~zat1i

P=w -.. t ,,Radial Distance (Inches) Mr Ma.DKMVDHm.

B-90



FIELD PROBE DATA

FREQ: 35.000000 GHZ KA-BAta3 Theta - 0.00 Dog.

AMPLITUDE OFFSET: 15.70 ANGLE OFFSET 0. 00

A. -- -

Radial Distance (Inches) WE51. FIBtKWEAC

" ' ' "" ' ~~16 FES 90 IEA:Wt...

FIELD PROBE DATA

FREQ: 35.000000 GHZ KA-BAND Theta - 0.00 Deg.

PHASE OFFSET: -91.72 ANGLE OFFSET: 0.00

200 -

150

oo
100o .. ....

Cu

03

010

020

-0 -60 -40 - -20 a 20 40 60 80

Vertstai Polorizt it ot

w -" 2- .". " - Radial Distance (Inches) rESt: FZIELOZKAWno4C

16 FEB 90 FKLE#EJC K49 Pt

B-91



FIELD PROBE DATA

0FE 35.000000 WCZ KA-BAND mhet.a 0.00 og.
PSE OFSET: -S1.72 LE 0. 0

-20 ________

-30 - _____________ ____

Co

L -50 A _ _-

* -60 _ _

(L
-70

-70

-80 -60 -40 -20 0 20 40 00

L4 vettiegi Poerlizetm
*A -Radial Distance (Inches) TEST: ULM KjM~C

rt. ~ 2 PZD"E MIC. LT

FREO. 40.000000 6HZ KA-SAND Thea.- 0.00 Dog.
AMIPLITUDE OFFSET: 19.42 ANGLE OFFSET: 0.00

"Mn 3 teiai
Raia Ditac (Icei Wrfa mm

16FE g FtEU KAI.P

_ _ ;;-92



FREG* 40.000000 6HZ KA-BAND Theta -0.00 De~g.
*PHASE OFFSET: -219.180 ANGLE OFFSET: 0.00

200 _---

150 . .. . . - - - -

(U
L. 5

0

-200 7Ii~
-80 -60 40 20 0 20 40 60 80

Vetilc Polar'ization

1-.Radial Distance (Inches) TEST: FIaDEKM kA4OA

Ft Z15 FEB 90 FILENMH KA9.PLT

FIELD PROBE DATA

FRECI 40.000000 6HZ KA-BAND Theta -0.00 Deg.
FPHASE -CFSVip2 AN LEF

0)0

020

100

-80 -0 -40 -20 0 4 0 60 E

vertical Folorlzasts
Ma-Cttf"Radial Distance (Inches) Ti

Ft . FZLEMM' NMN)WPLT

B-93



FAE0: 25.500010 GRtZ KA-BANO Theta -0.00 Deg.

AM4PLITUDE OFFSET: 14.80 ANGLE OFFSET: 0.00

131

-3 - 7 - - - - - -. -~ -- -

-5 - -

-60 -60 -40 -20 0 20 40 60 80
Horizontal Polarizationl

SRadial Distance (Inches) TEST: FIELMILA.ioaA

1115 FEB 90 FILEMAJOE: kAb.PIT

FIELD PROBE DATA

FREG: 26-500010 GHZ Theta -0.00 Deg.

PHASE OFFSET: -202.93 r .'

150

10C

0) 5
LI
at

-00

015

-200L
-80 -60 -40 -20 0 20 40 60 s0

Horizontl0 Polariztion
ta at .Radial Distance (Inches) TEST., FZELDZ KA*4A

,~ "' ~16 FEB g0 FILEN5JE- S PLT

B- 94



FIELD PROBE DATA

0 FREM 26.500010 6HZ KA-AND Theto - 0.00 Dog,

PHAE OFSE: -1D293 ANSC FFSE 0. 0O
-o

a) _______

ma -30o___ ___ ___ '

2 1
-30iC2

0~ -40A

-80 -50 -40 -20 0 20 40 60 60

Hwe xontI1 ftPlar$lation

Radial Distance (Inches) TEt FJLDaZ KA

FIELD PROBE DATA

FREe: 30.000300 GHZ KA-BAND Theta - 0.00 Deg.

AMPLITUDE OFFSET: 13.79 ANGLE OFFSET. 0.000, ______ ] ______ __ _______

-3---0 - -0 1 60 80

E

-9

-5-

80 -60 -40 -20 0 20 40 60 so

Radil Cistance (Incries) TEST FEtOZ KAW4IC

'I15 FEB 90 FIE'NA64 K-6 PtT



FIELD PROBE DATA

FRE: 30.000000 GHZ KA-BAND Thaet - 0.00 Deg.

PHASE OFFSET: 59.32 ANGLE OFFSET: 0.00

200

100

L,. 50 .. . . . . . . . . . . . . .

CmOs

00
r'a

Cl -50-

-1500. . . . . .

-200L I
-80 -60 -40 -20 0 20 40 60 00

Horizontal Polarization

w Radial Distance (Inches) TEST:, FIE.DKAH48.

16 FEB 90 zLsEA- KAR.P-

FIELD PROBE DATA

0 FREOI 30.000000 6HZ KA-BAND Theta - 0.00 Deg.
PE FSET 5 .32 ANGLE CET. 0. O"

-10 __ ___ ___ ___ ___ 4

-50 A_ __

03 -60 __

3-60

a.,

o -50 ____...... ..__

10
-800 .._ _

-80 -60 -40 -20 0 40 60 00

a-fztoml ftIouizat wn
Radial Distance (Inches) Mr FLDCKAM

Ft. - k It PFILwwe NA5F.P-T



FIELD PROBE DATA

FREG: 35.000000 UL KA-BAND Theta -0.00 Deg.
9AMPLITUDE OFFSET: 16.23 ANGLE OFFSET: 0.00

0

-1 - AN I ___

-2

-3I

-41

-5

80 -0 -40 -20 0 20 40 60zr~. sa.Iton

wRadial Distance (Inches) TEST: FIELD2:KM.4W4C

15- FEB_ FILENAME: KA6.PLT

FIELD PROBE DATA

FREO: 35.000000 GHZ KA-BANO Theta -0.00 De-

PHASE OFFSET: -237.72 ANGLE OFFSET: 0.00

200

1501

Cn

0 - 5 0 --------

-200
-80 -60 -40 -20 0 20 40 60 60

Radial Distance (Inches) TEST :IELOEZ. 4MM04C
Zt~ a 16 FEB 90 FIIkW KAS PLT

............- .... 7..



FIELD PROBE DATA

0 RQ 35.00000 GHZ KA-GAND Theta 0.00 Dog.
PKAS ST:-7.72 ANOU FFST O.

-40

o -60 _______ A___

r

-100 ___ ___

-1201 1~ ~
-80 -60 -40 -20 0 20 40 60o 80

us lu~l & G-ft Radial Distance (Inches) Mri rxe K&*Mc

on-~w c."-* ftft

FIELD PROBE DATA

0 FREG: 40.000000 0HZ KA-SAND Theta -0.00 Deg.
PHFET 

0EFS
-20 - - *

-40

C',

raa

-120 L LI
-80 -60 -40 -20 0 20 40 6 10 a0

f Radial Distance (Inches) MT.ar FIEWUv.A.w.'40
-kt A2 FILENAINc o4Aw~2vP



FIELD PROBE DATA

FREQ: 26.500010 GHZ KA-HAND Theta - 90.00 Dog.

AMPLITUDE OFFSET: 14.12 ANGLE OFFSET: 0.00

' ' -

Cl.1

vertical PoarlZitlaf

Radial Distance (Inches) TEST: FTEUZ KAMVV04A

16 FES 90 FLENAME: KA3.pLT

FIELD PF-OBE DATA

FREG: 26.500010 HZ KA-BA Theta 90.00 Deg.

PHASE OFFSET: -124.87 ANGLE OFFSET: 0.00

20_

150. 7

too

Cu

L 5

(a

-5

cii

-200 -6 - 0- 0
-80 -0 -0 20 0 20 40 60 so

vertical PoIIrZatioln
US.. 1 ... -" .Radial Distance (Inches) TEST: FIELOZKANVV0A

F16 FEB 90 ILENAME. KAS.PLT

B-9 9



FIELD PROBE DATA

0 FREQ 26.500010 GHZ KA-OAND Theta - 90.00 Dog.
PHASE- -FFSET -r4.87 AN0LE C .0SET: 0. DO

-5

-10

-20

-25

-30

-80 -50 -40 -20 0 20 40 60 80

vrtilcl ParlmZation
Radial Distance (Inches) Ta. rmu w$(vvo

o. . L M FU E NAWIL.PLT

FIELD PROBE DATA

FREQ: 30.000000 GHZ KA-BAND Theta - 90.00 Dog.
AMPLITUDE OFFSET: 14.72 ANGLE OFFSET: 0.00

Radial Distae (Z.W

B-10

C I I .

..... '.... '.......... Radial Distance (Inches) TOUT: P1E.DOXkwv046

16 FEB 90 .id.KA.L

B-I0



FIELD PROBE DATA

FREQ: 30.000000 HZ KA-BAND Theta - 90.00 Deg.

PHASE OFFSET: -209.51 ANGLE OFFSET: 0.00

200

4_ 5 0 .. .. . . . . . . . .. . . . . .
<374

2I
Ln

0

Q. -50 .. . .. . . . . .. . . . . . . . . . .. . . . .

-100
cii

-150 . . .. . -

-200. 
.

-so -60 -40 -20 0 20 40 60 80

Vertical Polarization
UP - ffl-- 1" -- Radial Distance (Inches) TMaT: fELOZKAMYVOA8

16 FEB 90 FIL KASPLY

FIELD PROBE DATA

FREQt 30.000000 6HZ KA-BAND Theta - 90.00 O8;.

0FS : i D9. 5 F I{SET: O.O

-10

L -15

r-1A-

020

a -25

-30

-35
-80 -60 -40 -20 0 20 40 60 B0

Valrtical Polariti
us-rm ,, -,- &Radial Distance (Inches) Tor wmZnAwvoe

ft. IOI

B-101



[A 5 ooo sm X D-AA That& 90.00 Beag.

AMLID FST 1  P6.17 ANL OFST:00

-lt 
i o P o a iz t o

fl. Radial Distance (Inches) 'EST: flEL=Kuivva~c

16 FEB 90 FIL!Nhm L: KA3PL

FIELD PROBE DATA

FAEG: 35.000000 6HZ KA-BAND That& 90.00 Deag.

PHASE OFFSET: -149.12 ANGLE OFFSET: 0.00

150

too

LI
Cm
a)

03

-00 -60 -40 -20 0 20 40 60 so

Yo -t -4 o-Radial Distance (Inches) TW-' L FzAeWVVo4C

~~ *I 16 FEB 90 flLENM. AOPi

B-102



FIELD PROBE DATA

0REG: 35.000000 MH KA-4AW ~ Theta -90.00 Dog.

