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Palented Nov. 23, 1865

ATELLITE

Warren C Hesnie, T z'.3 ews, Va., assignor to the
United States of A merw‘a ‘as represenied the Admin-
Istrator of the Ivatonal Aeronnsiics and Space Admin-
fstration

Filed Jan, 13, 1961, Ser. NG. 82,658
Z Ciatms,  (CL 343—-18)
{Granted unéar Title 35, ULS, Code (3852), sec. “66)

The invention ribed herein may be manufactored
and used by or for Government of the United States
of America for ramental purposes without the pay-
ment of any ro ereon or therefor.

This iavent cemerally fo p
communication st and more specifically te erec-
table, infiatable i gnal refiecting space vehicles.

The reglization in rece nt vears of the ability to place a

netary orbital

space vehicle in 2 long term orbit about the Earth has

interest in the potential of such
ommunication satellites.  Properly
in a reliable orbit, a passive com-
a series of such vehicles, may serve
from one continent to another,
2at distances, by refiection of received
rications system of this sort may serve
dy over-burdened condition of trans-

created a great
vehicles as pas
constructed and
munication
to relay
and over other

mere relable th
cuits, which are susceptible to disruption due to varying
ionospheric conditions.  With these advantages in mind,
research programs have been undertaken to study the
fe: zv‘ﬂhty of constrt mw and placing in orbit a passive
communication 1 tellite,  As a result of one such
research program. ¢© gcted as part of an undertaking
denominated “Pro Echo,”
one hundred feet diameter has been placed in Earth
orbit, and radio signals have been successfully relaved
by this satellite from one station-to ancther far removed
therefrom. The iis of this passive communication
satellite mmay be 4 by reference to an appiication
for United Sia ers Patent of William John Q'Sulli-
van, Serial No. 33, filed August 20, 1859, now
patent numbe 12.  Althovgh the space vehicle
constructed zlo described in the above-identi-
fied patent is con red to be highly successful and to
afford the first practical embodiment of an erectable com-
munication sateliite, several advantages appear to be
attainable by modifving the spherical shape thereof, and
in modifying the skin structure used therefor. _
One inherent limitation in the use of a spbcr. al satellite
lies in the }brw 3 ight thereof required fo pro-
vide adequate surface area. For communica-
tions relay purposes orzi" small seament of such a sphe-
roid is actually reflector or rcﬁ cting surface,
hcre serves no function once
eved. Thus the greater por-
¢ Is merely excess siructure,
creating booster ros load capability waste problems,
while serving only to o! \:Euts the need for aligninent or
attitude control . Further, by presenting a uniforme-
ly reflective ¢ irections, such a sphercid is
subjected to the Drc;i modifying effects of ﬂoin pres-
sure, caused by the energy expended upon the satclhte
by the impingement of light thereon,
reflection theveof. Further, since a spherical vehicle of
this type possesses a relatively high volume to weight
ratio, the perturbating effects of solar pressure are in-
creased, In addition to these difficulties in maintaining
a reliable orbit, the satellife shape or configuration fends
to be easily changed by both solar pressure and micro-
meieorite collisions,
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The. material disclosed in the aforementioned patent,
while it does possess a degree of stifiness or rigidity when
once erected and tensilely stressed in accordance with the
teachings of such application, does not have sufficient
vigidity to reliably maintain the desired cepfiguration
when exposed for Iumrhy periods of time to such.environ-
mental hazards as solar pressufe, micrometeorite cclh-
sions, and the like.

In view of the desirability of p'ro\iding passive com-
municalion satellites, and the limitations of presently
known structures and materials avajleble for construct-
ing a reliable satellite of this type, it has become desir-
able to design a navel structure to serve as a communica-
tions retay vehicle of reliable, maiptainable configura-
tion and orieniation. To construct such a space vehicle
of improved de . the development of new materials has'
becorne a re went, as bexetofore utilized materials
{ail- to de sufficient rigidity, and are unduly affected
by soler pressure. Finally, new processes have been re-

11

" quired (o make the novel materials desired for use in

such space vehicles. The present invention is a result of
considerable iniegrited research and development to-
wards solving the prublems encountered in “)rovzdmw a
practical passive communication relay satellite.

Accordingly, it s an object of this invention to provide
a new and imyproved communication sateilite.

Amnother object of the present investion is the provision
of a new and improved awtomatically erectable structural

element.

Still another object of this invention is the provision of
an actively aititude oriented passive communication sat-
ellite.

Yei ancther cbject of I"xe present mven'mn is to pro-
vide a passively attiinde oriented communication satellite.

A still further object of the Instant invention is the pro-

vig :on of a passive communication satellite adapled to
reflect radio frequency waves.

An, additional object of this inventien is-to provxde a
passive communication satellite adapted to be pervious
to light frequency waves.

Another additional object of {he presznt invention is the
provision of a spuce vehicle which is pervious to light fre-
quency waves and impervious to radio frequency waves.

A further additional object of the jnstant invention is
to provide an orbital space vehicle adapted to bz at-
titude-stabilized by the gravitational-centrifugal force
gradient.

