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[57l ABsraAcT 
The invention is a system for automatically controlling 
the surface contour of a deployable and restowable 
antenna 11 having a mesh reflector surface 26 supported 
by a circular. folding hoop U aftired to a central, tele- 
scoping column 14. The antenna 11, when deployed, 
forms a quad-aperture refkctor with each quadrant 
A-D of the mesh surface 26 shaped to provide an offset 

The hoop U is supported and positioned by quam 
support cords 12 attached to the top 22 of column 14 

tcndktweenthehoop Uand base %of the column 14. 
Thc antenna 11, an R F  reflective surface 26, is a gold 
plated molybdenum wire mesh supported on a graphite 
cord truss structure that includes the hoop control 
cords and a plurality of surface control cords 27 at- 
tached at selected points on the surface 26 and to the 
base 24 of column 14. The contour of the three-dimen- 

surface 26 of the antenna 11 is controlled by 
selectively adjpsting the lengths of the surface control 
cords 27 and the graphite hoop control cords 23 by 
mesns of novel actuator assemblies 56 that automati- 
cally same and change the lengths of the lower hoop 
control cords 23 and surface control cords 27 to control 
the contour of the surface 26 of the antenna 11. 

parabolicRFnaector. 

and by lower white hoop control cords 23 that ex- 

1 1 c l I . i a I ~ S h c e b  
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FIGURE 1 
PRIOR ART 
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FIGURE 2 
PRIOR ART 
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FIGURE4 
PRIOR ART 
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FIGURE 3 
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FIGURE 5 
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FIG. 2 is a plan view of the conventid deployed 

FIG. 3 is aputiaI u o s - s c d d  view of one of a 

spuxd a r o d  a circukr antenna base for providing a 
guide for 96 surf.cc control cords and 24 hoop control 
cordsof the autumn shown in FIG. 1 

FIG. 4 is an enlarged Paspective of one of a plurality 
of truss points illustrahg conventional manual means 
f a  sdectively adjusting the length of the surface and 
hoop control cordsof th antemashown in FIG. % 

FIG. 5 isa PaspeCtive, pucrrrl scctiod view of ope 
of 24 actll.tor awcJnblks circomfacntiaily spaced 
lromrd aconvattbalmtumabaseasshownin FIG. 1; 

asscmbly 
shown in FIG. Sand indnding aspring lordcdpiston in 
a lower stop block in the actmtor assembly; 

FIG. 7 isaplan view of a guide pulley assanbly taken 

FIG. 8 b a plan view of an arc SectOr drive pulley 
arranganent taka along the lines 8-8 in FIG. 5: and 

FIG. 9isa block diagram of the control system of the 
inValtiOll. 

antam shown in FIG. 1 

plurality of lower stop bracketJ Circumfenntially 

FIG. 6 is a left end vicw of the 

Plong liws 7-7 in FIG. 5; 

DESCRIPTION OF THE PRIOR ART 
Referring to the drawings, FIGS. 14 illustrate a 

collventional deployable and restowable hoopcolumn 
a n t m n r g Q e r r l l y ~ b y t h e r r f a m c c n M i C r a l  
11dwhich~ykfiftemmctasormorrmdiamcter. 

The antuma 11 is snpported by a folding hoop U, 
fonnedof hinged Iidu 13 aftbal to acentral telescop 

mcral14 formed by upper and lower mast sections U 
ard 16 rrspccrrvdy . which arc f d  of telescoping. 
triangniarfy shaped segments 17 and 10 that extend 
from a central hub 17 When deployed, as shown in 
FIGS. 1 and 2, the antenna forms a quad-aperture RF 
si& antenna, each quadrant A-D bcing adjustably 

tor. 

and circumferrntially spaced quartz hoop support cords 
21 anached to the top 22 ofthe upper mast section 15 

hoop control cords 23 attached to a circular base 24 
upon which the bottom lower segmmt 18 of lower mast 
section 16 is mounted. 

