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3,144,219 
MANNED SPACE STATION 

Emanuel SdWzer, Newport News, Va., assignor to the 
United States of America as represented by the 
Administrator of the National Aeronautics and Space 
Administration 

Flled Apr. 5,1961, Ser. No. 101,029 
18 Claims. (CI. 244-1) 

(Granted nuder Tltle 35, U.S. Code (1952), sec. 266) 

The invention described herein 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 therefore. 

This invention relates generally to a planetary orbital 
space station or space laboratory, and more particularly 
to a manned space station capable of being completely 
foldably or collapsibly stored in the payload stage of a 
multi-stage launch vehicle, launched into a planetary 
orbit, and then self-erected into its operating configura- 
tion upon actuation of simple built-in mechanical sys- 
tems. 

It is contemplated that, within the relatively near future, 
manned space satellities or space stations will be estab- 
lished in orbit around the earth at altitudes which may be 
measured in hundreds of miles. Although this field of 
endeavor constitutes a relatively young art, much critical 
thought has been devoted over the past few years to the 
feasibility of placing such a space station or space labora- 
tory in a high planetary orbit, in view of the tremendous 
scientific and technological advantages derivable there- 
from. Briefly, such a space station, if provided with 
the capability of being manned by human observers and 
experimenters over extended periods of time, may be uti- 
lized for the purposes of terrestrial and astronomical 
observation, as well as military surveillance, to mention 
a few particularly significant initial benefits. Concur- 
rently therewith, other programs involving probable uti- 
lization of such orbital space stations, in addition to 
those hereinbefore set forth, may include the psychologi- 
cal and physiological study of human reactions to a 
spatial environment over lengthy periods of time, as well 
as the study of materials, structures, mechanical com- 
ponents and systems, and communications systems in a 
low or zero gravity spatial vacuum. Further, from the 
long range viewpoint, it is considered that it will be neces- 
sary to utilize such manned orbital space stations as 
launch bases for despatching space vehicles carrying hu- 
man explorers to the moon and the other planets of the 
solar system, barring some presently unforeseen but much 
to be desired technological breakthrough of giant propor- 
tions in the field of propellants for such space vehicles. 

Returning now to the problem of placing such space 
stations in orbit, it seems obvious that the preponderance 
of present thought and current effort in this field is being 
directed toward the provision of large, rigid, heavy metal- 
lic space station structures constituted by a number of 
interdependent sections, each of which is capable of being 
established in orbit as the payload of an individual launch 
vehicle system. It is contemplated that, once each of 
such space station sections has been placed in orbit in 
as close proximity as may be possible, they will be 
brought together by persons operating small spacecraft 
or working in space suits, and then interconnected in a 
prearranged relationship to form the completed space 
station. The difficulties and complexities inherent in con- 
structing such a space station in orbit, however, will be 
immediately apparent to those skilled in the field of 
aerospace technology. For one thing, a number of very 
expensive and complex launch vehicles would be required, 
which, if each carries only a relatively low density space 
station section, may not be loaded to their full boost capa- 

2 
bilities. The problem of obtaining reasonably accurate 
orbital rendezvous of the individual space station sections 
would also be difficult of solution; requiring relatively 
complex launch vehicle guidance systems highly suscep- 

5 tible to malfunction and failure, coupled with close toler- 
ance computer planning, launch operations, and trajec- 
tory and stage separation control. Further, the collection 
and interconnection of such space station sections would 
very likely result in deleterious physiological and psycho- 

10 logical effects upon human beings who would be re- 
quired to venture out into a spatial vacuum for pro- 
tracted periods of time in space suits or other lightly 
shielded life support devices. The disadvantages of rigid, 
sectionalized space station orbital construction, a8 here- 

15 inbefore set forth, are largely eliminated, however, in 
the space station configuration forming the subject mat- 
ter of the present invention, which is not only capable 
of orbital operation as a manned satellite limited in du- 
ration only by the capabilities of its life support sys- 

20 tem, but is also capable of being established in orbit as 
a unitary structure boosted aloft in a collapsed or folded 
condition by a single launch vehicle system and then 
self-erected in orbit through the actuation of simple 
built-in mechanical systems. 

Accordingly, it is an object of the present invention to 
provide a manned satellite space station structural con- 
figuration capable of being established in orbit in a high 
density, low volume packaged condition. 

Another object of the instant invention is the provision 
30 of a manned satellite space station structural configura- 

tion having the capability of being established in a 
planetary orbit in a high density, low volume packaged 
condition and further capable of self-erection to its oper- 
ating configuration. 

A still further object of the present invention is the 
provision of a manned satellite space station structural 
configuration erectable in orbit through the operation of 
built-in mechanical systems to its operating configura- 
tion from a packaged launch condition. 