According to-one aspect of the present invention, the
foregoing and other objects are atiained by providing
an inflatably ereciable passive communication satellite
adapted to be folded into a compact package for storage
in a launch vehicle nose cone or in the final stage of a
multi-stage rocket; and having upon inflation erection at
least one spherical section for presentation to a source
of radio frequency signals transmitted from the Earth;
such satellite being formed at least in part of inflatable
elements constructed of material in sheet form adapted to
reflect radio frequency waves and so constrocted as to
possess siructural rigidity vpon erection sufficient {o re-
tain an erected configuration in an inierplenetary spatial
vacuum without the presence of internal pressuore. ’

The foregoing and other objects and many of the
attendant advaniages of this invention will be readily
apparent &s the same become betier understood by ref-
erence to the following detailed description when con-
sidered in connection wuh the accompanying drawings
wherein:

FIG. 1-is a partial elevational view, partly ‘broken
away, of 4 typical lannch vehicie for a sufellite;

FIG, 2 is a side view of one embodiment of a com-
munication satellite according to the present invention;
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FIG. 3 is a sectional view taken along line 33 of
FIG. 2; T

FI1G. 4 is a side view of another embodiment of a com-
munication satcilite according to this invention;

FIG, 5 is o partial sectional view -taken along . line
- 55 of FIG. 4;

FIGS, 6a, 6b,.6¢, and 6d illistrate the satellite of
FIGS. 4 and 5 during the sequence of evepts occurring
in a normal orbital mission ‘thereof;

FIG. 7 is a side view of another embodiment of a com-
munication satelliter according 1o the insiant invesntion)

FIG, 8 is a seclional view taken "long line &—§& of.

FIG. 7; - )

FIG. 9 is a partial plan view of an inflatable panel
designed for use in a satellite;

FIG. 10 is a sectional view taken along line 10—16
of FIG. 9;

FiG. 11 is a partiz] plan view of another inflatible
panel designed for use in a satellite;”

FIG. 12 is a sectional view token along line 1212
of FIG. 11;

FIG. 13 is a partial pian view of gznother infiaiable
panel designed for use in a satellite; and

FIGS. 14-18 are partiai detailed views of ve
structural components adapted for use in 2 typica

Referring now more particularly to the d“ 'ngs, \‘Jhﬁf&’
in ke’ ref'c,rcnc'c BumT
'1‘wcswhfmt the
FIG. 1, there is shown
communication satellite,

1s~d:szgnuie idemical parts

by way of i‘iustmhon a passive
cererally designated by the ref-

erence numeral 11 LQ {olded for stora in nose portion
i2 of the fin r pavio 1d comamcr 13 of a launch
vehicle, not Tle exact positioning a2nd mount-

e ?1 w:tn,n nose portion 1Z forms no part
of the preseni invention, and may be such as to p rmit
ejection of the ercelabie saiellite ¥1 either forwardly or
rearwardly along the longitudinal vehicle awis, or radially
therefrom, y reaching orbital velocity and altitude.
As-shown in FIG. 1, by way of exampl e, satellite 11 may
rest on o Jispluceable tray 14 which is temporarily re-
strained in the positien shown but is adapied tc be re-
leased upon separat f nose portion 12 from final stage
13 through the aperation of

copventional mechanisms,
not shown. /\ spring 1% may be provided in a normally
compressed position so as to fo eject satellite 11
and iray 14 from nose portion 12 when tray 14 is te-
leased. Any cor n{}‘}i;Oﬁ 1 devices may be provided to
carry out the afore seration within the scope
of this invention,

rality of satellites 11
vehicle nose cone an
for example, at en
of an elliptical orpi
serics of communic:

Passive commu

‘H" of satell

¢ hez‘efrom Sequer Y.
nose cone pass through the apogee
therecf, so as to provide a spaced
ions satellites.

ion satellite 31 may have any one
itions when erected, and the selection
of one or such ¢co ;nrations will be determined in prac-
fice by consider: mm of various factors, such as the an-
ticipated orbital altitude, the term of the desired orbit,
the percentage of 12 of exposure to solar pressure,
the anticipated rate of micrometeorite activity in the drbit-
al area, the degree of accuracy of attitude desired, the
orbital weight capabilities of the launch vehicle to be
used, and the lke, Further, varjous materials may be
used fo form nponent parts of such a satel-
,zk, and the sclectio se materials will be governed,
in part, by the aforementioned consideraticns as well as
the wnﬁgurmon to be

asbd
Basically, ¢

ag,

ach of the configurations hereinafter {o be
described includes a primary structure including a mast,
an annular support means, and a plurality of lightly fen-
sioned spokes interconnecting the mast and the support
means, This primary strocture serves as o framework
for o scwnd‘xry tructure which includes o reflecting sur-
face forined in the shape of a portion of a sphere, and

I
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Cally s;heural ors

.annuiar tube 22 hest
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which may be termed a spherical section. . The dimepsions
required for such a spherical section, and, accordinegly,
the attendant primary structure, may, in practice, b
termined by normal engineering caleculations; thesz cal-
culations taking into account such variable fzclors as al-
titude, anticipated margin of error in satellite orienta-
tion or aititude, and the distances between the seve ral
radio transmitting and receiving stations involved.
Referring now:to FIGS. 2 and 3, there is shown one
embodiment of passive communication satellite 11 .in
erected condiijon, which may be accomplished by mean
hereinafter desc zb>d upon aitainment of orbital wm,xty
and eltitude. Sai iite 1%, as shown in FIG. 2 is pro-
vided with 2 reflecting surface which comprises a geper-
spheroida 3 section 15, a mast 16 ma
on and carried by sv?z ; <ect on 15 and extending along
a radial line of the imaginary sphere 17 of which spher-
ical section 15 is
such as lightly tensioned spokes 1§ cennecied
e'}d thereot to end 1% of mast 16 by spoke con
weans, not shown. Satellite 11 is preferably furthe
v;’ded with active attitude control means 25, set
more fully hereinafter. Spherical section 15 is supp
at the outer, circular, periphery thereof by
sezn in FIG. 3, constituting 2
eral support means, which in turn may be connected o
lhe other end of the spokes 18 and thereby interconnecied
with mast i6, For increased structural rig th
may be included as an integral part of satellit
rality of wire spokes 23, l:lg‘my tensioned;
at ore end thereof (o spoke connecting means, noz
mounted .on mast 16 nesr the iniersection the cof
cal se_czjon 15, zmd at the other end ”:ereof in-
The ends of spokes ;8 and
23 agjac nt :mri connected to mast 16 should be substan-
n(.}}y equidistant fw'n the plane of tube 2Z.
may be mounted between spokes 23 and
cphulal section LS and connected to both, thus
ing greater structeral rigidly and aiding in form
shape of spherical section 15 during erection.
e satellite 17 is not a complete sphere, but define
only a section of a sphere, it is desirable to prow’de S0T
means for ihsurmz that spherical section 158 is oriens
and maintained in a prgscxectcd position relative to th
surface of me Earth in order to properly reflect radio
frequency signals directed toward the passwe communi-
cation satc‘i te for relay to an Earth réceiving station.

