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The program is a teclmology dewelopment study. The specific *hnologies 
to be developed are stated below. 

PROGRAM OBJECTIVE 

TO DEVELOP THE TECHNOLOGY NEEDED TO EVALUATE, 
DESIGN, FABRICATE, PACKAGE, TRANSPORT AND 

DEPLOY THE MAYPOLE HOOP/COLUMN REFLECTOR 



PmGRAr4 DESCRIPTION 

The program is organized by specific tasks. Each task has speciffc: 
objectives vhich, when combined, are directed at sleeting the overall program 
objective. Two tasks have been initiated to date. They will be highlighted 
later in this report. The remaining tasks are sumararized below. 

Task 3 is an Advanced Concepts task which permits the study of spinoff 
technologies or other TBD areas of study. Task 4 is the hardware phase of the 
contract. This task will be used to build demonstration laodels of the 
Hoop/Col\~aur antenna which shaw how it satisfies various focus mission require- 
ments. Additionally, an active surface adjustment breadboard model will be 
built to demonstrate this capability. Other elentents of the design vill be 
fabricated for evaluation. Task 5 will utilize the PRICE routine to provide 
parametric tost data or a family of antennas based on size, configuration, etc- 
Task 6 is a task intended to design a 5 meter dia, verification model which will 
be built and tested subsequent to this contract. 

TASK 1 - CONCEPTUAL DESIGN AND PERFORMANCE PROJECTIWS 
FOR THE MAYPOLE (HOOP/COLUMN) REFLECTOR CONCEPT 
FOR LARGE SPACE SYSTEMS APPLICATIONS 

TASK 2 - MATERIALS DEVELOPMENT 

TASK 3 - AOVANCEDCONCEPTS 

TASK 4 - DEMONSTRATION MODELS AND FULL SCALE ELEMENTS 

TASK 5 - ECONOMIC ASSESSMENT 

TASK € - 5-M DIAMETER VERIFICATION MODEL 



The following three figures illustrate the basic concept approach. The 
conceptual design shown was the direct result of the previously mentioned 
M E  prograa and formed the basis of the present LSST Hcop/Column development 
study effort. The basic elements described are the telescoping mast, the 
rigid articulating hoop and a series of cords used to shape the surface and 
position the hoop. 

HOOQ/COLUMN CONCEPT 

R CONTROL !3RINGERS 

- -- 

TELESCOPING MAST 

MESH SHAPING T!ES 

ORAWING SURFACE 
STRlNGEilS 

MESH TENSIONING STRINGERS 



SURFACE SHAPIN 
TECHNIQUE 



TASK 1 

CONCEPTUAL DESIGN AND PERFORMANCE PROJECTIONS 
FOR THE MAYPOLE (HOOP/COLUMN) REFLECTOR 

CONCEPT FOR LARGE SPACE SYSTEMS 
APPLICATIONS 



TASK 1 OBJECTIVES 

This task is the primary design and analysis portion of the program. The 
first objective is key to performing a71 subsequent activities in this task. 
By reviewing the focus mission scenarios provided by NASA* specific configu- 
ration requirements have been determined. Upon completion of this review, 
technology drivers are identified and organized into a document (Reflector 
Requirement Document) which will serve as the design specification for the 
balance of the program. These requirements will define the configuration or 
"point design" which may or may not be one specific mission. 

A detailed conceptual design must then be established around the require- 
ments of the RRD. full analyses will be accomplished in order to provide 
performance projections for the design. Related to this analysis will be the 
development of a scaling technique which will permit performancz estimates for 
a given configuration over the range of sizes from 15 to 100 meters in diameter. 

Additional objectives include the development of both manufacturing and 
testing methods consistent with structures of this size. 

OBJECTIVES 

DEFINE "POINT DESIGN" CONFIGURATION RESULTING FROM TECHNOLOGY DRIVERS 
IDENTIFIED DURING MISSION SCENARIO STUDIES 

a DEVELOP A REFLECTOR REQUIREMENTS DOCUMENT (RRD) 

ESTABLISH A DETAILED CONCEPTUAL DESIGN AROUND REQUIREMENTS OF THE RRD 

PERFORM ANALYSIS TO PREDICT ANTENNA PERFORMANCE 

8 ESTABLISH A "SCALING" PHILOSOPHY AND TECHNIQUES TO PREDICT PERFORMANCE 
OF ANTENNAS OVER THE RANGE OF 15-M TO 100-M DIAMETER 

8 ESTABLISH A MANUFACTURING PLAN CONSISTENT WITH THE REQUIREMENTS OF 
THE DESIGN 

. DEVELOP A TEST PHILOSOPHY AND APPROACHES REQUIRED TO VERIFY PERFORMANCE 



TASK 1 FLOW 

The plan for meeting the object ives  of t h i s  task is shown i n  the figure 
below. Present a c t i v i t i e s  are centered around ident i f icat ion  o f  the tech- 
nology drivers necessary t o  define the point design. 

