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1.0 INTRODUCTION AND EXECUTIVE SUMMARY 

This report presents the conceptual design of a Mechanically 
Scanned Deployable Antenna which can be launched by the STS (Space Shuttle) 
to provide radiometric brightness temperature maps of the earth and oceans 
at selected frequency bands in the frequency range of 1.4 GHz to 11 GHz. 
Unlike previous scanning radiometric systems, multiple radiometers for each 
frequency are requir~d in order to fill in the resolution cells across the 
swath created by the 15 meter diameter spin stabilized system. This multiple 
beam radiometric system (reference Figure 1.0-1) is sometimes designated as a 
"whiskbroom" system in that it combines the techniques of the scannin'.:I and 
"pushbroom" type systems. 

The scope of the study includes (a) the definition of the 
feed system including possible feed elements and location, (b) determination 
of the fundamental reflector-feed offset geometry inc~uding offset angles 
and fir ,'atio, (c) preliminary estimates of the beam efficiency of the feed 
t'eflector system, (d) a summary of reflector mesh losses at the proposed 
radiometric frequency bands, (e) an overall conceptual configuration design 
and (f) preliminary structural and thermal analyses. 

This Final Report is organized as follows: 

• Section 2.0 - Requirements Summary. 

• Section 3.0 - De~cription of the Conceptual Design. 

• Section 4.0 - Projected System Performance. 

• Appendix - Detailed Description of the NLSA (Harris 
Proprietary Non-Linear Structural Analysis 
Program) Model of the Design. 

The Mechanically Scanned Deployable Antenna (MSDA) is a 15 
meter offset fed parabolic antenna designed for use in a mechanically scanned 
spaceborne sensor system. The sensor measures brightness temp~ratures and 
normalized backscatter coefficients to determin~ sea surface temperatures 
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(SST), wind speed, soil moisture, and precipitation (active channel) from a 
low orbiting satellite (700 KM). The antenna improves up to 4 times the 
spatial resolution for sea surface temperature over the Large Antenna Multi­
frequency Microwave Radiometer (LAMMR). 

Based upon the background of such remote sensing needs, the 
MSDA system was conceived with the detailed requirements in Section 2.0, 
Table 2.0. The basic system under consideration is a scanning antenna, where 
the feed and reflector system are fixed relative to th~ spacecraft bus and 
the entire system is spun at a 6 rpm rate. At this rate, chosen deliberately 
slow in order to allow a flexible deployable antenna, a single-beam one­
radiometer-per-frequency system will not have contiguous beams at the end of 
each rotation due to spacecraft motion relative to the earth1s surface. 
Therefore, a multibeam antenna with an independent radiometer connected to 
each beam at each frequency is required. Such· a system, or so called IIwhiskbroom" 
radiometer is depicted in Figure 1.0-2. 

Use of a multibeam feed, while simplifying and improving system 
radionleter performance, necessitates use of much heavier feed hardware and 
electronics. One must then trade supporting either the feed or the reflector 
from a boom. Since they both weigh approximately the same the structural 
trade is of minor concern. Thus the conceptual approach supports the reflector 
with the boom allowing the feed to reside on the bus itself, thereby minimizing 
transmission losses from feed to receiver. 

The conceptual antenna feed system developed by Harris Government 
Electronic Systellis Division (GESD) is an offset fed, 15M, deployable reflector 
antenna connected to the main spacecraft by an IBM deployable boom. The offset 
angle of approximately 350 

W!lS choosen to place the feed hardware sufficiently 
out of the projected reflector aperature to minimize diffractions. The deployable 
mast and reflector system stows in a launch configuration next to the feed on 
the spacecraft. The total weight of the tower support and deployment structure 
is about 394 pounds. The antenna feeds weigh 184 pounds assuming that corrugated 
horns are used as the baseline design. The baseline narrow-angle corrugated 
horns at 1.4 GHz, 4.3 GHz, 5.1* GHz and 11.0 GHz horns exhibit low spill-over 

*4.3 and 5.1 GHz in one horn. 
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efficiencies «5%). These horns, when placed physically in-line and adjacent. 
produce a surface resolution cell pattern with missing alternating cells. In 
order to fill in the empty cells, the time scanning whiskbroom feature of the 
system is used ~.ith horns placed on the side and staggered in between the first 
line of horns. We may physically stagger the horns in this manner with minimum 
degradation in perfo:'mance due to the offset flO ratio of 1.2. Such a large 
flO ratio was chosen not only to allow scanning but to reduce the cross-polariza­
tion levels to about -30 dB. The preliminary beam efficiency calculations 
(Figure 1.0-3) indicate that the specification of 90% can be met even for four 
or five horn displacements off-axis. 

The electrical properties of the mesh surface were investigated 
and all data from past programs was compiled and reviewed. This surface loss 
property is of particular concern in space radiometric applications due to the 
environmental effects upon the antenna loss. All present data and modeling 
calculations for the 10 openings per inch gold-plated molybdenum mesh chosen 
for this application indicate that loss values less than 0.1 dB are possible 
for frequencies up to 11.0 GHz. No significant change in the mesh reflector 
sur'face impedance is expected under changing solar conditions . 

