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1.0 Introduction




1.0 Introduction

A detailed study has been performed to define the optimum system
configuration to meet the desired specifications. Tradeoffs were
performed for various antenna configurations and transportation methods
and changes in the desired performance and packaging were incorporated.
A system has been defined which meets the desired performance over
most of the coverage region, and is simple, reliable, and cost effective.
This report details the tradeoff studies performed and the recommenda-
tions a baseline system.
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2.0 Summary




The Mobile Antenna System requirements should be satisfled by solutions
which offer the best antenna systezapproach and provide the latest in
the state-of-the-art technol ogy with little or no risk. The antenna
system should be very reliable yet cost effective. For the purpose of
this study, only a single main reflector with a single beam system is
considered. The recommended approach used to meet the requirements
is the result of parametric tradeoffs of mechanical, electrical, logistic,
reliability, and cost considerations.

The recommended antenna system is a ten-foot diameter parabolic
reflector mounted on an az-el pedestal that is tied to an erectable tower.
The tower and the antenna assembly is mounted on a 26-foot flat bed
that can be easily transported by Cl30 cargo plane.

The erection mechanism is hydraulic and requires no special tools. Out- ‘J
riggers are provided for stabilizing the flat bed which becomes the |
pedestal for the tower. The system is designed for an antenna height
of 25 feet.

The feed is a center-fed cup dipole feed, the cup measuring approximately
9 inches in diameter and about 4 inches deep. The center support is a
two-inch diameter lightweight pipe with a support cone at the attachment
point of the reflector. The transmit and receive transmission lines

plus a polarizing 90-degree hybrid are placed inside this support strut.

: The solid state transmitter, filters and preamplifier are all located
A directly behind the vertex of the reflector.
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3.0 Design Requirements/Considerations

~ The antenna system must be able to communicate with several targets that
are clustered in a predetermined volume at known elevation angles. The
antenna should be deployable in a short time and operate throughout tempe-
rature and equatorial zones. A minimum grazing angle of 5 degrees or
less is desired. During the course of the study, system requirements and
emphasis were changed as a result of the interim design review. The i
pertinent design requirements and changes are tabulated below:

G/T +8.5 dB low angle no change . 1
-1.5 dB high angle ’
Stowed Volume 1-1/2' x 7' x 20' 7-1/2' x 7' x 38' i
Transportable Van mounted/shipborne Flat bed mounted
C130/not shipborne
Erection Time Several tens of minutes Several hours or
more
A/ Very important Moderately ]
important
Pedestal 2 and 3 axis 2 axis, az-el
Beam
5° elevation >2.59 horizontal
>1.6 vertical No change
90° elevation >8.50 horizontal
>5.4" vertical No change
, Polarization RCP transmit No change
2 LCP receive No change
2
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4.0 System Tradeoffs, Electrical




4.0

System Tradeoffs, Electrical

A number of tradeoffs were made in chosing the recommended antenna system.
Items considered include the antenna configuration, reflector size and F/D,
feed configuration, performance impact of feed and strut blockage, and anti-
jam considerations of sidelobe control techniques.

4.1 Antenna Configuration

Several antenna configurations were initially considered to accomplish
the desired antenna performance. Principal consideration was given
to Cassegrain, offset reflectors, shaped reflectors, and front-fed
paraboloids.

The Cassegrain antenna has several advantages including short trans-
mission lines from the feed to the receiver, lower wide angle side-
lobes, and more versatility in feed design. However, for main
reflector sizes less than D/A=100 the subreflector blockage and dif-
fraction losses become significant. For the present antenna size
(D/)~14), blockage and these losses would severely degrade performance
in both gain loss and increased sidelobes. This configuration was thus
eliminated.

Offset reflectors eliminate the blockage problems of Cassegrain
systems, however, a fairly directive feed is required. Also, the
depth of the reflector increases to maintain the same aperture size.
This is undesirable from a mechanical packaging viewpoint as well

as increased weight for a given aperture size. Also, the deeper
asymmetrical dish required tends to generate more cross polarization.

Initially, an elliptically shaped aperture paraboloid was considered
to provide the elliptical beam shape desired in the vertical and
horizontal planes. However, the aperture size required to meet
the beamwidth desired is much larger than necessary to meet the
gain and G/T required. As it was desirable to minimize the size
to use a circular aperture.

The above considerations led to the choice of a front fed paraboloid
as the best choice for this application. Tradeoffs to optimize this

configuration were then made to determine the feed type, reflector
size and F/D and feed support structure.

4.2 Feed Configuration and Beamwidth Control

Three basic feed types were studied to evaluate the antenna performance.
Since both G/T and far-out sidelobe reduction for increased rejection
of interfering signals (anti-jam) were initially important considerations,
a tradeoff of gain versus sidelobe level was made.

The three feeds considered included a single cup dipole feed, a four-
element feed, and a seven-element feed. The four and seven-element
feeds were primarily for beamwidth control and sidelobe suppression.

B




Initial performance analysis was made by computation of the secon-
dary radiation patterns of a 10-foot diameter paraboloid fed with one,
four and seven-element feeds. Measured primary pattern data on a
cup dipole feed was used for the single element feed. This pattern
was also used as an element factor for determining the primary
patterns for the four and seven-element feeds.

Four Element Feed

The four element feed provides a convenient means of electronically
changing the far field pattern characteristics to meet the G/T require-
ments. However, very little is gained in performance by this technique
as illustrated in Figure 4.1. High gain patterns are achieved by feeding
the four elements in phase. By phasing the elements at 0°, 90° and
180° as shown, it is possible to broaden the beam somewhat, but at

an expense of increased sidelobes. In addition, this phasing results

in scanning of the primary feed pattern off the reflector, Figure 4-2,
which will result in increased spillover and thus much higher wide
angle sidelobes. This would be very undesirable for the anti-jam
environment, and therefore the technique is not considered as a viable
approach.

Seven Element Feed

The seven-element feed approach consists of a central element with six
contiguous elements spaced equally around the circumference. The
seven-element feed pattern beamwidth is varied by amplitude tapering.
The high gain horizon beam requires efficient dish illumination to
achieve the required gain, thus resulting in higher spillover. For

the lower gain required near zenith, it is possible to form a narrower
beam primary pattern which under-illuminates the reflector, Figure 4-3.
This results in very low spillover for the lower gain beam, thus pro-
viding low far-out sidelobe levels.

A schematic of the seven-element beam selectable feed is shown in
Figure 4-4. The switching circuit as shown allows this feed to operate
in either of two modes for left circular polarization (receive) and one
mode for right circular polarization (transmit). On transmit only the
center element is illuminated. This provides the broad primary
pattern for high efficiency illumination of the parabolic reflector.

The system requires simultaneous transmit and receive in two ortho-
gonal circular polarizations and at a four percent frequency separation.
This requirement necessitates the use of RF filters in both the transmit
and the receive lines. In the transmit line, filtering will attenuate
any transmitter noise generated in the receive frequency band. The
signal entering the receive channel consists of the desired receive
signal and a component of the transmit signal at the transmit frequency.
An RF filter in the receive line attenuates the underdesirable transmit
component. As the filtering requirements are not fully defined at this
time, only a low loss bandstop filter has been assumed to be utilized
in the following analysis. However, this factor should be more fully
considered in the final system definition. If the system environment
requires the use of a bandpass filter, the circuit losses would increase
thus reducing the G/T performance.
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Low G/T Rec:ive Operation - Seven-Element Feed

In the receive mode all seven elements are illuminated when the trans-
fer switch is in the position shown. This circuit, as shown in
Figure 4.4, equally combines the receive power of the six outer LCP
dipoles in the six-way power combiner. The combined signal is then
input to the two-way power combiner. The receive signal from the
center crossed dipole is sent to the 3 dB hybrid, which determines
the sense of polarization, and the LCP signal then goes to one port
of the transfer switch. From the transfer switch the signal goes

to the two-way power combiner and is summed with the power
incident from the six outer elements. The combined signal goes

back through the transfer switch to the receiver.

