


PREFACE 

This publication is a compilation of the papers presented at the First 
Annual Large Space Systems Technology (LSST) Program Technical Review conducted 
at the Langley Research Center on Ncvember 7-8, 1973. The Review provided per- 
sonnel of government, university, and industry with an opportunity to exchange 
information, to assess the present status of technology developoc~ts on the LSST 
Program, and to plan the development of new technology for large space systems. 

The papers describe items of technology or developnental efforts that 
were accomplished during Fiscal Year 1979 in support of the LSST Program and 
were prepared by those in government, university, and industry who performed the 
work. These papers were divided into three major areas of interest: (1) tech- 
nology pertinent to large antenna systems, (2) technology related to large space 
platform systems, and (3) activities that support both antenna and platform 
systems . 

This ampilation provides the participants and their organizations with the 
papers presented at the Review in a referenceable format. Also, users of large 
space systems technology can follaw the development progress with this docanent 
and subsequent ones. The LSST Program Office, Langley Research Center, which 
hosted the Review, will utilize this information as an aid in its measurement 
of performance and in planning future tasks. The historical background of the 
LSST Program is given in the introduction to NASA CP-2035, 1978, which covered 
a NASA/industry seminar that provided ideas and plans to the Program Office for 
its initial year of operation. 

This publication was expedited and enhanced through the efforts of 
Earl H. Arrowood, Documentation Manager of the LSST Program Office, and the 
staff of the Scientific and Technical Information Programs Division, Langley 
Research Center. 

The use of trade names or manufacturers' names in this publication does 
not constitute endorsement, either expressed or implied, by the National 
Aeronautics and Space Administration. The requirement that all dimensional 
quantities be expressed in the International System of Units (SI) has been 
waived. A table of conversion factors fraa U.S. Customary Units to SI Units 
is included on page viii. 
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CONVERSION FACTORS FQR UNITS 

To convert frors To Mu1 t iply 
U.S. Custoarary Unit SI Unit by 

Btu/hr-f  OF W/m-n 
(thermal conductivity) 

Fahrenheit (*) kelvin (K) tK = (t,, + 459.67)/1.8 
(temperature) Celsius (OC) t+,= = (t,, - 32)/1.8 

foot (ft) meter (m) 3.048 x 10-I 

inch (in.) meter (m) 2.54 r 10'~ 

kip/inch2 (ksi) pascal (Pa) 6.894 757 x lo6  

pound force (lb) 

pound mass (lb) 

newton (N) 4.448 222 

kilogram (kg) 4.535924~10'~ 



AYTENNA TECHNOLOGY DEVELOPMENT AT JPL - SUMMARY 

R.  E .  Freeland 
Jet Propulsion Laboratory 

LSST 1st ANNUAL TECHNICAL REVIEW 

November 7-8, 1979 



Objectives 

To determine the appl icabi 1 i ty of the axispetri c wrap-ri b ref1 ector 
technology for offset feed configurations for antennas up to 100 meters in 
diameter for operation up to 11 GHZ to establish technologies requiring 
devel open t . 

To estimate the potential mechanical performance of the Advanced 
Sunflower Precision De2loyable Antenna Concept for antennas up to 30 meters in 
diameter for operation l~p to 100 GHZ and abave along with the identification 
of critical technologies to formulate a rational development program. 

The verification of in-flight antenna surface precision for design 
validation and/or automated figure control will require the capability for 
remote measurement. The FYI79 objective is to identify, evaluate and 
demonstrate concepts for the specific antennas under development. 

The applicability of specific concepts for potential missions is usually 
first evaluated analytically. A simplified and cost effective analytical 
capability, intended for such a first assessment of the specific concepts 
under development, is required. The FY179 objective is to develop technical 
approaches for such a development. 

o TO DETERMINE THE APPLICABILITY OF THE WRAP-RIB DEPLOYABLE ANTENNA CONCEPT 

FOR OFFSET FEU) CONFIGURATIONS , 

o TO DETERlYINE THE LIMITS OF POTENTIAi PERFORMICE FOR THE ADVANCED 

SUNFLOWER PRECIS I ON DEPLOYABLE ANTENNA CONCEPT, 

o IDENTIFY, EVALUATE AND DEVELOP SURFACE MEASUREMENT SYSTEMS FOR THE 

ANTENNAS UNDER DEVELOPMENT, 

o TO DEVELOP TECHNICAL APPROACH FOR A SIMPLIFIED ANALYSIS CAPABILITY 

FOR THE PREDICT I ON OF ANTENNA MECHANICAL PERFORMANCE. 



Accompl i shments 

Development o f  the optimum conf igurat ion f o r  the o f f s e t  feed r e f l e c t o r  
s t ruc tu re  by LMSC extensively  exp lo i ted  the axisymnetric technology. Feed 
s t ruc ture  funct ional  requirements were based on po ten t i a l  r e f l e c t o r  capab i l i t y .  
The technology development plan considers analysis, design, manufacturing, 
assembly ground tes t i ng  and f a c i  1 i ty requirements. 

Development o f  the Advanced Sunflower Precision Deployable Antenna Concept 
by TRW indicates the l a rges t  diameter fo r  bzsic concept i s  12.5 meters for  
operat ion up t o  100 &HZ. Advanced conf igurat ions show diameters up t o  26 
meters f o r  operat ion up t o  60 GHZ. C r i t i c a l  technologies were developed f o r  
both conf igurat ions. 

Several surface measurement systems were evaluated a n a l y t i c a l l y  . 
Hardware conceptua 1 demonstrations were accompl i shed f o r  t he  LMSC s t ruc tu ra l  
a1 ignment and JPL sel f -pu l  sed sys tems. The LMSC system demonstration 
measurement reso lu t ion  o f  0.20 mm. w i t h  a C02 and Helium-Neon laser.  The 
JPL system demonstrated an unambiguous measurement w i t h  a reso lu t i on  of 0.15 
m. 

Technical approaches, t h a t  w i  11 be implemented dur ing FY '80, have been 
developed f o r  the ana ly t i ca l  p red ic t ion  o f  r e f l e c t o r  surface precision. This 
capabil i t y  w i  11 cover thermal d i s t o r t i o n  and s t ruc tura l /cont ro1  i n t e r a c t i o n  
f o r  spec i f i c  concepts. The approaches are intended f o r  s i m p l i f i e d  o r  f i r s t  
cu t  character izat ions o f  po ten t i a l  performance. 

o COMPLETED OPTIMIZATION OF OFFSET WRAP R I  0 REFLECTOR STRUCTURE, DEVELOPED 
REQU I REMENTS AND C M D  IDATES FOR FEED STRUCTURE ALONG WITH TECHNOLOGY 
DEVELOPMENT PLAN 

o DETERMINED SIZE AND RF FREQUENCY L IM ITS  FOR BASELINE CONFIGURATION, 
DEVELOPED ADVANCED CONCEPTS FOR LARGE S I ZE PRECIS I ON DEPLOYABLE ANTENNAS 
ALONG WITH CRITICAL TZCHdOLOGY IDENTIFICATION. 

o SEVEZAL SURFACE MEASUREMENT SYSTEM CONCEPTS WERE EVALUATED INCLUDING THE 
LMSC STRUCTURAL ALIGNMENT AND JPL  SELF-PULSED SYSTEMS WHICH WERE EVALUATED 
WITH HARDWARE SYSTEMS, 

o DEVELOPED BASIC TECHNICAL APPROACH FOR SIMPLIFIED ANALYTICAL PREDICTION 
OF ANTENNA MECHANICAL PERFORMANCEl 



OFFSET W R I B  CONCEPT A i i  DEVELUPMENT 

A. A. Woods, Jr. 
Lockheed Missi les  & Space Company, Inc. 

Space Systems Division 
Sunnyvale, California 

LSST 1st  Annual Technical Review 

November 7-8, 1979 



BACKGROUND AND STUDY OBJECTIVES 

A ten month contract for "Study of Wrap Rib Antenna Design" was under- 
taken by Lockheed Missiles and Space Company, Inc. in January 1979. This 
contract was originated by Jet Propulsion Laboratory in direct support of 
the Large Space Structures Technology Program. 

The ubjectives of the contract are summarized in Figure 1. EISC was 
to perform a study of the Wrap Rib Antenna Design and determine the appli- 
cability of the design for offset feed configurations for antennas up to 
300 meters in diameter. In additign, a technical approach was to be dev- 
eloped and costed ~hich would provide a high degree of confidence for the 
space flight applLcaiion of a largs Wrap Rib Antenna. 

e CHARACTERIZE OFFSET AND SYMMETRIC WRAP RIB REFLECTORS 

IDENTIFY AND QUANTIFY C R I T I C A L  DEVELOPMENT TECHNOLOGIES 

IDENTIFY ROM COST AND SCHEDULES FOR DEVELOPMENT 

DEVELOP A TECHNOLOGY PLAN FOR LOW RISK DEMONSTRATION 

Figure 1.- Study cbjectives. 



STUDY TASKS 

The specific technical tasks performed in support of this contract 
were to (a) define the wrap rib aatenna design for both symmetric and ofC- 
set configurations in teruis of surface qualzty, cost, weight and mechan- 
ical complexity, (bj develop a supporting deployzile feed support struc 
tux& and characterize it in terms of performance impact, cost, weight and 
mechanical complexity, and ( c )  develol a technical a-yroach for implemen- 
tation consisting of a combination af anajysis auk component test, mdel 
testing, and possibl;. space f ligllt haraware demonstrations. 

These tasks are summarized in Figure 2. 

1.0 TRADE ANALYSIS - 6 MONTHS 

- DEFINE SURFACE QUALITY VS DIAMETER 

- DEFINE WEIGHT VS DIAMETER /SURFACE QUALITY 

- DEFINE MECHANICAL DIFFERENCES BETWEEN OFFSET 
AND AXI-SYMMETRIC CONFIGURATIONS 

- DEVELOP FEED SUPPORT STRUCTURE CONFIGURATIONS 

- DEFINE ROM ANTENNA COST DATA 

- IDENTIFY AND QUANTIFY CRITICAL TECHNOLOGIES 

2.0 PROGRAM PLAN - 9.5 MONTHS i 
- DEVELOP TECHNICAL PROGRAM APPROACH FOR UP TO 

300 M 

- IDENTIF; ANTENNA ANALYSIS ITESTINC IVERIFICATION 
OBJECTIVES 

- IDENTIFY COMPONENT /MODEL LEVEL OBJECTIVES 

- IDENTIFY FULL UNIT 1-G AND FLIGHT LEVEL OBJECTIVES 

I - IDENTIFY AND QUANTIFY TECHNOLOGY ITEMS 

\ - IDENTIFY FACILITY REQUIREMENTS 

( FINAL REPORT - 10 MONTHS 

Figure 2.- Study tasks/schedule. 



AVTENNA GEOMETRY 

To d a t e  t h e  l a r g e  antenna systems are most commonly cons t ruc ted  a s  
symmetric r e f l e c t o r  systems. T h i s  geometry is shown i n  t h e  l e f t  of  
Figure  3. Conclrns w i t h  e f f i c i e n c y  and s i d e  lobe  l e v e l s  have r e c e n t l y  
p laced emphasis on t h e  o f f s e t  feed c o n f i g u r a t i o n  shown i n  t h e  r i g h t  of  
t h e  f igure .  

GeomeLrically an o f f s e t  r e f l e c t o r  is desc r ibed  by a pa rabo l id  where 
the geometric c e n t e r l i n e  is uo t  coincident w i t h  t h e  p a r a b c l i c  a x i s  of 
symmetry. I n  o r d e r  tc g a i n  t h e  e l e c t r i c a l  advantages of  reduced block- 
age ,  t h e  p a r a b o l i c  a s l s  and, therefore ,  t h e  f o c a l  p o i n t  must i n  f a c t  b e  
l o c a t e d  e s t e r n a l  t o  t h e  s e c t i o n  a p e r t u r e .  This  s e c t i o n  can most e a s i l y  
be  v i s u a l i z e d  by forming a l a r g e  pa rabo lo id  of d iameter  D and then pass- 
i n g  a cy l inder ,  w i t h  a p a r a l l e l  a x i s  o f  $)manetry, through t h e  paraboloid .  
I f  the  c v l i n d e r  has  a diameter  (d) less than Dl2 and its r a d i u s  is 
c o m n  wi th  t h e  r a d i u s  of t h e  pa rabo la ,  t h e  s e c t i o n  of t h e  paraboloid  
boundeci by the  c y l i n d e r  is r e p r e s e n t a t i v e  of t h e  d e s i r e d  c f f s e t  r e f l e c t o r  
su r face .  Further, i f  D/2-d is l a r g e r  than t h e  r a d i u s  of t h e  feed and t h e  
feed suppdr t  s t r u c t u r e  is a t t a c h e d  e x t e r n a l  t o  t he  r a d i u s  of t h e  o f f s e t  
scc t ion ,  t h e r e  is no blockage o f  t h e  e l e c t r i c a l  f i e l d  of  view. 

Figure 3. -  S y m e t r i c  and o f f s e t  antenna c o n f i g u r a t i o n  comparisrjn. 



ASCENT AND DEPLOYMENT CONFIGURATIONS 

Figure 4 presents an overview of the ascent sequence through the 
operatiorial s t a t e  of the vehicle. The SZS stack shovs an IUS attached t o  
a vehicle from which the stowed feea support touer and re f l ec to r  are at- 
tached. After achieving tne desired operational o r b i t  the deployment se- 
queace begins with the tower extending, separating the vehicle from the 
reflector .  The f i n a l  event is the re f l ec to r  deployment which occurs a f t e r  
the feed support twer has been completely deployed. The operat ional  
vehicle configuration uas chosen to place the feeds, e lec t ronics  and elec- 
t r i c a l  p w e r  system comgonents together f o r  maximum eff ic iency s ince  f o r  
the o f f s e t  configuration t h i s  package does not block the antenna aperture. 

Figure 4.- Ascent configuration and deployment sequence. 



WRAP RIB REFLECTOR DESIGN 

The wrap-rib parabolic r e f l ec to r  is based on an approximation t o  a 
paraboloid of revolution. The wrap-rib antenna is comprised of r ad ia l ly  
emanating gores betveen the  r i b s  which take the  form of parabolic cylin- 
ders. The parabolic cyl inders more closely approximate a t r u e  paraboloid 
ct revolution as the numbei of gores is increased. The point  of diminish- 
ing remrns fo r  t h i s  r e f l ec to r  i n  terms of antenna performance is a func- 
t ion  of both the radio frequency wavelength of i n t e r e s t  and the  r e f l e c t o r  
diameter. Figure 5 i l l u s t r e k  *s the physical appearance of the resul t ing  
reflector .  

The gores a r e  fabricated from a f l e x i b l e  membrane material  which is 
usually a kni t ted  o r  voven fabr i c  of e ? e c t r i c a l l y  c o n d ~ c t i v e  material. 
The gores a r e  sewn t o  parabolical ly curved cantilevered :-ibs terminated 
at the cen t ra l  hub s t ruc tu re  i n  a hinge Fit t ing.  For launch the antenna 
must be folded i n t o  a package s i z e  which w i l l  f i t  i n t o  the s h u t t l e  trans- 
portat ion system. For s t w a g e  the r i b s  are rota ted  on the  hinge pin, then 
e l a s t i c a l l y  buckled and wrapped around the hub. Once i n  space, the re- 
f l ec to r  is deployed by a deployment r e s t r a i n t  mechanism which simply con- 
t r o l s  the rate or energy re lease  and therefore the deployment rate. 

Figure 5.- Wrap r i b  r e f l ec to r  overview. 



REDEPLOYABLE MAST 

The key elements i n  the  Redeployable Mast are the  three  l e n t i c u l a r  
shaped longi tudinal  members which can support an appreciable load when 
e rec t ,  bu t  which can be  folded upon themselves through the  appl ica t ion  of 
l a t e r a l  and a x i a l  forces.  For r e s i s t i n g  tors iona l  and l a t e r n l  shear  forces ,  
wire tension cables  are provided. The ba t tens  are necessary for support- 
ing sec t ion  hinges and f o r  r e s i s t i a g  the  lateral, d e s t a b l i l i z i n g  cable  re- 
ac t ions  . 

Figure 6 shous t h e  ove ra l l  mast system and emphasizes the  s t w a g e  
and deployment systems. The inner  system performs the  ac tua l ,  section- 
by-section d e p l o p e n t  and r e t r a c t i o n  of the mast through the use of t h ree  
syncronous motor, sprocket,  chain and development cog systems. It a l s o  
serves  as the  bottom mast sec t ion  u n t i l  t h a t  sect ion,  i t s e l f .  is f u l l y  
e rec t .  The guide rails i n  which these devices operate,  a r e  a l s o  provided 
with tamp cams which ac tua t e  the  s t r i k e r s  f o r  col lapsing the  l e n t i c u l a r s  
during re t rac t ion .  Tine outer  base system a c t s  a s  the stowage bay f o r  bct t  
the mast sec t ions  a ~ d  the  inner  base system which must be  extended during 
mast extension o r  r e t r ac t ion ,  bu t  t o  ninimize stoued length is re t r ac t ed  
i n t o  the outer  base s j r s t e m  during f u l l  stowage. A chain dr ive  system is 
a l s o  provided f o r  the l a t t e r  purpose. 

Figure 6.- Redeployable mast. 



STUDY APPROACH 

The approach taken t o  develop the parametric design and performance 
da t a  focussed on the  construct ion of a computer aided r e f l e c t o r  and mast 
design packages. The r e f l e c t o r  design package was constructed t o  accept  
bas ic  mater ia l  and s t r u c t u r a l  element c h a r a c t e r i s t i c s  and develop design 
so lu t ions  which s a t i s f i e d  these inputs  and the  mission cons t r a in t s  of 
weight, stowed diameter and aetenna system geometry. The developed de- 
s igns  were then analyzed t o  determine the ex ten t  of o r b i t a l  and assembly 
surface e r ro r s ,  deployment i n t eg r i t y ,  and devezopment cos ts .  

Having defined the r e f l ec to r  s ize  and opera t iona l  frequency, a mast 
design could be developed with a design cons t r a in t  t h a t  the  point ing e r r o r  
be held t o  less then 0.05 beam widths. The mast design package approach 
vas s imi l a r  t o  t he  r e f l e c t o r  package. 

This developed program is  overviewed i n  Figure 7. 
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Figure 7.- Modeling approach. 
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Figure 9 i l l u s t r a t e s  the e f f e c t  tha t  l imit ing the antenna weight 
has on the  result ing system capability. With allowable antenna weights 
greater  than approximately 4500 Kg (= 10,000 lb.) ,  the maximum aperture 
diameter a t  a given operating frequency is limited by the  STS diameter. 
A s  the weight l i m i t  is reduced, a corresponding reduction i n  the maximum 
aperture a t  a frequency can a l so  be anticipated. The performance advan- 
tage the o f f se t  antenna configuration has over the symmetric system is 
a lso  evident i n  tha t  f o r  any aperture diameter, the o f f s e t  system w i l l  
operate a t  a higher frequency, and a t  any frequency a la rger  o f f s e t  re- 
f l ec to r  is possible th.m f o r  the symmetric case. 

51 S DIAMETER CONTRAINED 

CFRP RIB 

0 100 200 300 400 
I3281 (656) (984) (1312) 

APERTURE DIAMETER - M (FT) 

Figure 9.- Antenna aperture 
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The analysis performed included calculations of the resulting system 
stowed length. A s  could be anticipated, the o f f se t  system exhibits a 
longer package than the symetric  counterpart as shown i n  Figure 10. This 
is due to the additional feed support tower length required. 

STS DIAh4ETER CONSTRAINED 

(328) (656) (934) ( 1  312) 

APERATURE DIAMETER - M (FT) 

Figure 10.- Stowed diameter characteristics.  



Using essentially no bounds on the allowable antenna weight (= 5000 
Kg), the maximum reflector aperture is limited by the STS diameter and, 
as will be shovn later, the allowable surface figure. The STS diameter 
limit causes the number of ribs to reduce as the aperture diameter in- 
creases. These results shown in Figure 11 indicate an increased surface 
error and a corresponding reduction in operating frequency. 

STS DIAMETER CONSTRAINTED 

OFFSET REFLECTOR 

APERATURE DIAMETER-M (FT) 

Figure 11.- Antenna weight characteristics. 



The sur face  f igu re  of a graphi te  epoxy r e f l e c t o r  s t r u c t u r e  is a fun- 
c t ion  of s i x  sepera te  causes; r i b  segment fab-ication, r i b  assembly, re- 
f l e c t o r  assembly, v i scoe la s t i c  creep, thermal d i s to r t i on ,  and designed 
surface approximation. 

The t o t a l  e f f e c t  of these e r r o r s  was taken a s  t he  root-sum-squared 
(RSS) of the individual  e r r o r  components. 

The surface approximation and the thermal d i s t o r t i o n  are the domin- 
an t  e r r o r  contr ibutors  f o r  the  cases  performed. It is i n t e r e s t i n g  t o  
note from Figure 12 t h a t ,  f o r  the  smaller  ( l e s s  than 300 meters) symmetric 
aper tures  and correspondingly higher frequencies, the thermal d i s t o r t i o n  
is the  l a rge r  of the  two while a t  l a r g e r  apertures  and lower frequencies,  
t h e  sur face  approximation dominates. This is due t o  the l imi t ing  e f f e c t  
of the  STS diameter cons t ra in t  which takes over at about t h a t  point.  

STS DIAMETER CONSTRAINED 
SYMMETRIC ANTENNA 

I RIB SEGMENT FAB 

(0.00l)l , , I 
0.0254 
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(656) (1312) (200C 

A P E R A T U R E  DIAMETER-M (FT) 

Figure 12.- Surface f igure  cha rac t e r i s t i c s .  



The longer f/D rat io  for the o f f s e t  antenna causes the surface ap- 
proximation errors to be l e s s  than for the symmetric system. A s  a resul t ,  
the thermal distort ion error for  the o f f s e t  ref lector ,  Figure 13, is the 
dominant factor thoughout the area of interest .  

STS DIAMETER CONSTRAINED 
OFFSET ANTENNA 

I SURFACE 
APPROXIM 

REFLECTOR 
ASSEMBLY 

I CREEP 
R I B  SEGMENT F A 6  

APERATURE DIAMETER - M (FT)  

Figure 13 . -  Surface figure characterist ics .  



When the weight limit of 2300 Kg is applied, the surface approxi- 
mation e r ro r  fo r  the symmetric case was found t o  become dominant a t  a 
much smaller aperture. This occurs due t o  the decrease i n  the number of 
r i b s  tha t  must occur a t  a given diameter i n  order t o  meet the  weight con- 
s t r a i n t .  Th. e f fec t  can be seen by comparing Figures 12 and 14. 

STS DIAMETER CONSTRAINED 

2270 KG (5000 LB) WEIGHT 

SURFACE 
APPROX IMATlON 

THERMAL 

VlSCOELASTlC CREEP 

REFLECT OR ASSEMBLY 

RIB ASSEMBLY 

RIB SEGMENT FAB 

I 1 I I 
0 100 200 300 400 

(328) (656) ( 984) (1 312) 
APERTURE DIAMETER - M (FT)  

Figure 14.- Synchronous P/L surface charac ter is t ics .  



When the 2300 Kg weight constraint i s  applied to  the o f f s e t  antenna, 
the surface approximation error mare c lose ly  matches the thermal distor- 
t ion  contribution. Comparison of Figures 13 and 15 i l l u s t r a t e  th i s  e f f e c t .  
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Figure 15. - Synchronous P/L surf ace characteris t i c s .  



Limiting the a l louable  r e f l e c t o r  weight t o  680 Kg r e s u l t s  i n  a sur- 
face f igure  t h a t  is almost t o t a l l y  dr iven by the  sur face  approximation 
contr ibut ion and i n  f a c t ,  the  thermal e r r o r s  bec- comparable t o  those 
associated with mater ial  p roper t ies  and f a b r i c a t i n  capab i l i t i e s .  This, 
shown i n  Figure 16, is due t o  the g rea t ly  reduced aper ture  associated 
with the  l i g h t e r  syste~a. 
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Figure 16.- Synchronous component sur face  cha rac t e r i s t i c s .  
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Applying the 680 Kg l i m i t  to the o f f se t  reflector, Figure 17 ,  
has the same e f fec t  on the error distribution as for the symmetric an- 
tenna. The e f fec t  of the higher f/D ratio can be readily seen i n  core 
paring this  and the previous chart. 

Figure 17.- Synchronous component surface characteristics.  
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The re la t ionship  the f/D r a t i o  ilas on the frequency and aper ture  
a r e  i l l u s t r a t e d  i n  Figure 18. A given o f f s e t  r e f l e c t o r  with a parent  
f/D r a t i o  of 0.25 w i i l  not  perform a t  the  same frequency as the same 
r e f l e c t o r  configured with an f/D r a t i o  of 0.50. Conversely, a t  a given 
frequency, a l a rge r  aper ture  can be made t o  work a t  an f/D r a t i o  of 0.50 
than at 0.25. This e f f e c t  is present  up t o  an f/D r a t i o  of  approxiamtely 
0.75. Beyond tha t ,  the  curvature e f f e c t  is not  discernable.  

The reason f o r  t h i s  e f f e c t  is due t o  the segmented r e f l e c t o r  geo- 
metry. As the r e f l e c t o r  curvature becomes less (higher f/D and f l a t t e r  
ref  l e c t o r )  the e f f e c t  of the  f l a t  panel approximation becomes less sig- 
n i f i can t .  I n  the limit, with an £ID of i n f i n i t y ,  the  r e f l e c t o r  would 
be a f l a t  p l a t e  and the segmented ref l e c t o r  would exac t ly  approximate 
the surface. 

STS DIAMETER CONSTRAINED 

FID SENSITIVITY 

OFFSET ANTENNAS 

APERTURE DIAMETER - M (FT) 

Figure 18.- Antenna system s e n s i t i v i t y  t o  F/D. 



Because of the impact of thermal distortion on the antenna perfor- 
m c e ,  it is important to understand the csusal parameters. h e  of the 
major contributors is the coefficient of t h e m 1  expansion (CTE). For 

-7 0 the majority of the analyses performed on this study, a CTE of 1 x 10 / F 
was chosen to reflect a graphite epoxy reference structure. The performance 
sensitivity to this property can be seen in Figure 19. 

Another property of the structure materials that has a significant 
effect on performance is the thermal conductivity. The advent of metal 
aatrix composites (MHC), which corbine the distortion coefficient of 
the graphite fibers with the the-1 conductivity of metals, has had a 
significant effect on the projection of antenna perfo-ce. 

The top curve on this chart was prepared using the pro erties typ- 
-7 '? ical of graphite magnesium P W .  The C I E  used is 1 x 10 / F and the 

thermal conductivity is 18 BTU/BR-OF-?T. The corresponding K for the 
graphite epoxy structure is 13.5 BIII/EIR-~F-FIC. 

( 1  52B) ()oU) 
APERTURE DIAMETER -FT(M) 

Figure 19.- Antenna sensitivity to material characteristics. 



Application of the MMC propert ies  t o  the analysis of the  o f f s e t  
ref lec tor  r e su l t s  i n  reduced surface f igure  e r r o r s  due t o  the lover 
thermal. d i s to r t ion  and thereby increases the  useable aperture diameter 
a t  a given frequency. Note also, on Figure 20, the WHC materials  w i l l  
not exhibi t  the v iscoelas t ic  creep e r r o r  associated with graphite  res in  
coslposi tes. 

(6%) ( -4) (1312j (328) 
APERf "RE DIAMETER- hl IFT) 
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Figure 20.- Surface f igure cha rac te r i s t i c s  with metal matrix r ibs .  
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Throughout the  analyses thus far presented, the  r i b  configuration 
has been held as a constant varying only i n  length and parabolic shape. 
This l en t i cu la r  r i b  has a hub attachment cross sec t ion  ( r ib  root)  of 
one inch wide, 4 inches high and a width taper  of 2:l. The e f fec t  of 
changing the r i b  root geometry t o  5 inch wide, 20 inches high can be 
seen i n  Figure 21. Increasing the  r i b  v id th  and height of t h e  r i b  has 
the e f fec t  of reducing the number of r i b s  tha t  can be attached t o  the  
hub. This i n  turn, reduces the  useable operating frequency a t  a given 
diameter. 
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Figure 21.- Antenna system s e n s i t i v i t y  t o  r i b  design. 