Still a further object of the instant invention is to pro- 
vide a manned satellite space station configuration capa- 
ble of being completely stored in a low volume, high 
density condition in the payload stage of a launch vehicle 
system yet erectable in orbit to an operating configura- 

45 tion encompassing a total volume of space many multi- 
ples of the volume of the launch vehicle system payload 
stage. 

Still another object of the present invention is the pro- 
vision of a manned satellite space station configuration 

50 characterized by the provision of human occupancy areas 
expandable from a folded launch-into-orbit condition to 
a final operating configuration in which artificial gravity 
may be established while the space station in its en- 
tirety is in a condition of gravitational and centrifugal 

Yet another object of the present invention is the pro- 
vision of a manner satellite space station configuration 
characterized by the provision of a human occupancy 
area expandable from a folded launch-into-orbit condi- 

60 tion to a final operating configuration and which is divisi- 
ble into separate areas each capable of sustaining life in- 
dependently in the event of air leakage from one or more 
of the other of such separate areas. 

Yet a still further object of the instant invention is the 
provision, in a manned satellite space station, of a human 
occupancy area divisible into separate areas each capable 
of sustaining human life independently in the event of 
the uninhabitability of one or more of the other of such 

70 separate areas due to air leakage while means operably 
coupled with such uninhabitable areas automatically 
effectuate stoppage of air leak openings. 
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Another still further obj of the present invention is 
to provide, in a manned satellite space station, a flexible 
human occupancy area inflatable from a folded launch- 
into-orbit condition to a final expanded operating con- 
figuration and which is provided with integral independ- 6 
ently inflatable furnishings for crew use. 

Still another further object of the present invention is 
the provision, in a manned satellite space station, of a 
solar energy collector means expandable from a folded 
launch-into-orbit condition to a final extended operating 10 
configuration. 

According to the present invention, the foregoing and 
other objects are obtained by providing, in a manned satel- 
lite space station, a centrally disposed life support cen- 
ter which may be carried by a rocket launch vehicle sys- 16 
tem payload stage and which is provided with a plurality 
of inflatable flexible tubular passageway elements extend- 
ing radially outwardly therefrom and which are inter- 
connected at their outer extremities with an inflatable 
ring or torus shaped crew occupancy or living quarters 20 longitudinal 
element containing integral individually inflatable crew the diameter of each capsule 15 bebg mibrrtantidly equd 
use furnishings; these elements when deflated being fold- to the difEerence in the radii of l i e  support center ~ e c -  
able against the space station life support center for con- tions 13 and 14, and the length of the capsules 15 bein0 
finement therewith into a space small enough to be en- substantially the length of life support m- 
compassed by the rocket launch vehicle payload stage. 25 ter section Stores capsules 15 are partidatly 
Solar energy collector means are also interconnected with adapted for s and gases; for example, water 
the space station life support center, and are so con- and compressed air, and when used for such a purpose 
structed that they may be folded into a space small are preferably detachably physically connected to the life 
enough to be encompassed by the rocket launch vehicle support center section X and also detachably intercon- 
payload stage hereinbefore mentioned, along with the 30 nected with flow conduits extending into life support cen- 
space station living quarters, but ate yet extensible to ter 12. It will be readily apparent that such an arrange- 
expose a surface thereof large in area to sunlight. The ment for storing supplies of liquids and gases krill sreatly 
satellite space station also includes means for the mount- facilitate the removal of exhausted stores capsules 15 
ing of instrument packages and the l i e ,  the docking of and the replacement thereof with charged containers 
supply and crew relief space vehicles, and the segmenta- 35 brought UP to the SPxe station by supply vehicles, al- 
tion of the torus crew quarters into independently habita- though it is also considered within the scope of the pres- 
ble sections so Qat puncture of one section thereof would ent invention to store such supplies within the space sta- 
not necessarily endanger the lives of the persons aboard tion 11 rather than externally thereof, if desired. The 
the space station. Further, provision is made in the stores capsules 15 also may be Utilized for storing Other 
space station for simple mechanical means for inflating 40 expendable supplies if such is found necessary due to 
the torus crew quarters and the passageways leading space limitations with space station 11. 
therefrom to the life support center and for erecting the The cylindrical surface of the life support center lower 
solar collector means either automatically or by com- section 14 is not utilized for the attachment of stores c a p  
mand signal, as desired; for effecting automatically the sules 15 along two diametrically opposed regions thereof. 
repair of punctures causing air leaks in the sectionalized 46 From each of these regions of the surface of life support 
crew quarters; and also for establishing artificial gravity center lower section 14 there extends radislly outwardly 
in the torus shaped crew quarters. a flexible tubular passageway element 16 su5ciently large 