The primary feed beamwidth in this mode is determined by the ratio of
power in the center element to that in the outer six elements as set by
the two-way power divider. The primary pattern of the seven-element
array, Figure 4-5, is narrow and thus tends to underilluminate the para-
boloid reflector. This results in low energy spillover and backlobes
and a broad secondary beam which is the optimum beam configuration
for low G/T requirements.

High G/T Receive Operation - Seven-Element Feed

For the high G/T secondary beam, the transfer switch is put in the
opposite position to that shown, and the signal from the center crossed
dipole element goes through the 3 dB hybrid and through the transfer
switch to the receiver. The outer elements are not illuminated for
this beam. This element provides a broad primary pattern, Figure 4-6,
and results in a very efficient feed illumination. The resulting high
gain secondary beam is ideal for high G/T requirements near the
horizon. The broad primary pattern, however, results in a high
spillover level and thus high far-out sidelobes.

Plots of the aperture efficiency versus feed half angle are shown in
Figures 4-7 and 4-8. For the low gain secondary beam the integrated
efficiency maximizes at a subtended angle of 40° and decays rapidly for
larger angles. For the high gain secondary beam the efficiency is
maximum at approximately 700 (F/D = 0.35). These efficiency curves
are very useful in chosing the optimum F/D where

tan (0/2)
é

0.25/(F/D)
paraboloid half angle

Single Element Feed

A schematic of the single non-switchable feed is shown in Figure 4.9.
The circuit consists of a cupped crossed dipole radiating element, a

3 dB hybrid, and transmit and receive ports. As in the previous case,
a receive noise stopband filter in the transmit line, and a transmit stop-
band filter in the receive line are required. A measured feed pattern,
Figure 4-10, is chosen as a compromise between the high and low gain
beams provided by the seven-element switchable feed. The peak feed
efficiency, Figure 4-11, occurs at approximately 50°. At 71° (f/D =
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4.3

0.35) the efficiency has dropped about 15 percent, but this is still
high enough to meet the G/T specification. The feed spillover level

. has also dropped about 6 dB from the switchable high gain beam case

resulting in lower far-out sidelobes.

Feed Selection Considerations

The four-element feed is unacceptable because of its poor performance in
the wide beam mode. Both the single element crossed dipole feed and the
seven-element switchable feed have advantages and disadvantages. The
single element feed has minimum complexity and no active components

are used. It is significantly smaller than the seven-element feed and

the smaller feed size minimizes aperture blockage and pattern degra-
dation of the secondary beam. However, the single element feed does

not have the flexibility of the seven-element feed of varying the gain,
beamwidth, and feed spillover as a function of the elevation look angle.

The disadvantages of the seven-element feed are the additional feed

and switch complexity, higher RF circuit loss, and the larger aperture
blockage due to the larger feed size. For an on axis feed the larger
aperture blockage of the seven-element feed significantly degrades the {
sidelobe level and gain, and thus lesses the advantage of this feed. ‘

From the above considerations, it appears that a single element feed
would be the best choice for this application.

Reflector Size and F/D

Performance tradeoffs were performed on candidate reflectors of 10
and 12-foot diameter and F/D ratios varying from 0.292 to 0.35. A
single element feed was utilized for the initial design and a seven-
element feed was evaluated in a 10-foot, 0.35 F/D reflector after
this was determined to be a reasonable reflector choice.

Reflectors with higher F/D's are perhaps more commonly available,
but they are not included because the deeper dishes chosen tend to
shadow or block interfering signals over a larger angular region.
The deeper the dish, (lower F/D's), the less susceptible to inter-
ference from the rear, however, this also requires a broader feed
pattern and generates more cross polarization, along with becoming
physically heavier and deeper to stow.

A summary of the computed antenna parameters is given in Table 4.1.
The only candidate that does not meet the G/T requirements is the
10-foot reflector with F/D of 0.30. The high feed taper resulting
from the large subtended primary feed angle has reduced the peak
efficiency by 0.7 dB from the F/D = 0.35 case. The 12-foot dish
with .292 F/D does meet the gain even with the reduced efficiency
feed due to the extra antenna area. The lower F/D cases were
included in the tradeoff because these antennas have reduced spill-
over and backlobes. As expected the lowest far-out sidelobes are
computed for the low gain beam of the switchable feed. However,
relatively good sidelobe performance is predicted for all the feed
configurations.
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Tables in Appendix I illustrate the efficiency analysis utilized to
predict the gain of the candidate antennas. Computed secondary
patterns for the five cases summarized in Table 4-1 are included

in Appendix II for reference. Efficiency factors considered in the
analysis include the primary feed aperture illumination and spillover
efficiencies, feed insertion loss, and VSWR. Reflector efficiency
factors include blockage, surface tolerance, and astigmatism. Feed
and strut blockage are assumed to lie in the plane of the aperture.
This assumption provides a good estimate of the blockage losses and
close-in sidelobe level. The feed blockage is assumed to be centered

in the aperture. For the single element feed, nine-inch square blockage

is used, and for the seven-element option a 16-inch feed blockage is
used. Feed support strut blockage is assumed due to four 1.5 inch
diameter supports radially spaced at 90°0. The struts extend from the
feed to the edge of the reflector. Secondary radiation patterns are
computed and shown both in the plane of the struts and the 45-degree
diagonal planes. As expected the diagonal plane patterns have lower
sidelobe levels.

To compute the system noise temperature, it is necessary to consider
antenna loss, secondary pattern characteristics, and the noise tempera-
ture of the preamplifier. The computed antenna noise temperature for
the ten-foot reflector is shown in Figure 4-12. The system noise

temperature is given by:

Np=(1-@) T, +aT + Tamp
where
NT = gystem noise temperature
a ‘= antenna feed RF loss factor
= .11 for single element feed (0.5 dB loss)

Tant = antenna noise temperature (shown in Figure 4.12)

To = temperature of feed resistive losses = 250 degrees
A amp = noise temperature of preamplifier = 36 degrees

The required antenna gain to meet the specified G/T is given by:

(G/T) dB = Gant -10 log10 (NT)
or,

Gant = ((':’r/’l‘)dB + 10 loglo (NT)
where,

Gant = antenna gain.
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The required gain to meet the G/T requirements at ;i-_1.2$o and 14.250
is shown in Table 4.1.

4.4 Blockage

An attempt was made to verify the pattern computations of the previous
sections by experimental measurements on a scaled antenna. A two-foot
reflector with F/D = .346 was fed with a cup dipole feed for these
measurements. Measured primary amplitude and phase patterns for

this feed are shown in Appendix ITI. For the test reflector used, the
subtended half angle at the focal point is 71.7°, which yields an average
pattern edge taper of about 12 dB.

Figures 4-13 and 4-14 are reference patterns on the reflector with
minimal strut blockage. For this case the feed was supported by a
single 0.125thick support orthogonal to the E-plane to minimize the
blockage effects, Figure 4-15. The first sidelobe level is -24 dB
for this case, and the spillover lobe at 90° from boresight is -34 dB
or about -4.3 dB below isotropic.

Strut Blockage

Figures 4-16 and 4-17 illustrate the effect of adding a quadripod of
four 0.18\ wide struts, scaling a 1.5 inch diameter strut on the actual
10-foot reflector. The first sidelobe level increases to -20 dB, and
the near-in sidelobes all increase as expected. The wide angle spill-
over near 90° changes shape somewhat, however, the actual level
changes very little. These patterns are in the plane of struts, which
is the worst case.