PROJECTED ANTENNA COSTS 

Figure 22 presents  the  projected cos t  f o r  an o f f s e t  antenna as a 
funct ion of aperture s i z e ,  weight and operat ing frequency. The da t a  
show t h a t  f o r  low frequency aper tures  the cos t  is reasonably propor- 
t i o n a l  t o  weight o r  diameter. A s  operat ing frequency l i m i t s  a r e  pushed 
the cos t s  s t a r t  t o  rise rapidly. This s e e m  t o  occur i n  t he  50 t o  100 
mil l ion do l l a r  range f o r  frequencies g rea t e r  than 2 GHz. 

(328) (656) 

1500 APERTURE DIAMETER- M (FT) 

2268 KG 
(SO00 L B )  

( 3500 L B )  , 1588 KC 

Figure 22.- Offset  antenna cos t  project ions.  



OFFSET VS SYMMETRIC COST COMPAFUSCM 

The data presented i n  Figure 23 present the cost factor for an 
o f f se t  antenna. This increase is between 15 and 30%. The 30% factor 
is dominated by s i z e  and extra mast length costs, while a t  the higher 
frequencies the costs  for maintaining a highly accurate reflector sur- 
face dominate. 

-STS DIAMETER CONSTRAINED- 

1 . I  1.2 1.3 b.4 1.5 

DEVELOWENT COST FACTOR 
(OFFSET + SYMMETRIC COST) 

Figure 23.- Offset vs. symmetric antenna cost comparison. 



TECHNICAL CONCEmS 

The r e s u l t s  of the invest igat ion were surprising and sat isfying.  
Ear l ie r  projections indicated the appropriateness of the Wrap Rib f o r  
large diameter antennas, and these projections have been reinf  orczd. 
technic all^ however, these a r e  some concerns which must be addressed 
p r io r  t o  a program undertaking. Figure 24 summarizes these concerns. 
The f i r s t  four items can only be s a t i s f a c t o r i l y  addressed through a 
hardvare program. Further s tudies  w i l l  resolve the  l a t t e r  three. 

ACCURACY OF ANALYSIS OVER 1-1 12 ORDERS OF MAGNITUDE 

MANUFACTURABILITY OF LARGE COMPONENTS 

ASSEMBLY ALIGNMENT FACILITY REQUIREMENTS 

MESH MANAGEMENT DURING DEPLOY IRETRACT 

VEHICLE STABILITY REQUIREMENTS DURING DEPLOYMENT 

LACK OF I-G TESTABILITY (CONTOUR AND STRENGTH) 

OPERATIONAL CONTROL SYSTEM INTERACTION /STABILITY 

Figure 24.- Performance projection technical concerns. 



PROGRAM PLAN 

The f i n a l  study a c t i v i t y  was expended reviewing the cancerns with 
undertaking a space f l i g h t  program demonstration of a la rge  diameter 
Wrap Rib antenna. The projected costs  and technical risks iden t i f i ed  
the necessity of developing an ear ly  da ta  base at a s i z e  which could 
comfortably be analy t ica l ly  scaled and which would reduce r i s k  through 
demonstration. This program, iden t i f i ed  i n  Figure 25, would involve 
developing a tes table  segment of a 50 M aperture. This would be used 
t o  val idate the design and provide a scal ing fac to r  of 2 o r  3 f o r  the 
100 t o  150 $1 missions. The dominant e f f e c t s  of thermal d i s to r t ions  i n  
the performance projections indica te  o r b i t a l  surface adjustment may 
prove cost  e f fec t ive  and should be investigated. Finally, s ince  the 
design is being defined,the s t a b i l i t y  and control system in terac t ions  
and l imitat ions should be identif ied.  

ESTABLILR '. C3ST EFFECTIVE 50 M DATA BASE 7- 
MANUFACTURE AND TEST COMPONENTSIPROCESSES 

ASSEMBLE I-G TESTABLE SEGMENT 

DEMONSTRATE DEPLOYMENT AND RETRACTION 

MEASURE DEPLOYED CONTOUR WITH OFFLOAOINC TEST AID 

\ UPDATE DESIGN AND DESIGN ALGORITHM 

ONE TIME ADJUSTMENT 

CONTINUOUS ADJUSTMENT 

DECREES OF FREEDOM REQUIRED 

\ COSTS 1 

f INVESTIGATE CONTROL SYSTEM INTERACTION 

DEFINE PRELIMINARY REQUIREMENTS 

INVESTIGATE ACTIVE DAMPING AND DISTRIBUTED CONTROL SYSTEM 1 

Figure 25. - Risk resolution/development plan. 



STUDY CONCLUSIONS 

As with any study one must be conservative when drawing conclusions. 
In this case we can conservatively draw those indicated in Figure 26. 
It is hoped that further activity will defend the reasonableness of de- 
signs which are at the limits indicated by the technical work performed. 

OFFSET WRAP RIB ANTENNAS UP TO 150 M DIAMETER ARE FEASIBLE 
FOR OPERATION AT 2 TO 3 GHz 

STS COMPATABILITY IS NOT A DESIGN DRIVER 

COST AND TECHNICAL RISKS INDICATE A NEW DATA BASE REQUIRED 
PRIOR TO UNDERTAKING 100 TO 150 M DESIGNS 

FURTHER ACTIVITY SHOULD INCLUDE ACTIVE SURFACE CONTROL AND 
CONTROL SYSTEMS INTERACTION STUDIES 

Figure 26.- Study conclusions. 



ADVANCED SUNFLOWER ANTENNA 
CONCEPT DEVELOPMENT 

J. S. Archer 
TRW 

LSST 1 S T  ANNUAL TECHNICAL REVIEW 

November 7-8, 1979 

This report is a summary of the results of a study performed at TRW to 
determine the feasibility of stowing large solid antenna reflectors in the 
shuttle using the Advanced Sunflower Concept developed at TRW. This work was 
sponsored by JPL as part of its study of precision self-deployable antenna 
systems, which in turn is part of the NASA Large Space Systems Technology 
(LSST) program. 



STOWED REFLECTOR CONFIGURATION 

The basic deployment concept was orj.ginal1) developed st TRW to meet 
the requfrement for iarge diameter (D/X > 1000). high accuracy reflectors 
to be used in the 10 to 100 GHz range or higher, within the constraints 
of the shuttle. 

The folded petal concept provides hinged connections along adjacent 
edges of all panels. Bending and shear continuity is thereby provided 
throughout the contour in the deployed aspect. A 1 1  elements are released 
and deployed simultaneously. 



WORK STATEHENT TASKS 

The study focused on two major tasks. The first was to conduct an 
investigation of the original deployment concepts, including the follwing: 

1. Determine the iargest antenna of this design 
stowable in the shuttl- payload compartment. 

2 .  Determine the upper boundary for surface quality vs. antenna diameter. 

3. Determine packing efficiency and weight vs. diameter. 

6 .  Develop R W  cost estimate vs. diameter and surface quaiity. 

J .  Perform the above tasks for offset fed antennas. 

6. Identify critical technologies required for construction of 
these antennas. 

The second task involved the development of advanced designs which w u l d  
allow antennas up to 100 feet in diameter to be accomraodated by the shuttle. 
The same informazion as in the first task was to be obtained for the most 
promising of these designs. 

PRECISION DEPLOYABLE REFLECTOR STUDY 

FOR JPL. NASA LANGLEY 

WORK STATEMENT TASKS 

DETERMINE LARGEST D I A M t l  E I  REFLECTOR THAT C A N  BE STOWED 
IN SHUTTLE - CURRENT CONFlGURdTlON 

ESTIMATE SURFACE CON79UR ACCURACY FOR A RANGE OF 
SIZES - CURRENT CONFIGURATION 

ESTIMATE ROM COSTS AS A FUNCTlOi F REFLECTOR 
DIAMETER AND CONTOUR ACCURBCY - ,URREW CONF IGUPATION 

IDENTIFY AND QUANTIFY THE CRlTiCAL TECHNOLOGIES 
REQUIRED TO DEVELOPE THE REFLECTOR ABOVE 

DETERMINE PACKAGING EFFICIENCY AND WEIGHT AS A 
FUNCTION OF REFLECTOR DIAMETER - CURRiNT CONFIGURATION 

NEW CONCEPTUAL DESIGNS TO IMPROVE PACKAGING 
FFFICIENCY FOR REFLECTORS UP TO 100 FT. DIA. 

CHOOSE PREFERRED CONCEPT AND PROVIDE ROM COST 
ESTIMATES. PACKAGING EFFICIENCY, WEIGHT AND 
CRITICAL TECHNOLOGIES 

PERFORM THE ABOVE TASKS FOR OFFSET FED REFLECTORS 
IN PDDlTlON TO FOCAL FED REFLECTORS 



STOWED ENVELOPE PROPORTIONS 

The critical parameter which determines the maximum aperture which can 
be stowed in shuttle is the number of primary panels in the configuration. 
Preliminary studies provided data on the ratio of stowed diameter to 
deployed diameter as the number of main nanels was varied from 4 to 12. 
6, 12 and 18 main panel configurations were examined in more detail for the 
studv. 
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STWAGE OPTIMIZED STUDIES 

The detailed examina~ion of the 6 main panel configuration included 
an optimization of the configuration to allow a more efficient packing of 
the panels. This included trimline adjustment to avoid interference between 
panels when stowed. The optimization studies were accomplished for a F/D 
ratio oi 0.4. 

6 m 1 1  PANEL COIIFIrSJRATIOII BEFORE O P T I l l I U T 1 ~  



OPTIMIZE0 6 PANEL CONFIGURATION 

This view is an optimized 6 panel configuration which compares with 
the original configuration shown previously. Note the increased aperture 
to stowed diameter ratio. The uaximum aperture for the 6 panel configu- 
ration is 33.2 feet. 



OPTIMIZEI) 12 PANEL CONFIGURATION 

The 12 main panel configuration is illustrated belw after optimization. 
A 37.8-foot aperture may be stowed in the shuttle with a 14.5-foot diameter 
stowed enve;ope. Note the long narrow panel envelopes when compared to 
the 6 panel configuration. 

12 MAIN PANEl COEWK)URAW 



O P T ~ Z A T I O N  APPROACH 

This view illustrates the optimization approach. The goal is to 
compactly place the triangular panel and half the main panel within the 
allocated triangular wedge. This was accomplished most conveniently 
using a CAD graphical display. The influence of displacing various hinge 
locations was determined individually. Thence, by iteratively adjusting 
the hinge positions, the most compact arrangement was determined which 
defined the optimum geometry. A second constraint on the optimization was 
to minimize the radial envelope of the folded panels. 

The cross-hatched areas on the panels vere provided to improve the 
visibility of the projected surfaces. 

O~IZATION APPROACH, 12 PANHS 

mNI I AND Pow1 2 *)IAl€D 
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18 PANEL COhiFIGURATION 

The maximum stowable aperture was attained with the 18 main panel 
configuration. This provided a 42-foot aperture for the avai lable  
14.5-foot stowed envelope. I t  was determined that more than 18 main panels 
would not improve the stowing ra t io .  

18 MAIN PANEL CONFIGURATION 



SHUTTLE STOWAGE OF 18 PANEL CONFIGURATION 

Stowage of the 42-foot, 18 main panel aperture requires a 15-foot 
segment of the shuttle bay. 

An increase of the F/D ratio from 0.4 to 0.62 for the 18 panel 
configuration would allov an increase in the aperture from 42 foot to 
50 foot for stowage in shuttle. However, a similar F/D increase would 
not result in significant improvement for the 6 panel configuration, since 
the panel width is the governing factor rather than the curvature. 

18 MAIN PANELS 



STO\IED VIEW OF 18 PANEL CONFIGURATION 

This enlarged view of t he  stowed 1 8  main panel configurat ion I l l u s t r a t e s  
t h e  d e t a i l  which is possible  f o r  conceptual iz ing the  complex geometry on 
the CAD (Computer Aided Design) graphical  d i sp lay .  The long narrow envelope 
of the  panels increases  t he  d i f f i c u l t y  of achieving a prec is ion  contour.  
Two hinge connections a r e  provided along adjacent  edges between panels. 
Adequate space is ava i l ab l e  wi th in  the  folded r e f l e c t o r  t o  provide supporting 
s t r u c t u r e  f o r  a feed o r  subref lec tor .  

8TIO)J, STOWED 



ANTENNA WEIGHT VS. DIAMETER 

The weight of antenna r e f l e c t o r s  h a s  been es t imated f o r  d iamete r s  of 
16 t o  100 f e e t .  The w i g h t  o f  f e e d s  and s u b r e f l e c t o r e  is no t  included.  
Since  t h e  weight of t h e  r e f l e c t o r  predominates, t h e  p l o t  is approximately 
v a l i d  f o r  advanced c o n f i g u r a t i o n s  t o  be desc r ibed  which may r e q u i r e  
a d d i t i o n a l  h inges  o r  o t h e r  hardware. S p e c i f i c  des igns  were assumed f o r  
16, 24 and 100-foot a p e r t u r e s  and in te rmedia te  p o i n t s  l i n e a r l y  i n t e r p o l a t e d .  
The b a s i c  c o n s t r u c t i o n  assumed a graphite/epoxy aluminum honeycomb sandwich 
conf igura t ion .  
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CONTOUR ERROR ESTIMATES 

An attempt has been made t o  es t imate  the sur face  qua l i t y  obtainable  
f o r  the  l a r g e  aper ture  antenna r e f l e c t o r s  of both the  o r i g i n a l  and advanced 
designs.  Four separa te  es t imates  have been made. The f i r s t  t h r ee  are 
based on presen t ly  a v a i l a b l e  f ab r i ca t i on  technology, improved f ab r i ca t i on  
technology and post  f ab r i ca t i on  adjustment of t he  panels,  respec t ive ly .  
The four th  es t imate  is  fo r  a system with an o r b i t  a c t i v e  con t ro l  of panel 
con tour .  

The e r r o r s  quoted a r e  conservative.  They are based on cons idera t ions  
of the long narrow panel shapes and on thermal d i s t o r t i o n  analyses  f o r  a 
16-foot aper ture .  
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MAX 
DEVIATION BASIS OF ESTIMATE/ASSUMPTION 

FROM FAB Of SOLID REFLECTORS AND TEST PANELS 

2 . 7 ~ 1 5 ~  D 
-4 

6.0X15 L 

.OOISn TOLERANCE IN SETUP AND INSTRUMENTATION 

ASSUMED SAME REGARDLESS OF SIZE MAX PANf L 

LENGTH I 9  FT. 

.003"/10' DIA ESTIMATE ONLY, ERROR IN LOCATING PANEL IN 

OPTIMUM POSITION AND ATTACHING HINGES 

.0015"/20' DIA BASED O N  EPEATABILITY OF SUNFLOWER 

.006"/20' DIA BASED O N  THERMAL DISTORTION ANALYSIS OF 

.0102"/100' DIA 16 FT. REFLECTOR AND MAX DEVIATION = -006 

CALCULATED FOR INDlVlDUAL PANELS OF 40' DIA. 



NET RMS ERROR ESTIMATE 

The total RMS performance of various .;ized ~pertures for the basic 
configuration, as well as advanced configurations, is show. here, This 
performance is predicated upon the utilizatiort of a post iabrication panel 
shape adjustment to optimize the contour. This technique is comonly 
applied and is considered state-of-the-art. 

ESTIMATE OF RMS ERROR 

POST FAB PANEL ADJUSTMENT 

3 RINGS 

80' 100' 120' 
I 

.0005.0005 .0005 .OW5 
.W70 . O W  .0090 

.0030.0035 .OW0 .OM5 

-0030 .0034 .0037 

.0125.0140 .0159 .oln 

b 

ERROR 

CONTRIBUTOR 
r 

POSTFAB ADJUSTMENT 
ASSEMBLY 
DEPLOYMENT 

THERMAL 

TOTAL 
, 

1 RING 

20' 30' 40' 

. W 5  -0005 .0005 

2 RINGS 

40' 60' 80' 

.0005 .0005 
.0010 -0020 .00301.0040 .0050 . W O  
.0005 .0008 .001 

.0020 .0022 .0024 

-0040 .0055 .0069 

.0015 .0020 

-0024 .O027 .S3C 

-0084 -0102 



R I G I D  REFLECTOR PERFORMANCE EXTRAPOLATION 

An independent error assessment was accomplished based on extrapolation 
of existing data for solid contour reflectors. This was performed for a 
30-foot aperture, 6 panel configuration. The results are consistent with 
the previous chart. It is suggested that this performance may be considerably 
improved by using precision tooling and on-orbit figure control. 

EXPECTED MECHANICAL PERFORMANCE 
(30 FT APERTURE) 

(1) WST-FABR ADJUSTMENT OF PANEL CONTOURS 
(2) PRECISION LAYUP MOLD 
(3) IMPROVED ASSEMBLY TOOLING 
(4) IN-ORBIT FIGURE CONTROL 

MANF RMS 

ASSY RMS 

ORBIT RMS 

RSS. 

DEMONSTRATED 
CAPABILITY 

0.002(~) 

0.002 

0.002 

0.004 

PROJECTED 
CAPABILITY 

0.001(*) 

0.001(~) 

0.001(~) 

0.002 



S ' W E  CONTROL ACTUATION SYSTEM 

&;-orbit shape control for minimizing the effect of orbital 
enviror~ments on contour RMS could be readily implemented on the Advanced 
Sunilouer configuration. Actuators for applying linear and angular 
differential motions between reflector panels can readily be integrated 
into the design at the hinge assemblies, as illustrated. These would be 
selectively actuated by a feedback control loop connected to a system of 
contour distortion sensors. 

SHAPE CONTROL ACTUATION SYSTEM 

FOR URGE PRECISION DEPLOYABLE REFLECTORS 

F 0 1  CWANDI) II* I L N I L  m w l m  "nu - r r  3 - e m  

UOvlDtS ROrMY MOTION 10 C-Cl I0C.i U N O I a  - L R X l S  
:O(l lCl  1 0 )  PANIL TWlSl - 
ALK) U W I D f S  M f i O Y Y 1 N l  
1- LWD -it CONIK* - r n A c u  

C W  WVfS MNGf I N  Dl l lCt lON S*O*N 
Wl I N  Wff i l  UAlP 

n o v m s  LINZU MOTION t o  
C M N S A I ~  $0) llLbtlV1 D lS f iU fY1Nl  
ff IN I N W I L D  MNG($ - b fixfs MOWS PANfl 1 0  COW(NSbI1 

FOR PML m s t  - r n u t s  

/ 



ALTERNATIVE DESIGNS 

Several designs have been considered as possible alternatives to improve 
the stwed to deployed diameter ratio, and thereby increase the size of 
the antenna stowable i r t  the shuttle. Of the six designs examined, one, 
the Sunflover concept, is an existing and successful design, one is a 
madification of the original design, and the other four involve the addition 
of a second a possibly a third ring of panels to the original configuration. 

The Sunflower concept has been used successfully and is capable of 
providing a 100-foot antenna stowable in the sl-~ttle. The major drawback, 
however, is that upon deployment the panels are not connected together and 
would require either complicated latching mechanisms or considerable EVA 
to aci~ieve a scff icientlv accurate reflector. 

100 FT. DlA. "SUNFLOWER" REFLECTOR 



DOUBLE RiNG CONFIGURATION 

Tne most succc?ssful approach so far discovered to iqrove packing has 
been to break the antenna into two rines of panels rather than one. By 
this method, the effect of the panel curvature is reduced and the panels 
may be folded closer to the axis of the ref1ector. Several ways of attaching 
and controlling this second ring have been exaained. Soge of the concepts 
me the prcential of being dxtended to a three-ring configuration, perhaps 
usips di ;  .-rent .:oncrycs for each ring. 

The sikplcst wthcd to build a second ring is simply to split a single 
ring iirto tuo ~ 5 t h  corresponding panels. The hinges of the single ring are 
repeated in each new riag. The main panels of the outer ring are hinged 
to the outboard end of the main panels of the inner ring, while the triangular 
paneis of the two rings are not connected, By utilizing this new degree of 
freedom, and by manipulation of the outer ring hinges, the second ring can 
be opti-ized independently, taking advantage @ f  the reduced curvature of the 
shorter panels. 

DEPLOYED. TOP VIEY 

12 win PARELS In BOTH RIMS 



HALF PANEL INNER RING 

To reduce the number of panels required for the system described above, 
the inner ring may be composed of half as s o y  panels as the outer, taking 
advantage of the empty space inside the lower part of the s t 4  antenna. 
Since alternate outer ring main panels are then unsuppor:ed, additional 
mechanisms must be added to completely control deployment. 

6-12 MAIN PANEL D O W  RWG CONRGURATiON 



OUTER RING SUPPORT CONCEPT 

To substitute for the inner ring panels, control arms may be substituted. 
These arms are connected to the support ring and are driven by the same 
drive shaft as for the original panels. This configuration has a six panel 
inner ring and a twelve panel outer ring. A major drawback of this configu- 
ration is that the a m s  are not connected to the inner ring of panels as 
are the main panels. which results in a less stiff reflector. The control 
arms may also add significant weight and complexity to the structure. 

DOUBLE RING CONFIGURATK)N, 6-12 MAIN PANELS SHOWN 





80-M)M APERTURE ON SHLTTLE 

This view i l l u s t r a t e s  the  deployed 18-36 panel configurat ion.  80-foot 
aper ture  suppcrted from within the  s h u t t l e  bay. 

A de ta l l ed  study of o f f s e t  r e f l e c t o r s  w a s  not performed due t o  time 
l imi t a t i ons  and t h e  r e l a t i v e  p r i o r i t y  of o the r  tasks .  Preliminary i nves t i -  
gation, however, i nd i ca t e s  t ha t  o f f s e t  r e f l e c t o r s  would stow more compactly 
than a x i s ~ ~ t r i c  configurat ions of t h e  same diameter due t o  t h e  reduced 
panel curvature.  Manufacture would be more d i f f i c u l t  due to t h e  l o s s  of 
s ~ - m e t r y .  

80-FT. (24.4-METER) PRECISION 

DEPLOYABLE REFLECTOR ON SHUTTLE 



CRITICAL TECHNOLOGY STUDIES 

Several critical new technclogies judged necessary for the construction 
of successful large diasueter antennas have been identified. These technologies 
mainly concern the advanced fabrication and adjustment techniques, and 
related problems. In addition, they apply equally to both the original 
design and the advanced concepts. 

The first study proposed is to investigate designs and processes which 
reduce the as-fabricated reflector panel errors. The principal parameters 
in this study are the raterials and tooling. Improved tooling precision 
and room temperature curing should contribute greatly to improved panel 
contours. 

CRITICAL TECHNOLOGY STUDIES 

TITLE: CONTOUR ACCURACY CONTROL FOR PRECISION DEPLOYABLE REFLECTORS. 

STUDY 1 

OBJECTIVE: IMPROVE ACCURACY OF FABRICATING INDIVIDUAL PANELS. 

APPROACH: DESIGN, FABRICATE A N D  MEbbURE PANELS TO DEMONSTRATE THE 

ADVANTAGE OF ONE CONFIGURATION OVER ANOTHER. ANALYTICAL 

MODELING WILL BE UTILIZED WHERE FEASIBLE TO PREDICT 

T H €  EFFECT OF THE VARIOUS PARAMETERS. 

TASKS: IDENTIFY PARAMETERS THAT COULD CONTRIBUTE TO DISTORTION 

MODEL PANEL A N D  VARY PARAMETERS TO ASCERTAIN CONTRIBUTION 

OF EACH 

DESIGN TEST PANELS TO ISOLATE EACH PARAMETER TO DETERMINE 

ITS CONTRIBUTION 

FABRICATE BOTH FLAT AND CURVED PANELS TO ISOLATE THE 

PARAMETERS AND PROVIDE CONTROL AND REPEATABILITY OF 

THE FABRICATION PROCESSES 

MEASURE CONTOUR ACCURACY 

OPTIMIZE THE CONFIGURATION 



POST FABRICATION ADJUSTMENT 

The second technology study would develop concepts for post fabrication 
adjustment as an approach to developing high precision contours. This 
approach has been very successful for rigid contour reflectors. The problems 
peculiar to this configuration are the high aspect ratio panels. 

CRlTiCAL T E C H N O L O G Y  STUDIES 

STUDY I 1  

TITLE: CONTOUR ACCURACY IMPRGVEMENT BY POST-FABRICATION ADJUSTMENT OF 

PRECISION DEPLOYABLE REFLECTORS. 

OBJECT1 M: DEVELOP CONCEPT FOR IMPROVING ACCURACY OF INDIVIDUAL PANELS BY 

POST FABRICATION ADJUSTMENT. 

APPROACH: ONE OR MORE CONFIGURATIONS WlLL BE CHOSEN FR3M TRADE-OFF STUDIES 

OF VARIOUS CONCEPTS. THE ACCURACY OF THE CONCEPTS WlLL BE 

DEMONSTWTED BY DESIGNING, FABRICATING AND MEASURING THE CONTOUR 

OF PANELS REPRESENTATIVE OF A DESIRED LARGE DIAMETER REFLECTOR. 

TASKS: CONCEPTUAL DESIGN OF ALTERNATE CONFIGURATIONS 

USE ANALYllCAL MODEL TO DETERMINE OPTIMUM NUMBER AND LOCATION 

OF ADJUSTMENT POINTS 

CHOOSE PRIME CONFIGURATION AN3 DESIGN SHELL, AND BACK-W STRUCTURE 

FABRICATE SHELL O N  TXISTING MOLD OF 98 IN. FCKAL LENGTH IF DEEMED 

ADEQUATE 

FABRICATE BACK-UP STRUCTURE 

MEASURE CONTOUR 

ADJUST TOOPTIMIZE CONTOUR 



ACTIVE CONTOUR ADJUSTMENT TECMOLOGY 

The third critical technology study identified is the development of 
active contour control techniques for large aperture reflectors. The 
development of actuation systems, including actuator mechanisms, and 
theSr integration into the deployment mechanisms, requires investigation. 
This would include analytical optimizatioc studies, design and verification 
tests of breadboard hardware. 

CRITICAL TECHNOLOGY STUDIES 

STUDY Ill 

TITLE: A STUDY OF ACTIVE CONTOUR CONTROL OF LARGE PRECISION DEPLOYABLE 

REFLECTORS. 

OBJECTIVE: DEVELOP CONCEPT FOR IMlROVlNG A C C W C Y  OF COMPLETE REFLECTOR IN 

SPACE WITH ACT1 M ADJUSTMENT. 

APPROACH: A N  ANALYTICAL MODEL WILL BE USED TO PERFORM THE TR4DE-OFFS 01: THE 

CONCEPTUAL DESIGNS. AFTER THE ADJUSTMENT LOCAT IONS AND THE 

REQUIRED FORCE/MOTION IS DETERMINED THE ACTUATING SYSTEM WILL DE 

DESIGNED. ONE OR MORE TYPICAL JOINTS WILL BE DESIGNED, FABRICATED 

AND TESTED TO VERIFY ITS CAPABILITY. A BREADBOARD OF THE SENSOR 

SYSTEM AND CONTROL ELECTRONICS WILL BE DESIGNED AND BUILT TO 
DEMONSTRATE THE COMPLETE SYSTEM ON A REPRESENTATIVE PANEL. 
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ABSTRACT 

Lockheed Missiles and Space Company (LMSC) is developing a family of l a s e r  
heterodyne sensors fo r  use i n  the ac t ive  control  of spacecraft s t ruc tures .  
These sensors include a H e N e  distance measuring system f o r  s t ruc tures  requiring 
accuracies t o  0.1 uun and a C02 distance measuring system which w i l l  measure un- 
ambiguously down t o  0.01pm. Vibration sensors, based on both HeNe and C02 
lasers ,  a re  a lso  being developed. These systems w i l l  measure f rac t ions  of apm 
displacement from DC t o  kHz. A l l  of these sensors have been breadboarded t o  
ver i fy  performance and a re  i n  various stages of  development directed toward pro- 
totype engineering models. This paper discusses the  design theory and trade-offs 
required fo r  instrument select ion.  

