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INTRODUCTION

This Phase 1 Final Report discusses the efforts carried out to de-
termine the feasibility of a dual feedhorn configuration to be employed with the
doubly-curved ASR-5 antenna reflector. The feedhorn geometry is modified
to provide a tilted up, receive only, second elevation plane pattern in addi-
tion to the normal elevation plane pattern of the original design.

The intent of this terminal radar antenna modification program is to
produce separate antenna two-way coverage patterns for the close-in and
long-range capabilities of the radar system. It is intended that the close-
in coverage will be obtained by transmission on the normal (low) beam and
reception on the second (high) beam. The long-range coverage will be ob-
tained by both transmission and reception on the normal beam. It is ex-
pected that the antenna will be tilted down one or more degrees from the typi-
cal unmodified ASR-5 design elevation angle.

For the purposes of the Phase I effort it was most important that the
angular separation of the normal and second elevation plane patterns be al-
tered to satisfy three different conditions. The three separation conditions
are specifically defined by considering the elevation angle of the lower (under-
side) half-power point of the normal beam elevation plane pattern and then
causing the second beam elevation plane patterns at this angle to have one-
way power strengths of 12, 16, and 20 dB down, respectively, from the nor-
mal beam pattern.

Previous work by Raytheon(l) showed that beam separations such as
these were readily obtained (for a linearly polarized mode of opera-~
tion in an ARSR-2 scale model antenna geometry) by combining at RF a
small portion of the normal beam signal with a strong second beam signal
to obtain the second (tilted-up) pattern. This same (RF-combining) approach
is basic to the Phase I effort discussed herein. It will be shown below that
this approach has successfully produced second beam patterns at the three
specified separation conditions for both linear and circular polarization
modes of operation. Full frequency bandwidth performance has also been
shown to be practical.

Other antenna pattern parameters considered in the effort are;
(1) the second pattern gain objective is to be within 1 dB of the normal
pattern gain, (2) azimuth plane sidelobes and beamwidths for the second
pattern should be similar to those of the unmodified ASR-5 antenna, and
(3) minimum degradation of the normal pattern for both linear and circu-
lar polarization should occur as a result of the modification. Although the
gain objective could not be met with the ASR-5 antenna reflector, the re-

maining pattern parameters for the normal and second beams have proven
to be satisfactory.



ENGINEERING ANALYSES

Antenna Geometry. - The central section curve coordinates for the ASR-5
antenna system were obtained from the drawings of the antenna of the similar
AN/FPN-47 radar. From these coordinates, listed iu Table 1, position of the
design focal point for the ASR-5 reflector can be determined to be located as
shown in Figare 1.

Furthermore, outgoing reflected ray planes at each central section
point as determined by projecting outboard section points onto the central sec-
tion plane(3) are in agreement with Dunbar's technique. It was somewhat
surprising, however, to observe that the reflected rays associated with the
lower one-fifth of the refiector pass through the focal point region as shown
in Figure 2. This situation is ofteun avoided in order to minimize any aperture
blockage problems due tu the feedhorn and its support platform.

Hopefuliy, when a second feed is positioned below the original feedhorn
to generate a tiited up beam, somewhat less of the lower portion of the re-
flector will contribute toward aperture blockage for the second beam pattern
since the outgoing rays at each central section point will be reflected at
slightly higher elevation angles. Ii can be anticipated that considerable azi-
muth plane defocussing may be observed, however, for second source points
that are located as much as six inches from the design focal point.

Computations. - Elevation Plane Patterns. - Approximating expressions
for the secondary (rar-field) elevation plane power pattern of a multiple point-
source fed, shaped-beam, reflector antenna were devised and programmed to
compute the power pattern in terms of the real and imaginary parts of the
voltage patterr:.

Pl = [Riel” + (1)

When the real and imaginary components are examined in detail for cases in-
voiving single sources and for cases invoiving multiple sources, considerable
insight is provided into the possible partern rippling (or even total cancellation)
that could resuit from RF-.combining of the shaped patterns associated with
each individual source.

The real, R(¢), and imaginary, liv), parts of coraputed secondary ele-
vation plane patterns for a source lozated atr the {(normal) aesign fccal point
(72, 0) and fvr a second {independent) source located sliightly below (71. 490,
-4. 855} the focal point are listed in Table II. These source points subtend
a physical angle of four degrevs frou: the reflector’ s mid-point.

