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METEGD OF MAKI\G AN !NFLATABLE PANEL

Warren Gillespie, Ir., Newport News, Va., assigner to the
United Siafes of America as represented by the Ad-
ministrator of the National Aermzantxcs and Space
Acministration

Original appleniion Jan, 33, 1961, Ser. I\f:. 82,658, now
Patent INo, 3,220,004, dated Nov. 23, 1965. Divided
-and this app{scznoa Aup, 18, 1944, Ser. No. 392,992

Ciaims. (Ci. iSG—-—ZSS)

ABS’I‘RAC’X‘ OF THE DISCLOSURE

This iavention re!a!es to a metho ' of formmg znﬂatabk'

panéls for use as eréctable.radic s nal reﬂectmg space
vehicles wherein two sheets of the moteria! making up the
inflatable are placed in oveﬂ},m 1 relationship on a plate
having a plnrah‘y of male protub:rances thereon, a partial
vacuum is created between the plate and the sheet of
riaterial adjacent thereto to -draw the sheets into con-
formity with the inale protuberances therzon, a flow of
heated gas is directed against the top of said shee's to
thereby further conform the sheets to the pattern oa the
plate throngh' the combined eects of heat and pressure,
a sulifimatory inflatiod material is inserted betwesn the
sheets and the peripheries of the sheets are bonded to
thereby form an mﬁaable paneL

“The mvemor descmb d berem may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or tberefor.

This apph»zmcn is a Givision of application Ser. No.
82,658 filed Jan. 13 1961, and pow U.S. Pitent No.
3,220,004
. This investion relates ge-;eraliy to planefary o:baal
communication satellites and moreé specifically to a method

of making an erectable, mﬁatab}e radxo signal reflecting 4

space vehn:lﬁ.

The realization m'recmt vears of the ability to place a

space vehicle ia a Icng term orbit about the Earth hes
created a great deal of interest in the potential of such
vehiclés as passive communication ‘satellites, Proper}v
censtructed and placed in a relisble orbit, a passive com-
munication satexhe, or a scries of such vehicles, may
serve to relay radio signals from one continent to another,
and over other great dxstances, by reflection of received
signals. A temmunications system of this sert may serve
to alleviate the aiready over-burdened condition of trans-
oceanic telephone csbles, or the like, and would be far
more reliable than unrelayed high freauency radio circuits,
which are susceptible to disroption due to varying
fonospheric copditions. With thése advaniages in mind,
research programs have been undertaken o study -the

feasibility of coastructing and p]acmv in" orbit a passive"

communication reky satellite. As a vesult of one such
fesearch program, conducted as part of an undertaking
deriominated *‘Pro;ect Fcho,” a spherical space vehw!e

_one hundred feet in diameter has becn placed in Earth

orbit, and radio signals have been successfully relayed by
this satel}me from one stafion to another far removed

_therefrom. The defails of this passive communication

E satellite may be found by reference to an application for

United States Letters Patent of William John O'Sullivan,

. Ser. No. 835,153, filed Aug. 20, 1959, now Patent No,

.

2,996,212, Although the space vehicle: constructed along
the lines described in the above-identified patent is con-
sidered fo be highly successful and to afford the first .
pracncal embodiment. of an erectable communication

_satellite, several. advantanes appear to be. attamable by

. Ut
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2
modifying the spherical shape thereof, and in modzﬁ'mg
the skin structure used therefor.

‘©ne inherent Hmitation in the use of a spherical satelfite.
lies in the Jarge size and weight thereof required 1o pro-
vide adcqnaxe reflective surface area. For communications
relay purposes only a small segment oOf such a spheroid
is actuady utiiized as a reflector or reﬂectmg strface, and;
the remainder of the sphere serves no function once 2
stable orbit bas been dchieved. Thos the gxeaaer postion

“of such a space vehicle is merely éxcess structure, crgat-
ing: booster tocket paylosd capability waste probisms,  ~«
whﬂ» serving only fo obviate the need for alignmesnt Or
- attitude control means, Further, by presenting 2 unxfe:mly E

refiective surface in all directions, such a spheroid s
subjected to the orbit modifying effects of solar pressucs,

-caused by the energy expended upon the satellite by the

impingemert of light thereon, and the consequent refiec

" tion thereci Fun,her, sincé & spherical vehicle of ibis.

type possesses a relatively high volume to weight ratio,
the perturbating effects of solar pressure are increased. In
addition to these difficuities in maintaining a reliable erbit,
tlie satellile shape or configuration tends ta be easily

) changed by both solar pressure and mmremetm:e

80

collisions:

The material dzsdosed in the afaremmixoned O'Suliivan __
patent, while it does possess a degree of stiffness or
rigidiiy when once erected and tensilely stressed jn accord-
ance with the teachings of such application, does not have
sufficient rigidity to re’iat}y maintain the desired configura~
tion when exposed for lengthy périods of time to “such
enviropmienizl hazards as solar pressure, micrometeorite
coilisions, cod the like,

Ia view of the desirability of providing passive com-
munication satellites, and the Hmifations of presently
known structeres and rinterials available for constructing
a reliable satellite of this type, it has become desirabie to
design a novel siructure 1o serve as a communications
re]ay vehizle of reliable, maintainable configuration and
orisptation. To construct such a space vehicle of improved
desiga, the dev zlopment of new materials has become 2
requirement, as heretofore ufilized materials fail to pro-

_vide sufficient rigidily, and are undily zffected by solar

pressure. Finglly, new processes have been required to
meke the novel materials desived for use in such space
vehicles, The present invention i§ a result of considerable
integrated research and developmeui towards solving the
problems“encountered in providing a practical passive
comnrunication relay satellite, :

Accordingly, it is. an object of this invention to provide

" a new and improved communication satellite.

Another object of the present iavention is the provision
of a néw and improved automatxcauy erectable stroctural
element.

A further ob;ect of ﬂae instant invention is to- pmvxde
new and improved methods of forming inflatable stmctmal
panels.

Siill another obrct of this iavention is the provzs:on
of an actively attitude oriented passive commummtxon
satellite. -

Yet ana*her ob;ect of the présent invention is to pm-
vide a passively attitude oriented communication sateilite,

A still farther ob)ect of the instant inveniion is the
provision of 2 passivé communication satellité adapted to
reflect radio frequency waves.

An additional object of this invention s to prov:de a
passive communication satellite adapted tobe pervions 1o
light frequency waves.