PRESENTATION OUTLINE 

INTRODUCTION 

COARSE MEASUREMENTS 

FINE MEASUREMENTS 

VIBRATION MEASUREMENTS 

TEST RESULTS 

CONCLUSIONS 



INTRODUCTION 

For several years, the Sensor Technology Organization at Lockheed Missiles 
and Space Company (LMSC) has been developing sensors to be used for the measure- 
ment and active control of spacecraft structures. These sensors are all laser 
heterodyne systems. Both HeNe and CQ2 lasers have been used. 

A coarse system, which is designed for applications where high accuracy is 
not required, uses a modulated beam and a high accuracy phase measurement scheme 
to obtain resolution on the order of 0.1 nun. With several mdulation frequencies, 
distances on the order of kilometers can be measured. A fine measurement system 
has been developed which will trork either in conjunction with the coarse system 
or independently. It uses a multi-state, two-color C02 laser which chn be used 
to produce mambiguous measurements from 20 cm down to 0.01pm resolution over 
distances to 100 m. A summary of the distance aeasuring capabilities is illus- 
trated in Table 1. 

Vibration measurements have been made using both Dopplnr frequency detection 
and a beat frequency phase measurement systeln with capabilities of measuring 
displacements less than a 0.1 C I . ~  at vibration frequencies from essentially DC tr 
several kHz. 

A feasibility demonstration of the coarse system capability was made unde 
Contract No. 955130 for the Jet Propulsion Laboratory, California Institute of 
Technology, sponsored by the National Aeronautics and Space Administration under 
Contract NAS7-lor). 

INTRODUCTION 

hlEASUREhlEN1 
TECHNIQUE 

COARSE 1 hZHz MOD 

COARSE 100 hlHz 510D 

COARSE 500 hlHz !.!OD 

FlNE SYN.  WAVELENGTH I l l  

FlNE SYN.  VIAVELENGTH I I  

F INE SYN.  WAVELENGT ti I 

FlNE D IFF .  FRINGE 

FlNE FRACTIONAL FRINGE 

DISTANCE UETERS 

103 102 T o - '  $ 0 - 3  10.' 

V IBRATION LtEASUREMENT 

SYSTEM DEhlONSTRATED WITH 0.05 hltTER Hz 

CAPABILITY,  0.08pm RESOLUTION FROM DC r0  K H z  

Table 1 



COARSE MEASUFtEMENT OPTICAL LAYOUT 

The coarse s y s t e m  measures distance by accurately measuring phase of a 
modrilated laser beam. Distance t o  a reference point is comparbi with the  
distance t o  the  target .  This method eliminates, through coason moding, any 
d r i f t s  pr ior  to the output beam s p l i t t e r -  Actual implementation of both m2 
and He& sys~ems has been accomplished. The fol laving discussion applies to 
both systeas. 

An opt ica l  layout is i l lus t ra ted .  The be= frolll the  laser is both spat- 
i a l l y  and frequency shi f ted  by the Braqg cell. The unshifted portion of the  
beaa is used a s  the local  osc i l l a to r  for  the heterodyne receiver. The sh i f t ed  
beam is directed through the  phase modulator with laode matchinq lenses. This 
H u l a t e d  beam is s p l i t ,  an3 one sent  t o  the  reference mirror and the  other t o  
the target .  Two choppers, 183* out  of phase, sample the  beams al ternate ly  f o r  
siqnal processing. For the  desronstration, a mirror on a rotary t ab le  w a s  used 
to di rec t  the  beam to  the targets .  Both the  reference beam and tarret bean 
are returned t~ combine with the  local  o s c i l l a t o r  beam t@ be received by t h e  
detector. 

COARSE MEASUREMENTS - I 
- -- 

OPTICAL LAYOUT 

REFERENCE MIRROR 
SYNCHRONOUS 

POTARY T 
8EAM 
DIRECTOR 

LASER 

'ABLE 



COARSE MEASUFEFENT SIGNAL PROCESSING 

The processinq elertronics consist of the systen described below, as 
well as a micro-processor for convertinq the signals to a digital rmae 
output. LEISC has breadboarded the siqnal processing scheme described and 
demonstrated its performance. 

The processing flow is shown in the figure. Begiming in the upper 
left-hand corner, FH modulation frequencies of 1.0 or 100 HHz are select- 
able by the RF switch- The selected RF p r  is divided and the first 
fraction passes successively thro:lqh an adjustable shifting) trans- 
mirsion line, a power amplifier, and a phase modulator for the wrkinq 
beam. 33e other fraction of the RP power passes to the 90° hybrid divider 
where about one-half the power is phase shifted and two outputs corresponding 
to sine and cosine functions are prqvided. These outputs, each with a phase 
and amplitude trimmer, go to the Knputs of a pzir of SPST RF switches, The 
svitch oatpilt provides the following RF mixer vith sine and cosine inpts on 
alternate *lf cycles, The crystal detector, amplifier, and logarithmic 
voltmeter provide the output shown. 

COARSE MEASUREMENT - I 
- - -- - - 

SIGNAL PROCESSING 

'LECTOR 

PHOiObOLT IIC 
M T E C T O R  

DETECTOR CONVERTER 





COARSE SYSTEM RESOWPTIm DATA 

The coarse system range resolution data is shown for a 100 MHz 0 2  
system. The target was translated back and forth in 1 steps, with the 
data averaged over 1 sec per reading. 

OPS RANGE RESOLUflON DATA 



COARSE SYSTEM LINEARITY DATA 

The linearity of the system is illustrated by the accompanying data. 
1/20-inch steps cere input and held for 7.5 sec over a total displacement 
of 1 inch. 

OPS RANGE MEASUREMENT LINEARITY DATA 

TIME 



TWD-COIDR U S E 2  OPERATION 

The heart of the fine measurement system is the svitchable two-color 
C02 laser. Gain occurs in the C02 gas mixture in m y  distinct lines 
corresponding to a given vibrational transit ion frequency . These lines, 
corresponding to R and P branches aad numbered in each, are illustrated. 

By controlling the cavity iength, the line of operation can be estab- 
lished. If the length is suck that an R frequency and P frequency have 
the same gain, they will operate simultaneously. T5is can be accaplished 
by separation of the signals (spectrally) and servoing a piezo-electric 
driven mirror to the proper cavity lenqth. Thus, two-col~r -ration is 
achieved. This can be refined fruther by selecting a specific R line 
and P line within the branches for laser operation. LFSC has developed 
a laser which can be switched through four pairs of lines. 

FINE MEASUREMENTS - I 

C02 GAtN CURVE 10.8 p M  BAND 

P 

















shaker, 



rnCLUS IONS 

Eased on the analyses a d  the breadboard deronstrations performed at 
LWSC, w e  have made the following conclusions: 

- It is possible to measure distance with HeNe absolutely from km down to 
0.1 mm. 

. It is possible to measure distance with O2 from kn down to 0.01pm- 

. Rates on the above measurements can be made from rates of 1 per sec 
to 100 per sec. 

. It is wssible to measure vibrations from DC to kHz with up to 50 
channels per detectcr/laser. 

The prinary concern in the application of the above sensors is one of 
beam direction and integration into the structural system being controlled. 
This problem is best approached for each systes confiquration. 
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The techcology of accara te ly  descr ibing the  su r f ace  shape of l a rge  space 
deployed antenna s t r u c t u r e s  is a requirement f o r  performance evaluat ion.  

Surface devfa t ioc  to le rance  is based upon the  requirement f o r  c lo se  wave 
phase co5erence. In  order  t o  achieve the  required antenna gain,  po in t ing  
accuracy, and minimize the  c ros s  t a l k  p o s s i b i l i t i e s  r ea l i zed  from excessive 
s i d e  lobe energy it is sometimes necessary t o  use sur face  f i gu re  to le rances  
of l e s s  thari one f i f t i e t h  of a wavelength. Tor some of t he  higher  f requencies  
contemplated f o r  use i n  space deployed communicaticns antennas,  t h i s  could 
requi re  t h a t  sur face  devia t ions  no t  exceed one twent ie th  of a m i l l i m e t e r .  

A list of some conceptual space deployable antenna designs and t h e i r  
c h a r a c t e r i s t i c s  and sur face  to le rance  requirements are shown i n  Table 1. 

The assurance t h a t  an antenna w i l l  operate  e f f i c i e n t l y  a f t e r  deployment 
is bes t  ascer ta ined  by d i r e c t  measurement of its sur face  v i t h  respec t  t o  
design geometry. Further  b e n e f i t s  derived from post  deployment measurement 
may include the  p o s s i b i l i t y  of per iod ic  ldjustments  i n  e i t h e r  ti= sur face  o r  
i n  t he  feed point  Tocation which may have d i s t o r t e d  or changed due t o  t h e m 1  
o r  other  causes. 

" J  MM APPROX 
EFFECT iVE ALLOW 3 

SATELLITE WAVELENGTHJ SURF X 
TO1 W C E  TOIBANCF 

MOBCOESAT 75 MDC 400 g W 8  1/5C 

ODSRS 45 EC 9,38 0 745 1/15 
VLB r 3C m c  12 , 58 1.0 1/15 
a / ~  SETI 24 PDC 0,629 0.05 1/15 
PUB, SERVw 22.6 MDO 11;. 5 2.54 :I49 

, TELECONF, 4.7 PLO 21  O,l+ i/50 

I *C CASSEGRAIN M NESH 
D DEPLOYABLE 0 OFFSET 
E ERECTABLE 

I 
P PRECISION 

TABLE 1. FEATURES OF CONCEPTUAL ANTENNA DESIGNS 



NEASURING TECRJIQUES EXPLORED 

Sveral of the  state-of-the-art  measuring techniques have been s tudied.  
Among the  more i n t e r e s t i n g  f o r  the  t h i r t y  oaeter mesh deployable cassegrain 
measurement are the Payne, IZ(SC m d  JPL systems. 

The Payne systeln uses a modulated laser beam and phase de tec t ion  t o  
achieve a claimed 100 micron reso lu t ion  but uses only one modulation frequency 
and thus is ambiguous beyond the half  wavelength range of 27 cm,. 

The INSC system overcomes ambiguity by modulating the laser beam with two 
v ide ly  d i f f e r e c t  frequencies. The reso lu t ion  claimed is i n  the  order  of 200 
microns. Since t h e  system now uses  a C02 laser, it has poss ib le  s i z e  and ve ight  
problems. 

The HP5501 and the  Boeing systems a r e  f o r  measuring s a l l  s t r a i n s  o r  
changes i n  d is tance  and may have usefulness as sensors  f o r  reference alignment 
of antenna a x i s  and surface scan posi t ion.  

The JPL s e l f  pulsed system has promise of b t ing  very i n t e r e s t i n g  from the  
s tandpoints  of non-ambiguity, s impl ic i ty  weight and ease of d a t a  reduction. 

The TRW angular measurement system is a b id i r ec t iona l  led and de tec to r  
system capable of resolving angular deviat ion equivalent t o  sub mil l imeter  
root ion. 

SURFACE MEASURING SYSTEMS 

TYPE OPERATING PRINCIPLE CURACTERIcTICS 

sivle Optic Range = Speed of Light x Tine Unambiguous S O  mm 
Radar 7 Xesolution 

L 

Payne , L4SC Phase Difference Measurement Ambiguous -200 p Re- 
Fiodula ted  R so lu t ion  Complex dr - dS = 41i j; 
Laser 

H.P. 5501 St ra ight  Interferometer with - +1 Count o r  1 X  Accuracy 
Machine Count Accumulation 
Control - 
Boeing Multi- Interferometry with Phase Re- 1/20 A Resolution 
Channel so lu t ion  (Optical  Straingage) 

- - Complex 

JPL Self  Range = Speed of Light Non-Ambiguous - 50 p 
Pulsed Laser 2 x Frequency Resolution 

TRW Angular Bid i rec t iona l  Angular Devi- Very Fine Resolution 
Measurement a t  ion Led d Eeamsplit t e r  - 0.1 mm i n  45 Meters 

Limited Travel 



INSC STWJCTURAL ALIG191EW SENSOR 
CONCEPTUAL DP(ONSTRAT1ON 

A cont rac t  w a s  le t  t o  Lockheed Missiles and Space Company t o  demonstrate 
a system f o r  measuring d is tance  t o  a t a r g e t  with high r e so lu t ion  capab i l i t y .  
The t a s k s  included measurements using both CO and helium-neon l a s e r  equipslent. 
An op t iona l  t a sk  w a s  t o  demonstrate the  a b i l i g y  t o  unacbigu~us ly  l ea su re  t he  
absolute  d i s tance  t o  any given ta rge t .  

The bas ic  capab i l i t y  w a s  denronstrated using both types of laser. The re- 
so lu t iun  obtained w a s  i n  t h e  order  of one t o  two t en ths  of a millimeter. The 
capab i l i t y  of unambiguous d i s tance  measurement w a s  not  achieved due t o  l ack  of  
necessary equipment although there  is l i t t l e  doubt t h a t  t h i s  could have been 
achieved. 

The U S C  system shows real promise of use i n  the  measure-nt of l a r g e  
antenna sur faces  although it is complex and may present s i z e  and weight 
problems- 

LMSC STRtiCTURAL ALJtZh'MEhT SURFACE HEASURPIELVT SYSTEM 
HARDWARE CONCEPTL;AL DENONSTRATION 

OB TECTIVE 
To demons-rate the  LMSC developed conceptual breadboard s t r u c t u r a l  
alignment sensor system f o r  the  high accuracy r e so lu t ion  measuresent 
a t  a round t r i p  d i s tance  i n  the  order  of one hundred meters, and t o  
unambi~uously measure tne  abso lc te  d i s tance  from a reference t o  a t a rge t .  

TASK3 
o Demonstrate the  operat ion and resol-r t ion capab i l i t y  of the  LMSC system 

with a CC l a s e r  
o Demonstrage the  operat ion and reso lu t ion  capab i l i t y  of the  LWSC system 

with a helium-neon l a s e r  
o Demonstrate t he  UiSC capab i l i t y  t o  unambiguously measure abso lu te  

d i s tance  

SIGPr'iFICANT ACCOPLPLISHMENTS 
o The USC system demonstrated the capab i l i t y  f o r  resolving d is tances  i n  

the  order  of one t o  t w c ~  t en ths  of a millimeter i n  ranges up t o  50 
meters. 



LOCKHEED MISS.' i.ES &W SPACE COMPANY CONTRACT 
"STSLP Go& ALIGNMENT SENSOR*' 

O?TICAL LAYOUT 

The Lockheed " s t ruc tu ra l  alignment sensor" system f o r  measuring d is tances  
from a scan pos i t ion  t o  severa l  t a r g e t s  i s  shoun. It cons i s t s  of a l a s e r  op t i c  
source which is both frequency and phase modulated. The modulated s i g n a l  is 
a l t e r n a t e l y  s en t  t o  the  t a r g e t  and t o  a reference mirror. The r e tu rn  s igna l s  
containing d is tance  i n f o r m t i o n  a r e  op t i ca l ly  mixed with the o r i g i n a l  l a s e r  
frequency and detected. ?he dis tance from the reference (or  scan mirror) t o  
the  t a rge t  is found by e l ec t ron ic  processing. Measurement reso lu t ion  i n  the 
order  of one ten th  mil l imeter  has been achieved by t h i s  system. 

ROTARY TABLE 

ELECTRONICS 

SAS ptical Layout Diagram 



JPL SELF PULSED LASER RANGING SYSTEM 

The objec t ive  was t o  prove and evaluate  t he  concept of a s e l f  pulsed 
ranging system. This included t h e  a b i l i t y  t o  produce a frequency inverse ly  
proport ional  t o  range, and t o  attempt to  p ro j ec t  r e so lu t ion  capab i l i t y  i n  order  
t ha t  t he  system might be evaluated f o r  f u r t h e r  development. 

The approach w a s  t o  design and f ab r i ca t e  a breadboard system s u f f i c i e n t  
t o  allow projected capabi l i ty .  

The breadboard w a s  fabr ica ted  and tes ted .  It v e r i f i e d  func t iona l  operat ion 
with s h o r t  time reso lu t ion  i n  t he  order  of 0.2 millimeter, non-ambiguous ranging 
and a u s x i m u m  range capab i l i t y  i n  t h e  order  of 150 meters. Projected capab i l i t y  
of the  system is reso lu t ion  of less than 0.1 lem over a reasonable t i m e  per iod 
and a range extension t o  over 300 meters. 

'I'he EY80 plans are t o  upgrade the  system and perform d is tance  measurements 
on simulated antenna geometries. 

JPL SELF PULSED LASER SURFACE MEASUREMENT SYSTEM HARDWARE 
CONCEPTUAL DEMONSTRATION 

OBJECTIVE 
To develop a functioilal  hardware system t o  accommodate the  demonstration 
of t he  bas ic  system concept f o r  the unambiguous determination of range and 
a system evaluat ion t h a t  addresses the  l i m i t s  of performance and the  
a p p l i c a b i l i t y  of the system f o r  fu r the r  development. 

APPROACH 
o Design, f ab r i ca t e  and assemble components f o r  func t iona l  system 
o Develop system t o  the point  of a func t iona l  demonstration and evaluat ion 
o Generate es t imates  of p o t e n t i a l  system performance based on system eva- 

l ua t i on  
o Access a p p l i c a b i l i t y  of system f o r  f l i g h t  hardware app l i ca t i on  

SIGNIFICANT ACCWLISlMENTS 
o ?'unctional s y s t e a  operat ion has been achieved 
o Ranging r e so lu t ion  of 0.2 nun has been achieved f o r  an o v e r a l l  range 

of 150 meters 
o Approaches fo r  upgrading the  system f o r  the next phase of development 

have been developed 



The s e l f  pulsed l a s e r  ranging system is used f o r  measuring d is tances  from 
a f ixed reference o r  scan pos i t ion  t o  severa l  loca t ions  on the  surface of an 
antenna r e f l ec to r .  Processing the information thusly obtained is used t o  de- 
f i n e  the " F i g u r e "  o r  shape of the  surf  ace upon which antenna operat ional  
e f f ic iency  is d i r e c t l y  dependent. 

Gperation of the system cons i s t s  of i n i t i a t i n g  a pulse L r o ~  the l a s e r  
emi t te r  which is pointed a t  the scan mirror.  The en i t t ed  pulse s t r i k e s  the  
scan mirror,  is r e f l ec t ed  and sen t  t o  one of severa l  t a r g e t s  located on the  
surface of the  antenna. Upon r e f l e c t i o n  from the t a rge t ,  the pulse re turns  t o  
a de tec tor  v i a  the scan mirror. The detected pulse is amplified and used t o  
t r i gge r  the  next emitted pulse. After  the f i r s t  pulse is emitted, received 
and used t o  t r i g g e r  another pulse the  process becomes r e p e t i t i v e  with a repe- 
t i t i o n  rate uniquely determined by the  d is tance  t raveled t o  the t a r g e t  and back. 
A measure of the  r e p e t i t i o n  r a t e  o r  frequency thus created provides the means 
required f o r  deternining range s ince  the t o t a l  d i s tance  t raveled is inversely 
proportional t o  the  frequency. 

During i ts  round t r i p  t r a v e l ,  the emitted pulse t raverses  the d is tance  
from the  l a s e r  t o  the t a r g e t  and back t o  the de tec tor  a t  the speed of l i g h t .  
It then proceeds through e l ec t ron ic  c i r c u i t r y  with some delay u n t i l  i t  t r i gge r s  
another l i g h t  pulse. A dis tance equivalent t o  the time delay rea l ized  by the 
t r a v e l  time of the  returning pulse from the scan mirror t o  the  de tec tor ,  
through the  e l ec t ron ic s  and back to  the scan mirror may be subtracted from the  
t o t a l  d i s tance  t o  provide a prec ise  measure of the  round t r i p  d is tance  from 
the scan mirror t o  the t a rge t .  

RANGE, R 
It (EXTERNAL  PATH^ 

-+-+- D 
TARGEi 

COUNTER PROCE? S OR 
ETC. 

.JPL SELF PUI,SED I.AS!:R PiEASC:?EME;\IT SYSTEM 



SIMPLE CALCLLAT IONS 

The s e l f  pulsed l a s e r  ranging system is made poss ib le  by the  r e l a t i o n  
which ties wavelength and frequency t o  the speed of propagation, i n  t h i s  case 
the  speed of l i g h t  i n  a vacuum. (See equation 1) .  In  our case,  the  wave- 
length w i l l  be the round t r i p  d i s tance  t o  the t a rge t  and w i l l  include any op- 
t i c a l  and e l ec t ron i c  path o r  equivalent time delay included i n  t he  loop contain- 
ing  the e l ec t ron i c  equipment out t o  the reference pos i t i on  from which sur face  
- - - - .  r-5-q are t o  be made. A more co r r ec t  equation r e l a t i n g  d is tance  and 
frequency then is given by equation 2. 

The value f o r  the  equivalent i n t e r n a l  path length is found by r e f l e c t i n g  
the  s i g n a l  back t o  the  de t ec to r  by the scan mirror.  The frequency thus 
obtained w i l l  uniquely def ine  the equivalent i n t e r n a l  path d i s tance .  (Equation 
3) .  By sub t r ac t i ng  the  equivalent  i n t e r n a l  path from the  t o t a l  path t o  the 
t a rge t  and back, the  des i red  d i s tance  from the  reference,  o r  scan mirror ,  t o  
the  t a r g e t  is obtained. Since t he  object  is t o  f ind  the  range from a reference 
pos i t ion ,  the  t o t a l  path length is divided by two. (Equation 4). Since the 
i n t e r n a l  path length is  a constant when a scan mirror is used, a value f o r  t he  
i n t e r n a l  range may be found and subtracted from a l l  t a r g e t  measurements t o  
obtain range from the  reference t o  the t a rge t .  (Equation 5). 

Speed of Light,  C 
Wavelength, A = 

Frequency, f 

C 
Round Trip Distance = - - ' i n te rna l  f 

C In t e rna l  Path,  ' int  = - 
f i n t  

C C 
Range, R = 5 - - 

2f i n t  

L 
Range, R = - 2 f 

- K 

C 
Where K =- 

2f i n t  



SYSTM PERFORMANCE 

System performance is near ly  t o t a l l y  dependent upon the  s t a b i l i t y  with 
which the r inging frequency is  es tab l i shed  when aimed a t  a d i s t a n t  t a rge t .  
Most of the  s t a b i l i t y  problems of the  s e l f  pulsed ranging system occur i n  
e l ec t ron i c  c i r c u i t s  i n  the form of varying component delay t ime, wave form 
j i t ter ,  and temperature e f f e c t s .  Some problems a r i s e  from varying s i g n a l  
s t rength  with t a r g e t  d i s tance ;  however, t h i s  type of problem is more e a s i l y  
handled by using automatic gain con t ro l  and wave shaping techniques. The former 
problems a r e  sometimes an inherent  c h a r a c t e r i s t i c  of the  equipment and can 
only be improved by component s e l ec t i on ,  use of s ta te-of- the-ar t  devices and 
c a r e f u l  a t t e n t i o n  t o  t h e r m l  problem.  

When the  ranging system uses a standard frequency counter f o r  measuring 
the  pulse r e p e t i t i o n  r a t e ,  i t  is  i n t e r e s t i n g  t o  note  t ha t  using a one second 
time ga t e  w i l l  automatically provide an average of one mi l l ion  round t r i p  
samples i f  the  r inging frequency were one megahertz. A t  one megahertz t he  
round t r i p  path would be th ree  hundred meters o r  would correspond t o  a range 
of one hundred f i f t y  meters. Such a t o t a l  range might e a s i l y  correspond t o  
a scan mirror t o  t a rge t  d i s tance  of the  order  of one hundred meters or  t o  the  
measurement of an antenna d i sh  of one hundred meters diameter. Resolution of 
measurement i n  t h i s  case would be one pa r t  i n  a mi l l ion  corresponding t o  one 
one mi l l ion th  of th ree  hundred meters. Since range is one ha l f  of t he  round 
t r i p  d i s tance  t h i s  reso lu t ion  is halved along with the  d iv i s ion  t o  ob ta in  
range. (See equation 6). It may be seen tha t  reso lu t ion ,  providing the  
sample time ga te  remains constant ,  w i l l  increase with sho r t e r  d i s tances  and 
smaller antennas. This is for tuna te ly  i n  the r i g h t  d i r ec t i on  s ince  smaller  
antennas may operate  a t  sho r t e r  wavelengths and requi re  higher  r e so lu t ion  
measurement. The r e l a t i o n  between a change i n  frequency with respec t  t o  a 
change i n  wavelength is  obtained by d i f f e r e n t i a t i n g  equation (1). (See 
equation 7).  

Resolution (1 count) = Range = 150 x loJmm 

lo6 lo6 

Resolution = 0.15 mil l imeters  

Invert ing and s u b s t i t u t i n g  A = 2R gives  the d i s tance  increment reso lvable  a s  

from which reso lu t ion  a l s o  = 0.15 mrn/Hz 



INCREASING RESOLUTION BY GATING 
A HIGH STANDARD FREQUENCY 

A s  antenna s i z e  i n c r e a s e s  and f requenc ies  become lower, t h e  r e s o l u t i o n  is  
decreased by t h e  s i g n i f i c a n c e  of p l u s  o r  minus one h e r t z  e r r o r  i n  t h e  l e n g t h  of 
sample time f o r  frequency measurement. I n  o r d e r  t o  overcome t h i s  problem a pre- 
determined number of p u l s e s  of t h e  r ing ing  frequency may b e  used t o  d e f i n e  t h e  
time g a t e  through which p r e c i s i o n  high frequency is passed and counted. The 
time g a t e  may be made very p r e c i s e  by edge t r i g g e r i n g  t h e  opening and c l o s i n g  
of the  g a t e  on t h e  l ead ing  edges of pu l ses  of t h e  r i n g i n g  frequency. I f  t h e  
count of Nf p u l s e s  of the  r ing ing  frequency, f ,  is  used f o r  determining t h e  
ga te  t i m e  t ,  t h e  g a t e  t i m e  w i l l  be Nf divided by f .  (See equat ion 9). 

I f  a s tandard  high frequency, F, is passed through a g a t e  of time dura t ion ,  
t ,  t h e  count accumulation, NF, of s t andard  frequency, F w i l l  be given by 
equat ion 10. 

Nf 
Gatetime, t = - f 

Count Accumulation, N~ = F t  

from which 
N~ t = -  
F 

Equating (9) and (11) 

and 

C C 
using X = - cr 2 R  = - and s u b s t i t u t i n g  i n  (13) f f 

gives  C N ~  
Range, R = - 

2FNf (14) 

which g i v e s  range i n  terms of t h e  high frequency s tandard.  Resolut ion then may 
be as good a s  one count of t h e  s t andard  frequency i n  the number of counts 
passed through t h e  g a t e ,  o r  one p a r t  i n  NF p a r t s  of t h e  pa th  d i s tance .  



CONCEPTUAL DESIGN TEST RESULTS 

A breadboard t e s t  s e t u p  was made using a s e p a r a t e  pulsed l e d  source ,  a  
r e f k i t i n g  t a r g e t  mi r ro r  p laced a t  about four  meters d i s t a n c e ,  and a p i n  diode 
d e t e c t o r  t o  r e c e i v e  t h e  r e f l e c t e d  pu l ses .  The d e t e c t e d  p u l s e s  were ampl i f i ed ,  
shaped and t r a n s m i t t e d  through a l e n g t h  of  RG58  c o a x i a l  cab le .  The combined 
e q u i v a l e n t  o p t i c a l  path  of cab le ,  range and i n t e r n a l  e l e c t r o n i c  de lay  w a s  
approximately t h r e e  hundred meters corresponding t o  a range of t h e  o rde r  of one 
hundred f i f t y  meters.  The s i g n a l  from t h e  de lay  c a b l e  was fed  t o  t h e  l e d  pu l se  
d r i v e r  t o  i n i t i a t e  new p u l s e s  and produce a s e l f  o s c i l l a t i n g  system. The 
system r e p e t i t i o n  r a t e  was ve ry  n e a r l y  one megahertz. 

