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Antenns Concepts, Diesmeters and RF Frequency List

Surface
Surface
Surface
Surface
Surface

Surface

RMS
BMB
RMS
RMS
RMS
RS

and No.
and No.
and Wo,
and No.
and No.

and No.

of Ribs-Wrep Rib - A G =
of Ribs=Wrap Rib - AG
of Ribs-Wrap Rib - AQG =

of Cones-Polyconic - AG
of Cornes-Polyconic - AG

of Cones-Polyconic - AG

Cost Esgtinmate Basis - Wrap Rib Antenna

.25 db
.50 db
1.00 db
.25 db
.50 db
1.00 db

[

Cost and Cost Per Square Foot - Wrap Rib Antenna

Cost Estimate Basis - Polyeconie Anktenna

Cost and Cost Per Square Foot - Polyconic Antenna
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LARGE FURLABIE ANTENNA STUDY

SUMMARY

This report describes the parametric study of the performance of large
furlable antennas and forecasts when various size antennas will become available.

The study considered three types of unfurleble reflector designs: The
wrapped rib, the polyconic and the méypole. On the basis of these approaches,
a Space Shuttle launch capability and state-of-the-art materials, it is possible
in 1975 to design unfurlable reflectors as large as 130 feet (40 meters) in
diameter to operate at 10 GHz and 600 feet (183 meters) in dismeter at 0.5 GHz.
Thege figures could be increased .if very low thermal coefficient of expansion
materials can be developed over the next 2-5 years. It is recommended that
8 special effort be made to develop promising light weight materials that
would provide nearly zero thermal coefficient of expansion and good thermal
conduetivity within the next 10 years.

A conservative prediction of the kinds of unfurlable spacecraft antennas
that will be available by 1985 with orbiﬁél performance predicted on the
baslis of test data and with developed manufacturing processes may be summarized
as follows:

- ® Moving steerable orbiting antenna reflectors at 600
feet in diameter operating at 6 to 10 GHz.

© Stable orbiting electrically steerable antenna reflectors
at 11,000 feet in diameter operating at 2 GHz and at
3000/3500 feet in diameter operating at 8 to 10 GHz.
Limitation in size is controlled primarily by the Space

Shuttle cargo weight launch limit of 65,000 pounds.

LOCKHEED MISSILES & SPACE COMPANY



IMSC/D384797

INTROﬁUCTION

IMSC has.generated parametric technical information relative to large
furlable reflector antennas under Contract No. 954082 for Jet Propulsion
Laboratory-California Institute of Technology.

Parametric extrapolated data has been generated for five diameters at
three r.f, frequencies of furlable/unfurlable reflector antennas of two different
concept types. Tsometric illustrations of these concepts sre shown by Figures
1 and 2. The diameters are 30, 120, 210, 300 and 600 feet. The freduencies
aie 8, 2 and .5 GHz. The concept types are Wrap-Rib and Polyconic. In
addition, a data section covering a reflector sntenna concept type called
Maypole has been added. Iscmetric illustrations are shown by Figures 3 and k.
The technical information data, in general, covers the following
performance Or gecmetric areas and is indexed to cover each of the 19 items

under Statement of Work, Article 1, part (b).

1. BReflector surface bolerance in rms inches versus r.7T.
- frequency and reflector dismeter.

2. Reflector surface deviation and r.f. peak gain as a
function of typical thermal enviromment at three orbital
altitudes. The best and worst performance are given with
an example typical orbital time distribution position and
interim wvariations.

3. Reflector surface tolerance versus antenns weight and
antenna cost.

L. Antenna weight breskdown versus reflector dlameter and r.f.
frequency designated along with center of gravity locations
and mass moments of inertia.

5. Geometric envelope dimensions of the furled and unfurled antennas.

6. Estimated antenna cost versus diameter, r.f. frequency and
" surface tolerance.

7. Estimated natural frequencies and dynamic characteristics
versus dismeter.

8. Reflector surface deviation as a function of rotation sweep
rates with r.f. on at designated gain loss dur;ng sweeping.

9. Maximum rotational accelerstion sweep rates versus antenna
diameter.

LOCKHEED MISSILES & SPACE COMPANY
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TENSION CABLE : LMsc/D384797

\‘-‘B!PLOYID STRUCTURAL RING
{ Wrapped around Structural
Center Column in Stowed
Configuration |}

TENSION CABLE

MESH FPARABOLIC SURFACE
Peak Gain : §2.35 @ effcy *50%
Freq. 2 GHz
Flats Gain Loss : .25 db

CATENARY CABLE
TELESCOPING STRUCTURAL CENTER COLUMN

m MESH RID ( 76 o

i : j 7
EOLubuyg FRAME [ ( FOLDOUT FRAME

Figure 3

ann ft NIA MAYPOLE PARABOLIC REFLECTOR 5




IMSC/D384T9T

COMMAND MORULE

STRUCTURAL CENTER COLUMN /

TENSION CABLE

STRUCTURAL RING d i

MESH PARABOLIC SURFACE
{ Peak Gain: 97 db }

FHEQ. 7.~ OHZ
FLATS GAIN LOSS- .Sed

TENSION CABLE

CATENARY CABLE
BUS MODULE

MESH RIB
(400)

FULLY DEPLOYED CONFIGURATION PARTIALLY DEPLOYED

SYNCHRONOUS ORBIT CPERATIONS
O GRAVITY GRADIENT STABILIZED TO 08 DEG. PDINIING
ACCURACY

0 WI. OF REFLECTOR SYSTEM 46000 L83

EOLDOUT FRAME |

( ! -~
> B \ FOLDOUT FRaME -
Figure 4 STOWED CONFIGURATION — I‘

~
3100 FT DIA COMMUNICATION SYSTEM , \l ¢




IMSC/D384797

Parametric data in sequence of Statement of Work, Article I, part (b).

Ttem 1. List Antenns concept types covered, dismeters used as data

points and r.f. freguencies at which.the parametric data

was_generated.

Table I lists information desired.

Diametér' RF Frequency Wrap-Rib Pdlyconic Maypole

30 ft/9.2 m 8 GHz X X
2 " X X
0.5 ™ X b’
1120 ££/36.6 m 8 GHz X X
2 " X X
0.5 " X X

210 £t/64 m 8 GHz X X <

2 " X X o

B

0.5 ™ X X b

2]

300 ££/91.k m 8 GHz X X ®
o " X X
0.5 " X X
600 £t/182.8m 8 GHz X X
2 " X X
0.5 " X X

LOCKHEED MISSILES & SPACE COMPANY
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Item 2. Show Reflector surface tolerasnce in inches rms as a function

of reflector diameter for nominally manufactured hardware.

NOTE: The manufacturing process is not complete for large
sizes until the contour evaluation and interconnected servo
adjustment system has completed the final contour adjust-

ment after deployment in space.

Surface accuracy deviation from a true parabols required
is a function of the use r.f. frequency and the parabolic approxi-
mation geometrically built into a given concept.

Tables II, IIT and IV show diameters, r.f. frequencies,
geometric approximation loss (nominal), number of ribs for wrap-rib
concept and surface tolerance in rms inches.

Figure 5 illustrates the tabular information of Tables
IT, IIT and IV where frequency use, approxXimation gain loss and
surface Qeviation allowable in rms inches are given as a function
of the number of ribs used in wrap-rib concept and the reflector
diameter. )

Figure 6 illustrates surface deviation in rms inches versus
r.f. frequency use plotted as a function of A G db or gain loss fron
geometric approximation of a true parabola. )

Figures 7 and 8 are given as added information of interest.
Figure 7 illustfates number of ribs N as a function of surface
deviation in wavelength rms inches and diameter of reflector in
wavelengths . Figure 8 illustrates geometric approximation
gain loss (AG db) as a function of dismeter of reflector in wave-
lengths . and number of ribs used.

Figures 5, 6, 7 and 8 hold true for the geometric ecireular
parabolic approximation used in both the Wrap-rib concept and the
Maypole concept.

LOCKHEED MISSILES & SPACE COMPANY



Diam.

301

1200

210!

3001

600!