The mechanical-thermal analysis performed on the Harris concept 
clearly indicate that the spin effects produce only minor distortions. Indeed 
the antenna can be dynamically balanced by changing the attachment location on 
the spacecraft. The largest distortion is an axial defocus of about 0.628 inches 
due to thermal gradients. Axial defocusing in such long focal length optics 
systems is generally acceptable. The RMS surface tolerance error for this design 
degrades the beam effi ci f'ncy of the antenna system at X-Band '~n a value below 
90%. 
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2.0 REQUIREMENTS 

The MSDA system is a mechanically scanned radiometric system 

attach~d to a spinning spacecraft. The basic requirements for the system are 

given in Table 2.0. 

Table 2.0. 

Stowed Volume 
Stowed Resonant Frequency 
Scanning Resonant Frequency 
Platform Spin Rate 
Conical Scan Axis 
Altitute 
Orbit 
Aperture Size 
Operating Frequencies 
Beamwidth 

Number of Beams in Track 

Beam Efficiency 

Surface Mesh Loss 
Cross-Polarization 

P01uirements for the MSDA System 

4M Diameter Cylinder X 7 Meters Long 

25 Hz 
12 Hz 
6 rpm 
350 

700 KM 

Sun-Synchronous 
15M 
1.4, 4.3, 5.1, 11 GHz 
1.03 (1.4 GHz), 0.35 (4.3 GHz) 
0.3 (5.1 GHz), 0.35 (11 GHz) 
5 (1.414 GHz), 11 (4.3, 5.1 GHz) 
11 (11 GHz) 
90% 

<0.1 dB 
>28 dB 

In addition to these basic requirements, the system must be dynamically 
balanced and capable of being launched in a single shuttle flight. 
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3.0 PRELIMINARY DESIGN 

3.1 Stowed System Description 

The stowed radiometer system, Figure 3.1, is mounted to the 
forward bul khead of the spacecra Ft. The tower and refl ector stow above the 
feed assembly. The reflector is s:Jpported both by the tower and by a pair 
of auxiliary support trusses (not shown) that reach from the forward bulkhead 
of the spacecraft to support the reflector hub. 

3.2 Deployed System Description 

The deployed radiometer system, Figure 3.2, consists of the 
spacecraft, with the feed/radiometer assembly attached, the tower support and 
deployment structure consisting of a four-bar linkage formed from a supporting 
truss and a screw-jack assembly, a deploying, rigid, three-sided tower, and 
the deployable reflector. The reflector surface forms a section of a paraboloid, 
15 meters in diameter, starting 3 meters out from the vertex of the parent 

parabola. The entire ri~i~ a~sembly, including the spacecraft, spins about the 
axis of the spacecraft, sweeping a 70 degree included-angle cone. In normal 
use, the feed points away from the Earth and the reflector collimates the beam 

and reflects it back toward the Earth. Thus, the rotation trace5 overlapping 
circles across its track along the ground. 

To select this configuration, a trade between supporting the feed 
or reflector from the boom became apparent. By placing the feed on the space­
craft, the multiple horns are in close proximity to the receivers and on-bofrd 
power supplies and processors. The weights of the reflector and feed are 2£5 
and 184 lbs respectively, thus supporting the reflector from the boom or the feed 
from the boom present similar structural problems. Because of the advantages 
of having the feed in close proximity to the bus, the configuration as shown 
is selected. While this does not meet the 12 Hz fundamental frequency, the 

effects of lower stiffness is addressed in Section 4.0. 

3.3 Deployment Sequence 

The radiometer system reaches orbit with the tower and reflector 
stowed. Upon reaching orbit, the reflector support braces swing away, free­
ing the reflector. The screw jack then retracts, Figure 3.3-1, rotating the 
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tow~r and reflector to their final offset angle. The tower deploys, Figure 
3.3-2, carr,l'ing the stowed reflector with it. The last :;ection of the tower 
forms the transition between the triangular section of the tower and the two 
folded reflector ribs. Next, the reflector deploys, Figure 3.3-3. The reflector 
is deployed by the gearmotor and ballscrew assembly located in the hub. As the 
reflector unfolds. the rib-to-tower transition segments, located at the ends 
of two of the ribs, also unfold being driven and controlled by the same linkage 
that deploys the rest of the reflector. As deployment nears completion, two 
folded struts on each of the two reflector mounting ribs are pulled straight. 
As they come straight, the folding joints lock, making the struts rigid and 
capable of withstanding compressive loads. As the reflector deploys and the 
ribs separate, the last section of the tower opens laterally, completing the 
triangular section out to the reflector. Finally, the feed assembly deploys 
laterally, Figure 3.3-4, to its proper posii,ion with respect to the reflector. 

At this point, the radiometer system is a rigid assembly, capable of withstand­
ing torsional and moment loads in any direction, and with its spin balance 
axis coincident with the centerline of the spacecraft. 

3.4 Feed Preliminary Design 

A sketch detailing the layout of the feed array app~ars in 
Figure 3.4-1. The circles represent the outer contours of the corrugated feed 
horns as viewed from the antenna along the principal axis. The vertical axis 
(Yf) in Figure 3.4-1 corresponds to the vertical feed axis appearing in the 
antenna system geometry sketch (Figure 3.4-2). Feed horns are numbered 1 thru 
27 for simplification of identification. The coordinates of the geometric center 
of each feed, as measured in the feed plane (Figure 3.4-1), are listed in Table 
3.4-1. 