Af te r  s e v e r a l  modi f i ca t ions  t o  e l e c t r o n i c  c i r c u i t r y ,  s t a b i l i z a t i o n  of 
power s u p p l i e s ,  and adjus tments  t o  o p t i c  components some promising r e s u l t s  
were obta ined.  C r i t e r i a  f o r  system f e a s i b i l i t y  inc lude  s t a b i l i t y  of frequency 
and d a t a  po in t  s c a t t e r .  Severa l  s h o r t  runs  were made over  one minute t ime 
i n t e r v a l s  and t h e  d a t a  p l o t t e d .  The r e s u l t s  of one such run a r e  shown. It may 
be seen t h a t  t h e  s t andard  d e v i a t i o n  f e l l  w i t h i n  0.74 m i l l i m e t e r s  and t h a t  t h e  
d r i f t  rate was i n  the  o r d e r  of  one h a l f  a m i l l i m e t e r  p e r  minute. With improved 
e l e c t r o n i c s ,  o p t i c s  and delay means, i t  is  e n t i r e l y  f e a s i b l e  t h a t  r ead ings  may 
approach t h e  one t e n t h  m i l l i m e t e r  o r  one hundred micron achfevement goal .  
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IMPROVED HARDWARE SYSTEM 

The promising r e s u l t s  obtained using r e l a t i v e l y  crude breadboard encouraged 
the design and construction of more sophis t ica ted  hardware and e l ec t ron ic s  
with which t o  obtain f e a s i b i l i t y  information. The objec t ives  of the  improved 
system include a demonstration of the system t o  scan and unambiguo-lrLy measure 
dis tances t o  severa l  t a rge t s  a s  would be required f o r  measuring the contour 
of an antenna surface. A simplif ied layout of the complete pulsed l a s e r  
ranging system i s  svqwn. The l a s e r  is located i n  a f ixed pos i t ion  and t rans-  
m i t s  pulses  t o  a cr . enient ly  located scan mirror.  The mirror js programed 
t o  scan sur face  t a rge t s ,  a reference t a rge t  and t o  r e f l e c t  the pulses back on 
themselves t o  the de tec tor .  Subtraction of the  path from the t ransmi t te r  t o  
the scan mirror and re turn  from measurements made t a  the various t a r g e t s  
provides the dis tances from the  scan mirror ,  o r  reference pos i t ion ,  t o  t he  
t a rge t s .  A microprccessor is used t o  cont ro l  the scan process, t o  compute 
dis tances and t o  possibly analyze the surface f igu re  i n  r e a l  time so tha t  i t  
may be used f o r  ac t ive  control .  
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LSST - STRUCTURAL CONCEPT - DEPLOYABLE REFLECTORS 
ANTENXA SURFACE MEASUREMENT SUMMARY 

Many poss ib le  systems f o r  use  i n  measuring antenna s u r f a c e  contoclr were 
inves t iga ted .  Most of t h e s e  systems were o p t i c a l  types  capable  of f i n e  d i s t a n c e  
o r  angle  reso lu t ion .  Complexity va r ied  as t h e  c a p a b i l i t y  t o  reso lve  d i s t a n c e .  

Of t h e  systems i n v e s t i g a t e d ,  t h e r e  v e r e  a t  least t h r e e  which showed promise 
of use on e a r l y  deployed antennas. The Lockheed M i s s i l e s  and Space Company's 
81 s t r u c t u r a l  alignment sensor" has t h e  c a p a b i l i t y  d e s i r e d  and may be a l o g i c a l  
choice  al though i t . i s  n o t  y e t  pe r fec ted  and its presen t  complexity i n d i c a t e s  
t h a t  t h e r e  may be problems with  s i z e  and weight. The TRW angulaf  measuring 
system has  t h e  c a p a b i l i t y  of r e s o l v i n g  very smal l  ang les  and would be u s e f u l  
where a dependably s t i f f  panel  of conf iden t  contour must be a l i g n e d  t o  become 
a p a r t  o f  an o v e r a l l  surface .  It appears  t o  have f i n e  r e s o l u t i c n  and c o s t  
e f f e c t i v e n e s s  f o r  what i t  does al though i t  does not  have t h e  c a p a b i l i t y  of 
measuring l o c a l  d i s t o r t i o n s  i n  a l a r g e  s u r f a c e .  The J P L  self pulsed laser 
ranging system has  r e s o l u t i o n  l i m i t a t i o n s ;  however, a t  t h i s  t i n e  i t  appears  t o  
be a v i a b l e  candidate  f o r  measurement o f  l a r g e  antenna s u r f a c e s  where c o s t ,  
weight, and s i m p l i c i t y  are important f a c t o r s .  

A t  t h e  p resen t  t i m e ,  w e  are working on t h e  JPL system vh ich  shows promise 
of r e s o l v i n g  d i s t a n c e s  i n  t h e  o r d e r  of less than one t e n t h  o f  a millimeter. 
Our goa l  f o r  FY80 w i l l  be  t o  set up a p r a c t i c a l  demonstration t o  show t h e  capa- 
b i l i t y  of t h e  JPL system. Other a c t i v i t i e s  w i l l  i nc lude  con t inua t ion  t o  ex- 
p lo re  o t h e r  s u r f a c e  measuring systems and t o  perform some s t u d i e s  with regard t o  
t h e  a p p l i c a t i o n  of measuring systems t o  s p e c i f i c  s e l e c t e d  antenna candidates .  

o Concept Success fu l ly  Demonstrated 

o Present  C a p a b i l i t y  Includes  

Greater  Than lSOM Range Capab i l i ty  
Less Than One M i l l i n e t e r  Resolution 
Unambiguous Dis tance Eleasurement 

o Pro jec ted  Performance 

One Tenth Mil l imeter  Resolut ion 
Low Power Consumption 
Low Volume and Weight 
Re la t ive ly  Low Cost 

o Probable Neasurement Appl icat ions  

Ear ly  Deployed Antennas 
Large, Low Frequency Antennas 

Research descr ibed i n  t h i s  p u b l i c a t i o n  was c a r r i e d  out  by the  Jet Propulsion 
Laboratory,  C a l i f o r n i a  I n s t i t u t e  of Technnlogy under NASA c o n t r a c t  NAS 7-100. 
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For review purposes, the objective and near-term technology requirements of the 
LSST antenna development e i fort  are l i s ted  below. 

LSST 

" TO DEVELOP TECHNOLOGY HEEDED TO EVALUATE, DES I F?J j FABS I CITE, 
PACKAGE, TRANSPORT AND DEPLOY L9RGE 4NTENNA SYSTEMS FOS 
CLASSES OF POTE3TIAL APPLICATIONS, 

JFCHNOI OGY RFrlUIREFlFHTS (NFAR TFRP?) 

" TO DEVELOP DEPLOYABLE ANTENNA SYSTEMS 
" SIZE RANGE UP TO 1 0 0  METERS I N  DIAMETER 
" FREQUENCY RANGE 1 TO 15 GHz 

" TECH!IOLOGY AVAILABLE CY 1983 





Associated with the Maypole and Erectable Truss development efforts are the 
following tasks for FY 79. 

LANGLEY RESEARCH CENTER 

" DEPLOYABLE REFLECTOR CONCEPT DEVELOPMENT - MAYPOLE (HOOP/ 
COLUMN); PHASE I TASK DEVELOPMENT CONTRACT Ai11.4SDED TO THE 
HARRIS CORPORAT I ON MAY 1, 1979 (NAS1-15763) 

" MODULAR REFLECTOR STUDY CONTRACT AHARDED TO GENERAL DYNAMICS 
A P R I L  5, 1979, (NASI -15753)  

" DEVELOPMENT OF ELECTROMAGNET I C ANALYS I S METHODS FOR LARGE 
APERTURE ANTENriAS (COriT INUI I IG  114-HOUSE A C T I V I T Y  AT THE 
LANGLEY RESEARCH CENTER) 

" DEVELOPMENT OF SURFACE ACCURACY MEASUREMEYT SYSTEi'! F O ~  LARGE 
SPACE STRUCTURES; PHASE-I CONTRACT AWARDED TO TRbfj SED031D0 
BEACH, CA; SEPTEZEER 12, 1978, COFIPLET 1014 OF PHfi,SE- I 
FEBRUARY 15, 1980, (N4S1-15520)  



The technology development plan for the modular reflector concepts is shown 
below. After completing the parametric evaluations, design configurations 
for 100-meter diameters using the PETA and the rigid panel concepts were to be 
developed for concept comparison and trade-off studies. 

MODULAR REFLECTOR CONCEPT DWELOPMENT 

INSTALLATION 
TECHNIQUES 

TECHNIQUES 

USING PETA 
ONFIGURATIO 

PACKAGING 
COMPARISON 

TRADE-OFFS 
*MODULE TO 

DESIGN USING 
A RIGID PANEL 

TECHNIQUES 

INSTALLATION 
TECHNIQUES 



The following accomplishments were made in FY 79 related to the deveiopment of 
modular reflector concepts. 

KODUL4R REFLECTOR CONCEPTS STUDY 

NAS1-15753 
GENERAL DYNAMICS 

" PARAMETRIC CURVES HAVE REEN DEVELOPED TO S I Z E  FACETTED 
ANTENNA SURFACES 

" PACKAG ING A!iD D I SPEYS ING ARRANGE?IENTS HAVE BEEN EVE\-OPED Fllri 
DCM AND PETA CONCCPTS 

" PRELIPIINARY ASSEMBLY STUDIES OF ?ETA ASSEfiBLY TECHF! IQUE 
COP'PLETED 

" PRELIMI?iARY DESIGNS FOR 100 METER REFLECTORS BEING ESTABLISHED 





Shown below is the technology development philosophy that is underway for the 
Maypole (Hoop/Colunm) development effort. Included in this plan shall be: 
(1) a review oi the mission requirements; (2)  an economic assessment of the 
reflector technology; (3) ccmcept review; (4) preliminary design using sdbscale 
and intermediate scaled e1ements;and ( 5 )  tiic tntegratlon of the snrface 
measurement system with the reflector. Througliout this technology deve:opment 
activity, confidence in the design of critical item shall be obtained through 
the fabrication and test of subscale, intermediate, and full scale components. 
All of these outputs shall input the development and verification of rhe 
predictive analysis methods. 

I PREDICTIVE PERFORMANCE ANALYSIS lVlLntOOS 1 
* 

t 
! DESIGN 

i i 

ECOWOMIC ASSESSMENT 
f 

! 
I 

i 
i 

t i 

REFLECTOR REQUl REMENTS 

FAB SUBSCALE 111m 
BREADBQARDS 

I CONCEPT I REVIEW 1 
ARCE SCALE 

A 

DESIGN - FA8 LARGE 
(U3 SCALR 

SCALE 
ELMllEMs 

A 
& & TESTS 

I PRELlMlhiARY DESIGN h I 
I 

1 

SCALE MODEL 

FAB 1/20 
REFLECT OR 

MOOEL 
& TESTS 

SURFACE MEASUREMENT 

CONCEPT MODEL 



One of the f i r s t  a c t i v i t i e s  associated with the Maypole development ef fort  * s  
to  develop possible mission scenarios (using the LSST near term focus mission) 
so that the reflector configuration and requirements could be decewined. The 
folloving view graph presents the approach used in  defining the technology 
drivers and thc subsequent "point" design for the reflector ac t iv i ty .  

THE WYWLE ( clEwwmWACTMI'Y 

FOCUS MlSSlOW 

REOUIREMENTS 

1 
RADIO- ASTRONOMY 

REOUtREMMTS REQUlREMENTS 
REQUIREMENTS 

M-BI 

- 

SELECTION OF REQUIREMENTS THAT WILL SERVE AS TEaNOLOGY 'DRIVERS' 
FOR THE MAYPOLE tHOOP COLUMN5 DEVELOPMENT ACTIVITY 

I 

* MAYPOLE ill- COLUMN'. "POINT' DESIGN 
* DESIGN C E I  ARACTERIZ ATION 
* PERFORMANCE PREWCTIONS 8 1 5-1 00 M. DIAMETER\ 



In developing the scenario for the coamunications mission, the recent results 
of a Langley contract with TRW are prevalent and shall influence the LSST 
activity. The 'fRW multiple beam antenna study represents the only known 
multiple beam vork that $as been undertaken by NASA during the past 
several years. Therefore, it was believed to be important to briefly report 
on the resulzs of this work during this RTR r e v i e w .  The follaving view graph 
presents the objectives of the multiple beam study- 

KU-BAND IYIULT I PI-E B E M  4NTENN;1 PROGRAfVl OBJECT I VES 

CONUS SPOT BEAfl ANTEliliA 

" DEVELOP A 12/14 GHz MULTIPLE BE.M ANTEMY4 FOR CONTIGUOUS SPOT 
BEAM COVERAGE OF CO!lGS PLUS AL4SK4 AidD H 4 W I  I 

" FREQUEiiCY REUSE ACH I EYED THROUGH A COYB 1 !iAT I Or1 !IF FREBCENCY 
PLAH , POLAR1 ZAT I ON QQTHOGO%ALITY, LOY S I DELOBE BL4NS 

" APPL I CAT IO!l I S  H I GH CAPAC i TY PO I NT -TO-PO I NT COIYPIlIPi I CAT !!?!is Af4D 
D I SECT BROADCAST SEYV I CE 

" BU iLD AND TEST A BRASSBOARD MODEL ArITENNA TO: 

- EVALUATE THE MULTIPLE BEA! ANTENNA D E S I M  CO!JCEPT 

- ESTABLISH ACHIEVABLE BEAM ISOLATIGTi AND G4IN 

- DETERMINE PERFORMNCE CHARACTERISTICS OF KEY ELEMENTS OF 
AIITE:II!A HAWWARE 

- PROVE FEASIBILITY OF A FLIGHT MODEL ANTEN99 



COWS SPQT BEA# ANTENNA 

DES ICX SPECIFICAT IONS AND ?EMURED CAPABILITIES 

INK FREQUENCY 11.7 TO 12.2 CHz 11.7 TO 12.2 GHz 

LINK FREQUENCY 14.0 TO 14.5 GHz 14.0 TO 14.5 GHe 

3 R T i i  LINEAR ORTHOGONAL LINEAR 

HAWAII AND HAWAII 

ABOUT 25 BEk!S 

IDELOBE LEVEL -36 dB AT WlRESIGHT 
-32 d B  OFF BORESIGHT 

ROSS POLARIZATION 

-7 d B  FOR DOUNLINK -6 dB FOR DOWNLINK 
-9 d B  FOR UPLINK -8 d B  FOR UPLINK 

CIRCUIT UISS 

200 (3 APPROXIHATELY 



COMUS SPOT BEAM ANTENNA 

KEY DESIGN FEATURES 

" 15-BEAM COVER CONUS PLUS TWO SEPAMTE BEARS FOR ALASKA AND 
HAWAI I 

" EACH BEM UTILIZES OME-HALF OF THE 500 MHz BAMDWIDTH 
AVAILABLE FOR BOTH UPLINK AND DOWJLINK COMUN ICATIONS 

" BEAIYS OF THE SAME COLOR ARE COPOLARIZED AND I?l THE SANE 
FREQUENCY BAND 

" BEAMS IN ADJACENT ROWS ARE ISOL4TED BY FREQUENCY SEP4MTION 

" ADJACENT BEANS 13 A ROW ARE ORTHOGOYALLY POLA8IZED 

" 17-BEAM SYSTEM REQUIRES T9O 2-HETER OFFSET REFLECTORS WITH 
1 7  FEEDS 

" EACH FEED CONSISTS OF A 9-HORtl CLUSTER TO PRODUCE ONE SPOT 
BEAM 

" EACH OFFSET REFLECTOR I S  CONFIGURED WITH A \!IRE GRID 
SUBREFLECTOR TO D IPLEX ORTHOGONALLY POLARIZED FEEDS (BEAMS) 

" EACH FEED I S  LINEARLY POLARIZED AND OPERATES BOTH DOWNLINK 
(11.7 - 12.2 G H Z ~  AND UPLINK (14.0 - 14.5 GHz) 









SUfWARY OF ACCOMPL I SHMERTS 

I. REFLECTOR DEVELOPPIENT 

" REQUI REMEIITS DEFINITION : DEVELOPED SCENARIOS FOR LSST NEAR 
TERM FOCUS MISS I ON; COMMU3 I CAT IONS j MICROWAVE R4D I OMETRY j 
AND RADIO ASTRONOMY - VLB I , 

" PRELIMINARY MAYPOLE (HOOP/COLUm) CONCEPTUAL DESIGN OBT4INED 
FOR THE COWIUN ICATIONS FOCUS PIISSION, 

" CONCEPTUAL DESIGNS OBTAI WED FOR CRITICAL COMPONENTS OF HOOP/ 
COLUPN REFLECTOR, 

" PUBLICATIONS: 

A, "DEPLOYABLE REFLECTOR ANTEFINA TECHNOLOGY DEVELOPFENT FOR 
THE LARGE SPACE SYSTEMS TECHNOLOGY PROGRAM", BY R, Em 
FREELAND, AND T, 6,  CAMPEELL, PRESENTED AT A194 
CONFERE!iCE MAY 1979  HAPr iON, VA, 

B , "DEVELOPMEIIT OF MAY POLE (HOOP/COLUPPl) DEPLOYABLE REFLECTOR 
CONCEPT FOR 30 TO 100 METER APPLICATIONS", BY OR,  B, C, 
TANKERSLY j HARRIS CORPORATION s PRESENTED AT AlA.4 
CONFERENCE MAY 1979, 

C, "NASA TECH!lOLOGY FOR LARGE SPACE 4NTENNASN, BY R, A, 
RUSSELL, T, G ,  CAMPBELL, AND R, E, FREELAND, PSESEYTED 
AT 4 9 ~ ~  STRUCTURES AND MATE'?I ALS PAi'lEL PIEETINGj 
OCTOBER 7-12> 1979, COLOGNE, WEST GERMANY, 



Included in FY 79 was the development of Electromagnetic Analysis methods 
for large aperture antennas. Shown below are a few of the eccomplishments. 

SUMMARY OF ACCOQlPLISHMENTS CONT'D, 

I I , ELECTROMAGNET I C ANALY S I S  

" PUBLICATIONS : 

A, "A PRELIMINAW STUDY OF A VERY LARGE SPACE RADIOMETRIC 
ANTENNA", NASA TM 8 0 0 4 7 / P z  K.  AGRAWAL, 

B, "A METHOD FOR PATTERN CALCUL4TIOY FOR REFLECTOR ANTENNAS 
WHOSE GEOMETRY I S  DESCRIBED BY A F I N I T E  NUMBER OF DISCRETE 
SURFACE POIIJTS", I E E E  SYMPOSIUf'1, JUNE 1979, P a  K, AGRAWALj 
AIiD W ,  F, CROSWELL. 



The final activity conducted during FP 79 was the development of a 
Surface Accuracy Measurement Sensor for Large space systems. These 
accomplishments are listed below. 

SUMMARY OF ACCOMPLISHMENTS CONT 'D 

I I I, SURFACE ACCURACY MEASUREMENT SYSTEM 

" SUCCESSFUL PROOF OF CONCEPT DEMONSTRATION AT TRWj SEPT 1979, 

" PUBL I CAT I ONS : 

"SURFACE ACCURACY MEASUREMENT SEaSOR FOR DEPLOYABLE REFLECTOR 
ANTEN!IASMj R 8  S 8  NEISWANDERJ TRW, PRESEMTED AT AI.44 
CONFERENCE, HAMPTONJ VA, MAY 1, 1979, 



This view graph shows how the TRW system would be implemented using the 
Maypole (HoopjColumn) reflector.  

HARRIS MAYPOLE (HOOP-AND-COLUMN) MESH DEPLOYABLE ANTENNA 
R 
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DEVELOP-XENT OF THE MAYPOLE (HO@P/COLUHN) 
DEPLOYABLE FEFLECTOR CONCEPT FOR LARGE SPACE 

SYSTEMS APPLICATIGNS 

3. C. Montgomery and L. D. S i k e s  
H a r r i s  C o q  ration 
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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 



1. Campbell, T.G.; and DiBattista, J.: Focus Mission Scenarios for Cammni- 
cations. Radiometer and Radio A s t r o e S T  Technology Requirements 
Definition, NASA Langley Research Center, Hay 1979. 

2. Ruze, J.: Lateral-Fed Displacement in a Paraboloid, IEEE Transactions 
on Antennas and Propagation, September 1965. 
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BEPPLBSENTATIVB LARGE SPA\- AHfEHlM 

Of the candidate anteanas for space applicatioas, the ndeployablle 
are limited (to be Shuttle compatible) to something less than 5 Peters 
diameter, and the erectable antennas, although showing pcaoise of hundreds 
of meters expanse, deaaad robotics, rsaipuhtors andlor extra-vehicular 
activities unavailable currently or in the near future. The deployable 
antenria, an antenna that can be stowed aboard the Shuttle ia a s-le 
package and unfurled independent of Shuttle support, fills tbe gap, prorid- 
ing the technique for near-future realization of large, achianeed space 
hntennas. The current S M  DRA progrsm, thus, is .specifically a- at 
sensor systems for deployable antennas. 

Represeui~:i..~ of the deployable antennas are 1) the Harris bc. 
Boop-and-Colilstn antenna, 2) the =' &%?9rrred Sunflower precisiun deployable 
antenna, 3) the Lockheed Wrap-rib configuration and 8 )  the General Dpna~ics 
Precision Erectable Truss Antenna (PETA). The Hoop-and-Cofumn, the Wrap-rib 
and the PETA antennas provide mesh reflectors up to about 100 meters 
diameter. The TRU Advanced Sunflower, a solid surface antenna, w y  have a 
diameter perhaps as large as 30 meters. 

DEPLOYABLE l=l ERECTABLE m 

HARRIS INC 
HOOP-ANDCOLUMN 

LOCKHEED 

Figure 2 



SENSOR SYSTM REQUIRI%ENTS 

In addi t ion t o  providing t h e  necessary measurement range and required 
accuracy, the SAHS DRA must be compatible with the  space operation. If it 
is pa r t  of an a c t i v e  sur face  control system, i ts  masureaents  must be made 
i n  r e a l  time, with s igna l  outputs  t h a t  conveniently i n t e r f a c e  with on-board 
microprocessors and t h a t  do not demand excessive computer manipulations. 
The measurement system must have long term s t a b i l i t y ,  and mst be unco~~fused  
by br ight  bacltgroux~ds such as g l i n t s  from l o c a l  s t r u c t u r e  and the  s u n l i t  
ear th.  

Since the sensor l i k e l y  vill  bo operat ing with t h e  antenna ac t iva ted ,  
the  sensor elements cannot degrzde the microwave proper t ies  c f  t h e  antenna 
and cannot be af fec ted  by microwave i ~ t e r f e r e g c e s  from t h e  antenna and 
drive. 

Andfor maximum assurance of success, t h e  sensor system must r e ly  so l e ly  
upon establ ished component technaloeies. 

REAL-TIME MEASUREMENT OUTPUTS 

a IMMUNfTY TO BACKGROUND (SUNLIGHT GLINTS, EARTHSHINE, ETC.) 

8 MEASUREMENT STAB1 LITY 

COMPATIBILITY WlTH SIMPLE REAL-TIME DATA PROCESSING (I.E., LINEAR 
RESPONSES! 

8 DIRECT INTERFACE WlTH MICROPROCESSORS, FEEDBACK CONTROLLERS AND 
CONVENTIONAL RECORDERS 

a ICWDULAR SYSTEM ELEMENTS: SIMPLE, RUGGED, INEXPENSIVE (EXPENDABLE 
IF NECESSARY) 

8 RELIANCE UPON EXISTING TECHNOLOGY BASE 

Figure 3 



TECHNICAL APPROACH 

The two approaches toward the  o p t i c a l  measurement of remote t a rge t  
displacements o r  deformations are:  1 )  o p t i c a l  ranging, i n  ~ h i c i t  t he  bas i c  
measurement is target-to-sensor range, and 2 )  o p t i c a l  angular sensing, i n  
which the  pr inc ipa l  measurements are of t a r g e t  angular displacements 
l a t e r a l  t o  the l i n e  of s igh t .  For antenna d i s t o r t i o n  measurements, t h e  
techniques have cons t r a in t s  as i l l u s t r a t e d  i n  Figure 4. 

Target ranging: Idea l ly ,  the range measurement is made from t h e  
cen te r  af curvature  of t h e  r e f l e c t i n g  sur face ,  at a d is tance  approxi- 
s a t e l y  t w i c e  the  height af t he  feed point.  Xore p r a c t i c a l l y ,  the  
sensor head is a t  o r  j u s t  below the  feed. Angular d e f i n i t i o n  of t h e  
t a rge t  requi res  a u x i l i a r y  sensing, such as angle  excoders at the  
sensor point ing means. 

h g u l z r  measurement: The i d e a l  angular measurement is from a l i n e  of 
s i g h t  tangent t o  t he  r e f l e c t i n g  surfacz;  and here, t he  bes t  pos i t i on  
fo r  the sensor is at o r  below the  apex of the  r e f l e c t i n g  surface.  
Conversion of angular de f l ec t i ons  t o  l i n e a l  de f l ec t i ons  a t  the  t a r g e t  
r equ i r e s  a knowledge of target-to-sensor raage (a t  reduced accuracy). 

It is q u i t e  poss ib le  t h a t  t he  u l t imate  sensor  system may be a hybrid, 
with both ranging and angle  sensing capab i l i t i e s .  For its s imp l i c i t y  and 
compatibi l i t :~  ~ 5 t h  the  antenna configurat ions,  however, the  anp?e sensing 
( t r iangt i la t ion)  technique is the  focus of the  cur ren t  e f f o r t .  

MEASUREMENT BY RANGING MEASUREMENT BY TRIANGULATION 

IDEAL POSIT ION 
FOR RANGER 

, 

Figure 4 



CURRENT PROGRAM 

The following pages summarize the programmed effort under Contract 
US1-15520 for NASA Langley Research Center. This effort has been divided 
into three phases: 

Phase 1: System Definition and Conceptual Desim: After a review of 
the requirements for the four representative deployable antennas, con- 
ceptual sensor designs for each configuration are formulated and 
performance estimates made. 

Phase 2: Proof of Concept Demonstration: The most critical areas, as 
pointed up by the conceptual design studies, are to be simulated in 
the Proof of Concept test. Results of the test establish the initial 
level of verification of the ultimate sensor system performance. 

Phase 3: Fabrication and Test of a Breadboard Unit: The deliverable 
breadboard unit is a basic sensor receiver and suitable targets 
for test and evsluation by Lac .  

PROGRAM DESCRIPTION 
AND 

SUMMARY OF RESULTS 

Figure 5 



PROGRAM FLOK CHART 

The central line of development is an iterative series of conceptual 
designs that become the basis for the breadboard. Paralleling this 
sequence, sensor system requirements, as established by the various antenna 
configurations and their interfacing, are continuously updated and refined, 
with ~ h e  changes reflected in the sensor configurations. Along another 
parallel route, the characterization of the key components in the sensor 
system are validated and refined, leading to a final component selection for 
the breadboard. 

PROGRAM FLOW CHART 

SAMS-DRA SOW 
PROGRAM OBJECTIVES 

SYSTEM REQUIREMENTS 
PRELIMINARY ESTIMATES 

w 

1 
COMPONENT CHARACTERIZA e 

CURRENTLY AVAILABLE DEVICES 

v 

4 b 

. 
CONCEPTUAL SENSOR DESIGN 
IDENTIFICATION OF CRITICAL 
AREAS 

PROOF OF CONCEPT 

DEMONSTRATION OF CAPABILITY 

. 
SYSTEM REQUIREMENTS 
UPDATED AND REVISED 

d 

COMPONENT CHARACTERIZATION 
ADVANCED DEVELOPMENTAL 
DEVICES 

v 
PRELIMINARY SENSOR DESIGN 
FULL L'" SENSOR SYSTEM 

+ 

BREADBOARD DEMONSTRATOR 
DESIGN, FABRICATION & TEST 



PROGRAM SCHEDULE 

Starting in September of last year, Phase 1, System Definition and 
Conceptual Design, was completed in March, 1979, and Phase 2, Proof of 
Concept Demonstration testing was completed in August (Demonstration for 
NASA in September). Pnase 3, Breadboard Fabric~iion and Test, is in 
progress. 