GHz

1.48
5.92
23.70

1.48
5.92
23.70

1.48
5.92
23.70

1.48
5.92
23,70

1.48
5.92
23.70

360
360
360

1440
1440
1440

2520
2520
2520

3600
3600
3600

7200
7200
7200

FLEX RIB ANTBNNA
RMS REQUIRED AS MANUFACTURED
AT 7.G = .25 db

D/}\ Ae No. Ribs g/) $ ros
243 .25 48 021 031
61 W22 24 o022 .130
15.2 .20 12 ' 018 427
972 .25 96 021 .031
224, .22 L8 . 022 .130
61 .20 26 018 427
1705 .25 130 021 .031
426 .22 64, 022 .130
107 .20 34 018 427
2435 .25 154 021 L031
608 .22 74, 022 .130
152 .20 42 018 427
4850 - .25 226 B~ .031
1215 .22 12 022 .130
304 <20 56 018 427
TABLE 1

E—

1865 HG YK RI¥6S
Wasy  Snms = Jd o 346

MSC/D38UTT

Summary RMS shown has
been modified to reflect
an even_mumber of ribs and
actual A G valuve, A G
shown as nominal .25 dh.

SUMMARY

FREQ-GHZ  RMS (IN.)

8 0,031
2 0.130
o5 0.427

FOR SYMMETRICAHL

CMODWHEB RUSE
DEV\ATIONS

)



Diam,

30!

120!

2107

300!

€00!

360
360
360

1440
1440
1440

2520
2520
2520

3600
3600
3600

7200
7200
7200

FLEX RIB ANTENNA

RMS REQUIRED AS MANUFAGCTURED

AT s G=.5
D/;, A6 No. Ribs
243 -5 38
61 .5 20
15.2 .5 10
972 .5 78
244, 5 38
61 5 20
1705 5 104
426 5 52
107 -5 26
R435 5 124,
608 .5 62
152 5 30
4850 .5 180
1215 5 88
304 .5 b,
TAGLE T

10

.033
.030
029

.031

.033
.030

.032
.031
.033

033
.032
.033

.031
0030
.030

& rms

048
177

046
\195
S

. 04’?
.183
.782

049
189
782

L ] 046
177
711

IMSC/D38LT97

Summary BMS shown has
been modified to reflect
an even number of ribs and
aetual A G value., AG
shown as nominal .50 db.

SUMMARY
FREQ-GHZ BMS (IN.)
8 047
2 184
L] 5 .734



FLEX RIB_ANTENNa
BRMS REQUIRED AS MANUFACTURED 18C/D384797
AT " G=1.,04db -

Diam. GHz A D D/s, A6 No. Ribs 2y S, & s
8 1.8 360 243 1.0 34 042 .062
30! 2 5.92 360 6l 1.0 16 . 040 236 Summary RMS shown has
T on o e msicied o et
: actual A G value. AG
8 1.48 1440 972 1.0 66 042 062 shown as nominal 1.00 db.
120! 2 5.92 140 244, 1.0 3L 041 .243
5 2370 1440 61 1.0 16 050 1.185
8 1.48 2520 1705 1.0 90 .040 .059
2101 2 5.92 2520 426 1.0 m 042 .249
.5 23,70 2520 107 1.0 22 043 1.019
8 1.48 3600 2435 1.0 108 04 065 S——
300! 2 5.92 3600 608 1.0 52 04 .260 |
5 2370 3600 152 1.0 . 26 049 1.6 EREQ-GHz  RMS (IN.)
8 061
g 1.48 7200 4850 1.0 152 .041 .061 2 246
600! 2 5,92 7200 . 1215 . 1.0 76 041 o243 - S 1.066
5 23,70 7200 304, 1.0 38 042 .995

|

<

TABLE L

t
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Tables V, VI and VII illustrate similar information to that
given by Tables II, III and IV but result in the number of cones
used in a polyconic concept where geometric radial parabolic ap‘iaroxi_—
mation is used.

Figure 9 illustrates tabular information of Tables V, VI and
VIT where frequency use, approximation gain loss and surface deviation
allowable in rms inches are given as a function of the number of cones
used in the Polyconic concept and the reflector diasmeter.

Considerable preliminary information has been presented iﬁ
this Section in order to facilitate understanding of the variables
used to ereate the paramétric information in later sections. Basically,
the definition required by Statement of Work question (b} 2 is answered

by the data shown on Figure 6.
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LT

POLYCONIC ANTENNA

RMS REQUIRED AS MANUFACTURED
AT AG = NOMINAL (0.25) DB

) NOMINAL NO. OF CONE PRODUGED
DIAM. (FT) GHz A (IN) p (IN) D/A AG (DB) CONES S (INS)
30 8 1.48 360 243 13 . 10,0324

2 5.92 360 61 25 7 0,1318
5 23,70 360 15.2 4 0.4296
120 8. 1,48 1440 972 30 0.0330
2 5.92 1440 244, .25 15 0,1330
o5 23.70 1440 61 8 0.4315
210 8 1.48 2520 - 1705 | 40 0.0333
2 5.92 2520 426 25 20 0.1337
.5 23,70 2520 107 11 " 0.4328
300 8 1.48 3600 2435 48 0.0335
2 5,92 3600 608 .25 2/, 0.1343
.5 23,70 3600 152 1 0.4334
600 8 1.8 7200 4850 68 0.0341
2 5,92 7200 1215 .25 34 . 0.1363
5 23,70 7200 304, 19 0.4346
TARLE V.

L6 18ET/ DT



T

EMS REQULRED AS MANUFACTURED

POLYCONIC ANTENNA

AT AG = NOMINAL (0.50) DB
- ' ' NOMINAL NO, OF CONE PRODUCED
DIAM. (FT) GHz A (IN) D (IN) "DA A6 (DB) GONES RMS (INS)

30 8 1.48 243 11 0.0485
2 5,92 360 61 .50 6 0.1861

.5 23.70 15.2 3 0.7359

120 8 1.48 972 24 0.0490
2 5.92 1440 244 «50 12 0.187.

5 23.70 61 6 0.7390

210 8 1.48 1705 33 0.0497
2 5,92 2520 426 .50 17 0.1875

.5 23,70 107 9 0.7406

300 8 1.48 2435 39 0.5000
b 5,92 3600 608 .50 20 0,1889

.5 23,70 152 10 0.7413

600 8 1,48 . 4850 55 0.0518
2 5.92 7200 1215 .50 29 0.1905

.5 23.70 305 15 0.7441

TALLE V1

LEIRST/DSINT



POLYCONIC ANTENNA
RMS REQUIRED AS MANUFACTURED
AT AG = NOMINAL (1.00} DB

NOMINAL NO. OF CONE PRODUCED

6T

DIAM. (FT) . GHz A (IN) D (IN) D/X AG (DB) GONES RS (INS)
30 8 1.48 243 10 0.0626
) 2 5,92 360 61 1.00 5 0.2482
o5 23,70 15.2 2 1.0706
120 8 1.8 972 22 0.0632
2 5.92 1440 244 1,00 11 0.2496
-5 23.70 61 * 5 1.0725
210 8 1.8 1705 29 0.0638
2 5,92 2520 426 1.00 15 0.2508
o5 23.70 107 _ 7 1.0733
300 g8 1.48 2435 35 0.0640
2. 5.92 3600 608 1.00 18 0.2515
.5 23.70 152 9 1,0732
600 8 1.48 4850 49 0,0651
2 5.92 7200 1215 1.00 24 0.2525
o5 23.70 ‘ 305 12 1,0790

“TARLE V-

LELHEET/OSHT
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Ttem 3. Show Reflector surface deviation as a function of thermal environment

for a) typical near earth orbit of approximately 400 Kilometers

(b) earth orbit of approximately 2000 Kilometers and ¢) synchro-

nous earth orbit.

The thermally deviated surface of the reflector (at any altitude
orbit) will lower the peak gain r.f. performance by means of two geometrie
actions or a combination of the two. The first is symmetrical opening
or closing of the "perfect" parabola. This action will effectively move
the focal point, on axis, either closer to the reflector vertex from a
closing action or further away from the vertex from an opening action.
Stated another way, the focal point of the symmetrically distorted
reflector will be on exis but not at the required focal point where -the
feed has been set. It will be either closer or further améy from the
reflector. This type of action has little r.f. gain loss with small
rms surface deviations but can become rather major as a r.f. gain
loss with rms surface deviations that are numerically somewhat small.