sent, and strengthening elements
at ¢ns

S

Means of this type may be provided for both satelits 11.

and ecach of the oth  satellite configurations hereinafter
disclosed. As shor - in FIG. 2, active attitude control
means 21 is provide. © : perform this Earth-orienting func-
tion in satellite 11.

Active attitude control means 21, which mav be mount-
ed on satellite 33 as hereinbefore mentioned and which
also may be uiilized with any of the orbital satehxfc con-
figurations heérciuafter disclosed, may in praciice be any
conventional actir« attitude control means; for exampie,
that disclosed in e application for Letters Patent of the
United States by Warren Gillespie, Jr, et al.,, Serial No.
853,984, fileg WNovember 18, 1559, now I‘atent Mo, 3,038,-
G77, or in United States Letters Patent 2,740,961, issned:
April 3, 1956, Such active attiiude conirol means may
operate in various ways, sach as, for example, by roia-
tively scanning the horizon of the Earth in order to detec
any deviation from a penerally horizontal reference pg.m.,,
Regardless of the specific operation of such a <device in
detecting deviations from an Earth oriented attitude, cor-
rection may be afforded by, for examp;c the automatic
actuation of jet exhaust nozzles in proper directions to
correct satellite attitude in accordance with well
nized physical principles.  Since the details of such an
active attitude contrel means form no part of the presant
invention, they are not herein disclosed, Any of the
analogous prior arl systems will suflice so long as they

e de--

unied

fecog-
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are capable of scnsing and actively correcting attitude

errors.

The variovs structural elements of satellite
from spokes ¥&-and 23, may be formed of a mm flexible
material which is adapted to be compactly folded as, for
example, shown in FIG. 1, but whicn npon erection is

adapted 10 refiect radio frequency signals nnd possesses a |

sufficient rigidity or stifiness for reliable configuration re-
tention when exposed in an interplanétary Spatial vacuum
to the various perturBztions therein encountered. Such
materials; which form an iptegral pa

vention, are applicable to sevérgl configurations herein
disclosed, as well.as other structural shapes, and are there-
fore discussed more fally here i ne the de-
scription of other satelliie conf imilarly, a

description of the various structural co’xw‘xom herein con«

templated, soch as the interconnsction of spokes I8 to
mast 16 and tube 22, and of wire spokes 23 1o rib panels
74 tube 22, and similar jointure detzils, since-they may be
common to the several configurations herein disclosed,

2

are discussed following a consideration of the several.

conﬁgumtions

Having reference now to FIGS. 4 and 3, there i is shown
an aliernative embodiment of a passive comm unication
satellite accor‘d' io t'pe pr nt invention, a}}v d“s—
ignated by ¢
the embodim
31 s

to be passively attitude oriented by ihs,
gravitati nirifugal force gradient. Satellite 31 iy
provided with & reflecting surface which defines a spheri-
cal section 32 similar to section 15 of FIG. 2, and con-
stituting a section-of an Imaginary sphere indicated by
dashed line 33.
spherical section 32 and extending along &n im
radial 'ﬁ‘% of sphere 33, serves to support a plur.
strength 3 which are infercon-
nected b tzble annular tube 36

by convent n 15(:* ng means 4% so as (o be lig
tensioned. '6 IS contiguous v and is connected

C

io the circma periphery of spherical section 32; and thus
2ral s

constitutes 2 ral s vt means.  As in satellite 1Y,

satellite 31 m"‘ b2 provi upd with a ;i* ‘uiy of spokes w‘
connected Ln"z"" light tension io mast 34 and tube 36,
through ¢co ional spoke connecting means, not '\‘ﬁm\n.

The Tocus of the erﬂd¢ of cach of the af

25, 37 adjacent mast 34 is preferab
distant from the p;mm of tube In ors.cr to provid
eizater rigidity of this satellite con ration, rib parc]s 38
may be interconnected beiween cgc:\ea 37 and spherical
section 32,

z
orefy
¥ osu xt:m,m Y cq

f
i

Referring again to the sutellite configuration of FIGS, 2
and 3, it E nreferred that, once orbital vefccity and aiti-
tude have been ac hrv a, the satellite 1¥ be detached com-

ch vehicle structure,

pletely fmm all or

ost f t’ne Ja
att

and then erected anc} titude-stabilized under the in-
fluence of activ conirol means 23, On the other
ntmd sateliite iftitude-stadilized in a different

31 may be-so stored
that up(m sitainment of the de-
city, the satellite may be crected
cnbfﬁ but remains attached,
ficant portion of the mass of
al stage or the pay-
angd sche-