It is somewhat interesting to compare Figure 4-17 with the calculated
H-plane pattern for the 10-foot reflector, Figure 4-18. The primary
illumination used for the calculated pattern was 14 dB in the H-plane
and 18 dB in the E-plane compared to essentially a 12 dB rotationally
symmetric pattern for the measured case. Thus one would expect the
calculated pattern to have slightly lower sidelobes. This is found to be
the case, and the overall correlation is quite good as illustrated below:

Measured and Calailated Pattérn Comparison

Near-In Spillover
Sidelobe Sidelobe Gain Rearlobe
dB dBi dBi dBi

Measured (12 dB taper)
2-foot reflector, 7 GHz -21 -2.38 29.7 -9
Calculated (14 dB taper
plane) 10-foot reflector,
1. 4 GHz -26 -6. 5 300 1 -4

Although the two cases are not identical there is enough similarity to
provide a reasonable comparison. The result illustrated gives a fairly
high confidence level to the accuracy of the calculated result.
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Eg 24" Diameter Reflector

0.125" Single Feed
Support

j 1.6" O. D. Cup Dipole :

\ Feed

po

a. Reference Configuration

24" Diameter Reflector

0.304" (0.18%
Wide Struts Added for
Blockage Test

1.6" O. D. Cup Dipole
Feed

b. Strut Blockage Configuration

Figure 4.15 - Test Reflector Configuration Utilized for Secondary Pattern Tests
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4.5

Seven-Element Feed Blockage Test

Another set of measurements was also taken with this model. To simu-
late the blockage which would result from using a seven-element feed, a
3" diameter disc was attached to the feed to measure the blockage effect.
Figures 4-19 and 4-20 illustrate this case. The four .18% wide struts
were in place. The first sidelobe level increased to -18 dB, and the
gain dropped to 28.6 dBor a 1.1 dB loss. However, the wide angle
radiation for this case did not change staying at -34 dB or -4.3 dBi.

Center Supported Feed

In an attempt to evaluate the advantage of using a.center supported ;
feed to eliminate strut blockage and the associated sidelobe increase, |
a new cup dipole feed was fabricated supported by a .25" diameter |
center shaft. This feed was scaled from a previous design and ;
unfortunately had significantly broader primary patterns, Figure 4-21, |
than the strut supported feed used for the preceding measurements ~‘
on the two-foot reflector resulting in about an 8 dB edge taper.
The spillover from this feed therefore results in significantly
higher far-out sidelobes.

Figures 4-22 and 4-23 illustrate the secondary patterns of the two-
foot reflector with this feed. Figures 4-24 and 4-25 illustrate the
effect of adding the four .304" wide (.18\) struts. As can be seen
the center supported feed does provide better sidelobe perfrmance
than a strut supported feed. By optimizing the design of this feed
it would be possible to achieve similar primary patterns to those
illustrated in Figure 4-10 for the conventional cup dipole feed.
This would in turn reduce the far-out (near 90°) sidelobes which
result principally from feed spillover. Also, the lower edge illu-
mination would further reduce the near-in sidelobe level. Gain
measurements were not made for this test configuration.

A/J Considerations

Several factors were considered with respect to the anti-jam require-
ments, all in an attempt to reduce the sidelobe levels both near and
far from the main beam. Some of these were discussed above such
as the effects of primary feed illumination control to reduce the near-
in sidelobes as well as the wide angle spillover radiation. Also
discussed were the effects of strut and feed blockage on the radiation
patterns. Other techniques which have been considered were the use
of phase errors to control sidelobe levels, sidelobe suppression
techniques by use of additional radiating elements, and the use of

a shroud around the antenna to reduce the wide angle spillover
radiation.

Phase Error Control of Sidelobe Level

It is well known that by offsetting a feed in a paraboloid (which generates
a cubic phase error) a coma lobe is formed in the secondary pattern on
the axis side of the main beam. At the same time, the sidelobe levels
on the opposite side of the beam are suppressed. Thus it would be

28
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possible to selectively reduce the sidelobe level in a given region by
physically offsetting the feed. This would provide a simple technique
of selectively controlling sidelobes, however, the extent of improve-
ment using this technique was not analyzed.

Sidelobe Suppression

Most sidelobe suppression schemes utilize a separate antenna or horn
mounted on the main antenna with a radiation pattern which is higher
in gain than all the sidelobes to be suppressed, but lower in gain than
the antenna main beam. A comparison is then made to determine

if a receive signal is stronger in the main antenna or in the sidelobe
suppression (SLS) antenna. If the SLS signal is larger, the signal

is then ignored. The technique for cancellation depends on the
sophistication required which impacts the signal processing required.
To permit reception of a signal on the main beam while rejecting a
signal on a sidelobe requires a coherent cancellation scheme which
effectively cancels the offending sidelobe, or places a null in the
direction of the interfering signal.

Shroud

It is relatively a common practice to put a shroud over a para-
boloidal reflector to reduce the wide angle interference,especially
for small communication antennas. This shroud generally is more
effective if the shroud is lined with absorbing material. In the
present application it is not practical to add effective absorbing
material inside the shroud due to the reflector size and because
of the thickness of the material that must be added at such a low
frequency. The use of a shroud for the present application was
restricted to a metallic one where its effect cannot easily be
computed.

Since the use of a shroud to reduce the wide angle radiation has an
effect which cannot easily be computed, a set of experimental
measurements were made to determine the feasibility and advantages
gained by such an approach on the system under consideration.
Figures 4-26 and 4-27 show the effect of adding a 1-1/2" deep cylin-~
drical shroud (about one wavelength) around the two-foot test dish,
still configured with the four 0.18A wide strut assembly. The pattern
shape changes significantly, with the wide angle radiation dropping to
about 37 dB, or about -7 dBi. Little change occurs near in, however
the intermediate region sidelobes around 36° from boresight begin to
increase. This is due to scattered energy from the shroud being
redirected into this region.

This shroud was further extended to 2-1/2" or about 1.5 wavelengths.
Little significant change was noted for this case, although the radiation
near 900 increased to its original level of -34 dB in the E plane. Some
asymmetry was noticed in the wide angle radiation which may be due to
the measurement setup. The detector and cable used on the back of the
feed is asymmetrical and may be causing some measurement difficulty
in these lower sidelobe regions.
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4.6

Use of the shroud did affect the gain. The reference case measured
gain was about 29.7 dBi. With the one wavelength shroud the gain
reduced to 29.2 dB, or 0.5 dB loss. The 1.5 wavelength shroud
further reduced the gain to 29 dB, or a total of 0.7 dB loss.

Low Angle Multipath

One additional factor considered in response to the original requirement
of low angle tracking was the effect of multipath interference for very
low elevation angles. Figure 4-28 illustrates the unperturbed pattern
calculated for the 10-foot reflector at an elevation angle of 5 degrees.
Figures 4.29 and 4.30 illustrate the effects of multipath over sea water
(o = 81 and @ = 4.0) for both the horizontal and vertical polarized
component for an antenna elevation of 12 feet above a ground plane.
Little main beam degradation occurs. The sidelobe level, however, has
been chopped up and in general has increased several dB. If the antenna
were to scan lower than five degrees a significant portion of the main
beam would illuminate the ground. This could cause severe pattern
degradation in the main beam region. Above five degrees elevation
multipath should have little effect on system performance.

Tradeoff Summary

Table 4.2 summarizes the results of the experimental measurements
made during the tradeoff studies. These measurements were made
using a 2-foot diameter paraboloid at a scaled frequency of 7 GHz.

The feed used was a cup dipole providing an edge taper of about 12 dB,
rather than the recommended 14 to 17 dB for optimum G/T performance.
The feed was supported by a 0.125'" wide strut oriented orthogonal to

the E-plane to minimize the blockage effect of the strut. Use of a feed
with a higher taper would reduce both the near-in sidelobe level as well
as the far-out spillover lobes directly by the amount of the additional
taper.

L O L e

For this size reflector, it appears the use of a one wavelength shroud
would reduce the wide angle radiation (near 90°) by about 3 dB, however,
this is at a cost of 0.5 dB in gain. This does not appear to be a desi-
rable tradeoff for the small decrease in jamming susceptibility.

The use of a seven-element feed to achieve beamwidth control results
in about 1.1 dB gain loss due to blockage and an increase in near-in
sidelobe level which again appears to be a rather high price to pay
for the added pattern control obtained. From the measured results,
it seems that best compromise is the use of a single cup dipole feed
optimized for overall performance.

