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APPENDIX A

THE FORMALISM OF THE SIDELOBE SUPPRESSION ALGORITHM

A. Given @k( ©j) for k = 1, K elements j = O, J pattern poi}lts, choose
a main-beam direction " 05", a sideiobe suppression region "®j", and
an initial set of sidelc.- . ppression weights " Bi". (A caret desig-
nates a complex quantit

B. Select the main-lobe «a I
ZaN ~ V
G] =g (e)] ; k=1,- . K A-(1)

C. Compute a Sidelobe Covariance Matrix

A k=1, ----, K
[M] = A-(2)
£ =1, ----, K
(An asterisk designates a complex conjugate)
D. Solve for the Excitation Vector
wl= W1 k=1, --—-, k A-(3)
Using the matrix equation
~ ~, ~
w)l=l1+M3 G¥ A-(9
where
[1] = Identity Matrix
[ ] -1 = Inverse of the Transposed Matrix
T
N
. _ ~ WoLp |
Normalize the weight vector Wypy] = - N -
OLD OLDJ
L
E. Compute the Resulting Gain
. A\
Go=| G W] |? A-(5)
L
F. Cocmpute the Resulting Sidelobe Performance
K A A 9
(SL)i = | 2 Wkek(ej)l A-(6)

k=1



-

s

J
SL= ] (SL); A-(T)
j=1

J

G. If lower sidelobe performance at the expense of reduced gain is
desired, based upon a comparison of the results from steps "D" and "E"
to corresponding peformance requirements, iterate the optimization by
proceeding to step "H", otherwise stop.

H. Increase "g j" in high sidelobe regions and return to step "C";
ie., If (SL)J-> y *SL A-(8)

Then (8 j)NEw = (B])OLD +AB
A-(9)

A-2



APPENDIX B. SYSTEM NOISE FIGURE CALCULATION

The overall noise figure for a general system is defined as the quotient
of a reference signal-to-noise ratio and the signal-to-noise ratio at the
output of the system,

(S/N)REF

Feo mm——— ., (B
(S/N) gyt

For a two port system as shcwn in Figure B-1, the reference is usually
taken at the system input making

(S/N)IN G, NF (S/N)out

Figure B-1. Two Port System

NF = ———, (B2)

For a system with gain G and internally added noise Napp, (B2) may be
written as

Sin /NN
NF = (B3)
Soutr/NouTt
S /N
IN/NIN
= (B4)
GNiN + Napp
- . (B5)

GN; N

[ B



This is an equivalent definition which states that noise figure is the net
noise present at the output of a system which imparts additive noise refer-
enced to the noise present at the output of an equivalent ideal system which
contributes no additive noise.

In a multi-port beamforming network such as shown in Figure B-2, the
signals at the element ports may not be identical. Additionally, if elemental
receiver modules are employed, each having different gains and noise fig-
ures, then the signal-to-noise ratios at the combiner inputs will not be
equal. In this situation, to determine the overall system noise figure, the
reference signal-to-noise ratio is defined as the ratio that would be present
at the output of a system which has noiseless receiver modules and a lossless
combiner., It is assumed the combiner has matched inputs (features an iso-
lated port). Such a system is shown in Figure B-3. This reference signal-
to-noise ratio is in accordance with the definition given earlier.

] Ports

Total
S
ELE

LIS ¥enCnm
COH !

l Sout

Nout

Figure B-2. General Multi-Port Beamforming Network
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Figure B-3. Reference Multi-Port Beamforming Network
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SELEq @nd Ngpp are the signal and noise powers at the mth element

input while SRgr and NRgF are the signal and noise powers at the reference
beamformer output. Notice that it has been assumed that the noise powers
at each of the element inputs are equal which is a reasonable assumption
when all elements are pointed in the same direction. Gp and NFp are
the power gain and noise figure respectively of the mth elemental
receiver module with the noise figures identically zero in the reference
system. For non-active or "OFF" modules, G equals zero. Cp are the
voltage coupling coefficients which may be compl- :.

The signals at the combiner output add coherently, therefore

MTotal "
Srer= | L, YSgLg "Cm  Cm

The noise at the combiner output adds non-coherently so that

MTotal 0
Nperp = L _ |/ VgL Cn Cnl (B7)

The reference signal-to-noise ratio is therefore from equations (B6) and
(BT,

MTotal
| £ /See_ /Cn Cpl 2
(S/N) ggp = - . (B8)
Total 9
Ngee I, Cp [Cpl

To derive the noise figure expression for the general multi-port beam-
forming network, the signal-to-noise ratio at the output must be determined
for the case where the elem:ntal receiver module noise figures are non-zero.
Referring to Figure B-2, the signal power at the combiner is given by

M Total

- —— o c
Sour = |2, "SELe " CGm €

m (B9)

The noise power at the output can consist of two components. A non-co-
herent part which is amplified element noise and non-coherent additive
noise, and a coherent part which may be due to noise from a common local
oscillator if frequency translation takes place in each of the receiver mod-
ules. If NNc, and NCOHm represent these non-cohrrent and coherent

noises at the mth amplifier module output, then the ..oise power at the
beamforming network output is



Mrotal 5 Mrota 1 9

From equations (B2) and (B10), the output signal-to~noise ratio is

MTotal 9
lm’;l Y S1~:L1-:m "G Cpl
(S/N)OUT'—' .
MTotal MTotal

2 2
by N C + I N C
L. /Nyc  Cnl I /Neop  Cml
(B11)
A non-active or "OFF" module contributes no coherent noise. Further, the

coherent noise contributions from active modules may be assumed to be
equal. Therefore, the output signal-to-noise ratio may be expressed as

Mrotal ,
8/MN)our= |m£=1 "PELEy 7 Cm Cr! .
Mgotal N |C |2 + N lM?ctiveC |2
" "o " COH  Tm=1 m

where Mgative is the number of "ON" receiver modules.

Substituting the signal-to-noise ratio expressions (B8) and (B12) into
the noise figure expression, equation (Bl1), gives for the beamforming
network

M’I‘otal MActive

2
z N C + N L C
m=1 NC., l m' COH |m=1 ml
NF = . (813)
Mrota] 9
Nerg L, Om [Cnl
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Using the noise figure definition of equation (B5), the noise figure for the
mtN receiver module may be written as

N N
NC, + "COH[ .
NF = (B14)
Gm NELE
where as before, NNCm contains the contribution of both additive non-

coherent noise and ampiified non-coherent element noise G, NgLg-.
Solving equation (B14) for NNCy, gives

NNc, ® Mm Gm NELE - NcoH (BI15)

which when substituted into equation (B13) yields

MTotal s Mrota) o (2 MActive
NeLe L, NFp GplCpl® - Neoy !Cml® + Neonl L. Cnl
NF =
Mrotal )
Nere 5, OmlCnl

(B16)

As before, the coherent noise contributions are equal for active amplifier
modules and zero for non-active modules. Thus, the noise figure expression
becomes

M N M . M :
Total COH Active MActive
2 2 2
T NF_G.|C + @ —— C -
m=1 m ml ml NeLE (l mL=1 ml mx=l |Cm|)
NF = v .
Total 2
mz=1 Cm |Cm|
(B17)

For the "OFF" or non-active receiver modules Gp equals zero. For
these modules

- NNc,, + Ncon] _ Nopr

NELE G+ 0  NELE

(B18)
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where Noff is the non-coherent additive noise from an "OFF" receiver module.
Using this expression in equation (B17) results in

M

a%tivlsFm Gm|Cm|2" E_QE M’l;:otraém|2+ Eggl-l( |MA2Ctiv8m| 'MA‘CCtiY(%mlz
e NELE ™*Mactive+s1 NgLg M=l m=1
M}.:Activ(% I |2
m=1 mi =m
(B19)

If the combiner under consideration is uniformly weighted, then the voltage
coupling coefficients C,, are given by

1

SC |= —e . (B20)
m Y '"Total

Therefore, the noise figure expression (B19) for this special case becomes

Mactive NoFF ¥con 5
mz=1 NFp, Gyt Now o ( Mrotal™ Mactive) * Ner o (Mactive = Mactive
NF ELE ELE
MA‘_ctive G
m=1 m

(B21)

Equations (B19) and (B21) represent the noise figure of a peamforming
network having non-equal signal inputs, non-equal ->lemental receiver module
characteristics, and a lossless combiner. The mean gain for this system is sim-
ply

MAc tiveG
m=1 m
MTotal




The overall noise figure which includes the effects of combiner loss may be
determined by considering two cascaded networks as shown in Figure B-4.
The first network has a noise figure and gain as calculated by equataions
(19) or (21) and (22). The second network accounts for the oombiner loss
Lcomp and has a noise figure numerically equal to this loss. Therefore,
the overall noise figure is given by

Lcom -1
NFoveraLy = NP+ ——=—— (B23)

and the overall gain is

GoveraLL = G/Lcome: (B24)

NF,. C

Lcome

Figure B-4. Beamforming network with combiner losses
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SECTION 1
INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

The primary effort of G.E. SSD during Phase 1 of this program was aimed at
enalyzing a confocal parabolic, electronically scanned, Gregorian type antenna
system. This effort was broken up into two main tasks , namely the analysis of
the optical system and the analysis of the MMIC beam combining network. The early
part of phase I was devoted to determining a baseline optical system capable of
imaging a desired far field pattern to a phased array system such that proper
element weights could be determined. The primary parameters which were
investigated included the F/D, the magnification (M),the subreflector size , and
the reflector offset. Once the optical system was defined, several array
configurations were considered to verify the spherical mode approach as well as to
define the initial design point for the Gregorian system. The verification was
accomplished by comparing the secondary patterns produced using spherical mode
techniques with those produced using a near field physical optits approach. This
verification was required since the spherical mode approach had not previously
been used in the analysis of apertures of this size. A description of the
spherical mode technique appears in section 1.3.2. Several reflector program
modifications including a non-linear offset grid were made to significantly reduce
the computation time by optimally selecting the number of modes required to
accurately descibe the pattern. The reflector program is discussed in section
1.3.1.