The following pages gives a very brief review of the Phase 1 effort, 
and then discuss the tests and results of the PI-oof of Concept Demonstration. 
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PHASE 1. DEFINITION OF REQUIREMENTS AND CONCEPTS 

As discussed earlier, requirements for the four representative deploy- 
able antennas are to be defined; and from these requirements, conceptual 
designs for a suitable sensor system for each configuration is to be made. 
It is assumed at the outset that primary intent of the measurement system 
is to determine the behavior of an active, in-operation antenna. A re- 
duced number (perhaps a hundred or less) target sample points at the an- 
tenna surface are adequate. It assumes that the fine-grain characterization 
of the antenna surface, demanding thousands of sample points, nas been es- 
tablished by non-operational (e.g., photogrammetric) testing. 

SENSOR REQUIREMENTS FOR FOUR REPRESENTATIVE DEPLOYABLE ANTENNAS 
ARE TO BE DEFINED 

CONCEPTUAL SENSOR SYSTEM CONFIGURATIONS ARE TO BE ESTABLISHED 
FOR EACH OF THE ANTENNAS 

SENSOR COMPONENT CHARACTERISTICS ARE TO BE DEFINED 

a PRELIMINARY ESTIMATES OF SENSOR SYSTEM PERFORMANCE ARE TO BE MADE 

Figure 8 



TYPICAL SENSOR SYSTEM CONFIGURATION 

A typical sensor configuration is shown for the Harris Hoop-and- 
Column antenna. The coordinate reference system for all measurements is 
established at the antenna hub, near the apex of the reflecting surface. 
At this hub, a ring of optical, dedicated (i.e., non-scanning) receivers 
povide simultaneous coverage of the entire reflecting surface as repre- 
sented by sample point targets at thk mesh tie points and at the hoop. 
The targets may be active (i-e., light emitting diodes) or passive (i.e., 
retroreflectors, illuminated by light emitting diode projecters situated 
at the receivers). To minimize the number of receivers, each has multiple 
target coverage. 

Range to the hoop segments, needed to convert the angular motions 
to lineal displacements, is determined s to ich iomet r i cmy (noting t h a t  
the separation between two adjacent targets at the hoop can be estimated, 
for example, by the hoop segment temperature). Range interpolation appears 
adequate for the intermediate targets between the hoop and the hub. 

1. RECEIVER RING AT HUB ESTABLISHES 
CENTRAL REFERENCE FOR ALL 
MEASUREMENTS. 

2. MULTIPLE, NON-SCANNING RECEIVERS AT 
RING MEASURE ANGULAR DISPLACEMEt4TS 
OF BRIGHT TARGETS. 

BRIGHT "POINT" TP.r3GETS 

3. VIA DATA PROCESSING, ANGULAR DISPLACEMENTS 
ARE CONVERTED TO LINFAR DISPLACEMENTS 
lie. DISTORTIONS) AT THE TARGET POINTS. 

Figure 9 



CONCEPTUAL CONFIGURATIONS SUMMARY 

Zn the baseline antennas selected, it was assumed that the maximum 
diameter, Shuttle compatible, for the TRW Advanced Sunflower was 12.5 
meters (this has later been revised upward), while the three deployable 
mesh antennas were 100 meter diameter. For all antennas, the minimum 
wavelength usable corresponded to 90 dB theoretical gain (104 wavelengths 
across the antenna). At this mimimum wavelength, the required accuracy in 
measuring surface deformation was a thirtieth of a wavelength. These re- 
quirements thus represent the most difficult cases (excluding the special 
applications where exceedingly high side lobe rejection is demanded). 

Fr~m a sensor system viewpoint, the most challenging configuration 
is that for the Harris Hoop-acd-Column. The preliminary estimate is that 
120 sample points are needed for a 40 gore antenna, and two-thirds of 
these samples are at the unsupported mesh tfe-points. 

Figure 10 
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PHASE 2. PROOF OF CONCEPT DEXONSTRATION CE. ZLTIVES 

Of the sensor configurations for the four repredsntative deployable 
antennas, that for the Harrfs Hoop-and-Column is the most demanding. 
Sampling targets at the hoop segments are at a range of about. ' meters 
from the receivers. These targets, however, can be active (1. : emit- 
ting diodes). Intermediate targets at the mesh tie points are at lesser 
range, but may be required to be passive. Therefore both sensing modes, 
act3.ve with a light emitting diode target and passive with a retroreflec- 
tor target, must be demonstrated. Moreover, estimated oxcursions of the 
targets from their nominal positions may be as large as 50 centimeters, 
total. With these conditions, the overall measurement accuracy at any 
target point is to be 333 micrometers. 

Since it is impractical to realize a full scaie demonstration, the 
Proof of Concept test was devised for a tenth scale. That is, the 
target-receiver distance was about 4.5 meters, the consequent maximum 
target excursion, 5 centimeters, and the required accuracy, 33.3 micro- 
meters. To account for the change in tzrget radiant power received, the 
target brightness was correspondingly scaled down. 

MOST GEMANDING APPLICATION IS THE HARRIS HOOP-AND- COLUMN ANTEY NA 

BOTH ACTIVE (LED) AND PASSIVE (RETROREFLECTOR) TARGETS ARE TO BE USED 

TARGET-RECEIVER RANGE IS TO BE ONE-TENTH SCALE 

MEASUREMENT ACCURACY AND TARGET EXCURSION ARE Sf -LED ACCORDINGLY 

e TARGET BRIGHTNESS IS REDUCED TO ACCOUNT FOR SCALING 

DEMONSTRATION IS TO BE: 1) MEASUREMEN1 ACCURACY 
2) MAXIMUM TARGET EXCURSION 
3) SIGNAL - TO - NOISE 

Figure 11 
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OBJECTIVES 

TO ESTABLISH AND VERIFY TECHNIQUES FOR PREDICTION OF EM 

PERFORMANCE OF LARGE SPACE ANTENNAS 

TO DEVELOP STAT1 STlCAL AND DETERMINI STIC MODELING TECHNIQUES- 

INCLUDING EFFECTS OF SURFACE ROUGHNESS, DISTORTION, AND 

SECMENTAT I ON 

DESCRIPTION OF WORK 

EXTENS ION OF PRESENT TECHNIQUES OF APERTURE INTEGRATION FOR LARGE, 

SEGMENTED REFLECTORS 

* Planar Segmentation 

* Curved Segmerrtation 

ANALYSES OF DEXRMINI  STICALLY D l  STORTED LARGE REFLECTORS WHOSE SHAPE 

I S  DETERMINED B Y  SAMPLED POINTS 

UN lFlED APPL iCATlON OF STAT1 STICiiL CORRELATION THEORY FCR BOTH SURFACE 

ROUGHNESS AND LARGE SCALE SURFACE D N  l ATIONS 

CONSTRUCTION AND TkSTING OF EXPER IMENTAL MODEL TO VER IFY THEORETICAL 

MODEL 



GEG#t;Al OF THE REFLECTOR A N T E N N A  

The g e o m e t r y  o f  f i g u r e  1 is  u s e d  t o  compute  t h e  r a d i a t i o n  
p a t t e r n s  o f  r e f l e c t o r s .  The  a p e r t u r e  i n t e g r a t i o n  t e c h n i q u e  i s  
employed  i n  o b t a i n i n g  t h e s e  p a t t e r n s :  F i r s t ,  r a y s  a r e  t r a c e d  
f r o m  t h e  f e e d  t o  t h e  r e f l e c t o r  s u r f a c e  a n d  t h e n  t o  a n  a p e r t u r e  
p l a n e  l o c a t e d  i n  f r o n t  of t h e  r e f l e c t o r .  Nex t ,  u s i n g  g e o m e t r i c  
o p t i c s  f o r  e a c h  r a y ,  t h e  t a n g e n t i a l  e l e c t r i c  f i e l d  is found  a t  
many p o i n t s  i n  t h e  a p e r t u r e  p l a n e  and,by n u m e r i c a l l y  p e r f o r m i n g  
a d o u b l e  i n t e g r a t i o n  o v e r  t h e  a p e r t u r e  p l a n q t h e  s e c o n d a r y  f a r -  
f i e l d  r a d i a t i o n  p a t t e r n  i s  computed ,  The r e l a t i v e l y  s l o w  l a t e r a l  
v a r i a t i o n  o f  t h e  f i e l d s  i n  t h e  a p e r t u r e  p l a n e  compared  v i t h  t h a t  
of t h e  s u r f a c e  c u r r e n t s  o n  t h e  r e f l e c t o r  a l l o v s  a  more e c o n o m i c a l  
c o m p u t a t i o n  t h a n  d o e s  t h e  d i r e c t  i n t e g r a t i o n  o f  s u r f a e e  c u r r e n t s .  

Aperture Plane 

-- - ----- X 

---+-u 

Figure 1 



COXPUTED RADIATIOX PATTERNS FOR SEGHEXTED 

REFLECTORS US IilC APERTURE INTECRATIOi? >lETUOD 

Shown i n  f i g u r e  2 a r e  c a l c u l a t e d  H-p lane  r a d i a t i o n  p a t t e r n s  
f o r  a s p h e r i c a l  r e f l e c t o r  wh ich  i s  a p p r o x i m a t e d  b y  a number o f  
p l a n a r  h e x a g o n a l ,  t r i a n g u l a r ,  a n d  s q u a r e  f a c e t s  p l a c e d  on  t h e  
i d e a l  s p h e r e  s u c n  t h a t  t h e  R>lS s u r f a c e  d e v i a t i o n  i n  e a c h  case is  
t h e  same (.012m). On t h e  a v e r a g e  t h e  s u r f a c e  d e v i a t i o n  i s  more 
s l o w l y  v a r y i n g  o v e r  t h e  r e f l e c t o r  a p p r o x i m a t e d  by p l a n a r  n e x a g o n s  
t h a n  o v e r  t h a t  a p p r o x i m a t e d  by p l a n a r  t r i a n g l e s .  The p a t t e r n  f o r  
t h e  h e x a g o n a l  a p p r o x i m a t i o n  a g r e e s  b e t t e r  w i t h  t h e  p a t t e r n  f o r  
t n e  e x a c t  s p h e r i c a l  r e f l e c t o r  ( n o t  shown).  The p a t t e r n  f o r  t h e  
s q u a r e  a p p r o x i m a t i o n ,  howeve r ,  h a s  h i g h e r  s i d e  l o b e s  w h i c h  a r e  
a p p a r e n t l y  c a u s e d  by t h e  r e g u l a r  s u r f a c e  d e v i a t i o n  a s s o c i a t e d  
v i t h  t h i s  s h a p e .  

0 0.1 0.2 0.3 i . 4  0.5 

Angle off the Reflector Axis (Degrees) 

F i g u r e  2 



EFFECTS OF LARGE SCALE SURFACE ERRORS 
ON EN PERFOKXAHCE 

An e x a m p l e  o f  l a r g e  s ca le  d e t e r m i n i s t i c  t y p e  p h a s e  e r r o r  
( q u a d r a t i c )  e f f e c t s  on t h e  r a d i a t i o n  p a t t e r n s  o f  a n  a p e r t u r e  
a n t e n n a  is shown i n  f i g u r e  3. The s o l i d  c u r v e  c o r r e s p o n d s  t o  
z e r o  e r r o r  (A-0); i .e . ,  t h e  a p e r t u r e  d i s t r i b u t i o n  v a r i e s  o n l y  i n  
a m p l i t u d e .  The c a s e s  A=X/& and  A - X f G  c o r r e s p o n d  t o  i n c r e a s i n g  
q u a d r a t i c  p h a s e  e r r o r  w i t h  tihe same a m p l i t u d e  d i s t r i b u t i o n .  In -  
c r e a s e  i n  p h a s e  e r r o r  r e s u l t s  i n  a n  i n c r e a s e  i n  power r a d i a t e d  
i n  t h e  s i d e  l o b e s .  

Phase 

Aperture 

F i g u r e  3 



ENVELOPES OF R A D I A T I O N  PATTERNS F O R  

QUASI-RANUOM P t l A S E  E R R O R S  

F i g u r e  4 i l l u s t r a t e s  f o r  a c i r c u l a r  a p e r t u r e  a n t e n n a  
( d i a m e t e r  0 )  how t h e  r a d i a t e d  p o w e r  i n  t h e  s i d e  l o b e s  i n c r e a s e s  
f o r  a c lass  o f  i r r e g u l a r  p h a s e  e r r o r s  ( s e e  i n s e t )  w h i c h  may b e  
c h a r a c t e r i z e d  as  q u a s i - r a n d o m  ( r e f .  1). T h e  c u r v e  l a b l e d  0 i s  
e r r o r - f r e e  a n d  t h e  r e m a i n i n g  c u r v e s  r e p r e s e n t  i n d i c a t e d  a m o u n t s  
o f  maximum p e a k  t o  p e a k  p h a s e  e r r o r s .  A p e r t u r e  t o l e r a n c e s  
c o r r e s p o n d i n g  t o  t h e s e  p h a s e  e r r o r s  a r e  shown i n  t h e  p a r e n t h e s e s .  
T h e  g e n e r a l  e f f e c t  o f  s u c h  i r r e g u l a r , b u t  d e t e r m i n i s t i c ,  p h a s e  
e r r o r s  i s  a l m o s t  a l w a y s  t o  r a i s e  t h e  side l o b e  l e v e l s  a n d  h e n c e  
t o  l o w e r  t h e  a n t e n n a  beam e f f i c i e n c y .  

Phase Error 
peak to Peak (talerance) 

1 I I I I 
I L I i 

0 10 20 30 40 50 60 70 80 
(nDl~) Sin 9 
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RADIATION PATTERNS OF 20-SEGMENT APERTURE 

ANTENNA WITH GAUSSIAN DISTRIdUTED PUASE ERROR 

F i g u r e  5 s h o w s  t h e  c a l c u l a t e d  r a d i a t i o n  p a t t e r n s  o f  2 0 - s e g m e n t  
a p e r t u r e  a n t e n n a s  o f  w i d t h  D w i t h  a s s u m p t i o n  o f  u n i f o r m  a m p l i t u d e  
o n  a l l  s e g m e n t s  a n d  G a u s s i a n  d i s t r i b u t e d  p h a s e  e r r o r  on  e a c h  
s e g m e n t .  T h e  s o l i d  c u r v e  r e p r e s e n t s  t h e  r a d i a t i o n  p a t t e r n  when 
n o  phase e r r o r  e x i s t s  a c r o s s  t h e  a p e r t u r e .  The  d o t t e d  c u r v e  
r e p r e s e n t s  t h e  e x p e c t e d  ( e n s e m b l e  a v e r a g e )  p a t t e r n  w a i c h  i s  
o b t a i n e d  t b r o u g h  random p r o c e s s  a n a l y s e s .  The  r e m a i n i n g  
r a d i a t i o n  p a t t e r n s  come f r o m  two members  o f  t n e  e n s e m b l e  o f  
2 0 - s e g m e n t  a p e r t u r e  a n t e n n a s .  

Phase 

(~DIA) Sin 9 

F i g u r e  5 



SECONUARY PATTERS BEAM EFFICIENCY v s .  RMS 

SURFACE ERROR I N  WAVELENGTHS FOR DIFFERENT CORRELATION LENGTHS 

The e f f e c t s  o f  s u r f a c e  e r r o r s  o n  t h e  beam e f f i c i e n c y  o f  a  
l a r g e  a p e r t u r e  a n t e n n a  c a n  b e  i l l u s t r a t e d  by a p p l y i n g  t h e  t h e o r y  
d e v e l o p e d  by  R u z e  ( r e f .  2 ) .  I n  R u z e ' s  w o r k  t h e  p h a s e  e r r o r  
( s u r f a c e  e r r o r )  i s  c h o s e n  f r o m  a G a u s s i a n  p o p u l a t i o n  w h i c h  i s  
s t a t i s t i c a l l y  u n i f o r m  o v e r  t h e  e n t i r e  r e f l e c t o r  s u r f a c e . T h e  auto- 
c o r r e l a t i o n  f u n c t i o n  o f  t h e  p h a s e  i s  a l s o  t a k e n  t o  h a v e  a  
G a u s s i a n  f o r m  w i t h  a  c o n s t a n t  v a r i a n c e  ( s q u a r e  o f  t h e  c o r r e l a t i o n  
l e n g t h ) .  B a s e d  o n  h i s  w o r k  t h e  beam e f f i c i e n c y  ( a s s u m e d  t o  b e  
1 0 0  p e r c e n t  f o r  t h e  u n p e r t u r b e d  a p e r t u r e )  i s  p l o t t e d  i n  f i g u r e  6 
as a  f u n c t i o n  o f  t m s  s u r f a c e  e r r o r  w i t h  n o r m a l i z e d  c o r r e l a t i o n  
l e n g t h  ( C / A ) a s  a p a r a m e t e r .  I t  i s  s e e n  t h a t  t h e  s m a l l e r  C I A  
v a l u e s  ( i . e . ,  m o r e  r a p i d l y  v a r y i n g  s u r f a c e s )  g i v e  r i se  t o  m o r e  
s t r i n g e n t  r e q u i r e m e n t s  o n  s u r f a c e  rms e r r o r  f o r  n i g h  beam 
e f f i c i e n c y .  F o r  m o r e  s l o w l y  v a r y i n g  s u r f a c e  ( l a r g e  CIA) t h e  
s u r f a c e  r m s  e r r o r  c a n  b e  r e l a x e d  a n d  s t i l l  a l l o w  r e l a t i v e l y  h i g h  
beam e f f i c i e n c y .  

RMS Surface Error in Wavelengths 

F i g u r e  6 



R E A L  P A R T  O F  T H E  A U T O - C O R R E L A T I O N  F U N C T I O A  O F  
2 0 - S E G M E N T  A P E R T U R E  A N T E N N A  W I T H  
G A U S S I A i t  D I S T R I B U T E D  P H A S E  E R R O R  

F i g u r e  7 s h o v s  t h e  r e a l  p a r t  o f  t h e  a u t o - c o r r e l a t i o n  f u n c t i o n  
o f  a  20-segment  a p e r t u r e  a n t e n n a  w i t h  t h e  a s s u m p t i o n  o f  u n i f o r m  
a m p l i t u d e  a n d  G a u s s i a n  d i s t r i b u t e d  p h a s e  e r r o r  on e a c h  s e g m e n t .  
The s o l i d  c u r v e  i s  t h q  z e r o  e r r o r  c a s e  a n d  t h e  d o t t e d  c u r v e  i s  
t h e  e n s e m b l e  a v e r a g e  o b t a i n e d  t h r o u g h  random p r o c e s s  a n a l y s e s .  
The two r e m a i n i n g  c u r v e s  a r e  t h e  r e a l  p a r t s  o f  t h e  a u t o - c o r r e l a -  
t i o n  f u n c t i o n s  o f  two members o f  t h e  e n s e m b l e  o f  20 - segmen t  
a p e r t u r e  a n t e n n a .  The F o u r i e r  t r a n s f o r m s  o f  t h e  t o t a l  a u t o -  
c o r r e l a t i o n  f u n c t i o n s  ( g i v e n  i n  p a r t  i n  f i g u r e  7 )  a r e  t h e  power 
p a t t e r n  c u r v e s  g i v e n  i n  f i g u r e  5. 

F i g u r e  7 



RATIOS OF STANDARD DEVIATION TO THE MEAN 

AS A FUNCTION OF AUTO-CORRELATION SEPARATIOA UISTANCE 

By o b s e r v i n g  f i g u r e  7 ,  i t  c a n  b e  s e e n  t h a t  t h e  a u t o -  
c o r r e l a t i o n  f u n c t i o n s  f r o m  members o f  a n  e n s e m b l e  o f  2 0 - s e g m e n t  
a p e r t u r e  a n t e n n a s  c a n  d e v i a t e  f r o m  t h e i r  e n s e m b l e  a v e r a g e  
a u t o - c o r r e l a t i o n  f u n c t i o n  ( d o t t e d  c u r v e  i n  f i g ~ r t  7 ) .  T h e  
r a t i o  o f  t h e  t a n d a r d  d e v i a t i o n  t o  mean f o r  t h e  2 0 - s e g m e n t  
a p e r t u r e  a n t ~ n n a  a s  a  f u n c t i o n  o f  a u t o - c o r r e l a t i o n  s e p a r a t i o n  
d i s t a n c e  i s  g i v e n  b y  t h e  c i r c l e s  i n  f i g u r e  8. By i n c r e a s i n g  
t h e  h u m b e r  o f  s e g m e n t s  w i t h i n  e a c h  a n t e n n a ,  t h e  a u t o - c o r r e l a t i o n  
f u n c t i o n s  o f  t h e  s e p a r a t e  a n t e n n a s  a p p r o a c h  a r b i t r a r i l y  c l o s e  t o  
t h e e n s e m o l e  a v e r a g e  ( e x p e c t e d )  a u t o - c o r r e l a t i o n  f u n c t i o n  p r e -  
d i c t e d  b y  random p r o c e s s  a n a l y s e s .  The  i n c r e a s e  i n  t h e  number  
o f  s e g m e n t s  c l e a r l y  r e d u c e s  t h e  r a t i o  o f  s t a n d a r d  d e v i a t i o n  t o  
t h e  means  shown b y  t h e  s q u a r e  a n d  t r i a n g l e  s y m b o l s  i n  f i g u r e  8. 
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CONCLUDING REMARKS 

Deterministic Analyses 

* assumes exact knowledge of surface 

* t rue  radiation patterns 

* both scale distort ions 

a range of possible distortions can lead to wide variance about 
the designed pattern 

Raildom Process Analyses 

* assumes statistical knowledge of burface 

+ average radiation patterns 

* both scale distortions, provided correlation region is small 
compared to the aperture size 

large c~r re la t ion  region can lead to large variance about the 
average pattern 

General Effects of both Analyses 

0 broaden main beam 

4 side lobe radiation increases with phase amplitude and variation - requirement of h igh beam efficiency in a very large antenna 
demands utmost care in EM analysis 



MPER IMENTALLY VER IFY SEGMENTED REFLECTOR PROCRAM 

EX PER IMEMTAUY VER t FY SAMPLED PO I NT PROGRAM 

CONTINUE ANALYSES OF ANTENNAS THROUGH AUTOCORRELATI ON TECHNIQUES 

CONTINUE SEGMENTED REFLECTOR ANALYSES 

PUBLICATIONS 

"A PRELIMINARY STUDY OF A VERY LARGE SPACE RADIOMETR IC ANTENNA," 
NASA TM MK)4? , JAN. 1979, P. K. AGRAWAL 

"A MEMOO FOR PATTERN CALCULATION FOR RERECTCR ANTENNAS WHOSE 
GEOMETRY I S DESCR IBED BY  A FINITE NUMBER OF DISCRETE 
SURFACE POINTS," IEEE APS SYMPOSIUM, JUNE 1979, P. K. AGRAWAL, 
J. F. KAUFFMAN, AND W. F. CROSWELL 

a * PRELIMINARY DESIGN OF LARGE REFLECTORS w ITH FLAT FACETS~NASA TM 
80164, P. K. AGRAWAL, M S. ANDERSON, M.F. CARD 



1 .  d r a g o n e ,  C .  and Hogg, U. C . :  Vide-Angle  R a d i a t i o n  Due t o  
Rough Phase F r o n t s ,  B e l l  Sys t em T e c h n i c a l  J o u r n a l ,  
Vol. XLII, No. 5 ,  September  1963 .  

2 .  Ruze,  John: Antenna T o l e r a n c e  Theory - A Reviev,  P r o c .  I L E E ,  
Vol. 5 4 ,  pp. 6 3 3 - 0 4 3 ,  A p r i l  1 9 6 6 .  



ELECTROSTATIC FORMING 

J .  K. Caslee 
NASA Langley Research Center 

LSST 1ST ANNUAL TECHNIC,iL REVIEW 

Koveaber 7-8, 1979 



ELECTROSTATIC FORMING 

E l e c t r o s t a t i c  forming of antenna o r  r e f l e c t o r  sur faces  was proposed t o  
Langley i n  1978 by General Research Corporation (GRC). A small 0.91-111 (3-foot) 
diameter r e f l e c t o r  was fabricated by GRC and demonstrated t o  var ious groups 
both a t  Langley and NASA Headquarters. 

This viewgraph demonstrates the  concept and shows how the  membrane d e f l e c t s  
when a vol tage is applied between the  meuibrane sur face  and back e lec t rodes .  

ELECTROSTATICALLY CONTROUED MEMBRANE CONCEPT 

CONTROL 
VOLTAGES 

CONTROL 
COMPRESSION R I M  

,TENSION STIFFENED 
MEMBRANE 

- UNSTRESSED MEMBRANE 
(V,  v,= 01 

ELECTROSTAT I C LOAD I NG 

NOMINAL 
SOURCE 



ELECTROSTATIC FORMING 

Langley funded a study by GitC t o  conduct a parametric study and prelim- 
inary  design of a 4.88-m (16-foot) diameter test f i x t u r e  which is t o  be used 
t o  prove t h a t  the e l e c t r o s t a t i c  forming technique is a v i ab l e  means of form- 
ing antenna surfaces .  After  the study was completed i n  February 1979, Kentron 
was given the  job of producing a working design of t he  t e s t  f i x t u r e .  The f i n a l  
drawings were completed i n  September 1979. 

I n  connection with developing the  d e t a i l s  of the 4.88-m (16-foot) test 
f i x t u r e ,  Kentron fabr ica ted  a 1.83-m (6-foot) diameter preprototype test f ix -  
t u r e  which was used t o  t r y  out some of t he  ideas  which went i n t o  the  design of 
the  4.88-m (16-foot) t e s t  f i x tu re .  The 1.83-m (6-foot) f i x t u r e  is s e t  up a t  
Langley along with t he  l a s e r  sur face  sensing device which Robert Spie rs  w i l l  
d i scuss  i n  the  next paper. 

34.2111 (112 ft)- 
F I V E  ANNULAR AZ ' 8-71 cm (3 .43  i n )  
RING ELECTRODES gap = 6.53 (2.57 in) 
BONDED TO FLAT 
FOAM-BOARD 

DEFORMED MEMBRANE 

ELECTRODE CONTROL 



ELECTROSTATIC FORMING 

The drawings of t he  4.88-m (16-foot) diameter test f i x t u r e  have been 
released t o  t he  shops and w e  a n t i c i p a t e  t ha t  i t  w i l l  be completed i n  March 1980. 
Also, by t h a t  t i m e ,  w e  hope t o  have a sur face  sensing technique c l e a r l y  defined. 

This viewgraph shows how the  4.88-m (16-foot) diameter test f i x t u r e  w i l l  be 
set up with t he  sur face  sensing device a t  t h e  r ad ius  of curva ture  which w i l l  be 
a t  34.2 meters (112 f e e t )  from the  surface.  



ELECTROSTATIC FORMING 

The i n i t i a l  material  we intend t o  t e s t  is 0 . 3  mil. Aluminized Kapton 
which w i l l  have severa l  seams a f t e r  fabr icat ion .  Later on, we want t o  tes:  
other p l a s t i c  materials  a s  w e l l  a s  some of the meshes that are  being used f o r  
antennas . 

T h i s  viewgraph shows the prcposed schedule for the F .  Y .  1980 e f f o r t s .  
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ELECTROSTATIC FORMING 

hie a l s o  intend t o  examine t h e  e l e c t r o s t a t i c  forming technique from a 
system technology viewpoint during F. Y. 1980 t o  determine some o f  t he  
po t en t i a l  antenna cha rac t e r i s t i c s .  Also, w e  want t o  determine i f  space 
charging e f f e c t s  would c r ea t e  any po ten t i a l  problems on an e l e c t r o s t a t i c a l l y  
formed antenna. From an ana ly t i ca l  viewpoint, we want t o  develop f u r t h e r  
understanding of  t h e  e l e c t r o s t a t i c  technique and how it can be used i n  
fu ture  appl icat ions.  