REVIEW MISSION TASK 1 FLOW 
COMMUNICATIONS RADIOMETRY 

IDENTIFY TECHNO 

MANUFACTURING PLAN 

TEST PLAN 

ERROR BUDGETS 

4 
PERFORMANCE ESTIMATE 

11 1 

DESIGN REVIEW "-P 



LSST MISSION SCENARIO SUMMARY 

Mission s c e n a r i o  d a t a  was provided by t h e  NASA Langley Research Center i n  
t h e  form of  a r e p o r t  g iven by r e f .  1. Therein was desc r ibed  miss ion d a t a  
f o r  advanced communications and p u b l i c  s e r v i c e  s a t e l l i t e ,  s o i l  mois ture  radio-  
metry, and r a d i o  astronomy. An e x e r c i s e  o f  eva lua t ing  v a r i o u s  system config- 
u r a t i o n  a l t e r n a t e s  based on t h e  i n d i v i d u a l  miss ions  was implemented wit!! t h e  
i n t e n t  of choosing t h e  most optimum design approaches. The on ly  s c e n a r i o  which 
was n o t  c l e a r l y  de f ined  w a s  t h e  p u b l i c  s e r v i c e  satel l i te  mission.  It seemed 
most reasonable  dur ing p re l iminary  e v a l u a t i o n s  t o  p o s t u l a t e  maximum miss ion 
requirements t o  conform t o  t h a t  o f  advanced communications. If t h i s  is done, and 
as t h i s  miss ion becomes more c l e a r l y  de f ined  w i t h  i n d i c a t i o n s  t h a t  t h e  requ i re -  
ments a r e  n o t  as complex as prev ious ly  assumed, t h e  proposed system can be reduced 
i n  complexity. 

LSST MISSION SCENARIO SUMMARY 

'TARGET 
"'GOAL 

. 
RADIO 

ASTRONOMY 
(VLBI) 

1.4-22 

0.01 

1 

FREQUENCY 
DEPENDENT 

N I  A 

LEO 

MICROWAVE 
RADIOMETER 

SYSTEM 

1.4 

0.1 

200-300 

0.~6 

N I  A 

LEO 

COMMUNICATIONS 

FREQUENCY (GH4 

POINTING ACCURACY 
(DEGREES) 

BEAM NUMBER 

BEAM ANGLE 
(DEGREES) 

BEAM iSOLATtON (dB) 
- 

ORBIT ALTITUDE 

RESOLUTION (km) 

REVISIT COVERAGE 
(DAYS) 

SWATH ANGLE 
(DEGREES) 

LIFE TIME (YEARS) 