A corrugated conical horn is conside~ed to be an ideal feed for 
a parabolic :eflector system because of its high efficiency, nearly equal E- and 
H-plane beamwidths, and a wide frequency bandwidth. fypically, at C-band or 
higher frequencies, the entire horn is made from aluminum, either cast or 
machined in sections. At L-band the horn can be fabricated from aluminum sheet. 
The latter technique requires each corrugation ring to be machined separately, 
then inserted into an aluminum cone. The corrugation depth of each feed is 

12 

" 
I 

. , . '. ~
. 1 

"'-,' _~L_~-,_~"~.·"~,,,·,,:-,'_""""-"'-"''''':''''''''''''f~~U-,--.t.~£'_I.a.~;::-:'-&.~~t· •. ,J:'-~~------{-,y~-: 



~ 1&1 __ 

STOWED REFLECTOR 
& TOWER INTERFACl 

DEPLOYED TOWER 

Figure 3.3-2. Tower Deploys a'l. 1:ches to Support Reflector 

13 

I 
f " 

u ..... ,""'--'~.L ..., "4rt?'lM ..I_.,_ ...... :'t:.:;:. .......... ~ ..... " ..... II",.~·_"'.",'o:. ....... III!:~.;:>~. ~_, .. _., .,~ ..... ~., .. ".."'_ • ..!ai_L"'--, .. ~ 



DEPLOYING REFLECTOR 

DEPLOYING REFLECTOR 
TO TOWER INTERFACE 

Figure 3.3-3. The Deploying Reflector Drives the Tower Interface 

14 

- , .. \ ... 

l 



r 
t 

t I 
I 
r 
I 
J 
J 
J 
.... 
" .1 
·1 .. 
~~ 
c, 
J 

J. 
j 

r 
" 

I 
" .. 

r 
~ 
.J 

r 
r 
~ 

r 
[ 

[ 

[ 

~ l~ 
~. 

+ 
VERTEX 

.-.--- DEPLOYABLE 15M REFLECTOR 

ORIGIN})} ... r~\":~k~ rH 
OF poor QUALln' 

n-------_______ -.-_________ _ 

DEPLOYABLE 
SUPPORT 

TOWER 

15 ... OIA 

Figure 3.3-4. The Feed Slides Out and Latches In-Place 

15 

--FEED 

SPINNING 
PLATFORM 

~, ,// 



" .. 

.. 

j 
J 

• 

r 
J 

2 

• 11.'. __ 

OF POOR QUALITY 

\ 
4.3 OHIJ:fQ~N 

DIAMETER • 0.2,88 METER 

11.0 tiHz HORN 
DIAMETER""o.1'.-M-ETER 

Figure 3.4-1. Feed Array Layout 

16 

'I 
I 

I 

~ , •• ,.~ .!,,!!, .• ~ ...... .I.<r..1....c ' 



r· 
f 

cr 

i 

r 
[ 

r 
f" 

" r 

16 METERS 

3 METERS 
I PARABOLOID 

I SYMMETRIC ~ 
AXIS , 

/1 

ORIGINAL Pi~Gtt '9 
OF POOR QUALITY 

__ - REFLECTOR SURFACE 

VERTEX; "'" .......... -------18 METERS-------....... ~ 

Figure 3.4-2. Antenna System Geometry 

17 

, . :~ 

VERTICAL 
FEED 
AXIS 

.... ", 

i 
I 

.:! 
I 



[ 
18 ( . 

:t. :;. 



I 
I 
I 
I 
I 
I 
J 
J 

~ .. 
i , 
I 
" 

I 
f 

J 
i· f 
,~ 

f 

assumed to be 3/8 A. The remaining physical dimensions are listed in Table 
3.4-2, with an associated sketch in Figure 3.4-3. It should be noted that 
the length, L, of the horn is approximate in that it is calculated assuming 
a circular waveguide radius of 0.5 A. Other horn types such as the Potter 
horn can be useful for this application at 1.4 GHz and 11.0 GHz due to the 
narrowband performance required. It should be noted that in this preliminary 
design, the 11.0 GHz horns produce a 0.160 beamwidth. Ways of increasing the 
beamwidth to 0.350 are discussed in Paragraph 4.4. 

3.5 Tower Design 

The design requirements of the deploying tower are as follows: 

• Small stowed package (25 inch height envelope) 

• High stiffness (dynamic loads) 

• Structural capability during deploymen~ (stiffness of 
p~~tially open structure) 

• Repeatable joints (repeatable tower length) 

• No rotation during deployment (electrical interfaces) 

The proposed tower design meets all of these requirements and 
creates a stable link between the reflector and the spacecraft (Figure 3.5-1). 
The tower design was developed by HGESD on IR&D Program No. 82-4150. On this 
IR&D program a breadboard model of the tower design has been built and tested. 
Figure 3.5-2 shows the tower model. The tower is constructed of four identical 
structural bays and one adapter bay. Tower bay dimensions and elen~nt descriptions 
are shown in Figure 3.5-3. The tower is a folding triangular truss structure, 
that deploys as shown in Figure 3.5-4. Note that the basic tower design is easily 
scaled to fit a wide range of applications and requires no built-in twist during 
deployment. These features make it more attractive than an astromast type design. 

D~ring deployment the longerons unfold and latch at joints in 
the center and at each bay interface. As all three longerons unfold simultaneously, 
the upper and lower bay platforms move farther apart, increasing bay height. 
When the tower is stowed, the rod diagonals are elastically buckled outward into 
a circular arc. This stored energy is used to deploy the tower. The longerons 
are stowed along side the platforms, from corner to corner. Deployment of the 
tower is controlled by a central lanyard as depicted in Figure 3.5-5. Addition 
of delatch cords also allows restowof the tower if required. 