This  viewgraph shows t h e  a reas  t o  be inves t iga ted  i n  system technology. 

ELECTROSTATIC SYSTEM STUDY AREAS 
-- - 

0 Study of LEO and GEO Environmental Effects on Electrostatically Charged Surfaces 

- Determine Floating Potential 

- Determine Vacuum and Plasma Effects on Electrostatically Charged Surfaces 

- Determine Stress in Insulation Due to Electrical Field 

0 System Study of Technology Involved in Electrostatically Formed Antennas 

- Mechanical Interface Between Reflector and Supporting Structure 

- Thermal Effects on Antenna System 

- Structural Configuration 

- Deployment Concept 

- Mass of System 

- Stowed Volume 

0 Analysis and Scaling cf 4.88-m (16-Foot) Diameter Test Data 

- Test Data Analytic Representat ion 

- Validation of Ref lector Shape 

- First Order Scaling to Large Sizes 
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SURFACE MEASURING TECHNIQUE 

A modified Foucault o r  kn i f e  edge t e s t  ( r e f .  1) is  appiied t o  measure the  
surface contour of a la rge  c i r c u l a r  e l e c t r o s t a t i c a l l y  formed concave r e f l ec to r .  
The technique is diagramed i n  t he  f igure.  The aper ture  of a 3 mi l l iwat t  Ho-Ne 
l a s e r  is placed a t  the estimated ceuter  of curvature of the  r e f l e c t o r  with its 
beam directed toward the geometric center  of the r e f l ec to r .  A project ion 
screen t o  receive the re f lec ted  l a s e r  beam is at tached t o  the l a s e r  and 
remains normal t o  the  emerging l a s e r  beam a s  the  l a s e r  scans the surface of 
the re f lec tor .  I f  the  concave surface is a t r u e  spher ica l  surface t h e  
re f lec ted  beam always re turns  t o  t he  laser aper ture  i n  the  center  of the  
screen. For a nonspherical surface the re f lec ted  beam f a l l s  on the  screen 
a t  a dis tance,  R, from the  l a s e r  aperture.  From geometry the r e f l e c t o r  sur face  
deviations,  Ad, from a t r u l y  spherical  surface a r e  r e l a t ed ,  t o  a good approx- 
imation, t o  the l i n e a r  d i s tance  II. The r e f l e c t o r ' s  contour is  calculated by 
summing the  incremental Ld's f o r  a l l  incremental Ay's. An e r r o r  ana lys i s  
of the measurement technique ind ica tes  a 50 percent e r r o r  i n  sur face  deviat ions 
is l ike ly .  Propagation e r r o r s  due t o  the  summing operat ion a r e  known t o  con- 
t r i b u t e  s t rongly t o  the e r ror .  More exact so lu t ions  a r e  being sought. 

REFLECTOR SURFACE MEASUREMENT TECHNIQUE 
(MODIFIED FOUCAULT OR KNIFE EDGE TEST) 

' -LASER 1': REFERENCE SPHERE 
'PROJECT ION SCREEN 

ACTUAL SURFACE CONTOUR 

ASSUMPTION: << R 
*P 

THEN *a = -$ (RADIANS AND &-!a,- *+BAY,, (METERS) 

APPROXIMATE SURFACE DEVIPT ION FRGU REFERENCE SPHERE d a a + Ad2 + . . . . ~ d  
n 



CHA!!CTERIZING W SCALE SURFACE ROUGHNESS 

Additional characterization of su:face roughness on a scale small 
compared to the laser spot size at the reflector can be obtained frcm the 
inc -eased lasex spot size at the project screen. The maxiarm surface 
deviation, .-., from an average surf ace over the spot size, d, is given 
in terms of the laset parameters, the projection g e e t r y  and the increased 
lase- spot size, x. The particular energy distribution in the increased 
laser spot size on the scree2 indicates a ;~rticular .-haracteristic reflector 
surface roughness. Such indf cators are he1 pful to characterize the surfaces 
of aluminized d r a m s  applied to large space structures. 

~ I Z I W G  w SCALE SURFACE RoWIESS 

_---  

LASER 

WIF\Un SURFACE DEVIATION 



CONCAVE REFLECTOR PARMETEqS 

The refleetor was formed by loosely stretching an aluminized bpton film 
over a plastic tube circular form. Ttlo e1t.ctrostatic electrcdes are attached 
to the back of the reflector surface, one at the center of the circuhr 
surface and one concentric ring electrode located between the center and the 
edge of the reflector. Opposite potential electrodes are ypaced a smll 
distance behind those attached to the reflector. When potentials of 
43,043 50,000 volts are s 3 p i i e d  the Kapton f i l m  tensions to form a 
concave suriacu. The surface material retains s o w  creases which comes 
from handling and a few wavy wrinkles which arc caused by material fabrication 
nonuniFormitics and assembly tensioning nonuniforatties. Typical surface 
roughnesses due t o  creases are of the order of 0.1 mi while wrinkles are 
typica l ly  1.0 ram. 

CONCAVE REFLECTOR PARAMETERS 

DIAMETER - 1.83 METERS (72 INCHES) 

FOCAL LENGTH - 7.32 METERS (288 INCHES) 

MATERIAL - ALUNINIZ~ KAPTON 

SURFACE FORMING - ELECTROSTATIC F I  E D  



H E A S ~  RESULTS 

A smooth curve of the actuai electrostatically fomed reflector surface 
is coaapared to a curve representing a referance sphere. Heasurements of 
surface slope and deviation were calculated every 15 cm along the reflector's 
horimntal and vertical diameters using the modified knife edge measurement 
technique. The reference sphere and the actual surface were adjusted to 
coincide at the geoatetric center of the circular reflector. The maximum 
deviation from asphere is approximately 6 mn. No effort was made to elec- 
trostatically control the figure of the surface during these measur-nts. 

REFLECTOR SIBFACE OlCCURAtY )IEAS1IRPMT RESULTS 
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ANALYSIS AND DESIGN - PLAmmE AND FEFILECqlVES 

The cost of transporting spacecraft t o  low ear th  orb i t ,  even using Shctt le,  
is extremely high. It is imperative that  the  nlost ef f ic ient  use be made of the  - t r a i s ~ o r t a t i o n  syscan. m order t o  mirlinrize the m-u~t af i r a s  ikrhfch ,mst be 
orbited, and t o  determine spacecratt designs which meet t k  nul t lp l ic i ty  of 
design corditions and system constraints, it is necessaq t o  q l o y  ~p t imi -  
zation approach. A preliminary mslysis an3 design c d e  fo r  s iz ing kxagonal 
pianfilm spacecmft is c u ~ n t l y  being developed at me minimized struc- 
tlwal ms/'a*a fo r  ref lector  c lass  spacecraft of var ims  spans (D) is shown i n  
figwe ?. (F-1) f o r  several desm.  W ~ e s  of platform rwlciaental f'reqgency. 'ihe 
72~;flts rn %_t8 +_2:-?2h.&a txwss plat R~ms with Irn1:ard fclding swface  members. 
"Re truss depths cf tile resu l t s  sfiown were constrained t o  18m - th? length of - 
the S:huttle ear- bay. i n  F-2, ti= seiisftiV2tjr c;f package s i ze  dimensions f o r  a 
30h platform are i l lus t ra ted  ;ts a f h c t i o n  of p l a t f h  fllndamental frequency. 
The resul ts  show tha t  package s i ze  c h g e s  from long a d  slim fo r  low frea-uen- 
c ies  t o  short and fat %r Mgfier frequencies. The -act of t ix is  dimensional 
2xiriie on transportation requirements is shown in F-3 f o r  two dif ferent  space- 
craf t  classes. The resa l t s  s h o w  that k l e w  a c r i t i c a l  s t i f fhess  value (fk.e- 
querx ,~)  the  spacecraft can be transported in a mass c r i t i c a l  mode, indicated 
by the 'mrizontal lirles. ii~wever, above the c r i t i c a l  s t i f fhess  value, transpor- 
ta t ion requirements Secorne dominated by package geometry an3 increase rapidly as 
ir-dteated Sg the  nem v e r t i c a  liqes. Thus, a deployable spacecraft, f a r  af i  

mission wotd  appear t o  have a 1.hitir-g stif'fhess value above which it k c o m s  
i.mprac+,ic,al t o  t r answr t  , even in segments. 
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ANALYSIS AND DESIGN - PLATFORMS AND REFLECTORS 

The spacecraft s i z ing  a c t i v i t y  requires an analysis  fo r  each design 
requirement considered. As appropriate design requirements are ident i f ied ,  
analy.ses are developed and included in  the s iz ing  aode for simultaneous 
consideration with a l l  ccnstraints .  & s u i t s  f ran  one such analyticdl study 
(reference 1) are &awn i n  F-4 where load c o n c e n t r a t i o t ~  result ing from 
missing members i n  t r u s s  p la te s  were  e ~ m .  The table shows that using a 
mclassical approachn to estimate load concentration effects would resu l t  in 
concentration fac tors  which are over a factor of 2 higher t h m  those 
predicted by a discrete analysis,  

Besults from a preliminary malys is  fo r  s iz ing  curved ~ f l e c t o r s  
(reference 2) are shcw in F-5. This f l p p x  shows the approximate dimenszon 
(L) of a t r m a r  facet arrangement which is used to approximate a curved 
reflector surface I"or a specified surface e m r  (bm)  a d  focal length (F). 
The tr iangular  apices are assumed to coincide with supporting truss hard 
points  (nodes). Therefore, L becomes the  required strut length for the  t r u s s  
and mst be considered in the design process, 

MISSING MEMBER EFFECTS 

- x  

TRUSS 
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ANALYSIS AND DESIGN - BASIC ZEMENTS 

A comprehensive charac te r iza t ion  of various s t r u c t u r a l  configurat ions 
f o r  long columns was presented i n  reference 3, which compared z t r u c t u r a l  
e f f i c i e n c i e s  t o  i den t i fy  preferred minimum mass concepts. Transpor tab i l i ty  
of' t h e  s t r u c t u r a l  c o n f i g ~ r a t i o n s  to o r b i t  was not examined. In r t f e r ence  4, 
a der iva t ive  of the cy l ind r i ca l  column which can b~ stacked f o r  t ransport ing 
is identified ani is  i l l u s t r a t e d  i n  F-6. This element-denoted the nes tab le  
column - is being s tudied and developed (reference 5) as a basic  building 
block appl icaole  to many ~ y p e  of built-up spacecraf t  s t ruc ture .  However, 
f o r  extremely l i g h t l y  loaded o r  locg length appl ica t ions ,  the s o l i d  sk in  
nestable columns are minimum gage thickness constrained. Preliminary design 
ca lcu la t ions ,  based on analyses similar to reference 3, ind ica t e  t h a t  open 
o r  lattice skin configurat ions would o f f e r  s i g n i f i c a n t  mass savings as shown 
i n  F-6. In  order to  analyze and design t h i s  type of r e t i cu l a t ed  s t r u c t u r e  
more accurately,  a new buckling theory has been developed ( re ference  6). 
Some typ ica l  ana ly t i ca l  r e s u l t s  are shown in F-7 f o r  a th ree  longeron column 
hhi& show t h a t  the d i s c r e t e  ana lys is  pred ic t s  buckling, f o r  some column 
propo-tions, a t  a lower load than is predicted by conventional mthcds. 

Column Length , m. 
F-6 



NEW BUCKLING THEORY PREDICTS DISCRETE EFFECTS IN L A T l I  CES 

TYPICAL CONFIGURAT I3NS BllCKLING OF THREE ELEMENT BO@l 

REPEATIHG GRID COLUflN 

F ,5 - - 

L/P = 40 

5 10 20 50 100 

NUMBER OF EAYS 
THREE ELENElJT BOCM 

FEATURES OF THEORY 

o COtllFIGURATIONS WITH EACH NODE HA'JIHG "JMILAR GEOf,lETRY 
o F IN ITE  ELEMENT BASED ON BEAM-COLUIIH THLORY 
o PERIODIC MODE SHAPE 
o 6x6 DETERMINANT FOR BUCKLING OR VIBRATION 







C3NCE.V I-tEVEOPMmT 

Deployable ."Mule 

A -dt~tlar  ccinwpt ?fir constructing rrfiectors is shown in F-IC! and 
'-11. 2% . w u l z s  are cocneccea together a t  5kr.w points  in aa& surface. 
&?en asseMled, tbe hexagoria? ;?anfsm of me side form the closed reflector 
surface as s n m  ir! F-10. This concept incorporates a f l a t  trisnguhr facet 
agp.wx:n;atlcn t o  a c,?uoiy curved ref'lectof surface. &cti m u l e ,  shoi~r, m 
f-iP, can be folded with all nmexkrs stwed parallel for transport to orbit 
where i-uol~ld be deployea and asse-?bled. Currently, the mwssary j o i n t  
n~rclmare xj w i r ~  developed and a deplogment ~ e t h o d  for each mdule ~s k i r l g  
zntestiprtted. Mesfi attachment mtnods are Sein,: exa~ined a i d  hn engineering 
node: w i l l  be faoricated. P x k a ~ i n g  techpiques for the folded a?%odules are  
x1s.g inv.;istb;sted alony &it5 an-orbit assmbly scenarios *lch are mapati- 
c:e kiith use of the Siuttle. 
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This presentation reports the  progresr and s ta tus  that  the Vought Corpo- 
r a t  ion has made on the  Erectable/Deployable Concepts Contract f o r  the  Marshall 
Space Flight Center. Mr. Erich mler is the Contract Monitor, The order of 
presentation s t a r t s  with a statement of the  objective and scope which sets the 
stage for  the work that  has been completed. A brief schedule and the  six indi- 
vidual tasks a re  identif ied along with what h a  been accomplished i n  each of 
those areas. A short, 16 am, film of the deployment of a s t ructural  module 
d w n s t r a t e s  the applicabil i ty of t h i s  e f for t  towsrd near t ~ r  missions. 

Outline 

Objective and scope 
Schedule 
Development of new erectable space structure concepts 
Preliminary design of selected systems 
Preliminary development of assembly techniques and aids 
Component fabrication and test 
Tolerance and utility analysis 
Payloadlexperiment carrier design study 
Module deployment film 
Summary 



OBJECTIVE 

The objective of this  program is to develop new joints and/or elements to 
build a technical data base for near term space platform missions. This objec- 
t ive  is fulf i l led by identifying new structural members and attachments. 

Objective 

Contribute to the overall data base for various proposed 
missionslprojects using erectableldeployable structures 
through the identification and analysis of new structural 
elements approaches and end attachments. 



SCOPE 

The cont rac t  is bas ica l ly  comprised of s i x  tasks .  The f i r s t  t a s k  is a 
review of what work had been done i n  t h e  past.  From t h a t  da t a  base, new de- 
s igns  a r e  developed and compared t o  each o ther  and e x i s t i n g  designs. The most 
promising concepts a r e  se lec ted  f o r  preliminary design. Next is t h e  development 
of preliminary assembly techniques and a i d s  followed by a component f ab r i ca t ion  
and proof of concept t e s t .  Two addi t iona l  tasks  were added t o  t h e  cont rac t  t o  
emphasize u t i l i t y  incorporation and tolerance analyses  i n t o  t h e  o v e r a l l  design 
of t he  j o i n t s  and members. The s i x t h  t a s k  was a payload experiment design 
study. 

Task 1: Development of new erectable space structure concepts 
Review all LSS missions to date 
Review all LSS structural concepts proposed to date 
Generate new concepts 

Task 2: Preliminary design of selected systems 
Evaluation and selection criteria 
Investigate existing concepts 
Establish new concepts 
Evaluate all concepts 
Preliminary design 

Task 3: Preliminary development of assembly techniques and aids 
Requirements 
Definition and evaluation 
EVAlmanned assembly demonstration and simulation program 

Task 4: Component fabrication and test 

Task 5: Tolerance and utility analysis 
Tolerance study 
Incorporation of utility provisions 

Task 6: Payloadlexperiment carrier design study 



ERECTABLE CONCEPTS FOR LAEGE SPACE SYSTEM TECH 

The c o n t r a c t  go ahead was i n  Apr i l  and completion w i l l  be i n  December. 
There a r e  t h r e e  tas'ks y e t  t o  complete: Task 4 ,  t h e  component fab  and t e s t  which 
is  now underway; t h e  u t i l i t y  and t o l e r a n c e  a n a l y s i s ;  and payload e x ~ e r i m e n t  car-  
r i e r  s tudy,  which w i l l  a l s o  be concluded i n  December. The f i n a l  r e p o r t  ~ i l i  be 
issued i n  February. 

Erectable Concepts for Large 
Space System Tech 

NASA/MSFC NAS 8-33431 

Task l 
Development ot New 
Erectable Space 
Structure Concepts 

Task 2 
Preliminary De- 
sign of Selected 
Systems 

Task 3 
Preliminary D ~ v e  
lopment of Assembly 
Techniques and Aids 

Fabrication 

Task 5 
PayloadiExperiment 

Task 5 
Tolerance and 
Utility Analysis 
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DEVELOPMENT OF NEW ERECTABLE 
SPACE STRUCTURE CONCEPTS 

The f i r s t  task  was t o  review the nissions expected i n  the  next f i v e  t o  
f i f t een  years. As previously s ta ted ,  the  object ive of the  contract  was t o  
make our work applichble t o  the  near term missions. Guidelines f o r  the  study 
kcluded a 1985 t o  1990 low ear th  o rb i t  platform as a primary consideration, 
and geostationary s t r u ~ i u r e  as a secondary consideration. The resul t ing  
structure would have t o  function with o r  without Spacelab p a l l e t s  and i t  
would be assembled by man with machine assistance. That par t icular  philosophy 
may be changing i n  the future fo r  man t o  be an observer only. A t  l e a s t  two 
W's would be available for  deployment and assembly. The task was t o  develop 
e i t h e r  members o r  d u l e s  such tha t  platforms o r  other  applicat ions could be b u i l t  
in a building block fashion. In t h i s  way the  sequential assembly of the nodules 
w i l l  p e w i t  constructing a variety of p la t  f c m  configurations. Attention was 
afsu t o  be given how t o  incorporate u t i l i t i e s ,  e i t h e r  c l e c t r i c a l  o r  f l u i d ,  i n t o  
the members cr in to  the  j o ' n ~ s  o r  across the  jo in ts .  U t i l i t i e s  provisions may 
very w e l l  influence the configuration o r  asseubly procedure/equipment and must 
be considered upf ront . Eleven (I 1 ) missions vere considered applicable. Some 
examples reviewed are, Electronic Mail, Pin hole S a t e l l i t e ,  deployable antennas 
and Science and Applications Space Platform tha t  w a s  studied t o ~ a r d  t h e  end of 
1978. The Science and Applications Space Platform was believed the  most appli- 
cable; therefore, our work has been directed a t  j o i n t s  and/or members tha t  would 
be useful i n  tha t  endeavor. 

Development of New Erectable 
Space Structure Concepts 

Review of LSS Missions to Date 

Objective: Identify n--.-term missions that would use erectable1 
deployablt -tructures to provide applicability to 
concept evaluation and selection 

Guidelines: 1985-1990 LEO platform 
GEO requirements on secondary basis 
Function with or without spacelab pallets 

Assemble by man with machine assistance 
Two RMSs available for deployment and assembly 
Utility provisions 

Results: 

222 

Eleven (1 1) LSS missions are applicable 
Science and application space platform most applicable 



DEVELOPMENT OF NEW ERECTABLE 

SPACE STRUCTURE CONCEPTS 

Out next t a s k  was t o  look at what industry had done i n  t h e  pas t .  The 
reasons for t h a t  approach were t o  e s t aS l i sh  a point  of departure ,  t o  avoid dupl i -  
a t i o n  and a l s o  t o  s t imu la t e  thought process f o r  generat ing new ideas.  A t  a 
minimum, 43 e x i s t i n g  j o i n t  ideas- tha t  had a  p r a c t i c a l  m e r i t  were iden t i f i ed .  
A paten t  search, going back t o  t h e  1890's. revealed 73 d i f f e r e n t  i n s e r t i o n  typo 
j o i n t s  t h a ~  could possibly work. Approximately 45 s t r u c t u r a l  e l m e n c s  were 
i d e n t i f i e d  , 

Development of New Erectable 
Space Structure Concepts 

Review of LSS Structural Concepts Proposed to Date 

Objective: Tc collect previously proposed structural joints and 
elements to 

Establish point of departure for new ideas 
Avoid duplication 

Stimulate idea spinoff 

Results: - Forty-three (43) joining methods were identified 

- Seventy-three (73) patented joining methods were reviewed 
- Forty-five (45) structural elements or methods were identified 



EEVELOPHENT OF NEW ERECTABLE 

SPACE STRUCTURE CONCEPTS 

Pr ior  t o  t h e  generat ion of new ideas  through bra ins toming ,  t h e  t y p e s  of 
j o i n t s  t ha t  would ac tua l ly  be required w e r e  iden t i f ied .  S ingle  member strut 
o r  unions bas i ca l l y  require  e i t h e r  a s i d e  l a t ch ing  type of j o i n t  o r  i n se r t i on  
type of j o i n t ,  o r  possibly a hybrid of t h e  two. Deployable modules, which a r e  
coaprised of s eve ra l  members and go through kinematic opotion t o  a f i n a l  con- 
f igura t ion ,  requi re  approximately nine (9) d i f f e r e n t  types of j o i n t s  or nodes. 
Examples are s i n g l e  pivot  o r  double pivot ,  te lescoping members, e t c .  From t he  
background of previous ideas  and t h e  above requirements 72 d i f f e r e n t  types of 
j o i n t s  were generated. Very simple t o  very complex ideas  were considered. The 
72 ideas d id  not  necessar i ly  have p r a c t i c a l i t y ;  they were j u s t  ideas.  Simi- 
l a r l y ,  38 d i f f e r e n t  s t r u c t u r a l  members w e r e  generated. Again, they ranged a l l  
t h e  way f r n  t h e  very simple l i n e a r  members t o  a multi-member deployable module. 
This v ide  range of concepts was considered t o  be a s t r u c t u r a l  member. 

Development of New Erectable 
space Structure Concepts 

Generate New Concepts 

Objective: Develop new structural joints and elements 
Required joint types: 

Deployable Modules: 
1. Single pivot node 

Strutlunion erectables: 
1. Side latching joints 

2. Double pivot node 2. Insert joint 
3. Rotating intermediate pivot fitting 3. Hybrids 
4. Stretch members (telescope) 

5. Shrink members (telescope or knee joint) 

6. Removable members 

7. Module-to-module attachment 

8. Nodal knee joint 
9. Mission equipment attach 

Results: - Seventy-two (72) new joining ideas were generated 
- Thirty-eight (38) new structural member ideas were conceiver 



PRELIWINARY DESIGN OF SELECTED SYS- 

Having the  multitude of ideas, a screening process w a s  used t o  eliminate 
the  impractical ones. This vas done on an engineering qua l i t a t ive  basis .  The 
72 j o i n t s  and 38 ntembers w e r e  screened t o  14 joining devices and 8 members, in- 
cluding the  jo in t s  and members tha t  had been previously proposed. Those re- 
s u l t s  w e r e  then subjected t o  a more deta i led  f igure  of merit type of evaluc-tion. 
Examplss of evaluation parameters are ease of capture, ease of locking, align- 
ment, adjustment, durabi l i ty ,  thermal d is tor t ion ,  etc. From t h a t  paired com- 
parison evaluation, 7 j o i n t s  and members were seiected f o r  fur ther  developrent 
in preliminary design. Those seven (7) concepts w i l l  be discussed. 

Preliminary Design of 
Selected Systems 

Objective: Evaluate and select most promising structural concepts 
and develop through preliminary design 

Procedure: 72 joining 
38 members 

New Feasible Ideas 

1- 
Screen eliminates 
impractical ideas 

Practical 
Ideas ---------- 

I * 1Cjoining I 

8 members L - - - - - - - - - - -1 

into Practical 
Structural Concepts 

Previously proposed structural 
system concepts (from survey) 

Develop Preliminary Designs 
of Structural JointlElement Concepts 

Screen evaluates new and previously 
proposed structural concepts and selects 

Advantageous 
Strur!jral Concepts 

Selected 

four most advantageous for 
preliminary design 

rngure of Men! 
Usqng PasrcC Comprr~ron 

Method 
i 



PRELIMINARY DESIGN 09 SELECTED SYSTEMS 

The f i r s t  jo in t  is an automatic coupler. Its charac te r i s t i c s  a r e  tha t  
it  can be inserted e i t h e r  i n  the  a x i a l  d i rec t ion  o r  from t h e  side. It is a 
hybrid;  i t  can be inszrted i n  e i t h e r  direct ion.  It has + 12.5 nun gathering 

O 
range a d  a s o f t  capture misaligtmcnt of 2 5 . Another Feature of t h i s  
par t icular  j o i u t  is tka t  the  re lease  mechanism, although not f ine ly  perfected 
here, is on the  member end as opposed t o  the  union end. I n  t h i s  case the  
release mechanism can be operated by a person using one arm o r  one RMS sue11 
that  remo:al a f t e r  re lease  can be iq one motion. This is a s  opposed t o  re- 
leasing from t h e  urion end and pulling the  member away, which would require 
two (2) appendages. 

Preliminary Design of 
Selected Systems 

Automatic Coupler Clevis Joint 

Design 36 

Characteristics: 
1. Insert either side or end 
2. 2 12.5 mm gathering range 
3. Soft capture misalignment: 

2 So out of plane or 2 1 mm axial 
I 4. Hard locks automatically as 

misalignment is removed 
5. 90° pivot as a clevis 
6. Can be released - - 



PRELIMINARY DESIGN OF SELECTED SYSTEMS 

The second concept is a side latching deteat jo int .  It has the same 
characteristics a s  the automatic coupler in  that it  has a vide angle of in- 
sertion. I t  can be inserted i n  the 00 or 90' direction. Both of these parts 
have been fabricated and have gone through proof of concept testing.  

Preliminary Design of 
Selected Systems 

Side Latching Detent Joint 

Design 27 

1 a 
Lp,L 

ir Characteristics: 
1. Insert one side 
2. 212.5 mm gathering range 
3. Hard locks when fully 

inserted as misalignment 
is removed 

4. + 90 pivot as a clevis 







PRELIMINARY DESIGN OF SELECTED SYSTEMS 

The th i rd  j o i n t  concept is ca l l ed  a module-to-module coupler. Because t h e  
o ther  four  se lec ted  elements were modules, a method of connecting two modules 
together  was required. Most l i k e l y  t h e  two modules w i l l  never be pe r f ec t l y  
aligned. Therefore criteria were establ ished s o  t h a t  one of t h e  four  j o i n t s  
would connect o r  s o f t  capture  when there  is a 10' misalignment between modules. 
Once t h e  modules are al igned,  poss ib le  j o i n t  mismatch due t o  to le rances  may 
e x i s t  i n  t h e  mating plane (radial) and perpendicular t o  t h e  mating plane. Soft  
capture  i n  t h e  plane is 2 12.5 mm r a d i a l  and 1 mm r a d i a l  f o r  hard capture.  
Capture perpendicular t o  t he  mating plane w i l l  occur i f  a l l  four  j o i c t s  a r e  
within 2.5 mm. 

Preliminary Design of 
Selected Systems 

Module-To-Module Auto Lock Coupler 

Operating Criteria: 

1. Couple 3 or 4 points in a plane 

2. Soft capture misalignment: 
A. 10° angular 
B. 12.5 mm R 

2.5 mm out of plane 

3. Hard capture misalignment: 
A. 1 mm R 
B. 2.5 mm out of plane 

4. Hard locks upon insertion with no 
additional operations 

5. Can be released 

Concept 22A and 228 

" A  

Module 2.5 mm 

"B" 
Module 

/- 12.5 mm R Soft (1 mm R Hard) 



PRELIMINARY DESIGN OF SELECTED SYSTEMS 

The module-to-module concept is a typica l  probe drogue type of jo in t ,  a 
conical surface on the  front  and spherical  surface on the back. The probe 
par t  is the  l e s s  expensive; it is mounted t o  t h e  corner of the  modules. There 
a r e  three f ingers around the  circumference of the  drogue part .  As the  probe 
enters  the  drogue, the  f ingers a r e  pushed back out of t h e  way and a f t e r  passing 
over center,  the f ingers - which a r e  spring loaded - return t o  capture the probe. 
There is 2.5 mm of forward motion permissible a t  tha t  position. This allows 
the  four j o i n t s  t o  be engaged and locked and able  t o  carry loads while m i s -  
aligned by 2.5 awn perpendicular t o  the  mating plane. A s  the  probe proceeds 
in to  the  drogue the f ingers continue t o  capture the  element thus preventing 
reverse mot  ion. 