ADVANCED PSS 

1 

4-6 

0.035 

219 

0.256 

-30 

GEO 

NIA 

NIA 

NIA 

>20 

3 

530 

> 20 

N/A 

NIA 

> 20 

2.0 

0.035 

219 

0.256 

-30 

GEO 

KIA 

NIA 

N/A 

>20 

11-14 

0.0% 

219 

0.256 

-30 

GEO 

NIA 

NIA 

NIA 

>20 

0.87 

0.035 

TBD 

TBD 

-30 

GEO 

NIA 

NIA 

NIA 

>20 



FACTORS INFLUENCING CONFIGURATION CHOICE 

The Advanced Communication mission scenar io  c a l l s  f o r  a mul t ip le  beam 
antenna capable of producing 219-100 m i l e  h ighly i s o l a t e d  spo t  beams covering 
t h e  Continental United S t a t e s .  Se lec t ion  of appropriate  designs f u l f i l l i n g  t h i s  
coverage requirement places  g r e a t  stress on configurat ion dependent parameters. 
These parameters g r ea t ly  inf luence the a b i l i t y  of t h e  proposed system t o  meet 
the  coverage requirement while a t  t he  same time meeting the  i s o l a t i o n  and 
e f f i c i e n c i e s  required. Trade s tud i e s  must be performed t o  def ine  acceptable  
bounds on r e f l e c t o r  s i ze ,  F/D, feed a r ray  configurat ion geometries and a r r ay  
s i z e s ,  each of which inf luence multibeam performance, blockage and intrabeam 
i so l a t i on .  Depending on whether a l a rge  symmetrical r e f l e c t o r  o r  an o f f s e t  
r e f l e c t o r  system is used, t h e  feed system may e i t h e r  be extremely complex o r  
simple. This w i l l  inf luence i n t e r n a l  system lo s se s  and o v e r a l l  system ef f ic iency .  

FACTORS INFLUENCING CONFIGURATION CHOICES 
(ADVANCED COMMUNICATIONS) 

MULTIPLE BEAM PERFORMANCE 

- REFLECTOR FID 

- REFLECTOR SIZEIMULTIPLE REFLECTORS 
- AVAILABLE FEED ARRAY REAL ESTATE 

- FEED ARRAY ELEMENTS 

BEAM-TO-BEAM ISOLATION 

- REFLECTOR F/D 

- BLOCKAGE 

- FEED ARRAY ELEMENTS 

- BEAM USAGE !V3lEMES 

INTERNAL SYSTEMS LOSSES 

- FEED ARRAY CONFIGURATION CHOICES 

- BEAM ISOLATION SCHEMES 



RESOLUTION OF FU? DESIGN CONCERNS 

(ADVANCED COMMUNICATION) 

Use of the total aperture of the symmetrical reflector system is desirable 
since this appears to be the most efficient use of the total system. Trade 
studies have been conducted which indicate that to use the entire reflector 
implies that an extremely large feed array must be employed where each feed 
element is small. The reflector system is over illuminated with a lare per* 
centage of blockage, resulting in high sidelobes. Additionally, the second- 
ary beams are too narrow for this application. This requires that the beams 
be combined in such a way that the overall combining process produces a flat 
to~ped beam with high sidelobes. The isolation will be acheived by utilizing 
frequency and polarization diversity tc provide guard bands which will contain 
the sidelob~s. 

Alternatively, an offset system may be designed which produces the appro- 
priate secondary pattern size. The blockage will not be present but the feed 
array real-estate availability will dictate that several offset reflectors will 
be required. Use of this type of system buys the added advantage of low coma 
distortion and low scan loss as indicated by ref. 2. 

RESOLUTION OF RF DESIGN CONCERNS 
(ADVANCED COMMUNICATIONS) 

THE OBVIOUS INHERENT RF DESIGN CONCERN FOR A LARGE SYMMETRICAL 
REFLECTOR CAN BE RESOLVED BY DEVISING A BEAM PLAN WHICH ISOLATES 
SIDE LOBES BY UTILIZING GUARD BANDS GENERATED BY PROPER USE OF 
POLARIZATION AND FREQUENCY DIVERSITY 

RF BLOCKAGE AND LOW F/D PROBLEMS CAN ALSO BE OVERCOME BY USING 
MULTIPLE OFFSET REFLECTORS 

- AS F/D INCREASES THE ASSOCIATED COMA DISTORTIONS DECREASE, BUT 
SO DOES THE AVAILABLE FEED ARRAY REAL ESTATE; HENCE A MULTIPLE 
REFLECTOR SYSTEM MUST BE EMPLOYED USING BEAM INTERLEAVING 

- BEAM ISOLATION IN THESE DESIGNS OBTAINED BY USING FREQUENCY 
DIVERSITY AND ORTHOGONAL POLARIZATIONS 



ANTENNA CONFIGURATION CANDIDATES 

(ADVANCED COMMUNICATIONS) 

The Maypcle Hoop/Column concept lends i t s e l f  q u i t e  w e l l  t o  tvo config- 
uration- symnetrical r e f l e c t o r  system and a quad o f f s e t  design. The bas i c  
configurat ion i n  e i t h e r  case is what appears t o  be  a symmetrical r e f l e c t o r  
system with F/D of approximately one. Referring t o  t he  discussion on t h e  
previous page, t he  symmt:rical system is very complex where each individual  
0.2S0 beam is comprised of nine narrower beams. Total a r r ay  s i z e  is 1317 
feeds. The o f f s e t  design is achieved by generating a surface i n  each quadrant 
of t he  symmetrical Hwp/Column which represents  an  o f f s e t  r e f l e c t o r  system 
havi1.g a boresight  ax i s  p a r a l l d  t o  t he  Column axis .  Since ths avai lab le  a r ea  
f o r  feed elements has been increased by four,  t he  number of  feeds per  r e f l e c t o r  
is 55 f u l l  s i zed  s c a l a r  feeds. The t o t a l  s t r u c t u r a l  s i z e  is  t h e  same f o r  t h e  
o f f s e t  geometry a s  it is fox the  symmetrical system; hence, the offset F/D is 
e f f ec t ive ly  doubled t o  two. 