The second geometric thermsally induced distortion is non-
symmetrical distortion. At certain side angles of sun illumination,
(the worst usually falls between 40° and 80° angle of sun to vertex/
focal point line) the leading edge of the reflector will be approximately
parallel to sun rays while the trailing edge still receiving a substantial
sun angle illumination. It will result in a relatively cold leading edge
and hot trailing edge. This will cause non-symmetrical distortion
that nominglly may be assumed to be near a cupping inward of the heated
area and an undistorted cool area. The best fit parabola within this
distorted parabola will have an axis tilted away from the true foeal
point where the feed has ﬁeen positioned., DPesk gaih may be nearly
the same value as in an undistorted reflector but since the axis is

tilted, the effective r.f. gain will be reduced. Both of these types

21
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of distortion may be approximated by Ruse formula or a modified version
of the formula, but true r.f, gain performance can ohly be obtéined by
proper computation of the distorited surface using the gain integral
similar to that as shown by Figure 10,

The major point intended by this discussion 1s that the rms
value of surface distortion is not a good indicator of the gain loss by
surface distortion. For this reason, this Section 3 question has been
answered by parametric data, shown in the Figures, first by actual gain
obtainable from the distorted surface, see Figures 11, 12 and 13, and
gsecond by presentation of surface distortion, see Figure 14. The gain
obtainable includes aperture efficiency losses a@ 55% efficiency, mesh
transmission losses at either 99 or 95% reflectivity, built in geometric
approximation losses and the estimated thermally induced surface distortion
gain losses.

It is germane to stress at this point that the thermally induced
surface gain losses are very nuch depeﬂdent upon the thermal properties
of the struetural materials used. .

When dealing with large reflectors the surface must-be supported
by some means. In the wrap-rib case, by the ribs which must also be
capsble of wrapping. In the polyconic case, by boonms Which need not
wrap bub mist fold or telescope. In the maypole case, since they are mesh
ribs, the surface stability will depend upon the mesh rib thermal
properties.

In all concepts where a reflective mesh is used as the contoured
surface, the thermal properties of the mesh material will have a consider-
able effect upon the distorted surface performance. To illustrate the
Importance of the thermal properties of the materials, the parameiric data
has‘been given, for the wrap-rib concept, with three combinations of

materials.

22
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a) Insulated -metal ribs with metal mesh - presents a good thermally
conduc%ive structural material well insulated to produce low
trensverse thermal gradients and relatively low induced loads
introduced into this structure by the mesh through the temperature
extremes it will see.

b} Tnsulated metal ribs with an advanced mesh made from materials
that will produce very low thermally induced mesh loads.

¢} Advanced material ribs that show small thermal coefficient of
expansion, insulated to reduce the effect to a2 nminimum used with
the advanced mesh of b).

The parametric data given for the polyconic concept was produced
using a similar mesh to that described in a) with the advanced boom
material. described in c).

Figure 114 and 13A illustrate actual gain obtainable from the
thermally distorted surface for the polyconic antenna concept. Useful
gain at the higher rf frequencies-(8 GHz) can be obtained by using a large
mumber of support booms ags shown by Figure 11A, This can be -obtained at
any geometric approximation loss ( A G = .25 up to 1.00 db) because the
mumber of surface cones used is not dependent upbn the number of support
booms. The use of fewer support booms has a wider spread surface distortion
effect because éach critically distorted boom supports greater surface
area. The drop in effective use at high frequencies is shown by Pigure 13A.
Again the gain is independent from A G and the polyconic concept can be
made effective by using larger number of booms at the expense of reflector
weight. ,

The data produced for the maypole concept uses materials as
described in c). Performance of these very large reflectors is only
possible by the use of advanced or better than present state-of—the—ért
materials, ‘

Orbital altitude influence is shown by Figure 15. Orbital period :
© time reflector performance for each albitude as a function of the difference
between symmetrical and non-symmetrical thermally induced surface distortien

is given.
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Item 4. Show Reflector surface tolerance in inches rms of the different

dismeters as a function of antenna weight and cost.

The reflector surface tolerance as manufactured must be
consiaered within its operating environment and witﬁin the performance
reguirements of that antenna system. If, for example, it is decided
that the performance loss from parabola geometric approximation can
be increased from .25 db to 1.00 db, the number of ribs uséd in the
wrap-rib concept cah be reduced and the number of cones used in
the polyconic concept can be reduced. This reduction in numbers of
gtructurel components can have a major influence on both weight and
cost. Tnereasing allowable geometric-parabola approxiation will
reduce both weight and cost.

There is a more detalled problem, however, that must bé
considered in any such trade off decision.

Meshes that are presently developed for reflector surfaces
use materials that have a definitive thermal coefficient 6f thermal
expansion. They are subjected to from 400 to 600 ¥ degrees of tempera-
ture variation in their orbital enviromment. They therefore will have
a varying load input to whatever structure that holds them in place,
particularly since the mesh may not be allowed to go slack under zero
load without desgtroying symmeiry of surface,

Because of this situation, it may be more profitable from s
performance standpoint to use a greater number of structurél members
but of a smaller size. The balance of the trade off conducted for
any one design may not be generaliged without difficulty. Tmprovements
in mesh materials and designs in the future will reduce this factor as
has been shown in Section 2.

Generalized data to this question is shown by Figure 16 with

reagonable accuracy for use in general weight and cost decisions.
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Item 5. Define antenna weight as a function of antenna diameter

and center of gravity location.

The wrap-rib concept antenna weight ﬁas been parametrically
caleculated for 3 different sizes of ribs for each of the 3 r.f.
frequencies (8, 2 and 0.5 GHz) for each of the 5 diameters (600, 300,
210, 120 and 30 feet).

This information was also calculated using the geometric
surface approximation as a variable. This variable denoted as A G
or gain loss is related to surface tolerance as shown by Tables II
ITT , and IV -, |

Figure 17 shows wrap-rib antenna weight versus reflector
diameter for gach gize rib at each r.f. frequeqcy at the minimum
nominal geometrie gain loss of .25 db. TFigure 18 shows similar
information at a nominal geometric gain loss of 1.00 db.

The copies of print out computer sheets that were delivered
in advance of this report show approximate breakdown tables of weight
for each case considered. The parametric weight data at nominal gain

"ioss of .50 db has also been included in the delivered_ﬁgiht out
computer sheets. .

The notations "max", "med" and "min rib" on Figures 17 and 18
mean the maximum sized rib, the medium sized rib and the minimum sized
rib used for each diameter of antenna in the parametric data study.
The details of the size dimensions of rib used in each case of the
wrap-rib concept may be obtained by referring to the print out sheets
of computer data.

Figure 19 presents parametric data of the polyconic antenna
weight versus reflector diameter for each size gtruectural boom at
r.f. frequency design use of 8 GHz and nominal gedmetric design gain
loss of .25 db and 1.00 db.

34

LOCKHEED MISSILES & SPACE COMPANY



IMSC/D384797

A TR . |
LI

-—I_r_

‘:5
]

by

‘Tlgvﬁl
. :i
a1

b
bt

CaN T
- i

BEEEE ‘v-—r-i::'ﬂ';— K

A g
Pt

NAJA Dl

N B ARTE

CWEIGH T

L

-

i
H

ANTEN NA

200 .
I

O o m i~ U W

< L




IMSC/D384T797

_WEIGHT VS ANTEN

NA D IAMETE R

t

S@1 - LHOEM VY

NERE

i

" el g
D]

Jepog

HO

"]

1 ~teer
ISS[E
3 .3
T

VIRV S <

ETRIC| G&

1

PARABDLIC

OV 4

H
£

¢ T/
' SEoM

g

\I,UQ’J\DER}@

85!

lio METE

: 3%0
; RM?HEA)'A).A

. aéo ¢
- :QEIﬁlME.

]
|
Figubk Eilal

10,000}

"

[,00064

maor

™

N

36



IMSC/D384797

2

U o - m -
{a—

o

sﬁnrauuhwae H"ﬂ \ﬁ' DIAME‘_TEﬁ.;
T AP

10,009

000l v‘ - ' | .

POLY C o;u IC. FiAKA 6 fii._f--f*Abl TE ALK A

R A ¥ SR REEE .,'i .'.I
:F ?L" = PRRMIES W b S 1-
P T I S
§ o+ :'. H ‘_E J :

. a@, G {:‘.@M E:-rra__r—c“ ‘-hp\-}é;i}iijﬁsc A
" . APPRQ&:MA‘C‘IQ@Q‘? ETAI!J LO‘#‘S
: . SE{E: Nf :E.b uu"‘l ‘ ;wtfft_-'a?t;i ¥

D : .(?0 Zé’oi‘ BTO i‘:
‘ AlMTENNA |
. FIG, :




IMSC/D384797

Figure 20 presents similar parametric data at r.f. frequency
design use of 0.5 GH=z.

The polyconic concept weight, using a fewer or larger nﬁmber
of mesh cones to nominally approximate the parabolic reflector shapea
primarily will have weight concentrated in the boom and hub support
structure. The mesh cones and mesh ring catenary ribs do not make
up a large percentage of total weight. ‘

The polyconic reflector weights shown on Figures 19 and 20
show that an antenna that wmay allow up to 1.00 db geometric parabolic
approximation loss is lighter than one tpat‘may only allow .25 db
gain loss.