Another additional object of the present mvennmx is the
provision of a space wvehicle which is pervious to Heht
freguency waves and impervious to radio fmqaeney waves.

A further additional object of the instant invention is to-
provzde an orbital space vehicle adapted to be attirude-

Patented Mar. 12, 1288
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; stabilized by the gravx!atmua!—cenmﬁ.gal force gradient. -

Still another additional ebject of the present invention is
the provision of hew aid improved methods. of forming
infiatable Jaminated panels of wafe-like cross-section. ..’

Acchrding 10 one aspect of the present invention, the
- fore-going and other objects are attained by providing an

inflatably erectable passive communication sateliite adapt-
ed to be folded into'a cnmpact package for storage in a
launch vehicle nose cone or in the fmal stage of & muiti~
o stase rocket, and having upon infiation erection at Jeast
" one spherical section for preseniation 10 a source of radio
frequency signals transmiitted from the Earth; such sateliite
‘being formed &t fezst in part of inflatable elements con-
structed of material in sheet form adapted to refiect radio
frequency waves and so constructed d@s (0 possess struc-
tural rigidity upoa érection sufficient 1o retain an erected
configuration in a interplanetary spatial vacuu‘n withopt
the presence of internal pressure.

In sccordance with another aspect of this mvemzon, the:
aforesaid and other objzcts zre attained by providing a
method of manufacturing inflatable Jaminated structural
panels, comprmmg the steps ‘of forming a wafle-like cross-
‘'sectional shape in 2 plurality of shcels of material, juxta-

posm&mng at least two of such sheets, bonding such sheets’

togethér Lo form an envelope, and providing communica-
tida with the mzenor of such cnveiopc fora pressure pro-
ducing means. .
The foregoing and other ob;ects and nany of ihe at-
 tendant advant'\"cs of this wven{zon will be readily aps
parzat as the same become betier undzistood by reference

to ihe following detailed description when considered in-

convection with the accompanymx: drawings wherein:

4

the position sbown but is adapted to be released upon

separation of nose portion 12 from final stage 13 through

the operation of convestiopal mechanlsms, not shown. A

" spring 10 may ke providedina npormally compressed posi-

10

tion s0 as to forcibly cject satellite 11 and tray 14 from
nose portion 12 when tray 14 is released. Any conven-
tional devices may be p*ov:dad o carry out the afbremea- -
tioned opeésation within the scope of this invention. It is

further, contemplated that a plurality of satellites 11 mdy

be pcsmoned within a launch vehicle nose cone and eject-

ed therefrom sequertially, as, for example, at each nose

coite pass through the apogee of an ejliptical orbit thereof,
50 as to pmwdc a spaced scuss of commumcanons satel-
lites: ‘ :

Passive communization satelifte 11 may hava any one of
several confz«:uta ions when erected, and the selection of
one of such confirurations will be determined in prictice
by cons:deratzon of vanous £actors, such as the anticipated-
orbital almuac, the term Of the desired orbit, the per-
centage of time of expusure to solar’ pressnre, the an~
ticipated rate of micrometeorite activity in the orbital

_-area, the degree of accuracy of attifude desired, the orbital’

30

FIG. | i§ a partial elevational view, partly broken away,

ofa typzcal launch vebicle for a satellite; ©

FIG. 2 is a side view of one embodiment of a com-
mupnication satellite according to the present invention;.

. FIG.3isa sectsona v:e»v taLen siong hnc 33 of
FIG. 2;

FIG. 4 is a side view of another embod:ment of a com-
munication satellite accerding to this invention;

FiG.5is2 paru:ﬂ sccxxova! view taken along line 5—§
of FIG. 4; -

FIGs. 6a, 68, 6¢c, and 6d ﬁhstratc ibe satellite of FIGS.
4.and 5 darmg the sequence of e\-ems cccumng in & nor-
mal orbital mission thereof;

FIG. 7 is a side view of apother n'bodment of a com-~
mumcanon satellite accordme to the instant invention;

‘FIG. 8184 secnonal view- takvu zlong line 88 of
FIG.7;

FIG. 915 a pamal plan view of an inflatable panel

dmgned foruse ina sasemte,
" FIG. 10isa sec‘zoral view taken along line 10—10 of
FIG. 95
FIG.11isa partial plan view of another inflatable pancl
.dqu‘:ed foruseina vaiai‘ztt,

FiG. 12is 2 secuaaal view tzken aimg line 12——~12 of .

FIiG. 11’

FIG. 13 is a parual plan wew of zmo«.her mﬁatable
panel designed for use in a satellite; and
FIGS. 14-18 are partial detailed visws of various struc-
tural componems adapted foruse in a typzca! satel! ﬂe.

Referring now more particularly to the drawings, where-
in like referemce numerals designate identical parts
taroughout thé several views, and more particularly to
FIG. 1, there is shown by way of illustration a passive
communication’ sateliite, generally: designated by the ref-
erence numeral 11, folded for storage within nose portion
12 of the final stage or payload cnntamer 13 of a launch
) vehlcle not shown. The exact positioning and mounting of
satellite 11 within nose portisn 12 forms no part. of the
present invention, and may be such as to permit ejection
of the erectable satellite 11 either 1rcn'waﬁ:ily or rearwardly
along the longitudina® vehicle axis, or radially therefrom,
-upon reathma orbital velocity and ahtitude. As shown in
FiG. 1, hy way -of .cxample, satellite 1% may resi on a
. dxsylaceabie tray 14 whwh is temporariiy restrained in the

.
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‘hereinafier described up

weight caaabz.mes of the Taunch vehicle to be vsed, and

the Hke. Further, various materials may be used to form

the several comporent parts of such a satellile, apd the .
selection of zixsc meferials will be governed, in part, by

the aforementioned’ consxdcraucns as well as the conﬁgura~

tion 1o be used. '

Basically, each of the con..gurahons heremafter to be
described includes a primary structure including a mast,
an annular support means, and a plurzality of lightly ten-
sioned spokes interconnecting the mast and the support
means. This primary structure serves as a {ramework for
a secondary structure which includes a refiecting surface
formed in the stape of a por:ron of a sphere, and which
may be termed a spherical section. The dimensions re-
quired for such 2 phencal section, and, accordmgly, the.
attendant’ primary siructure, may, in practice, be deter-
mined by normal engineering calcul..nons, these calcula-
tions taking into sccohnt such variable factors as altxtude,
an’ucxpaled margin of eiror in satellite orfentation or at-
titude, and the distances between the several radw trans-
mitting and receiving stations involved.