The antauu 1% an RF rrflcctive surface or mem- 
b r a ~ ~  26 formed of a gold platcd molybdenum wire 
wsh is sopported on a graphite cord truss spucturr 
ktw&nthehoop l2md *base 24thatincludes 
ninety& (96) citcpmfaentialy spaced surface control 
cords 27 attached to the hoop l2 and the circdar base 

23~pnviomlYdcScribed. 
As shown in FIG. 2, the surface and lower hoop 

control cords 27 and =may k attached to the antenna 
sprtrce 26 in a plurality of cord groups 28 of five (four 
surface and one lower hoop control cord) per group, 

tially spaced around and which are attached to the 

that cxtend from the central hub 19 to the hoop l2. 

trol cord truss points 29 in the twenty-four cord groups 
form four concmtric circles in the antenna surface 26. 
As shown in FIG. 3, the lower end of each cord 27 

and 23 of each cord group 28 is attached to one of a 

ing CO~UUUI gmarlly by the referenrx UU- 

shaped to provide an O f f s a p a r a b o k  RF signal rcflcc- 

Tht hoop 12 is sppported by fOrwUght (4) upper 

d by twenty-fow (24) c i I C u m f ~ t d l y  spaced l owe  

24 and tk twenty-f- (24) low= hoop m t r o l  C O ~ S  

therr being twenty-fow Of Such groups 28 circumferm- 

surface 26 at spaced tnus points 29 dong radial lines30 

Adjacent and correspondm . gly pwitioucd surface con- 
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plurality of semi-circular lower stop brackets 31 that 
extend radially from the upper surface of the circular 
base 24. 

Each lower bracket 31 includes five identically 
shaped fuanel shaped control cord guides 32-36 respec- 
tively that open into the interior of the lower stop 
bracket 31 and which receive the ends 37 of the cords in 
each cord group 28. The ends 37 are secured in the 
lower stop bracket 31 by means of a bead member 38 
affixed to each of Said control cords of larger diameter 
than the neck of the rupcctive funnel shaped guide 
32-36 in which received. 
As shown in FIG. 4, a metal slave 39 on the upper 

cud 41 of each surface control cord 27 and each lower 
hoop control cord 23 is received in a radially extending 
bore 42 in one of a plurality of flat, circular discs 43 that 
form the tmsa points 29 attached at selected points to 
the underside of the mesh forming the antenna reflec- 
tive surface 26 as previously described. The length of 
the metal sleeva 39 which are adjustably secured in the 
nspective boru 42 in which received by means of set 
rrews48?iuadablyreceivedintransvtftepassages49 
th.t open into the respective bora 42 determines the 
stroke or length of adjustment of each surface control 
cord 27 and lower hoop control cord 23. 

As shown in FIG. 2, aplan view of the antenna 11 in 
a deployed position, the antenna 11 provides four quad- 
rants A-D, rupdvely ,  each forming a parabolic RF 
reflector. The truss points 29 for the lower hoop control 
cords 23 are circmfaentially speced about the hoop l2 
in diametrically opposed pairs, there being twelve such 
pain4 in all. The four surface control cords 27 and one 
lower hoop control cord 23 forming each cord group 28 
are radially spaced in a straight line 30 extending from 
the central hub 19 to the hoop U 
When in a stowed position, the motor actupted and 

hinged links U forming the hoop 12 are folded together 
to form a cylindrical housing around the central hub 19 
into which the triangular shaped segments 17 and 18 
forming the upper and lower mast d o n s  15 and 16 are 
telucopcd, one inside the other, by means of a suitable 
motor driven cable and pulley arrangement (not shown) 
mounted on the center hub 19. The mesh forming the 
surface 26 of the antenna 11 is folded and stored be- 
tween the cylindrical housing and the outside wall of 
the central hub 19. A feed mast 51 affixed to the upper 
mast Section 15 carries an RF signal feed aYrembly 52. 

During deployment, as the upper and lower alast 
h 15 and 16 extcnd, each telescoping segment 17 
and 18 latches to the adjacent and last segment to ex- 
tend. As thebottomsegment 18 attached to thebase 24 
is uaended the surface control cords 27 and lower 
hoop cords 23 arc pulled from individual spring biased 
storage spools 53 suitably mounted on the base member 
24. The upper hoop support cords 21 are similarly 
pulled from storage spools not shown mounted at the 
top 22 of the upper mast d o n  15. This extengion is 
accomplished by a motor driven and threaded rod af- 
fixed to the last segment 18 which moves the column 14 
to a fully extended position. 