19 

j 

·111_ :_ ,,~",, __ 'J"""-'l:.. __ ' )I'V1' tf'jI 



r 

ORIG.N/· .. . l 

Table 3.4-2. Feed Geometry OF POOR Q ~'hll l"" 

1 .4 14 GHz Hort1 4.3 GHz Horn 11.0 GHz Horl1 

a = 0.375 meter a = O. 123 meter a = 0.048 r,Jeter 
R = 1.60 meter R = 0.526 meter R = 0.206 meter 

eO = 12 .555 0 ijO = 13 .52 0 
eO = 13.47 0 

6 = 0.21 wavelength 6 = 0.209 wavelength 6 = 0.208 wavele'1gth 

D1A = 0.909 meter DaA = 0.298 meter D1A = O. 1165 meter 
L = 1.33 meter L = 0.439 meter L = O. 172 meter 

~----------L----------~~ 3/8 A 

c., 
111121 

Figure 3.4-3. Corrugated Feed Horn Geometry 

20 



.' 

.. 
J , 

I 
I 
I 
I 
J 
J 
J 

" 

. ." 
I 

,,' , ' 

1·' "01 '.f.l QUA' ",. l t" r ._ a .. " , 

,~ i 

Figure 3.5-1. Five St.;ctions of the Deployable Tower Form the 18~1 Tower 

21 

I 

_I._,.~ 



-. 

I 
I 
I 
I 
I 
I 

Figure 3.5-2. The Tower Design Has Been Built and 
Tested on IR&D Program No. 82-4150. 

22 
ORIGI I'~ r\L P: .'S '-:: \~ 
OF POOR QUAl.ITY 



r 
r 
t 

I I '. t' 

I 
') 

I 
I , 
1 
T 
III 

ORIGINAL pJ',",':: •. "",1 ...... ':l 

OF POOR QUALI)'Y 

LONGERONS 

2.0 INCH 00 

0.060 INCH THICK GFRP 

PLATFORM MEMBERS 

1.0 INCH 00 

0.020 INCH THICK GFRP 

LONGERON AND PLATFORM GFRP 
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0.025 INCH 00 3FRP ROD 

MODULUS E = 29 X 106 PSI 
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Figure 3.5-3. Tower Design and Performance Parameters 
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3.6 fRR Reflector Design Description 

Figure 3.5 illustrates the basic Folded Radial Rib Reflector 
(FRR). The FRR concept uses a highly efficient truss design to provide a 
high FRR stiffness to weight ratio. The rib strYcture of the truss is segmented 
with articulating joints to give a comp~rt stowed package. This design is 
then mated with the mesh surface design as u~ed on the TDRSS antenna. The 
potential benefits of the concept are: 

• Compact Packaging 

• High Reflector Surface Accuracy 

• High Stowed and Deployed Stiffness 

• Low Weight 

• Low Moments of Inertia 

• Slow, Motor Controlled Deployment 

3.6.1 FRR Structure Design 

The baseline FRR design, illustrated in Figure 3.6.1-1 shows the 
elements of the truss rib as well as the members which connect adja~€nt ribs. 
Figure 3.6.1-2 shows the side view of a single rib attached to the reflector 
hub. Latching joints are shown at two locations, inboard and outboard of the 
intersection of the radial rib members and the compressive, vertical strut. These 
latching joints must lock to form inboard and outboard rigid members. The non­
latching joint between them remains free to rotate in the plane of the truss 
preserving the structural characteristics of the pinjointed truss. These joints 
are discussed later in this paragraph. 

Figure 3.6.1-2 also shows the location of joints in the solid, 
graphite composite rods which form the truss. The placement of these joints 
is selected to allow the truss to fold and deploy with only planar motion. 
Figures 3.6.1 ~ through 3.6.1-5 illustrate the FRR rib deployment sequence. 
Small clips, or rod guides, attach to the main structural members and joints 
to support the tension rods while stowed. The deployment of the rib pulls the 
rods free from the rod guides. As discussed previously, a four-bar linkage 
connecting the radial rib members synchronizes and controls the deployment. 
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Figure 3.6.1-6 shows the 12-rib structure fully stowed. Mesh and 
surface cords have been omitted for clarity. 
are folded and held in the tension rod guides. 
tips are held parallel to the ribs by clips. 

In this position all tension rods 
Deploying standoffs at the rib 

The rib launch restraint design is shown in Figure 3.6.1-7. The 
restraint ~.poke attached to the rib tip and outer joint is made from a titanium 
cable with a ball fastened to the free end. These balls are held inside sockets 
during a deployment sequency by actuation of non-explosive initiators in the 
restraints. The spokes (with balls) remain attached to tne rib, but do not 
interfere with the reflective surface. The proper preluad in the spokes, while 
stowed, locks the ribs together. This concept has been successfully used in the 
Tracking and Data Relay Satellite Antenna. 