It was originally intended that the weights for the individual array elements
would be optimized using a secondary pattern synthesis approach. This approach
entails computing the secondary pattern of each element in the array. The
elemental information furnishes a data base utilized in the optimization of the
system secondary pattern. Due to the number of elements (600-1200) that are used
in the Gregorian system, the computation time for determining these individual
element far field patterns (approximately 4 Hrs/element on a HP 1000) was
prohibitive. The optimization program is extremely powerful to fine tune the
element weights once an optical system -is properly selected. However, this
program provides no direct information regarding the optical system parameter
selection. An approach which determines the amplitude and phase on each element
in the array prior to computing the secondary pattern was developed based on an
inverse ray tracing technique. This approach can be used to provide optical
system information such as the selection of the magnification factor, and the size
and location of the subreflector and the array aperture. This method is descibed
in detail in section 1.3.3.

Once the weight of each element was determined, the system performance, as well as
the parameters which characterize the beam forming network was investigated.
These parameters included phase quantization, phase shifter error, phase shifter
faflure, amplitude taper, amplitude error, and amplifier failure. These
parameters were varied, primarily, to determine their effect on peak gain and
wmaximum sidelobe level. The information obtained from this parametric study is
contained in sections 3 and 4.



1.2 THE GREGORIAN SYSTEM

The system configuration being studied consisted of two confocal paraboloids
arranged in a Gregorian fashion, and an offset phased array located parallel to
the focal plane. The offset plane cross sectional view of the system is depicted
in figure 1.2-1 and a conceptual sketch is shown in figure 1.2-2.

1.3 SUMMARY OF COMPUTER PROGRAMS
1.3.1 MAIN REFLECTOR PROGRAM

The reflector program used to analyze the Gregorian system under consideration is
based on physical optics theory. The reflector surface is projected onto a polar
grid as shown in figure 1.3-1. This polar form requires approximately 1/3 the
number of samples that would be required for a cartesfan -ystem. The number of
angular and radial cuts are decermined from sampling theory. Once the grid has
been defined, the current in each »lement bounded by the grid is determined. This
current is assumed to b2 constant throughout each incremental -area. The grid
definition is extremely important in large aperture systems, such as the one under

consideration, since, improper sampling may introduce ficticious power (grating-

lobes). If the grid increments are large in areas where the current distribution
is changing rapidly, the elemental current may not accurately describe the actual
current distributions. In the present large diameter offset reflector system, the
distance between grid points could be several wavelengths near the peak current
point. Thus a :v:h finer grid system must be defined. A finer grid system is a
rather ineffi “ont way to solve the sampling problem. Therefore several
techniques were implemented to reduce the number of grid points while maintairing
accurate current representation. First an offset grid system was developed. This
allows the grid center to be shifted to the peak current point where the surface
current will tend to change most rapidly and where the current magnitude is most
concentrated. In addition , a non-linear angular and radial step size can be
specified. This allows more samples to be taken near the peak of the current
thereby providing a more accurate surface current description. The offset non-
linear polar grid configuration is shown in figure 1.3-2 Comparisions of
subreflector far field patterns using a standard polar grid and an offset non-
linear polar grid are given in figures 1.3-3 and 1.3-4. As can be seen from this
data the offset non-linear grid is required to accurately represent the current on
the reflector surface.

1.3.2 DESCRIPTION OF THE SPHERICAL MODE APPROACH

General Electric S.S.D. has been working with a unique method of simulating feeds
and analyzing reflector configurations using spherical mode techniques since 1978.
One merit of the spherical mode approach is that, in general, the far field of a
reflector or feed element can be accurately described in a relatively small number

of camplex coefficients which makes the programs very efficient. For 10>

apertures the spherical mode approach is approximately 5 times faster than a true
near field physical optics approach. For 50) apertures the spherical mode
approach is twice as fast as the physical optics technique.

The spherical mode technique is based on the solution of the vector wave equation
in spherical coordinates. For EM fields of a radiating structure expressed by E
and H conventiorally, the coefficients of the vector wave equation of the form Amn
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Fi&. 1.2-2 ¢onfocal Paraboloids in Gregorian Arrangement
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Figure I3~1  Polar Grid Configuration for Main Reflector Program

POINTY
Figure 1.3-2 Offset Non-Linear Polar Grid Configuration
for Main Reflector Program
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8
and Bmn ir spherical coordinates can be determined. This process is referred to
as spherical mode expansfon (SME). F:r a given set of spherical mode
coefficients, the EM fields (E,H) can be determined from a knowledge of the vector
orthogonal functions. This process of determining E and H from spherical mode
coefficients is referred to as spherical mode reconstruction (SMR). Since, in the
far field, the radial function can be factored out of the wave equation, a set of
spherical mode coefficients can easily be determined. By reinserting the radial
function into the vector orthogonal functions, %he near field can be computed.
This far to near transformation s extemely {important for the system under
consideration in that the subreflector i{s within the near field of the array
aperture and the main reflector is within the near field of the subreflector.

1.3.3 DESCRIPTION OF ARRAY SYNTHESIS APPROACH

The array systhesis 1is designed to produce the following arrs: pzrameter:
complying with the system performance requirements.

1) Array location

2) Array size

3) Element size & spacing

4) Element weight, phase & amplitude

5) Phase quantization, number of bits

6) Sensitivity to random errors

The first synthesis method evaluated was the secondary pattern optimization
approach. The advantages of this method are:

1) It provides an overal view of the system performance.

2) It optimizes performance parameters simultaneously on a global basis.

3) It provides the insight to performance tradeoffs.

The disadvantages are:
1) It provides no physical insight regarding the initial system design.
2) It requires the individual secondary pattern of each of the array
elements; and the patterns have to be re-computed once the array or any
other system parameter is adjusted.

The computational efforts become prohibitive, if the number of array element ‘s

large, or the initial choice of the array and/or system parameters is not close to
optimum.

The second synthesis method was dev-oloped based on inverse ray tracing
technique(IRTT). This method has effectively decoupled the array synthesis from
the optical system design. It also provides the designer with the near-optimum
optical system design efficiently and economically. However, IRTT is not a
replacement for the synthesis by the secondary pattern optimization. Instead, it
supplements the first array synthesis approach.

The following describes the IRTT development.
In the early siages of the study, secondary patterns were computed (re: Table

7.1-1). In almost all of the unscanned cases, reasonable secondary patterns were
obtained. But none of the scanned cases showed satisfactory results.

ot et e el b
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To better understand the results that were c.tained, an {nvestigation was
conducted in three major areas. The first was aimed at verifying the imaging
concept where an array with 6 times the feed array diameter and element spacing
(f.e. 3.18"=6x0.53) and with the same number of elements (1039) was assumed to
replace the main reflector aperture. The unscanned far field patterns of the
"magnified” array show excellent agreement with the actual unscanned system
secondary pattern as can be seen in figures 1.3-5 and 1.3-6. The aperture image
concept was thus established for the unscanned case.

The second area of investigation was aimed at explaining the unsatisfactory
results for the scanned case. A ray tracing technique was implemented to aid in
this 1{nvestigation. It was found that rays leaving the array plane in the same
direction corresponding to a specific scan angle arrived at the scan plane with
different path lengths leading to phase error problems. This concept is shown in
figure 1.3-7. Figures 1.3-8 - 1.3-11 show these path length errors as a function
of element position and array scan angle for two different geometries. In
addition, these rays will arrive in different directions as can be seen in figure
1.3-12. The far field scanning angle as a function of element position and array
scan pointing angle for two different geometries is depicted in figures 1.3-13 -
1.3-16. Both of these effects become more pronounced at larger scan angles. The
scan plane is a plane passing through the focus, perpendicular to the system scan
direction . If the system scan becomes zero, all the secondary rays are parallel
to each other and all the ray path lengths are equal. Based upon these results,
the reasons for the unsatisfactory scanned results are well understood.

The third area of investigation dealt with finding a method to handle the scanned
cases, leading to the development of the inverse ray tracing technique (IRTT). The
word "inverse" was used to imply that the rays were traced from the secondary back
to the primary, i.e., from the main dish through the subreflector to the array.
See figure 1.3-17. A necessary condition to obtain peak radiation in the scanned
direction is that the rays in the scanned direction must be in phase. To have the
secondary rays parallel to each other in the scanned direction, they must leave
the array plane at specific angles. The ray emmiting angle at the array element to
produce an 1in phase secondary ray in the scanned direction is a function of the
element location and the parameters of the optical system. Once the ray emitting
angle 1{s determined, the path length from the array element to the scan plane can
be calculated. The phase of each of the array elements can thus be ¢qualized by
using the phase shifters to provide equal phase across the scan plane. This
procedure provides a basis for array element phase settings. Figure 1.3-18 shows
the path length from a point on the reflector tc a point on the array for a given
scan direction as the point moves in both the x and Y directions across the
reflector surface. The amplitude settings of the array elements can also be
determined using the inverse ray tracing technique, since the amplitude taper
across the scan plane dictated by the performance requirements can be mapped back
to the array plane to obtain the desired array amplitude taper.