-10 All, I __

@1 -15 _ _ _ _

CD -20 ____ ________

-4

-0 -6 -0 20 0 20 40 60 0

Verticel fperzatioAm .. -2f Wft Radial Distance (Inches) iwnr .MM AWvoC

FE:4.000GHZ- K.A-BAtJ Theta -90.00 Deg,

AMPITUE FFST:16.34 AN~GLE OFFSET: 0.00

G) 

_____

E _

Radial Distance (Incnes) Tfty: "ZILDKA o~

16 FES 90 FlLtkAW: VA3.Pt?

B-103



FIELD PROBE DATA

MirQ 40.000000 GHZ KA-DAI) mTea 90.00 Deg.
PHASE OFFSET: -206.64 ANGLE OFFSET: 0.00

200~ -- - -

150

10

(L -5

-100 --- - . - - -

-200
-80 -60 -40 -20 0 20 40 60 s0

veftical POefr~fz.tn
w -r 1-v11 -Lmo Radial Distance (Inches) TM.t FT CZ AMVV04

a16 FES 90 FXLDWC- Kv.pLT

FIELD PROBE DATA

FREG: 26.500010 6HZ KA-GANO Theta -90.00 0e..
MPLITUDE OFFSET: 14.86 ANGLE OFFSET; 0.00

-4- -- -- -

, 44

~ 'Radial Distance (Inches) TUr. PrZin A*M"v

M6 FEB 90 FUD" UElS VAifT

B-10 4



FIELD PROBE DATA

FREM 26.500010 6HZ KA-SAND Theta -90.00 Deg.
PHASE OFFSET: 85.62 ANG6.E OFFSET: 0.00

200 -

100

100

4t
L0 5

CD

02

-10

-150 . . . ____-__ _

-80 -60 -.0 -20 0 20 40 60 s0

morlionte1 Polawlzatlon
Us m lft 6 Radial Distance (Inches) TEST. FW..DZKANW0A

C~ M."

Pt. ~16 FES 90 FXLDAME. KAS.PLI

FIELD PROBE DATA

SMEG: 26.500010 WCZ KA-SAM Theta -90. 00 Deg.

-5 - ----

L -15
0D
C

C2 -20 _ _ _

-25

-30 ____ ____ ____ ____

-80 -60 -40 -20 0 20 40 60 80

Rad~al Distance (Inches) TW. pm: ; KOOMM"

B-105



FIELD PROBE DATA

FREQ 30.000000 6H2 KA-SAND Theta - 90.00 Dag. a

AMPLTWE OFFSET: 14.50 ANGLE OFFSET: 0.00

-1.

-C. <U 4 bizantaI podiwzatiol

Radial Distance (Inches) TUr FIZZ KOufv4a

16 FEB 90 rZLeWM KAI.PLT

FIELD PROBE DATA

FREQ 30.000000 GHZ KA-BANO Theta -90.00 Deg.
PHASE OFFSET: 14.49 ANGLE OFFSET: 0.00

15 - ~ - ...... ~

ISO

too
(n

a)
a)

0

02

-100 - , ,,-..

-150 ~- -__

-00 -60 -40 -20 0 20 40 60 soSf-zlaste] Pe]wIrtion

Radial Distance (Inches) TUT: FICOZSoKAMH4

16 FEB 90 PII.WE. K".PLT

B-10 6



FIELD PROBE DATA

0 -FRE:30.000000 SH K uIT&i. Theta -90.00 Dog.

-15

C-

o -20

-25

-30

-35 ---

-40
-80 -60 -40 -20 0 20 40 6060o

"ibx~tal POUarutiW

lut.Radial Distance (Inches) TU1 IRA P.KNW400

FIELD PROBE DATA

FREtC 35.000000 6HZ KA-BAN That* 90.00 Deq.
AMPLITUDE OFFSET: 15.78 ANGLE OFFSET: 0.00

[ 1____

a2
-4b ~ #! __ ___ __

Radial Distance (Inches) iu, FIaSftKM*WO4c

16 FEB 90 PILDW KAI.P.A

B-IC7



FIELD PROBE DATA

FAEQ 35.000000 GHZ KA-BAND Tbets 90.00 Dog.
PHASE OFFSET: 9.84 AN4GLE OFFSET: 0.00

200 - - 1
150 -

a

0

a -150

___200____

-80 -60 -40 -20 0 2 0 4 0 60 80

Radial Distance (Inches) TES: FIE, " KANNo4C

1M FEB 90 FI0..WL KA9.PLT

. ~ A me)

FIELD PROBE DATA

0 FREM 35.000000 GHZ KA-GAND That@ 90.00 Dog.

-200

L

o -25 ____ ___

0) -30 ___ _ _

-40 ________

-45 _____________

-60 -60 40 -20 0 20 40 6: s0

Radial Distance (Inche5) Mr pFnUL fO4C

B-lOSPL



FIELD PROBE DATA

FREO: 40.000000 6HZ KA-BANO Theta -90.00 Deg.
AMPLITUJOE OFFSET: 20.07 ANGLE OFFSET: 0.00

RadilJ Distance (Inches) TEST: FIELDZKAm.i-o40

t6 FEB 90 FILENAkE: KA3.PtT

FIELD PROBE DATA

FREG: 40.000000 GHZ KA-BAND Theta -90.00 Deg.

PHASE OFFSET: -34.98 AN6LE OFFSET: 0.00

200

150

100

C-

0) 5

01

0)

-100

-150- -

a-0 -6 4 20 0 20 40 60~1@t

Radial Distance (Inches) TEST. FIrLZ KM4v04C

' ~~~ *1 ~16 FEB 90 LtAE AO!



-5s-K-~ .a Theta 90.0 Dog.

-25

CL

-50

00 400 6020
rI Masa~ AS adlal Distance fInches)

B-110



APPENDIX C. STANDARD GAIN HORN ANTENNA PATTERN MEASUREMENTS

C Band, 6 to 8GHz.................................................... C- 3
X Band, 8 to 12.4 GHz................................................ C-B8
Ku Band, 12.4 to 18 GHz.............................................. C-16
K Band, 18 to 26.5 GHz............................................... C-19
Ka Band, 26.5 to 40 GHz.............................................. C-24
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ACCEPTANCE TEST DATA
FREQ: 6.000000 6HZ C-BAN AZ CUT I EL: 0.00 Dg.

0 AMPLITUDE OFFSET: 9.98 ANGLE OFFSET: 0.00

-10 . ... - ---.-.

-304.J

4< -40

-60

-100 -80 -60 -40 -20 0 20 40 60 so 100

Vertlcal Polarliztion
t, -ft a., ,t *-I" - AZIMUTH (Deg) TM AC cuIS,

March 24. 1990

ACCEPTANCE TEST DATA
FREG: 6.500000 6HZ C-BAND AZ CUT I EL: 0.00 00g.

AMPLITUDE OFFSET: 9.30 ANGLE OFFSET: 0.00

-10-----------. - ---- -

-20

-30

= -40

-60

-100 -60 -60 -40 -20 0 20 40 60 so 100

Vrtical PolarzatiOn
., .,, .. *.,, ,, AZIMUTH (Deg) nmi: Acc,. COW

march 24. 1990

C-3



ACCEPTANCE TEST DATA
FAM 6.500000 SZ C-BA.! AZ CUT El- 0.00 Oeg.

AMPLITUDE OFFSET: 9.30 ANGLE OFFSET: 0.00

-to

-30

Vmtcl .lSlto

-50 _A _

-60l - ji
-100 -80 -60 -40 -20 0 20 40 60 so t00

vertical Polariz1ation
U W 9 r AZIMUTH (Deg) Tu1 wt:. c2W

QMrch 24. 1990 FILflWe CMNSSH.P.T

ACCEPTANCE TEST DATA
FREO: 7.000000 GHZ C-BAND AZ CUT I EL: 0.00 Deg.

AMPLITUDE OFFSET: 10.06 ANGLE OFFSET: 0.00

20

-30 . . ...

-50 .....

-60 4
-100 -00 -60 -40 -20 0 20 40 60 so 100

vert ical Po]lizet o

US , Ar= V ftR S..L"O &f AZIMUTH (Deg) m. Accw'r Clow
March 24. 1990 Fn.EUhe CBAMS6H.PL?

C-4



ACCEPTANCE TEST DATA
FREG

" 
7.000000 GHZ C-BANO AZ CUT 9 EL: 0.00 Deg.

AMPLITUDE OFFSET: 10.16 ANGLE OFFSET: 0.000

-20. - -

-3 -30 ---

E

-40

-50-

-60
-100 -80 -60 -40 -20 0 20 40 60 s0 100

vltical POlWizttion

us , ,..u.'-. f, 0"W,. AZIMUTH (Deg) Wr. ACCT: C29W

Ft. Q March 24. 1990 F U CAICS4.PLT

ACCEPTANCE TEST DATA
FREGk 7.500000 6HZ C-BAND AZ CUT I EL 0.00 Deg.

0 AMPLITUDE OFFSET: 9.29 ANGLE OFFSET: 0.00

-10 -~-

'a

-40 _ _-- -- -

-50 ..... .. - -

-100 -80 -60 -40 -20 0 20 40 60 so 100

Vert ica1 Ptalzatlaln
91 -0-4 AZIMUTH (Deg) mi' AcwlgM4

March 24. 1990 FIL3W CIADU.PLT

C-5



ACCEPTANCE TEST DATA
FRM 7.500000 SHI C-8A*C AZ CT I r-: 0.00 Dog.

0 ANPLITUDE OFFSET: 9.97 ANGLE OFFSET: 0.00

-10 - - -

oS
- -20 ___ - __ __

-30

.

< -40 .-... .. ..

-50 .. ...-.

'-60 •
-100 -80 -60 -40 -20 0 20 40 60 o0 100

Vea-ical POl rlzatlon
Am 22-mi. IV wf AZIMUTH (Deg) TE6T: AC:C3SGN

Ft' Q' March 24. 1990 FZLDWE CANOSH.PLT

ACCEPTANCE TEST DATA
FREQ. 8.000000 6HZ C-BANO AZ CUT 9 EL 0.00 Dog.

AMPLITUDE OFFSET: 9.42 ANGLE OFFSET: 0.00

-10 - _ ._

0 .

D -30

-40 -A -

-100 -80 -60 -40 -20 0 20 40 60 s0 t00

Vwtima ftlorimat1n
" *,.., . , ,AZIMUTH (Deg) 1t,. ACCrm:4

March 24. 1990 FILDOM lMg6U4.PLT

C-6



ACCEPTANCE TEST DATA
FREt: 8.500000 6HZ C-flAM AZ CUT e a. 0.00 Deg.