Referring now to FIGS: 2 and 3, there is. shown one
embodimient of passivé communication satellite 11 in
erecied condition, which ma" be accomphshed by mezns
attainment of orbital velocity
and altitude. Sateliite 11 as shown in FIG. 2, is provided.
wiih a reflecting ‘surface which comprises 2 geénerally’
spherical or spner:smal section 15, a mast 16 mounted on
and c¢arrjed by spherical section 15 and extending along
a radial line of the imaginary spliere 17 of which spherical

aciion 35 is a ﬂemze*t, and strengthening elements such
as lightly tensicned spokes 28 connected at one end there-
of to end 19 of mast 16 by spoke connecting means, not

shown. Safellite 11 is preferably further provided with
active azttitude control means 22, set forth more fully
hereinaftcr. Spherical section 15 is supperted at the outer,
circular, Pﬁﬂcbew thereof by inflatable anunolar tube
22, bost seen in FIG. 3, constituting a pervpherdl support
means, which in turn may be connected to the other end .
of the spokes 18 and thersby inlerconnected with mast
16. For increcsed structural rigidity, there may be -, .
cluded as an integral part of sateilite 11 a plurality of -
wire spokes 23, Tghtly teasioned, connected at one end
thereof to spoke coanecting means, not shown, mounted
on mast 16 pear the intersection thereof with spherical
section” 15, and at the other end thereof to inflatable

annular tube 22. The ends of spokes 18 and 23 adjacent .

and comnected to inast 18 should be subsiantially equi--
distant from ‘the plane of ‘ubc 22. Further, rib panels 24

- may be mounfed between spokes 23 and spherical section:

i5

18, and conpecied to both, thus affording greater-strue-

taral rigidiy .nd .ndmg in forming the. shape of sphcncal
“section 5 during eréction.

Sinte satellite 11 is ot 2 cémpiete spherc, but dcﬂnes* ;
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‘only a section of a spheve, it is desirable t0 prov_idj@v some
means for insuring that spherical section 15 is oriented

and maintained iu a preselected position relative to the

surface of the Earth in order to properly refiect radio fre-
quency ‘signaks ditected toward ¢he passwe ‘comrpunica-
tion-satellite for relay to an Earth receiving station. RMeans

of this type may be provided for both satellite 11 and’

each of the othier satellite configurations hereinafier dis- .

closed. As shown in FIG. 2, active attitude control meéans
21 is provided fo péerform ‘this Earth‘o mmng function in
sateliite 3%, .

Agtive attitude comml means 21, which may bé mount
ed oo sateilite 11 as hﬁrcmbc fore mentioned and whzch

also may be untilized with any of the orbital safeilite con~

figurations hereinafier disclosed, may in praétice be any
conventional active attitude con;rel,means, for example,
that disclosed in the appligation for Letters Patent of the
United States by Warren Giilesple, Ir. et al, Ser. No.
853,984, filed Nov. 18, 1959, now Patent \o. 3,038,077
or in United States Letters Patent 2, 749, 961, issued
Apr. 3, 1956. Such active attiude control means may
operate in various ways, such as, for example, by rotative-
1y scanning the horizon of the Earth in drder to detect
any deviation from a generally horizontal referen piane
Regardless of the specific operation of such a devire in
detecting deviations from an Earth oriented attitude, cor-
rection may be afiorded by, for exarnpk, the automatxc
actuation of jet exhaust nozzles in proper directions to
correct satellite aftilnde in accordance with well recog:
nized physical principles. Since the details of such an
active attitude control means form no part of the present
jnvention, they are not herein disclosed. Any of the anal-

10
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ogous prior art systems will suffice so long as they are =

- capable of sensing and actively correcting attitude errors.

Ths various structural elements of satellite 11, aside
from spekes 18 and 23, may be formed of a thin fiexible
mﬁtenal which is adapted 10.be comp%ﬂv folded, as for
example, shown in FIG. 1, but which upon erection is
adapted to reflect radio frequency signais apd possesses
a sufficient rigidity er stiffness for reli iable configuration
,retent-on when exposed in an interplanetary spana. vacu-
um to the various perturbanm.s therein encountered. Such

,atenals,_ which form an integral part of the present
invention, are applicable {0 several configurations berein

disclosed, as well as other structural shapes, and are there-

fore discussed more fully hereinafter, following the -de-
scription. of other sateilite configurations. S;mviarly,
descrzptlon of the various structural cownections herein
contemplated, such as the interconnection of spokes 18
to mast I¥ and tube 22,
panels 24, tube 22, and sunzlar jointure detax’s, sipce they
may Be common to the several confipurations herein dis
clgsed, are discussed followwv S com:deratxon of the
scveral configurations. .

Having refe&e“)ce now {o FIGS. 4 and 5, t‘;ere is shown
2n alternative embodiment of a passxve commaunication
satellite according to the present invention, generally des-
ignated by the reference numeral 31, which differs from
the embed.mer't of FIGS. 2 and 3 mainly in that satellite
31 is adapted to be passively attitude orienfed by the
gravztanona} cenmfugal force gradient. Satellite 31 i€ pro-

vided with a reflecting surface which defines a spherical-

section 32 similar to section 15 of FIG. 2, and constituting

2 section f an imaginary sphere indicated by dashed line-

33. Mast 34, connected at an end thercof to spherical
section 32 and extendmg along an imaginary radial line of
sphere 33, serves to support a plurality of strengthening
elements or spokes 35 which are interconnected between
mast 34 and an inflatable annular tube 36 by conventjonal

connectmg means 46 so as fo be lightly tens’oned. Tube =

36 is contigueous. with and is connected to the circular
periphery of spherical section 32
peripheral support means. As in sawlhte 11, satellite 31

may be provided with a plurality of spokes 37 conmected,

.under Hight teasion to fast 34 and tube 38, through con-

and of wire spokes 23 fo rib |

40
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ventional spoke connecting means, not shown, The locus
of the ends of each of the aforementioped spokm 35, 37
adjacent mast 34 is preferably substantially equidistant
from the plane of tube 36, In order to provide greater -
rigidity of this satellite configuration, rib panels 38 may
be mse‘cozmectsd betwec'\ spckes 37 and spherical se¢-
tion 32. .