1.3.4 VERIFICATION OF COMPUTER PROGRAMS

The use of spharical modes for apertures exceeding 100 wavelengths had not been
completely verified prior to the start of this contract. Therefore, before the
spherical mode approach could be confidently utilized, a Justification of the
method had to be made. This Justification {involved computing the secondary
pattern of the system using both spherical mode techniques and a near field
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physical optics aproach. Since the nearfield physical optics method is an
accepted approach, good correlation between the two techniques would Jjustify the
method. Several cases were analyzed in verifying the spherical mode approach for
the Gregorian system under consideration. These cases are summarized in Table
1.3-1. Yhe first involved computing the current induced on the main reflector for
a single feed element using the two techniques described above. The results of
this comparision are shown in figures 1.3-19 - 1.3-24, As can be seen, there is a
good correlation betweer the two approaches. The second comparision involved the
investigation of a seven element hex array. In this case, the secondary pattern
of the array was treated as a single feed element. The results of the comparision
using spherical mode techniques (SMT) and near field pysical optics (NFPO) are
presented in figures 1.3-25 - 1.3-30. Again excellent correlation between the two
approaches 1is evident. The final benchmark of the SMT approach involved the
analysis of a 397 element (12 ring) hex array. The results of this analysis are
given in figures 1.3-31 - 1.3-36. A comparision of SMT with the NFP0 approach
provided results which are considered to be well within acceptable limits. As a
result of the SMT verification effort it was concluded that the SMT approach
provides results which can accurately represent the secondary far field pattern of
systems with aperture diameters in excess of 100 wavelengths. The upper limit of
SMT capability on the size of aperture diameters is determined by the number of
modes dimensioned in the program which is a function of the computer on which the
SMT programs are implemented.

24



25

uoL1RJ07 3Bueld Aeuay
395330 USiQ usey
uoLedL JLubey wISAS
19j3uRLQg Yysig uieW

LI B A ]
QEON

9e°€"1
(X X 3 §

ve-€°1
12-¢°1

0dd4N
1WS

suu4adlied 44

$98°€1-

w9t 9 I

«80T

da ‘Tl3g

ZH9 O @ ST
4333uR1(Q .65°0

x2H

(uawag3-£6¢) bury 21

1) % ) |
L2-E°1

82-€°1
S2-¢£°1

0diN
1NWS

su4aljed 44

wllL76-

W 9 I

w801

di ‘1133

ZH9 0£ @ S°T

4313uR1Q .65°0
X3y juawd|3-/

be-€°1
12e1

22-t'1
61-€°1

0diN

JUIAum)
ystq utey
Pacnpuj

w0

W€ 9 S

«801

da ‘Il3y
ZH) 0 @ S°1
4aj2uRtQ .69°0
judwld| 3 3jbu)g

U914

(034VdW0)
SY¥313Wivd

0 W a/4

W31SAS WIIL1d0

UOLIRILJLUBA WS 404 S3Se) JO AJeusung

AVHYY

‘T°E-T 318v1

‘ON
v



26

LNawaa 39N bi-%) Si4

(@ °88°S 3135440) ¥ILINID QId9 HO¥4 “ON ANIOd
ool 06 o8 P 09 0s "] 4 ot T4 et

v v v Y v v v v T v Y v Y v T v e
. . . . . - T

. i ) 1
€861 AYW S L2201 DT

AUV | AT —~ Od IN andyd

T AL 40 3ANLINSWU

(qq-



ST

BRYEIURE ks B3 Y11

(2°0°38°S 3135440) ¥ILNID
06 es - P4 89 oS

QZ-¢'! 2'4

dl139 WO¥4 “OH LNIOd
o 1 e

et

L i L4 M L] I I I L

v J v LI S |

IN3¥3ND E3INANI

)

(gqQ-



10awand Al s 12-€°1 54

("0 °88°S :135440) ¥3ILN3D QI¥9 WO "ON LINIOJ

001 86 o8 0s 09 0s ) 1% 02 ol

i L4 v 1 4 L4 v v hd 4 v el v v o
. . . . . . . . .

............... ............... ............... ............... ............ s
R T2 T D R
.............. W:.::.::.w:.::.:..@:.:‘::.::w::.::.::w::.::.::w.‘:.::.:.W:.::.::.w:.::.::.@:.::.::h 02

.............. L S2

.......................... . ....................,...m...............“...............m............L [ ]

(¥ 3}

JAUNDHYW T A0 — Od IN UL

Ioerteeiiaannrane ST fasetinaoancnons e reecescsreiene focccncunans » -l wm
. . . . N

: : : . .

. . . .

R I NIRRT s I o

} Al 40 3ANLINIYM

(€a-



[P

100

— - 240 SOARANA AN SIS S A S NED A AEL AL S LR SNN S0 Sag N ZE A NN M AN AR
- . . . . . .

aaaad 2 a s ad aasadasaalaaaabasaad s aan b oo,

© w - w ® w -] w
4 [y] o~ N ~N - -

(8@~ ) LN333N2 GIININI

POINT MO. FROM GRID CENTER (OFFSET: £.88,0,2)

ELEMENT

SANQLE

Eg V\.3-22



30

ool

Laawsd 39RG ¢z-€°1 5

(2°9°88°S $1353440) d3LN3D Q1¥D Wod¥4 "ON iNIOd

Py

i \ ; i . i . i \ i \ i
tel) (62 . 9 681 POLUSS) 143W3 AS LN3330D HS1d HIYM ey

(9@~ ) 1N3Z¥N3 @3IINANI

<o )



31

R

LNIW3AD FAHNIG .TNI A L |

5&°9 1374300 43LN3D J143d Wld3d "OH LHIOZ

voat 1 g2 e BI 0S5 ue s 2 (i3 ol

- L - ¥ - L hdl A ] v A J M B v \J M L] I A hd @
: : : m ]
[ : : . P . T - J
T R ; s \. “, R P . \w«.\;. L e 45
TN AN ¥ k v ) - )
: -~ : 7 .4\ *, S " i o y
T : I —" y
S e Y S e PR I T R al
3 SN ..\I.\s : b .M
¢ ; v .
- \...l\t\ : : 4
@l\ ............... R RTERTETS PEETRRRERPY 451
‘ <
[ “
e i e 4 02
]
)
4
A
e T A R RaE 4 52
;
]
0 d 4N 3 ._n_ i u
|
................................................................................................................................................... 4 ot

m>m ac»ouauua zua: HO

W ............... W ............... W ............... M ............... »zuam:u C3INANT . W ............ 1sc

. L N 1 o 4 i N i

c261 AOW S IPiIIl RO T L1 40 3dnLinoouw T ® 10D --- INTOWN or

JansiNgIw Egd ™ — od 3~ vl

Al 40 3QALINOHN

)

(4aq-



32

Ay W IT3-/,

Sz-€1 94

(330) 3IIONY 1J3dSY

9 " 9 1 4 € e ! 0
g v 4 g 3 — S > g v — 4 > >
. Ne . . -
. . . . . <
b . . . . . <
L . . . . . 4
l'-u.-o-.-o-o.--o-.-ncot.-.--o'ooo--oc-ooo-"oo'oooo'.oonv.v.'-v-'oohoovoo-oo-'u-o-.-'-o--ov-o-o.ov-c-'oo-ov-oooo-'-n-'olooooov'-ooo-ooo-'-.l
p : : : : : 3
ﬁ - . . . . . 9
. . . . <
[ . . . .
e ¢ 0 oo n et e n et tacaenegesterncietriantseteritentsenaceareratoasecanereosgossesrtoctetacteatacerscbencanesonasoncnncseasnenaconstarcnsasesconcesessc)
b . . . . <
X H . : H : 1
3 : \’ : : : : ;
. . . . . p
r - A A " & W P o ' & PN
v v v n au v A v v v 1 B T - v v 4 v > —_— > ) § v - L o
- . . . .
w : : : : : .
) . . . - <
p 3 : : : : 1
poe e e seovccecr isnoeneccasgencroconcoe oo o Qeerinpe .o L R R R e InrIInIImmn
. . .
s : ! : : - . 1
q . ; . . . . 9
p . . . . <
d . . . . . <
e sesseascsonsessosassnsacffescsscconsfossurcoonveioets s IEERRRY I ERT Y o.uoo.oooc-wo-uo-o--no.ocoo.-no.cn.u-..ono-o-o--o..-.-l
4 . ’ . . . <
b . . . . . 4
< H H H H H 4
b . . . . . L
B O Sy R R S TR TR R B L A
- . . . <
: : : : ]
. . . . . 9
. . . . . <
LA L R Y Y N R R N N R Y R LR R s S B0 0000 re0000000000000000Prretersnstscresconnenes
- . . . .
. . . . .
. . . . . M
. . . . . p
- . . . .
. . . 3 . -
-...ooo.o-....-Ohucunouuo-oooctoc-n-oouoota-.-.W.v--.-occco.o-o-.c.-.-.-o.-.-oc.aco.-.-vccv-c-. .-co--..-.---co-c»t.‘..ct-o-u.u-nc-cnscoc'c-ol
. H . H . 9
. . . . . <
- . . . . d
. . . . .
. . . . . <
-o.-onon-oco-nooctc-'-n-v-l-no..--.-.-v--:--M-o----.o-o..-.-o-.su.--.---o-o.o--v-o-o-'v.ou. -.o-o-oo-o-o-o-o‘uo---..-o-.-.o-.-.--..j
. . . . . 9
. . . . . 4
. . . . . <
. . . . .
M - . . . 4
0Nt 000 eI eP i rertior e it ent el iteersermetoerteesessestotniselorssntttensertstisnsdsreseetoeites®totesetessoneneneass SemesessecestRssesresssne e w
. H H H : 91
L) . » . - 9
. . . . .
. . . . 4
e re A A A A A A A re A ' A 3 A A
L] L]
H'9 1Is ANJ (2

€8-21-9

3844

PP S U
0 S°) ZNIUNWE N331lbd °4°

d HSIa

NioH

ot
St
e
se
o€
- 1>

or

18P) NIYO

13



Aveyd dvawII-l, 9Z-€1 '

§2°1°0'S*  :dIy¥9 135440 (930) 3ITONY LI3d4SY

9 s ’ € 2 1 0
—— — S — — S — St-
9 . . .

b - A Y . . - p
b . . . 1
R T T L L R E TR R P PR ee-eessata.ane P ORRREELRLELE eessens esie @becncassusesennre s sesereeccerianaens .e . vomee ons . ..]A Qﬂ'
[ : : ]

o : J
m.. ..................... S . e ererecaraar e e e Cerenreirananaans ereeaes TRRIRPPRPPRPPED et reerannaie e .m G-
3 M . 9
L
L . b

g $ y -t * * ("]

dc b

arsadaasatasasal
o
..