The Mechanical Drive System (MDS) controls the deployment of the 
reflector. It is located at the upper end of the hub (see Figure 3.6.1-8) and 
is attached to the innermost radial-rib me~ber. Deployment force is transmitted 
to the other three radial members by the four-bar linkage. Tension rods are 
pulled free from the tesnion rod guides and clips by the rib action. Figure 
3.6.1-9 sho\,/s more detail of the MDS with the right-half stowed and the left-half 
deployed. A threaded carri~r, moved by the drive screw rotation, is shown in 
both positions. Linkages drive the 12 ribs to their deployed positions 
simultaneously. Once fully deployed with the inner and outer rib joints latched, 
the rib assumes the characteristics of a pinned-end truss. Restowinq the 
reflector is possible by releasing the latched joints and reversing the drive 
motor. Restowage on-orbit is not a requirement of the anticipated mission 
application, but is valuable for ground handling capability. 

The proposed latching joint for the radial rib members is shown in 
Figure 3.6.1-10. The mechanism is similar to a compass divider where the drive 
link roller slides inside tracks. This results in symmetric deployment of the 
link rollers. It is lightweight and has a high deployed stiffness when fully 
preloaded. Latching is accomplished by the overcenter travel of the drive link 
roller. This same joint can be constructed to be nonlatching by preventing the 
overcenter travel. Figure 3.6.1-11 illustrates the deployed joint. 
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3.6.2 Surface Design 

The surface des ;9.1 used on the FRR structure is a dual dra\'/ing 
surface system. The design involves the placement of a secondary structure 
behind the primary reflective surface and joining the two with a sufficient 
number of ties to achieve the desired surface accuracy. Figures 3.6.2-1 and 
3.6.2-2 illustrate the dual drawing surface concept, showing the ~lacement of 
the connecting ties. 

The implementation of this surface involves the use of a gold 
plated mesh to from the J'eflective surface, multistrand graphite cords to create 
the Jrfac,' ~ontour, graphite epoxy strips to establish gore bJundaries, and 
adjustable standoffs by which the reflective surface assembly is attached to the 
graphite radial ribs. The reflective mesh is a 0.0012 inch diameter gold plated 
molybdenum wire knitted into a tricot pattern with ten openin~ls per inch. 
Molybdenum with its high strength, low coefficient of thermjl expansion, and 
excellent plating characteristics results in a highly reflective surface with 
relatively low tensions, good resist:1'1ce to handling, and minimal themal 
interaction with the graphite cord and graphite rib supporting structure. Pre­
plating with gold assures minimal interfilament friction with unifor~I, optimum 
thickness for RF reflectivity. The tricot knit is most familar as the double-
knit fabrics that are popular for their ability to "give" in two directions without 
unravelling at the edges or with broken strands. 

Structural and RF properties of the mesh are discussed in Section 
4.0. 

~1Jltistrand graphite cords are used to form a thermal insensitive 
substructure which combines with the GFRP ribs to form a found~tion for the mesh. 
The circumferential arrangement of cords increases the effective resistance of the 
ribs to axisymmetric loading produced by thermally induced mesh tension variations. 
The negative thermal coefficient of expansion of the cords interacts with the rib 
and mesh thermal properties to produce a near optimum condition for tnermal 
stabil ity. 

Cords on the front (feed) side of the reflector are drawn into 
the ,'-sired parabolic contour by connecting these front cords to a parallel set 
of cords located behind the ribs throuqh a number of Beta-glass ties. The ties 
are made of Beta-glass to provide a measure of handling strength (15 pounds tension) 
and for ease of joining. 
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The mesh is bonded to unidirectional graphite strips over each 
rib. Strips from adjacent gores are overlapped with a mesh-to-Mesh interface, 
riveted together, and suspended by rib standoffs. ~ deployable standoff at the 
rib tip defines the location of the strip at the periphery of the reflector and 
adjustable ties provide axial "float" in the remaining locations. Invar hinges 
allow the edge strips to fold for stowage. 
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4.0 SYSTEM PERFORMANCE 

4.1 Weight and Stowed Volume 

The complete radiometer system, including polarizers, horns, 
tower and reflector, but not including the radiometer circuitry and its 
packaging, weighs 578 pounds, Table 4.1, and stows in a volume 4.0 meters in 
diameter, 4.9 meters long. A detailed we1ght distribution is included in the 
Appendix. 

4.2 Deployed Analytic Model Description 

To estimate performance of the offset fed reflector and tower 
system, the finite element model (FEM) of Figures 4.2-1 through 4.2-5 was 
developed. The model, consisting of 200 nodes, simulates all members of the 
FRR rib and truss backup structure and condenses the RF reflective surface 
into 4 cord pairs and 12 mesh elements per gore. The reflective contour itself 
is represented by 85 surface nodes to accurately characterize RF performance. 
A detail listing of the model is presented in the Appendix. 

As with all structures of this nature, the stiffness of the 
system depends upon, to some extent, the pretension in the mesh and cord 
elements. This pretension stiffness is modelled with pretensional "stringer" 
elements and triangular, pretensioned, orthotropic "membrane" elements. The 
single gore of Figure 4.2-6 indicates the prcloads associated with each member, 
including the compression loads in the ribs and vertical strut. For details of 
memD~r sizes, material properties, etc., reference the Appendix. 