A more complete appreciation of the invention and in diameter to allow therethrough by a human 
ageway 16 is connected in many of the attendant advantages thereof will be readily being. The end of e 

apparent as the same becomes better understood by ref- 60 sealed relation to the a4 wall of life support cen- 
erence to the following detailed description when con- ter lower section 14 around an opening formed therein 
sidered in connection with the accompanying drawings defining a portal through which a human may pass from 
wherein: the interior of life support center lower section 14 into 

FIGURE 1 is a fragmentary perspective view, partially the passageway 14. Space station 11 also includes fled- 
in section, of the manned space station in its orbital 65 ble tubular crew quarters, generally designated by the ref- 
operating configuration; erence numeral 17, which generally conform to a toms 

FIGURES 2(a)-2(e) illustrate the sequence of events or ring configuration. Crew quarters 17 are operationally 
in launch, jettison of launch vehicle nose cone, com- disposed in concentricity with the space station life sup 
mencement of orbital erection, continuation of orbital port center 12, with the plane dividing the torus into 
erection, and completion of orbital erection of the manned 60 upper and lower halves being perpendicularly disposed 
space station of FIGURE 1; relative to the longitudinal axis of life support center 12. 

FIGURE 3 is a side elevational view, partially in sec- The outer end of each of the passageways 16 is connect- 
tion, of an alternative embodiment of the manned space ably sealed to crew quarters 17 in diametrically opposed 
station of the present invention in its orbital operating regions of the inner periphery thereof; the outer end of 
configuration; 65 each passageway 14 surrounding a portal in the wall of 

FIGURE 4 is a side elevational view of the manned crew quarters 14 through which a human may pass from 
space station of FIGURE 3 mounted on a launch vehicle passageway 14 into crew quarters 17. Bulkheads, gen- 
in its launching configuration; erally designated by the reference numeral 18, are pro- 

FIGURE 5 is a side elevational view, Partially in set- vided at spaced intervals around the length of crew q w -  
tion, of a bulkhead including a removable closure door 70 ters 17 and divide or segment cre quarters 17 into 8 
element provided for sectionalizing the space station in- plurality of compartments or cells , 89 will more fully 
flatable crew quarters; and be set forth hereinafter. Reactive thrust generating 

FIGURES 6(a)-6(c) are views taken in the direction means 20 (FIG. 1) such small reaction motors, are con- 
of the arrows of the line of FIGURE 5 showing nected to space station 
the sequence of events in inserting, positioning, and dis- 16 the torus shaped crew quarters 19 and are 50 disposed 
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as to generate thrust, upon activation, in a direction to durable material between locations on the inner wall 
start space station 11 when in its orbital operating con- of a compartment 19 at points equidistant above the level 
figuration rotating about the longitudinal axis of l i e  sup- of the floor 21 thereof which, upon inflation of compart- 
port center 12, which, as will hereinafter become obvious, ment 19, are stretched into substantially rigid usable sur- 
is also the axis of symmetry of space station 11. When 5 faces. 
the desired rate of rotation of space station 11 about its Space station 11 also includes solar energy collector 
axis of symmetry is obtained, the thrust generating means means, generally designated by the reference numeral 
20 are deactivated, and the space station 11 will con- 23, which in its erected operating configuration, as shown 
tinue to rotate at the desired rate. Further, similar partially in section in FIGURE 1 with a sizable portion 
thrust generating devices 30 are mounted on the periphery 10 thereof removed in the interest of clarity, takes the ap- 
of crew quarters 17 so disposed as to generate reactive proximate shape of a paraboloid. The solar collector 23 
thrust, upon activation, in a direction to stop such rota- is connected to the outer cylindricaI wall of the upper 
tion of space station 11 in the event zero gravity condi- section 13 of life support center 12 in concentricity with 
tions are desired, as for scientific experimental reasons. the longitudinal axis thereof, which is always kept alined 
The rotation of space station 11 establishes centrifugal 15 toward the Sun through the operation of any suitable 
forces which simulate gravitational forces within crew conventional means. Solar collector 23 includes a plu- 
quarters 17, enabling crew members of space station 11 rality of light, resilient metal rods or rib members 
to think of the outer periphery of the torus as a “floor” normally straight in an unstressed condition which pro- 
toward which they are attracted by “gravity.” Since crew ject in spokewise fashion from section 13 of life support 
quarters 17 are substantially circular in cross-section, in 20 center 12 through openings provided therein, not shown 
accordance with the geometrical definition of a torus, the in the interest of clarity, and in which they are suitably 
crew compartments 19 are each provided with a flat floor pivotally mounted for movement in individual single 
21 along the interior outer periphery thereof, constituted planes in each of which, when extended, the longitudinal 
by a flexible sheet of strong, durable material stretched axis of life support center 12 will completely lie. The 
across an outer arc of the circular cross-section of the 25 portion of each rib 24 lying within life support center 
compartment 19 and forming therewith in cross-section upper section 13 is movable in lever fashion to rotate the 
a chord to such outer arc; the opposed long edges of the rib about its fulcrum-like pivotal connection in an open- 
flexible sheet material forming a floor 21 being attached ing in life support center section 13 between a position 
along spaced lines to the interior wall of compartment in which the rib extends therefrom substantially perpen- 
19. Floor 21, however, is preferably made pervious to 30 dicular to the cylindrical wall of life support center sec- 
air, and the entire volume of air contained in a cornpart- tion 13, not taking into account rib bending outwardly 
ment 19 is free to circuiate in the spaces both overlying thereof, and a position in which the rib extends from the 
and underlying the floor 21. Each compartment 19, opening substantially parallel to the cylindrical wall of 
therefore, may be inflated from a single source of incorn- life support center section 13 in a direction away from 
ing air, and as the compartment 19 is inflated floor 21 is 35 the lower section 14 Of the life support center which is 
stretched tight to provide a flat walking surface. Further, operatively cowled with the crew quarters 17. This es- 
means are provided in each compartment 19 for auto- sentially umbrella-type arrangement is moved from the 
matically sealing punctures therein, as will more fully folded launch configuration to the operable extended PC+ 
be set forth hereinafter, and as these means depend upon sition by movement of ribs 24 in lever fashion about their 
air currents set up by leakage of air through the puncture 40 individual fulcrum-like pivotal connections, as discussed 
for successful performance, the entire inner wall of a hereinbefore, by any conventional means such for ex- 
compartment 19 is thereby operatively coupled with these ample an air-driven Piston, a Coil Spring or any other con- 
means. Alternatively, however, floors 21 may also be ventional mechanism acting on the ends of ribs 24 within 
made airtight and sealed to the inner wall of the compart- life support Center upper section 13. Stretched between 
ments 19, and the space between the “chord” floors 21 45 adjacent ribs 24 are flexible gore panels 25 which are 
and the “arc” walls of the crew compartments 19 is nec- somewhat fan-shaped in form, but which, in the direc- 
essarily made independently inflatable; this space then tion extending outwardly from life Suppod center upper 
preferably being filled with flexible cellular “honeycomb” section 13, are Progressively narrower than the come- 
material, with perforations in the wall of each cell thereof SPonding distance which would be measurable between 
providing fluid communication means with each adjoining 50 adjacent ribs 24 if these ribs were perpendicular through 
cell. The floor 21, thus formed, will be substantially their entire lengths to the cylindrical wall of upper see 
rigid and will provide good footing for persons walking tion 13. Further, each rib 24 is preferably so progres- 
thereupon. sively contoured in cross section along its length that uni- 