The ressoning behind this method of parametric design data
generation is simply that it is much more likely that an antenna that may
allow a greater gecmetric gain loss is also likely to allow a less &tiff
structure that will rotationally accelerate during beam pointing slewing
operations at a slower rate.

This may or may not be true dependent upon the detail design
requirements of any actual antenna design. It should therefore be kept
in mind when using these curves that the actual weight is also dependent
upon dynamic natural freguency requirements,_slewing acceleration rates
and time to degrade dynamic motions after slewing, perhaps more than the
allowable geometric parabolic gain loss.

Detall data of weight breakdown, boom size dimensions and number
of booms used is gvallable in the print out computer sheets provided.
The center of gravity position parametric data produced for both the
Wrap-rib concept and the Polyconic concept is not compatible with
presentation on graph plots. The Wrap-rib concept uses tapered ribs
which tend to concentrate weight near the surface of the hub with
heavy taper and allow major upward movement of cenper'of gravity as

the taper disappears to the minimum tapered geometric shape ribs used
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in parametric data production. The diaﬁéﬁéf size and the number of
booms Has a similar effect in the Polyconic concept. Therefore if
center of éraviﬁy position is desired for any particular antenna
diameter, geometric gain loss, r.f. frequency use or slew acceleration
rate allowable it is suggested that the detsil print out sheets of the

compﬁter data supplied be consulted.
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Ttem 6. Description of the reflector antenna.

Although there are many possible types of large unfurlable
antennas, only three of the most promising are included in this’
parametric study.

A. The wrapped rib antenns

B. The polyconic antenna

C. The maypole antenna.

A. Wrapped Rib Antenna

The wrapped rib antenna consists of hollow doughnut shaped hub

to which are attached a series of radial ribs cut to the shape of a
parabola., A lightweight reflective mesh is stretchad between these ribs
to form the paraboloidal reflecting surface. A feed system is usually
loéated at the prime focus of the paraboloid by a support boom. A
sketch of the deployed wrapped rib antenna is shown in Figure 21. To
furl the reflector, the ribs are wrapﬁed around the hollow hub with the
mesh folded between them. .

The parabolic surface is formed by a lightweight reflective mesh
held in place by the radial parabolic ribs. The number of ribs or mesh
panels employed is dependent upon rms surface accuracy desgired which
in turn determines the absolute gain of the antenna. The smaller the
rms surface deviation, the larger the absolute gain. Large reflectors
must maintain high surface rms accuracy during varying thermal environ-
ments. They must be structurally sound during slewing operations and
use a minimum of time during oscillation decay. The total structure
is designed for minimur weight and to operate in zero gravity environ-
ment only. It would be assembled on the ground as a furled reflector
and deployed and adjusted in space.

A hollow doughnut shaped support hub will provide mounting

pads for the antenna system to the spacecraft. Tt will provide the

Ll
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support points for each radial rib and stowage area for the radial
ribs and the reflective mesh. It will provide the support for the
"in space" deployment and refurl mechanism, as well as the support
for the "in space" surfaece contour evaluation and adjustment system.

A power driven rotating mechaniem will have the ability to
contain the stored energy of the wrapped ribs and slowly deploy the
reflector surface. It will also have the ability to "wipe" the ribs
in a rotating manner back into their stowed configuration. The
stowed configuration may be as small as l/hO of the deployed diameter
of very larg_;e antennas.

The feed or feed array is dependent upon the reflector size
and intended use. It may be a single horn illuminating the total
surface, it may be a cluster of horns each illuminating a portion
of the reflector surface but forming one coherent beam, or it may
be a cluster of feeds that form individual spot beams. The feed
character;stics used in this parsmetric study are such that they
will illuminate the reflector in such a manner as to generate a-

55% aperture efficiency.

Dependent upon reflector size, the feed support boomfmay be
a simple powered folding structural boom, it may be a structurally
formed boom that is of the type power stored on rolls or it may be
‘a modified scissors structural type boom that is powered as necessary
to extend and retract. The boom will have thermal control or be
built from near zero coefficient of thermal expansion materials in
order to ensure precise positioning of the feeds under varying thermal
enviromment.

A Burface Contour Evaluation and Adjusiment System is included
in the antenna concept since these reflectors are built to operate in
a Zero gréyity environment. Surface adjustment to the desired accuracy
of the large sizes cannot be accomplished on ground. The system is

incorporated within the ‘antenna to adjust the surface to the desired

b3

LOCKHEED MISSILES & SPACE COMPANY



IMSC/D384T797

accuracy when deployed in space. It should only be necessary to
adjust the surface once, at the beginning of the mission, if the
antenna is constructed frcm the more advanced materials described,
but if less than perfect near zero coefficient of thermal expansion
materials are used, the mechanism could be programmed to partially
compensate for thermally induced distortions. A laser radar, mounted
at the center of the hub, will rotate and measure the position of the
rib tips. It will then determine and implement the necessary adjust-

ments to minimize the rms surface deviation from an ideal paraboloid.

B. Polyconic Antenna

The parabolic surface of the polyconic reflector is formed by
gerieg of circular conical segments of lightweight reflective mesh as
shown in Figure 22. These conical segments are positioned by mesh
ribs and a series of radial booms mounted to a-central hub. The
radigl structursl booms and polyconic reflective mesh surfaces are
folded in a vertical direciion like an umbrella. The length of booms
will determine the necessity of intermediate folds of each boom.

The parabolic surface is formed by a lightweight reflective
mesh held in place by circular mesh ribs which are anchored to radial
gtiff booms. The desired surface accuracy is obtained by the use of
many circular conic sections joined, one to the other, in the
circumferential direction. Each junction of one conic segment to the
next is held by circular mesh ribs, the top edge of which forms the
cireular conic junction desired. The bottom edge is terminated in a
catenary member which can be adjusted in length to producé degired
reflective surface accuracy. The higher the surface accuracy desireqd,
the larger the number of conical sections required. Like the wrapped
rib refiector, the polyconic refleétor mist be designed to be
sufficiently rigid to permit slewing without excessive weight or

oscillation decay time.

L
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The hub construction must provide support for the boom deploy
and-retract mechanism, It must provide the structural base for the
hinged booms, it must provide the structural base for the feed mounting
central boom and it must provide mounting positions for the automated
. "in space" surface contour evaluation and adjustment system.

Each radial boom is deployed from a vertical position. If the
reflector surface is very large, each boom must be folded onto itself
some number of times in order to fit the folded booms into the Space )
Shuttle cargo bay length. Secrew jack controlled leverage will deploy
the booms with articulation extension of the booms.

. The feed is similar to that described for wrapped rib concept.-

Since the radial booms that support the reflective surface do
not wrap around the hub, as in the wrapped rib reflector, but fold into
a vertical stowed position, the stowed configuration is limited only
by the length of the cargo compartment. Dependent upon sntenna diemeter
some or all of the feed support boom ﬁay be of a fixed construétion.
The necessary extension beyond the approximate 60 foot fixed boom may
be of similar construction to that described for the wrapped rib antenna.

A system similar to that described for the wrapped fib antenna
mast be provided. It will have the additional task of scanning each
conic surface junction and determining the reguired adjustments to the
catenary controlled circular mesh ribs. Bagic position adjustment will
be controlled by vertical movement of the booms. Fine surface adjust-

ments will be made by catenary member control on the circular mesh ribs.

C. Maypole Antenna

The maypole antenna resembles a maypole or bicycle wheel. It
consists of a long central column hub, a rigid outer rim and a system
of cables (spokes) that tie the hub and rim together. A reflective,
paraboloidal mesh cup is suspended at the center of the "wheel"” %o
form the reflector. A sketch of the maypole antenns is shown in
Figure 23.
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The design is based upon a sufficiéntly rigid outer rim mgmber
‘to withstand the tension loads of the "spoke" tension ties to the
_cer;tral column "hub". Large and very large reflectors may be designed
-that will use very low tension loads in thé spoke ties. These loads
are held at a stable low value by use of "load maintainer" mechanisms
in each spoke. The "sufficiently rigid" outer rim and the center
cqlumn'become feasible because of the low leoad values in the spékes.

The central column may be extended to carry spacecraft control
modules which will alse gravity gradient stébilize the antenna system
against solar winds to the degree desired dependent upon the mass
moment n'o:E‘ inertia ratios. The maypole concept will become feasible
when near zero thermal coefficient of'expaﬁsion materials become
.available for the mesh, the structural rim, the central column and
the tension tie spokes.' ’ ‘ - ‘ '

Initial investigation shows that an antenna in the 1 %o 2:GHz
frequericy 'r:;mgé up to 11,000 foot dismeter can be stowed within the
cargo volume and weight limits of oné Space Shuttle flight. Further,
ﬁevelopment of materials will allow the use of frequencies up to
10 GH=z.
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Ttem 7. Indicate RF Gain Orbital Perfofmance and Test Versus
Prediction RF Performasnce Data.