4.3 Deployed Analyses 

Having generated model of the deployed system, performance of 
the spinning reflector is estimated. The effects of the 6 rpm spin rate, 
thermal environment and basic vibrational modes are investigated. 
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Table 4.1. Weight Budget 

Feed Horns and Polarizers 

1.4 GHz 5 @ 28 lbs. ea. 

4.3 GHz 11 @ 3.2 lbs. ea. 

11 GHz 11 @ 0.8 lbs. ea. 

Tower Support and Deployment Structure 

Tower 

Refl ector 

Cabling 

Total Weight 

• ll ..... _ 

45 

Weight (Pounds) 

= 140 

= 35 

= 9 

46 

~5 

225 

28 

578 Pounds 
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Figure 4.2-6. Structural Preloads are Included in the Modelling Process 
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4.3.1 Dynamic and Spin Effect~ 

The most important aspect of this effort is tn quantify the effect 
of the 6 rpm spin rate on surface performance. This task consisted of two parts: 
align the reflector and spin axis to balan:e the tower and reflector system, and 
predict surface distortions at 6 rpm. Dynamic balancing of the system is achieved 
by ~ositioning the spin axis so that it passes through the CG of the system. The 
final geometry selected to achieve this goal is depicted in Figure 4.3.1. The 
weight moments of inertia of the structure about the axis system defined in the 
figure are: 

Center of 
Mass 

StrurtUl'f: Weight: 319.7 lb. (includes tower and reflector, 
excludes feed and cabling) 

69.16 inches 

= 0.0 inches 

.:: 0.0 inches 

IXX 1. 0331 X 107 . 2 lb = 1n 

Iyy = 2.0521 X 107 in2 lb 

IZZ = 2.3537 X 107 in2 lb 

IXY = 4.7458 X 106 in2 lb 

IXZ = 0.0 in2 lb 

IyZ = f).0 in2 lb 

At a spin rate of 6 rpm the surface distorts, in terms of parabolic 
parameters, by: 

Defocus (L\F) -0.126 inches 

Surface Roughness RMS 0.007 inches 

Mechanical Mispointing 0.021 degree 

The negative defocus, opposite of what one might expect, results from tne 
compliance of the truss rods 3nd high axial stiffness in the rib members. 
Spinning causes a small elongation in the upper (rib) members and a larger 
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elongation in the lower (rod) truss members forcing the reflector to close 
and hence drive the defocus negative. Given adequate knowledge of the spin 
rate, geometry and mass properties, all or at least a significant amount of 
thi s defoclls CcHl be removed by bi as i ng the antenna duri nq manufacture. 

The two lowest natural modes of the antenna were found by 
eigenvalue extraction to be: 

4.4 

0.55 Hz combination of tower twist and bending mode. 

1.54 Hz rocking of the antenna about the tower to reflector 
interface. 

RF Performance 

An initial tradeoff study was performed to define the possible 
range of f/D ratios, feed aperture Slzes, 2n~ feed spacings. Baseline 
parameters used in this analysis were an operational frequency of 4.3 GHz, a 
circular fe~d aperture, a 15 meter offset reflector, feeds located at, or in a 
plane containing, the focal point of the paraboloid, and a circularly symmetric 
far-field pattern with a cosine amplitude and ~hase distribution. This feed 

pattern is characteristic of a wideband corrugated conical horn as described 
in Ref~rence (I), with th~ aperture amplitude and phase distributions given by: 

A (r) = cos ~~ 
P (r) = 7T (1 - cos 2: J 

where A is the aperture radius and r ranges from 0 to A. :-he variable for 
the tradeoff study ,,;'ere f/D ratio, aperture radius, feed spacing, and reflector 
offset. 

For this analysis, it is assumed that the phase center of each 
feed horn is located near the aperture plane, thereby allowing all feed apertures 
to lie in the feed plane as defined ~n Figure 4.4-1. The principal axis, 
defined to be orthogonal to the feed plane, bisects the angle which subtends 
the reflector \'Ihen viewed from the focal point. This then determines the feed 
t.i It angle. 
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The initial tradeoff study was performed at 4.3 GHz, using the 
above mentioned wideband feed horn. To obtain low cross-polarization levels 
in the secondary beam, flO ratios greater than 0.5 are necessary in accordance 
with Figure 4 of ~&~rence (3). Values for flO of 0.5, 0.7, and 0.9 were 
then chosen. In L ri. :. to meet the hi gh beam effi ci ency requ i rement (>90%), 
reflector edge illumination in the ranye -10 dB to -20 dB is needed. Tt was 
determined that this requirement leads to an exceedingly la' ge wideband feed 
horn. As a compromise, the edge illumination requirement was relaxed to -7 dB, 
resulting in a 0.45 meter aperture radius with approximately 65% beam efficiency. 
Two patterns were then computed for each flO ratio; the first, with the feed 
horn located at the focus, and the second, with the feed offset one diameter 
along the vertical feed axis (feeds adjacent to one another). It was found in 
each case that the far-field beam crossover points were in the range of 20 dB 
to 25 dB down from the peak value. To obtain a continuous mapping of the earth's 
surface, it is necessary for the beam overlay to fall within 3 dB to 6 dB down 
from the maximum value of the beam. The wideband horn, therefore, appears to be 
unacceptable for this design unless unreasonably large feed dimensions can be 
tolerated. 