ﬁ!e {‘;5 fin
T

Lx}

ica

d. 64, satelite 31 and
h vehic e m{sy sequent] aiiy ass through
unch and acceleration to orbital altitude and
velocity, as indicated at FIG, 6a; a pitching manuever to
align the axis of the entire vehicle with a radial line from
the Earth, as in FIG. 6b; erection of mast 34 v.hic%‘r spacm
sphierical surface 32 away {rom signifi "h mass 38, as at
FIG, 6c; and finally crection of the entire satellite 331,

the aiten ]
the stages of I

Aligning: mast 34 with a rudiid lise extending from the.

cénter of the Earth in this fashion, and {hus causing signi-

11, aside.  lite 3% to be attitude-stab

he present in-

Mast 34, connected at an end thereof to

-degrees, with mass 3% nearest the

€

ficant mass 39 and the center of mass of spherical section
32 to lie along such a r'xc*iai line, permits the entire satel-
ilized by the gravitational-centrif-
ugal force gradient. In other words, as is well known,
the two major forces acting upon a space vehicle during
orbital travel in a closed civcular or elliptical path are at-
tractive foree of gravity and the opposing force. known
as centrifugpal force. For a given orbit these forces are of .-
substantially egbal magnitude, and act o sugh a space

vehicle generzily along a radial line drawn mrou'-h 1he'

center of the Earth. Therefore the space vehicle, or in
the present case satellite 31, is most stable with the two
masses, spherical surface 15 and sigisificant .mass 38, cen-
tered along a radial line, since in non- ceptered - positions
a resultant force couple is established inducing a torque
tending to move the two masses back toward the desired
position. Thus satellite 31 ""my be said to be passively
attitude stabilized by the provision of a “dumbell” con-
figuration such as shown in FIG, 64,

The length of mast 34 should be such that the static
moments or force couples oceasioned by a deviation of
the two masses from a radizl line from the center of
the Earth is at least somewhat greater than other per-
turbations such as solar pressure, .Therefore, for ex-
ample, mast len; h should increase with orbit altitnde,
Obviously, if satelilte 31 were fo be tumbling rapidly
end-over-end upon initial erectien, it would require a
lengthy period of time for the gr‘.vit'Lfon:al-centrifugal
force gradient to succeed in properly stabilizing the satel- .
lite; therefore, it may be desirablie to provide active or
passive damping devices to check such initial fumbling
motion. An active attitnde control means such as that
deseribed hereinbefore muay serve this porpose.  hfore
ideally, angnlar motion sensing means, not shown, may
ed to sense cwuxy rapid tumbling and fercibly
S or structural elemediis, not shown,
may serve Io CE ck such tu umbling by creating inertial
tummbling.  Since such devices form
no yzrt oF mc present }ﬂ.\’tl‘sgiO)"i, they are not herein
specifically disclosed.

It is 1o be noted that satellite 37 may be Earth oriented
either as shown in FIG. 64 or ina position rotated 180
E:mh since in either
position the curved reflecting surfzce prawdw- uy spheri-
cal section 32 may function (o rc“u.t radio signals,

The pitching maneuver for initially attaining the posi-
tion shown in FIG. 66 may be accomplished by any
conventional reaction jet or other vehi c"e steering de-

vices, pot shown, which are not considered 1o be a part
of the present invention.
Another alternative embodiment of a communication

int m\antz’on is shown
Th's saiellite, generally designated
ral 431, is provided with a reflect~
es spherical section 42 having
cted to the outer periph-
o peripheral support means.
ted to spherical section 42
.d xtends alons fine therelrom. Wire spokes
45 may ﬁuw as strengthening elements and rib panels
46 may be provided in similar manner to those shown
in FIGS, 3 nd 5 1o farnish incrensed structural rigidity,
To the extent this far écscribed, it may be seen that

satellite ﬁi is substa "*"iiczz} to satellites 311 and
31; further, as her

satellite in a‘,cumancc with ih
in FIGS. 7 angd 8.

ing surface inc
inflatable annular hzbe
ery thereof, and consti

Winst &4 is centrally
1

iscussed, active atfitude
control means 47 may be mounted b»iow mast 44 and
may be similar to active atiitude conirol means 21,
FiG. 2. '

Satellite 41 differs from thoss previously discussed here-
in in the provision of an upper spherical section 48
which may include wire spokes 4% and rib panels 5%
erving the seme function as do the similar clements
heteinbefore disclosed, such as elements 23 and 24 in
FEG, 3.
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It should be noted that instead of, or in additigh o,
active atiftude control means 47, passive aititude con-
trol means, not- shown, might be readily provided for

satellite 41 by extending mast 44 beyond surface 48 and

connecting a significant mass thereto 'as more folly dis-
cussed bercinbefore with regard to FIGS. 4, 5 and 6.

Several configurations for passive communication.

satellites having been hereinbefore disclosed in a gen-
eral manner, particular attentien 'is now directed to the
materials which are preferably used to form the various
componentis of the aforesaid configuraticns. It'is to
be understood that each of these materials may be uti-
lized in part or in the whole. for constructing any of
the previously discussed configurations cr other similar
satellite shapes or planforms.

The one hundred foot sphere similar to that disclosed -

in the O'Sullivan patent hereinbefore identified is adapte ed
to be erected by introducing pressire info the interior
thereof much as a conventiona]l balloon is inflated, and
differs from such a common inflation operation by the
provision of sufficient pressure to tensilely stress the
satellite skin materjal bevond the elasijc limit thereof.
A significantly different erection procedure may be uti-
lized in erecting the present sateliites, as will become
readily apparent as the detailed description continues.
More particularly, the passive communication satellites
of the present invenlion mav be erectéd by inflating the
component parts thereof.. Thus, for exa
may be erected by mmztvm anpular tube
punﬂk 724,
mey be er
pane;s 38, a
lite 41 mwv

P

Z;~. mast

4 k scc:icz’gs 42, 48.
Accordingly, infia 1( z Z, 36 \ﬂd 4% may be
consirucied of a t naterial such a
a laminzie con ,nr;‘m“ ou*cr : .ﬁm inum ‘u.nd—
wiched about and bonded 1o an inner layer of polyesier
film such as Mylar, A laminate thickness of two thou-
sandihs of an inch has been found to be suitable for this
purpose. Although this laminate is considered preferable,
others which may be used will occur readily fo those
skilled in the zri, and, in § My
be used for this purpose, ch such a shoet possesses
fittle structural rigidity even when rolled into tubr ilar
shape for use as a mast or aanular tube.