Preliminary Design of 
Selected Systems 

Module-To-Module Auto Lock Coupler 

Design 228 



The four th  element is a deployable module. The 1/10 s c a l e  m d e l  shown 
below is a double c e l l  double fo ld  configurat ion.  Each c e l l  is a 3 in cube. A 
va r i e ty  of j o i n t s  and members e x i s t  i n  t h i s  s t ruc tu re .  There are telescoping 
diagonals,  s i n g l e  c l e v i s  j o i n t s ,  and double swivel c l e v i s  j o i n t s .  The maximum 
number of members a t  a node is n ine  (9). The probe p a r t  of t h e  module-to- 
module coupler shown previously w i l l  b e  loca ted  ex t e rna l ly  a t  each node t o  
provide attachment of another module o r  experiment p a l l e t s .  



PRELIMINARY DESIGN OF SELECTED SYSTEMS 

Packaging is an important aspect i n  t h e  t r anspo r t a t i on  of space s t ruc-  
tu res .  The remaining t h r e e  (3) concepts s tudied a r e  d i f f e r e n t  packaging 
arrangements f o r  t h e  3m cubic cell .  The t o t a l  packaging volume required 
t o  assemble s nominal s t r u c t u r e  arm, 3m x 3m x 18m, of t h e  Science and Applica- 
t i o n  Space Platform i s  shown. Concept 35 has a l a r g e  c ross  s ec t i on  but is 
very thin.  The longi tud ina l  members a r e  loose  and w i l l  requi re  add i t i ona l  
o r b i t a l  assembly time. Concept 38 is a s i n g l e  fo ld  configurat ion and requi res  
t h e  l a r g e s t  volume. Concept 39 stows i n  a long narrow space. The hybrid 
configurat ion is s i m i l a r  t o  Concept 35 except t h a t  it does not have any loose 
members. Therefore, assembly time is reduced a t  t h e  expense of cargo volume. 
These four  packaging configurat ions o f f e r  d i f f e r e n t  form f a c t o r s  which may be 
coordinated with Orbi te r  cargo manifests.  

Preliminary Design of 
Selected Systems 

Total Stowage of Minimum Structure 



PRELIMINARY DESIGN OF SELECTED SYSTEMS 

Additional dimensional detai l s  are shown for the four packaging schemes. 

Preliminary Design of 
Selected Systems 

Folding and 

Concept 35 
Stacked 
Subassemblies 

I 
I 

Concept 38 / I 
I 

I 

=- 
Hybrid 

I 
Concept 39 r ( 4 n  + I )  d 
Double Fold , C I 

n = Number of cells in total 
structure 



PRELIMINARY DESIGN OF SELECTED SYSTEMS 

The r e s u l t s  of those  four  packaging schemes ,,&e presented on a com- 
para t ive  basis .  The lengths  o r  a r ea s  of var ious types of s t r u c t u r e s  t h a t  
could be  8eveloped with t h e  four  configurat ions a r e  shown. For example, t h e  
double fo ld  concept w i l l  provide a 3 meter by 3 met$r l i n e a r  type platform 
984 meters long i f  a f u l l  cargo bay was ava i lab le .  I f  t h e  EVA and OMS k i t s  
a r e  i n  t h e  Orbi te r  then 492 meters of l i n e a r  platform can be t ransported.  
Similar  da ta  a r e  shown for  a frame, cube, and wide a r ea  platform. The double 
fo ld  element can be configured with 6m elements and st i l l  f i t  wi th in  t h e  
cargo bay and provide a l i n e a r  platform 6m x 6m x 884m. 

Preliminary Design of 
Selected Systems 

Platform Configuration Options and Size Comparisons 
1.5 and 3m Struts 

Numbers in table are dimension "L" 



PRELIMINARY DEVELOPMENT OF 
ASSEMELY TECHKIQUES AND AIDS 

Preliminary development of assembly techniques and aids task was required 
to develop timelines and identify the construction aids and transportation re- 
quirements that would be necessary to fulfill the r.ear tam applications for 
the joints a d  members developed. 

Preliminary Development of 
Assembly Techniques and Aids 

Objective: Identify and define steps, procedures, equipment, 
complexityltimeline estimates for transportation 
and construction of reference platform using selected 
design concepts. 



PRELIMINARY DEVELOPMENT OF 
ASSMBLY TECHNIQUES AND AIDS 

An example of the double fold double cell module packaging arrangement 
vith the 25 Power System is shown below. Other arrangements nsay also 
be 7;s.d. 

Preliminary Development of 
Assembly Techniques And Aids 

Typical Orbiter Installation 
18m Strongback with Existing Concept - 25 kw Power System 

Tw View 

Two 2-cell structures (fokldl 
One 2-cell modular - and suQporled fa i  transport to 
structure (fdded) orbit by rack mounted on half patle; 

Hall Pallet Modular 

LH Side View 

Berthing Platform (Experiments) (Reboost module Power System 
and lam strongback) 



AsSEMsLP TECRE7:QtES AM3 AIDS 

One (1) 318 x 3n x 1Bm pLatfona arm is shown being deployed by the RYS 
r u m  its st- (eolLapsed) pasitiorp, A I h  wvbe has been taken of t h i s  
perat ion, Deployment feasibility ?as been vetif fed. 

Prelimina evelopment of 
ssembly T iques And Aids 

Kinematics of Deployment for 
an 18rn Strongback from 0diter Cargo Bay 

;us - * 

Plb' ' &zQ * h 
,.. , . , "  

:on, .-- .* ; -- * - - *  a?" . - * -  
End V m  

f e w  I ~ D ~ * P Q  alh 

* J- *- ,*. 
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COMPONENT FABRICATION AND TEST 

The fourth task  was component test and fabricat ion with t h e  objec t ive  
being t o  provide proof of concept. The three  j o i n t s  b u i l t  w i l l  go through 
an asseably, s t a t i c ,  dynamic, and t h e m 1  test. Tko of the  j o i n t s  have been 
fabricated; the  th i rd  is now in  fabrication. A 4 size length double cell 
Bodule with f u l l  s i z e  j o i n t s  is being fabricated and w i l l  undergo assembly 
test ing.  

Component Fabrication And Test 
Test Matrix Overview 

1 

Objective: 
Demonstrate 

proof 
of concept 

r 
Test Specimens 

General Information 1 2 
i ' Full 1 Subscale 

I 
t i Scale 1 Deployabie 

. Test Setup 1 Purpose i ! Join! Module 
I-- 1 Check Joining ! Ckafances 

Assembly i 3nd locking Binding. 
Fealures. Ease D~iliculty 

: of Omration. Factor i Deployment ; 

i Features ! 
Static 

i Tensi0n i Check Joint Dellect;:n 

X i X 
1 
I 

! I 
f 
1 
i 

1 Compression j tntegrlty. I - Cotatios 
j Shear ~ o m e n t  I Strength. , Functional 

~ o ~ ~ i o n  1 Stiffness i Binding 
I 
i 

Elec,ro 
Check Lockiry ! 
~~d Unlocking ; Clear~nces 

i Functional 
! 

j 

i 
* 1 i t 

j 
1 i 

t i I 
I 

1 Temperature , x 
! Detormation 

I 

! Contraction. 

I 
Vlithaut Load i and Funclion Lip- - A .I_-- 
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From Skylab ue have demonstrated and prot:en that manned Extravehicular 
Activity (EVA) is a viabl technique for relatgvely simple one-time assembly 
functions. However, a s  depicted i n  f igure 2, w e  recognize that a s  structure 
characterist ics  and requirements become more complex we must emphasize the 
ro le  of remte/autmated systems i n  structural assembly, us ing  man as an 
overseer. 

SPACE ASSEMBLY lECHN[KOGY 

- TOOAY c VRZOOD - BLYONO - - StZE - COIYLEXITV m EXPERIENCE - 
* WALK - RUN w FLY - 

Figure 2 Man/Machine Role in Assembly 



Manual assembly is very feas ib le  ( f igure  3) when mechanical asseaably 
methods r e i n  simple o r  vhen the s t ruc tu re  t o  be a s s d l e d  is i n  close 
proximity t o  the Orbiter guyload bay. However, asseirbly with aanual crev 
a i d s  becomes less e f f i c i e n t  a s  construction w v e s  t o  r epe t i t ious  functions 
for  la rge  sca le  s tructures.  Here, remote o r  automatic assembly a ids  may 
best  perform the  assembly fuctions. 

iB l~ IS(  IWITIU 0 0 1 Y W m  * U R G E 3 C A L E ~ R * n o u s  - START *IID STOP -TC 
SEauEms. REYOlE OFERA- 

PILOT -1 VEHICLE 

mrmx IUIYmJUTOA mms -RmmKIUSW€RATIOIIIS 

SWrrY STATUS* 1- WITH mO( OEXlERlTY 

l n o u a E  SHOOT MAROIIlnRE. RN?WRRILWlt 
CIUBEGAO-LEO 

movIDE S T l W E  STS CLITFOAY 
HWI QmSfRVCTw OIERAfRWf 

O?ERATE YAWWULITOR TO 
ClWSMll rOQTioN a m  MATE 
STRUCTURAL ELEMENTS 

LClCAL COWSlRUCTKm. EYALLER 
SCALE #mSTRUCTHm 

Figure 3 Orbital  .ksexnbiy Aids and Crew Involvement 



h r  i n t e r e s t  i n  t b e  determination of e f f i c i e n t ,  cos t  e f f e c t i v e  s t r u c t u r a l  
assenbly is manifested i n  a three  year p lan  ( f i gu re  4). Through 1962 v e  w i l l :  

a. Continue t o  develop t h e  cos t  anb lys i s  begun last year. This  ana lys i s  
is intended t o  e s t a b l i s h  a method f o r  economically mixing l a r g e  s t r u c t u r e  
assembly techniques. I t  v i l l  alsa develop a ~ d  eva lua te  procedures f o r  assem- 
bl ing  var ious l a rge  s t ruc tu re s .  W e  consider t h i s  ana lys i s  and its output ,  a 
working c o s t  algorithm for  assembly, t o  be our  wajor s tudy emphasis. The 
a l g o r i t h  w i l l  be  computerized and araintained such t h a t  an organizat ion can 
determine the most cos t  e f f e c t i v e  method f o r  assembling any defined s t ruc tu re .  

CONTINUE TO DEVELOP COST ANALYS I S  - MA1GR STUDY EMPHASIS 

SH lFi FOCUS TO SPACE PLATFORMS & DEPLOYABLE STRUCTURES 

SH lFT EMPHAS l S FROIII\ MANUAL EVA OOERATi ONS f WARD REMOTUAUTOMATED 
WERATI ONS 

CONTINUE TQ SUPPORT ANALYSIS THROUGH SIMULATION - NEUTRAL BUOYANCY, 
ZERO-G, COMPUTER, OTHER PROGRAM S IMULATI W S  

CONTINUE TO DEVELW & UPGRADE D f f  INITION OF ASSEMBLY AlDS & CREW AIDS 

DEVELOP ASSEMBLY GU IDELINES DOCUMENT 

Figure 4 Three-year Plan for LSST Operations 









I n  summary, l e t  us address what we have learned about assembly i n  space 
(f igure 8). From Skylab we know t ha t  man can perf o m  large  sca le  planned 
and unplanned operations. Both erectable and deployable assembly have been 
successfully demonstrated. 

We fur ther  have demonstrated i n  a water environment, tha t  under control- 
led conditions an EVA subject with minimal crew a ids  (dual handrails) can 
manipulate masses up to  17,000 lb. 

Underwater simulations of payload-related EVA tasks  have demonstrated 
t h a t  a crewman can perform contingency EVA operations. However, t h i s  is 
dependent upon ear ly  planning in  design fo r  manned par t ic ipa t ion  i n  such 
contingencies. 

Neutral buoyancy simulations invest igat ing the  transport,  positioning, 
and assembly of la rge  s t ruc tu ra l  elements have simulated assembly with unaided 
one and two man operations, EVA operations with manipulator assistance,  and 
EVA operations with small pi loted vehicle support. From such tests w e  have 
determined tha t  EVA assembly is possible and feasible.  Results indica te  
tha t ,  even though one crewman can accomplish assembly: it is more e f f i c i e n t  
with two men and i n  some cases with machine aid. 

Figure 8 .essons Learned i n  Large Structure Assembly 
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. 
WHAT HAS BEEN D M  TO HELP US LEARN ABOUi ASSEMBLY IN SPACE? 

ACTIVITY 

d SKYLAB REPAIR OPERATIONS 
- ,  

EXPERIMENTS WITH MANUAL MANIPULA- 
TIONS OF VERY HIGH MASSES 

NEUTRAL BUOYANCY SIMULATIONS OF d SPACEUB P A Y L O A D - W E D  EVA 
TASKS 

NEUTRAL BUOYANCY TRANSPORT# POS I - d TlOt l lNG AND ASSEMBLY OF URGE 
STRUCTURAL ELEMENTS (MSFC & LaRC) 

UNAIDED W E  AND TWO hUN N A  OPER- 
ATION 
EVA G*fRATION WITH MANIPULATOR 
ASSISTANCE 

NAOPERAflw*dITHSMAUPILOTED 
VEHICLE SUPPORT 

RESULTS 
ESTABLISHED THAT CREWMEN CAN PER- 
FORM LARGE SCALE PLANNED AND 
UNPLANNED OPERATIONS 
N B  SUBJECTS M4NIPULATE 17,1100 LB. 
MASSES 

.CREWMAN ?ERFORM CONTINGENCY EVA 
OPERATION IN PAYLOAD BAY 

*PLAN FOR CRMr INVOLVEMENT EARLY 

*EVA ASSEMBLY POSSI BLE; TWO MAN, OR 
MACHINE AIDED TASK PREFERRED TO ONE 
MAN 0 PERAT ION 
CREW WORKSTATIONIRESTRAINTS 
REQUIRED: CREN iJIOVEMEM I S  COSTLY 

*ST?UCTURAL ELEMEPXS MUST HAVE 
FLEXIBILITY DURING ASSEMBLY 

*ASSEMBLYTlMEFORTETRAI.EDRALCELL 
APP?OXI MATELY 114 HOUR 

CONS:3ER CREW FOR NONREPETITWS 
TASKS, CONS IDER MACH INE FOR 
ERECTINC13EPLOY ING STRUCTURES 



It is important t o  note tha t  assembly time is great ly  reduced, and 
hardware damage is kept t o  a minimum when the crewman has a proper work- 
s t a t ion ,  which includes foot  r e s t r a i n t s ,  and continuous v i sua l  and 
manipulative access t o  the components being assembled. It should a l s o  
be emphasized tha t  there must be f l e x i b i l i t y  among s t ruc tu ra l  elements 
during the  actual  assembly operation. Unions on columns o r  beams which 
do not allow some play during assembly a r e  s trong candidates f o r  damage. 

Y e  have found tha t  a two-man EVA team can assemble a te t rahedra l  
c e l l  i n  about 15 minutes when properly restrained and with minimized 
crew ac t iv i ty .  However, the water environment and its inherent drag on 
large  volume, low mass equipment may make t h i s  a very conservative 
number. Use of other simulation modes may democstrate tha t  t h i s  number 
can be reduced. 

Lastly, w e  should emphasize tha t  manual EVA i s  an  acceptable mode f o r  
nonrepetitious assembly tasks. However, i f  repet i t ious  tasks a r e  required 
o r  i f  assembly occurs remotely from the Orbiter cargo bay, we should 
consider remote controlled assembly equipment fo r  la rge  sca le  construction. 



PART B - RESULTS TO DATE 

MCIGROU19) AM) SCOPE 

Essex Corporation is currently supporting MSFC's LSST programunder a con- 
t r a c t  en t i t l ed  "On-Orbit Assembly of Large Space Structures" (NAS8-32989). The 
overa l l  purpose of the  e f f o r t  is t o  learn  more about t h e  cos t  f o r  assembling a 
la rge  s t ruc ture  by EVA crewmen working unaided or using avai lable  assembly a i d s  
such as the manned maneuvering u n i t  (M), s h u t t l e  remote manipulatot system 
(IMS) , o r  a teleoperator.  Although the  t o t a l  cos t  f o r  a large  struczure would 
include cos t s  f o r  such a c t i v i t i e s  a s  research a d  development, ground fabrica- 
tion, checkout, and ground support, the cos t  f o r  assembling a platform or  
antenna i n  space w i l l  be a major cos t  dr iver  and should be considered when 
evaluating any proposed LSS 8s a candidate f o r  fur ther  development and f l i g h t .  
The work being performed by Essex is aimed a t  developing assembly cost  data so 
the assembly cos t s  f o r  any proposed s t ruc tu re  can.be estimated before any signi-  
f i c a n t  development expenses a r e  incurred. Although embryonic i n  nature, t h i s  
work could eventually have a tremendous impact on the se lec t ion  of proposed 
s t ruc tures  fo r  fur ther  evaluation. 

CONTRACT TASKS - 
The tvo majo r -ac t iv i t i e s  being performed within the contract  a r e  (1) develop- 

ment of a cost  algorithm f o r  predicting assembly cos ts  (Task l),and (2) support 
of the LSS tes t ing  e f f o r t  a t  MSFC's Neutral Buoyancy S h l a t o r  (Tasks 2, 3 C 4). 
The four tasks and t h e i r  major outputs are shown below. 

TASK 1 TASK 2 TASK 3 TASK 4 
ANALYZE ASSY a 

DEVELOP COST 
RLZOR 1 TM 

ASSY. S U P P O T  

TASK ANALYSES @ S IPtUUTIOl l  0 SKETCHES 
SUPPORT E W I P  REQUIREnEllfS D R A W I S S  
REQUIREMENTS 0 TEST PUNS @ HARDWARE 

FINAL TEST PUWS 
@ TEST SUPPORT 
6 TEST REPORTS 

Task 1 is by f a r  the most d i f f i c u l t  and consuming of the four tasks. I n  
t h i s  task, several LSS qcenarios a r e  being prepared tha t  describe a wide range 
of s t ruc ture  configura -ons and assembly operations. These scenarios a r e  used 
to  develop more deta i led  functional analyses tha t  describe the assembly s teps  
and the hardware required t o  support the assembly task. The seven Task 1 sub- 
tasks a r e  l i s t ed  below. 

1.1 Develop Generic Assembly Scenarios 
1.2 Define Assembly Tasks 
1.3 Define Support Equfpment 
1.4 Develop Equipment Performance Requirements 
1.5 Develop Cost Algorithm 
1.6 Identify Cost Parameters 
1.7 Determine Costs f o r  t he  Six LSSs Studied and Other 

Proposed LSSs to  Evaluate Cost Options 



In  Task 2, the  neut ra l  buoyancy t e s t  program is being defined i n  terms of 
the  s k l a t i o n  requirements and support hardware required f o r  the  tests. Pre- 
liminary test plans a r e  being prepared f o r  evaluation of two types of j o i n t s  and 
two types of columns. Preliminary test plans f o r  evaluation of a 36 element 
s t ruc ture  t o  be provided by the  Massachusetts I n s t i t u t e  of Technology @IT) a r e  
a l s o  being prepared. 

The purpose of Task 3 is t o  provide hardware needed during the  neut ra l  
buoyancy tests but not provided by NSFC o r  sane other  NASA center.  This in- 
cludes handrails, foot  r e s t r a i n t s ,  assembly f ix tures ,  and data  recording equip- 
ment. 

I n  Task 4, the simulation test plans a r e  updated t o  r e f l e c t  the as-buil t  
hardware configurations and any addit ional  procedural changes. During the t e s t s  
Essex provides a test conductor a s  w e l l  a s  da ta  recorders and test observers. 

PROJECT STATUS 

The major output from Task 1 is the  cos t  algorithm f o r  predicting assembly 
costs.  To develop t h i s  algorithm, several  supporting a c t i v i t i e s  have been s t a r t ed  
tha t  w i l l  provide input da ta  t o  the  algorithms such a s  the  wide range of crew and 
aided assembly tasks and the c o s t  f o r  providing various labor and hardware ele- 
ments. AltSough the  cos t  algorithm is not complete, many of these supporting 
a c t i v i t i e s  a r e  near ccmpletion. 

Five assembly scenarios have been prepared tha t  describe the  erection, 
deployment, and fabr ica t ion  tasks f o r  the s t ruc tures  l i s t e d  below. These struc- 
tures  were selected not because of the i r  probabil i ty of fu r the r  development and 
f l i g h t  but because of the wide range of assembly tasks they included tha t  should 
be reflected i n  the  algorithm. 

8 LaRC/RI Pentahedral Area Nodal Mount (Ref. 11 
JSC/MDAC Single Trapezoidal Box with Nested P a l l e t s  (Ref. 2) 
JSC/MDAC Telescopic Spine (Ref. 2) 
MSFC Space Fabricated Platform (Ref, 3) 
MSFC 50m Deployable Antenna (Ref. 4).  

Each of these scenarios includes the following major headfngr: 

1.0 Outline 
2.0 Description of Structure 

' 3.0 Packaging Plan 
4.0 Major Assembly Steps 
5.0 Assembly Equipment and Aids  
6.0 Problem Areas. 

These sect ions describe the major a c t i v i t i e s  tha t  might impact t o t a l  cost  f o r  
s t ruc ture  assembly from launch through component deployment and assembly to  
sc ien t i f i c  instrument i n s t a l l a t i o n  and checkout. 

Functional analyses tha t  describe these s t ruc tures  i n  marc d e t a i l  have a l so  
been prepared. These documents describe i n  more d e t a i l  the  individual assembly 



tasks,  the crewmen and t h e i r  locat ions,  the  crew a i d s  and LSS hardware required 
to  perform the  task,  and the time required. 

Individual  cos t  elements such as assembly f ix tu re s ,  handrai ls ,  o r  renrote 
manipulators have been iden t i f i ed  and a r e  presented i n  Table 1. The spec i f i c  
c o s t s  f o r  each of these elements is cur ren t ly  being assessed i n  terms of d o l l a r  
cos t ,  volume, weight, e t c .  The c o s t s  f o r  these items w i l l  no t  remain s t a t i c ,  
and some w i l l  be e n t i r e l y  structure-dependent.  Any unce r t a in t i e s  associated 
with the  individual  cos t  elements a r e  being recorded i n  addi t ion  t o  the  pro- 
jected cos t  per un i t ,  f l i g h t ,  pound, foot ,  hour, e t c .  

Table 1 - LSS Assembly Cost Elements 

(1) L b o r  - NA A . r o ~ u t s  
- IVA Support Crew 

o Operator 
o Assp b o r d i ~ t o r  

- Ground support Crm - rrsimiap T:, e. b t e r i s l s  i Developmat - Development S L u l s t l o ~  

(3) Cr- Support -1-t - Pressure S u i u  - S u i t  locpplr - mt st-* b llsndl* - Peed b 0th- b.HI.bler - tir on o r b i t  - *soy hoedurm. E b K U L c s .  D l e p a w  - Camua ics t im  W u i p a r t  

(2) LSS b r d u r e  - LSS 8- or  C o l t a s  ( 6 )  
- U t l l i r t  Condults b Juoctioo bres 
- Experhent Pa l l e t s  - LSS Subsystm 

o Atci:ude Colltrol Sysr ta  
o Pwcr  System 
0 n K d  s y s t s  
o Senwrs  - A l i g a m c  Tool. - J i g s  b ?i.tures (5) - ~ - 1 8  - hell Mda 
o Handrails 
o Poor Restrsfnts 
o Tethers 
o Lif i t*  
o C a r r s s  b M n i t o r s  
o l o r t s b l e  Work Ststiorrs - US 4 End Lffrc tors  

-mu - b t e r k l s  (Sheet Stock. Uelding X l t e r h l s .  etc.) - ?.stmere 

Fl ight  Opers t lom - No. of ? l igh t s  - Durstioo of F l igh t s  
- Ro. of Onhoard Cr- - No. of Crornd C r m o  - Ilo. of LITAS - EVA Durstion 
- Orbi ta l  h e w e r s  

Other - Assy Error Probabi l i ty  - Assy Destruction Probebi l i tp  - Power (Aug b Puk) - ilydrsullcs. h e - t i c s  - G l 0 ~ d  Prep. fw (P*c Iu~ID~)  - Developvet cos t s  

Development of the i n i t i a l  cos t  algorithm should be completed by February, 
1980. 

In Task 2, a generic simulation t e s t  plan w a s  prepared f a r  d i s t r i b u t i o n  by 
MSFC t o  cont rac tors  and other  NASA centers  who a r e  planning t e s t  a c t i v i t i e s  i n  
MSFC's Neutral Buoyancy Simulator. This plan i d e n t i f i e s  the step-by-step task 
descr ipt ions required, the  da t a  recording c a p a b i l i t i e s  and other  information 
needed by personnel not fami l ia r  with the MSFC t e s t  procedures. 

Additionally,  preliminary t e s t  plans werr prepared f o r  eva1uatio.1 of the 
LaRC snap joint /unions,  R o c k ~ ~ ~ e l l  b a l l  and socket j o i n t s ,  and the  18 f t  and 30 f t 
columns (NB-18A, B and C) . 



I n  Task 3 a video tape recording system was provided f o r  recording ;he 
test runs. This system has been tremendously usefu l  f o r  a ~ a l y z i n g  the  crew 
assembly operat ions a f t e r  the t e s t  runs. 

A manned maneuvering u n i t  (MMIJ) m~ckup is a l s o  being designed f o r  use i n  
t he  simulator t o  supFort t h e  LSS test runs. 

I n  Task 4 s i x  member t e t r ahed ra l  c e l l s  were assembled 38 times during 
21 test runs. Dur .g t h e  runs Essex provided a t e s t  conductor, data  co l l ec to r s ,  
and t e s t  observer.,. F i n a l  test plans were provided p r i o r  t o  each run,and quick- 
look t e s t  r epo r t s  were prepared a f t e r  each run. F ina l  test r epor t s  were a l s o  
prepared descr ibing the r e s u l t s  of a l l  the tests. Figures  9 through 1-4 i l l u s -  
t r a  te the  assembly of the te t rahedra l  c e l l  from i n i t i a l  condi t ions through 
i n s t a l l a t i o n  of the simulated equipment module (SEN) a t  the  apex a t  the  end of 
the  run. Figures  15  and 16 show the two j o i n t s  evaluated. 

IiAJOR STUDY OUTPUTS 

Three study outputs  a r e  presented below i n  addi t ior .  t o  the r e s u l t s  a l ready 
discussed i n  t h e  above p ro j ec t  s t a t u s  sunnnary. These study outputs are:  

Neutral buoyancy test r e s u l t s  
Task element times 
S ta tus  of cos t  algoritkm. 

NEUTRAL BUOYANCY TEST RESULTS 

T:.e r e s u l t s  of the 21 neu t r a l  buoyancy test runs t o  eva lua te  the  snap j o i n t /  
unions, b a l l  and socket j o in t s ,  and 18 f t  and 30 f t  c o l m n s  a r e  presented i n  
d e t a i l  i n  the  quick-look and f i n a l  test reports .  However, the following para- 
graphs summarize cne r e s u l t s  and conclusions. 

Assembly Tiwe - The lowest assembly times f o r  unaided operat ions (co RMS 
or  MMU) f o r  the  18 f t  columns were on the  order  of 30 min f o r  the  six element 
s t ruc ture .    he bes t  asjembly times using the simulate2 RMS f o r  co lmn  handling 
and a simulated MMU f o r  crew t r ans l a t ion  f o r  th ree  union/column combinations " : 
l i s t e d  below. 