0 AMPLITUDE OFFSET: 9.47 ANGLE. OFFSET. 0.00

-10 -.--

- -20 - __

V

-40 -

-50..-

-60 (
-100 -80 -60 -40 -20 0 20 40 60 s0 100

vertical Polerizatlon
us 91t- 'It04 AZIMUTH (Deg) iTKIi ACWC mU4

Ft. March 24. 1990 FID4NAML CBAN0.PLT

C-7



ACCEPTANCE TEST DATA
FRIED: 8.000000 6HZ X-BANO AZ CUT 0 EL 0.Ou Oneg.

0AMPLITUDE OFFSET: 10 .63 ANGLE OFFSET: 0.00

_20

-30- - --

.
4

L

E

-40

-100 -80 -60 -40 -20 0 20 40 60 s0 100
Vertical Polwi'zation

US A"UN-tP"f * AZIMUTH (Deg) iTE ACCET: X1904

AzMarch 24 1990 FUDW. X9AfW.PLT

ACCEPTANCE TEST DATA
FREQ: 8.000000 6HZ X-BAND AZ CUT U EL 0.00 Dog.

0AMPLITUDE OFFSET: 10.94 ANGLE OFFSET: 0.00

-t0

-20 ._

V -30

S

61-0 _6 -40 20 0 20 4060 s 0100

ftt- t. ZIUH(Deg) miT* AOMP1 xsms
F1908tailiy C@CkMarch 24 1990 FEAE-XAD*.L



ACCEPTANCE TEST DATA
FREG: 8.500000 GHZ X-BAND AZ CUT I EL: 0.00 Deg.

AMPLITUDE OFFSET: 10.84 ANGLE OFFSET: 0.00

-to-
-20

77 -30..

-0 -40208

-50 .. .. .

-601

-100 -80 -60 -40 -20 0 20 40 60 80 100

Vertical lwlzation
w 41ii t p-s" Pi mI AZIMUTH (Deg) TEB- ACCT: x,91

March 24 1990 , CSGHoPLT

ACCEPTANCE TEST DATA
FREQ: 8.500000 GHZ X-BAND AZ CUT S EL 0.00 Deg.

0 AMPLITUDE OFFSET: 10.99 ANGLE OFFSET: 0.00

- 1 0 - - - - - - - - _ _ _ -

-20

:3 -30 . . . . ...

E
-40 -

-50 --

-60 '

-100 -80 -60 -40 -20 0 20 40 60 8o 100

Vrtical Polarization
m . %_I. A..w AZIMUTH (Deg) TW. ,Cm.: x19"

Repeatability check March 24 1990 l X

C-9



ACCEPTANCE TEST DATA
FREQ 9.000000 GHZ X-BAND AZ CUr I EL: 0.00 Dog.

0 AMPLITUDE OFFSET: 11.29 ANGLE OFFSET: 0.00

-20

W

-40

-100 -80 -60 -40 -20 0 20 40 60 80 t0

varticl. PololrZstion

us . . ., -.. AZIMUTH (Deg) mT: ACcEP: Xl4

,' I' March 24 1990 xBMCs4.PT

ACCEPTANCE TEST DATA
FREG: 9.000000 GHZ X-BAND AZ CUT 0 EL" 0.00 Dog.

0 AMPLITUDE OFFSET: 11.58 ANGLE OFFSET: 0.00

-10 --- __

-20 30U,

-40

-50 vv-

-100 -ft s0 -40 -20 0 20 40 50 s0 100

U.R flW Iet * . AZIMUTH (Deg) in. ACCT: x19"

Repeatablllty check March 24 1990 F MANDG".FLT

C-10



ACCEPTANCE TEST DATA
FREG: 9.500000 GHZ X-BAND AZ CUT 6 EL 0.00 Dog.

0 AMPLITUDE OFFSET: 12.54 ANGLE OFFSET: 0,00

-10 --- -- --- - - - __

- -20

04

E

-40

-100 -80 -60 -40 -20 0 20 40 60 80 100

Vet lcal POlalzation
w .v fl.1.es AZIMUTH (Deg) TUir A&CIsV X

March 24 1990 FILDWM XUNSQ4.P1J

ACCEPTANCE TEST DATA
FREG: 9.500000 GHZ X-BANO AZ CUT I EL; 0.00 Doi.

0 AMPLITUDE OFFSET: 12.62 ANGLE OFFSET: 0.00

- 0 . . .0_ . .

-20 _--

-30 . .. . - -

E
-40

-60
-00 -50 -60 -40 -20 0 20 40 so SO too

Vertical Polar-ization
w ." " p,,,.,.,,, AZIMUTH (Deg) Ter £ C? U: ES

Repeatablilty check March 24 1990 F UMQNUSQ.PLT

C-I



ACCEPTANCE TEST DATA
FREm 10.000000 6HZ X-BSA AZ rr I EL: 0.00 Deg.

AMPLITUDE OFFSET: 14.08 ANGLE OFI.ET: 0.00

0A

-: -20 __ - - ________ __

-20

-10 ---- O- - - -20 0 20 4 60_ 80 10

CU

-40 A - - -~ -

VVI V

-100 -80 -60 -40 -20 0 20 40 60O 80 100

vortical Polarization
,- ,'.tf t AZIMUTH (Deg) 1T" ACCE: X2H

0-0- -. =

Mar'ch 24 1990 FXD4AWE X

ACCEPTANCE TEST DATA
FREQ: 10.000000 GHZ X-BAND AZ CUJ Z EL: 0.00 Deg.

0 AMPLITUDE OFFSET: 14.12 ANGLE )FFSET: 0.00

- -20 ___ -_____

-30 . - . -- __ .., .
41

E
-40 _____

-50 . ... . .

-100 -80 -60 -40 -20 0 20 4r 60 so iDO

vrateal Potl tistlin
81 1 AZIMUTH (Deg) TUi ACCEPF LJW

Repestabllity check Msrch 24 1990 FILAE. )MCIWQ.PLT

C-12



ACCEPTANCE TEST DATA
FREQ: 1 .500000 6HZ X-SANZ) AZ CUT I EL; 0.00 og.

0AMPLITUDE OFFSET: 13.93 ANGLE OFFSET: 0.00

-10 -- -

--30

-40.L

- 100 -80 -60 -40 -20 0 20 40 60 s0 100

toAZIMUTH (Deg) mr. AET: 2614

F 1March 24 1990 Fa1L J. XAMsN.PLT

ACCEPTANCE TEST DATA
FREG: 11.000000 GHZ X-BAND AZ CUT I EU: 0.00 Deg.

0AMPLIT1JE OFFSET: 11.80 ANGLE OFFSET: 0.00

-20 _

(V

10
:$ -30 --- -

* ~-40

-60,
-100 -80 -60 -40 -20 0 20 40 60 s0 100

vertical ftIIMI,.to
fA AZIMUTH (Deg) IM. ACEPT OW

ftmm A: March 24 1990 F T M9 W A..

c-



ACCEPTANCE TEST DATA
FREQ: 11.500000 IHZ X-GANO AZ CUT 0 E- 0.00 Dog.

AMPLITUDE OFFSET: 12.77 ANGLE OFFSET: 0.00

11

23 -3 --

-40 __

-50 .... .

-60 ,

-10C -BC -60 -40 -20 0 20 40 6C 13 ICo

verPticlI Polai zation

" "1y £1~.-ty rg "'av" AZIMUTH (Deg) TEST: ACEPT:

n. M~',,x, Narch 24 1990 FIL.DUM x*AS PLT

ACCEPTANCE TEST DATA
FREQ: 11.500000 GHZ X-BANO AZ CUT I EL" 0.00 Deg.

AMPLITUDE OrFSET: 12.20 ANGLE OFFSET: 0.00

-10 _____ 7~111 - .___ ___ ___

-20 ... . . .

-40 _ A_;_

, 0t
- 0 -90 -60 -40 -20 0 20 40 60 80 10O

* I1* " AZIMUTH (Deg) lTM: ACCEPT: X.K,@

March 24 1990

C-1 4



ACCEPTANCE TEST DATA
FREI 11.999900 GHZ X-BAND AZ CUT I EL: 0.00 Dog.

AMPLITUDE OFFSET: 12.62 ANGLE OFFSET: 0.00

-10 - ~ ---

-t-0

0 -20 0 20 0 0_

,aaI l- -I .t AZIMUT (Dg -. FT ACCPT X39

out-
ci -40 - ____ _

-100 -60 -63 -,o -ao 0 20 , 0 8 c

Mrch 24 1990 FILEPW X8MCSrH.PIT

ACCEPTANCE TEST DATA
FREI 12.400000 GHZ X-BAND AZ CUT I EL: 0.00 De;.

AMPLITUDE OFFSET: 14.30 ANGLE OFFSET: 0.00

0-

-30 . .. .

cl

-40 -

-50 ___ ___ ___ ___

-60

-100 -80 -60 -40 -20 0 20 40 60 90 100

[I.-. *-" ar-aVortics1 P017wilat1irmimm- .s- ... AZIMUTH (Deg) TEM Ac*I X4S4

March 24 1990 FTULiAML AODIG. PT

C-15



ACCEPTANCE TEST DATA
FREM 12.400000 6HZ KU-BAND AZ CUT I EL- 0.00 Deg.

AMPLITUDE OFFSET: 11.93 ANGLE OFFSET: 0.00

-10

-20
NU

-30 .. .

E
-40

-100 -80 -0 -40 -20 0 20 40 60 80 100

vorticl; Itll Sl on

-100u . .0, &-60 -4 AZIMUTH (Oeg) iWr. ACC r , S6,r m. FrLNM KUBASGH. PLT
Ft. f AlMarch 27 1990

ACCEPTANCE TEST DATA
FRE: 14.000000 GHZ KU-BAN, AZ CUT I EL: 0.00 Deg.

0 AMPLITUDE OFFSET: 11.56 ANGLE OFFSET: 0.00

:3 -30 --- - -

-50

-60
-100 -60 -60 -40 -20 0 20 40 so so i00

V41P iIelh ft"11 tll

21 1 V"* 8-4 AZIMUTH (Deg) Tt$w ACCEPT KUSr4

Al March 27 1990 FDME KtEAPCSG4 RI

C-16



ACCEPTANCE TEST DATA
FREG: 15.000000 GHZ KU-BANO AZ CUT I EL 0.00 Deg,

0 AMPLITUOE OFFSET: 11.31 ANGLE OFFSET: 0.00

_1o L. .. .. .... -.. .. ...II
-20

-30

< -A+C - -

-100 -80 -60 -40 -20 0 20 40 60 80 100

vertical Pclsrizstlen

W e -1U b.W AZIMUTH (Oeg) TM.T: ACFT IS1E

M a r c h 2 7 1 9 9 0 F * ! U .& ) E . K 1 .3 A MD S6 4 P L T

ACCEPTANCE TEST DATA
FREG 16.000000 GHZ' KU-BANO AZ CUT BEL: 0.00 Deg.

0 AMPLI TUDE O FSET: !1-66 ANGLE OFFSET: 0.00

-10 .............