ANTENNA CONFIGURATION CANDIDATES 
(ADVANCED COMMUNICATIONS) 

SINGLE SYMMETRICAL FOCAL POINT FED PARABOLOID 

- F I O z 1  

o EACH SPOT E A M  COMPOSITE OF NINE SUMMED BEAMS 

o BEAM ISOLATION ACHIEVED BY USING POLARIZATION AND 
FREQUE'UCY DIVERSITY 

o SINGLE FEED ARRAY - 1317 FEEDS 

a CUSPED QUAD APERTURE DESIGN 

- SINGLE REFLECTOR WITH QUADRANT SUBDIVISIONS 

o EACH QUADRANT CONTAINS SINGLE OFFSET SYSTEM 

o 55 TEAMS (FEEDS)/OFFSET REFLECTOR SPACIALLY INT-RLEAVED 
'10 PRODUCE 219 EQUALLY SPACED SPOT BEAMS 

- F/D w 2 FOR OFFSET SYSTEM 



As has been discussed, the array feed geometry for the symmetrical reflector 
is very imposing and causes the syrmnetrical system to have several serious R.?. 
problems. The aperture blockage problem causes the overall gain loss to be 
appreciable- This can be partially compensated for by adjusting the aoerture 
size slightly. A total buy back cannot be achieved in this way, however. The 
system sidelobe level is also increased, but this may be compensated for by 
generating guard bands by prcperly utilizing the band channelization. The system 
network loss will be higher than normal due to the requirement of using multiple 
diplexers, a n y  pwer dividers and yards of waveguide. 

SINGLE SYMMETRICAL REFLECTOR 
(ADVANCED COMMUNICATIONS) 



The Quad Aperture system employing the  b y p o l e  Hoop/Colwan concept requires 
four individual surfaces whose boresights are p a r a l l e l  to the Column axis. The 
focal  p i n t  of each o f f s e t  is t o t a l l y  o f f s e t  so that the  aperture is unblocked. 
The feed arrays  f o r  each r e f l ec to r  a r e  attachcd to the cen t ra l  columns via a f i v e  
axis gimballing system. mis giatbal is required on each feed array to do an 
o r b i t  adjustment of r e f l ec to r  i l l d n a t i o n  i n  the  s i tua t ion  where -1 dmunts 
of ctx?poi~sation are required due to deployaent misalignment. This function is 
performed by twc axes of the f i v e  axis system by ro ta t ing  the array i n  nFo planes, 
The beam interleaving is adjusted by t rans la t ing  the feed array i n  hEo dimensions- 
This ef fec t ive ly  scans the  beam bundle i n  space and f ixes  the beam crossover 
levels.  Beam focusixq adjustments a r e  performed by a s ing le  dimensional trans- 
l a t i o n  along t!e o f f s e t  boresight. 

QUAD APERTUREIFEED CHARACTERISTICS 
(ADVANCED COMMUNICATIONS) 