Based on the parameters considered, it appears that the best choice for
the antenna design would be a 10-foot diameter, 0.35 F/D paraboloid

fed with a single cross dipole feed designed to provide an edge illu-
mination taper of about 15 dB. This design meets the G/T requirements
at all elevation angles when used with a 36° K preamp, and has good far-
out sidelobe performance. The simplicity of this approach would seem

to outweigh any advantage of the seven-element feed, and the blockage
effects are smaller. However, if excessive filter losses were encountered
due to system filter requirements, the G/T would become marginal for

39
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Table 4.2. Summary of Scale Model Measurements.

A. Strut Supported Cup Dipole

Max SLL Max SLL
(0-20%) (60-90°) Gain
Case Plane (dB) (dB) (dBi)
Ref, (single .125" strut) E 24 34 29,7
.304" Struts E 21 35 --
H 20 32
Struts and Shroud
1-1/2" E 21 37 29.2
H 20 37
2-1/2" E 22 34 29
H 22 34
Struts + 3" Disc E 18 34 28.6
H 18 36
Frequency = 7 GHz
D = 24" Reflector
F=8.3"
F/D = .346
Feed = 1.6” O.D. cup dipole
Edge Ta;«xr =12 dB
B. Center Supported Cup Dipole
Max SLL Max SLL
(0-20°) (60-90°) Gain
Case Plane (dB) (dB) (dBi)
Reference E 24, 32 Not
H 22.5 32 Measured
0.304" Struts E 20.5 35 Not
H 21 30.5 Measured
24" Reflector
F=8.3"
F/D = .346

Feed =1.14" O.D. center supported cup dipole

Frequency = 7 GHz
Edge Taper =8 dB
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this design, and this factor should be considered in the final system
definition.

An additional improvement in performance can be achieved by elimina-
ting the feed support struts and using a center supported cup dipole.
This reduces the forward region sidelobes by eliminating the strut
blockage and scatter effects. The model of this type feed utilized in
the experimental tests provided about an 8 dB edge taper resulting

in fairly high spillover sidelobes. This design can be optimized to
provide the desired 15 dB taper which would directly reduce the
spillover lobes by the amount of the additional taper. Also, the
forward sidelobes would be reduced due to the increased illumination
taper. The overall performance would thus be improved by this

technique.
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5.0 System Tradeoffs, Mechanical

5.2

5.1 Van Mounted Antenna

During the early part of this study, the antenna was to be- mounted on a
40-foot long van with the antenna stowed in the top part of the van. It
was to occupy a stowed volume of no more than 7-1/2' wide, 1-1/2'
deep and 20' long. The deployment time was to be several tens of
minutes. Figure 5-1 shows one concept that meets the above constraints.
Step 1 shows the transportation mode on a 40' trailer. Step 2 shows
where the upper rear part of the van is used for storage space. The
cover is pulled back on top of the front portion of the van. Leveling
is also done at this stage using the leveling jacks located on the out-
riggers and at the front of the van. The basic elevation and azimuth
assemblies are preinstalled on the telescoping tower. The basic 7'
diameter reflector is assembled to the elevation axis and drive crank
shaft. The remainder of the reflector panels and feed support struts
are attached to the antenna in Steps 4 and 5. In Step 6 final adjust-
ment of the feed is done at the focal point and cables are attached to
the stabilizers and towers. After elevating the antenna to an opera-
tion mode, the cables are preloaded.

Figure 5.2 shows the three views of the antenna in the operation mode.
For normal operation, the antenna is elevated to 24 feet. Six feet
additional extension is possible, but will require removal of the azimuth
assembly. Figure 5.3 shows the reflector stowage concept of a 12-foot
reflector. It has sufficient room to even store shrouds, if necessary.
Obviously, a 10-foot reflector can be more readily stowed. Figure 5.4
shows the reflector assembly consisting of 7-foot diameter center section
plus four extension pieces. Again shroud can be added if required.

Figure 5.5 shows the detail of subassemblies, how they are stowed, and
the method of assembly. Figure 5.6 shows the lift tower structure and
azimuth pedestal.

The above concept is viable for the mechanical constraint imposed at
the beginning of the program. However, this configuration does not
meet the C130 transportability requirement added later.

Tower Mounted Antenna

The height that the antenna can be elevated with a mechanical

erection method is somewhat limited due to the length of the stowing
vehicle. Figure 5.7 shows a tower concept that can easily be assembled
without a special crane to a height of over 60 feet. This scaffold-type
structure is built from ground up one section at a time until the desired
height is obtained. At appropriate intervals, guy wires are attached
and anchored to the ground. To lift the parts, a small boom with a
pulley is used. The cable to hoist the parts is driven by a small
motor located at the base of the tower. After the tower is assembled,
the antenna parts (pedestal, reflector and parts) are lifted using the
same hoist mechanism and assembled at the top. For a ten-foot
diameter dish and pedestal weighing a little over 1000 pounds, it

takes four people approximately eight hnurs to erect and assemble
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Antenna Concept

Figure 5. 7 - Tower Mounted
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5.3

the antenna. Two such antenna assemblies have been produced and
are being used by the USAF. One drawback of this configuration
is the requirement of a large number of guy wires and associated
anchoring pegs that are specially designed. The pegs are generally
not reusable and left in the ground when disassembling the tower.

Flat Bed Mounted Antenna

During the latter part of the program, it became necessary to add a

C130 transportability requirement. The requirement to stow the

antenna on the upper portion of a van was deleted. Under these
conditions, it appears that a flat-bed mounted antenna is more cost
effective and simple. Figure 5.8 shows the antenna and pedestal

stowed on a 26-foot long flat-bed. The reflector panels can be

further disassembled if transportation conditions are poor or

extensive. Two hydraulic cylinders extend the base by pushing the

inner member via a cable arrangement between the inner and outer
member running over a sheave at. the end of the piston rods. Figure 5.9
shows the antenna fully elevated in which case the distance from the
ground to the elevation axis is 25 feet. It should be noted that the exten-
sible base assembly pivots about the rear end of the trailer for erection
and retraction. The trailer is fitted with jacks for leveling the trailer on
the sides and outriggers are attached to stabilize the mount. No guy
wires are required for operation in winds up to 50 mph, but it is
recommended that guy wires be used. It is estimated that it will

take two men three hours to erect the antenna system.

The antenna is attached to an elevation-over-azimuth pedestal (such
as a Datron Model 8250 or Scientific Atlanta Model 3100). These
pedestals provide 0-900 elevation and full +270° azimuth pointing

of the RF beam at rates up to 109/sec.

The antenna trailer subsystem is 26 feet long overall and weighs
approximately 12000 pounds. In the transport configuration (Figure 5.8)
the assembly is 8 feet wide, 8'-8" high (104"), fits directly in the
(smallest) standard configuration of C130 aircraft, and is trailerable
without "wide loaac permits.
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6.0 Baseline System

6.1 System Description

A block diagram of the proposed antenna system is shown in Figure 6.1.
The system consists of three subsystems. These are the RF subsystem,
positioning and control subsystem, and support subsystem. Estimates
for the weight and costs of the major subsystems and for some lesser
components are shown in Table 6.1. Also shown are proposed suppliers
and the part number of similar items when such numbers exist. The
total cost will be on the order of $300 - $400,000. The total weight

will be about 12, 000 pounds.