Thereafter the hinged l i i  13 are unfolded out- 
wardly by motor driven oarallelopram arms (not ~- \____ 

showd) toform the hoop 12 A d  posithn the surface 16 der that as a &t piston stop means for control- 
in E h t  deployed psition. all of the metal sleeves 39 on ling the length of stroke or travel of the piston in a fmt  
the surface control and lower hoop control cor& 27 65 downwardly direction (approximately 0.75 inch in the 
and 23 having fint becn mured in the bores 42 of the prefmed embodimmt, but variable). 
respective dbcs 43 at the truss points 29 in which re- Each piston 68-72 is dm provided with a Stop pin 81 
ceived by mcans of the associated set screws 48. that projects through an elongated slot 82 in the side 

4 
Likewise the beads 38 are also affixed to the respec- 

tive surface control cords 27 and lower hoop control 
cords 23 to preset the length of each such cord as calcu- 
lated to provide the desired or ideal surface contour for 

5 each parabolic quadrant A-D respectively of the de- 
ployed antenna ll. Thus, the lengths of the control 
cords 23 and 27 determines the relative three-dimen- 
sional positions of the truss or selected points 29 on the 
antenna and thus the contour of the antenna surface 26. 

Even with the lengths of the surface control and 
hoop control cords 27 and 23 preset and the quadrants 
A-D of the antenna thenafter deployed to the fmal 
position as described, the contour of the antenna surface 
26 may vary during deployment requiring the manual 

15 adjustment of the control cord sleeves 39 to control the 
contour of each parabolic antenna surface (A-D) to 
asawe the maximum R F  signal reflection. 

The deployment and subsequent manual adjustment 
of tbis type of conventional antenna on Earth has been 

20 found to require many hours of tedious work while 
achieving a surface contour accuracy within only 0.01 
inch. It has also becn found necessary to repeat much of 
the previous manual adjustment when a once deployed 
antenna is redeployed from a stowed position in a zero 

DETAILED DESCRIPTION OF THE 
INVENTION 

10 

25 gravityenvixonment. 

Referring to FIGS. S-9, a preferred embodiment of 
30 the invention is shown as generally comprising a plural- 

ity of actuator assemblies generally designated by the 
reference numbed 56 radially spaced around the circu- 
lar base 24 of a conventional antenna 11 as shown in 
FIGS. 14 and as previously described, the same refer- 

35 ence numerals being used for like elements in the foi- 
lowing description. As shown in FIG. 2, the antenna 
surface contour control system requires twenty-four 
(24) actuator assemblies 56. 

As shown in FIGS. 5 and 6, each actuator assembly 
40 56 includes a semicircular shaped stop block 57 pro- 

vided with five radially extending and offset passages 
58-62 that form cylinders 63-67 for displaceably receiv- 
ing hollow pistons 68-72 respectively through which 
four surface control cords 27 and one hoop control cord 

45 23 forming a cord group 28 as previously described 
pass. Each control cord 27 and 23 is provided with a 
bead member 38 larger in diameter than an upper throat 
73 internally formed in each piston 68-72, thus prevent- 
ing each control cord from being pulled upwardly from 

The h.ee end 74 of each control cord 23 and 27 is 
attached to an individual, spring loaded take up spool 53 
arranged to maintain sufficient tension to prevent any 
slack in the respective lower hoop and surface control 

55 cords 23 and 27 rrspectively. The o p p i t e  end of each 
control cord 23 and 27 is fixedly attached to a truss 
point 29 by means of a set screw 44 as previously de- 
scribed. 

Each piston 68-72 is provided with a head 77 that 
60 confines a surrounding compression spring 78 within 

the cylinder 63-67 in which received between the head 
77 and a cylindrical spacer 79 at the bottom of the cylin- 