.................. @essarrcscsannnae
.

"v'!'v'v' MASAS ML
H

N S S U U T LT~
oF: T -2 N eIhD o IR—TiE T I 3T | @

. (40) NIUO



:
W
;
b
:
¥
.

e u gy

\b
1L

Aedy ANvawIa- |, Lz-<l

(334d) 3TI9NY 1234SY

[ S— L1 & oot

ceosed LD
<
e ad OB
N

A MAAAE BAAA "“'l""r""‘vfr"v"“’mv v

Lg vy L4 1 2 4 Ty v v L v v 4 L 4 v L g v ] Lo 1 4 L4 L
. . . 9
.« . . 4
. . .
. M : L
o o . 4
PO E NNt at s lorRits it IenatId sle  torntrritoronstitreree 'PettiNcnmonNieredaentericcetod Ieotetenieanecntontoeniocomanstttetnsssarsnocsseessad
. . . .
. . . . 9
. . . . 9
. . . 3 <
. . . - <
. . . .
L R L N LR LR LR R L T Y A
. . . .
. . . . 3
. . . . 9
. . . . <
o . . . 4
A o e A P A & P 4 & 2
—y . — 14 \s ¢ L4 . g T * 4 g v 1 ] > v "y g Y g v - v
. . . . 4
. . . .
. . .
. . .
csnss ceveencory D S S PP
. . .
. . .
. .« o .
.
.

eseseessccesrernseconre

R R YRR Y T FY TN

seesscucvesvseesncsssnen

L Y Y R Y Ny Ry YY)

®ocencrevessnerenrossnne

sesecsncsesssecsceconoee

seeceessessossensssscnans eressssseessnesad

secsvsspencsn
.
.
.
.
.
.
.
.
.
.
-
.
.
.
.

L S R Ry R R R RN I I T

R e e N L Ry

eesnae

90000000000 0000000000e00o0 0000t trrtesencecstisetcsccPerscrsnoninestntserssefNeres
.

XXy TR XY R R RN TW TR T

000000000020 0000800 00000 0% 30 000a%rtreniN,
.

.
.
-
.
. .
oooov-oovo'oooo.oooo..!0»".0..!.0.0'.0..0...-0-.00 '-09000..0..0.0.0...0-000”
- .
- .
. .
. .
. .
P PPN L e eIl RN PR et ErrIo I R eoetictitnenetesitiocsetodinereoecnedsse
. -
. .
. .
. .
. .

IR R T T INT

L Y TR PR R T YY TR

@esecsereccscnssesssanse

L Y YY)

.o ere00s0sscsscssnse

esecesscccsssnnrrsens

.
.
.
.

-
0
.
.
»
.

3

secessesesscctssereccnes

Boevece

esse0sco00sccssvsnnsae

PN FUUUS SUVTY PUTEE PUTWY FYUYE FWUVY DUewr

91~

ot~

-1 4
ez
Se
ec
1

or

(4P) NIWd

Y



. Avzay Javawald-l,  BToER 9 .

§2°1°0°Ss°*  :dI¥9 138440 (33@) 373NV 123d3Y

-
—— v - v Y ' s st
. . . . .
: : : :
: : : : :
: : : : : ]
: : : : :
Ceeereseeaennianaenaanas N T R I ) &
: : : :
: : : : 1
. M . . 4
: : : : : 3
: : : : : )
: . :
.................... S gt
: :
.
: :

e PN T P -

t0-12-5 3 ZelnD

T T T a1
0d JN 3ndL A8 AJIud 34

(30) NIYD



TR et eme GaE ame see GaN  BEN

36,

Avyay LvawaT3 -l LZ-€ 1 Hiy

(°93d) 3T9NY 1234SY

si-

"]
40

4 e
o
o d

o a— v s v v - v P———p— v v Y v —y—— o v p— v v v p—
H M N H 4
H H H H b
. . . : . p
: . . : . 4
. . - . - -
L) . . - " u
B IO TammnmnmnInnnmnnononmnmmnmnmnmnmnononnnmnmnnnnnnmnmOnononononnsns s oonnmIITTT>TS ml
. . . . . L
> : : : : : 4
. . . . . 4
- . . - - L
o o P 2 o Py M 2 4 o 2 8 a 1 & a a 2 ) Y 2 a 2 a2 4 ™ °
w B W ¢ | 4 + -+ ¢ — + 4 —t + m e o 4 Tt A e
: H M . . m
Ll . - - .
M M . . . o
. T S B A P P P P P PR ¥
. . . . . “
H H : .. H 1
. . . . .
. . . . . p o
B T Y L I LT LT T T TTTITTT YT YR ey PUpRpupapepy A cefesesririenictosasacscressheattatecscicsccrcsasseccdieccscscacnseccscccccced @ »
: : : : : ; "
: . . : M 4 xz
L] - - -
sessescscsscscssencecsnfe sesesccncscscdocans D R R N R Y PR TP Y R PR Y PY R TR w‘ -
. -«
. : : : a
:
: : : w w
: : . -
LR R L e R R R N R R R R Y T '“
: . : H : M
H . H . : u
. . . . .
. S T T LR R PP P PR PR PR PP cots R R P TR YRR TERYS m~
: : : : : b
H : : : H
: . : . M ]
. . H
ll-ouano-ou-oooo-..o.uo-o-.co-o-.o-on.oo..-c-.-Wc-.ooonun.-s-.uo-.-.oo.m.--.-..-o.uo---no-.-o. ouoo-.-ccnc-'ovnnoonﬁaoo-onloooot-ooann-o-o-l .o
p
. . : : . 4
. . . . . p
) - . . L4
» - L] - - -
PR PPt I NN e IR It eanPse0 el T 000end I tacrsentit eersstoeenntecioniteatoessosstasttosetociosdntniotBocssnsnsisssotascetos e ssesenssgrecoctactate s o u“
: H . H . u
. . . M .
. . . . : .
. . N . .
* i d _ ~ | o~ " .i N — LP ’ e - e - - ~ L. .'
€8-21-9 H'O €s 1ND (135440 S°) ZNIY.IE NY31LUd "32°4 HSIG NIUM
1
]

L -J



37

ALY JewalI-L  OE-€71 Hig -

S2°1%0°s° 1aqI¥9 135440 (33d) 3T9NY 1I33dSH

- — - — ST
™ d 2 | N v Y Y
N . B M .
B : . . .
. . . M .
s . . . . .
. . . ' .
SRR R R R RN R R R e . ) &
. . - B .
4 - . . - -
- . . . . L3
- . - - . .
S M . . . M
'.-v.-co-o-.-....-..-.u.............o.....o.....ov...o...o.o..o...........n..........................\......................ooo.\.........-.....o-..-c.o m-
[ . . . . .
. . . . ,
a4 - . . - .
ﬁ . . - - L4 .
i - A " -~ i L -
* -+ g * e > gt +- - et sl - T *> a2 v > T * $ * v
ﬁ . . . . .
b M . . .
[ : : . : :
-~ “reesseseeccgeccnsssane R P R Ll L S m
b : ? H ? .
-~ - . . - . -
B . : . .
o - - . .
[ M . : :
- R R IR TR PR R . DR R R TR S R e S e T L LR T R R TN T N Ry Oﬂ
- . - - -
4 : : M . .
: . : .
b . . N .
S B . . .
S fescoaaaa? geoerrrooylociennan I N Cesaceniens Ceteenan Ceesnianesdlen cenereeacans . mﬂ
P - - . - -
L . . . .
d . - . - .
: . : H .
- - . .e - «d .. . - *sserster s - R R Po Qe+ ePacrsesvennasrssanea M rm et At TR roar e e *e v 0 - seesessssavacsse
B . . . .
H . M : .
: . : . .
d . . . - -
p . . - . .
e 0ot e eecetac0 st eetacecteensoctsa ottt eacctereBesonatsaatersorcncttsotoPeracatosaa Ny eerotcascetatacatio ottt n st rersterPeotoenaronsPoocattontse mN
: by : > ’
p H : H 4 :
3 . . . . .
: . . . .
. . . : .
: : : .
-------------------- . sew . I LIS s P eansst o .ow R e N .. seBorsencs e e * s s 80 a0 D R e se e s s v nes a0 -
. . . . .
S . . p . .
M : . . .
. . . . .
: . M . .
L mestesssesiecssiicsaceccad GF
M . ! . .
P . - - -
4 . . . N M
-Pp - . - - .
. . . . .
a P o o ) 1 ) 1

ST

-1

>
gf

I
b
[
b |

T

NIUO

(84d)



38

33 WASAS— Auddv X3H HMI-C|

(930) 3719NY 123dSY

leE-€1D'H

"YIE I S'1 --- INIWITI
XIH SONIN 21 --- AudNY
'

g

P S G 1

U Sy

A

eez

@°o¢

0°0s

e°e9

(dd) NISY9



33 WALSAS — Avoue X3H Sry-2Zi

€€ 16°CS ' NIUS XuM

936) 3TNY 1J3348Y

ZE-€ |

Sid

M S°t -- LANINITI
X3H *SONIN 21 --Au¥¥Y

e ———— Yy ————— ey — v g ————
. . . .
: . : :
: : : :
: : : :
. . . : .
: : : : 1
: : : :
: : : :
: : :
r........................u.........................u........................h............ e eesscsnens e
H : H
. : :
: : :
ﬁ : : : : 9
: : . :
: : : .
: : : :
: : : .
maead R R R R R R L R AL o’ ecssfecsraccace -]
: : : : .
. . . o
: : : :
: : : :
: : . : :
f : : : : : 1
: : : : :
: : : : :
: : : : :
e e s rententiieeiie S iia e e e e eriasaceinnains ceevianas Ceeriseaisiaians ceeesaes P P T TR AT IR
: : : : .
. . . : :
: : : : :
q : : : : :
: . : : :
: : : : :
: : : : :
bescecccsancasacsencncsnibrcoorscannns veensecraane ebecersseriarenoinas L T terecens S everecsenres crecieralierenenn
: : : : :
: : : : :
: : : : :
f . p : : :
: : : : :
: : : . :
: : : : :
: : : : :
1.0.0..!.0001CO.l-...-'-.n-lnclnn..‘nl.!l...'cuono“ tttttt LR R Y RN RN et avPeccgecusPoesrtserrtentans 4288 s cencosasn Sseases LR RN KR!
: : : : :
: : : : :
: : : : :
: : : : :
: : : : :
P - - . - .
: : : : :
: : : : :
: : : : :
A __ A re 1 o 2 " 2 b o A a A A A A A Py L e A A A a a A A
€8-22-8 HI/ 19102 IHNS AS 10KW2Id J44

o9

(20)



40

- . r.W-
J9 WAUSAS~ Avezy x3H Hv1I—~2Z | gge-€ 94
(93d4) 3T9NY 1J3dSY “BIG M S°T --- 1N3IW3T3

X3IH SONIN 21 —-- Ayd¥Y
4 1

— e v S Y -

- [o— .