Crew quarters 17 are also preferably provided with in- form or constant bending loads imposed thereon would 
flatable built-in furnishings such as couches 22, which are 55 bend the rib 24 into a parabolic curve, Thus, it will & 
integrally connected to the floor 21 or the inner wall of Seen that the gore panels 25, when Interconnected between 
a compaftment 19. The exterior of a couch 22 or the all adjacent ribs 24, will tend to be uniformly stressed, 
like is formed of air impervious flexible material con- thereby bending ribs 24 into a parabolic curve, With the 
toured to define the operable configuration thereof, and solar collector 23 assuming the shape of a paraboloid, 
each furnishing such as a couch 22 is preferably sepa- 60 when the ribs are extended to their maximum position of 
rately inflatable, with the interior thereof preferably con- perpendicularity with the cylindrical wall of life support 
taining a flexible honeycomb material similar to that preferably center upper formed section of 13. a very Each thin of film the gore of It panels plastic 25 such is  which underlies a wholly airtight floor 21 in the second as Mylar upon which is vapor-deposited or otherwise of the two floor constructions hereinbefore set forth. Of 66 coated a layer of a highly reflective metal such as 
course, if the second of the two types of floor consrnction aluminum, similar to the material disclosed in U.S. patent 
mentioned is utilized; that is, the construction in which N ~ .  2,765,251, granted to L. E. williams on October 2, 
the airtight floor 21 completely blocks air transfer be- 1956. Sunlight reflected from the surface of the solar 
tween the spaces thereabove and thereunder, then the in- collector 23 may be directed toward an area regarded as 
terior of a furnishing such as couch 22 is preferably made 70 the focus thereof with efficiencies of at least as high 
fluidly communicable with the airspace underlying the 50 percent. 
floor 21, eliminating the necessity of providing for sepa- Further, as the solar collector 23 is generally of a size 
rate inflation thereof. Additionally, noninflatable fur- sufficiently large to overlie crew quarters 17 and prevent 
nishings, not shown, such as tables and benches may be direct exposure thereof to sunlight, a plurality of L‘win- 
provided simply by connecting flexible sheets of strong, 75 dows” 26 are provided in selected gore panels 25, which 
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may be merely clear secti s of Mylar base film upon with a suitable low emissivity material to cut therm4 
which the reflective metal layer has been eliminated, and radiation losses to space, since this surface area of the 
which permit exposure of the underlying sections of the crew quarters 17 is always in the shadow of the m k  
outer surface of crew quarters 17 to sunlight, as will be collector 23. It has been determined that, if the black 
more fully explained hereinafter. 6 area of the quarters 69 upon which sun- 