Figures 11, 11A, 212, 13 and 13A in Section 3 show symeetrical
and non-symmetrical solar thermally heated r.f. performance of the
antennas as a function of reflector diameters. The reagoning bshind
presentation of gain performance as a measure of surface deviation has been
ineluded in prior gections.

As indicated, the thermally influenced r.f. performance was
extrapolated from detailed thermal analyses that IMSC has carried out
in the past on ‘similar reflectors ranging from 30 feet to near 70 feet
in diameter. The surface distortion induced by solar heating is
independent from the antenna operating r.f. frequency; in other words,
it is structures dependent, but the same measure of surface distortion
will result in a greater gain loss for higher operating r.f. fraquencies
than for lower. This affect is clearly indicated by Figures 11, 12
and 13A.

) Figure 24 is presented to illustrate predicted performance at
an overall feed and aperture efficiency of 55% versus that actually
tested at the Santa Cruz Test Range for the 30 foot diameter ATS Wrap
Rib Parabolic Antenna. The circled points shown at 200 MHz, 850 MHz;
2.7 GHz, 6.1 GHz and 8.25 GHz show guite uniform conformity to r.f.
performance predictions.

Tests shown were made for the "best" contour which conforms to
a symmetrical thermal exposure solar heating. Similer tests with as
good conformity between tests and predietions were made for the non-

symmetrical thermal exposure thermal heating case.
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Ttem 8. Estimate Antenna System Costs.

Estimated antenna costs for the Wrap Rib antenna conceﬁt are
presented by Figure 25: The antenna costs are shown versus number of
ribs used. The number .of ribs used is a function of the design r.f.
freguency in GHz, antenna diasmeter and the exc‘ellence of manufsctured
surface tolerance desired. ALL valﬁés are shown on Figure 25.

The basis for these é&stimates are projected 1974 dollar value
of actuals for the 30 foot diameter reflector and detailed estimates
pfeviously made for-6d to 70 foot dlameter antennas in 1974 dollars.
The method used to extrapolaie these actuals or-detailed estimates
1nto costs of larger sizes with varying surface accuracy requlrements
is presented by Tables VIII and IX.

Sufficient information is presented In Tables VIII &nd IX to
estimate the cost per square foot at 8, 2 and .5 GHz with contour
approximation losses of .25, .50 and 1.00 db. Figure 26 presents
some 9f this information.

Estimated costs for the Polyconic antenna concept are presented

by Figure 27 which has similar to Figure 25 data display.

Tables X and XI present thé method used to egtimate the costs
of the Polyconic antennas. Sufficient data is available on Table XT
to create data presentation display of cost per square foobt similar
to Figure 26 if desired. '

Figure 25A presents estimated coéts for a refurbishable test
antenna reflector system that includes such mechanically testable
_subsystems as: furl/unfurl mechanism; deploy/retract feed support.
boo@; surface contour adjustment servo mechanism, ahd reflector

mounted gimbal.
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IMSC/D38UT797

AN
ANTENNA DIAM. 30 FT. 120! 210! 300! 6001
ANTENNA AREA FT° 707 11300 34700 70700 | 283000
7 G
- e T%e | yomihal Cost/Ft. Diam,
TOTAL 8 .25 $233K $7.M 28.M L9.M 70.M 140.M
cosT .50 $213K 6. 40 25.6 44,8 64,0 128.0
SYSTEM 1.00 $198K 5,95 23.8 41,6 59.5 118.5
COST PER 8 .25 $9000, 2480, 1410. 990, 495,
8Q. FT. .50 9050, 2260, 1290, 905. 453,
1,00 8400, 2110. 1200, 840, 420,
¥o. oF 8 .25 48 96 130 154, 226
RIES .50 38 78 104 124 180
1.00 34 66 90 108 152
bkt o e —— o s i S i
TOTAL 2 25 $190K 5.7TM 22.8M 39,8M 5TM 114M
CQosT .50 176.5K 5.3 21.2 37.1 53. 106.
QVSTEM | 1.00 166.5K 5.0 20,0 34.9 50, 100.
wudT PER 2 .25 #3060, 2020, 1145, 806, 403,
5Q. FT. .50 7500, 1875, 1065, 750, 375.
1,00 7070, 1770. 1005, 707. 353,
NO. OF 2 .25 24, 48, 64 4 112
RIBS .50 20 38 52 62 88
1.00 16 34 bb | 52 76
 TOTAL .5 .25 £141.5K $4.25M | 17.0M | 2907M | 42.5M | &5.m
¢osT .50 135,2K 4.05 16,2 28,4 40.5 81,
SYSTEM 1.00 130.6K 3.92 15.6 7.4 39,2 78,4
COST PER .5 .25 $6000, 1505, 853, 600, 300.
SG. FT. .50 5720, 1435, 2816, 572, 286,
1.00 5556& 1380. N 787. 5550 2?80
NO. OF 5 .25 12 26 34 42 56
RIBS .50 10 20 26 30 4dy
1.00 8 16 22 26 38
TABLES 1 X
54
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POLYCONIC ANTENNA

Imsc/b38u797

FREQ = 8 GHz K$
Area Dia. Nominal Nominal Hfumber of Number of No. of Surface Hub Constant 'i‘ota|
Sq. Ft.{ Ft. Ac(db) | RMS(in) Booms Cones Intersection || Variable Variable per £t.di
.25 .031 160 68 10880 180 33 100 313
283000 | 600 .50 047 80 55 400 150 25 100 275
1.00 .061 Lo 4o 1060 120 17 100 237
.25 .031 80 48 3840 150 33 100 283
70700 300 .50 .0h7 ho 39 1560 130 25 100 255
1.00 061 20 35 700 120 17 100 237
.25 .031 56 1o 2240 150 33 100 283
34600 210 .50 .Oh7 28 33 92l 130 25 100 255
1.00 061 it 29 ko6 120 17 100 237
.25 .031 32 30 960 150 33 100 283
11300 120 .50 .oht 16 2k 394 130 25 100 255
1.00 061 8 22 176 120 17 100 237
.25 .031 8 13 104 - 130 33 100 266
707 30 .50 .ob7 8 11 88 130 25 100 255
1.00 L061 8 10 80 130 17 100 2h7
TABLEL X
57




"POLYCONIC ANTENNA SYSTEM
ESTIMATED COSTS

IMSC/D38UTYT

FREQ = 8. GHz

FR=ZH = 2. GHz

FREQ = .5 GHz

T i 1
! Nom, Nom. Y¥o. of . Total Cost Hom. Fo. of | Tobal Cost Hom . No. of | Totasl | Cost
im. | 4res G RMS Bec:,zzz/coze§ Cost Iper Tt RMS  |BoomCone| Cost per £5° | BMS | Boomglone! Cest |par #,
Ft) | (F&2) (db) (in) [ntersect- (M$) | (($) (in)  [Inpersect-(M$) ($) (12} {Zngers. | (8) | ($)
LN e — —
e85 .031 10880 ; 187. i 660. .130 54h0 152. 536. Qiteirg 3040 141, hgT,
00 | 283,000 .50 ey Lhoo | 165. 582, 184 | 2320 132. 466. 734 | 2200 120. Lok,
1.00 .061 1960 1k, 500, 246 960 112, 395. |1.066 480 103. 364
.25 .031 3840 85. 1200, .130 1920 68. 960, Lo 1120 62, 875
00 70,700 .50 .0k 1560 76. 1072, .18 800 62. 875. 734 hoo 53, 750
1.00 061 700 71. 1002. 246 360 56. 792. |1.066 180 iy, 665
.25 031 220 59. 1705, .130 1120 48, 1390. R:tord £16 40, 1158
10 | 3k,600 ] .50 .Ol7 92k 53. | 1535. .18% 476 b3, | 1ebs. {73k 252 35. | 1012
1.00 .061 Lo6 50. ks, .2hé 210 39. r 1130. {1.066 o8 30. 866
.25. .031 960 3k. 3020. .130 480 o7 . 2390. Jho7 256 21.4 | 1895
20 | 11,300 { .50 .0h7 394 31. | 27ho. A8k . | 192 25. 2210. 734 96 18.8 | 1665
1.00 .061 176 28, 2480, 246 88 22, 1ohs, |i.066 4o 16.9 | 1495
.25 .031 10k 8.0 {L1300. .130 56 6.2 | 8reo0. L7 30 L6 | 650C
30 707 .50 o7 88 7.7 L0900, .18k k8 6.0 8h80. 734 24 L3 | 6080
1.00 061 80 7.4 [Ok50. 246 Lo 5.8 | 8200. |1.066 16 k.0 | 5660
11 -
TAIBLE {XT
58
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Item 9. Define Envelope of furled and unfurled antenna hardware

and geometry of structural support points.