0° ez

0° et

o°or

0°0s

0° 09

(4q) NIuwd



A3 WRAAT — Avudv X3IH DY -ZI yE-€ 't 5y

16°€S INIBI XuM (33@) 3I0NY LI348Y M $°1 --- LNIN3IT]
9 v X3 Mu:-& e} =-- ¥JW¢¢

7 w
e M

- - v > o 4 -
. . o .
- . L] .
- . . .
. Ne N . -
S - . . . .
. . . . .
. . - o .
. . < . .
. N . .

. . . . :
S TX T T T PP Y cesleciioniiiaiatiadieiiciocniminiantniarnes
. . . . .

. e . . .

. . . . .

. . . .

. . . - k
b . . . H .
- . . N
. . . .
. . . N
. . . .
. . . . o
R R L X RN R PRI R Y neeece 9030000000000 000000 c0sscnrsessacases®ertonctrrnrcns e . L R R TR R Ry (EEXXY LD ooo..-...-lA
H : H H H
. . . . .
. . . . .
. . . . .
. . : .
p : . : < M 1
. . . . .
. . . . - .
. . . . <
. . . .
2 : . . .
T U SRR PSSV R VO RO URPURRURPUUN SURSRUUURURURURRRRRUNE SUURRRUUUTN SOTTUR
H H . ? .
. . . . .
. . - . .
. . . . -
. . . . .
. . . . .
P . . . . . 1
. . . . .
: . . . .
. . . . .
. . H . .
. . . .
SN ssesorvessactane segecccnns ectenne L secmrsesegensenen eesestvccssncroatomarnn esccescvsceleccccan
. . . .
. . . . M
. . . . .
. . . . .
. . o . .
: . N H M
ﬁ : . . . .
: . . . .
. . . N .
. . M . .
. o N . .
1...0:..-.!0.0-'-llululooo-.lt-.uloncan.nu.-'-tc-..0--'0.t.-on--o--..-ononnt--oo-.-~|.-o AR EE TR TR IR EEEY PRY Y PRE L LR R RIE PR T RN Y ¥
. . . . .
: H . M :
. . . - .
. . . :
. . . .
. . . . .
p . . . .
. . . . .
. . . . .
N . . p
. . .
A a Py 'y . re o e P & . d _a Y a 2

S TTAV YD

=
(7]
oI

€0-22-3 ~Zeind 1

NIUS

{ { 8]



42

} el

43 WAISAS — Awway XIH -Hray-2Z|

3ONY 103dSH

SE-€1 5Y

‘yigd n Ss°1

AN3INIT3
X3H SONIY 21 =--- ANIY

cvrecsescced A
LR
receced )

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
-
.
.
.
.
.
.
.
.
cperr ittt eerges s

R R R R R R R R R

DN R EY TR TR I I SR

: . .
- : : <
3 H . .
p ” n
e, e e, R S U
b : : : :
bt e ctcsocacastann Cecsscgecaonrserccancarnncenoanos Preceeonaccantatianranann ceeens seasessasesvencanane P
f : . : .
b : . . .
p . - -
1-..0..-1-00.-009'-‘.-noo..n.o..-.- ..... o *se® s s 0 L R R ] . ®v oo o . - . .. -w . e
4 - . -
p M M .
- . .
s : . .
" " a2 1 o o 2 " b "™ a a e 2 " a a e
€8-87-3 |y Telll) 0d 3N 3N

ceecl O

e‘ez

e° et

0°or

1€0) NIB9



b

il

aw o

a3

93 WALSAS — Ay X3H G =T

4G 16°ES 3INIUS XUW (93@) 373NV 1J34SY
9

w0
<

9¢-< 1 B4

‘vigd IR S°1 --- LNIKITI
¥3H SON1Y¥ 21 --- AUUWY

e 060001 0000000000000 0090000 0000000t ectPIBIIIICROgRIRGS esvsrsarnes

aeecssaqecscces

Y Y Y R RN PR R ST Y)

.
.
.
.
.
.
-
.
.
.
.
.
.
.
.
.
.
.
.

poe ss0cevsrnsornasassevane

“esteeNisnessnssna®,

asscsecnrvegenra

e sccs0ravr0crsciccsranne

canlesnens

LR R R R Y R R L LYy

$80 000000000 000000 000n0000CcRassssansooe

sessresssed o
4

Y
"

Tesestace

eecssevenn

L R N AL LR E RN T R R R W AN

R T S AL R T S X

i : : : :

606°¢€9 3 NIUS Xuu : : : :

. S68°0- ¢ 443 ¥Idn : : :

6L~ 8443 MAOD VdS : : : :

ﬁ...........wm.u.....o.m:..m..zm....o..mm.........:x«.om.n.....:.:::........ e,

| : : : : :
e
€6-22-5 "CYAR YR TR A8 tewzid 44

o9

(807 NIMO




SECTION 2
OPTICAL SYSTEM DESIGN

2.1 BASELINE CONFIGURATIONS

In determining the optical system set-up, there are several {mportant parameters
to be considered. These parameters include the F/D, the magnification (M), the
subreflector size, and the reflector offset. The primary objective of the optical
system trade off was aimed at determining a system which would provide the
required gain for a given array aperture size. In order to achieve the minimum
gain requirement, a 108 inch main refiector was chosen. The maximum theoretical
gain that can be achieved with such a reflector is 58 db at 27.5 GHz. This leaves
¢ 5 dB margin for a scanning beam system, which is satisfactory for an initfal
baseline design. Three optical systems were investigated using the above main
dish. For the first, an F/D fo 1.25 was chosen with a magnification factor of 3.
For the required array scan angles (which are approximatrly M times the far field
scan angles), a subreflector size of 55.8inches would be requjred. To avoid
blockage a reflector offset (Q) of 30" is necessary. This optical system is
sketched in figure 2.1-1. For the second and third systems a magnification of 6
was chosen with F/D of 1.0 and 1.25, respectively. To include the array scan
angles to cover CONUS, a subreflector size of 37 inches is required for an F/D of
1.0 and a 39.5 inch subreflector is required for an F/D of 1.25. A reflector
offset of 60" was specified to avoid blockage. These configurations are shown 1in
figures 2.1-2 and 2.1-3. Since the magnification factor directly influences the
number of array elements required, the second and third systems described above
were chosen as baselines.

2.2 DESIGN CONSIDERATIONS
2.2.1 DESIGN BY IRTT

The 1{nverse ray tracing technique provides a simple and straight forward means to
determine the main dish images on the sub-dish, the array plane and the scan
plane, while the rays at the scan plane are forced to be in the same (scan)
direction. It can also be used to determine the fmages of the array on the sub-
dish, main dish and the scan plane, while the rays at the scan plane are all in
the scan direction.

IRTT can also be used to plot the “conjugate” surface of the main dish, which fis
formed by the loci of the conjugates of the points on the main dish (Ref.l). A
two dimensional plot of the conjugate surfaces was shown in Fig.2.2-1 and 2.2-2.

By examining the main dish images on the sub-dish for varfous scan angles, the
sfze and location of the sub-dish can easily be determined, see Figs.
2.2-3--2.2-7. The effects of the array plane location on the array size and
location were depicted in Fig.2.2-8--2.2-10.

Figures 2.2-11 - 2.2-17 show the mapping of the main reflector surface onto the
array plane and the subreflector for magnifications of 3, 4, and §. In these plots
the 1ideal array plane location was estimated. As can be seen, a lower
magnification factor will tend to maximize the common mapped regfon. Figures
v2.2-18 and 2.2-19 show the effects of changing the reflector offset. It can be
determined that as the offset distance 1is reduced, the mdpped area tends to
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converge, thereby maximizing the common area. This zoint will be elaborated in
Section 2.2.2.

¢.2.2 MAIN REFLECTOR OFFSET

The bottom edge of the main dish {s to be as close to the optical axis as
possible. The blockage consfiderations place a limitation on how close 1t can be.
However, there exists another type of restriction, which 1s not at all obvious but
sometimes more stringent than the blockage. This new restriction surfaces when
one uses IRTT to determine the conjugate surface of the main reflector. There
exists a distinct conjugate surface for a specific system scan angle. It looks as
1f all the conjugate surfaces are moving toward the focus as the points on the
main dish are moving toward the optical axis. But, this is true only inftially.
As the points on the main dish move further toward the axis, the conjugate
surfaces bend over and move away from the focus, then oscillations start in a
fashion similar to the tangent fuction about 90 degrees. This image fold-back
phenomenon is physically explainable and imposes a restriction on the minimum main
dish offset. The fold-back phenomenon was depicted in figures 2.2-20 and 2.2-21,
which often occured with negative scan angles (scan toward the optical axis).