Figure % is a voltage plor in the complex Ri-plane for the computed
normal feed patiern. Distributed along the curve are vaes of the elevation
angle, ¢. The maxiraum vector iength occurs ior «n elevation angle of ap-
proximately 4. 5° and represents the peak of the computed poweyr pattern.
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Figure 1. Reflector Central Section Geometry




Computed Secondary Patterns

Second Feed

TABLE II.
Normal Feed

¢ Real Imaginary
-4.0 -0.0404 +0. 1923
-3.5 -0.2146 0.4115
-3.0 ~0.3920 0.3533
-3.5 -0.3870 +0. 0015
- -2.6 -0.0626 -0. 4576
-2.5 +0, 5440 -0. 7037
-1.0 1.1748 -0. 4508
e -0.5 1. 4324 +0.3712
0.0 +0. 9629 1. 5233
0.5 -0.3448 2.5157
1.0 -2.2530 2.8037
1.5 -4,2265 2.0310
2.0 -5, 6294 +0.2023
2.5 -5.9796 -2.3003
3.0 -5.1401 ~-4. 8651
3.5 -3.3612 ~-6. 8902
4.0 -1.1589 -8.0028
4.5 +0. 9053 -8.1631
5.0 2.4343 -7.6196
5.5 3.3062 -6. 7572
6.0 3. 6477 ~-5.9219
6.5 3.7071 ~5.3054
7.0 3.7036 -4.9274
7.5 3.7287 ~4.7011
8.0 3.7380 ~4,5274
8.5 3.6182 -4,.3622
9.0 3.2801 -4,2251
9.5 2.7201 -4.1615
10.0 +2. 0234 -4.1901
12.0 -0.2758 -4.0743
14.0 -2.5148 -2.4024
16.0 -3.3139 +0.2014
18.0 -1.2005 2.9222
20.0 +1.7481 +1.9003
22.0 +2. 5204 -0.9101
24,0 -0.9583 -2.7065
- 26.0 -2.3535 +1.2134
28.0 +1. 4979 +1. 8046
30.0 +0.9190 -1.7904
N 32.0 -1.4938 +0. 1444
34.0 +0. 6458 +0, 7418
36.0 +0. 1926 -0. 6329
38.0 ~-0.5091 +0.2894
40.0 +0. 4403 -0.0709

Real Imaginary
~0. 3025 0.2206
~-0.2515 0.1824
-0, 0499 +0.0576
+0. 2331 -0.0518
0. 4523 -0.0667
0.4617 +0.0071
0.2108 0.0766
-0,1989 +0. 0262
-0, 5428 -0.1885
-0, 5862 -0.4788
-0.2272 -0. 6441
+0.4132 -0.4763
1.0124 +0.1018
1. 1846 0. 9465
+0, 6742 1. 7098
-0.4919 1.9706
-1.9744 1. 4242
-3.2359 +0.0372
=3.7517 -1.9093
-3.2205 -3.9148
-1.6801 -5.4485
+0. 5189 -6.1464
2. 8605 -5.9286
4, 8595 -4,9925
6.2187 -3. 6966
6. 8883 -2.4011
7.0187 -1.3401
6. 8497 -0. 5762
6. 5941 -0.0425
5.8318 +1.0965
4. 8489 -0.5590
3.4997 -2.2799
+0.9035 -3.7080
-2.0721 -2, 8348
-3.2780 +0. 4690
-0. 8469 2.7135
+2.4010 +1. 8442
+1. 8932 -2.5955
-2. 6052 -1.3294
-0. 5807 +2, 4785
+2.0517 -0. 4157
-1.0096 -1.0621
-0.2469 +0.9228
+0. 6815 -0.2617




The angular orientation of the vector represents the far-field phase of the pat-
tern (here approximately n = 280 ° +360q at the pattern peak) relative to the
positive real axis. Note that the far-field phase reverses direction near the power
pattern's upper 3 dB point for the phase reference origin taken as in Figure 1.

Figure 4 is the similar voltage plot for the second (independent) feed
pattern. The peak of this computed power pattern is found at an elevation
angle of slightly less than 8. 5° indicating that a beam deviation factor of
nearly unity(4) probably exists for the ASR-5 reflector. For this pattern
the far-field phase (here approximately o = 300° + 360q at the pattern peak)
also reverses direction near the upper 3 dB point.