The RF subsystem is a 10-foot diameter parabolic reflector fed by a 1_
center supported, cavity backed, crossed dipole feed. This feed allow {
simultaneous use of both senses of circular polarization with high effi-
ciency and low blockage. Diplexing of the signals is accomplished by a
90-degree hybrid located within the center support. The transmit and
receive coax lines also run through this center support to the rear of

the dish. Located immediately behind the reflector in the transmit

line is a receive bandstop filter to stop noise generated by the transmitter
in the receive frequency band. Also a solid state transmitter is mounted
at this location.

ey

In the receive line is a transmit bandstop filter to reject any transmit
B power coupled into the receive port to protect the low noise receiver ‘
4 from transmitter signals. If the environment of system operation is ]
poor (i.e., has interfering signals) it may be necessary to use a band-
pass filter in the receive line at the expense of additional loss and lower
G/T. Also mounted on the rear of the reflector is a low noise preamp.
Initially, it was expected that a Peltier cooled paramp would be used,
however, this now appears to be rather cost ineffective. Present
technology can achieve about 400 K without Peltier cooling with §
significant cost savings and higher reliability than the 36° K paramp. s

< The positioning and control subsystem points the antenna in the desired ;
direction and consists of an elevation over azimuth pedestal similar 1
to a Scientific Atlanta Model 3100. The specifications for this pedestal ]
are shown in Table 6.2. The antenna controls will operate in three ;
modes: manual position, manual slew and programmed track. A

digital az-el readout will be provided to the operators. For programmed
track a microprocessor based unit will provide azimuth and elevation
predicts to follow an overhead pass. 3

The support subsystem is a 26-foot long flat-bed trailer with telescoping
support that folds down on the back of the trailer for transport. As
previously shown in Figures 5.8 and 5.10, the support mast is erected
from horizontal to vertical by hydraulic lift and then extended vertically
by means of cable assemblies. It is only necessary to extend the
support when the local terrain or the operation van presents obstructions
to line of sight signals. The erection mechanism and the antenna servo
are run entirely by an external electrical power source which is not
part of the antenna system. The prime power requirement is 120V,
50/60 Hz 400 VA single phase source.

_siaaak b s
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Figure 6.1 - Proposed Antenna System Block Diagram
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TABLE 6.2
SERVO-DRIVER PEDESTAL SPECIFICATIONS

3 Maximum velocity 15 deg/sec.

" Maximum Acceleration 15 deg/sec/sec

‘: Gearing Backlash 0.05 deg.
Internal inertia 465 sl-ft-ft
reflected to output
Maximum delivered torque 1,400 ft-lbs.
Compliance 1x 1070 rad/tt-1b
Overturning moment 30, 000 ft-lbs
Maximum allowable dead weight load 3,000 Ibs
Height 25 1t,
Weight 800 lbs

= AR




6.2

A summary of the antenna system parameters is shown in Table 6. 3.
The RF performance factors will be further discussed below.

Antenna Controls

Operational Modes Description

A block diagram of the antenna control system is shown in Figure 6.2.
Three modes of antenna control are provided: manual pesition, manual
slew and programmed track. Dual DC electric motors with individual
silicon-controlled rectifier (SCR) power amplifiers and tachometer loops
are used on each axis.

The manual rate slew is controlled by commanding a DC voltage directly
into each tachometer loop. This DC voltage is set by manually controlled
potentiometers located on the antenna coatrol panel in the electronics van.
The manual position loop is closed through synchros mounted on the antenna
axis and hand-wheel driven synchros on the antenna control panel. The
synchro outputs are demodulated and routed through servo compensation
amplifiers to the tachometer loop.

Type I or Type II servo operation is selectable on the antenna control
panel as well as a bandwidth selection of 0.5 and 1.0 Hz. The dual
electric motors are driven by a power amplifier to provide an anti-
backlash opposed drive. The velocity loop is closed with a tachometer
integrally mounted on the motor. A loop gain of approximately 20 dB
is provided. The position loops can be operated either as Type I or

Type IL

Position information from synchros in the pedestal is converted to binary
coded decimal (BCD) data and displayed on the digital position display
unit. The BCD information is coupled to the digital comparator for
program track operation.

The programmed track loop is a position loop which accepts BCD
commands from the antenna programmer. The programmed track
loop is closed as follows: 1to 1 and 36 to 1 synchros on each antenna
axis provide inputs to the synchro's analog to digital angular position
indicator. The analog to digital converter also provides a BCD read-
out that is used as a feedback signal for the programmed track loop.
This digital feedback signal is then compared with the programmer
command to develop a digital error signal. This digital error signal
is, in turn, digital to analog converted to develop an analog error

for antenna positioning.

The digital comparator is used to drive an analog servo system through
the use of digital inputs. The unit accepts BCD angular information
and sign from two selected input sources - a command input and a data
input - computes their relative differences, and produces a DC output
signal whose magnitude and polarity is directly proportional to the
difference between the two BCD input words. This DC output signal

is used to drive the analog servo system.

Programmer

For each of the passes, an nth order polynomial equation is used as
the curve fit for the pass. N coefficients, generated from data supplied by

59
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; TABLE 6.3
ANTENNA DESCRIPTION

Type Center Fed Paraboloid

! | Feed Type Center supported, cavity backed,

F | crossed dipoles J
Frequency 1.4GC :
Gain 30.3 dB 1
Peak Sidelobe Level -25 dB |
Backlobe Level -4 dBi :
Beamwidth 5 degrees ;
F/D 0.35
Diameter 10 feet
Height above ground up to 25 feet
Weight (reflector and feed) 500 pounds

Weight (entire system) 12, 000 pounds
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the user, uniquely define each pass. These coefficients and initial
antenna azimuth and elevation information are punched onto a paper
tape. The paper tape now becomes the means by which to enter
the required data into the antenna programmer unit for solving.

The antenna programmer is designed around a microprocessor, |
Figure 6.3. The program that solves the nth order polynomial !
equation is resident in ROM memory of the microprocessor. The
paper tape reader interface furnishes an input to program the antenna |
track information found on the data tape. As a backup mode of opera- |
tion, the TTY could be used to read in the data tape. 7Time of day , |
(GMT) is provided in parallel form with second updates from the time |
code generator. Azimuth and elevation predicts are output in BCD 5
form to a digital comparator which compares predicted position with
actual position of the antenna and provides error signals to the antenna
control subsystem.

The antenna programmer uses the Intel 8080A microprocessor for program
control, Figure 6.4. The equation solving program is stored in ROM and
the results stored in RAM. Interface with the various external devices
is made by way of either serial or parallel I/O ports. Azimuth and
elevation predicts for an entire set of passes may be generated once
by the antenna programmer and stored in RAM memory along with a
designated pass number. Prior to the occurrence of one of the passes, :
the predicted GMT orbit start time and pass number is programmed :
into the unit via a keyboard located on the front panel. When a comparison ‘
is reached between GMT time from the time code generator and predicted ;
orbit start time the program will begin sequencing through the calculated g
azimuth and elevation angles stored in RAM memory. |
j
1

6.3 System Performance

The proposed antenna system will meet the desired G/T values over the
required beam areas using the same circularly symmetric beam at all 1
elevation angles if a Peltier cooled 36° K paramp is used. However, |
as discussed previously this is probably not cost effective as a 40° K
paramp is now available without cooling for about half the cost of a
cooled paramp. Using this paramp, the expected system losses as
illustrated in Figure 4.9, and the predicted antenna temperature shown
in Figure 4.12 results in a system G/T as illustrated in Table 6.4.

The expected antenna gain is based on the efficiency analysis illustrated
in Table 6.5. This analysis assumes that the center supported dipole has
essentially the same primary patterns illustrated for the cup dipole feed
in Figure 4.10. It is expected that this characteristic is attainable by
optimization of the center supported design. For the loss budget,
illustrated in Figure 4.9, the predicted peak gain is 30.3 dB.