Projecting upwardly from the upper surface of life light falls is ioned with respect to the total 
support center upper section 13 and collinearly therewith surface ther alone may maintain an aver- 
is a hollow pylon section 27 which may be of any desired 
tubular configuration but which is shown as being frustro- 
conical in form having an upper extremity terminating at 10 

focus of solar collector 23. Mounted 
at the focus of solar collector 23 is a 
oidal b d y  28 which serves as the boiler 

element of a powerplant positioned within pylon 27 and 
life support center upper section 13, not shown. This 16 
powerplant is preferably of the conventional fluid cycle 
type, however, which incorporates a turbo generator, and 
solar radiation reflected upon boiler 28 may evaporate 
a fluid such as mercury contained therein to drive the 
turbo generator. Heat storage means which may be of go 
any conventional type may also be incorporated into the 
solar powerplant system to keep it in operatioh when 
space station 11 is in the earth's shadow, and which may 
be of conventional construction. 

29 gimballed for movement about two axes, one of which 
is the axis of symmetry of space station 11, and which is space station construction. By way of example, a 30. 
mounted above the boiler 28 on struts 31 connected there- foot diameter torus made of such material and having 
between. Instrument package 29 is preferably earth a wall thickness of about %O inch, in which an internal 
ofiented to give the occupants of space statio? 11 a steady 30 pressure of about M atmosphere is maintained, would 
view of the earth through means of television cameras have a safety factor of about five in skin ot wall Itreas. 
contained therein, and for this purpose is provided with The sequence of events followed in establishing a 8pW 
a conventional infrared horizon scanner lock system. In- station 11 in orbit and there erecting the space station to 
strument package 29 is also preferably provided with such its operating configuration is illustrated in FIGURES 
other devices as communications antennas and the like. 35 2(=)-2(e). Initially, the foldable solar collector 23 is 

Projecting downwardly from the lower surface of life folded h t o  its clo& umbnlla-lke configuration with 
support lower section 14 and collinearly therewith is ribs u directed substantially upwardly and the gore 
a boom member 32. Affixed to boom 32 is a second panels 25 folded therebetween, and the flexible passage- 
instrument package 2 which is usable alternatively with ways 16 and crew quarters 17 are evacuated of air and 
the first of the hereinbfore mentioned instrument pack- 40 folded around &e life support center 12 and the folded 
ages 29 to afford occupants of space station 11 a con- solar collector 23, forming a long package small in 
tinuous view of the Earth as the space station progresses diameter. Space station 11 in this folded codition is 
along its orbital path therearound. The lower end of the then stor& in a hollow substantially conical pyl& 
boom member 32 is utilizable as a mooring mast for a s t a e  container or n w  Cone Is, having 811 o m  b m  end, 
crew relief and station resupply space vehicle 33, which 45 of a e 8 
as illustrated may basically be of &e type disclosed in rocket launch vehicle 3(1, M shown in FIOURB 2(0). 
the copending applications of M. A. Faget and OthtrI, Rocket is then to boost p y l d  
Ser. No. 847,023, filed October 16,1959, now Patent No. into a p r e a e t e m w  earth d t ,  wkre the pllyrord 
3,093,346, and of M. A. Faget and others, No. is %parat& from launch dele 3(. N- & 
847,027, filed October 16, 1959, now Patent NO. 3,001,- 60 then forcibly ejected from m m d  folded space mdon 11, 

trated, space vehicle 33 is provided with as shorn in FIGURE 2(b), by &table c o n v e n t i d  
communicable with a hollow SkeVe Or tbe meam as spring d&wr, madim motorr, oT 
therewithin into which the end of boom the like, and space statim 11 j8 then &- for 

member 32 may be telescopically received and secured, merit of erection pr&\rrc~. A @upply of 
thus securely mooring space vehicle 33 to space station 65 air canied in space station 11, wbahnr in 
11. The lower surface of life support center lower or elsewhere. is then released throuc c o n v m w  v h  
section 14 also is provided with conventional airlock means, which may be actuated by of &dw means, not shown, through which individuals wearing at a prdetermined interval after of 1 
space suits may gain entry into space station 11. or by means of telemetcrcd command si- ;into tho 