Time (Yin) 

Bal l  and Socket w/ 30 f t  Columns 10.6 
Bal l  and Socket w/ 18 f t  Columns 11.1 

a Snap J o i n t  w/ 18 f t  Columns 14.5 

This represents  an evaluat ion of two types of unions and c o 1 u . l ~  from dozens 
of possible  a l t e rna t ives .  Obviously no firm hardware tradeoff data  should be 
drawn from these  preliminary t e s t s .  However, i t  does appear t h a t  the assembly 
operation is possible  with ex i s t i ng  STS equipment and EVA technology and the 
assembly time f o r  a s i x  element s t ruc tu re  i s  i n  the  15-30 min.range. 









Figure 15 - Ball and Socket J o i n t  

Figure 16 - Snap Joint/Union 



Ease of Operations - Subjectively, t h e  crew preferred the b a l l  and socket 
j o in t s .  It appeared from the  run times t h a t  moretrainingwas required f o r  t h e  
snap joint/unibns f o r  the crew t o  become p ro f i c i en t  a t  &ting the  unions. 

Support Equipment Needed - The snap jc in t /un ion  w a s  more e a s i l y  operated 
when a pos i t ive  crew r e s t r a i n t  such as a f o o t  r e s t r a i n t  was used. The crew 
could e a s i l y  use the  b a l l  and socket j o i n t  without the a i d  of a f o o t  r e s t r a i n t .  

Re l i ab i l i t y  - The snap jointfunion o f t en  could not be mated by the crewman 
because of column o r  assembly f i x t u r e  misalignment. This required t h a t  t he  
u t i l i t y  d ivers  make the connection o r  v e r i f y  t h a t  t he  crewman had successful ly  
made the connection. This w a s  not t r u e  f o r  the  b a l l  and socket j o in t s .  

TASK E L m N T  TIMES 

The evaluation of video tapes from the  LSS t e s t  runs and some of the  Space 
Telescope t e s t  runs revealed 10 major task categories .  A l l  the  crew operat ions 
can be described i n  terms of these t a sk  ca tegor ies  and 83 subtask ca tegor ies  o r  
individual  task elements. The 10 task ca tegor ies  are:  

Remove 
Translate  
Posi t ion Body 
Ingress 
Egress 
Attach 
Transfer 
Mate 
Verif v 
Hand Tool Use 

The task elements s h a m  i n  Ta3le 2 can be used t o  descr ibe a l l  the crew operat ions 
observed i n  the LSS and Space Telescope t e s t  runs. The Space Telescope runs were 
used t o  include l a rge  moduie handling and the  use of t oo l s  which were not observed 
during the LSS runs. 

The task element data  presented i n  these cha r t s  can be used along with 
de ta i led  assembly procedures f o r  any proposed s t r u c t u r e  t o  est imate t he  s t r u c t u r e  
assembly t i m e .  The v a l i d i t y  of the t a sk  element time da t a  w i l l  be determined by 
comparing estimated versus a c t u a l  assembly times f o r  LSS s t r u c t u r e s  assembled i n  
the neut ra l  buoyancy simulator i n  the fu ture  (e.g., the MIT t e s t  scheduled fo r  
January, 1980). 

STATUS OF COST ALGORITHM 

The i n i t i a l  cos t  algorithm fo r  predict ing t o t a l  LSS assembly c o s t s  is cur- 
r en t ly  a co l l ec t ion  of independent s e t s  of da ta  with no connecting logic .  The 
major p a r t s  of the algorithm a r e  the t a sk  element times, cos t  elements, and 
funct ional  analyses t h a t  def ine  support hardware the labor requirements. I t  
is ant ic ipa ted  t h a t  the f n i t i a l  algorithm w i l l  be completed i n  February, 1980 and 
w i l l  be continually updated and expacded throughout the LSST program. 



Table 2 - LSS Assembly Task Element Times 

TASK ELMENT T l M E  
Oec) TASK ELMENT 1111 

Oec) 

2.1 Along S i l l  10 f t .  

TASK ELD(fN1 TIME 
(SIC) 

3.1 To Ingress root Restrelnt 

TALK LLDlfkr lily (set 1 

5.0 CGRCSS 

5.1 Foot k s t r e i r t  Urlng OM 
L n d r a l l  

5.2 foot Restraint Using 
Tro L n d r r i l r  

5.1 1.0 Restr r ln t  Ublng One 
Hlndrel 1 

5.4 L@g Rer t r t l n t  Using lro 
L n d r b l l s  

[ 1.2 Union f ran Box I 
5 

14 

M 

L 

2.2 Along S i l l  20 l t .  

2.3 Over S i l l  from Outrigger 

2.a Over S l l l  from Cbrgo Bay / 1.3 Union l r a n  Post l w l  

49 

21 

11 I 3.4 To Attach or Verl ly Union 
Connu t i o n  1 22 1 ( 1.4 PI. from Post I w I  I 2.5 Up A s 9  Aid Pole 15 f t .  I I 3.5 To Ver i fy  Co lun  Connu- I t ton 1 1 1 2.6 Ooun Arsy Ald Pole 15 f t l  22 1 

2.7 Up Atsy Aid Pole 15 f t .  
w l th  Lqulpent Wc:ule 
[ 3 ' x 3 ' ~ \ - 1 / 2 ' )  / 44 I I 3.6 P Rcelve Unlon I4 ' 1.6 Ylrr Tether f r cn  Hbndrall 

I 1.7 Yr l s t  T e t b r  l r o n  Unlon I 3.7 To Rcelve Co lun  I n  L l p  
Restraint I TASK LLOIEIT I 2.8 20 l t .  wi th  Columns 

u s l q  mu I ! 8 Yr ls t  Tether l r o n  Equcp. i i I 3.8 To Receive C o ) w  l n  foot 
Rr r t ra ln t  6.0 A n m  

6.1 U b l r i  T e t k r  to  Mndrelr 
w l th  Foot Restrelnt 

I 1.9 Modcle from B u e  Plate 
Plns - Cr l t i ca l  Al lpmcnt I l5 I 3.9 T o R u e l v e C o l u n w / o L c g  11 

or  Foot Restraint 

2.9 30 11. w i th  Colunns 
using mu 

2.10 20 i t .  U S I ~  mu 
2.11 30 ft. UII~~ m u  

2.12 Body 90. 

2.13 Body 180. 

I 6.2 UDlst TetRer to L n d r r t l  
wlo Foot Rertrbtnt 

HA 

NA 

w 

10 

20 

Unlon to  Om Y r l r t  
1et)wr TASK LLMLNT T I M  

I 6.4 Unlon to O t k r  C r r u n ' s  
Y r l ~ t  TetRer I 2.14 10 f t .  Along Straight I Hrndrell I lZ I I 4.1 Foot Restr r ln t  Using One 

Hbndrbl 1 
I 6.5 M t s t  T e t k r  to  501 ( 

I 4.2 foo t  Rertretnt Uatnp T w  
L n d r a  l 1 r 

2.15 10 l t .  Alonp Curved 
Mrndrall 

6.7 Yr ts t  Tether to Clothes- I 

15 

I 4.3 Log Restraint Uslng One 
Hlndra 11 

4.4 L l p  Restr r ln t  Using Tro I u * r a t l r  
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SUMMARY 

The major a c t i v i t i e s  remaining i n  the ex is t ing  Essex contract are additional 
support of the LSS tests planned for January, 1980 and completion of the i n i t i a l  
cos t  algorithm. These a c t i v i t i e s  as  wel l  a s  the tasks already completed w i l l  be 
described i n  a report due i n  February. 
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A summary o f  the Rockwell International a c t i v i t i e s  
for FY 1979 r e l a t i n g  to  Large Space Structures Technology, 
with emphasis primarily on space construction and u t i l i t y  
d i s t r i b u t i o n  for  erec table  and deployable platforms. 







UTILITIES DISTRIBUTION 

Ttr technique of distributing power and data lines and fluid (e.g., 
cooling, if necessary) lines to and from the various payloads on a large 
spaze system is an important consideration in the design and development 
of the systea. It is as significant as the platform structure des;~n. S o ~ e  
of the w r e  important factors to consider when designing the utility distri- 
bution system are shwn in Figure 3. Options that must be considered in 
implementing the distribution of utilities, range from the sethods by which 
the system is installed, or intezr- ted, to the actual form the utility is to 
take. A thorough study and tradeoff anclysis are required to arrive at an 
opt ierrP configuration. 

The options ace subject to the influence of many drivers. The physical 
design of the structure and its construction process have a great influence 
on the distribution system design. Variations in the platforpa design, and 
construction sequence would in many cases provide more ispact than variations 
in the magnitude of the utilities. The entire scenario of stowage, irstalla- 
tion, servicing, etc., establishes 3 basis fcr the design of the distribution 
system. 

Detail problems associated with utility distributions are similar to 
those encountered in earth-bound systems; however, the solutions are not 
necessarily the same. Considerable research and development is necessary 
co resolve the problems associated with space environment and to bring them 
Snto state-of-the-art. 

UTILITIES OlSTRlWTlON 

LAY -ON I PREASSEMBLED 1 STRUCTURE- INTEGRATED 
DUCTED i SEPARATED 
COAX1 FIBER-OPTICS 
H IGH-VOLTAGE I LOW -VOLTAGE 

PLATFORM CONFlCURATlON 
LOAG i9CATlOh .. 
FA0 i ASSY 1 DEPLOY SEQUENCE 
RMSIEVAIFIXTURE INSTALLATION 
STRUCTURAL 1 NTERFACES 
UTILITIES MA(;NITUDES 

RF I I THERMAL ISOlATlON 
TVERMAL EXPAWSION STRESS 
CONNECTORS I JOINTS 
ATTACHMENTS 

Figure 3 
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Elach ant$- subarsay is  joined by bayonet joints and supported every 9.34 m 
by graphite-epoxy t r u s s  vork t o  provide increased s t i f fness ,  load s t a b i l i t y  
and to provide support for the  auxil iary systems nodule and t o r  the d i s t r i -  
buted network of R F amplifiers,  switches, hot and cola loads aad transmis- 
sion l ines .  The t russ  work supporting the  antenna is held i n  tension kgr 
a deployable boom (such as an Astronast) and cable system designed t o  
contra1 and reduce the  array overa l l  thermal distort ion.  Mufti-layer 
insuiat ion blankets cover the array for passive t h e m a l  control. The 
instrument is assembled from multiple shuttle payload del iver ies  t o  
290 ica al t i tude .  The first f l i g h t  w i l l  bring t h e  system module and solar 
array, thus providing a control led assembly platPonu. Subsequent s h u t t l e  
loads contain the array, structure, and SEPS hardware, The s t ructure  
( t r u s s  mrk) is of 8 col laps ib le  type with a t t a c b e n t  Joints  permitting 
EVA-assisted RE deployment and attachment including m e s s  connection. 
The antema arrays are stacked i n  t h e  cargo bay as s h m  i n  Figure 7. 

MULTI-FOLDED REAM M 
16 MAY BE tN DNE BAY 

VOLUIUE AVAILABLE FOR BAUSNCE OF S& 
SUBASSYS AND COMPONENTS 

2-7R8WlDE 
SUBARRAYS PER BANK 
2 BANKS MAXJBAY 
TOTAL ARRAY AREA PER SHUTTtE: 
2 x 36 x 278M x 911rl- 1 8 1 4 ~ 2  

Figure 7.- HRSMR - Packaging c guide planar array. 
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solution o f f  the problems caused by truncatian of the vehicle dynamtcs 
required to minimize on-bard computations. 4 )  Estimator desfgns were 
devefoped for on-board deteetlon of large structure model errors. The 

D M i O P E D  STATfC SHAPE AND MO 0 

DESIGNED MODEL ERROR ESTIMATORS FOR ONBOARD DEECTION OF INEVITABLE 
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d order reduetian for large structures- The results obtained. 



















































FREE InITIRL CONOITION RESPONSE 
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INCORRECT ESTIMTE FIXED CONTROLLER 
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ADAPT I ON OF UNSTABLE REGULATOR 
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I n  the area o f  a t t i t ude  contra1 , we have considered developing adaptive/ 
learning control system theory f o r  use i n  handling large space structures. 
One problem where adaptive/learni ng theory i s  needed i s  i n  hand1 ing o f  large 
space objects using the space shutt le. During barging, towing, assembly, and 
construction operations involv ing 1 arge space structures adequate control 
requires precise knowledge o f  the structural  dynamics o f  the objects involved. 
As indicated i n  s l i d e  22, t h i s  requirement cannot be sa t i s f ied  using tech- 
niques based on analysis o r  ground tes t ing because o f  fundamental l im i ta t ions  
of these techniques. The adapti vel learni  ng system i s  conceived on the premise 
tha t  st ructural  tes t ing must be conducted on the objects involved i n  the 
operational space environment. Using i n - f l i g h t  test ing, the system i den t i f i e s  . 
parameters o f  the structures w i th in  a class o f  mission structural  models 
(s l i de  23). The parameters are used t o  adjust the control system design t o  
affect acceptable a t t i t ude  control.  Additional tests are required t c  maintain 
acceptable a t t i t ude  control because the dynamics change during operations. 
The number o f  such tests i s  substant ia l ly  reduced by using model extrapolat ion 
based on analysis , thereby conducting tests only when the divergence between 
the observed dynamics and the model resu l ts  i n  unacceptable s t a b i l i t y  and 
control margins. 



SPACE APPLICATION CONlROL 

o PROPER PHASl NG ff REQUI RES PRECI Y K W E D C E  OF THE STRUCTURAL 
OYMMICS 

o ADEQUATE ANAtYTl CAl DEF l NIT1 ON NOT POSS I R E  FOR COMPLEX SIRUCTURES - 
PROVIDES FIRST GUESS M Y  

0 GROUNO TESTING NOT POSSIBLE - GRAVITY, MASS, STIFFNESS CONSIDERATIONS 

HENCE: TEST1 NG DURI ffi RIGHT OF THE ARTICLE TO BE COWROLLED 1 S THE 
O N Y  M H O D  TO OBTAIN THE REQUIRED STRUCTURAL OYNAMlCS 
KNOMEDCE 

Slide 22 

LEARNING SYSTEM DESCRIPTION 
(SPACE APRKXTIONJ 

- - - -  ACTUAL 
EXTRAPOLATION BASED ON 
I N-R I GHT TESTS 

-* 
4' 

6 AUTOMATICALLY CONOKTS I N-RIGHT TESTS WHEN CONFIDENCE I N  
STRUCTURAL DYNAMICS DEFl NlTlON PROBUCES UNACCEPrABLE 
STABILITY AND CONTROL MARGINS 

o ADAPTS TO CHANGES I N  ORBITAL, M S S ,  IMRTIA, AND FLEXIBILITY 
CHARACTERISTICS USING GAIN SCHEDULING BASED ON EXTRAPOLATION 

Slide 23 



The adaptive/learning system important features are l isted on s l ide  24. 
The system i s  being developed using an analytical model o f  the SEP array. 
The model was created using a f i n i t e  element model and the SPAR computer 
program (s l ide  25).  

LEARNING SYSTEM FEATURES 

r In-flight definition of structural dynamics 

Optimal dctision theory used ta initialize Wing and adjust 
feedbdck la# 

r Optimal tolerance to control system stnu~lactuaior failures 
using analytical redundancy 

r "Dithel"' signal inputs Mcded fw adaptive contrd are supp,tSseU 
during operations for which they are nd q t i b l e  

r Gain nhedulinq pmvidts -on in abscc;e d 'Wdithel"' inputs 
based on extraplation 

Slide 24 

SEP SWR MODEL TOP OF SEP 

Slide 25 



The sensing concept assumed i n  the adaptive/learning system i s  a remote 
sensing concept being studied a t  LaRC where N cameras are used i n  conjunction 
with a spot pattern on the array. Slide 26 shows the location o f  the cameras 
i n  the shutt le payload bay and the SEP array incl ined on angle e with the 
shutt le center l ine. Slide 27 shows the array spot pattern that  i s  used i n  a 
simulation program to  develop adaptive/learning control schemes. 

SEP/SHUTTLE - SENSOR CAMERAS 

Slide 26 



SEP/SHUTTLE - SENSOR- SPOTS 

SENSOR 
SPOTS - 
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OVERVIEW 

J. P. Young 

INTERACTIVE ANALYSIS PROGRAM ACTIVITY 

I n  o rder  t o  produce meaningful, a l t e r n a t i v e  l a r g e  space s t r u c t u r e  
p re l im inary  conf igurat ions,  designers must have h i g h l y  f l e x i b l e  and 
e f f i c i e n t  computer codes t o  evaluate c r i t i c a l  i n t e r a c t i v e  e f f ec t s .  These 
i n t e r a c t i v e  e f f e c t s  a r i s e  from the  var ied  parameters o f  phys ica l  p l a n t  
performance, envi ronments, and f o r c i n g  funct ions associated w i t h  d i s c i p l i n e s  
such as thermal, s t ruc tu res ,  and con t ro ls .  Adverse e f f e c t s  can be expected 
t o  s i g n i f i c a n t l y  impact system design aspects such as loads, s t r u c t u r a l  
i n t e g r i t y ,  c o n t r o l l a b i l i t y ,  and miss ion performance. The end product 
analys is  system i s  conceived t o  be an i n t e g r a t i o n  o f  i n d i v i d u a l  d i s c i p l i n e  
computer codes i n t o  a  h i g h l y  dser o r i e n t e d l i n t e r a c t i v e  graphics based ana lys is  
c a p a b i l i t y .  This i n t e g r a t i o n  o f  computer codes must be done i n  a  manner t h a t  
w i  11 g r e a t l y  accelerate i n t e r d i s c i p l i n a r y  data f l ow  by maximizing use o f  
modern data base management techniques . By p rov id ing  computer ass is ted  
i n t e r d i s c i p l i n a r y  p re l im inary  design ana lys is  c a p a b i l i t y ,  the  designer w i l l  
be a f fo rded  a  r a p i d  and e f f i c i e n t  system t o  minimize s o l u t i o n  turnaround time. 

INTERACTIVE ANALYSIS PROGRAM ACTIVITY 

o  OVERALL OBJECTIVE 

PRODUCE AN AiiALYSIS SOFTWARE SYSTEM CAPABLE OF PERFORMING INTERDISCIPLINARY 
PRELIMINARY DESIGlY ANALYSES OF LARGE SPACE SYSTEMS, DISCIPLINES SUCH AS 
THERMAL, STRUCTURES, AND COiYTROLS ARE TO BE INTEGRATED INTO A HIGHLY USER 
ORIENTED ANALYSIS CAPABILITY. THE KEY FEATURE OF THE INTEGRATED ANALYSIS 
CAPABILITY I S  TO BE A RAPID AND EFFIC!ENT SYSTEM TEAT WILL MINIMIZE SOLUTION 
TURNAROUlJD TIME, 

o SPECIFIC GOAL 

HAVE OPERATIONAL INTEGRATED AHALYSIS CAPABILITY ( IAC) FUNCTIONING BY END OF FYS3 



INTERACTIVE ANALYSIS PROGRAH ACTIVITY 

In FY79 there was both in-house (GSFC) and contractor a c t i v i t i e s  
(Boeing Aerospace Co. ) . The in-house ac t iv i t i es  centered around tasks t h t t  
will provide t e chn i c~ l  information/analysis techniques to  feed into the 
major contractor activity.  In the thermal and structural  discipl ine areas, 
there i s  the c r i t i c a l  need to  identify the individual analysis codes that  
b s s t  ffiatch the requirements imposed by an integrated analysis system. In 
addition, a smewhat new approach to  thermal analysis, based on the modal 
solution techniques, i s  to be assessed for  practical usage. Since no general 
t echn iq~e  existed for the 1 i nearizatiLn of sampl r4 data control systems, 
considerable in-house e f for t  has been fevoted to developing this capability. 
In thc systems area, a significant  in-house itccompiishment has been the 
development of a general theory fo r  rnathemtically simulating the coupling 
of thermai loads into the system dynamics. 

A two-phase contract was awarded to Boeing Aerospace Co. i n  June 1979. 
for the development of an operational integrated analysis capability. The 
Phase I e f fo r t  (10 months performance psriod) i s  to produce a detailed 
development plan and a pi lo t  analysis program desipned to demonstrate proof 
of concept. The Phase I1 e f for t  i s  to produce the actual operational soft-  
ware system. 

IiiTERACT l VE MALYS I S  PROGRAA ACTIVITY 

o T H E P A  

o EVALUATE SUITABILITY OF WASTMi VS. SINDA VS. SPAR 

o ASSESS PRACTICAL L I n I T S  6i USE OF FiiML SOLUTION TECHij!QUE 

o STRUCTCES 

o EVALUATE tiASTWA VS. SPAR VS. SAP-VI 

u CiraiTROLS 

o DEMLOP LlriEARIZfiT19N TECHAIQUE FOR S W L E D  DATA CWTROL SYSTEMS 

o SYSTEBS 

o DEVELOP GHER4L THEORY FOR COUPLIijG T H E M L  LOADS IdTO SYSTER DYNXIICS 

o TW3 PHASE EFFORT HiTH EYD PRODUCT TO BE Ad 0PERATIO:JAL INTEGRATED MALYSIS CAPABILITY 

o PHASE I 1#ARBElr TO BOEliJG 4EROSPACE CO. JUNE 79, (10 MONTHS PROGRAEI) 





DEVELOPMENT OF SYSTEM DYNAMICS ANALYSIS METHODS 

H. P. F r isch  

OISCOS PROGRAM IMPROVEMENT ACTIVITY 

As shown e a r l i e r  i n  the IAC system concept block diagram, OISCOS i s  
designated as a candidate appl i ca  t i o n  program t o  perform the systen dynamics 
ana ly t i ca l  simulation. OISCOS basica:ly derives and sets up the  computer 
code necessary t o  define the  p lan t  equations. The user, v i a  FORTRAN ccrde, 
defines a1 1 non-gyroscopic cont ro l  and environmental loads on the system. 
DISCOS i s  s t ructured so as t o  provide the user w i t h  a clean i n te r face  be- 
tween the plant,  the cont ro l le r ,  and the  environment. This clean interface, 
along w i t h  several special  i n te r face  subroutines, he lp  to  u~in imize the  
problem associated w i t h  non-gyroscopic load d e f i n i t i o n .  

DISCOS PROGRAM IMPROVEfttEllT ACTi VITY 

DKdAMIC LtiTERACT ION $1 MULAT IN OF flOtJTROLS AND STRUCTURE 

MTIVATION: THE KEY TO BUI WING iJSEFUL SIMULATION IODELS I S  TO MAKE THEM AS 

S I fPLE AS POSSISLE, EXCESS DETAIL TENDS TO COJFUSE RATHER THA3 

CLAR I FY . 
NEED: A CAPABILITY 10 RAPIDLY Aiii) RELIABLY SET UP THE UNABRIDGED EQUATIONS OF 

MOT I ON FOR I DEAL I ZED SPACECRAFT S I MULAT I Oii WODELS . 
SIMULATION FIODELS : FOR C@NTilOLS RELATED STUD I ES SPACECRAFT CAN NORMALLY BE 

MDELLED AS A SYSTEM OF COUPLED RIGID AND FLEXIBLE B0DIES. 



DISCOS PROGRAM IMPROVEMENT ACTIVITY 

Obviously a f u l l  DISCOS capabi l i ty  should not be used f o r  the s ingle 
r i g i d  o r  a s ingle f l e x i b l e  body model. 

Coupled body problems conceptually look very simple and i n  most cases 
th-y are reasonably easy t o  understand; however, the der ivat ion and computer 
imp1 emer.tation o f  the complete set o f  coup1 ed non-1 inear equations o f  
notion, accounting f o r  a l l  gyroscopic effects, can be extremely d i f f i c u l t  
t o  obtain and debug. 

The DISCOS user need w ~ r y  only about cor rect ly  se t t i ng  up the input  
deck t o  define the problem. The equation der ivat ion and computer 
implementation port ion o f  the problem has already been taken care o f  by 
DISCOS . 

COARSE ATTITUDE 
AND POS 1 TIOH CONTROL 

F NE ATTIT DE b AND O S I T I O N  t! ONTR3L 

DEPLOYMENT AND SHAPE CONTROL 
USE D I SCOS--To Aurom~ I CALLY DERIVE AND ~ M E R  I CALLY SOLVE THE EQUATIONS 

OF HOTION FOR THE CONTROLLED COUPLED BODY SYSTE~I 



DISCOS PROGRAM IMPROVEMENT ACTIVITY 

Simulation models a re  s t ruc tured w i th  a dual purpose i n  mind: 

1) Expose po ten t i a l  problem areas 

2) Provide the engineer w i t h  s u f f i c i e n t  i n s i g h t  i n t o  the problem 
so t h a t  a " f i x "  can be implemented 

Excess d e t a i l  usual ly  w i l l  not  hinder the exposure o f  a problem; 
however i t  usual ly  w i l l  mask the t r u e  cause o f  the problem. 

Coupled r i g i d - f l e x i b l e  body models, us ing a minimal number o f  f l e x i b l e  
body modes, a re  usual ly  adequate f o r  most cont ro ls /s t ruc ture  i n t e r a c t i o n  
probl ems. 

DISCOS 

HODELL 1 HCI CAPABi L I  TY 

o ARBITRARY NUMBE9 OF BODIES 

o ANY OR !I C M Y  BE FLEXIBLE 

o RELATIVE DEGREES OF FFEEMF NAY BE 
--KINEMT I CALLY FREE 

--KINEMATICALLY FIXEP 

--CONSTRAI JJED BY SPRINGS DAMPERS AND/OR MOTORS 

--DEFINED BY AN APRIORI FUiiCTIOiI OF T I E  

o TOPOLOGICAL LOOPS ALLOWED 

o ARBITRARY CONTROL SYSTEM ALLOWED 

o ENVIRONMENTAL LOADS ALLOWED 

o FORCES AND TORQUES M Y  BE APPLIED ANYWHERE 

--DISCRETE LOADS ALLOWED 

--DISTRIBUTED LOADS ALLOWED 
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Specific Tasks 

Five tasks were established at the beginning of FYI79 a 
accomplishing objectives. 

A. The task f nvolves identifying antenna structures 
based upon results of recent NASA mission madel s 
specific antennas selected for development from the Wrap-Ri b and 
Precision Deployable Conceptual Development Studies. 

B. Construct models to demonstrate computer code capabilities, new 
capability required, and to establish bases for integrated 
analysis studies. 

C. Invest3 g te different ~ d e s  for accomplishing structural/thermal 
coupling based on dissimilar requirements on models used for 
structural and thermal analyses. 

D. Supply dynamic models describing typfcal modal data to Controls 
Division to establish interdiscip? inary dialogue between 
Structures and Controls engineers. 

E. Oetermf ne structural, thermal and dynamic response in terms of 
tructural loading and ref  lector surf ace distortion. 

SPECIFIC TASKS 

A. IDEYT IFY CHAR"4CTERI ST1 C AATEYIA STRUCTURES AYD APPLI CATIOIjS 

B, DEKCOP AflALYTKAL MODELS 

C. DEVELOP APPROACH FOR STRUCTURAL/THERIIAL COUPLIIG CAPAB I L I N  

D . DEVELOP APPROACH FOR STRUCTURAL/CO:ITROL COUPLl NG CAPABILITY 

E . CHARACTERIZE AND DETERMI fiE IMPACT OF EXTEK4AL DISTURBAlCES 



















































































FP 79 - DEVLWW~T OF FIBER OPTICS 

CO-R TECI4XOUH;Y FOP L A R E  SPACE SlSTiHS 

!IDTI OFE3.IT 9: FIBER WTf CS 

TECMOLOGY FOP M.RGF SP4CF STWCTURIES 

w-: 
70 DEVELOP PHYSICAL NCEPTS FOP iWT 

CONNECTORS AND CABLES WtTM STRUCTURAL CONCEPTS PRCPOSED f 3 R  

LSST, LYPHASIS IS PLACED ON RENOTE CONNECTIONS USING 

INYEGRATED CABLES, 








































































