To reduce the overall size of the feed and attempt to meet the 
far-field beam crossover and beam efficiency requirements, a narrowband corrugated 
conical horn was selected. A procedure identical to the one followed for the 
wideband feed analysis was used in this analyses. The assumed horn aperture 
amplitude and phase distribution is given by: 

A (r) = cos (~~) 
P (r) = f..rr (1 - cos ~~) 

At 4.3 GHz, using an aperture radius of 0.123 meter, the calculated radiation 
patterns revealed that the far-field beam crossover points were still greater 
than 15 dB down from the beam peak. It was noted at this point that a feed 
horn offset one-half the diameter of the aperture would yield a far-field 
beam displacement of approximately one beamwidth, which corresponds to a 3 dB 
to 4 dB beam overlay. With the sweep scanning nature of this antenna in mind, 
a 3 dB to 6 dB beam crossover can then be obtained with the feed layout of 
Figure 4.4-2. 
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Using the feed arrangement, it is then possible to choose the 
lower flO ratio (=0.5), yielding a shorter boom length. The remaining 
analysis was then performed using the antenna system geometry of Figure 
4.4-1. 

The narrowband corrugated conical horn design procedure given 
in Reference (2) was then used to refine the design of the 4.3 GHz horn, and 
this design was scaled to 1.414 GHz and 11.0 GHz. Final design parameters for 
each horn are given in Table 4.4-1, with an associated sketch in Figure 4.4-3. 
The feed beam efficiency is approximately 93% and reflector edge illumination 
is -12 dB. A corrugation depth of 3A/8 was assumed, adding 3A/4 to the total 
diameter. The final feed horn layout as it appears in the feed plane is seen 
in Figure 4.4-4. 

Computer analysis was performed on the 4.3 GHz case to verify 
the 3 dB to 6 dB beam overlay. A computer run catalog appears in Table 4.4-2 
with the corresponding plots in Figures 4.4-5 through 4.4-10. Only a vertical 
offset was considered for this analysis, i.e., xf - offset equal to zero. Beam 
crossover, for each scan case, lies between 4 dB and 6 dB, with a 3 dB beamwidth 
of approximately 0.320

. The maximum cross-polarization level was 29.86 dB 
below the beam peak. This compares favorably with the predicted value in 
Reference (2). At the maximum feed offset position, gain loss due to scan was 
less than 1 dB. 

Entering the curve in Figure 4.4-11 and assuminq a 93% beam 
efficiency in the perfect reflector case, and a roughness of O.OlA, the proposed 
design is close to 90% beam efficiency. Further refinement in these calculations 
are required to obtain precise calculations. 

4.5 Mesh Analyses 

The most commonly used mesh is composed of gold-plated molybdenum 
wi re 1. 2 thousclI"ldths of an inch in di ameter. A closeup view of the wi re knitted 
onto a conducting mesh is shown in Figure 4.5-1 which also shows an optical target 
located on the surface. 
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Table 4.4-1. Feed Geometry 

1.414 GHz Horn 4.3 GHz Horn *11.0 GHz Horn 

a = 0.375 meter a = O. 123 meter a = 0.048 meter 
R = 1.60 meter R = 0.526 meter R = 0.206 meter 

eO = 13.555° eo = 13 .52 0 eo = 13 .470 

a = 0.21 wavelength a = 0.209 wavelength a = 0.208 wavelength 
Dia = 0.909 meter Dia = 0.298 meter Dia = O. 1165 meter 

*The 11.0 GHz horn was obtained by scaling the 4.3 GHz design. This smaller 
horn then results in a far field beamwidth of 0.16°, approximately one-half 
the desired 0.35°. To increase the beamwidth several approaches are available. 

1. Increase the size of the horn, thereby under-illuminating the disk and 
increasing the beamwidth. This would r~quire moving the 4.3 GHz feeds 
to make additional space available for these larger horns. 

2. Defocus the 11.0 GHz feeds along the principal axis toward the reflector, 

producing a quadratic phase distribution in the aperture of the dish, thereby 
increasing the beamwidth. 

3. Loading of the existing feeds to under-illuminate the reflector, and thereby 
incl~ease the beamwidth . 
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Table 4.4-2. Computer Run Catalog 

Corresponding Feed 
Horn Number in 

V-Offset (Meters) Figure Number Figure 3.2.3.3-4 

0.0 5 25 
0.149 6 19 
0.298 7 24 
0.447 8 18 
0.596 9 23 
0.745 10 17 
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A number of methods have been used to characterize the electrical 
properties including waveguide sample insertion methods, free space transmission 
methods, etc. The most common method presently used at Harris is the free space 
method shown in Figure 4.5-2. Here a sweeper method is used which allows the 
clear resolution of any space standing wave'; between the horns and the sample 
holder. Measurements are readily made ove~ a wide range of frequencies and 
incidence angles. Usinr t~is system extensive measurements of transmissivity 
loss have been made, a sample of which is given in Figure 4.5-3. The calculations 
shown in Figure 4.5-3 were performed by a mesh analysis program developed and 
verified in extensive measurements on the TDRSS program. The basic theoretical 
model of the mesh is given in Figure 4.5-4. This model which includes the surface 
impedance and junction impedances is very adequate for mesh with up to 10 openings 
per inch. For such mesh, as found on TDRSS, if the openings are in the order of 
0.1 wavelengths, polarization effects can result in different loss values. 
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The finite element presented herein employs the Non-Linear 
Structural Analysis (NLSA) program, a general purpose finite element program 
proprietary to Harris, Government Electronic Systems Division. While the 
model does not employ NASTRAN, the inputs presented are readily adapted to 
NASTRAN. 