Inﬂmo% p:es:Lra, producing means may be providzd

to inflate the tube and mast of each of sate‘mes i3, 31

and 41 simuliancously or in any des wence, Such
pressure producing means may c"mf% of a siorage con-
tainer, not shown, {or storing gas unde sure, asshown
in the aforesaid O°Sulfivan Patent I\umb r2, §95,~1 and
communijcating v the interior of the tube and mast. Al-
tcmamexy, a solid material which is adapted fo sublimate
may be pla sd wzﬁhn the tubs and the mast, so as to
produce "\ftf ure when desired for erection. Such ma-
terials are discussed more specifically hereinafter, Con-
ventional foam gf‘m, rating materials mav also be uvsed.
Within the scope of this inventien, it is necessary cn}; that
some infiation mezms be provided for the mast and the

re

pie
e
e

38
150

tube, and that such means be actuaiable upon command

or zmzsmat%cz\.l‘v, so as (o insure proper satellite erec-

tion. ely, the iube any muay be inflated, and
the ma%t oly unrolled or unfolded &buiar form.
In the ¢ iment of FIGS. 7 and 8, or in the oiber con-
figurations if these be provided with an u erical

seclion or a similar membrane, i:*‘ ml pressure of a small
magnitude may be pmvmed to assist in inflation and erec-
tion by inflating the entire satclme much as a conventional
balloon is inflated. Imccé it is considered preferable to
provide such an interior mﬁatmc‘ means, Should such

means be provided, however, it is desirable to also provide

some means 1o uuumumahy reles ~c the entrapped gas
within the satelite; that is, entrapped between the splerical

section and the upper membrane, wbs&qucm fo ercetion.

toa <h‘cet of pure Mylar may

8

E se, a puncture of the membrane
v a micrometeorite, followed by
gas, wonld serve {o crepte forces
ath and sateliite attitude,  Such
ns may be simply a serieg of very
gas te exhaust stowly in opposed

This is so since, otk
or the spheérical sur
exhaust of the ent
changing the

5 pressure releasing
small holes allowi
directions afler ereciio
Spherical sectior

g a6
Yoo

(‘é

32,42 and 48 may be constructed
of any of the -nove cna%s and combinations thereof
19 now to be described. ng to FIGS. 8 and 10, there
is sbmm a pome“ of a tructmal element or inflatable
ri "z 1op sheet 53 and a bottom sheet
d second sheets, réspectively. Sheet
=nilations &5 forrnf,d therein, and
: of indentations 56 formed therein,
o forming a de ;rLsz,cn in one side
d a protuberance in the other side
s s of facility and clarity of dis-
sheets 53, 54 thereof have been
ly defined, apgular indenta-
pyramidal form, il is to-be
iy e‘«ch shee{ 53, &4 in cross sec-

each suc
of its rcspecmn 3
thereof. Wh
closure, pane
og shown as havin
tions of truncate:
understood that pr
tion has the gene
with only a sma
25 tation fberem T; it may be said that each depression
constitutes a consavity and each
ioned a convexity, such terminol-
be generic to either the angular
: in FIGS. 9 and 10, or more gently
ein described and schematically il-

:x

may be bonded together by suitable
T adhesive bor such bonding
ous glong peripheries 58, £9 of
s to form an envelope having an
A bond is pre bly alsc made
as by weldin ve Lordinz “t each area of con-
tact b‘t\«er: hfy:i; 23, Eé. It is to be poted, however,
that indent a ferably some hat_more shal-
low- ths. na eets 53 and
c mcnﬁm of
3 { shect 54, a
nces 57 are formed where
seets.  Thus spaces 87
ce hereinbefore men-
continuous bonding
more of the spaces
;i a;ariaﬁ having sublimating

flbizmp when placed
h >n in orbital travel.
rterizl 1 chloroacetic acid
sublimates af & temperature of
ade. Alternatively, = maierial or
enerating a foam may
ressure producing
wpication with such
sejected to perform this
uly that a differential
wund per square inch

cha rc.cic'xsncs and
50 in an inoterplanets
One such  sublim
{(CICH,CCOH},
61-63 degrees cen
materials of com
55 be so placed, or
means may be ¢
space. ‘Whatever
infiating Lunvum;;

<«

i »u“sed iyiar of a
25 inch, Such a imcL-

por deposit metbod
54 may be such a mate-

&

Lﬁer pure Riylar,
11 and 12, an ziternative form of inflatable
nanel is shows 61 may comprise top or first sheet
70 62 and bottor nd <Lefst 63; each sheet having a
plurality of ing G4, 65, respecti ci}, formed there-

\,EEBL:JL

g7

in.  As hersinbefore discussed with regard io the panel
constriction of FIGS. 2 and 10, the psnd 4% iz shown

somewhat cchumath Hy, and each sheet thereol may in
75 practice be somewhat more gently corved so as to assume
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Cin cppmed or opposxtply facing relationshi

subsequent to inflation.