Figure 28 presents furled dimensions of the Wrap-Rib antenna
concept versus the unfurled diameter of the parabolic contour. Similar
infoxrmation for the Polyconic antenna concept is printed out in tabular
form on the supplied computer sheets. This furled dimensional informs-
tion may be summarized for the Polyconic antenna concept in a more valid
form by statements rather than plotted graph illustratiocn.

The length of the furled concept will use the full length of
Space Shuttle cargo bay available - or approximately 60 feet, uniless
the reflector unfurled diameter is less than 120 feet. If it is less,
then the furled length will be close to one half of unfurled diasmeter.

The furled outside diameter will depend upon the mumber of
booms chosen, the diameter of booms chosen, each of which depends upon
the chosen mamufacturing material for boom construction. Reference
to tables on the computer printout sheets is desirable while keeping
in mind the statements made in Section 3 on the peak gain charscter-
istics of the Polyconic antenna conecept. There will be no inside
diameter hole through the hub of this concept. “

Information on the stowed, furled dimensions relating to the
Maypole concept may be obtained in Section 20 wherein all Maypole
information data is given.

It is vsual to provide four structural support mounting
brackets attached to the inside diameter of the Wrap-Rib concept.

Lack of central hole through the hub of the Polyconic antenna conecept
requires that structural support mounting point fittings be attached
at the lower end of the hub structure near the digmeter of the boom
Pivot points. Refer to Pigures 1 and 2 for further clarification
of positions noted. Nominal unfurled dimensions of the antbennas may be
calculated from (D/2)2 = 4 fx and £/D is a given ratio. D = diameter,
height = 5 to 10% greater than f. -
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Item 10.DiscussDevelopment stage of antenna concepts considered.

Wrap-Rib Antenna Concept.

A 30 foot diameter, stored energy unfurling model has been
built, tested and flown successfully.

Larger models are being 5uilt that include mechanical
unfurling.mechanisms. -These larger models are being built in a
flight type testable design with the end objective of being used
in space. ‘

Polyconic Antenna Concept.

Up to 20 oot diameter polyconic conceptual models have
been made primarily to represent and solve the problems of conic
surface parabolic approximation. Design studies have been conducted
on a preliminary basis to solve the problems of support structure
and boom deployment. Flight type hardware hag not been built for
test or flight. '

Maypolé Adtenna Concept.

The desire to build very large diameter reflectoré of up
to 11,000 feet led to the conceptual design of the Maypole Anténna
Concept. Compressive structural members have been replaced in as
many places as possible by tension cables or tensioned mesh. The
development of the ability to build models of this concept over
100 meters in diameter depends to a great extent on the practicai
ability to develop mesh, tension and structural materials that

have very low coefficient of thermal expansion.
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Ttem 11, Define mechanical and/or electrical pointing capability of

proposed antenna concepts with tolerances.

Direéting the manufactursd mechanical axis within close
tolerances of any of the concepts under consideration will depend
,upon the sensing and actuating tolerance ability of the contour
eveluation and servo adjustment system developed for use in space.
The ability to provide good rf gain performance depends directly
upon the ability to produce low surface deviation parabollic approxi-
mations regardless of the reflector dliameber. This means that the
mechanical and electrical axis Wwill become more closgly aligned %o
theoretical center line axis as the reflector goes up in diameter.
Coneepts considered for the "contour evaluation and surface adjustment
servo mechanism" may become very accurate dependent upon the numbex
of operating iterations allowed. There isg no technical breakthrough
required to design such a system that would be capable of handling up
to 8 GHz frequency and 600 feet in diameter. The major problem in
achieving the larger dismeters at the higher frequencies will be the
development of sufficiently thermal  stable construction materials.
Figure 29 illustrates The electrical axis beam pointing accuracy
obtained from reflectors built from sufficiently thermal stable materials

to produce, reasonable rf galn performance.
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Item 12. Identification of structural design loads and ceriteria for

new and existing designs.

The following list identifies design loads and criteria
that may be considered critical for successful development and tested

performance of the Wrap Rib and Polyconic antenna concepts.

Wrap Rib Antenna Concept

e Ribs - be sufficiently structurally stiff to resist
a deflection, under mesh induced loads, that will not
allow surface contour deviation greater than r.f.
performance degradation allowable. The design
loading criteria developed for a particular di=smeter
reflector used at a particular r.f. frequency is
therefore an integral portion of the surface contour
deviaﬁion allowable, the structural properties of .
the rib and mesh used, the thermal stability of the
mesh and rib materials and the optimized mesh tension

developed during design analyses.

e Hub —be‘ sufficiently structurally stiff to nqt materially
contribute to the mesh tension induced surface contour
distortion by holding the attachment of the rib in a
stable manner. Thig design load criteria app}ies to
all members and components of the hub that by load
induced deflection can allow excessive rotation of
the r»ibs. Dependent upon required rotational accelera-
tion slewing rates required by design concept criteria,
the critical vertical stiffness loading may result from
bending buckling resistance to bending moments induced

by the rotational acceleration slewing rates.

6l
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¢ Surface mesh - be made from materials and/or constructic

methods that will minimize surface mesh induéed loading
in the ribs, For example, knit meshes have a lower
modulus of elasticity than woven construetion. Mesh
construction materials with very low thérmal coefficient
of expansgion will induce lesser loads into ribs under
changing thermal enviromment. The critical loading
criteria is therefore that combination of structural
design and thermally induced loading that will produce
more than acceptable surface deviation in orbital

operation.

o Exisgbing design additional critical loading criteris -

In the past where smaller reflectors were designed

and tested, two more loading criteria were important.
They disappear when mechanically induced space only
unfurling concepts are used. They are demonstration
of deployment capability in lg enviromment without
.the use of aids. This requirement added torsional
rigidity to the ribs unnecessary for any other load
criteria. The second loading criteria was the sbility
to unfurl using stored energy only. The stored energy
so released at unfurling implementation, resulted in
stop loading into the hub that no other load criteria

produced.

Polyconic Antenna Concept

e Booms - be gufficiently stiff to resist excessive
deflection induced by mesh loads. The weight of the
booms is load dependent as usual but in the ease of
large reflectors that are deployable in space only, i.e.,

they do not need to resist lg envircomment deployment
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loading, the critical loading on the booms is an
opbinized éombination of faectors. 'They inglude
minimizing mesh loading induced by solar thermal
heating and minimizing loading induced into the
boom by thermally induced boom deflection agalnst
the mesh loading. Dependent upon design concept
regquired rotational accelerabtion slewing rates,

the critical stiffness of the booms may result from

bending moments induced by the slew rate.

Hub - be sufficiently structurally stiff fo not
materially contribute to the mesh tension induced
surface contour distortion by holding the attach-
ment points of the booms in a structurally stable

marmer .,

Surface mesh - The same criteris as outlined under
the Wrap Rib Concept affect the design of the Poly-

conic surface megh, In addition, this surface

mesh is directly held in place by circular mesh ribs
which are attached to the booms, These mesh circular
ribs must be made from a mesh material that is not
only stable in the vertical loading direction under
low loading, i.e.,, it must have a relatively high
modulus of elasticity bub must be relatively thermally
stable in order to reduce loads transferred from the

mesh surface to the boom structure.
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Item 13. Evaluation of dynamic characteristics of antenna concepts.
Evaluation of surface deviation as a function of sweep rates.

The natural frequencies of the Wrap Rib concept reflector
antennas evaluated are shown by Figure 30. The rocking mode antenna
natural frequency shown is sbout the sweeping axis of rotation. -
The values shown under nominal maximum rib are those calculated for
the maximum sized rib used in this parametric evaluation. The
geometric shape and dimensiopal range used for ribs evaluated
is shown by Figure 31.