50 the respective piston 68-72 in which received. 
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wall of the stop block S7 ad which extends p8ralkl Initially and prior to deployment of the antauia 11, 
with the cylinder 63-67 in which the asseat& piston the tcnsion in each acruator cable 84 in the system is 
6 8 - 7 2 i s ~ v d T h e s t o p p h 8 1 a n d ~ ~ 8 2  adjusted so that the pair of holes 104 are positioned 
provide a scumd piston stop meam for amtrdhg the between the light sourccsad scmors of the spaced pair 
length oftnvd ofthe rrspeaive piston m a SCCOOd and 5 of detectors lOl, each of the pistons 68-72 to which the 
oppositeclhcth~AssbowninFIGS.Sand6thefiw actll.tor cables UT (zero degree position) attached 

gated slog 82 being farmed in the front f.ce 83 ofthe 63-67 against a CamprCgioIL spring 78. In this position, 
stop blockand two in theb.Ckf.a of thestopblock 57- each amtrol cord 23 and 27 is adjustcd to a pndaer- 

the end basa 8s 011 pbtom 68-72 p8sll over rn upper As in the Unlverltbd an- the lengths of the 
d y o f g a i d c ~ 8 6 m o ~ o n s h . f t s 6 7 i n t h c  ~ v e c o n t r o l c o r d r 2 3  andndeterrmne * the rela- 
s t o p b r r r c k d S 7 m d ~ a n ~ I R I i n t b c m -  the#- * @h of the truss pomts 29to 
t a n m b a e 2 4 , k f o r c n a d n p o w r a l o w c r ~ o f  which the control cords arc aarrchcd to control the 
goidepdlq%a9. E . c h a c t m t o r u b l e 8 4 h ~ y  15 CaDtOm of tbe all€ama slafsce 26. The actlul position 
attackd to anmxectorpoint 91 on a drive Dolley 92 of cnaxlaa 96 M resumsive to the arc-scctor wint oosi- 

cyiirdcn~arcslightlyoffsd,thrreofthcdon- ~poaitiolpcdmidmyofitsrrspcaivecylindcr 

AsshowninFIG.I,.ctprtorcrMesMattddto 10 minedandidcallcngth. 

t i o n ~ f r o m & ~ e m i t t a - d a e a o ; s a n d t h e  
scnsors99. Uponazerodegreesignalfromthedetectors 
lo1 the rrcaurl position decoder98 momentarily rcsets 

Anincrrmentrlencoda 106suchasa28 mmdiame- 
ter iacrrmmtpl optical encoda, Model HEDS 5010 
A06 male by Hmktt Packard Corporation, P.O. Box 
37000. Rakigh, N.C. also mounted on the drive shaft 93 

zsofegchmotor94ismechrmcall . ycoupledtoadrive 

20 themicrocontrollaactnalpositiondatatozero. 

puucy92by the gcarfiesd95 and prov ides  two quadra- 
ture and ozle indu signal pa revolution of the drive 
shaft 93, the gearhe& 95 being amrnged so that the 

point 91. 

point position- at the zao  tion on and 
35 uppa and lower angular limit positioDs of rotation of 

thearc-pointasdaammed * bythespec#lholes 
MU. The output signals of the I#in of detectors 101 and 
the index !3i@ fnnn the iacrrmmtal CLLCoder 106 are 
applied to an AND logic circnit in a microconrmller 

4 107 for each rrctuator assembly 56 to produce three 
absolute referma poaitiOm (zero degree, uppa and 
lower) for each arc-scctor point 91 accmatc to the reso- 
lution of the innrment.l recorder 106. 
The minocontrolla 107, which may k a commer- 

45 cially available device such as an Intel 8797 BH micro- 
controller made by Intel Corporation, 3065 Bowers 
A v m u ~  k t a  Clara, Calif. 95051, includes a nonvola- 

position signal of each arc-scctor point 91 for each actu- 
M ator cable 84 in each actuaor sgembly and to which 

each is set priortodeployumtasprrviorply described. 
As shown in FIG. 9 the position signals from the 

incrrmeaeal coda lo6 and sctrul position mcodcT WI 
arc fed tothemicrocontrolla 107 whichcomparrsthe 