Reférring agmn to the satcliite wnﬁguranon of FIGS. 2
and 3, it is ;}feif_rreci thet, once orbital velac:ty and alti-

, tude bave been achieved, the satelifte 11 be defached com-

pletely from all or most of the launch vehicle structure, *

‘and then e*eded and attinde-stabilized under the infin-

ence of aciive attitude control mesns 2% On the other
hand, satelite 31 may be attitude-stabilized in a different

. manner. More particularly, sateliife 33 may bé so stored

within ifs-Jaunch vehicle that upon attainment of the de-.
sired alnmde and velocity, the satellite may be erected .
by means bereinafter described, but remains attached, .
throngh tnast 34, to a significant portion of the mass of
the Ian ch vehicle; for example, the final stage or the
payioad container thereof, as generally indicated and.
schematically iliustrated at 39, FIG. 4.

As illustraied in FIGS. 6u, 6b, 6¢c and 6d, satellite 31
and. the attendant launch vehicle may sequentially pass ™
through the stages of launch and acceleration to orbital
altitude and xeioc;ty, as indicated at FIG. a; a pitching
maneuver to align the axis of the entire vehicle with a
tadial lise from the Earth, as in FIG. 65; erection of mast
34 which spaces spnencsi surface 32 away from significant
mass 39, zs at FIG. 6c; and finally ereciion of the entire
satellite 31. Aligning mast 34 with a radial line extending
from the center of the Earth in this. fashion, and thus

causing significant mass 3% and the center of mass of

sphen..al section 32 to lie aleng such a radial line, per:mts )
the entire sateilite 31 1o be attitude-stabilized by the mram-
tat 1cnal—..entrxfugal force gradrent In other words, as is
well known, the two major forces acting upon a space
vehicle daring orbital travel in a closed circular or e}hptml
path are the atiractive force of gravity and the opposing
force known as centrifugal force. For a given orbit these
forces are of substantially equal magnitude, 2nd act on
such a space vehicle generally along a radial line drawn

‘through the center of the Earth. Therefore the space vehi-

<le, or in the present case satellite 3%, is most stable wtih

the two masses, spherical surface 15 and significant mass

39, centered along a radial line, since in non-centered posi-
tions a resultant force couple is established inducing a3~

. torque tending to move the two masses back toward the .

deosired positon. Thus satellite 31 may be said to be pas-
stegly attitode stabilized by the provision of a “dumbell”
configuration such asshown in FIG, 64, . .
‘The length of mast 34 should be such that the static
moments or force couples occasioned by 2 deviation of
the two masses from a radial Iine from the center of the
Earth is at least somewhat greater than other perturba-

" tions such as solar pressure, Therefofe, for example, mast

length should increase with orbit altitude. Obviously, if

_ sateilite 31 were {0 be tumbling rapidly end-over-end upon

initial erection, it would require a lengthy period of time

. for the gravitational-centrifugal force gradient to succeed

60
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70

, and thus const;tmes a-

5

in properly stabilizing the satellite; therefore, it may be
de:irable to provide active or passive damping devices to
check such initial tumbling motion. Aa active attitude
control means such as that described hercipbefore may
serve this purpose. More ideally, angular motion sensing
nieans, not shown, may be utilized to sense bverly rapid -
tumbling and forcibly correct such action; or structural
elements, not shown, may serve to check such tumbling
by creating inertial forces opposed to tumbling. Sirce such
devices form no part of the preseat invention, they are
not herein specifically disclosed.- )
It is t0 be noted that satel'ite 31 may be Earth oncmcd
either asvshown in FIG. 6d orin a posmon rotated 180
degrees, with miass 39 nearest the Earth, since in either

- position the curved rcﬂectmg surface provided by spherical

section 32 may function to reflect radio signals.
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The pitching reaneaver for initially attaining the posi-
tign shown in FIG. 65 may be accomplished by any con-
ventional reaction jet or other vehicle sieering devices, not
shown, which are not cousldered to be a part of the
present invention.

Another alternative emboﬁment of a com*numcatmn
satellite in accordance wilh the instant inventien is shown

in FIGS. 7 and 8. This satemte, genefally designated by

the reférence numeral 4%, is pmvzded with a refecting
surface which includes spherical section 42 baving infat-
able annular tube 43 compected to the outer periphery
thereof, and constituting: penpheral ‘support means. Mast
44 js centrally connected to spherical sectiop 42 and ex-
tends aloag a radial Hue therefrom. Wire spokes 45 may
serve as s:rencﬂnenmg elements and rib panels 46 may be
provided in similar manner to ‘those shown in FIGS. 3

and 5 to furnish increased strictural rigidity. To the eXx
tent thus far described, it may be seen that satellite 41 is
substantially identical to satellites 11 and 33; further, as
hercinbefore discussed, active aftitude ctontrol means 47

'may be mounted below mast 44 and may be similar to

active attitude control means 21, FIG. 2. .

Satellite 41 differs from those previously discussed here-
inin the prov;szon of an tpper spherical section 48 which
may include wire spokes 49 and rib panels §1 serving the
same fonétion as do the similar elements hereinbefore dis-
closed, such as elements 23 and 24'in FIG. 3.

It should be noted that instead of, or in addition to,
active attitude control means 47, passive attitude control

means, no shown, might be rcadxly provided for satellite

41 by exiendmg mast 44 beyond surface 48 and connsct-
inga sxgmﬁcam mass thereto as more fully discissed her&
inbefore with regard to FIGS. 4, § and 6.

Several configurations for passive commumcanon satel-
lites having been héreinbefore disclosed in a general man-
ner, pamcular atlention is now directed to the materials
which are preferably used to form the vanous components

B3}

~ Alternatively, the tube only may be inflated, and the mast .