interior of life su lower section 14 fnnn 

shown, interposed therebetween, inasmuch as the Power- orbital operating codguration, as illustra 
plant contained within upper section 13 and Pylon 27 is Z(c). As air continues entering thew weu, tbs rpace 
preferably capable of unattended operation, and dm to e5 station begins to assume ~ M t a l  operatino ecntlgpta- 
the possibility that the openings through which r i b  24 tion, as shown in FIGURE 2(d). when p m  
project from upper section 13 may develop air leaks, a b  within the human occupancy and passageway m u  hu 
though the provision of such a bulkhead is by no means reached a predetermined value, for example, about H 
absolutely necessary for the successful Practice Of atmosphere, the inflation air s 
invention. Further, the upper surface of torus Shaped 10 OR by conventional meanr, a 
crew quarters 17, that is, the surface adjacent the lower assumed their orbital 
surface of solar collector 23, is preferably painted black conventional me 
in the regions upon which sunlight paWiag 

in solar collector 23 may fall; while the for applying leverage forces to the ends of ribs 24 ps i -  
mainder of the crew quarters 17 is exteriorly coated Is tioned therein, and these means are actuated either auto- 

mobile tire walls 

Space station 11 also includes an instrument package 28 

vehicle system, which 

n 13 and the lower rcction 14 of 
are preferably divided by which it !Iowa into 16 and 
with sealable access hatch mW8, not and commences to flexible 

the fore, m prov 
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matically or by command signal for rotating ribs 24 about 
their pivoted connections in the openings in life support 
center upper section 13 to extend solar collector 23 to its 
operating configuration as shown in FIGURES 2 ( d )  
and 2 ( e ) .  

It is not contemplated that space station 11 will carry 
crew members during launch and orbital erection. When 
space station 11 has been erected in orbit, the proper 
functioning of the essential systems thereof will be deter- 
mined by the reception on the earth of telemeter signals 
transmitted from the space station, and the crew thereof 
will then be sent aloft in a space vehicle 33 to effect 
rendezvous with space station 11. Once the space vehicle 
33 has been moored to boom member 32 of space station 
11, the crew members may then readily gain entrance into 
the space station through the airlock means provided in 
life support center lower section 14. 

Space station 11, as hereinbefore described, is not 
capable of carrying with it into orbit its crew members, 
who must be sent up into orbit in a separate space vehicle 
33 to effect orbital rendezvous with the space station 11. 
Since, however, it would be desirable to eliminate the 
necessity of separately launching two such vehicles into 
orbit, an alternative and preferred embodiment of the 
space station of the present invention, generally desig- 
nated by the reference numeral 37, is shown in partially 
sectioned side elevation in FIGURE 3 in a fully erected 
orbital operating configuration. Space station 37 is pro- 
vided with a substantially cylindrical life support center, 
generally designated by the reference numeral 38, which 
includes an upper section 39 of inverted frusto-conical 
form, and a lower section 41 of substantially cylindrical 
form extending downwardly therefrom collinearly there- 
with; the length of cylindrical section 41 being on the 
order of about % of the total length of life support center 
38. Extending radially outwardly in opposite directions 
from the cylindrical wall of cylindrical section 41 are 
flexible tubular passageway elements 16; each having an 
inner end connected and sealed to the outer surface of 
the cylindrical wall of cylindrical section 41 around an 
opening provided therein defining a portal through which 
a human occupant of space station 37 may pass from life 
support center 38 into the passageway 16. Disposed con- 
centrically around life support center cylindrical section 
41 is a flexible, tubular torus or ring shaped crew quarters 
element, generally designated by the reference numeral 17, 
and the outer end of each passageway element 16 is con- 
nected thereto in sealed relation, at diametrically opposed 
regions, around an opening formed therein defining a 
portal through which a human occupant of space station 
37 may pass from passageway 16 into crew quarters 17. 
It will be noted that the passageways 16 and crew quar- 
ters 17 of space station 37, as described, are identical to 
the passageways 16 and crew quarters 17 of space sta- 
tion ll. Further, the crew quarters 17 of space station 37 
are similarly identical in every respect to the crew quar- 
ters 17 of space station 11 insofar as the selection of 
materials and provision of bulkheads, floors, inflatable 
and stretchable furnishings, and the like, is concerned. 

It will be noted also, that life support center cylindrical 
* section 41 of space station 37, in contradistinction to the 

life support center lower section 14 of space station 11, 
is not provided with externally carried stores capsules 
or containers, in order that the passageways 16 and crew 
quarters 17 of space station 37, when evacuated of air, 
may be folded therearound with the resulting total di- 
ameter of the package constituted by the cylindrical 
section 41, passageways 16, and crew quarters 17 being 
less than the maximum diameter of the frusto-conical 
section 39 of life support center 38. Internal provision is 
therefore made in space station 37 for the storage of the 
supplies normally carried by space station 11 in the stores 
capsules 15 attached thereto. 