55 actualarc~pointpositionsigna&withtheideal 
position siglds and cnergks the individual motors in 
each assembly 56 as required to rotate the rrspeaive 
drive D d k Y s  92 ULBoCiBtcd thenmth * tothemodepne 

drive shaft93 rotatu a d a a m m d  . number of timcs for 
N each mcItion of the drive pulley 92 and its arc-scctor 

pX'CViOdy dacrikd, the pattan of the four (4) 
holes 104 on each drive pulley 92 produce =-sector 

tile memory prognunmEd to storrtheidcai zero degree 

each drive pulley 92 a n d h a  which the drive pul- 60 
ley - 

Each detector includes a light soprcc and a light 
scxtaor which is actllllted to provide an arc?lectorpoint 
POQition signal when atha OIIC or two of four (4) holes 
104 through each drive pulley 92 pas between the light 65 
source and sensor of each dacctor 101. A pair of holes 
104arc spaced on the same radial while two of the holes 
1 W U T  spaced tram the miid and the dlive -93. 

posit& f& each arc-sector point 91 at which *"the 
ideal and actual P05ifiOIIsignalsarc equal. The respcc- 
tive moton 94 arc de-amgized and its assOciated brake 
motor%tumcdon. 
The microumtroller 107 includes circuit means that 

leys 92 in any given direction to no more than the angle 
between the spaccd hola 104 at which time the driving 
motor is rcverscd and the drive pulley 92 rotated in the 
opposite direction until the pair of holes 104 is sensed by 

limit the d- Of rotation Of the Bssociated drive pul- 
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the actual position encoder 98 and the index signal from thereby controlling the contour of the surface Of 
the incremental encoder 106 arc coincident. At that said antenna, said motor driven means including 
time the mictocontroller 107 turns off the essociated stop means for limiting the length of adjustment of 
drive motor 94. Thus positioning of the arc-sector each of said individual surface control cords. 
points 91 is accomplished by the mimecontroller 107 5 2. A system for controlling the contour of a thre-di- 
which selectively drivu one or all  of the torque motors mensional surface of an antenna deployed and sup- 
94 associated therewith while monitoiing the output ported by a circular hoop means affixed to a central 
signals of the actual position encoder 98 and the incrc column by attachment means including a plurdty of 
mental encoder 106. Rotation of the arc-sector poinu is hoop control cords attached to selected points on and 
transferred as a reciprocating movement to the pistons 10 said hoop means and to a base member of said Central 
68-72 by the actuator cables 84. column and a plurality of surface control cords each 

Each surface control cord 27 and lower hoop control attached to said base member at one end and at selected 
cord 23 may be automatically and individually adjusted points on the surface of said antenna at the other end, 
to control the threedm ensional position of that portion the relative thtec-dim~ional positions of said selected 
oftheantennasurf~towhichattached.Thefivecon- 15 points on said hoop means and said antenna surface 
trol cords in each control cord group 28 may be ad- being determinative of the contour of the surface of said 
justed in sequence or simultaneously by properly pro- three-dimarslo ' nai antenna comprising: 
gramming the microcontrollers 106 with which asaoci- actuator assembly means including motor driven 
ated ~ u m i n g  sUmcient power is available. Further the means for automatidly and individually sensing 
system may be arranged to operate all twenty-four (24) u) and adjusting the actual length of each of said hoop 
actuator aacemblies simultaneously or in any duircd and surface control cords to a predetermined 
sequence or combination, again as determined by the length thereby daermining the relative thrccdi- 
pro-g of the microcontrollen 106 and the mensiorul position of each of said selected points to 
avdabdity of sufficient power. control the contour of the surface of said antenna, 

said motor driven means including stop means for 
an urtanal command source 108 may be provided for limiting the length of adjustment of each of said 
controlling the contour of the antenna surface 26 as individual surface control cords. 
previously described Using three-dimcnsiod photo- 3. The invention as defined in claim 2 wherein the 
graphsofthedeployedantcnnawhichmaybetaLenin lengths of said hoop and surface control cords are 
space from the antenna itself, another space object, or sensed and adjusted simultaneously. 
from the Earth. These photographs may be computer 4. The invention as defined in claim 2 wherein the 
processed~toidcrlarc-sectorpointpoSitioncommand lengths of said hoop and surface control cords are 
signals corrupondhg to each r a m v e  actuator cable sensed and adjusted in sequence. 
84. The extetnnl command signals arc compared with 5. The invention as defined in claim 2 wherein said 
the corresponding actual pasition arc-sector signals and 35 hoop a d  surface control cords arc arranged in cord 
the arc-sector points 91 in neal of adjustment rotated groups, each cord group including at least one hoop 
and positioned until the actual p i t ion  signals and ex- control cord and at least one surface control cord. 
tanal ideal position signals arc the same as previously 6. The invention as defined in claim 5 wherein each 
described. control cord group includes one hoop control cord and 