2 3

4

-40 ./ . -.

-so

-100 -80 -60 -40 -20 0 20 40 60 80 100

Verticl pFcirl:st2o,
AZIMUTH (Deg) TE-r: ACCEPT: KU r

March 27 ig90 FILEKWP E SC4 PLT

--17



ACCEPTANCE TEST DATA
FREQ: 18.000000 GHZ KU-BAN AZ CUT I EL: 0.00 Dog.

A4P.ITUDE OFFSET: 11.99 ANGLE OFFSET: 0.00

-t ... .. .. .. . . -- -

-4L0
-20

-30 .

-4

-100 -8) -60 -40 -20 0 20 40 60 so 100

vertical PolIp|12twoe
B M- f- " Mr- AZIMUTH (Deg) TEST: ACCEPT: KUISG

mra-ch 27 1990 FLEAJE: K

A

c-18



ACCEPTA1CE TEST DATA
FREG: 1,.000000 GHZ K-BAND AZ CUT 0 EL: 0.00 Deg.

AMN-.IU'rJE OFFSET: -0 88 ANGLE OFFSET: 0.00

-20A .____ _

-3C

II.............~...-... 4;,
< -40.---j- --

,5 0
-60 1- I , 1

-103 -8O -60 -40 -20 0 20 40 60 B 10C

Vartic I Po lerilvtlcr.
. -. ,,-.- AZIMUTH (Deg) TEST: ACCVT:K IS.

24 MARZH 1990 FlLEhM4E hIS~h.P-T

ACCEPTANCE TEST DATA
FREQ: 20.00000^ GHZ K-BAND AZ CUT I EL: 0.00 De;.

0 A4PLITUDE OFFSET: -2.15 ANGLE OFFSET: 0.00

-30_____ L
.,
E _

-100 -60 -60 -40 -20 0 20 40 60 s0 100

vorti ftl e 'P llo t|W

AZIMUTH (Deg) 7157: ACCVT; KISS"
24 MARCH 1990 FrUDIE KiES .T

C-19



ACCEPTANCE TEST DATA
FRED: 22.000000 6HZ K-BANO AZ CUT I EL: 0.00 Deg.

AMPLrT':E OFFSET: -4.34 ANGLE OFFSET: 0.00

-10 ... -.- - -

j:r . JYi/ d~ z. . 7

E . .. .......J/,1 / - " -  . ..... .,,_ __'

-0c -so -60 -40 -20 0 20 40 6D :0::oo

vetia II Pele'llat ion

AZIMUTH (Deg) TEST: ACIT:KIS&-

24 MARCH Iggo FI LE W-, KISG!.P.T

ACCEPTANCE TEST DATA
FRED: 22.000000 GHZ K-BAND AZ CUT I EL 0.00 Deg.

0 AMPLITUDE OFFSET: -4.39 ANGLE OFFSET: 0.00

-30 ... . . I _-_

-40 Ak
~ -- _____-_

-40 -- _ _ _ _ _

-100 -0 -0 -4D -20 0 20 40 6o 80 100

w , . AZIMUTH (Deg) Tkmr ACCEPrK2 04

24 MARCH 1990 -ILO0W: KZ94.PLT

C-2 0



ACCEPTANJCE TEST DATA
FREG: 23.000030 6HZ K-BAND AZ CUT 0 EL: 0.00 Deg.

0 AMPLITUDE OFE:-3.27 ANGLE OFFSET: 0.00K0.
-tI

-4 _ __

-50-------- -

- to -- ± _B 5 A 2 20 40 60 s0 ICO

n~. -AZIMUTH (Ueg) TM: ACEP!K2

'4 ' ~~~~ 24 MARCH 1990 ~J. Z~lP

ACCEPTANCE TEST DATA
FREQ: 24.OOOCLO 6HZ K-BAND AZ CUT C [L: 0.00 x.~g.

0 AMPLITUDE OrPSET: -3.15 ANGLE OFFSET: 0.00

-20 ___ ~ ___ ___- __ __

-30 ~--

.4-0

-- 60 1 AL.......I1
-100 -80 -60 -40 -20 0 20 40 60 so 100

Wa A-9- -"4 AZIMUTH (Deg) Tu?. ACTK2Ss-

rt .a24 MARCH 1990 PXLD&AJE. K2SPI P9T

C-2 1



ACCEPTANCE TEST DATA
FREQ: 25.000000 6HZ K-OANZ AZ CUT I E- 0.00 Og.

0 APL TUC OrSET: -2.87 ANGLE OFFSET: 0.00

-20 - _____o____

-30 , I I-
_"__-

-4o . . ._ ----0

-50 --

-100 - -60 -40 -20 0 20 40 60 60 100

SAZIMUTH (Deg) 1UT ACUTKsssm
Cnl '-Clr - -lt[€

" 24 MARCH 1990 FrL-M kSOH P.T

ACCEPTANCE TEST DATA
FPF,: 26.U00.0 GHZ K-BAND AZ CUT 0 EL 0.00 Deg.

0 AMOL ITUCE O)FSET: -0.91 ANGLE 0 FSET: 0.00

-10

-30 . ....0 _

-40 J-

-100 -60 -60 -40 -20 0 20 40 60 s0 100

vwmtlcaI PSIwlztlo
L "" U AZIMUTH (Deg) T13I: ACCEY:1 K3S&

p j 24 MARCH 1990 FILDE"A KB P.L?

C-22



ACCEPTLNCE T=ST flLTZ
4FREG: 26.500000 GHI K-6ANO AZ CUT I EU 0.00 Do;.

AMP.AJTJ!E 0 FSET: -2 06 ANGLE OPFSET: 0.00

E I-

QC,0 -e0 -60 -40 -20 0 20 40 EO 6 'CO

- AZIMUTH (Ceg) TEST: ACCLVT K3S9-

,~ ~24 M4ARCH 1990 FLEXW ILS

C-23



ACCEPTANCE TEST DATA
FREQ. 26.5.0000 GHZ AZ O ' ,lU.T ! EL: 0.00 Ve2.

A4,PLITUDE OFFSET: 2.19 ANGLE OFFSET: 0.00

-20

n Ii
2 -30 F _

-40 I-

-100 -80 -60 -40 -20 0 20 40 60 s0 100

u 11- 0__: " "" ' *AZIMUTH (Deg) i. ACCEFr: s

24 MARCH 1990 FIL&Ie KAWsPR.T

ACCEPTANCE TEST DATA
FREI 26.500000 GHZ KA-80NZ AZ CUT I EL 0.00 08g.

AMPLITUDE OFFSET: 1.79 ANGLE OFFSET: 0.00

-AM .e 4/i\ 4

-C-2

-50

_ I ii .

-:o -60 -80 -40 -20 0 2 40 60 80 :00

Mmrch~ 26 J99o ., fI unc pe cut f.W rac..T

C-24



ACCEPTANCE TEST DATA
FRE: 28.000000 GHZ KA--d-C AZ CUT EL.- 0.00 Deg.

AMPLITUDE OFFSET: 2.41 ANGLE OFFSET: 0.00

D -30

S -20 . ... .
-Co -I' I ... . ..

-6i

-100 -0 -60 -40 -20 0 20 40 60 80 100

a]-"_ P" "AZIMUTH (Deg) UI A : AS

24 MARCH 1990 OW. K"WG.PLY

ACCEPTANCE TEST DATA

FREI 28.000000 GHZ KA-BAND AZ CUT I EL: 0.00 Deg.

AMPLITUDE OFFSET: 2.49 ANGLE 0FSET: 0.00

-to 711

-30

-_____ -____ -6 -____ -20 0 20 __ 0______ I0
-4C

-502

-6I

-100 -SC0 -60 -4C -20 0 20 40 60 80 t0o

Vortitmi Polwiztlon

* AZIMUTH (Deg) TWr ACET. KAS

" ~~~~ ~Mvrc? 26 1990... .1 frequency per cut rLW.£MW.L

C -2 5,



ACCEPTANCE TEST DATA
FRED: 30.000000 6HZ KA-..BAN AZ T I E. 0.00 Dog.

0 AMITU E OFFSET: 2.12 ANGLE OFFSET:. .00

-20

-F . ......... --- -- -- -

cu I

I r
S - o . - .- - ... . . --

-0 - -6 - -0 0 .0 40 I0 - 10

Vortitel P lzr $tiona... " " " " '" "" A Z IM U T H (D e g ) nT : A==CT: , AS S

2 24 MARCH 1990 X KASI. PLT

ACCEPTANCE TEST DATA
FRED: 30.000000 GHZ KA-BAND AZ CUT 9 EL. 0.00 Deg.

AMPLITUDE OFFSET: 2.07 ANGLE OFFSET: 0.00

-20 .... _ _....

:3 -30

E
-40

-50 .. .

-iOc -80 -60 -40 -20 0 20 40 60 80 100

,, l,-. *. *.W AZIMUTH (Deg) nu' aC=. Aime
p" March€ 26 1990...I frequency per cut D IABDI..0

C-2 6



ACCEPTANCE TEST DATA
FREO: 30.000000 GHZ KA-8AiO AZ CU"T I EL: 0. 00 Oe2.

0 AMPLITUDE OFFSET: 1.01 ANGLE OFFSET: 0.00

L -30. .

-40 L-

-60

- 100 -80 -60 -40 -20 0 20 40 60 so 100

Vortical] Po l ]isti on

us -, - . ,AZIMUTH (Deg) ur. Ac,.

24 MARCH 1990

ACCEPTANCE TEST DATA

FRErI 30.000000 GHZ KA-BANf AZ CUT I EU 0.00 Din.

AMPLI TUDE OFFSET: 1.34 ANGLE OFFSET: 0.00

-30
4-1

EE
-40 J__ ___ __ __ __ - . __

-100 -80 -60 -40 -20 20 40 60 so 100

vtict el ! NarlsettIo

, , Q.. AZIMUTH (Deg) Tio Ao0,'.

March 26 1990... Ifrequency per cut flLWC KAMOM.PLT

C-27



ACCEPTANCE TEST DATA
FREQ. 32.000000 GHZ KA-BAND AZ CUT I EL 0.00 Dog.

AMPLITUDE 0FFSET: 4.05 ANGLE OFFSET: 0.00

-20 .. -....

10
-30 . .... .. -

CJ

E
f -40

-50 . I

-60
-100 -80 -60 -40 -20 0 20 40 60 80 100

veti cal Palnr ttion

,, , , P4AZIMUTH (Deg) I ACEPTAS
Ft. Q 24 MARCH 1990 I

ACCEPTANCE TEST DATA
FREQ: 32.000000 GHZ KA-BANO AZ CUT I EL 0.00 Dog,

0 AMPLITUDE OFFSET: 3.86 ANGLE OFFSET: 0.00

- -20

-30 __-

f -0 "_

-60
-!00 -80 -60 -40 -20 0 20 40 60 80 oo

* -~ '~AZIMUTH (Deg) 79rAcc". im
March 26 1990.. freauency per cutVXW4Ue AM

C-2 8



ACCEPTANCE TEST DATA
FREQ: 34.000000 GHZ KA-BOA AZ CUT I EL: 0.00 Dog.