2.2.3 ARRAY LOCATION & SIZE

The system performance 1is very sensitive to the array plane location. The array
plane should be located such that the main dish images corresponding to all
possible scan angles have a maximum overlap. If the extent of system scan fs
symmetrical with respect to both the offset plane and the asymmetry plane, then
the array center should coincide with the conjugate of the main dish center point
in the unscanned case. Otherwise, the array location has to be derived from the
knowledge of the main dish images on the d{ntended array plane, where maxfimum
overla? of the 1mages is obtained. The overlapped images as a function of array
plane location are shown in figures 2.2-22 - 2.2-25.

Once the array location is determined, the size of the array aperture should be
chosen to be equal to or slightly smaller than the overlap area. The reason for
selecting the 'overlap’ area instead of the ‘image coverage' area is to be chosen
for the array aperture is explained below.

If an array element {s in the 'image coverage' area but not in the ‘overlap' ares,
then 1t does not contribute to system main beam fn al) of the scan directions. If
it does not contribute to the main beam, {1ts contribution then goes to the
sidelobes and hence must be avoided to prevent performance degradation.

2.2.4 SYSTEM ORIENTATION ASSIGNMENT

To cover the entire CONUS, the required E-W scan 1s +- 3.5 degrees and the
required N-S scan {s +- 1.75 degrees. The effects of system orfientation
assignments were studied and shown in Figures 2.2-26 - 2.2-29. It was evident
that the system offset plane should be assigned North-South to minimize the sub-
dish as well as the array size needed.
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SECTION 3
DETERMINATION OF PHASED ARRAY SYSTEM

3.1 ARRAY CONFIGURATION STUDY

3.1.1 DEFINITION OF ARRAY TYPE

Before a tradeoff of the MMIC parameters can be made the phased array system must
be determined. The primary concern with setting up the array system is the
location of the grating lobes. Basically the grating lobe location is a function
of the element spacing as well as the array packaging. From the expression
relating the element spacing and the grating lobe location, it can be determined
that as the element spacing decreases, the angle at which the grating lobe will
occur becomes larger. As the array is scanned this grating lobe moves toward the
main lobe. The extent to which the grating lobe will converge is dependent upon
the scan angle and the element packaging. Since it is desirable to minimize the
number of elements, the element spacing should be chosen such that the grating
lobes do not impinge on the subreflector for the array scan angles required for
CONUS coverage. There are three basic array configurations which can be specified
namely a rectangular array, a circular array or a hexagonal array. In this study a
rectangular array was not considered due to the regularity of the lattice
structure as well as the 1loose packing of the elements, both of which tend to
cause the grating lobes to move in towards the main lobe.

Several circular configurations were investigated. Although the circular
configuration tends to have loosely packed elements, a randomness can be added to
the structure by specifying the starting location of each ring as well as the
spacing between the rings. This random nature will tend to suppress the grating
lobes thus making a circular configuration a viable candidate. Two configurations
were investigated. The first was a 13 ring setup utilizing a .72 inch (1.825
wavelength) element spacing. This configuration is shown in Figure 3.1-1. (This
pattern as well as other array far field patterns are located in Appendix A). The
far field pattern for an unscanned beam is plotted in Figure 3.1-2. For an array
scan of 21 degrees which corresponds to an approximate secondary scan of 3.5
degrees, the array far field pattern is shown in Figure 3.1-3. A 16 ring circular
configuration was also investigated. A .59 inch (1.5 wavelength) element spacing
was implemented in this set-up. This configuration is shown in Figure 3.1-4. The
array far field pattern is plotted for the unscanned case in Figure 3.1-5. For a
21 degree array scan the far field pattern is shown in Figure 3.1-6.

Two hexagonal and one modified hexagonal array configurations were also analyzed.
Due to the dense packing of elements afforded by this set-up, the hexagonal array
becomes the prime candidate, in that the grating lobes of a tightly packed array
will tend to move away from the main loba. The first configuration which was
investigated was a 13 ring hex array with .72 inch (1.825 wavelength spacing).
This set-up is depicted in Figure 3.1-7 The unscanned array pattern corresponding
to this configuration is plotted in Figure 3.1-8. For an array scan angle of 21
degrees the far field pattern is found in Figure 3.1-9.

A 16 ring hexagonal array was also considered. The element spacing for the array
was .59 inches (1.5 wavelengths). This set-up is shown 1in Figure 3.1-10. The
unscanned array pattern &iad a 21 degree scanned array pattern are plotted in

i ek dwnt) Wt et e

ol e b B W



Figures 3.1-11 and 3.1-12., respectively.

A 20 ring hexagonal array modified to fit into a circular aperture was also
analyzed. This configuration is shown 1in Figure 3.1-13. It was felt that the
contribution of the corner elements in the hex array was minimal and they could
therefore be eliminated without introducing adverse effects. The unscanned array
pattern for this modified configuration is plotted in Figure 3.1-14. The array far
field pattern for a beam scanned to 21 degrees is shown in Figure 3.1-15.

A composite plot of grating lobe location versus element spacing for the five
configurations which were analyzed is shown in Figure 3.1-16 for an unscanned
array beam and in Figure 3.1-17 for a beam scanned to 21 degrees. The peak gain
within the angles subtended by the subreflector are plotted for a 0 degree scan
and a 21 degree scan in Figures 1.3-18 and 1.3-19, respectively. The overall
conclusion that can be made as a result of this investigation is that the 20 ring
modified hexagonal array produces the best overall results. On the dasis of this
conclusion, this configuration was adopted as the baseline array type.

3.2 STUDY OF ARRAY TAPER

To achieve the required sidelobe levels an amplitude taper across the array will
be required. Several functions for determining the proper array taper were
investigated including a binomial function, a cosine to the n function and a
Chebyshev function. A trade off of the above functions showed that all three
produced similar vresults, thus the binomial function was chosen for determining
taper levels.

Since the 20 ring hexagonal array modified to fit into a circular aperture was
initially chosen as a baseline prior to this investigation, the major emphasis on
the taper analysis was aimed at this configuration. Data on the 13 ring hex array
and 16 ring hex array was also taken for trade off purposes. The far field array
patterns for these two configurations are shown in Figures 3.2-1 through 3.2-6 for
three different taper levels. The first case considered for the 20 ring modified
hex array utilized 5 taper 1levels corresponding to the levels of MMIC
amplification which are available. The array far field pattern for this case 1is
found in Figure 3.2-7. The maximum sidelobe was found to be 30 dB down from peak
for an unscanned pattern. It was decided that sidelobe 1levels of 40 dB down
(minimum) would be required for an unscanned array to assure that the secondary
pattern sidelobe levels remain below 30 dB down under all situations. Sidelobe
degradation due to the optical system as well as phase shifter and amplifier
variations and random component failures were considered in mandating this extra
10 dB margin. To generate data for the parametric study 16 taper levels and 26
taper levels were also analyzed. The unscanned far field array patterns for these
two cases are plotted in Figures 3.2-8 and 3.2-9.

curves of geak gain versus taper level and maximum sidelobe level versus taper
level for all the cases considered are found in Figures 3.2-10 and 3.2-11,
respectively. For the 20 ring modified hex, a 26 level taper was chosen, although
a 16 level taper would probably prove to be adequate. A 26 level taper allows a
beter fit to the binomial curve. The amplitude levels used (referenced to zero
dB) as well as the diameter (in centimeters) at which the level assumes a new
value is given in Table 3.2.1. Since only 5 amplification levels are available,
additional tapering would have to be incorporated into the beam combining network.
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TABLE 3.2-1 TAPER LEVELS FOR CIRCULAR SHAPED 20 RING MODIFIED HEX ARRAY

Level ¢
1

W O N O O e W N

A\ Y
~N ~n ~N N ~ N N - - [ — — - (o [ [ [
(-] ($,] E ) [ &) ~N [d o L2 (.- ] - N (3] N [ #X) ~N — [

@ Level
-.054
-.163
-.218
-.493
-.660
-.885
-1.401
-1.518
-2.050
-2.783
-2.845
-3.802
-4,532
-4,941
-6.287
-6.877
«7.870
-9.721
-9.970
-11.863
-13.918
-14.280
-16.824
-18.215
-19.036
-20.000

Diameter of Taper Level (cm)

2.7

4.7

5.4

8.1

9.3
10.8
13.5
14.0
16.2
18.7
18.9
21.5
23.3
24.2
27.0
28.0
29.6
32.3
32.6
35.0
37.3
37.7
40.4
42.0
43.0
46.0

86



SECTION &
CONSIDERATION OF MMIC COMPONENTS

4.1 MMIC ANALYSIS OVERVIEW

The performance of solid state components ir electronically scanned systems plays
8 crucfal role in analyzing the overall system behavior. The major factors to be
considered in the f{nvestigation eof electronic components {Include phase
quantization, phase shifter er-'nrs, pnase shifter failures, amplifier
fluctuations, and random amplifier failures. The next five sections are devoted to
summarizing information that »2: collected while analyzing the above topics. In
these sections a 13 ring xagonal array with a 19 level taper, 3 i0 ring
hexagonal array with 24 taper levels and a8 20 ring hexagonal array (modified to
fit into a circular aperture) with 26 taper 1levels are used for trade off
purposes.

4.2 PHASE SHIFTER ANALYSIS
4.2.1 PHASE QUANTIZATION

Phase quantization plays a major role in determining array scan angle resolution.
As more phase bits are used, descrete phase settings will more closely match a
continuous phase taper across an aperture theredby giving higher resolution. A good
correlation between the ideal phase distribution and the quantized phases will
also tend to produce higher peak gains and lower sidelobes at scanned angles. For
tradeoff purposes a 3 bit, 5 bit and a 6 bit phase shifter were analyzed. A 10
degree and a 21 degree array scan angle were investigated. The fnformation
obtained from this analysis is plotted in Figures 4.2.1-4.2.4. The corresponding
array far field plots are given in Figures 4.2.5-4.2.23.