INDIVIDUAL CUSPED APERTURE CONFIGURED IN  OFFSET GEOMETRY 

OFFSET REFLECTOR SURFACE COMPRISED EITHER OF MULTIPLE MESHES 
OR SCALLOPED OFFSET OUTLINE 

- MULTIPLE MESHES 

a OFFSET REFLECTOR MESH HIGHLY REFLECTIVE AT 4-6 GHz BAND 

a SURROUlJOlNG MESH LOW DENSITY OR COMPRISED OF FREQUENCV 
SENSITlVE SURFACE (FSS) ELEMENT 

- SCALLOPING TO OUTLINE OFFSET REFLECTOR SURFACE 

a FEED SYSTEM FOR EACH QUAD SECTION AOJUSTED BY FI'fE AXIS GIMBAL 

- REFLECTOR EDGE ILLUMINATION ADJUSTMENT 

- BEAM INTERLEAVING POSITION ADJUSTMENT 

FEED GEOMETRY IS AREA COVERAGE DEPENDENT 



me mesh region shown i n  each quadrant must be coaaprised of  m l t i p l e  meshes, 
o r  the o f f s e t  r e f l e c t o r  o u t l i n e  m u s t  be def in& by a scal!oped %terior, Tf t h e  
wedged shaped region i n  each quadrant w a s  developed froaa a s i n g l e  mesh, t h e  feed 
energy would not  be e f f i c i e n t l y  used. The c i r c u l a r  regions shavn in the f i g u r e  
represent  the -15 feed pa t t e rn  main beam l eve ls .  P a s t  t h i s  c i r c u l a r  area 
several high l e v e l  s idelobes e x i s t .  'Ihe f i r s t  s idelobe is -17 dB c3slpared to 
the  w i n  beam, and the  second and third s ide lobes  are r e l a t i v e l y  high as w e l l .  
If these  s ide lobes  f a l l  on t h e  r e f l e c t o r  surface,  they w i l l  cause s u b s t a n t i a l  
gain loss .  me region per quadraat beyom2 t h e  c i r c u l a r  a r ea  must be either open 
mesh o r  frequency s e n s i t i v e  sur face  e l e sen t s  tuned to a s u f f i c i e n t l y  d isp laced  
out-of-band frequ~t?r;y so tbat s i d e l o k  energy is leaked through t h a t  region of  
the r e f l ec to r .  

QUAD APERTURE APPROACH 
(ADVANCED COMMUNICATIONS) 

SQACIALLY INTERLEAVED BEAMS 



symETRICAL/QUAD ?SERRIRE TRADES 

Comparisons of the synaaetrical i e f l ~ s t o r  to the o f f s e t  system have been 
made on a qua l i t a t ive  basis w i t h u t  applying exacting scnit iny t o  s y s ~ e a  
related performawe parameters. Hauever , enough invest igat ive r iqor  has been 
applied t o  f e e l  that se lec t ion  of one of these approaches can be c lea r ly  made, 
me sylnaetrical r e f l ec to r  system appears to f a i l  on several  important counts, 
Network losses make t h i s  system less e f f i c i e n t  than is des i rable  f o r  a ~~ni- 
cat ions  mission. Other ineff ic iencies  r e l a t ing  to gain l o s s  due to  blockage and 
l o s s  i n  be- efficiency due t o  high sidelohe level  make this approachunattrac- 
t ive ,  mnversely, the quad aperture design wins on a l l  counts and is c lea r ly  
the  most appropriate use of the Ehypcle Hoop/Column geometry f o r  kdvanced 
~ u n i c a t i o n s  . 

SYMMETRICAL/QUAD APERTURE TRADES 
(ADVANCED COMMUNICATIONS) 

PERFORMANCE 
PARAMETER 

LOSSES 

SCANNING 

COMBINING 

NETWORK 

COMA DISTORTION 

CROSS POLARlZATlOhi 

ISOLATION 

BLOCKAGE 

FEED SYSTEM COMPLEXITY 

GAlN VARIATION 
(BEAM-TO-BEAM) 

OVERALL GAlN 
(COMP4RATIVE) 

EVALUATION SUMMARY 

SYMMETRICAL 1 QUAD APERTURE 

MEDIUM 

-9 dS 

LosSV 

MODERATE 

NONE 

GOOD 

LARGE 

EXTREME 

NEGLIGIBLE 

LOW 

LOW 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 

EXCELLENT 

NONE 

MOOERAT E 

-3 dB 

-9.5 dB + NETWORK LOSSES -9 dB + NETWORK LOSSES 

I 



ALTERNATNE METHOD FOR USING NSPED QUAD A?ERTURE 

DESIGN M R  4-6 GHZ AND 11-14 GHZ 

As defined by t h e  mission scenar io  information, the ad-?anced communication 
system should employ both C-band and Ku-band capab i l i t y .  However, such a dual  
band system would r equ i r e  individual  antennas per  band unless  a scheme for 
using a s i n g l e  Xaypole antenna could be  eevised. This is, i n  fact, t h e  in t en t .  
Before t h i s  method is discuss&, some o f  t h e  physics of aper ture  antennas should 
be addressed. Recalling t h a t  t he  system requirement is f o r  219-100 mile spo t  
beams, the angular half-power beam w i 3 t h  is approximately 0.25 degrees.  The 
r e f l e c t o r  s i z e  required f o r  this beamwidth can be determined by a commonly known 
formula r e l a t i n s  r e f l e c t o r  s i z e  in wavelengths t o  ha l f  power beamwidth, The 
r e l a t i onsh ip  is l i n e a r  s o  t h a t  s ince  the C-band vavelength is 2.5 t i m e s  longer 
than the  Ku-band wave leq th  the  aper tures  must be 2.5 t i m e s  d i f f e r e n t  i n  s i z e  
to  produce the  sane beanwidth. 