9

a genérally smmoxd‘zl form having only small { ai portaons
at the base of each indentation. Pamel €1 diffars from
pancl 52 in that ‘the respective convexities of each sheet
are in contact, or, in other words, the sheets are placed
p, as clearly
shown in FIG. 12, The sheets may be joined together
by adhesive bonding or welding at each point of contact
thereof, as discussed with regard to the panel structure
shown in FIGS. 9 and 10: Similarly, peripheries 67 of
sheet 62, and 6% of sheet 63, preferably are continuonsly
joined so as to form an envelope enclosing intercomnected
spaces 66 between the sheets, thus rendering panel 61
inflatable.

Infiation of panel 61 may be accomplished by providing
a source of pressure, such as, for example, sublimatory
material such as chloroacetic acid, foam generating ma-
terials, or a conventional container of 'xrccsur’:fed gas,
communicating with spaces 66; as hereinbefore discussed
with respect to sheet 52, FIGS. 9 and 10.

Sheets 62 and €3 preferably may be of 0.00025 inch
thicknesses of aluminum coated Mylar, or one of such
sheets may be pure Mylar.

5
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A most important property possessed by both panel-’

52 and pa“u &1 is t‘lu cither may be folded flatly into

s, but that upon infiation thereof,
‘o infiztion the internal pressure
uch panels exhibit greater structural

rigidity or st

ther words, ri
fiation thereof, and cons&;mm‘y s
tan fnur mﬁated shaae as <‘m* 3

1

decr wd Thzi pmm(riy is dUE 10 ﬁ'ef: gcnem}ly Cross
praced shape of the inflated panels, similar 10 2
frame” structural shape.
The advantages of ihe a‘oresaid property in panels
esfgned for use in forming structural components for a
Fa%“X\P communication satellite such as su;ei!v!es i, 31
and 41 should be obvious. Once such a vehiclz is uuc‘ed
and in orbit, punctere of the skin thereof by micrometeor-
ites or the ‘ch or leaks occurring due to any cause, with
consequent Joss of pressure in the panel inferiors, will not
cause g change of comps sent shape, - Thus a spherical
section smh as 15, 32, 42 or 48 formed of a plurality of
paneis 52 or 61 baving the shape of gores or other con-
venient shape posses

e

es qualities and characteristics here-
tofore not availablé for such uses, )

Panels 82 and 61 are also well suiied to serve as rib
panels such as panel Z«s, FIG. 3, panel 38, 1G5, and
panels 46 and 51, FIG. 7, since, as hereinbefors discuseed,
such panels exhibit a marmd increase in structural rigidity

It is to be ung L,tséood, therefore, that either panel 52
or panel 61 may be utilized as the basic structural ele-
ment of any or ali of the variocus spherical sections and
rib panels herein disclosed; and further, such inflatable
panels may h" utl, od in the same salellite, In other
words, panel 52 may be vtilized for somse components and
panel 6‘ for others-in the same satellite.

Thus, upon ejection from the final stage or payload
container such as shown in FIG. 1 afler attainment of
orbital altitnde and velocity, the passive communication
satellite may be ¢ °r€c‘ed by the pressurization and conse-
quent-inflation of the varjous components thereof by the
action of pressure producing means such ag *m(")\ herein-
before described. In each of satellites 13, 3% and 4%, a
mzjor portion of the work necessary for erection may be
performed by the annular tube provided., Further, a
significant or major portion of such work may be accom-
plished by internally pressurizing the space beiween, for
example, spherical scctions 42 and 48, as hereinbefore
discussed, Thus, as the tube assumes its annular shape

from an initial folded position, it draws with it the various.

spokes, rib panels, and s;:htmml sectiens, However, a
not inconsiderable portion of the erection force nécessary

Al
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is provided by the action of the erectionr gas within the
infiatable panels forming the spherical séctions and the
rib paneis, which tends to-enlarge the spaces such as 57 in
FIG. 10, thus serving to strengthen and form each panel,

Of course, pumerous methods of constructing and
assembling panels such as 52 and 61 will occur readily
to thoss skitied in the art.

Referring now 1o FIG: 13, there is shown by way of -
fllustration = panel 71 which compnses a transparent sheet
72 and very fine diameter wires 73 s0. positioned or
mounied thereon as 1o fonn a grid patiern or mesh having
square spaces 74 therein approximately two tenths of an
inch or less o a side. Such a panel may be constructed
by moldiz heet of Mylar at out a grid formed of
aluminum 2nd, wri.‘:u, second sheet 75 be bonded
at its periphery to the first sheet so as o form an en-
an inflatable panel 71, Ina preferred

dummum and second sheet 75 is

r, other materials may be used for
om’ as the sheet material is trans-

Iight and the wire iIs of a material
which will dio fnmcncy waves. Rather than
bﬂmg meldes “u:t 72 wires 73 may be bonded
thereto in known manner, or eiched thereon, if decired.

So long as panel 71 is constructed so as 1o be pervious to
light but impervious to radio signals, it possesses gualities
quite de e for a structural element of a passive com-
municaticn Hite, The spacing of wires 73 at two-

enths of an inch apart or le«s as hereinbefore described,

Hows the co x.cmpd KMylar and aluminum panel 71 to
pass Hght hrovgh.  Thus, such a pangl is substan-
tizlly una f:r.‘eé' by solar pressure.  Conversely, this
same spacine is sufficientiy small or close to reficet radio
s:"nals 1z suencies of 10,000 megacycles per second
ient of reflection of approximately 80%
¢ alpminum wire mesh mounted on or in thc
bits greaier structural .rigidity than
far weight of aluminum deposited evenly
surface.
pancls 71 may be accomplished by infla-
tion therwh which may be carried out by any of the
methods herstofore discussed with regard to panels 52
or 61, such as placing a &mhmatmg material between
aheats 72 and 73, or by connecting u source of pressurized