The expected secondary patterns will be similar to those measured on
the two-foot model with the single narrow strut, Figures 4.13 and 4.14.
The off axis gains at the angles specified for the required G/T are shown
h; Table 6.4. Figure 6.5 shows the predicted G/T performance versus
elevation. ;




m J WVYHOVIQ 32018 TYNOILONND WILSAS TOYLNOD VNNILNY €°9 9anSig
3 m. . Lnoavay
W 2 : | . NoiLisod
2 7 93 - 2v
> S440%01d V11910
T — NOILISOd
m a3
m § CETF TR P )
1 HOLIMS
@ 4007 HOVL1 OGNV zo_k<mzwﬂ<u0mw 12373s
| B3141dNY UMd 1 3aow
v Z 5OLOW : o
n 3A140 13 ~N Porli o d ﬂ.
=
) | {
x08 S430%91d | [rouincop=
e o ¥Vv39 13 — NOILISOd ~ NOI1ISO¢
; 2v Tvanwn L
4001 HOVL ONV | -
4007 HOVL ONV £ —l J Y3IANJNY — st BOLVEVINDD
d3141NdNV M4 T 3AIHA o
HAd | EOLOW HOLOW ZV : CETPIR T T Wl
3aigg 13 _ NOILVSN3JWOD | _ M31S
—| OAuY3sS I w 3
: = dv3o 2v AVYNDIS o’ oI'L HdANAVEDOOMd
., r : ! uouua IvANVW VNN3LNV
- | zv
&
| 4001 HOVL anv
A Y3131TdNY
HMd L 3A1E0
HOLOW ZV
I °
~
< 00LZT
< SIXV 2V
m o08L OL 0
SIXV 13




DATA
TAPE

Figure

THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED 10 DG e

6.3

-

, 2

i

CLOCK
AND
TIMING

¢

TTY

SERIAL
1/0 PORT

DIGITAL
COMPARATOR

PARALLEL
1/0 PORT

TlME CODE
GENERATOR

e
e
e
4/——-
-7A—-u-

PARALLEL
1/0 PORT

1T £v% 911

w_d ~-AZ PREDICT ‘BCD’ T0 ~

DIGITAL 2

r~==p ELPREDICT (BCD) COM'ANATOR-‘

("]

~

(BACKUP)
ANTENNA
[ Aeweet{PROGRAMMER| _ TI4AE CODE
i e GENERATOR
[KEY BOARS}
| TAPE

READER
(PRIME)

ANTENNA PROGRAMMER INTERFACE BLOCK DIAGRAM

= ROM
o o= jmeed (PROGRAM
[ et - STORAGE)
i s et RAM
. o (MEMORY])
aooness| , |oata| |controL
s, o1 e et wdy
BUS [ |ous s BUS o] PARALLEL ﬂ“im)ws
“ 1/0 PORT
H m [l [~ CONTROL
v W e o MnALLEL‘ﬁL'”E“
- - ¥ 1/0 PORT e R A DER
et P o> e E
> L;— A
] e M PARALLEL[™ g7 KEYBOARD
: 1/0 PORT ‘7‘__DATA
I gy TS

Figure 6.4 . ANTENNA PROGRAMMER BLOCK DIAGRAM

SEOT-LLYOL




Table 6.4 - Gain and G/T Performance

Beam Peak
Angle
Deg)

5
5
5
90
90

90

Angle from
Beam Peak

(Deg)
+0.8 vertical
+1.25 horizontal
0
+2.7 vertical
+4.25
0

Gah
—dB)

30.1
29.7
30.3
26.7
20.9

30.3

Antenna
{dB)

9.4
9.0
9.6
7.3
1.5
10.9

Required
G/T

+8.5
+8.5
N/A
-1.5
-1.5
N/A
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Table 6.5 \
ANTENNA EFFICIENCY ANALYSIS

TITLE Center Supported Cup Dipole Feed, 10' Reflector, F/D = 0.35
Freq. 1.4 GHz

P

e

Efficiency Factor Value Comments
PRIMARY FEED
Spillover Ul s 0.962 ;
Illumination M, |o.689 i ’i:;;‘ig:ary Pattern
Cross Polarization Ny, ]0.999
Feed Insertion Loss |1, [0.891 |7 =10 "%/10 L=_ 0.5 dB b
VSWR n, [o.960 | =4va+W)? V=_ 1.5 b
i1
Phase Error Loss 4
1. Quadratic T]p B2= |
2
2. Astigmatism P ﬂfa= 1/(1+.25 'ﬁiﬁa ‘) Ba =
Feed Efficiency m £ 0.566
i
B. REFLECTOR '
Blockage X
1. Feed/Subreflector le 0.984 | 7 = (1-Bz/n i)2 B2= 0.56 %
2. Strut g 1 Nsb=(1 - Ag)? Ag= 0o %
Surface Tolerance M. |[0-994 |7 L~ exp 162 @ mz % 052)/ A4
Paraboloid &, Eo D 1
Subreflector g, = N/A
Astigmatism Mg | 0-978 | M_=1/(1+.257, ﬁraz) B, =_0.364 :
Edge Diffraction My |VA Cassegrain Only ‘i
Reflector Efficiency TR 1o0.957
C. RADOME LOSS T|r 1
Expected Efficiency Me |o.5a2 | Me =M xTg xT,
Measured Efficiency L
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Figure 6.5 - G/T as a function of beam elevation angle with location
on the beam as a parameter.
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7.0 Conclusions

The proposed baseline system is recommended as the most cost effective method
for obtaining the desired system performance. This recommendation is based
on a series of tradeoffs made during the study. The recommended system is
adequate in G/T verformance even for low angles, and the cost of lowering
G/T by 0.2 dB at 5° elevation would essentially double the paramp cost and
lower the reliability as cooling would be required. The system proposed

meets the desired performance utilizing state-of-the-art hardware.

A simple approach utilizing a single element feed eliminates the need for
feed switching to accomplish beam control which increases reliability,
reduces blockage and minimizes insertion loss. The use of a center
supported feed also eliminates strut blockage.

The proposed flat bed transportation system provides a simple to erect
drive mechanism and provides for an antenna height of 25 feet above the
ground. The total assembly is easily transported by a C130 cargo plane.

i
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APPENDIX I
ANTENNA EFFICIENCY ANALYSIS
CANDIDATE ANTENNA CONFIGURATIONS




ANTENNA EFFICIENCY ANALYSIS
10-foot reflector
F/D=0,35

1.6" 0.D. Cup Dipole Feed

Efficiency Factor Value Comments
A. PRIMARY FEED
Spillover n s 0.962 .
Illumination n, | o.689 Il;rt:‘g“rgg:ary Pattern
Cross Polarization il - 0.999
Feed Insertion Loss LR 0.891 n,=10 sh/1p L= 0.5 dB
VSWR n, | 0.960 [ 1 =4 V/(1+V)2 V= 1.8
Phase Error Loss
1. Quadratic 1 B2= 0
2. Astigmatism T 1| N=va+. 2518 2 8 = 0
Feed Efficiency TIf oo 580
B. REFLECTOR
Blockage
1. Feed/Subreflector T]b 0.984 | M 5 (1-B‘2/‘ni)2 32 = 0.56 ¢
2. Strut Ty | 0.937 | Msb=(1 - Ag)? As= 3.18 ¢ -
Surface Tolerance M. 0.994 | M £ €Xp 167 = (© mz + 0 2)/7\2]
0. 050
Paraboloid s =
; Subreflector oy = N/A
Astigmatism ea | 0] Mot n B (B = UeaE
Bdge Diffraction Tld N/A Cassegrain Only
Reflector Efficiency ﬂR 0.896
C. RADOME LOSS T\r 1
Expected Efficiency Ne 0.507 { M =MgxMp xT_
Measured Efficiency : 'ﬂm




ANTENNA EFFICIENCY ANALYSIS
10-foot Reflector
F/D=0,30 -

1.6" O.D. Cup Dipole Feed

Efficiency Factor

Value

Comments

PRIMARY FEED
Spillover
Illumination
Cross Polarization
Feed Insertion Loss
VSWR
Phase Error Loss
1. Quadratic
2. Astigmatism

Se=y = =)

< = M

=3

0.977
0.584
0.998
0.891
0.960

From Primary Pattern
Integration

_ 1 -L/10
1,=10 ;
T, =4 V/(+V)

5 2
No1/0+.25M,8 %)