0 AMPLITUDE OF ; 5.74 ANGLE OFFSET: 0.00

-30 .. f.

E
-40.
-50

-6o, .ALL .L__
-100 -80 -60 -40 -20 0 20 40 60 83 100

vertical Polvr[lt ion
us i.. P AZIMUTH (Deg) irr,: &CA0Fr..AS

24 MARCH 990 FZD4AWL KASSHI.P3

ACCEPTANCE TEST DATA
FREG: 34.000000 GHZ KA-BAND AZ CUT 0 EL

" 
0.00 Deg.

AMPLITUDE OFFSET: 6.04 ANGLE OFFSET: 0.00

-10 1 ____

J -40

-5C 4
-60

-103 -80 -60 -40 -20 0 20 40 60 83 100

vertical ftlaritlton

AZIMUTH (Deg) r A K: A0116
pt, f x March 26 199... I frequency per cut PD.Bwe MaWQVM.FLT

C-2 9



ACCEPTANCE TEST DATA
F 34.500000 61HZ KA-BAND A2 CUTI E B.. 0.00 Dlog.

0AMPLITUDE OFFSET: 5.84 ANGLE OFFSET: 0.00- -

8 -20 ~_ - -

-30

E
-40 . .-

-100 -80 -60 -40 -20 0 20 40 60 830 100

vertical Pot11?atl n
Us lot~ P arwAZIMUTH (Deg) mr ACEr KAi4sw

ACCEPTANCE TEST DATA
FREQ: 3A.500000 GHZ KA-BAND AZ CUT I EL: 0.00 0og.

0 AMPLITUDE OFFSET; 5.88 ANGLE OFFSET: 0.00

-20 ______

Co

-30

-50L- - 1__ .1 A-__ I - - _

-60 L-*-100 -eo -60 -40 -20 0 20 40 60 6: 300

AZIMUTH (Deg) mir' £0Cwr.K449

ft*S4~MMarch 26 1990 ... I frequency per cut FXIOWA. RMMND PL.T
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ACCEPTANCE TEST DATA
FRE: 35.000000 6HZ KA-BAND AZ CUT I EL: 0.00 Dog.

AMPLITUDE OFFSET: 5,36 ANGLE OFFSET: 0.00

-10.......... ..... --- ....

' -40 L 1 ..... ..
-20

-3c

-b0C -80 -60 -40 -20 0 20 40 60 80 100

vertical Polarization
m ,.-,. -. , . AZIMUTH (Deg) TM.; ACE. SS*

V1 M 24 MARCH 1990 fl.%WC: K"W,.P.T

ACCEPTANCE TEST DATA
FREG: 35.000000 GHZ KA-BANO AZ CUT I E1_ 0.00 Deg.
AMPLITUDE OFFSET: 9.02 ANGLE OFFSET: 0.00

0 LE 0 FSE

2 -20

-30
CL

< -40 A

-50V

- 100 -80 -60 -40 -20 0 20 40 60 so too

us am emn-"" , fr AZIMUTH (Deg) TM ACCEPT: ,.XWE.
w " ~ m NfI e'h 26 1" 0... I frequenCy per CUt M INAM K9W IW -PLY
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ACCEPTANCF TEST DATA
FRED 35.000000 SZ KA-BAND AZ CUT I EL 0.00 D9.

0 A04PL:It'0E OFFSET: 5.35 ANGLE OFFSET: 0.00

-30

<-40 -

-80
-100 -00 -60 -40 -20 0 20 40 60 so 100

vertical Polarizttm
invwtso P u'wl oAZIMUTH (Deg) TA 4

ft AS24 MACH 1990

ACCEPTANCE TEST DATA
FRED: 35.000000 GHZ KA-BAND AZ CUT I Eu 0.00 Deg.

0 AMPLITUWE OFFSET: 5.30 ANGLE OFFSET: 0.00

-20 ,

-30

S -40

-I0C -80 -60 -40 -20 0 20 40 60 80 ,

- v. . w w A Z IM UT H [D e g) 10 1. A C W ., X44

M a MrCh 26 1990.. .1 frequency par cut flu _d .
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ACCEPTANCE TEST DATA
FREI: 35.400000 GHZ KA-BANZ AZ CUT I EL: 0.00 Dog.

AMPLITUDE OFFSET: 4.03 ANGLE OFFSEET: 0.00

- .-20 ____a.
-30

-40 . . .. . .

-50 .. ..

-60
-100 -BI -60 -40 -20 0 20 40 60 s0 100

voel t 1 le'lltion

AZIMUTH (Deg) m" &CMs: ,,SW

24 MARCH 1g90 nI-WE KAS". LI

ACCEPTANCE TEST DATA
FREI 35.400000 GHZ KA-BAND AZ CUT I EL: 0.00 Dog.

0 AMPLITUDE OFFSET: 3.87 ANGLE OFFSET: 0.00

-1 11.I____
- -20

-30

4
J

E-

-40 _ _-

-50 ______ ___ -

5 -60, .. .

-100 -80 -60 -40 -20 0 20 40 60 80 100

AZIMUTH (Deg) mir A 1eCP, KAU*O

ftW A March 26 1990 ... Ifrequncy per cut FLD&4JC KQMKS=..T
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ACCEPTANCE TEST DATA
FREQ: 35.400000 HZ KA-BAND A2 CUT I EL: 0.00 Dog.

AMPLITlDE OFFSET: 4.30 ANGLE OFFSET: 0.00

-10 .

-20 -

-30 _

-100 -eo -60 -40 -20 0 20 40 60 s0 100

vertical Pv llotlltt
"" 91 1 0 0 AZIMUTH (Deg) TW. ACr. KA7.4

Mt. ~24 MARCH 1990

ACCEPTANCE TEST DATA
FREG: 35.400000 GHZ KA-BKQ AZ CUT I EL 0.00 Dg.

AMPLITUDE OFFSET: 3.97 ANGLE OFFSET: 0.00

-20

V
3 -3

-40 ,.

-5

-6C 11 -XIA I

-100 -BO -50 -40 -2 0 20 40 so so 100

m llae"~ ft P sft "" -' "AZIMUTH (Deg) 1 A KAM

March df, 1990... Ifre4'ncy ve- cut
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ACCEPTANCE TEST DATA
FREG: 35.500000 GHZ KA-BANO AZ CUT I EL

" 
0.00 Deg.

AMPLILIODE OFFSET: 4.51 ANGLE OFFSET: 0.00

-10 -

-20 _ 4 - . . . . .. .. ... ... .

-30 . ._

E
4 -40 

-

-100 -60 -60 -40 -20 0 20 40 60 80 100

Verica Wo1 ]r tistieon

to &I-- ., . AZIMUTH (Deg) TM. A KA4S

24 MARCH 1090 FI1.LD , KAM4.dP..T

ACCEPTANCE TEST DATA
FREG: 35.500000 GHZ KA-BANO AZ CUT I ELU 0.00 09g.

AMPLITUOE OFFSET: 4.42 AMLE OFFSET: 0.00

0-3

-40 

-

-100 -80 -60 -40 -20 0 20 40 60 so 100

vert ical Polarititon

iA.",91....,..." dr AZIMUTH (Deg) 1W: ACCWr K
sawaai~l, 0. a

March 26 1490. 1 frequency per Cut FZLW. KAAmQSWI
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ACCEPTANCE TEST DATA
FRED 35.500000 GH2 KA-BAD AZ CUT I EL: 0.00 Deg.

0 AMPLITUDE OFFSET: 4.66 ANG.E OFFSET: 0.00

- -20

3 K ___ - . . . ... .

-40 - _ _ I--50 ....

-100 -80 -60 -40 -20 0 20 40 60 8 100

vert €i1 c l r ftl* :tlcn'
%fil 0" AZIMUTH (Deg) TIV.: ADCVKA5

24 MARCH 1990 FILE4AIE KAB .P-.T

ACCEPTANCE TEST DATA
FREG: 35.500000 GHZ KA-OAND AZ CUT I EL" 0.00 Deg.

0 AMPLITUDE OFFSET: 4.60 ANGLE OFFSET: 0.00

-10 ~ _____________ ___

8 -20._

40

V i __ _
-4 1I _, _ - _

-50

-6.-

-lOC - -,0 -4C -20 0 20 40 60 so 100

- - a-.. -l AZIMUTH (Deg) in' *CIrA90"

t , * Mz March 28 1990... I frequency per cut FI "Ah.1 KAWMWW-PLY
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ACCEPTANCE TEST DATA
FRE: 35.500000 GHZ KA-BANO AZ CUT I EL: 0.00 Deg.

ANOLITUDE OFFSET: 4 76 ANGLE OFFSET: 0.00

-- 

-10 -K -60 -40 -20 0 20 40 60 80 100

Ve"t il l l i st i oP11

AZIMUTH (Deg) TnT. ACCEP A

" 24 MARCH 1990 FrDW. KA.P .'.

ACCEPTANCE TEST DATA
FREQ. 35.500000 61Z K.A-BAND AZ CUT I EL' 0.00 09;.

0 AM,-LTU": OFFSET: 4.64 ANGLE OFFSET: 0.00

____ i \

-20

-30 ______

SI

-F. .1 ,[1' . I~

-1e0 -80 -60 -i0 -20 0 20 40 sc 8c Soo

"' '"' "AZIMUTH (Deg) Tit: ACCr K73

nlm " Npcb 26 199o0._1 freoqulncy Ver cut frfiXJDW F KANAMM I.PLT
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ACCEPTANCE TEST DATA
FREI 35.600000 6HZ KA-BAND AZ CUT D EL: 0.00 Deg.

AMPLITUDE OFFSET: 5.2 ANGLE OFFSET: 0.000

-30~ EI

2- -o t .... .. ... .......

-60 L

-IOC -80 -60 -40 -20 0 20 40 60 80 100

YefticaZ P@1writetl f
- . AZIMUTH (Deg) MT, ACr: KASS

"'7 '* 24 MARCH 1990 FILA. L&.&4

ACCEPTANCE TEST DATA
FREI- 35.600000 GHZ KA-BAND AZ CUT I EL: 0.00 Deg.

0 AMLITDE OFFSET: 5.09 ANGLE OFFSET: 0.00

-20

cu

-30 /

-x -40

-50 I
-2100 -60 -60 -40 -20 0 20 40 60 01 0

C-k|il 3 lerintioS
us,..m . . " w,-. ,..,, AZIMUTH (Deg) T9r ACC~VM. KB

MarPch 2619 $90 ... I frequelncy pi, cut
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ACCEPTANCE TEST DATA
FRE: 35.600000 GHZ KA-BANO AZ CUT I El 0.00 Dog.