8

juflate the tube and mast of each of satellites 11, 31 and
41 simultaneotsly or in any desired sequence, Sach pres-

-sure producing reass may consist of a storage container, ‘
net shown, for storing gas under pressure, as showg in
the aforesaid {}‘Suilwan Patent No. 2,996,212, and
communicating with the interior of the tube and mast.
_Alfernatively, 2 solid material which is adapted to subli-
male may be placed within the tube and the mast, so as
to produce ptessam when desired for erection. Such mate-
rials are discessed more specifically hersinafter. Conven-
tfonal foam ¢ a«.fs.m.. materials may also be used, With-
in the scope of this invention, it is necessary only that .
“sorae inflation means be provzaed for the mast and the
tube, and that such means be actuatable upon command
or automatically. so as to insure proper salellite erection.

simply unrolléd or unfolded into tubular form. In the
- embodiment cf FIGS. 7 and §, or in the other configura-
tions if these be provided with an upper spherical secuo-x
or a similar membrare, internal pressure of 2 small
magmtudc may be provided ‘to assist in inflation and
erection by infating the entire satellite much as a con-
ventional” balloon is inflated. Indeed, it is considered
preferable to provide such an interior mﬂatmg means.
Should such means be provided, however, it is desirable
to also provide some means to automatxcaﬂy release the

* entrapped gas within the satellite; that is, enirapped be-

of the aforesaid configurations. ¥t is to be. understood

that each of these matenais may be utilized in part or in

_the whole for constructing any of the prcv:ous}y discussed
config mauors or other ':wular satellite snapes or plan-
formis:

The one hundred ;oot sphere sumlar to that disclosed in
the C'Sullivan Patent-No. 2,996,212 hereinbefore identified
is adapted to be erecied by introducing pressure info the
interior thereof much as a conventional balloon is inflated,
and differs from such a common inflation operation by the
proviszon of sufficient pressure to tensilely stress the satel-
tite skin material beyond the elastic limit thereof. A signifi-

cantly different erection procédure may be utilized in’

erecting the present sateilites, as will become readily ap-
parent as the detailed deseription contiiues.-

Wfore puticularij{, the passive communication satellites
of the present invention may be erected by inflating the
component parts thereof. Thus, for example, sateliie 11
may be erccted by inflating appular tube 22, mast 18,
1ib panels 24, and spherical section 15, Similarly, satellile
31 may be erected by inflating anaular tube 3§, mast 34,
1ib panels 38, and spherical section 32; and erection of
satellite 41 may be accomplished by xnﬁatmg annylar
tube 43, mast 44, rib panels 48, 51, and spherical sections
42, 48, Accordmgly, infatable annnlar tubes 22, 36 and
t%?s may be construcied of a thin, ﬂe:uble, Lghtweight
material such as a laminze comprising outer layers of
alominum sandwiched about and bonded to z2n inner
layer of polyester film such as Mylar, A laminate thick-
ness of two thousandths of an inch has been found to be
suitable for this purpose. Althongh this laminate is con-
sidéred -preferable, others which may be ‘used will- gecur
readily to those skilled In the art, and, in fact, a sheet
of pure Mylar may be used for this purpose, altbcunh'
such a-sheet possesses little structural rigidi: ¥ even whcn
_roiicd into tubular hape for iise as 2 mast or annuiar
nibr

mﬂ ;;en pressure producing means may be ‘p!(}uh.gd to
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tween the sphenc:q section and the wvpper ‘membrane,
subseque::t 1o erection. This is so since, otherwise, a purc-
ture of the membrane or the spherical surface by a micro-
meteorite, followed by exhaust of the entrapped gas,
would serve to create forces changing the orbital path
and satellite attilude. Stich pressure releasing means may
be simply a series of very smzll holes allowing the pas
to exhaust slowhy #a opposed directions after erection.

Spherical sections 15, 32, 42 and 48 may be constructed
of any of the fiovel mat ermls and combinations thereof
new to be dewnaed. Referring to FIGS. 9 and 10, there
is shown a pcmcn of a structural element or infatable
panel 52 compriving a top sheet 53 and a bottom sheet
54 constituiing first “end second sheets, respectively. Sheet
53 hos a plurality of indentations 55 formed therein, and
sheet 54 has a plurality of indentations 56 formed therein,
each such indentation forming 2 depression in one side
of its zespective sheet and a protuberance in the other
side thereof. Weile for purposes of fzcility and clarity of -
disclosure, panel 52 and the sheets 53, 54 thereof have.
been shcwn as having rather sharply deﬁvad angular in-
dentations of tmnmieﬂ rectangular pyramidal form, it
is to.be vnde”smoé that preferably each sheet 53, 54 in-
cross section has the general form of a slightly modlﬁed
sing wave with opiy & small flat portion at the boitom

of each indentation therein, Thus it may be said that each
depression hercinbefore mentioned constitutes a con-
cavity and each protuberance aforementioned a con-
‘vexity, such terminclogy being intendsd to be genmeric
to cither the angular indentations as shown in FIGS. 9
and 10, or more gently curved surfaces as hereinr de-
scribed and schematically lustrated.

Sheets 53 and 54 may be bonded. together by snitable
means such 2s welding or adhesive bonding, such bend-
ing pr.,fsrably being coniirmcus n?cng per‘phe ries 58, 53
of the respactive sheets so as to form an envelope havidg
an enclosed spece (herein. A bond is p:eferab!y also made-
as by welding or adhesive bondmg at each area of con-
tact belween shbeets 53, 54. I is to be noted, however,
that indentations 56 are preferably somewhat more shal-
low than are indentations 55 so that when sheets 53 and
54 nre placed together. as shown,. with the convexities
of sheet 53 temaped within the concavities of sheet 53,
a series of seaail, intcrconnected spaces 57 are formed
where no comact exts between stch sheets, Thus spaces
57 together constitute the enclosed space he;tembpfare
mentioned, sea;sd by the afo:ementmned continuous
Bonding of peripherizs, 58, 59, Within one or more of the
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spaces 57 there may be placed 2 material baving sub-
Limating characterist_i&g and being adapted to sutiime

~ when placéd in an interplanetary vacuum, as when in

or_bzial travel, One such sublimatory material is chlordace-
tic acid (CICH;CODH), which sublimates at .3 tern-
perature of 61-63 of Cegrees centigrade. Alternativély,
2 material or materials of convennonai type for generat—
ing'a foam may be'so placed, or any conventional prw
sure prodecing means may be conpectéd for communi-
cation with such space. Whatever means may be selected
to perfcrm this 1W.ﬁaung function, it i necessary only that
a differential pressure in the neighborhood of 0.3 pound
per square inch be generated to inflate panel 52.

. Shects 53, 84 may be formed of various materials, and

preferably may comprise alumitum cazted Mylar of a
thickness of approximately 0.00025 inch. Such a thickness:

may be attained by depositing alumingm on an- extremely
thin sheet of Mylar by the vagor deposit method. Alter-
naijvely, one of sheets §3, 5¢ may be such @ moteri
and the other pure I\éylar.