0.5

1.8

Feed Efficiency

0.437

REFLECTOR
Blockage

1. Feed/Subreflector

2. Strut
Surface Tclerance

Asrrgan sm
Rage Nracnom

by  ox WA gewy i "
-

- -

=)

—

0.981
0.937
0.994

0,983
N/A

i 2 2
.nb— (l'B mi)

Tsb=(1 - Ag)? As=
e 2 2 2, 2
ﬂr—exp[-l61r ©pto /A ]
Paraboloid
Subreflector o

. 2
LI 1/04.250 B_%) B

Cassegrain Only

0.56 ¢
3.16 % -




12-foot Reflector
F/D =0.292
1.6" O.D. Cup Dipole Feed

i

i

|

| r ANTENNA EFFICIENCY ANALYSIS \
|

|

Efficiency Factor Value Comments
A. PRIMARY FEED
Spillover Mg | 0.980 . &
; rom Prima ttern
Illumination n-, 0.560 Integration b
Cross Polarization 1 0.998
¢ -L/10
Feed Insertion Loss n, 0.891 | M,=10 L=__ 0,5 dB
VSWR n, | o.960 [ T =4V/a+V) V=_ 15
Phase Error Loss
1. Quadratic 1 B2= 0
2. Astigmatism Mg 1| n=va+.25m,8 % B=_ o
Feed Efficiency ‘Hf 0. 468 .
B. REFLECTOR
5 Blockage
3 1. Feed/Subreflector| N, | o.9g6 | 1,=(1-B2/,)2 B2=__ 0.39 %
] 2. Strut Ty | 0.948 | Msb=01 - Ag)? As=__ 2.65 % -
g Surface Tolerance My | 0.994 | N =exp F6n2 (o m2+ osz)/kz]
; Paraboloid % '—’_25_0_
¥ Subreflector Sy = 0
) 2
Astigmatism Mg Unlie M =1/(1+.250.8_°) B, =_ 0.340
Edge Diffraction M4 N/A Cassegrain Only
Reflector Efficiency Mg | 0.914
3
C. RADOME LOSS n :
¥ rpected FMiciency I. 0,428 *\.'ﬂ'ﬂ\lxﬂt
asured By l “
\ S— s sm— R N - e— —— -__---.__j




i

ANTENNA EFFICIENCY ANALYSIS
10-foot Reflector

F/D=0.35

7-element Feed--High Gain

Efficiency Factor Value Comments
A. PRIMARY FEED
Spillover n s 0.889
Illumination T\-l 0.866 IF;1 i:;:ég:ary i
Cross Polarization n 0.998
= -L/10
Feed Insertion Loss n 1 0. 851 T\l= 10 = 0.70 dB
VSWR n, | o.960 [ 1 =4 V/(1+ V)2 V= 1.5
Phase Error Loss
1. Quadratic 1 B2=
2. Astigmatism T y | n=vae.sn8 B =
Feed Efficiency T]f 0. 657
B. REFLECTOR
Blockage
1. Feed/Subreflector|{ 1, | 0-959 | 7 =q1-8%/m )2 2= 1.78 ¢
2. Strut S Rt B A)? As= 3.16 % -
Surface Tolerance m ” 0. 994 Ll £ €XP 16w : (c mZ+ asz)/xz]
Paraboloid o ___0.050
Subreflector g, = N/A
: ; e 2 X
Astigmatism Ll ra | o.972 'nra—l /(1+. 25T]i pra ) pra = 0.364
Bdge Diffraction "a | w /a | Cassegrain Only
Reflector Efficiency TIR 0.869
C. RADOME LOSS 'ﬂr 1
Expected Efficiency L 0.571 | M, =M xTp x n,
Measured Bfficiency n -




A bilis

ANTENNA EFFICIENCY ANALYSIS
10-foot Reflector
F/D=0.35
7-element Feed~-Low Gain
Efficiency Factor Value Comments
A. PRIMARY FEED
Spillover T 0.991 :
Ilumination LA 0.440 I‘; ’i:‘:gnrapé:;:afy Pattern
Cross Polarization L :
Feed Insertion Loss M, 0.767 n,=10 e . L= LI5 gp
0.960 = £
VSWR Tlv Tk, 4V/(Q+V) v 1.15
Phase Error Loss
1. Quadratic 1 B2= 0
2. Astigmatism Ty L | N v 258 ) 8, =
Feed Efficiency m £ 8,381
B. REFLECTOR
Blockage
1. Feed/Subreflector le 0.921 nb= (1-{;2/'ni)2 32 = .78 %
2. Strut Mgp | 0.938 | Msb=(1 - As)2 As=__ 3.16 % -
Surface Tolerance My | 0.994 | N =expl-16n 2 m2+ osz)/hz]
Paraboloid e = 0. 050
Subreflector gy * N/A
. A 0.986 - >
Astigmatism (4 M=1/(+.250, 8.5 B, =_ 0,364
Edge Diffraction nd S Cassegrain Only
Reflector Efficiency Tr 0.847
C. RADOME LOSS T\r 1
Expected Efficiency N 0.271 | Mg =Mp xTg xT_
Measured Efficiency "

™




APPENDIX II ;

COMPUTED SECONDARY PATTERNS
CANDIDATE ANTENNA SYSTEMS




Bd “oa.o \~QM =9 ctn  ‘SYON3
I %o o9 e
7 S . - PP - TR SRIYWRI Llb\\b  awva
—n t o 1 o% 'm* o& owu
X - A % - A
ﬂ* ] © [ o °° ° oYy
"
AV - -
t‘ 3 — uvn t 1 —
\ ] -
[
1 1 |
I \ 1 11
zl. A M
| A Y AY 3
or- 0C
7 1 3
2 +
m_ 3
3 c T
>
< o
" u ——
0¢ St “ —
14 < T
1 -ﬁ }—< 16‘
1 ) >
1 = 1
© T
~ 4+ -
0% i -
3 a
T T
\ +
\ 3
e m
S e
» -
soueyd TeuoSelp ! ot ——
m ‘Ep ‘W §°[ SINKG MO -
axenbs ‘uj 6 - 38EPOM P \ < -
poayg atodig dnp °A’0 .9°T X 34+
e 0=0a/4 3
2030973y 300J-01 3
(o LUy AN (G NN (AN UL NN VAN (RGN M| [Ny e | N F y 11
) T T T A P R S 7 ) 2 =D 4 -
VSN ‘VIOUOIO VANVUY “INI VINVUV-OHINIIS - 641 'ON 1IVHD
8




- X o l'ef = 1M CsoN3
w8 L0 snvwen L a .
o o eeoc o ot avs . Lo |b A & ON N¥aLLvd
> t 1W t odﬁu o* o* o& ou 1 0¥
" . \ A x >} X . .
3 9 0 [ o ] o K o
05— 74
1
1
1
y AN
\
|
7
£ or 0z -
I
a -
, £si
< v B
g -
/¢ N Oﬂ I—w m ] " -
< 4
m |
2 4
o -
A 111
-
oz 0 f
—+—
13
- -
4 |H
saued Tedjouixd o : - +
u] ‘elp ‘U] §°Y SIOS INOJ .
axenbs ‘uj ¢ - 33e¥O0[q PIg -
posyg atodig dnD ‘A0 9°1
s€0=0a/4
030973y I00J-0T
1 TR, SN (WO ARl Tl (S G TN (W, YW\ M WS [SWEL Y R L Py
1 T T ] T ) ) S SR e e 1 = ?
V'$'N ‘VIONOO ‘VINVUY “INI VANVUV-OHLNIIS L1 "ON 1IVHD
f ”