AMPLITUDE OFFSET: 5.31 ANGLE OFFSET: 0.00

I I _
-20

-30 - _ _

-40 i

-5°0 'l

-100 -80 -60 -40 -20 0 20 40 60 80 100
vertical Itlerlislame

AZIMUTH (Deg) mT. ACE. KA7W

24 MARCH 1990 F KABS47.P Ir

ACCEPTANCE TEST DATA
FREG: 35.600000 GHZ KA-6AO AZ CUT I EL: 0.00 Dog.

0 AMPLITUOE OFFSET: 5.05 ANGLE OFFSET: 0.00

-- 0

--30

-50

-100 -80 -60 -40 -?o0 20 40 60 so Soo

vertical flarslent o
='=="""=""AZIMUTH (Deg) Tzr Aca". KA.3

Al m Mar'ch 26 1990 ...1I freqluency per cut FTDU KAAND .PLT
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ACCEPTANCE TEST DATA
FAEO 35.000000 6HZ KA-BAND AZ CUT 0 EU 0.00 Deg.

AMPLITUDE OFFSET: 4.05 ANGLE OFFSET: 0.00

-10

-. -20 ..- -- - - - - - -

-30-------~-

-1o I

-60 . . . .. ..___ _ ..
-100 -80 -60 -40 -20 0 20 40 60 0 100

vertical Pelal2ltlon

AZIMUTH (Deg) M ACCPT: KL
Pt" ' ----L 24 MARCH J990 M.41,. T

ACCEPTANCE TEST DATA
FREQ. 36.000000 0HZ KA-BAND AZ CUT I EL 0.00 Dog.

0 AMPLITUDE OFFSET: 3.99 ANGLE OFFSET: 0.00

-20
V

3 -30 _ _ _ _ -~-

E

-100 -60 -60 -40 -20 0 20 40 60 so 100

Ft. 06, z March 26 1990...1 frequency per cut fILDO A ULI..T
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ACCEPTANCE TEST DATA
FREa, 36.000000 GHZ KA-IBAND AZ CUT I EL 0.00 Dog.

AMPLITUDE OFFSET: 4.26 ANGLE OFFSET: 0.00

- -20 .--------.-.--

V -20

-30

-40 I- -

-60 ..JJI LJ........

-100 -eo -60 -40 -20 0 20 40 60 80 100

vertical ft2aeizatomtAZIMUTH (Deg) I. KAS T
24 MARCH 1990 FDDEAW. S".?

ACCEPTANCE TEST DATA
FREI 36.000000 GHZ KA-BANZ AZ CUT I EL: 0.00 Dog.

0 AMPLITUDE OFFSET: 3.B5 ANGLE OFFSET: 0.00

-10 _ I -- _

-20

W

V
-30 -

-40

-S

-60 ' .1
-100 -80 -60 -40 -20 0 20 40 6o so ,oo

vertical .isrzatiton
a f AZIMUTH (Deg) Tf1 AtPr. KAN@"

' a. & 24 MARCH 1990 FrLUUuw KA1.PL.T
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ACCEPTANCE TEST DATA
FRE0 36.000000 6H2 KA-BOAI AZ CUT I E" 0.00 Deg.

AMPLITUDE OFFSET: 3.93 ANG6E OFFSET: 0.00

-20

-30 ..

, -40

-50- _

-60
-100 -80 -60 -40 -20 0 20 40 60 90 100

Vert ica1 l r lwzt on

. . n- .-. . , 6 - AZIMUTH (Deg) 1 r ,cma . . ,c

March 26 1990... I frequency per Cut u KALMUW.

ACCEPTANCE TEST DATA
FREQ: 38.000000 GHZ KA-BA&N AZ CUT 6 E

" 
0.00 Deg.

AMPLITUDE OFFSET: 6.42 ANGLE OFFSET: 0.00

I. .......... ....... ..-
- -0

I

C] -40 ..... . .... - -"-.

4, -30. ........ ......

-50

-1o -0 -50 -40 -20 0 20 40 so so 100

' ,AZIMUTH (Deg) nui ACE , .A
24 MARCH 1990 FlU.04M KAIE P1.
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ACCEPTANCE TEST DATA
FREG: 38.000000 6HZ KA-BAND AZ CUT I EL: 0.00 Deg.

JAMPLITUDE OFFSET: G.14 ANILE OFFSET: 0.00

-10 .... . ... ... -

*r

- -20

- 30

-40.

iu --K Aw

-100 -80 -60 -40 -20 0 20 40 60 80 100

v1rtacel fist tlSt ioa
, w.P..,.,,. AZIMUTH (Deg) r ACEPT.KASbE

t ,,2 4 MARCH 1990 FZLgAJ.. . Kram.p"r

ACCEPTANCE TEST DATA
FREak 38.000000 GHZ KA-BAND AZ CUT U EL 0.00 Deg.

AMPLITUDE OFFSET: 5.94 ANGLE OFFSET: 0.00

-20 -

-30

-50

-60. ffiA
-100 -80 -60 -40 -e0 0 20 4r 60 83 100

AZIMUTH (Deg) TIT A1PKhS

ft A March 26 199.. . frequency per cut FILDWE. KAOMDMC4T
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ACCEPTANCE TEST DATA
FlEQ: 40.000000 GIHZ KA-BAND AZ CUT 6 EL: 0.00 Deg.

APLTT'JE OFFSET: 6.60 ANGLE OFFSET: 0.00

-10 -

w

-30 .-------..---- -

Ev
-40n

-50 -

-100 -80 -60 -40 -20 0 20 40 60 so 100

Vwrtic.1 Ptlaulatl~f
fr " . AZIMUTH (Deg) TUr A T KAU4

m 24 MARCH 1990

ACCEPTANCE TEST DATA
FREG: 40.000000 GHZ KA-BA)ND AZ CUT I EL 0.00 D0g.

AMPLITUDE OFFSET: 6.46 ANGLE OFFSET: 0.00

-20
i f

-30 ...

040

-60

-100 -80 -60 -40 -0 0 20 40 so so

AZIMUTH (Deg) U' ACeW1A02."

24 MARCH 1990 UDWe KAMM. P-T
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ACCEPTANCE TEST DATA
FREQ: 40.000000 SHZ KAAN AZ CUT I EL: 0.00 0e..

AJ4'LITUOE OFFSET: 6.34 ANGLE OFFSET: 0.00

-0 -

-. -20 ~ -

-40 ____

ZL5II0
a6 -,

-10 -80 -0 -40 20 0 20 40 60 80 100

Vertical Polarization

&__ mP1 - AZIMUTH (Deg) TEXT ACE~ KIWWmC
rt. 4- A Mach 219o. frequency pe cut FXLDUAL LABANDBO.PLT
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APprFjDTX D. PHOTOGR/kAMVE7TC MEASU E.E"TS

This appendix summarizes, in graphical form, photogra'~etric
measures of the accuracy of the Compact Range's parabolic reflector.
These graphics a e from a report prepared by Geodetic Services Inc. of
Melbourne, Florida. The entire photogrammetric data set, consisting of
more than 200 pages of three-dimensional data in tabular form, is on
file at USAEPG.
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ACCEPTANCE TEST PLAN

for

USAEPG COMPACT RANGE

1 INTRODUCTION

The Georgia Tech Research Institute (GTR) has installed a large Compact Range for
the U.S. Army Electronic Proving Ground at Ft. Huachuca, AZ. The purpose of the
range is to test microwave and radar antennas attached to various vehicles. The range
consists of a large parabolic reflector, a positioner to hold the target vehicles, a'
microwave RF path, and a computer system to run the range and collect the data. All
of these various sub-systems when combined together comprise the Compact Range.
This document is to be used to verif, and specify the operation parameters of this

system.

1.1 System Specifications

Because of the research nature of this program, specific boundaries for operational
parameters could not be defined at the beginning of the program. As a result. the data
collected during the acceptance test will establish these operating parameters for the
range. However, some items were specified in reference A of subsection 1.2.

1.2 Related Documents

A. Proposal No. ST-MS-1701R1, Compact Range Development. Proposal to
U.S. Army Electronic Proving Ground from Georgia Tech Research
Institute (GTRI) dated December 1986.

1
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B. GTRI Subcontract No. A-3922-S1 with ESSCO, Concord, Mass. Compact
Range Reflector.

C. GTRI Subcontract No. A-3922-550-S2 with Logimetrics, Plainview, NY.
Traveling Wave Tube Amplifier.

2 REFLECTOR

The reflector was designed, fabricated, installed, and aligned by ESSCO, Concord, MA.

The main criteria for acceptance is the alignment of the surface and the location of the

focal point. The GTRI subcontract specified surface tolerances based on different

diameter sizes measured on the reflector face. Photogrammetry was the test metnod

used to check the aligtnment of the reflector. GSI Inc. of Melbourne, FL, photographed

the reflector and performed the necessary analysis to locate the focal point and to

determine the RMS error of the surface. The following results where reported by GSI:

Focal Length Specified Reported

1800.00 in. 1800.189 in.

RMS Error: Specified Reported

Central 28 foot radius 0.005 in. 0.00526 in.
Circle 2 (28 - 32 foot radius) 0.025 in. 0.00803 in.
Circle 3 (32 - 37.5 foot radius) 0.050 in. 0.02187 in.

3 POSITIONER

The main structure is a large azimuth-over-elevation positioner capable of moving very

heavy loads to produce a hemispherical coverage of the object under test. The structure

2
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has a turntable, a hydraulic motor, a tilt table, two hydraulic cylinders, a manifold block

to house the servo valves, and associated cables and hydraulic tubing.

The main tests of the positioner are the functioning of the azimuth and elevation axis.

3.1 Limit Switches

Each axis has a set of limit switches to halt motion. The elevation limits are set zt 0
and 90 degrees. The azimuth limits are set at TM and T3D degrees. The azimuth

limits can be over-ridden to permit continuous 360 degree rotation. The elevation limits

can be over- idden to permit motion of the cylinders into the mechanical cushions at the

end of the travel.

3.1.1 Azimuth Axis Limits

The proper operation of the Azimuth Axis Limits was verified and the actual limit

values recorded.

Specified Actual

Limit Switch Actuation Verified
Clockwise limit TBD deg. t"o -/(9/qo) ) , " - M
Counter-clockwise limit TBD deg. -/6....

3



3.1.2 Elevation Axis Limits

The proper operation of the Elevation Axis Limits was verified and the actual limit
values recorded.

Specified Acul
Limit Switch Actuation Verified YEs.
Up limit 90 deg. 9 I o6 3
Down limit 0 deg. -o..2_ -O

32 Hydraulic System '1 " T/t/(

The hydraulic system consists of the main and auxiliary pumps, a pair of hydraulic
cylinders for elevation motion, a hydraulic motor for azimuth motion, and servo valves
to control each axis. All items must be functional for the entire system to perform
correctly. The servo valves cannot be individually checked. However, if both the
azimuth and elevation axis move smoothly, then the servo valves are functioning
correctly.