In FIGS. 11 and 12, an altérnative form of inflatable
panel is shown, Pan¢] 61 may compries top or Srst sheat
62 and bottom or second sheet £3; each sheet having a
plurality of indentations 64, 65, respectively, formed
therein. As hereinbcfore discussed with regard 1o the pasel
construction of FIGS. 9 and 10, the panel 61 is shown
somewhat schematically, and each sheet thereof may in
practice be somewhat niare gently curved so as to assame
2 generally sinusoidal form having only small flat pcrtmns
at the base of each mdantatxon. Panel 61 differs from
punel 52 in that the respective convexities of each sheet
are in contact, or, in other words, the sheets are placed
in opposed or oppositely facing re}atxonsth, 28 clearly
shown in FIG. 12. The sheets may be joined togetber by
adhesive bonding or welding at ecach point of contact
thereof, as discussed with regard to the panel structure
shown in FIGS. 9 and 10. Similiarly, penp‘xenes 67 -of
sheet 62, and 68 of sheet §3, preferably are continnousiy
joiried so 'as to form an envelope enclosing interconnected

~ gpaces 68 hetween the sheets, ﬂms reudermg panel 61
inflatable.,

) Infiation of panel 61 may be accomphshed by provid:
ing a source of pressure, such as, for example, sublima-
tory material such as chloroacetic acid, from generating
materials, or a conventional container of pressurized gas,
wmmamcatmg with SpaCEa 66, as hereinbefore dis-
-cussed with respect to sheet 52, FIGS. 8 and 10.

Sheets 62 and 63 preferably may be of 0.00025 inch
thicknesses of aluminum coated Mylaz‘, or one of such
sheets may be pure Mylar.

A most important property possessed by both panel
£2 and pariel 63 is that either may be folded flatly into
compact areas. or spaces, but that spon inflation therect,
and even if subseguent to inflation the internal pressure
thereof is dissipared, such panels exhibit greater structural
rigidity or stiffiness than if left fat and uninfiated, In

. Other words, rigidity of such panels is increased by infia-
tion thereof, and consequently such panels tends to re-
taia their inflated shape as shown in the drawings even
if the intcraal pressure thereof should be subscquem’v de-

_ creased. This property is due to the wenkraﬂy cross-braced
shape of the inflated pa'nals, similar to a “space frame™

structural shape.

The advantages of d:e aforesmd property in panels de-

sngna} for used in forming structural comporents for a

passive communication sitellite such as satellites 1%, 3z
- and 41 should be obvicus. Once such a vehicle is =recred
* and in orbit, puncture of the skin thereof by micrometeor-
" jtes or the like, or leaks occumng due to any cause, with

consequent loss of pressure in the' panel intericis, wiil not . 7

canse a change of compadnent shape. Thus a spherical sec-
tion such as i5, 32, 42 or 48 formed of a plurality of
pangis 52 or 61 having the shape of gores or other con-
venient shape possesses qualities and characteristics here-
tofore not available. for such uses.

10 '
. Panels 52 end 61 are also well suited o serve as rib
panels such as panel 24, FIG. 3, panel 38, FIG. §, and
panels 46 and 51, FIG. 7, since, as berembgfore dis-

" enssed, such panels exhxhxt a marked increase” m struc-
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tural ngxdity subsequént o inflation,

It is to be understood, thersfore, that either pant! 52
or panel 61 may be utilized as the basic structural element
of any or all of the various spherical sections and rib
panels herein disclosed; and, further, such inflatable pancls
may be utilized in the same satellite. Ia other ‘words,
panel 52 may be utilized for some components and pwal
61 for cthefs in the same satellite. :

Thus, upea ejection from the final stage or poviead
container such as shown in FIG. 1 after attzinment of
orbital aimude and ve!oc'ty, the passive conuirunicatiop
sattelite may be erected by the pressurization and conse-
quent inflation of the various ccmponems thereof by the

‘action of pressure producing means such as those herein~

before described. In each of satellies 1%, 3% and 41, a
major ﬂcmon of the work necessary for erection may be

rfcrm by the annular tube provided. Further, 2 sig-
mﬁcem or major portion of such work ‘may be accom-
plished by intcrnaily pressurizing the space bstween, for
example, spherical sections 42 and 48, us hereinbefore
discussed. Thus, as the tube assumes its annular shape
from an initial folded position, it draws with it the vari-
ous qp(ﬂ.cs rib panels, and spherical sections. However,
a not inconsiderable pomm of the erection force nszes-
sary is provided by the action of the crection ;,as within
the inflatable panels forming the spherical sections and
the 1ib panels, which fends o enlarge the spaces such as
57 in FIG. 10, thus ser vmg to sirmglhan and form each
panel.-

Of course, numero,xs malhods of cmsnructmg and
assembling panelﬂ such as 52 and 61 will occur readily to-
those skilled in the art, but two methods will now be de-

‘scribied which have been found to be particularly suited

to the forming of these panels without damaﬂmg, the deli--
cate components thereof. It is to be understocd that these
methods are described merely as being illustrative fabsi- .
bation procedures, and not by way of limitation as to the
structure of the panels hereinbefore disclosed.

In order to fabricate panel 52 by the preferred method
now to be set forth, there may be pfovmed as fabncazmg
eguipment a meta] plate having'a p!ural.ty cf male pro-
tuberances thereon corresponding in shape and arrange-
ment to ithe concavities formed by indeniztions 58 in
sheet §3, FIGS. 9 and 10. Thus this metal plafe not shown,
may be said to present 2 ‘general appearance somewhat
similar to a convent_eneal waffie-iron plate. Passing
through such plate there may be a plura'uy of regularly
spaced holes or per: ations preferably beginning on the
plate ‘surface betweo. the adjaceint male rrotuberances

" and extending through the opposite side of the plate. In
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. sealed relatxonshxp with such other side of the plate, and

thus in communication with the -aforementioned plurali-
ty of holes there may be provided an evacuation chamber
which is in torn connected through a suitable hose of tube
to a conventional evacuaticn mieans such as a vacuum
pump. Mounted centrally or etherwise positioned above
the plate there may be provided a suitable nozzle or olhér
distributor which is connected to a source of heated air or
gas and directed so as to discharge 2 flow of such air or
gas upon the surface of ihe plate and geperally normal
thereto. With such eguipment, or the eguivalent thereof,
# panel such as panel 52 may be fabricated by the follow--
ing steps:

{1) Placing two sheets, such as 53, 54, in overlying re-
lationship en the aforementioned plate;

{2) Creating a partial vacuum beneath the Tower af
the sheets by operating the evacuating means as hersin-
before” described, thus fending to draw the sheels into

_conformity with the male protuberances on the plate;

-(3) Directing a fiow of heated gas from the provxded

source upon the upper sheet, ihus further conforming the
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sheets to the male pro*ubcmnccs throhgh the cambmed
- efferts of heat and pressyre;
(4> I sublimaiory or foam gencrafmg eraterials are

to be utilized, as hereinbefore described, inserting the de-

sired matesial between the sheets along the pd’fpﬁtﬁes
‘thereof; and

(5) Bonding the per{phenes of the shee s fn order 0
form same into an envelope.

As for the hercinbefore mem;aned bonding of each
convexity of sheet 53 {o the corresponding concavity of
sheet 54, this slep, and the scquenciag thereof in the
method just detailed, is, of course, governed by ths types

. of ‘material forming sheets 53, 54, and the type of bond-
_ xng desired. It is preferable that this step be a»mm;pxs“ed
prior to the introduction of 2 sublimaiory maierial be-
tween the sheets; this is especially so if heating is peces-
sary to create ‘ihe bonds, Cn co:wement means of forming
these small bfmds in panels wherein each shest is alumi-
nuni coated, is by conventional sonlc welding.

A similer prom:ts raay be utitized in fabricating penels
61, differing in that duplscage sets of the here’ “nbefore
memmncd apparaius may be provided; the aforgmen-
tioned. male protwurberanced platés being matching in
form. Therefore, subsequent to the steps of placing an in-
dividual sheet 62 cr 63 on each plate, creating partial
vacuum therebeneath, and zp*a!ym“ the heated 2ir Bow
thereto from above, the respective sheets may be ylaced
1ogether in the relatjonship shown in FIG3. ‘1Y zad 12,

and suitably Bonded, both at the peripheries thereof and

intermedicte of such pen,)}ﬂenes, ‘o%ther with seriion
‘of the desired matenals between such sheets, as aforg-
mentioned. -

It is to be undersiood that various methods other than
those just described may, in pracuce, be devised and
‘wtilized. -
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Referring now fo Pi(} 13, there is sbc)wn by way of

illustration a panel 71 which compnses a traaspmnt
sheet 72 and wvery fine diameter wites 73 so positioned
or mounted thereon as fo form a grid pattern or mesh
having square spaces 74 therein approximately two
tentbhs of an inch or less on a side. Such 2 pasel may
be constricted by molding a sheet of Mylar about a
grid formed of aluminpm wire; and, further, a second
sheet 75 be bonded at its periphery to the first sheet so
as to form an envelope cons*nutmg an inflatable panel
7. In a preferred form, wires 73 are aluminpm and
second sheet 75 is Mylar film. Ho.vevcr cther maierials
may be used for these elements, so kmo as the sheet
material is transparenf, or pervious to !xr"t and the

wire is of a material which will reflect. radio freqaency 3
waves. Rather than being mckied into sheet 72, wires
73 may be bonded thereto m known manner, or esched

thereon, if desired:

So long as panel 71 iz constructed so ‘as. to be per-
vious to light but impervious t¢ radio signals, it possesses
qualmes quite desitable for a structural slement of a
passive comimunitation satellite. ‘The spucing of wires 73
at two tenths of an inch apart or less, as Bereinbefore
described, zllows the combined Mylar and aluminom
panel 74 tO pass light therethrough. Thus, such a panel
is sube‘anﬁaﬁy unafl Fected by solar pressure, Coaversely,
‘this smne spacing is sufficiently small or close to reflect
radio sigaals up to frequencies of 10,000 megacycles per
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second with a coefficiént of reflection of approximately

80%. Further; the alun.ibum wire mesh mouuted on of
in the Mylar sheet exhibit greater structural rigidity than
would a similar weight of aluminum deposited eveply
over a Mylar surface.

Erection -of panel 71 may be acmmphshad by infla-
tion thereof, which may be carried "out by =y of the
methods. herctofore discussed with'regard to panels 52
or 61, such as placing 2 cublimating material between
sheets 72 and 75, or by conpecting a source of pres-
surized gas, not shown, te the space belween these shoets,
or by feammg materials,
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Obviously, a plurahty of panels T4 may be used to
form the spharix:al sections pr Tib panels bereinbefore
disclosed, in the same manzer as discossed with regard
to panels' 52 and 61. While the vations papels may be
used in any of the satellite configurations of FIGS 2-8,
certain of these panels are preferably utilized in certain
of these conﬁgaratxons, as will appear more clea:iy here- -
inaftef...

More specxﬁcany, with reference to the. ambodunents’
of FIGS. 2, 3, 4 and 5, i pencls 52 or 61 are ntilized
to form the various sghcacaz sactions and ib paiiels
therein described, sunlight impinging upon the ‘satellite
from above; ﬁhat is, striking the concave side of the
sphem:al section, will be reflected against the mast, thus
causing heating pmb!ems of a possﬁﬂy critical nature. If
pancls such as panels 7% are vsed in these ccnﬁguratxons,
bawever, such reflection will not occur, since panel 71
is’ pervious t0 sunlight; and therefore the problem of
mast heating is avoided. Similarly, in the configuration
of FIGS. 7 and 8, if panels such as 52 or 61 are used -
for the upper and Jower spherical sections, mast heaung
cannot ocoug since sunlight” from any dzrechon is e
fecied away thereby. However, in this config suration, it
miay be desirable to use vpper spherical section 48 mers-
1y 2s zn erection aid, in which case & weight saving could
be effected by using My{ar sheets alose for such inflatable
parels or as membranes, in which case mast heating
would be a problem were panels such as 52, 61 unhzed :
for lower spherical section 42. Thus, aithough it is to
be understood that the present invesntion in its broader

aspects confernplates the use of any of these panels in
any of the configurations disclosed, it is preferred that
paopels such as panei 71 be vsed in the conﬂguranens of
FIGS. 2, 3, 4 and 5, and also in FIGS. 7 and 8 if the
upper spher 1ca1 section thereof is transparent, -

The varfous structural deteils such as connecmg,
means belween various componeats of the several
configurations disclosed herein may differ greatly ia
specific applications, Howev—-r, the elements next to be
described are considered to be well suited to serve the
necessary funciions thereof while at the same time pro-
viding simple, rugged, I;ghtwe:gm, compact structural
members.