4.2.2 PHASE SHIFTER ERROR

Variations among phase shifter units will tend to have a degrading effect on peak
gain and sidelobe performance. It is therefore important to determine the amount
of error that can be tolerated while still maintaining the required system
performance. Plots of peak gain and maximum sidelobe 1level versus random phase
error are plotted in Figures 4.2.23 and 4.2.24. The corresponding array far field
patterns are shown in Figures 4.2.25-4.2.33. As can be seen, the array gain f{s
rela:i:e1y unaffected by these perturbations were as the sidelobe levels are quite
sensitive.

4.2.3 PHASE SHIFTER FAILURE

One of the attributes of an electronically scanned system is graceful degradation.
From a system reliabflity viewpoint, the analysis of random phase shifter failures
becomes quite important. In analyzing these random failures 1t is important to
determine how many failures can be tolerated while still maintaining the required
peak gain and sidelobe levels.

In this {nvestigation 3, 5 and 8 random phase shifter failures were considered for
an unscanned case as well as a 10 degree and a 21 degree array scan. Plots of peak
“gain and maximum sidelobe level versus number of random failures are located in
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Figures 4.2.34-4.2.39 for the 0, 10, and 21 degree array scan angles respectively.

The array far field patterns used in deriving this {Information are shown 1in

Figures 4.,2.40-4.2.67. Again the peak gain does not degrade notably for the cases

ﬁo?§idered. where as the sidelobe level 1s directly related to the number of
allures.

4.2.4 RANDOM AMPLITUDE ERROR

In addition to the random phase errors discussed earlier, random amplitude errors
can also play a major role in system performance. Variations in manufacturnig as
well as 1in materials will cause fluctuations in amplifier perfomance. These
perturbations will §n general, affect the peak gain and sidelobe performance. To
analyze the effects of there varfations, a 03, 5% and 10% uniformly distributed
zero mean error function was used. In addition to the configurations mentioned
above, a 13 ring hex array with 16 taper levels, a 16 ring hex array with 16 taper
levels, and a wmodified 20 ring hex array with 16 taper levels were considered.
Plots of peak gain and maximum sidelobe level as a function of amplitude error for
all configurations are given in Figures 4.2.68 and 4.2.69, respectively. Both gain
and sidelobe level appear to be insensitve to these random perturations for the

unscanned case. The array far field patterns used in obtaining this information

are found in Figures 4.2-70 through 4.2-87.
4.2.5 RANDOM AMPLIFIER FAILURES

In analyzing graceful degradation, random amplifier failures must also be
considered. As fn all cases previously discussed, the primary concerns when
investigating these random failures are peak gain and sidelobe 1lavels. The
objective here {s to determine the number of random amplifier failures that can
occur while maintaining reasonable gain with relatively low side 1lobes. In this
analysis 3, 7, 10 and 50 random failures were considered for a 0, 10 and 21 degree
array scan. A summary of this analysis is contained in Figures 4.2-88 through
4.2-93. The array patterns from which this information was obtained can be found
in Figures 4.2-94 through 4.2-129. As can be seen from the summary plots, both the
gain and the sidelobe level are dependent on the number of amplifier failures. It
{s worth noting that 50 failures represent approximately 10% of the elements in
the 13 ring case and about 5% of the elements 4n the 20 ring case.

4.3 FREQUENCY EFFECTS

The behavior of the array as a function of frequency must be considered in
analyzing the system performance. Once again peak gain and sidelobe levels are the
primary factors to be considered. For this investigation a Y-polarized circular
aperture served as the feed element. The feed was modelled at 30 GHz. An analysis
of the array performance was done for a 0 degree, 10 degree, and 21 degree array
scan angle. A 27.5 to 30 GHz frequency band was considered. The peak gain and
maximum sidelobe {information derived from this analysis {s summarized in Figures
4.3.1 through 4.3.6. As can be seen both the gain and the side lobes become wore
frequency sensitive as the array scan angle is increased. The array patterns used
to odbtain this information are shown in Figures 4.3.7 through 4.3.33.
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SECTION &
SECONDARY PATTERNS AND DISCUSSIONS
5.1 SECONDARY PATTERNS COMPUTATIONS

The procedure of computing the system secondary patterns are summarized below:
Step 1. Compute Far-Fields of the Array.
The array weight determination is described in detail 1in Section

Step 2. Obtain the spherical mode coefficient representation of the array
far fields obtained in Step 1.

Step 3. Reconstruct the array far fields for verification and perform far
field to near field transformation to obtain the array near fields
at the subrelfector surface. g

Step 4. Determine the induced current on the subreflector.

Step 5. Compute the far fields contributed by the sub-dish current;
represent the far fields in spherical mode coefficients (generally
180 complex numbers would be sufficient); reconstruct the far
fields for verifications and perform far field to near field
transformation; and compute near fields at the main dish surface.

An alternative fs to use NFPO to compute the fields at the main dish surface
directly at the expense of approximately twice the computation time.

Step 6. Comput the induced main dish current and calculate the far fields.

The method outlined above has been verified for three separate cases, for details
see Section 1.3.

5.2 ELEMENT WEIGHT DETERMINATION
5.2.1 ELEMENT PHASE

Two methods were used in this study to compute thee weights of the array elements.
The first method was based on the array far field scan, and the second based on
the scan of the system far field.

In the first method, the phases are computed such that the rays emitted from the
array elements are exactly in phase in the array scan direction. The computation
is pertinent only to the array, and no knowledge of the cptical system is assumed
or needed. The resultant system main beam position depends upon the array scan
angle and the characteristics of the optical system. The system beam deviation
factor (system beam angle per degree of array scan) is a function of scan
direction. Generally, the beam deviation factor is larger in directions away from
the system optical axis and smaller fn directions towards it. For instance, the
system scan is 4.3 degrees for 3.5 degree array scan in the direction away from
“the optical axis, and s only 3.7 degrees for a 3.5 degrees array scan tciards the
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optical axis. This presents a difficulty in deteriming the exact location of the
system scan. 't addition to this difficulty the first method provides no assurance
that the parallel rays emitted from the array will be efther {n phase or in the
same direction when they reach the scan plane (a plane normal to the system scan
direction and passing through the focus, as defined in Section 1). In fact, the
forward ray tracing (from the array to the main reflector) showed how the rays
were neither in phase nor in the same direction (see Figures 1.3-8 through 1.3-11
and 1.3-13 through 1.3-16). Due to these drawbacks, the second method was
developed.

The second method {s based on IRTT. The rays that reach the scan plane 1in the
scan direction are forced to be in-phase. The rays must leave the elements at
various angles in order to arrive at the scan plane in the same direction. Once
the specific ray emitting angle from an element is known, the optical path length
from the array element to the output scan plane can be determined. The path length
is used to determine the phase setting of the array element.

5.2.2 ELEMENT AMPLITUDE

Since there exists a one-to-one mapping correspondence between an array element
and its image on the scan plane, a prescribed amplitude ditribution required for a
specific sidelobe level can be translated to the array plane. For the static taper
case, the amplitude taper of the array elements follows a binomial distribution.
The circular contours in the array plane image to "ellfptical 1like" contours 1in
the scan plane. Both the above cases were investigated in this study. The above
discussion has assumed a "transmit" viewpoint, but the result applies equally well
to the "receive” case due to reciprocity.

5.3 SECONDARY PATTERNS

»,

Table 5.3-1 summarizes the secondary pattern data which was obtained using an
array static amplitude taper. The cases for which the taper is determined in the

gcgnzpiane and translated back to the array aperture are summarized in Table

The secondary patterns used to generate Table 5.3-1 can be seen in Figures 5.3-1
through 5.3-64 while the patterns used to generate Table 5.3.2 are plotted in
Figures 5.3-65 thourgh 5.3-71 (located in Appendix A).

5.4 IMAGING CONCEPT

As implied in the last section, the array element weights computed by the inverse
ray tracing technique (IRTT) should lead to a system scan angle exactly equal to
the scan angle used in determining the element weights. This was indeed the case
as shown in Figure 5.3-65, were the angles A/E=0/1.75 were used as the desfred
scan. The resultant system far field does point at exactly A/E=0/1.75. The
verification can be considered as a first benchmark on the computer programs
employed.

For the same unscanned case, the phase settings of array elements are 211 the same
and the array amplitude taper is mapped onto the scan plane as concentric circles,
see Figure 5.3-4. The implication of these two observations is that the system far
lfie1d patterns should match that computed for an equivalent array, which §s the
primary array enlarged by the system magnification factor M, placed {n the scan
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plane. Again, this deduction was verified by computer programs employed.

Although there was good agreement in the above verification, several problems were
encounted.

1. The enlarged array did not produce cross-polarization patterns, while the

computed system far fields in the unscanned case had a cross-pol peak
gain about 23 dB below the man peak gain and occurred at one half beam
width (3 dB) array from the main lobe. The de-polarization amounted ot
0.5% of the main beam power. Its presence was due to the nature of the
offset reflector system.

In the unscanned case, the discrepancies between the secondary patterns
of the system and the enlarged array occurred at 35 dB or more down from
the mafin lobe peak region and are belfeved to be due to the offset nature
of the system.

In the scanned case, the main lobe agreement between system far field and
the enlarged ar-ay was limited to within one beam width - about the mafn
lobe, even though the sidelobe behavior was somewhat the same. This
limited agreement was believed to be due to the effects of the element
amplitude taper and the magnification factor (see figures 5.3-65 and
5.3-70) where M=6 was used in the cases which were considered. For
smaller M's (e.g. M=3), the agreement is expected to improve greately
(see figure 2.2-19).
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SECTION 6
FEED ARRAY PACKAGING

The modified hexgonal feed array can be packaged in a housing similar to the
arrangements shown in Figures 6.1 and 6.2. The MMIC modules are attached to
transverse heat pipes that terminate in radiator panels placed in some distance
form the antenna where the heat can be dissipated.