3.2.1 Pump

The prime mover for the positioner is a large hydraulic pump located in the
underground enclosure. Associated with this unit is also an auxiliary pump.that
circulates the fluid through a cooling loop to a heat exchanger. The pump unit
incorporates low fluid level and over temperature sensors to shut the unit down.

The main test of this unit is that both pumps operate normally when turned on. Both
the operation of the low fluid level and over temperature sensors will be demonstrated.
The low fluid level will be tested with a long Aire to depress the float in the hydraulic

4
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fluid tank. The high temperature will be tested by turning off the cooling fan and
operation the azimuth axis until the high temperature switch closes.

Verified

Pump operation %,f V )4
Low fluid sensor 4,, JH
Over temperature sensor J /it

9E-PVSTEbro iSo 'F -ER.TEF -r s-r

3.2.2 Hydraulic Cylinders (Elevation Axis)

The hydraulic cylinders move the elevation axis and lift an assembly known as the "tilt

table". The main test is that the cylinders extend and retract smoothly under various

speeds and minimum and maximum loads. There may be some slight jerks as the
cylinder moves. However, movement should be smooth enough so as not to preclude

accurate data collection over the applicable range of speeds. The full extension and

retraction of the cylinders will be demonstrated using the mechanical cushions to

end the travel. The limit switches will have to be by-passed during this operation.

Specified Amin) ________"__

Speed
Up Lo.10

Minimum < 0.14 deg/sec zo.o
Maximum none o.75ss (' , ')  '

Down

Minimum <_ 0.14 deg/sec -_0.1_ __._0

Maximum none . ). 017"Z

3.2.3 Hydraulic Motor (Azimuth Axis)

The hydraulic motor moves the 'turntable' located on the azimuth axis. The main test

of the motor is that it move the 'turntable' smoothly under various speeds and minimum

and maximum loads. There may be some slight jerks as the axis moves. However,

5
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movement should be smooth enough so as not to preclude accurate data collection over
the applicable range of speeds.

Speed c Actual vAr, -

Clockwise
Minimum < 1 deg/sec I I ,
Maximum none .9_0_

Counter-clockwise
Minimum -1 deg/sec 3 j3. cMaximum none I s.-i q

3.2.4 Hydraulic System Electronics

The following items are to be tested to establish proper hydraulic system operation with
resuts recorded in Section 3.2.4.7.

3.2.4.1 Neutral Interlock. The neutral interlock feature prevents the startup of
the auxiliary and main hydraulic pumps if an axis is selected. The pumps can only start
if the system is in neutral (i.e. STANDBY MODE).

3.2.4.2 Hydraulic Shutdown. The hydraulic shutdown switch located on the
Annunciator Panel disconnects power to the hydraulic pumps once they have been
started. Resirting the pumps has to be done in the hydraulic pump room.

32.4.3 Compensator Override. The compensator override switch located on the
Annunciator Panel actuates a vent for the compensator valve located in the hydraulic
pump room. This switch will bring up the compensator. This will be tested by reading
the Hydraulic Power Unit supply pressure.

6

E-12



3.2.4.4 EmerMtn StoD. Emergency stop switches halt the current axis in motion.

The axis will remain stopped as long as the switch is latched. Motion will resume when

the switch is unlatched. Switches are located in the control room, at the top of the

positioner and at the bottom of the positioner.

3.2.4.5 Emergency Power. Emergency power provides for continued axis control

in the event of a power failure in the control room. The emergency power switch is

located on the Hydraulic Interface Unit (HIU) located in the underground electronic

equipment side. -

An emergency generator (GFE) should be available to check the capaility to park a

maximum turntable load from 90 to 0 degrees elevation. The th movement will be

demonstrated under maximum turntable load for elevation an= 6f 0 and 90 degrees.

If a maximum load is not available and as long as the emergency generator is able to

power the auxiliary pump to full pressure, the above requirement should be met.

3.2.4.6 Local Control Unit. The local control unit provides the operator with

manual control of the positioner. The unit can be located at either the positioner top or

bottom by attaching the unit to the emergency switch box connector provided. The unit

will be demonstrated under normal and emergency power conditions.

7
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32.4.7 Recorded Data. The performance of the above features are to be

recorded below:

Fe tUax -EM Eail Comment

Neutral Interlock _V/ '2' ' .
Hydraulic Shutdown V _ 1.1, ) H H
Compensator Override v, "_ " ' JAI$
Emergency Stops:

Control Room ___ 'h/" .T"v
Top of Positioner \_
Bottom of Positioner _, _ , :

Emergency Power ." / ,,/ -,j,
Local Control Unit _ " iz

4 RF PATH and INSTRUMENTATION

4.1 Receiver Linearity and Dynamic Range

Linearity and dynamic range of the receiver with respect to the incoming RF signal will

be checked by directly connecting the RF output of the appropriate instrument

(depending on frequency) to the RF input of the AUT mixer. With a variable

attenuator in the RF signal line and a constant output at the source, line attenuation

will be increased in a stepwise fashion and the signal level at the source will be

recorded. Tests will be done at low, mid, and high frequencies of the following bands:

a. 6- 8 GHz ,t, -
b. 8 - 12.4 GHz W
c. 12.4 - 18 GHz %').. k_..
d. 18-26.5GHz "%Vi./P
e. 26,5 - 40 GHz 7 h'

,-C h. ) -Ei,, Y//?(~-Lzz)

/A t714 C,7.,, /i'-"",O, Co/V: ''. 4 Z..

/9.3 X2,7 AW"Rh IS1E- 4
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Frequency ._ _GHz n

Attenuation Signal Level at Receiver
(dB) (dBm)

_______ S" 6"J
213

-2-3 - .wu.s/

______ -29.5
L-3 -__ ,__. _

Frequency _ _ _GHz

Attenuation Signal Level at Receiver
(dB) (dBm)

50

it -2m

Frequency _ _. _GHz

Attenuation Signal Level at Receiver
(dB) (dBm)

E15



Frequency - GHz

Attenuation Signal Level at Receiver
(dB) (dBm)

o 40.3

Frequency _ - GHz

Attenuation Signal Level at Receiver
(dB) (dBm)

Co 403

6. I

Frequency _ GHz F " -

Attenuation Signal Level at Receiver A; oftm. /, )
(dB) (dBm) (4,

0 "
-10-j

30Eq.--
50 -, U59so Y 4.
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Frequency _ - _GHz

Attenuation Signal Level at Receiver (Sijp E

(dB) (dBm)__ _ _ _ _ __ _ _ _ _ If
3o -7,-? - '1 -;>

o5 " - LS.0 - -

Frequency __ ,___ GI-z ? ;. _, -7 ; / -z6S. Gi7 ,'*,±

Attenuation Signal Level at Receiver
(dB) (dBm)

Frequency -:. GHz

Attenuation Signal Level at Receiver
(dB) (dBm)

100

o - 2.0,0
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Frequency ____ -  
_GHz

Attenuation Signal Level at Receiver
(dB) (dBm)

0

L_ o -ZO,3

30 ..W. .

Frequency - E GHz S 1S -, - - -

Attenuation Signal Level at Receiver " G # A dZ

(dB) (dBm)
0

a-S -¢k-

Frequency - GHz

Attenuation Signal Level at Receiver
(dB) (dBm)

0 )).C,3

Z1 - q.13

12
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Frequency _ "__ GHz

Attenuation Signal Level at Receiver
(dB) (dBm)

0 0
__ o_-___..$

Frequency GHz

Attenuation Signal Level at Receiver
(dB) (dBm)

Frequency ______GHi

Attenuation Signal Level at Receiver
(dB) (dBm)

Vott

_ 'I

13
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4.2 RF Signal Sources ',

RF power levels present at the input to the RF feeds with respect to the power output
of the RF source will be measured at the low, mid, and high frequencies of the five
bands (6-8, 8-12.4, 12.4-18, 18-26.5, and 26.5-40 GHz) in order to characterize each of
the three RF paths as a whole. Loss and gain of the individual components in each RF

path are determined elsewhere when deemed necessary.

Frequency P(out) at Source P(out) at RF input to feeds
I.:___ J9.1 III___LS

Frequency P(out) at Source P(out) at RF input to feeds
F c ot. 5 Stsn1

Frequency P(out) at Source P(out) at RF input to feeds

Frequency P(out) at Source P(out) at RF input to feeds

Frequency P(out) at Source P(out) at RF input to feeds
- J a.qZ ___3__)_

Frequency P(out) at Source P(out) at RF input to feeds

14
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Frequency P(out) at Source P(out) at RF input to feeds

Frequency -sP(out) at Source P(out) at RF input to feeds

Frequency z. P(out) at Source P(out) at RF input to feeds
'- '/

Frequency -kP(out) at Source P(out) at RF input to feeds

_ 
35

Frequency xP(out) at Source P(out) at RF input to feeds /
_q_._ 32., o

Frequency *P(out) at Source P(out) at RF input to feeds h. 4/-

-- 33) 741's

Frequency *P(out) at Source P(out) at RF input to feeds

Frequency P(out) at Source P(out) at RF input to feeds

Frequency P(out) at Source P(out) at RF input to feeds

15
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4.3 Traveling Wave Tube Amplifier (TWTA) ,',, '

The gain and the level at the RF sample port will be checked on the TWTA at least

every 2 GHz from 18-40 GHz.

Frequency P(out) at Source P(out) at Sample Port
,__ __ .o * -i.S __ _ __ _ ._ _ __ _

-_.-, Z1. o- - .7 .

2_,. 11.- 'f .. . 3,/' / .2,

La.~AJV~6 ~ ~+-IS.1 __________A

- 2.0 -~, -l,.0 37 .0

4.4 Field Probe Data

GTRI is planning to measure the RF field generated by the parabolic reflector with a

moving probe. These measurements will be used to show how' well the system has been

focused as well as the amplitude and phase distribution within the 50 foot diameter
".quiet zone". Ile probe that will be used has been modified for use on this range and

,will have to be moved twice to cover the entire 50 foot diameter. Initially, only the

middle 13 feet will be measured. Depending of the type of data obtained, further

measurements beyond the Central area may not be made. The measured data will be

included as a part of this document.

The field probe data will use the same (or as close to the same) frequencies that were
used for paragraphs 4.1 and 4.2. -,_,__o _

6P z.-

16 2 6--, 10 -_;I ,, :
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4.5 Antenna Measurement Confirmation i2.,f-it a ' -I

An antenna measurement confirmation test will be performed in each trequency band
using standard gain horns along with the minimum and maximum loads. As a minimum,
these tests will be performed for one elevation and one azimuth cut at the peak gain of

the test antenna in each frequency band.