A solar energy collector, generally designated by the 
reference numeral 42, and which when operationally 
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extended as shown in FIGURE 3 is substantially of disk 
form, is connected around the upper, greater diameter, 
peripheral base edge of frusto-conical section 39 of life 
support center 38. Solar disk 42 includes a plurality of 

6 radially outwardly extending rigid fan-shaped somewhat 
semiconical sections hingedly connected at their base 
ends around the periphery of frusto-conical section 39. 
As will more clearly be seen in FIGURE 4, alternate fan- 
shaped solar disk sections, designated by the reference 

10 numeral 43, may be considered as “outer” sections, and 
the remaining alternate fan-shaped solar disk sections, 
designated by the reference numeral 44, may be con- 
sidered as “inner” sections. The hinge connection line 
of each of the outer disk sections 43 is spaced a some- 

16 what greater radial distance from the longitudinal axis 
of life support center 38 than the hinge line of each of 
the inner disk sections 44, and the hinge connection line 
of each of the outer disk sections 43 is also spaced a 
corresponding distance below the level of the hinge line 

20 of each of the inner disk sections 44. It will now be 
apparent that the disk sections 43 and 44 may be pivoted 
upwardly from the erected disk configuration shown in 
FIGURE 3, in which each radial edge of each disk sec- 
tion 43 is angularly positioned from a radial edge of each 

25 adjoining disk section 44, to a position in which the disk 
sections 43 and 44 are substantially longitudinally parallel 
to the longitudinal axis of life support 
disk sections 43 overlying disk sections 
in FIGURE 4. Obviously, more than two layers of disk 

30 sections such as 43 and 44 will be required to form a 
solar disk 42 capable of assuming the alternate configura- 
tion shown in FIGURES 3 and 4, and therefore as many 
more concentric layers of such disk sections, having 
progressively corresponding radial and vertical displace- 

35 ment of their hinge lines as set forth hereinbefore, may 
be provided as found necessary. Any conventional 
actuation means, such for example those discussed here- 
inbefore for the movement of ribs 24, may be provided 
for pivoting disk sections 43 and 44 into the operable 

As much of the surface of each of the fan-shaped disk 
sections of solar disk 42 as may be exposed to sunlight 
when solar disk 42 is in its operating configuration, as 
shown in FIGURE 3, is substantially covered by conven- 

45 tional solar cells mounted thereon, not shown, capable 
of converting the radiant energy of sunlight directly into 
electrical energy. Of course, however, apertures pref- 
erably may be provided in the solar disk sections equiv- 
alent to the windows 26 of solar collector 23, for the 

60 purpose of providing solar heating for the crew quarters 
17 of space station 37. The conventional solar cells 
mounted on solar disk 42 are operatively coupled with 
conventional electrical energy storage means, not shown, 
disposed within the life support center frusto-conical 

65 section 39, from which electrical power may be drawn 
as required for operation of space station 37 whether or 
not the space station is passing through the earth’s 
shadow. 

Centrally mounted on the upper base end of life sup- 
60 port center 38 of space station 37 is an instrument 

package 29 similar to those provided in space station 11, 
and which is likewise gimballed for rotation about two 
axes; one of which is the axis of symmetry of space 
station 37 and likewise the longitudinal axis of life 

65 support center 38. A substantially frusto-conical or bell- 
shaped space vehicle 33 is detachably collinearly con- 
nected to the lower surface of life support center cylin- 
drical section 41 and depends downwardly therefrom in 
an inverted position, with its broad circular end in contact 

70 with the circular lower surface of cylindrical section 41. 
Alined access hatch means, not shown, are provided in 
the circular contacting surfaces of cylindrical section 41 
and space vehicle 33, and sealing means between these 
two contacting surfaces are positioned around the alined 

75 hatches, whereby crew members of space station 37 may 

*O position shown in FIG. 3. 
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pass directly back and forth between the iateriors of space crew compartments 19, which may take the form shown 
vehicle 33 and space station 37. sectionally in FIGURE S and which, as masidered con- 

Space station 37 is shown in its packaged launching ventional, will not be further discussed herein. Formed 
configuration mounted in an inverted position as the pay- through frame member is an oval shaped opening 47 
load stage of a launch vehicle 36 in FIGURE 4 of the 6 disposed in the lower part thereof, as best seen in FIG- 
drawings. The space vehicle 33 discussed in the preced- s of the bulkhead con- 
ing paragraph is detachably connected to the space sta- 
tion 37, as set forth hereinbefore, and is thereby disposed 

Space 

the teachings of the two hereinbefore mentioned copend- zontally dispo 
ing applications, Ser. No. 847,023 and Ser. No. 847,027, 46 but which 

gh it is designed to carry a number of persons. frame 46. F 
significantly, although omitted from the drawings Posed recess 
interest of clarity, space vehicle 33 in the launch 15 faces thereof, and which in extent is of ovoidal shape cor- 

position is provided with the emergency escape system responding to the perimetricat shape of frame 46 and 
particularly set forth in copending application Ser. No. 