In the listing that follows, the reader will find the raw 
data for material properties definition, node point geometry, stringer, 
mesh, and beam element connecturaties, beam crossectional data and a 
complete nodal weight distribution. In addition, the data is listed in 
convenient, easy-to-read tables. 
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:L 
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:C 
:c 
:c 
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:c 
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0 S 0 

:E~O 
:STRI 
:c 
:e 
:C 
:e 

3 2~7.09SA~ -1q.bOobO H.l741t1 
3 2c7.1~1125 -bU.60580 1'1.50'170 
j 1!II.b5q75 -1I1.Qj'l02 9.0 113811 
3 7q.~I~tq -il.QI3i~ 2.1114'11 
3 jOi.b4~bl -81.0Q310 19.')'IUOU 
3 2ql.~5315 -18.570'111 17.25500 
3 ilO.olHl3 -61.03853 1.511300 
3 157.11411'111 -42.i8725 -lb.llq'lOO 
3 81.311')2 -21.803113 -2l.38qOO 
3 Its.4b''lOb -45.111115 -80.51000 
0 o.ooouu o.noooo 0.00000 
0 0.00000 0.00000 0.00000 
0 O.OOouo 0.00000 0.00000 
0 iI.ouooe O.OtlOOO 0.00000 
0 0.00000 0.00.000 0.00000 
3 0.00000 o.OUOOO 0.0""00 
3 o.UOOOO 0.00000 -30.75'100 
3 U.OOOOO 0.00000-IU'I.80100 

ADDTIO~Al CO~~Ul~ATES fOH D~flhTIO~ Of SP~CIAL COURDINAtE SYSTEMS 
)( Y l 

0.0 0.0 0.0 
IIZ.!.lIlO 0.0 b1.718 
ic'l.Q20 o.n 11l2.0le! 
72.7011 0.0 0.0 

3911.1128 'U16. qttc. 
10UO. 0.0 100. 

tt1E.s[ SPHlAl (1IIJ1(111~A1t :;Y~H"S ARl USlU AS fOLLOWS 
SYSf~~ 1 15 • tYll~OHICAl PULAH 5YSllM fOH OISPlAY Of SfRUC1UNAl 

UISPlALl~lNTS. THt ~LUUAL 'Z' AX'S IS fHl AXIS Of SYMMlTWY. 
'H~S J~ VllwlhG OISPlAClMl~TS, DOfl IS A HADIAL OIPLAC[MENT 
AN~ UOf2 ANO UOf2 AHE CIRCUMflHlN'IAl AND BORl AllS 'OR Z' 
OISPlAU"'E.~'S. 
~Oll, fORC~S (APPlIE.O lUAUS) ANl .LSO IN 1HIS SYSTEM. 

SYSTEM 5 IS A CARTlSIA~ SYST~M THAT DlfI~ES THE VlRTEX AND 
HOHl AilS OF Thl OFfSE.l PANAHOlA. JA (l4~) TO J8 (247) 
Olfl~E.S lHE 80kl AXIS (POINtiNG DIRECTION) OF T~E ANTENNA. 

SYSTEM ~ IS A SYSlEM THAI O~fI~E5 THE SPI~ AXIS Of THE SYSTEM 
RllH RESPECT TO lHE REfLECTOR. 

2418 lqq 250 
3 

lllb 2117 250 

JA (2118) 10 J8 (2~) DEfINES tHE SPI~ AXIS. 
'HIS SYSllM IS ALSO USlO 10 DISPLAY THE -liGHT MOMENTS OF 
IN~RlIA Of T~E 5YSlE". 

STRINGER El~~ENT TABLE. 
THESE AHE PRlTENSIONEO, AXIAL LOAD ELEMENTS. 

JA JH MATl AHlA PRELOAO 
iPESE ARE OUTBOARD INTERCOSTALS 
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1jl. /1 2t> II 1.00 ~.nq o H2. III lib "_.}_.~O ';.bq 
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3j4. ~1 Bb 4 1.UU ~.b~ 

.. :' 0 33.,. 101 IIlb 'I 1.00 5.b9 
, I 336. Iii 120 4 1 .• 00 5.6'1 

i 3.H. 1111 lilt> II 1.00 5.bq 
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1.11'1. I: Itll 19b II 1.(/0 S.b~ 
340. 201 200 II I.(}O 5.0'1 
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342. b 11 4 I.UO ".b9 
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...... 35to. bb IS(, i 5.00 7.1'1 .0"";. o en 3'>'1. tlb lOt. i 5.00 7.lq c.: _. 
JbO. lOt> lib 2 ".00 7.19 ~ ~;: 
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303. lot> Ifto 2 5.0(, 7.1'1 
Je4. 160 iOb 2 5.00 7.1'1 o 3015. 20b i2b 2 S.oo 7.1'1 
3bb. 2et> b 2 5.00 7.1'1 
3b 7 • 2 7 2 I 0 • 0 1 «& • 2 

o 3b8. 22 27 2 10.0 14.c 
3eq. 112 117 2 10.0 III • .:! 
370. 02 b7 2 10.0 14.2 

D 371. 82 67 C 10.U 111.2 
372. 102 107 2 10.0 14.2 
373. Icc 121 2 10.0 14.2 o 374. 1112 1117 c 10.0 14.2 
375. 1«»2 lb7 2 10.0 14.2 
376. 162 1117 2 10.0 14.l 
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3bl. «&7 b2 2 10.0 14.2 
382. 67 82 2 10.0 14.2 

• 383. 67 102 2 10.0 14.2 
384. 107 122 2 10.0 IIl.Z 
385. Il7 142 2 10.0 14.l 
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