S IGFJ or F
4.6 Use of Test Item as Source -----

Demonstration of the use of the test item as the signal source will be performed at each

frequency band.

5 COMPUTER SYSTEM

The entire range will be operated from a remotely located computer in the control

room. This system will perform the actual data collection, moving the positioner, setting

up the instrumentation, and analyzing the data. Testing an item involves:

"o X' -i I. Creating a test definition.
-' / :--; 2. Loading and executing the test definition on the range. This involves

automated control of all the instrumentation.
3. Unloading the test. Insuring the database is properly updated.

Si~ j/ ,.~ 4. Being able to perform post processing operations on the data such as
printing, analysis, etc.

The following items uill be checked to determine if the software is functioning proper%:

17
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5.1 Frequency Bands: (Check harmonic and source 1 multiplier. Frequency
list and single point modes.)

6 -8 GHz ____

8 - 12.4 GHz
12.4 -18 GHz
18 - 26.5 GHz
26.5 - 40 GHz (frequency doubling)

5.2 Azimuth Increments:
/ign~ff AM , D.A

-  
.

0.01 deg. 0.03 rvA (r,,, A c&,,,4* OF OL*tSPfft bit o.0,, WIw,,

0.05 deg. ,'. .,-,sN)
0.1 deg. _______

0.2 deg. A.___,-1

P'/.,' ' , voZ/tnw' /h ~o :0.0/

4.,V - -$'\

5.3 Elevation Increments:

Sin Off
0.01 deg. ('1v VbAi (No CoAP

0.05 deg.
0.1 deg. " "

0.2 deg. <

1" .* M1At, ' /A ., , 0,01

5.4 Az Limits: (multiple cut test)
Sizn 0

Detect and recover out of Forward limit. v :
Detect and recover out of Reverse limit. V ,q, 7/'

5.5 El Limits: (multiple cut test)

Detect and recover out of Forward limit. , -
Detect and recover out of Reverse limit. -_._,_-.

18
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5.6 Continuous 360 Degree Test With/Without Limits Present:

Si~Qff

5.7 Wraparound Test With/Without Limits:

+ 180 to -180 deg.
+ 90 to + 89.5 deg. -"),'v -5

+ 170 to -170 deg. (both points outside limits) -),, -- fm
+ 170 to -145 deg. (one point outside limits) '

5.8 GPIO Functions:
Sign 0

Filter 1 (power unit)
Filter 2 (Valve assembly)
Panic Switch 1 (trailer) I 'r
Panic Switch 2 (positioner ground) 4 '.v $V.
Panic Switch 3 (positioner top) " -
Path Select Relay
Power Supply Relay
Az limit override (sets limits present logical) - $4 j
Radiation strobe on/off ,
Lamp test

5.9 Positioner Driver Programs:

PLOTX
Characterize Az axis speed , -

Characterize El axis spied -"

5.10 Fast C"VV Mode

19
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5.11 Gains:
Si-n 0

Manual Z- (
Automated

5.12 Calibration:
Sim -Off 40

Manual
Automated

5.13 Manual Menu:

Check instruments Sig 0~(

Remote 8510 1.2
Turn T\\A RF on/off ~ ~ 1
Power levels

20
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Georgia Tech Research Institute is currently under contract to design, develop and

install an automated compact range for antenna measurements under contract

#DAEA18-84-C-0050. This range has some unique features which were dictated by
the contract requirements especially in handling physically large and heavy vehicles

while measuring antenna radiation patterns from 6 GHz to 40 GHz and possibly

higher frequencies in the future. This range will provide a plane wave aperture

(quiet zone) of approximately fifty feet with an estimated amplitude ripple across
the aperture not to exceed 1 dB. To achieve this quiet zone requires careful design

of structures to minimize stray reflections from secondary sources such as the
ground, reflector supports and the positioner. Techniques utilized are similar to

those used to reduce the radar cross section (RCS) of items such as low observable

vehicles.

While performing the system design in conJunctinn with the range design, state of
the art range equipment has been chosen based on performance and reliability

standards. The receiver chosen for this range is a Hewlett Packard model 85108

Network Analyzer. This receiver provides the desired dynamic range and sensitivity
to make the required measurements. However, the 8510 network analyzer has

additional features which are currently not planned to be utilized by this range.
One such feature, known as the time domain option, can be used to measure

returns from many different sources which are interspersed in distance such as

primary and secondary reflections. This time domain capability has been used

successfully by Flam and Russell, and Harris Corporation to measure the radar cross

section of targets with multiple scattering. Recently, similar installations have been
planned by Scientific Atlanta.

This white paper is an introduction to additional capabilities of this range which are

possible, but to be realized exoeditiously, they need to be addressed before the

completion of this contract. GTRI, therefore presents this white paper on adding the

capability of making Radar Cross Section measurements utilizing the USAEPG

compact range.

ST-MS-2811
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The proposed instrumentation configuration shown in figure 1 shows the major

pieces of equipment required to implement RCS measurement capability. Signal

sources which are currently being planned for use in antenna measurements on the

compact range will be used for RCS measurements also. The HP 8510 will function as

the measurement receiver in both configurations. Two feeds identical to the ones

designed for antenna measurements will be mounted on the feed support structure

coincident to the reflector focal point. One feed will transmit gated RF energy via

the reflector to the target on the positioner while the other feed will receive that

energy back from the target. The target's return will then be calibrated by

normalization to the return from a calibration target (sphere) and the true radar

return will be displayed.

Figure 2 shows more detail of the equipment installation required to perform

gated RCS measurements. The requirement for gating is dictated by the possibly

large signals due to transmit-to-receive feed coupling, the return from the vertex of

the reflector, and possibly large returns from positioner structures. Large returns

can saturate the receiver, thus limiting the amount of energy that can be

transmitted. The strengths of these returns will be reduced as much as possible

through careful range design, but the requirement to measure low RCS targets

necessitates improving the system's measurement dynamic range as much as

possible. This will be accomplished through the use of transmit and receive gating.

This will allow a burst of RF energy to be transmitted to the target which, in

time/distance, will be long enough to illuminate the entire target but keep the

receive gate closed to the effects listed above. Effectively, the measurement system

will become a calibrated radar. The capability to place a precisely controlled

illumination window virtually anywhere in the quiet zone will be resident in the

measurement software. This is possible by the utilization of an IEEE buss-

controllable, dual-channel pulse generator which will in-turn control the transmit

and receive gates.

Additional equipment requird for RCS measurement is listed in table 1. As can be

seen in figure 2, the majority of the expensive required equipment is already

planned for use on the antenna measurement system. In addition, there should be

no requirement to spend great amounts of time and effort in changing over from

antenna measurements to RCS measurements, and vice-versa. The major addition

ST-MS-2811-A
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RCS MEASUREMENT CONFIGURATION

TX FEED RX FEED

TWTA

COTGENERATOR CONT

SPST LN

HP34 8



to the feed support structure equipment enclosure will be the dual-channel pulse

generator and the chassis which contains the transmit/receive gating components.

The possibi!ity of impiementng RCS measurements is being planned fo,. M ,e

design of the current feed equipment enclosure.

TABLE 1. RCS InstrumentatiLn

QUANTITY ITEM/DESCRIPTION UNiT PRICE TOTAL PRICE

4 Amer/Mw SW2184-1 $550 $2,200

11 West/Mw PMI-6018 453 4,983

1 Narda 3292-2 1,370 1,370
1 HP 8161A opt 002 23,500 23,500

1 Avantek LNA 4,000 4,000

4 K&L Mw 20 MHz FItr 495 1,980

50 ft. Low Loss Cable 40 2,000

1 RF Encl. Isolated 1,000 1,000
1 Feed Holder Assy. 2,000 2000

TOTAL $43,033

GTRI suggests the use of the 85 10B Network Analyzer to make CW or stepped CW

Radar Cross Section measurements from 6 to 18 GHz. This would require:

1) Further considerations while currently designing the feed enclosure and

mounting hardware to allow two feeds to be mounted aojacent to one

another at the reflector focal point.

2) Construction of additional feed mounts for C,X,and Ku band feeds.

3) Additional purchase/manufacture of hardware including hardware gating to

prevent receiver saturation if large extraneous returns are present.

4) Personnel time to modify the software for data collection and display.

5) Personnel time to perform tests to validate RCS measurements.

ST-MS-281
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6) Purchase of some RCS measurement standards such as spheres.

The range would be currently designed to accep't -these mod if ications. Testing for)
RCS measurements would occur only after initial range installation and acceptance
by USA EPG.

Total Estimated Cost S198,1A6

This white paper describes a low cost up~grade to validate the concept of making
RCS measurements on the USAEPG compact range. The suggested program will
require the purchase of additional equipment and performing tests to determine
the quality of measurements which can be made. A major concern is the large radar
cross section presented by the positioner and whether the return due to it could be
removed utilizing the time gating features of the HP 85 108 Network Analyzer.

,,,s ooauIrw wAs mor PAaivro 9'PAL A! VIEW ONC APPOVAt 01 GEOACLA rTECwI~ mAAjAr~ ANO S-OVjL rMIRF!C! Of CC'1IOESE Ow V, AS

MPOD'A nrON TO PfAdIT YCLIS OSGANILA TIOPW TO of~f R*IN! *eqTI! A &&$IS EXF171 fC* IOT)NE P OISCS~iO1V rN! GEORGIA IiiTYflUlT C9 rOOIOIOGI.
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APPENDIX H. ABBREVIATIONS

AUT antenna under test
AZ azimuth
C band 6 to 8 GHz
CW continuous wave
dB decibel(s)

dBi decibel(s) referenced to isotropic
q EL elevation

Eelectromagnetic
EMC electromagnetic compatibility
EMI electromagnetic interference

F focal length
F&R Flam and Russell
F/D ratio of focal length to diameter
FASS Frequency-Agile Signal Simulator
GHz gigahertz

GPIO general-purpose input/output
gpm gallons per minute
GTRI Georgia Tech Research Institute
HCU hydraulic control unit
HIU hydraulic interface unit

HP Hewlett Packard
hp horsepower
HPU hydraulic power unit
Hz hertz
IEEE Institute of Electrical and Electronic Engineers

IF intermediate frequency
K band 18 to 26.5 GHz
Ka band 26.5 to 40 GHz
kHz kilohertz
Ku band 12 to 18 GHz

LO local oscillator
MHz megahertz
psi pounds per square inch
QRC Quick Reaction Corporation
RAM radar absorbing material

RCS radar cross section
RF rado frequency
RMS root mean square
rpm revolution(s) per minute
RSS root sum square

H-I



S/N signal-to-noise ratio
SA Scientific Atlanta
SCR silicon-controlled rectifier
SIU system interface unit
TSU tach servo unit

TWT traveling wave tube
TWTA traveling wave tube amplifier
USAEPG US Army Electronic Proving Ground
X band 8 to 12 GHz P
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