510 seoNa
Lelvt\y  avae

<98

A

| o=t

P

saued Tedjoulad

uj ‘elp ‘W §° SIS INoj

axenbs °uj ¢ - a8eyo0Iq PO}

posj afodjp dnd *q°0 ,,9°1

0g°0=a/4

p—t—1

103093y 300J~0T

Y ORI NS NN TSR NS IR R S, g SRy R N,

| 7o) SR ) TR ) R TR TN ) O N T

VSN ‘VION0IO VINVUY “INI ‘VINVUV-OHUNIIOS

aP) ¥AMOd AV

-

621 "ON LaVvHO




7N "suoNa

A wo o o o5 = 3
- ODewee O .0 Vs -y =1 SNV CL\WL  ave b ON N¥3LIVd
wﬁ T u— 5% € oL 1 ..-Mwn
K % B 2L oL . A || 3
© L ok m& ° ° o% o Jo*
1
1
\
\VIA
vy
X
v | oF 0%
1 vl
m
.zl
= —
M -
m o~
~
0t 3 -
7 VAR, 2
= ]
Q.
o
i\
Y-
saueqd reuolelp
uj *Elp U} §°T SINS N0
axenbs °uj ¢ - aSexPON] pPIag
peag afodip dnd *q*0 ..9°1
0£°0=0/4
I0309Pax 3003-0T
o i e S 0 0
VSN ‘VIOUOIO ‘VINYUY “INI VANVUV-IMUNIIOS : 641 "ON JIVHO
[
P P P A1 K R e = e




7 - ‘SUON3
LUy (|, 2va

<IE-

L#

souerd redjoujad

u} _"®Jp ‘u} §°1 SIS INOY
axenbs ‘uj ¢ - a3eX00[q PIJJ
pe9y atodip dndo °q°0,,9°1

6T°0=0a/4
I0309[31 300}=-7T

+

bl

e T R Y S e e S —
| O O 3 U] T R N A T 9

S

VSN ‘VIOIOIO VINVILY “INI ‘VANVILV-HIUNIIDS

q)
o™

78
|ARRR

ap) !HMdd AAILV13Y




i ) b'os #9
B wo Graed .
o o eeot “ o-“ﬂ nvos S \\.\(A SRVYWH Tfﬂi\,r ava ON N¥3LlYd
t Lt _wn <o 9% 9% <ol 1 T e ..%
i (1 ® 4 - > 2] 1 3 3
° o om ow ) on ° o% ; © o
¥
AV
\ \ 05— ST
i 1
h ~ \
_ 1 ]
r N\
L ‘s
1
] . :
|
™~
C
>
< -
- Y SH—r2 & mﬂ
2 —
m
=
{ o
ﬂ\’
L
\
\
satreqd TeuoSelp
U] *elp U} §°] SINOS MO
axenbs *u} 6 - 93eYP0Iq P
paag atodig dnp *d*o0 .9°1
267°0=0a/4d
J0309[PY 100J-T1
) 1 ey Ay (NG T GPAT ARy NS WU SR WA OB it AR A () 1O |
) 7 T P TR 2 ) R e ) R R 1 o
V'S ‘VION03O VINVLY “INI ‘VINVUV-DIIINIIDS : 641 'ON 1IVHD
s ”n
E = ].Jw,.t.w.,..v ’I.‘M‘»m“ pra— 2 PR ‘bpi —— T e e e e S




, e o 00 s
4 EE bR wirzd e Lo |0 ava 2
L ) | L », 2
t S0 9% 9% E um.%” i b
" - = A = > 2 Bl e .ﬂM
o [ [ o 0- [} 0“ G- fﬂ* o
\ aat
X
A
1 1
Y
) 99 1
Y T
A f
1
1
A\ T 1\ 1
- or 0z
VA
X 1 m
e
>
M - -y
e o
2% G "3 =
4 M -
m
x
Q.
"L!
oz ot
soueqd [edjouad ot
w *Ep *uj '] SIKS IO
axenbs ‘uj 91 - a8eypolq POdg
¢e0=a/4d
1030979y 100J-01
1y Py i TR b_r~_’_._-+_m A
| T ) S ) AR e e o e T T ) ) e | L X s d

VSN VIOU0IO ‘VINYUY “ONI VINVUV-OUHIINIIDS > 641 "ON 1IVHD




o s 90E:  fom seona

, 2 wor o o & -0 .
. O weoc o o s g5 -1 SN Pr./r;.u diva ON N¥aLlvd m
[oqE 250 i T% r. r> 70 . B 1 .
. " ;. 2 - x) 2 A0 72 5
) 3 .
o (] o o ry o' ° ob o' o o
T IA st
1 P
P 1 / E
\ I \a I M
] 1Y 1 I\
Wi 2 i
R\ X _» — 0z
rod
[
= ==
< + -
m —
5 b=
4 / )% SHO s
4 <
m
=
! o
w
0T Ot
I
|
\
\
\
sauerd TeuOSE]p Ot
uj “ejp ‘uj §°T SINOS Inog
axenbs °uj 91 - a8exy00[q paag \
| wreaq L/9 Y3y~ pos) JUSD[o=/
e€°0=a/4 \
T 03099y 3003=-01 A
1 ] R T TR M L N, SRS Tl S e S (W R AR N £ N
{ [ A T 1 5 O 2 2 e O . E 5 v i '
1

VSN ‘VIOU0IO ‘VINYLLY “INI VINVIUV-OLINIIS. % &£1 "ON 1aVHD




d “ Y 09 Arz=o A$A  'SUON3 1D3Iro¥d
os o .0 e "
d £ - D v Lgz=d SRR Tr:.__.o ava i £ ON N¥3LLYd
rr e 0 3 * % EAREERCT o e
. g { AR A ! 9 RA 8l 3 -
\ 3 5 . L
o [ o oy ) oY ) ol oY r) ry
AW
T ¥
i3 A
X
i o5
|
1 \
I \
e o 0z
=
7 N qu-.
Wi > ]
M - e
m o M
8 Cl “ —
<
m
- 7 L7 v =
o
o
oz b
Lr
o soueyd fedjoujad ol
| u} *elp *uj G° SIAS INOJ :
o i asxenbs °uj 9T - 93eO0Nq Poa]
o weaq /D MOf--PId] JusUD[e-L
e ee0=0a/4
] 10373y 300J-0T
| T TEUN) SRR NS (G VWY UL TN (SRR D S| e (o) i el | RRAL \
, s 5 A T A R R T T O 39 . <
V'$'N ‘ViOU03IO VINYUY “INI ‘VINVUV-OLIINIIDS L 441 "ON 1IVHO




‘AD=-AOS4 791  HUGHES AIRCRAFT CO FULLERTON CALIF F/6 17/2.1 \l
Ponnguz EARTH STATION ANTENNA STUDY SYSTEM. (U) : ,
MAR 7

UNCLASSIFIED FR=78-14=287 _ NL

e END
Al DATE
ADSATO| FILMED
7-/8
b

v




b W o pr2=9 (2 seoNa

W wo oo . 3
4 : EEN S o £pa=C savem Luibile  ava ON NELIVd
o S50 : % % F AR - :
& AN & AW =
ﬂﬁ IN*- P °° ° o o ﬂ* k
7
\ ¥
\ \
\
05— 14
4
A l
"~ 1
| N - N 1
I 4 1
& ]
£t | -4
&
[
o
\ e
A b
ot e
AT <
\ m
7 =
o
\ A
\
F | \ 0% 0
A \ \
| soueyd feuodelp ==
;i w ‘elp ‘W §°] SINNS N0
pEv % axenbs *uj 9T - 98eyP0lq pedd X
5% ureaq /9 MOJ=-Pod) JuUSI[3=/
s = se°0=0a/4
~ I0309[9x 3003=0T X
besi = R ~ ' Y
TR T R T G B D ) ) 5 ) N N 1 G 0- ¢
VN VION00 VINVILY “INI ‘VINVIV-OHUNIIS n L1 "ON JAVHD
”»

S




APPENDIX I

MEASURED PRIMARY PATTERNS
AMPLITUDE AND PHASE

Cup Dipole Feed Utilized for Experimental Verification
of Pattern Computation.
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APPENDIX II

MEASURED PRIMARY PATTERNS
AMPLITUDE AND PHASE

Cup Dipole Feed Utilized for Experimental Verification
of Pattern Computation,
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