In FIG. 14 there is shown the upper portion 81 of a8
mast 82 whick may correspond to any of the masts”
hereinbefore described, ¥n order to provide means for
congecting the wire spokes 83 to mast 82, a spoke con-
necting means or cap plate 84 is rigigly moumed on ead
81 ﬁaereof as by means of an adhesive, not shown, As
more clearly shown in FIG, 15, <ap pfate 84 may be
a generally circular plate shaped into a dish configura-
tion having a plurality of holes 85 drilled or tapped
therethrovgh in radially spaced relation around the
periphery thereof. Spokes 83 may be ~omnscted to cap
plate 84 through holes 85 in any convenient manier, a8,
for example, by means of a conventional eye splice ‘and

Imble arrangement, iHlustrated schemancal}y at 35,
FIG. 14, :

FIG. 16 shows the RWer portion 87 of mast 82, which
may correspond to the lower end of any of the masis
herginbefore disclosed. The end of lower postion 87 is
sebuted between an inoer basé plate 88 having an an-
‘pular penpheral flange 8% intepral therewith, and ten-
sioning ring 91, which may take any convenient form
and serves to mount a. plurelity of tensioning eye bolis

92 which, in tam, are conmected to respective wire

spakes 93, thus constituting spoke cannectmg means..
Secored, as by an adbesive bond, fo each wire spoke 93
is a rib panel 84, which may a!se be bonded or welded
o an aé;acent panel 85 of the spherical reflector section.
Obvioasly, wire spokes 93, rib pariels 94, and penels 98 -
may correspond to the similar elements disclosed in
FIGS. 2-8 and hereinbefore desgribed, Honsmg 96 may
be supported by base plate 88 and may contain, for ex-
ample, an active attitude comtrel means or other in-
strumemanen or controls. A wﬂar 97 may connect panci
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i3
-85 10 teasmnmg rmg €1, and may be formed of & Mylar

and alumipum laminate a.nd adbesxvcly bonded or welded

to these clements..
In FIG. 17 there §s s!mwn somewhat scnematxcaﬂy ong
preferred construction of the interconnected annular tobe,

spherical ‘section, 1ib panels, spokes and the like, which.
obyiously may be uny of thess ciements hereintzfore dis-.

closed. Anpular infiatable tube 761 has secured therefo
tabs 162, 1&3 which may be of generaliy triangular shape
as Best sHown in FIG. 18 and which are preferab}y
adhesively bonded or welded to tube $61. In turn, wire
spokes 194, 1685 may be bonded or welded or suitably
attached 1o their respective tabs; one of the latier being

* provided for each fpoke. Inflateble panels 106, 167 of the

" type previously déscribed are secured to tube 181 in suit-
able manzer, as, for example, in overlapping relattfms‘up
to the adjacent tabs, and one or more of the spokes 184,

105 may have an inflatable 1ib panel such as 168 aitached‘
thereto and to the adjacent infistable panel;

Obviously many modifications and variations of the

prescnt invention are possible in the Hght of the above
teachings. It is thesefore to be understood that within the
scope of the appended claims the invention may be prac-
ticed othierwise than as specificelly described,

What is claimed as new and desired to be secured by
Letters Patent of the United States i is:

1. A method of fabiicating an inflatable panel for
use as a structural component of an inflatable reflective
satellite, compnsmg the steps of:

placing a pazr of thin sheets of metallic coateﬁ plastics

material in overlying relationship upon 4 plate having
2 plurality of male protub?m:‘ces thereon, said mate-
rial having the inherent physical property character-
istics of developing a permanent set when subjected
. to beat and pressure, :
creanng a partial vacuum between the lower of such
. sheets and said platé so a5 to cause said Yower sheet
to conform to the contour of s2id plate and of suf-
ficient force as to stretch and cause thinning of said
lower sheet, and to cause the upper of said sheets to
be drawn into essential conformity with said plate
while remaining spaced, in part, from said lower
" sheet,
directing 2 flow of heaied gas npon the upper of said
sheets of sufficient intensity to develop a permanent
set in both ssid sheets as caused by said vacuum
and said plate protubexaaces,

inserting 2 sublimatory material within the spacmg'

provided between said sheets, and
bondmg thc peripheries of amd shéets fogether,
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2 A methnd of fabricating” an mﬂatab.e panel for
use as a stmctm‘al component of an mﬁatablc rcﬂccuvc
satellite comprising the steps of:
placing a first thin shezt of a metallic ma&d plastms
‘material on a plate having 2 plurality of ma!e pPIO-
tuberances thereon,
creating a partial vacuum between said ﬁrst sheet and-
said plate, - - :
directing a flow of heated gas upon said first sheet,
bplacmg 2 second thin sheet of a metallic coated plas-
tics material on the plate baving a plurslity of male
_ protuberances thergon, ‘
creating a partial vacuam between said second sheet
" and said plate,
directing. a fiow of heated gas upon said sécond sheet,
said metallic coated plastics material meking up
said sheets having the inherent physical property.
cha.acteristics’ of developing a permarent set when
subjected to seid vacuoum and said flow of heated
gas, - .
placing said first and second sheets
to-face relationship,
mse"tmg a sublimalory material betwcen said sheets,
and

in’ abutting face-

bonding the penphenes of saxd sheets togethzr so as to
form an enclosed space therebetween with said space
being characterized by secticns therein co*dormmg to
e«scnnaﬂy twice the height of said' male pmiuoer-
ances on said plate
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2,778,173 171957 Taumion e el 53222
2,915,427 12/1959. Schriner et el - 156214
2,983,638 571961 Quehl ... S 156581
3,048,514 8/1962 Benteleetal o 156292 X
3,098,563  7/i963 Skee$ e 20645
2,740,961  4/1956 Slater .. _.onemo. 318-—489 XR
29956212 8/1961 C’Sullivap weeeann 156165 XR
3,038, 077 6/1962 Gillespie, ¢t al. _.... 250234 XR

EARL M. BERGERT Primary Examiner.

80 H.F. EPSTEW, Assistant Examiner.