, not shown, 10 the space between these sheets, or by’
sterials.
. a plurality of panels 78 mav be used to form
fons or rib panels bereinbefore disclosed,
in the sar;c manner as discussed with regard to panels 52
and 61. While t ‘*e various pancls may be used in any off
the sate 111:6 configurations of FIGS. 2-8, certain of these
manels are pri ably utitized in certain of these configura-
tions, as will appﬂar more fledrlv hc*cxm.der

{form, wires 73

Mylar fim,
these element
parent, or pes

in

‘t,
¢

fnzzmmg T

d to form

t:'xcm s:dx cmd n%ﬁ ,,mpls ﬁwrem de-
scribed, su pinging upon the sateliite from above;
that is, st concave side of the sp?sm al section,

inst the mast, thus causing heating
Lly eritical nature. If panels such

°::d in these configu-ations, howe\er,
will not oceur, since panel 71 is pervious to
unug*ﬂ and !fer“’om the problem of mast heating is
arly, in the configuration of FIGS, 7 and
: b oas 52 or 6% are used for the upper and
lower spherical sections, mast h’:ul!ﬁg cannoct oocur since
suniight from any direction is reflected away ther:by.
However; in this configuration, it may be desirable fo use
upper gpherical section 48 merely as an erection aid, In
which case a weight saving could be effected by using
Kylar sheets alone for such inflalable panels or as mem-
branes, in which case mast heating would be a2 problem
were panels such as 82, 61 utilized for lower epherical
section 42, Thus, although it is to be understood that

will be re
problems of a
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the present invention in its broader aspécts contemplates
the usc of any of these panels in any of the configurations
disclosed, it js preferred that panels such as panel 71 be
used -in the configurations of FIGS. 2, 3, 4 apd 5, and
also in FIGS. 7 and 8 if thie upper spberical section thereof
is transparent. '

The various stroctural details such as connecting means
between various componenis of the several configurations
disclosed herein may differ greatly.in specific applications.
However, the elements next {o be described are considered
to be well suited to serve the necessary funciions thereof
while at the same fime providing simpie, rugged, light-
weight, compact structural members.

In FIG. 14 there is shown the upper portion 81 of a
mast 82 which may correspond to any of the masts here-
inbefore described. In order to provide means for con-
necting the wire spokes 83 {0 mast 82, a spohe connecting
means or cap piate .34 is vigidly mounted on end 8%
thereof, as by means of an adhesive, not shown, As more
clearly shown in FIG. 15, cap plate §4 may be a generally
circolar p!;m shaped into a dish configuration having a

plurality of holes &5 drilled or ta ;\r\ed therethrough in-

r‘dm,y spaced rtelation around the . peris r‘he) t”mcof

Spokes 83 may be connceted 1o cap “f?w ugh hole
8"? in any convenient manner, as, fo 3 ., by means
of a conventional eve splice and thimble arra sfigement,

illustrated schematically at &6, FiG. 14.

FIG. 16 shows the Jower portion 87 of mast 82, which
may correspond to the lower end of any of the masis here-
inbefore disclosed. The end of lower portion 87 is se-
cured between an inner base plate €8 I“;x g an annular
peripheral flunge 8% integral therewith, znd t 'rmo'nn.ﬂ ring
91, which may .tuke any conveniecnt form and serves m
mount a plurality of tensioning sve bolts 92 which, i
turn, are connected Ion’spccti\‘e wire spokes 93, thus ccm-

stituting spoke omcmng means.  Secured, as by an ad-
hesive bond, to ccch wire spoke 83 is & rib pzmel 94, which

ed or welded to an adjacent panch 95 of
Gbviously, wire spokes 93,

may alsoc be bond
the spherical e.,wicr section.
rib panels 94, and panels 5 may cor y"nd to the sim-
ilar elements disclosed in FIGS. 2-8 und hereinbefore de-
scribed,  Housing 96 may be supporied by base plate §8
and may contain, for iple, an Active attitude control
mezns or other msmm entaticn or controls, A collar 97

may connect panel 95 to tensioning ring 81, and may be-

formed of a »i’?}hr ami aluminum laminate and adhe-
sively bonded or welded fo these elements.
In FIG, 17 there is shown somewhat schematically one
preferred construction of the interconsnected annuiar tube,
¥

spherical section, rib d the like, wh‘ch
obviously may be any o ¢ sereinbefore dis-
closed.  Annular infl the ‘a cued thereto
tabs 182, 163 which may be of ¢ Hy 1 ular shape

as best shown in FIG. 18 and creferably adhe-
sively bonded or welder to tube 161, In turn, wire spokes
104, 105 may be bonded or welded or suitably attached
to their respeciive tabs; one of the latfer being provided
for sach spoke. Infiatable ponsls 165,
previously described are secured to tube 161 in suitable
manner, as, for example, in overlapping rsimiemhs‘p to
the adjacent tabs, and one or more of the \anes 1 é 165
may have an infintable ril el such as 1§ ached
thereto and to the adjacent inflatable panel.

O‘Dwauxy many miod difications and variations of the
present invention ave possible in the light of the above
teachings, It is therefo-e (o be understood that within the
scope of the appended claims the invention may be prace
ticed otherwise than as sp“cm-mﬁy described,

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

I. An orbital satellilc operable in an extraplanetary
vacuum comprising a. r;ﬁertwe spherical section having a
circular periphery, an inflatable annular tube coextensive
with and connecled fo said circular periphery, a mast
mopnted on said spherical section and extending along &

secured by

187 of the type .