dca l ly  and this photogrammatic process repeated to 7. In a system for controlling the contour of a three- 
automatically and continuously maintain the desired dimensional surface of an antenna deployed and sup- 
surface contour of the fully deployed antenna. ported by a circular hoop meam affued to a central 

while the invention haa been dacribcd for w with a column by attachment means including a plurality of 
hoopcolumn mesh antenna, it may be used to control 45 hoop control cords attached to selected points on said 
the surf- COII~OUT of any &-type antenna including hoop means and to a base member of said central col- 
radial rib. rib. or tetrahedral truss antennae for ex- umn and a plurality of surface control cords each at- 
ample and in which the we of surface cords as in this tached to said base member at one end and at selected 
invention is desirable. points on the surface of said antenna at the other end, 

Thereforr. while a preferred embodiment of the in- 50 said hoop and surface control cords being arranged in a 
vention ban dacribed in detail numerous changes plurality of cord groups on said central base, each cord 
and modification8 can be mde within the principles group including at leapt one hoop control cord and one 
thereof. surface control cord, the relative thm-diensional 

we  claim: position of each of said selected poinu on said hoop 
1. 8 SystCm for controhg the contour of the three- 5s mema and said antenna surface being determinative of 

the colltou~ of the surface of said antenna, the improve- 
ment comprising: 
an actuator assembly means for each of said cord 

groups mounted on said central base, said actuator 
assembly means including a stop block having indi- 
vidual and displaceable piston means therein se- 
cured to each of said hoop and surface control 
cords in each of said cord groups; 

an actuator cable attached to each of said piston 
means at one end and tangentially to an arc-sector 
point on a drive pulley at the other; 

individual motor driven shaft means including an 
actual arc-sector point position encoder means for 

As shown in FIG. 9, position command signals from 25 

Subaequcnt detailed photographs may be takcn pen- 40 four surface control cords. 

dimensiolul Surface of an antenna deployed and sup- 
ported by a plurality of surface control cords attached 
to selected points 0x1 the S u r f a c e  of said antenna, the 
relative threedm * h o d  position of each of said se- 
lected poinu on said antenna surface being determined 60 
by individually adjusting the length of each of said 
surface control cords to control the contour of the sur- 
face of said three-dimensional antenna the improvement 
comprising: 

actuator auKmbly means including motor driven 65 
means for automatically and individually m i n g  
and adjusting the actual length of each of said sur- 
face control cords to a predetermined length 
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an actuator cable attached to each of said piston 
meansat one end and tangentially to anarc-sector 
point on a drive pullcy at the otha; 

indivdwd motor means for reversibly rotating each 
of said drive pulleys and an acmal position mcoder 
means rapmive  to an arc-sector point sensor 
means for providing actual arc-scctor point posi- 
tionrimulf 

. 1encodermmn.foramgizingsaidmotor 
m e a n S W h m W a n d  

controlkr meaus for providing and coalpaling inter- 
nrl idal  arc-sstorpoint POJition signals with said 
actlularc~pointpositionsigMlsandclctuat- 
ingsaidincnmcntrl e a c o d a ~ u n t . i l s a i d  ac- 
trial arc- point position signals equal said 
idcaiarc-sectorpaintsqndstlurcbyautomaticall Y 
and individdy adjusting the length of said con- 
trol cords to control the contour of each of the 
surface of said rataura 

9. The invention as defined in claim 8 including brake 
meansthat are on when said individual motor means are 
off rind off when said individual motor mcaus arc 011. 

meam for limiting the displacement of said pistons in 
saidstopblock. 

11. The invention as defined in claim 9 whenin said 
controller ia responsive to and compares uternal ideal 
m e r  point position signals with said actual arc- 

tal encoder until the actual arc-sector point position 

10. The invcution8s defined in claim 9 inclpding stop 

ssctorpoint pOSitiOnsigMlsadaaostessaid iacremen- 

sigoalsequal t h e ~ i d e a l a r c - s c c t o r  pOint@tiOll 
dnnnlr. 
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