The corporate-feed waveguide network 1s attached directly behind the MMIC modules
and the entire assembly is placed 1n a square housing. This approach provides the
smallest sfize antenna feed array. The physical arrangement which permits the MMIC
module assemblies to be individuially inserted into or removed from the antenna is
shown in Figure 6-3. The parallel rows of transverse heat pipes are spaced to
provide adequate clearance for the modules to pass between them. Thru rods, which
have stepped bosses for each amplifier, are placed on efther side of the
transverse heat pipe channel shown 1n Figure 6-3. The bosses on.the through rods
are at a spacing slightly less than that provided for the transverse heat pipes.
When the thru rods are fnst:lled in the antenna, they pass through holes in the
mounting flange of each output MMIC module. There are up to 33 rows of amplifiers
and each thru rod has up to 33 bosses. The holes in the mounting flange of each
MMIC module contain a steel bushing with a slotted hole, which is slightly larger
than the thru rod bosses. The module assembly fs inserted into the antenna and
connected to the bulkhead containing the corporate feed output. Captive screws
are provided in the module flange to make this connection. When all the the
module assemblies are in place, the thru rods are put into the antenna and pass
through the slotted holes in each module mounting flange. Rotating the rods 90
degrees causes the large area of the rod boss to contact the MMIC module flange
and draw it dowp against the transverse heat pipe. When ail the thru rods are in
place, nuts are placed on the threaded end of the rod, which are then tightened to
develop a pre-determined tension in the rod. This tensile force pulls each
amplifier tightly against fts transverse heat pipe permitting the amplifier heat
to flow readily into the heat pipe.

If it becomes necessary to remove a module from the antenna this can be
accomplished by removing the four thru rods which hold the module to 1ts heat pipe
and untightening the four captive screws in the module flange. The free moduie
can now be removed from the antenna without disturbing any other modules.

The housing {s the principal structure for the antenna feed array. The individual
support members from each component section attach to and derive their support
from 1t. The base of the housing contains the mounting surfaces (pads) for
attaching the antenna to the spacecraft. The aperture across the feed horn
cluster can be covered with an astroquartz fabric which provides an RF transparent
window and also diffuses the sunlight to minimize temperature gradients across the
antenna aperture. The housing {s square measuring 18.0 inches on the side.
Access to the antenna components is through removable access plates on the sfdes
and base of the housing.
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SECTION 7
CONCLUSIONS

The confocal Gregorian offset parabolic antenna system, fed by a hexgonal phased
array, was evaluated for CONUS scanning beam application. Several sigaificant
conclusions resulted from the study.

The d{nverse ray tracing technique (IRTT), a& powerful analytic tool for designand
optimization of complex multiple reflector antenna systems was developed and used
extensively 1in this study. The word “inverse” refers to ray tracing from the scan
plane (a plane normal to the system main beam and passing through the focal point)
toward the source array plane. The tracing is performed on parallel rays in the
direction of beam scan.

Using IRTT, the optical system can be designed optimally for a given M
(magnification) and then array element weights (phase and amplitude) can be
determined for any scan angle. The decoupling of the weight determination from the
optical system design permits the designer to gain physical insight and obtain a
near optimum design by an efficient and economical procedure. Elaborate
optimization programs can later be used on the obtained design for further
improvement such as sidelobe reduction and cross-polarization suppression.

Specifically, the following features were obtained using IRTT for a preselected
magnification and main dish size:

(1) Location and size of the subdish

(2) Location and size of the array

(3) Main dish offset --- to clear
the blockage and to avoid main
dish image fold-back

(4) Path lengths from the array elements
elements to their respective images
on the scan plane .

(5) Ampiitude taper at the array plane
which was mapped from the desired taper
at the scan plane

(6) System orientation East-West,
North-South assignment

Extensive parametric studies were performed on the array. Included in the
obtained graphs were array performance parameters (peak gain, sidelobe level, and
grating lobes) versus parameters such as array shape ( circular, hex, and circular
shaped hex), element spacing, number of elements, amplitude taper levels, phase
quantization (3-6 bits), and number of element failures.

Elimination of potential grating lobes, due to size and posftion of the sub dish
{mposed the most stringent requirement on element spacing. Hence, determining the
minimum number of array elements. For M=6 and a main dish diameter of 108", the
required feed array was 18" in diameter and the grating lobe was required to be

at least 50 degrees away from the scanned main Yobe. The resultant array needed
,to meet these requirements was a 20-ring (1039 element) circular shaped hex array
(102 elements deleted from a 20 ring hex array of 1141 elements), with an element
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spacing of .53" (1.333 at 30 GHz). The hex array has the most dense element
packaging and, hence, the largest angular discrimination between the grating Vobe
and the main lobe. Also, the corner elements of a hex array can be deleted without
significant effect, due to the level of tapering. Therefore, the circular shaped
hex was selected for this study. As a result of the parametric analysis, 1t can be
concluded that a 5-bit phase shifter will provide adequate phase resolution. A 1/2
bit random phase error can be tolerated in the MMIC modules without introducing
serfous performance degradation. A 26 level taper with a 20 ring wodified hex
array grovided ample margin on the sidelobe requirement. A sixteen level taper
could also be utilized with satisfactory performance. Due to the number of
elements used {in the Gregorian set-up, a 10% random amplitude error has a very
small effect on the system. A faflure analysis showed that the system will
maintain the sidelobe and peak gain requirements with up to 50 random amplifier
failures or up to 8 random phase shifter failures. A more in depth faflure
analysis {s required before any element faflure conclusions can be made.

One of the main objectives of this study was to investigate the feasfbility of an
array static taper. The array amplitude taper was 1n1tiall{ chosen to be 5 levels
(0, -3, -6, -10, -13 dB), «nd was later expanded to 26 levels (from 0 to -20 d8
according to a binamial distribution), since a 5 level taper could not provide a
secondary pattern with sidelobe levels better than -26 dB.

As a comparision to the results of the static taper, the amplitude taper across
the scan plane was assumed to have a binomial distribution of the form : A+B(1-(
/a)**2))**2 with A=0.1, B=0.9; and this taper was mapped to the array plane to
determine the array element amplitude setting ( referred to as the imaged taper).

Secondary patterns scanned to an AZ/EL angle of 0/1.75 degrees were obtained for
both the static and the imaged taper, (with Ms6, main dish diameter= 108") and the
array element phase settings were derived using IRTT. The static taper gave @
better pattern than di< *he image taper. This result seemed improper at first but
- 15 actually quite ria.istic and explained 1n the following. The images of the
constant level contours of a static tiper appear in the scan plane as concentric
ellipses. The outermost ellipse corresponds to the edge of the circular array and
defines the boundary of the effective scan plane aperture. The constant level
elliptical contours provide a bette~ scan plane aperture utilizetion efficiency
than do the circular contours of the imaged taper case. The aperture is not used
efficfently in the imaged taper cave, because there are disjofnted "leftover”
areas between the ellipse and the largest inscribing circle. The difference in
utilizing the scan plane aperture lcads to a higher tapering efficiency of the
static taper than that of the imaged teper.

The imaged taper would have the highest efficiency if the effective scan plane
aperture were made circular. Such an sperture implies an ellfptical array for a
non-zero tcan (circular array for an unscanned case). If the array elements are
stacked 1n a “hexagonal® manner, an ell!ptical array requires that all the array
elements are to be of an ellfptical shape 1n order to maximize the array aperture
usage. Unfortunately, the elliptical shape changes as & function of scan angle.
This implies that an imaged taper can be implemented only for a specific scan
angle to obtain a maximum taper efficiency. The static taper would provide a
global near optimum performance. A set of secondary patterns were obtained. They
were divided 1nto twc groups. The first group was summarized in table 5.3-1, where
,the element phase was deteremined by the array far field scan and the optical
system was ne{ther needed or used. The second group is summarized in table $.3-2,
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where the element phase was determined from the path lengths calculated using
IRTT. In this case the optical system information is required. The steps used in
group ¢ should be followed in future design work and are summarized below:

STEP 1 Select the optical system parameters

M Magnification
FL1 Main dish focal length
F/D FL1 divided by main dish diameter
Q Main dish offset
12 Array plane distance to the focal plane

STEP 2 Verify the parameters by IRTT (Inverse Ray Tracing
technique) for varfous system scans. Determine the main dish images
on the subreflector and on the array plane. Specify the size and
location of the sub dish and array aperture. Check for blockage as
well as the occurance of “fold back".

STEP 3 Freeze the parameters and compute the weights of the
array elements using IRTT for desired system scans.

STEP 4 Predict system performance for each scan direction. .
a) Gmax peak gain (main pol. and cross pol.)
b) Gain versus Beam Angle (main pol. and cross pol.)
c) Beamwidth vs. scan position
d) Sidelobes, PPeak value and location

STEP 8 Optimize the system performance for a given scanning

direction. Optimization programs may be employed to fine tune the
weights of the array elements at a particular scanning direction. To
utilize the optimization programs, the far field patterns of each of
the array elements (or cluster of elements) are first computed based
upon the optical system parameters obtained above. Target values are
then selected at various points and the element weights (phase and
magnitude) are optimized to match these specified values.

The aperture imaging concept has been justified in this study for both unscanned
and scanned cases. It was fully justified for the unscanned case where excellent
agreement was obtained between the system secondary pattern and the pattern
obtained from an enlarged array placed in the scan plane.

The 1imaging concept was also justified for the scanned case where the system peak
gain and 1location were 1in excellent agreement with the i{maged array. A
discrepency in the shape of the main 1lobe below ** dB is well understood as
explained in conclusion #3. The discrepency could be eliminated for any specific
scan angle provided that the array and horn element were both designed for the
desired angle . Different array and horn shapes would be required for each scan
angle in order to eliminate the afore mentioned discrepency.

It 1s desirable to minimize the main reflector offset . The constraints are the
blockage clearance and the “image fold-back". The image fold-back phenomenon was
discussed in section 2.2.2. In the fold-back region, the path length variation per
element spacing changes sign and increases in magnitude almost exponentially, thus
the fold-back region must be avoided. The limitation on the minimum main dish
offse: 1Tposed by fold-back suppressfon may be more critical than the blockage
restriction.
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Mechanical considerations of the feed array packaging were included. (See sectiom
6)
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