Figure 5 shows a voltage pattern when two sources are utilized; that
is, RF -combining of the patterns of two point source feeds is invoked. The
solid curve (the voltage pattern) has characteristics similar to the preced-
ing figure for the second (independent) source. Examine the two vectors
which contribute to the combined pattern vector (_§) at the 6° elevation angle.
One vector (designated by

Jl-Ko §. )

ind

is the slightly attenuated 6° - vector (gind) of Figure 4 and the other vector
(designated by Koﬁ) is the greatly attenuated 6° - vector (N) of Figure 3.
A circle of radius KoN and centered at the end point of the vector

2 -

1-K, Sind

is shown with four relative phase values indicated. The 0°-value has been
taken consistent with the far-field phase value n of Figure 3 as the elevation
angle is varied in the power pattern computation. It will be shown later that
such circles represent the possible changes in the secondary pattern that will
occur as the phasor, 3, of the RF-combining network is varied. It will also
be shown that the radial dimensions (i.e., K_,) of such circles nearly repre-
sent the possible changes in the secondary pattern when the amplitude control
phasor, o, of the RF-combining network is varied.

It can be seen in Figure 5 that, for those elevation angles where the
circles are tangent to the computed pattern curve (e.g., 7.5° and 20° in
elevation), large excursions in the B-phase value (on either side of 0°) will
produce a nearly constant magnitude resultant vector. Such points will ap-
pear as ''stationary' points in the far-field power pattern associated with
the RF -combining network phasor. For those elevation angles where the
circles straddle the computed pattern curve (e.g., 6° in elevation), large
excursions in the a-phase value (causing Ko to shrink through zero into nega-
tive values) will also produce a nearly constant magnitude resultant vector
Such points will appear as ''stationary' points in the far-field power pattern
associated with the RF-combining network amplitude control phasor.

The same type of effects obviously would appear if the amount of signal
attenuations were reversed. ' Figure 6 is a measured elevation plane pattern
wherein the B-phase value is being varied and the a-phase value has been
selected such that the normal feed pattern is only slightly attenuated through
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the RF -combining network and the second (independent) feed pattern is
greatly attenuated. Stationary points appear at 1°, 3.5°, 8°, 17°, and 26°
in elevation. Examination at the lower (underside) 3 dB points of these
measured pattern shapes emphasizes the insignificant one-way power
strength variation that occurs for such a-phase settings. That is, it is
evident that a-phase values which cause the second (independent) feed pattern
to predominate are necessary to obtain the desired combined patterns.

ICR Values. - The computational procedure ordinarily utilized for cal-
culating integrated cancellation ratios (ICRs) implies the use of the same
circularly polarized antenna for both transmission and reception. For a dual
antenna system the ICR value calculation for a composite beam (N/S, i.e.,
transmission on the normal beam with reception on the second beam) is given
by the equation

> (E2+E2) (E2+E2)cos¢
_ 0,0 ‘“a b c d
ICRyp = 10 logy 5 ) z 2
0, ¢[(EaEC—EbEd) cos (—rl—-rz) + (EaEd-EbEC) sin (7—1--,—2)]cos )
where
1 1
- 2 - 2
Ea. - lpmax Ec - ZPmax
1 i
- 2 - 2
Eb - lpmin Ed - ZPmin
T polarization tilt angle of beam 1
T, = polarization tilt angle of beam 2
and
# = elevation plane angle above horizon

Beam b is typically the normal feed pattern and beam 2 the second feed pattern
for the composite case. It can be shown that, when the same pattern is used
for transmission and reception (i.e., E_=E , E, = Ed’ and T = -rz), this equa-
tion reduces to the calculation given in the feference.

Table III shows the output format of the computer program devised to
calculate ICR values for the measured circular polarization properties of
the modified antenna. The first line of the output data indicates that pattern
charts #49 and #50 from the measurement test procedure (being azimuth
cuts at the +5° elevation angle with the reflector oriented in position V) con-
tain the input data. The case is further identified as the computation for the
frequency of 2. 8 GHz and the 20 dB beam separation condition.

Five two-way ICR values are computed. The first two listed are for
transmission and reception on the same pattern; first the normal (low)
beam, and next the second (high) beam. The third value listed (25. 69 dB) is
for the important composite (N/S) beam case of transmission on the normal
beam and reception on the second beam where the orientation angles of both

13



polarization patterns significantly influence the ICR value. The last two
values listed show how the worst case ellipse orientation and the best case
ellipse orientation might influence the situation (if one could successfully
control this parameter over the total beam pattern at all frequencies).

The many ICR values computed during the Phase I effort are plotted in
Figures 38 through 47 in the section entitled Test Data Evaluation.
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