ALTERNATE METHOD FOR USING CUSPED QUAD 
APERTURE DESIGN FOR 4-6 GHz 

AND 11-14 GHz 
(ADVANCED COMMUNICATIONS) 

8 INDlVlDUAL OFFSET REFLECTOR EMPLOYS TWO MESH ARRANGEMENTS 

- CENTRAL MESH ASSEMBLY HAS GOOD REFLECTION CrlARACTERlSTlCS 
I N  BOTH BANDS: HOWEVER. PROJECTED CIRCULAR APERTURE DIAMETER 
DESlGNED TO GlVE 0.250 HPBW AT 12.5 GHz 

- FSSl DESIGNED TO PASS 11-14 GHz ENERGY WHILE REFLECTING 4-6 GHz 
ENERGY; DIAMETER OF FSSl PROJECTED APERTURE DESIGNED TO GlVE 
0.25~ HPBW AT 5 GHz 

- FSS2 TRANSPARENT TI) BOTH 4-6 GHz AND 11-14 GHz ENERGY 

11-14 GH; FEEDS LOCATED IN  VERTEX REGION OF HOOPICOLUMN SYSTEM; 
SPLASH PLATE FSS SUBREFLECTOR USED TO ILLUMINATE OFFSET REFLECTOR 

4-6 GHt FEEDS LOCATED AT FOCAL i"?ll\iT OF OFFSET SYSTEM 



The mesh system t h a t  is used f o r  the  two bands of operation can be designed 
to be frequency sens i t ive  so t h a t  portions of the  mesh are re f l ec t ive  only a t  
the  appropriate design frequencies, As shown i n  the f igure  the  cen t ra l  region 
of the  C/Ku re f l ec to r  is highly re f l ec t ive  to both bands while being the  correc t  
diameter to produce a 0.25 degree pencil beam a t  Ku-band. The mesh inrmediately 
attached to the  cen t ra l  area is composed of frequency sens i t ive  surface (FSS1) 
elements which a r e  resonant ( ref lec t ive)  a t  C-band only and transparent  to 
Ku-band energy. The M i a t e  surface (supporting surface) surrounding FSSl 
iFSSZ) is transparent t o  both C/Ku band energy. The FSSl surface and cent ra l  
region correspond to a c i r cu la r  aperture size required t o  produce a 0.25 degree 
spot  beam i n  C-band- Since the C/Ku-band feeds cannot occupy the  same area,  the 
Ka-band feeds must be placed along the  cen t ra l  c o l i i  out of  the  foca l  region 
of the o f f se t ,  hence, the  requirement for the  FSS splash p la te .  

4-6 GHz/l1-14 GHz SYSTEM 
(ADVANCED COIVIMUN ICATIONS) 

f 1-14 GHr 
FEEDS 

FEEDS 



PUBLIC SERVICE SATELLITE MISSTON 

As discussed previously, public service satel l i te  mission scenario data was 
not as definitive as was advanced c ~ n i c a t i o n s  data. Since advanced cammuni- 
cations appeared to be a most difficult mission to accomplish systems wise, it was 
f e l t  that the same systems description should be applied to the bands of appli- 
cation. Hence, a simple scaling operation was performed on the offset reflectors. 
The feed array geometry does not change since the required real estate is deter- 
mined by the area coverage requirement. Therefore, the dimensions shown were 
chosen on that basis. 'Ihe 870 MHz system is a very formidable structure; however, 
it is f e l t  to be an achievable size. 