The natural frequencies of the Polyconic concept reflector
antennas evaluated are shown by Figure 32. The nominal maximum
to minimum boom sizes are shown by Figure 31

_The furled Wrap Rib antenna concept will have a lowest
resonant natiral frequency of approximately 20 Hertz. This
estimated value is based upon the tested similar construetion,
‘used in the ATS stowed wrap rib reflector, that showed lowest
resonant fn equal to 22 Hz. )

The mass moments of inertia of interest in this parazﬁetri_c
study are shown by Figures 33 and 34 for the Wrap Rib concept and
by Figure 35 for the Polyconic antenna concept. The mass moments
of inertia shown by these figures are those about the rotational
axis used during rotational rf sweeping operations. Figure 33
illustrates mass moments of inertia for Wrap Rib construction
usiﬁg the number of ribs indicated on Table II with Figure 34
representing the number of ribs used on Teble IV . IFf intermediate
values of mass moment of inertia for the Wrap Rib reflector antenna
concept‘ are desired for all parametric sizes and pumber of ribs
evaluated, reference should be made to the computed summary print-

out sheets provided. TFor similar intermediste value information

67

LOCKHEED MISSILES & SPACE COMPANY



danie

T T 7 T T T L i~
; 2 T...um:i.: ..... g ar e ...u o fedm : PR T
i .w!r. O .1 ——taa tnl uu ,“.L‘ m. . Ly WL
H ks e = 3 .M. O SR o - _— SO
Iy v M 1 1t v
P PR R U SNVRITY NP § AP X N PR 2 i
i iF Pt b " .t
! I i [ T :
¥ [ __ wl...:ﬂ sram ow L HJ ..r!‘w..“.. ;..:':Hiﬂ..“ . .w.r.m i L..n.‘.im‘wn w—
- YR RO O N SO Y P — Latokon 3 msara g = -t ]
1 . ; e e e e oot et
A P e e ] =i s S el e B s 4 p=i

t e e

IMSC/D38UT9T

. ﬁ_.t....ﬂh._
T L
[ S .

ok

=
]

oy
i

el AR VRN

na,..+ - .TM .- 1.... ' - — - =

ek v 7 Bl M e

K P A H £ S ELAPRNUER SN S - —

el T T T L

wer _uﬂ- _ et I...i.......rms.: JEE S |ﬂwu M .3

M — =

- N _TIH.mn O

I o 1 et OUY S V1

22 I ! P

50 SR , M

o doe Lnandan -...* P . N

Job o . Mb.w; AM Pq_

G je 2

. T T I T

N m. N T Cammoseen - rl .

, QIR S 4 P P 4 oy

! | @\x ; L. O- -
v amsua - ¢ - ...Qn - ]

y T IR

. . - .-
———y - ;“ - ) .
o AN N i A
.Ild._ e m. v
N . Y Lt "
ol et - A Bl “
X/ LT TR u
& =
3 _ PLor

- R A IR et MRl S-S
T w oy A ] o) o~ W7 -

S

P

Jd3 IV

OINN

68



IMSC/D384797

WRAP RIB CONCEPT - RIB SIZE rb- B

A A

Antenns Diem., 600" 300" 310° 1507 ERE
BEMR MAX 6.0" 6.0 6.0 L.5 2.0
MED 4.0 h.,0 h.o 3.0 1.5
MTN 2.0 2.5 2.0 1.5 1.0

H  MAX i g, 1k, 11. 6.

MED 10. 10. 10. 8. 5.

MIN 6. 7. 6. 5 4,

POLYCONTC CONCEPT - BOOM SIZE
THIN WALL TUBE

Antenna Diam. 600°* 300! 210" 120" 307
D MAX 8." 5. L, 3. 2.0
MED 6." 3.75 3. 2.5 1.5
MIN b, 2.5 2. 2. 1.0

FIGURE 31
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with reference to the Polyconic concept, reference should be nade
to the Polyconic computed stmmary print;out sheets.

The.éurfacg deviation as a function of rotational sweep rates
is illustrated by predicting the maximum rotational acceieraﬁion
rate allowable that will produce surface distortions of one and
two db down rf gain over nominal undistorted surface contour gain.
Sinece gain degradation is a function of rf wavelength (frequency)
and contour distortion, where contour distortion is a function 5f
rotational loading and reflector structural stiffness, the maximum
allowable rotational acceleration rates for any structural stiffness
and gain degradation méy be calculated.

Figure 36 shows allowable acceleration rotational rates at
1 db down from nominal rf gain plus 0.25 db geometric conbour approxi-
mation gain loss for Wrap Rib reflector antenna concept; ‘figufe_37:
shows similar information at 2 db dowh'plus 0.50 ab geometric contour
loss. The, summary print-out ecomputer éheets provided éovervthe

following combinstions at all three parsmetric rf frequegéieé.

Gain loss from rotational Gain loss from geometrie

loaded structure contour parabolic .contour
distortion . . approximation (nominal)
1.0 db down .25 db |.50 db [1.00 db
2.0 db dowm _ .25 db .50 db 1.00 db

Figufe 38 presents surface contour deviation data versus rf =
frequency that may be referred to in conjunction with Figures 36 37,
39 and 10 in order to directly read the estimated surface deviation
at the rotational acceleration ailowablé. The gllowable rotational
acceleration is a Ffunction of the stiffness of the structure used

in the parametrie data'study.
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The function of this system of curves is to present sufficient
data so that maximum allowable acceleration rates may be estimated
with the rf communication system operating with no more than
geometric parabolic approximation gain loss plus a given additional
gain loss from accelerabion loading. Points chosen for the accelera-
tion loading gain loss were 1 db and 2 db down from nominal undistorted
peak gain.

Ttem 14, Evaluate the maximum allowsble rotational aceceleration of
unfurled antenna while not in r.f. operation.

Figure 41 illustrates maximum rotational acceleration rates,
limited by rib loading buckling, for the Wrap Rib antenna concept.
Since the mesh between ribs does little to support the rib loading,
the rotational rate is relatively insensitive to the number of ribs
used in reflector construction and therefore to the aesign r.f.
frequency.

~ Figure 42 illustrates maximum rotational acceleration rates,
limited by boom loading bucking for the Polyconic antenna concept.

The maximum elastic distortion of either concept structures
was calculated in the computational programs. The natural frequency
in the rotational acceleration loaded mode was calculated., Figures
L3 and 4h present the time required after acceleration loading and
resultant structural deflection to degrade structural vibratory
movement to a useful surface contour distortion. The useful surface
contour distortion is measured in db gain down from peak gain

. Producible from the geometric approximation of & perfect parabola
surface.

R.F. operation may be turned back on)after illustrated time

lags with no more than 5% extra added for mesh r.f. operation.
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Ttem 15: .Mechanicai techniques used for furling .and unfurling the antenna.

Wrap Rib Antenna Concept

Figure 45 illustrates the furl/unfurl driving mechanism proposed
- for use on the very large diameter wrap rib reflectors that also use

large numbers of ribs. _

Figure b6 shows a cross section of the working mechanism including
a legend of operating parts. The basic operating mode is as follows:
The rib furl/unfurl drive guides, Ttem 9, are rotated by the driven
ring gear, Ttem 3, They either wipe the hinged ribs into a stowed
wrapped condition or restrain the atored energy in the stowed ri’los
into a controlled rate deployment. The rib design, Item 10, is
either lenticular or semi-lenticular in cross section in order, that
the ribs may be flattened for wrapping around the hub with material
elastic 1imits.

The extension arm, Item 8, may be a solid member when used on
smaller reflector diameters where a relatively few ribs are used
for geométric parabolie contour approximation. These guides, Item 6,.
must be extendible as illugtrated when the system is used in conjunetion
with very large diameter reflectors using large numbers of‘ribs " The
cross over point wherein the driven exten51on ability is required is
llkely to be approximately 150 feet in diameter with 80 to 90 or

more ribs.

Polyconic Antenna Concept

Figure 47 shows a cross section of the Polyconic antenna concept
shown on Figure 2. The legend attached to Figure 47 represents an
operating description of the'fUrl/unfurl mechanism.- The Eooms 'or
segment; of booms, Items 7, & and 9, may be one piece provided the
folded sntennsa does not exceed 60 fee% in lengtﬁ. The polyconic
surface mesh and its supporting circular mesh ribs that are attached
to the supporting booms will fold snd compact itself in between and

around the folded booms in the stowed configuration.
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Ttem 16. Mechanical and electrieal interfaces of the antenna concepts.

Mechanical interfaces of the antenna concepts may be restricted
to two structural points. The first is antenna hub support, the ]
antenna, support point structure that attaches directly to elther the
spacecfaft body, an extenslion boom or a gimbal mechanism attacheﬁ
to either boom or spacecraft body. The second ig the feed supporﬁ
structure or a Casségrain reflector support structure which may be
tied directly to the central hub structure of either wrap rib or
polyconic concepts. Each .of these concepts has a structurally sound
hub framework as illustrated by Figurés 1, 2, 46 and 47. Detail
design of mechanical interface support point structure has not been
attenpted within the scope of this study.