@ £y
i YA

" radial line from sajd section, a firet plurality of spokes

(=4
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interconnected between said mast and said tube, a second
plurality of spokes also intertonnecied between said mast
and said tube with the connection thercof with said mast
being at a spaced distance from the connection of said
first plurality of spokes- with said mast, and rib panels
connecied between at least some of said spokes and said
spherical section. :

2. The orbital satellite zccording to claim 1 wherein
said rib panels are infiatable, and said spherical section

comprises a plurality of inflatable panels,

3. In an orbital satellite opereble in an extraplanetary
vacuum, after laun & from Earth By 2 lzunch vehicle, the
combination cor ga sphenca? section having a re-
fiective surface ex mx,'u mast mounted on said spherical
s“ctxon d:}.} cm\nusnw al n'v a laa,ul line thereof, a sig-
.Of the launch vehicle
- thereof remote from
necled between said.
y. said satellite is

Je nmd Lanr i
h.y of mdca

ity of inden therein, a sublima-
ini, said sheets being zed in sandwiching

id sx,'»lmn.m

erjal, means connect-
sheet, each said first
2 laminate of a
aluminum layer
,} loroacetic acid.
first sheet of pliant,
tially impervious to
¥ per second radio signals, a sec-
ond sheci of a transparent material, means bonding the
periphery of said first sheet to the periphery of said second
sheet so as 1o form an enclosed space therchetween, sub-
imatory ;xeﬂm;c producing means communicating with
said mdus ce, said first sheet comprising an alue.
minium wire grid supported Dy a ester film and said
second sheet comprising a poly lyester film.

6. An. orbital communication szizllitc operable in an
exraplanelary vatuum compris in combxmt,on, a
spherical section having a circular periphery, an anpular
support means connected to and coextensive with the
periphery of said spherical ssction, a mast mounted on
said spherical-section, and sir members extending
between and connecied to said su ¢ means and said
mast; said spherical section comprising an inflatable panel-
including a first sheet having a plurality of indentations
therein, a second sheet having a ;*iura?i:y of indentations
therein, means bonding the peripheries of said sheets to-
gether =0 as to form an enclosed space Sbc’xcbctween, sub-
lfmzz‘my pressure producing mecns communicating with
said enclosed SDc.Céi, each said first and said seeond sheet
comprising a leminate including a layer of palyester film
zmd a laver of aluminum,

. An orbiwzl communication ¢
I&‘L ‘ux:.ucmf'} vac Lm!“i, comp
a circular per

layer of psiyc
and said spb
S. Anin ’Ea ta b

Hite operable in an
er‘caf aectrm hay-

Hiis

rally unted on said spher
rengthening d ements each

’LCUOB, a plurality
ed between said -
ical section com-
first sheel of pliant
nd sheet 05 p Amt rial, means bonding
the peripheries of said sheets 1 ther 50 as fo form an
enclosed space t‘zcrcbmw» n, al’ﬁ yrc\su re producing
means communicating with
a. An orbital co'nmu 'th(;

operable in an
ical scotion have
mg a c*rcuiar rcrmhery, pf’nphcmi wwmt means ton-
nected to the periphery of said spherical section, a mast
centrally mounted on said spherical section, n plurality
of strengthening elements each connected belween said
mast aud said support means, said spherical sectien com-
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priq}'m an inflatable panel including a first sheet of p]mnt, .

substanially t .\,sparcnt substantially radio signal im-
pervious material, a second sheet of transparent material,
means bondin g ’p periphery of said first sheet to- the
periphery of said sacond sheet so a5 to form an enclosed
space the rcbe.w,a:z, and pressure producing meahs com-
muynicating with said enclosed spacs,

9. An orbital comrhunication sztellite operable in an
c,\trgplm.c*ﬁ;ry VECUURN COMprising a spi ‘Ca} section hav-
ing a perl :’78"3! peripheral support means connected to the
periphery of saxd spherical section, a mast cenir Eh mount-
ed on said spheric ‘J ection, a plurﬁzity of stre ﬁgd‘emng
elements each connect 5 befween sal )
port means, sai cal section cor
panel including
tions therein formi

,..

therent Eﬂd
sheet having

conve
a piu’ahly 14 c:)ﬂcwnws in
one side th
means connecti nd mcet so
as to form an c:zchs d 341 d pressire
producing means o pclosed space
10. An or bital com cf*);nsmm
Pm:\ienszve

first qu}‘\eb means mnncele ot said mast and
said m‘mt bi wbe,

ans in «pac,d relationshi p wﬂ h said first

ube, ami
inflatable rlb pan nel means connerted between at least
some of said spokes and said spherical section,
11. An orbital communication satellite comprising:
(a) a primary struciure,
said primary structure including
a mast,
an annular inflatable tube, and
a plerality of spoke meuns, )
said spoke means being connected to said-mast
and to said annular tube so as to maintain
said ennular tube. dn spaced cifcumferential
relationship with said mast; and,
(b) .a secondary structure,
-said secondary structure including
a collapsible reflecting spherical seciion having

L5}
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an exposed convex surface with a reflecting
surface on said convex surface and provided
with a circular periphery, said circular pe-
riphery being contignous with and connects
ed to said infiatable tube,

12, Arn orbital comm '250‘2 satellite comprising:.

a. collapsible, reflecting spherical section having a ¢ir-
cular periphery;
an inflatable annular

cribing said periphery

tion, .
mast means .mounted.on sa‘ refeczing section,
strenpthening means conneliing said mast to said an-

uzbe connected {o and circum-~
‘to support said reflecting sec-

1 ular Lut)e,

1115 including:

v of spokes spaced from said re-
s':ad“‘z“ from one end of
sar tube, and
‘*. of spol\es leading from the

(b)) & second lur
other end of sais
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