PUBLIC SERVICE SATELLITE MISSION 

EMPLOY SAME CONFIGURATION AS ADVANCED COMMUNICATION DESIGN 

FREQUENCIES OF INTEREST: 0.87 AND 2.0 GHz 

DIRECTLY SCALE ADVANCED COMMUNICATIONS DESIGN 

- 0.87 GHz : 200 METERS 

- 2.0 GHz : 97METERS 



LSST MICROWAVE RADIOHEFER MISSION 

The soil moisture radiometer/advanced crop forecasting study data has shown 
an extremely large structure (upwards to a 660 meter ref lector) . Since it is felt 
that this requires a far term technology commitment, a red~ced size radiometer 
addressing the same mission must be investigated to define a more practical 
approach for a near term LSST focus mission. Several reduced size concepts 
were investigated including a law earth orbit confiquration requiring reboost. 
The reboost geometry is interesting, but the propellant required to occasionally 
reboost is excessive. The non reboost geometry still involves large structural 
components, which places this LSST mission in the far term application category. 

LSST MICROWAVE RADIOMETER MISSION 

FURTHER SYSTEM DEFINITION REQUIRED BY ADDITIONAL 
TRADE STUDIES 

POTENTIAL MISSION REDUCTION TRADE-OFF ANALYSES 
ONGOING 

CURRENT CONCEPTUAL CONFIGURATIONS TEND TO PLACE 
THIS MISSION I N  THE LSST FAR TERM APPLICATIONS 
CATEGORY 

- REDUCED SIZE RADIOMETER EXTREMELY DIFFICULT 

CENTRAL COLUMN LENGTH 400 METERS 

FEEDARRAYLENGTH 100 METERS 

REBOOST CONFIGURATION INVOLVES EXCESSIVE 
PROPELLANT 



PROPOSED RADIO ASTRONOMY (VLBI 

The orbiting very long baseline interferometer reflector system requirements 
were investigated and a Cassegrain antenna system was suggested. The specifics 
of the reflector and subreflector shaping were not addressed, but gross parameters 
of the system were defined. It is felt that very specific aspects of the systems' 
design can be defined at a later point since major antenna performance depend- 
ence is defined by the seperation distances of the antennas on the baseline. 
Other antenna characteristics which should be considered early in the program 
are receiver front ends, feeds and the associated cryogenics. An important 
systems aspect which should not be overlooked is the beam squint compensation 
problem which can be solved by employing a pointable subreflector. Actual imple- 
mentation of #is compensating means has not been defined; however, illustrations 
of proposed mechanisms shall be shown later. 

PROPOSED RADIO ASTRONOMY (VLBI) 

INITIAL STUDIES INDICATE THAT A 30-METER CASSEGRAIN SYSTEM 
WILL SERVE VLBI NEEDS 

- -3-METER SUBREFLECTOR 

FREQUENCY BANDS OF INTEREST: 1.4,2.3,5.0,7.9,11,15,22 GHz 

SINGLE BEAM PER FREQUENCY 

FEED ARRAY CONSISTING OF CIRCULAR ARRAY OF SCALAR HORNS 

FEED ARRAY/SUBREFLECTOR SYSTEM COMMONLY SUPPORTED BY 
CENTRAL MAST I N  HOOPICOLUMN CONFIGURATION 

POINTABLE SUBREFLECTOR COMPENSATION FOR SQUINTED BEAMS 



LSST ANTENNA REQUIREMENTS BASED ON MISSIONS 

To this point in the ISST program the following data has been compiled, 
outlining clearly defined antenna configurations. Parameters for each antenna 
including surface accuracy and gain have been included. Work is still being 
done in the radiometry area and as acceptable mission scenario reductions are 
done to allow for a more realistic near term design, this will be presented. 
However, to the date of this publication those mission reductions have not been 
forthcoming. It is clear that for such large structures, for cost amortization, 
the system must remain operational for at least a 20 year period. This is felt 
to be a realistic and achievable goal from a structural lifetime standpoint. 

LSST ANTENNA REQUIREMENTS BASED ON MISSIONS 

RADIO 
ASTRONOMY 

(VLBI) 

1.4-22 

30 

0.7 

A130 

52.6-76.0 

IIFREQ 

N/A 

>20 

COMMUNICATIONS 

ADVANCED PSS 

FREQUENCY IGHz) 

REFLECTOR 
DIAMETER (METERS) 

FID 

SURFACE ACCURACY 

GAIN (dB) 

BEAM NUMBER 

BEAM ISOLATION (dB) 

LIFE TIME (YEARS) 
1 

4 -6 

55 

2 

A150 

60.3 

219 

-30 

> 20 

2.0 

97 

2 

)1 150 

60.3 

219 

-30 

>20 

11-14 

55 

2 

A 150 

60.3 

219 

-30 

>20 

0.87 

200 

2 

A 150 

60.3 

219 

-30 

>20 



MAJOR ELEMENTS - AREAS OF CONCENTRATION 

During the period involving the study of the mission scenarios and 
configuration definition, design activities continued in parallel on non- 
mission dependent elements. The major elements are listed below. 