The electrical interfaces of the antenna concepts may be .
divided into two clasgses. Electrical power line inberfaces used
to motivate such electrical devices as drive motors, locks and
indicator instrumentation, etec. Electrical power used te drive”
gimbal servo mechanisms and contour evaluation systems. 'Theee. .
electrical power interfaces may be any standard pin type disconnects
that are space qualified. The second class of electricel interface
relates to transfer of microwave power from transponder dutlet/input
to the antenna feeds. Dependent upon length of llnes and ri frequency
used, these transfer lines may be wavegulde or coaxlal ceble. ‘The
antenna, syste@ interface to the gpacecraft recelver/transm}tterg
housing may be relatively simple, aiigned bolt-together choke
joints as Waveguide'interfeces or standard disconnect coaxial cable
joints. However, the necessary mechanical movemenﬁ_imposed on either
waveguide or coaxial csble from gimbal action or feed boom éxtansions
may and probably will requireheither considerable flexural movement

or rotary joini movement at some point within the rf line connections.
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The design problems that large angular or universal joint mdveméht
impose on the rf connections will he of greater imporﬁancé to .
reduce resultant gain loss than the actual spacecrafts antenna
system interface Joints. Design details of these potential
problems'are closely aligned to the antenna concept chosen and its

operational specifications.

Ttem 17. Potential applications of subject antenna concepts.

A wrap rib reflector antenna, 30 feet in diameter, was built
by IMSC under subcontract to Fairehild Indusiries for the N§ASA-Goddard
sponsored ATS-6 communications satellite. This reflector differed
from Figure 1 pictured concept in that iﬁ used the release of the
stored energy in the wrapped ribs for deployment operation. It did
not have a mechanized furling and unfurling sysbtem incorporated in
the design. The ATS spacecraft vehicle, with sola; arrays in deployed
condition, was designed to Witﬁstand the loads iwpgrted by the deploy-
ing antenna at 2800 foot pounds of torque. 1In addition to the subsequent
mechanized furl/unfurl system, IM3C has developed multi layer insulation
systems for use -on the wrap ribs. This insulation reduces the rib
distortingtransverse thermal gradient by up to a factor of 10. Further
degign work is proceeding wheréin the development of ribs nedé from
materials that hold the transverse thermal gradient to a lGW'&alug
is used but in addition the material properties will have .a greatly
reduced thermal coefficient of expansion. Thermally induced rib
deflections which cause surface distortion and conéequent loss in

rf gain are a function of

deflection = £ (AT L2) where

AT = transverse thermal gradient
& = thermal coefficient of expansion
L = length of rib

90
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It can readily be seen that as tl;e diameters of the refleator
antenna systems go up, the importance of improvement of the
construction material thermal properties (A T and eX ) become
‘gregter. This statement holds true for any reflector concept
that uses .structural materials for surface mesh support., Designs

_ of the wrap rib concept have been developed in some detail up to
well over double the diameter of the ATS reflector. Performance
analysls for these desighs ﬂaﬂe been carried out;

The Polyconic ahtenna concept has been built as a mechanical
demonstration model only.

When considering the objective of this parametric study, i.e.,
to produce sufficient data to determine an antenﬁa reflector concept
that may be built to very large diameters, maintain useful surface
contour, be weight competitive by being deployable only in a zero
gravity environment, and as a consequence be surface contour adjust-
gble to surface design rms requirements after deployment in space,
the pumber of contour adjustment mechanisms becomes important.
Graded under this ground rule it becomes apparent that the fewer
regquired contour adjustment mechanisms required by the antenna
reflector concept, the more feasible, reliable, less costly and lower
weight the éystem will become.

tem 18. Unique features of the antennas under consideration.

The unique features of each antenna concept -are as listed.

Wrap-rib antenna concept

@ Uses a given number of pie shaped segments of parabolic

cylindrical surfaces to approximate the perfect parabola.

e May be stowed in a circular shaped package that is
between 1/10th and 1/30th the deployed diameber. The
stowed package of the reflector will normally not exceed
2 feet.

o1
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e At 8 GHz freguency use and up to 600 feet in deployed
digmeter, the maximum mumber of contour adjusting
servo mechanisms necessary for contour adjustment in
space zero gravity enviromment is 224. " This number
adjusts to a lower value only as reflector diameter

and rf use frequency is reduced.

Polyconic antenna concept

o Uses a given number of circular cone segments to

approximate the perfect parabola.

@ Uses catenary supported mesh ribs to hold the rf
reflective surface mesh in place above structural

booms or ribs.

o Allows use of non-wrappable booms or ribs at the

expense of much greater stowage vélumg than the
wrap rib concept.

Maypole antenna-concept

¢. Uses two compression resistant structural members only,

the center column aﬁd the outer rim,

© Usegs light weight mesh ribs to create the contoured

surface approximation of the perfect paraﬁoia.

® Since the major construction material is light weight
mesh, feasible reflector dismeters given relatively
thermally stable materials are very laréé. Estimates
show that an 11,000 feet in dismeter reflector usable
to 2 GHz may be made within the weight lift limits of
one Space Shuttle cargo compartment at 65,000 pounds.
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Ttem 19, Largest practical reflector diameters of antenna concepts.

Wrap Rib antenna concept.

Figures 11, 12 and 13 show net gain achievable using the Wrap
Rib reflector concept under three sets of construction material
properties. The largest dismeter practical is very much dependent

upon the maximum rf freghency use.

1) Present day state-of-the-art materials, such as multi
layer insulated aluminum ribs and silicone coated knit
Copper]Ber:y'llium/ Silver metal mesh is practical without
severe gain loss up’'to 600 feet in diameter when used at
frequencies no higher than 500 MHz. Figure 11 shows that
this diameter reduces to 120 to 150 feet in diameter Wheﬁ.

used at 8 GHz rf frequency.

2) Figure 12 ipdicates useful rf perfo.mance of Wrap Rib
reflectors near é50 feet in diasmeter at 2 GHz and quite useful
rf performence at 150 feet in diameter at 8 GHz when the
present state-of-the-art metal mesh is replaced with an
improved material property mesh with a lower coefficient of
ther;nal expansion. Non-symmetrical thermal exposure rf
performance has not radically improved. Thermal distortions
of ribs still predominabte over mesh induced loads. Insulated

aluminum ribs are used.

3) Figure 13 shows good rf performance at up to 8 GHz when
the rib construction methods have been improved to the point
where the multiple & T & 1is considerably lower than that
available with insulated aluminum ribs. State-of-the-art
improvements that may be accomplished within a 2 to 3 year

period will meke this rf* performance feagible and therefore

93

LOCKHEED MISSILES & SPACE COMPANY



MSC/D38479T

reflectors between 400 and 500 feet in diamgter usefully
feasible at 8 GHz rf frequency.

Polyconic antenna concept.

Figures 114 and 13A illustrate the same type of rf frequency
use, reflector diameter, and construction materials used inter-
relationship shown for the Wrap Rib concept.

Since the boomsg do not wrap to a small furled package in
this concept, present state-of-the-art materials may be used for
boom construetion. The feagible diasmeter reflectors used ab
8 GHz are dependent upon improvements in the state~of-the-art of
megh construction materials. In general, feasible diameters with
useful rf performance are the same ag in the Wrap Rib concept; but
st the penalty of considersble increage in weight, furled packsging .
dimensions and number of servo mechanisms necessary for. contour

adjustment after deployment in space.

Maypole antennsa concept.

Section 20 of this report will go into considérable more detail
in the reasons why this concept,with development,is considered
feasible up to very large diameters. The necessary improvements in
the state-of-the-art of construction materials must be accomplished
first. Rim or hoop and center column materials must be improved
to reduce thermal coefficient of expansion properties while not -
radicelly increasing thenmal‘conductivity. Mesh with low thermal
coefficient of expansion and low modulus of elasticity must be
availeble. These materials could be produced within a 2 to 5 year
well organized development program at a relatively low cost.

If such is the case, vseful maypole concepts may be extrapolated
as a practical design up to 3000 feet in diameter at 8 GHz, and
11,000 feet in diameter at 2 GHz. ‘
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Ttem 20, Maypole Antenna Concept

Figure 3 illustrates a 300 foot dismeter Méypole Antenna.
Figure 4 illustrates a 3100 foot diameter Maypole Anﬁenna.‘ Generalized
construction description has been given in Item 6.
© IMSC is in the process of evaluating this antenna concept by an
"in-house" effort. As further information is devéloped with regard

to weight versus rf frequency, gain, cost. and thermal stability,
it will be made available to JPL.
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