MAJOR ELEMENTS 

AREAS OF CONCENTRATION 

a TELESCOPING MAST 

a HOOP 

a CONTROL SYSTEM 































TASK 2 MATERIALS DEVELOPMENT 

This task is the only other tas1 initiated to date. The entire task funding 
is directed toward development of cable technology. The applications of this 
technology reach well beyond the Hoop/Column antenna tc many of the proposed large 
space structures using cable tensioned structural elements. 

TASK 2 

MATERIALS DEVELOPMENT - CABLE TECHNOLOGY 



TASK 2 O&TECTIVES 

This development activity is tailored toward the specific environmental 
requirements of earth orbits. Detailed requirements must be defined in order 
to limit the scope of the task toward particular applications. A review of 
available data is required to provide background information and clues to what 
approaches appear feasible or worth pursuing. 

Basic material candidates will be generated and samples fabricated in various 
configurations. Material properties data will be developed through a number of 
tests. Finally, a cable configuration will be selected and its properties used 
in the analytical models of task 1 which are used for performance projections. 

OBJECTIVES 

a DEFINE CABLE REQUIREMENTS, STRUCTURAL, THERMAL, ENVIRONMENTAL 

a PERFORM DATA RESEARCH 

a EVALUATE CANDIDATE MATERIALS AND CONFIGURATIONS 

a FABRICATE SAMPLES OF SELECTED CABLE MATERIAL/CONFIGURATION 
COMBINATIONS 

a DETERMINE MATERIAL PROPERTIES OF SELECT CONFIGURATIONS VIA 
APPROPRIATE TESTS 

PROVIDE DESIGN DATA AS INPUT TO TASK 1 ANALYSIS 



FIRST YEAR OBJECTIVES AND STATUS 

The joint NASA/HARRIS objectives and milestones for the first: year of the 
program are shown below. The status of the act ivi t ies  underway to meet these 
objectives are also l i s ted.  

FIRST YEAR OBJECTIVES 

a DEVELOP REFLECTOR REQUIREMENTS DOCUMENT a 
a 
a 
a 

a PRELIMINARY POINT DESIGN TO MEET LSST a 
REFLECTOR REQUIREMENTS DOCUMENT 

a 

a DESIGN AND PERFORMANCE ANALYSES FOR MAYPOLE 
HOOP!COLUMN 

a 

a DESIGN AND FABRICATE SCALED FEASIBILITY a 
MODELS FOR FOCUS MISSION APPLICATIONS 

a 

a DESIGN SURFACk CONTROL BREADBOARD a 

STATUS 

MISSION SCENARIOS RECEIVED AND EVALUATED 
TECHNOLOGY DRIVERS IDENTIFIED 
PRELIMINARY DOCUMENT DEVELOPED 
FINAL DOCUMENT COMPLETE, 1980 

ELEMENT CONCEPT DESIGN TRADE STUD1 - 
IN PROGRESS 
CONCEPT DESIGNS DEVELOPED FOR FOCUS 
MISSIONS 
POlNT DESIGN SELECTIOY SCHEDULED THIS 
MONTH 
POlNT DESIGN CONCEPT REVIEW I N  FEB, 1980 

TRADE ANALYSES SUPPORTING ELEMENT 
CONCEPT SELECTION UNDERWAY 
PRELIMINARY PERFORMANCE ANALYSES FOR 
POlNT DESIGN SCHEDULED FOR FEB 1980 
COMPLETION 
EXTRAPOLATED PERFORMANCE FOR VARIOUS 
SIZE REFLECTORS AND FOCUS MISSIONS 
SCHEDULED FOR MAY, 1980 

TO BE INITIATED UPON ACTIVATION OF THE 
DEMONSTRATION MODELS TASK 
COMPLETION SCHEC)ULED FOR FEBRUARY, 1980 

TO BE INITIATED AFTER POlNT DESIGN 
SELECTION 
COMPLETION SCHEDULED FOR MAY, 1980 
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