o that in the event Qf malfunction of launch 
during the launching operation, space vehicle 
separated from the space station 37 and safely 20 

return the human occupants thereof to the ground. ing strip. such as Neoprene, or the like, promding slightly 
Crew quarters 17 and passageway elements 16 of space th 

station 37, in the launch condition, have been evacuated 1, centrally provided on each opposed 
of air and folded around cylindrical section 41 of life a U-shaped handle 52, is adapted to 
support center 313, as hereinbefore described. With space 26 be to recess 48 of frame 46 to close opezdng 

7 mounted on launch vehicle 36, a shroud ele- 47. , as best shown in FIGURES 6(n)-6(e),  is 
of substantially cylindrical form and which is Oval , corresponding to the oval shape of opening 
into two substantially hemicylindrical parts at 47, but is larger in area than Opening 47. Preferably, as 

diametrically opposed parting lines is connected there- indicated in FIGURE 6 ( c ) ,  door 51 is of lightweight con- 
around to completely shield the inflatable sections of the 30 struction, formed of a Pair Of thin Surface sheets With a 
space station 37 during launch. The solar dirk 42 of honeycomb core extending therebetween, Door 51 is in- 

37 is not encompassed within the conwes of serted into the recess 48 with the long axis thereof vertical- 
r launch, however; the rigid fan-shaped %- b disposed and the upper extremity thereof entering the 

being disposed in the hereinkfore men- recess adjacent the upper extremity of opening 47, as 
timed overlapped relationship and extending &wnmrdly 35 illustrated in FIGURE 6(a) .  Door 51 is then moved 

upper portion of launch vehicle vertically upwardly into recess 48 until the lower edge 
4, and enclosing the upper par- thereof clears the lower extremity of opening 47, and then 
6 within the thus folded mlar the door 51 is rotated sideways within recess 48, as 

disk 42. The enclosed upper end of launch vehicle 36 shown in FIGURE 6(b ) ,  until its long axis is horizontally 
may be provided with a concavity for enclosing in the 40 positioned and the door 51 is seated in the lower part of 
launch condition the gimballed instrument package 29 recess 48, as shown in FIGURE 6(c) ,  in which position 
mounted on the adjacent surface of space station 37. door 51 completely closes opening 47 in frame 46. It is 

Space station 37 is launched into orbit by launch ve- now considered apparent that, in the event of the develop- 
in the same manner as hereinbefore e t  forth ment Of an interior air pressure differential between ad- 

in the case of space station 11. As shown in FIGURE 45 joining compartments I?, the door §! will m y e  toward 
2(a)  of the drawings, the nose cone 35 is jettisoned from the compartment 19 having the lower Internal am pressure 
about space station 11, and a similar procedure is utilized and Press against the seal strip in the indicated groove 49, 
in jettisoning shroud 45 from around space station 37, regardless Of in which direction the interior air pressure 
the difEerence w i g  that shroud 4s is forcibly ejected differential develops. It will thus be seen that the partic- 
from around space station 37 in two parts moving in op- 60 ular bulkhead C~OSUre n ~ a n S  set forth is PhCula1Y 

urther, once it becomes apparent that adapted to seal Off a leaking Crew Compartment 19 from 
ssfuliy establishing space station the remainder of the toroidal crew quarters 19 of either 

ncy escape system a=ia&d with of the alternative embodiments of the space station of 
ached thereto is also jettisoned as the present invention. 

no longer required. Thereafter, space station 37, which 55 In Practice, each of the crew compartments 19 is pref- 
is provided with means equivalent to the means provided erably kept closed from the adjo inb  ~ f w m e n t S  19; 
for inflating and erecting the foldable portions of space the doors 51 being mnoved from f ~ a m c ~ ~  46 Only when 
station 11, is also erected in orbit in substantially the a Crew ~ X ~ X X  desires to Pass from One ~ W a I ' h e n t  19 
same manner as space station 11, hereinbefore dtscribed. to another. space Station, 11 and 37 each preferably 
The crew members of space station 37 may then enter $0 Provided With a suitable conventional alarm system, not 
thereinto from space vehicle 33 through the alined hatch Shown, capable of the thereof when 
means interconnecting the interiors thereof. air pressure begins to drop below a predetermined level 

means, generally designated by the reference in any compartment 19, which may readily occur in the 
n have hereinbefore been mentioned as being event of a Puncture Of the Skin of a compartment 19 as, 
P r segmenting the crew quarters 17 of space $5 for example, by micrometeorite penetration. 
station 11 into a number of crew compartments 19. mmbers Present in a l e a h g  compartment 
These bulkhead means 318 are also similarly utilizable to the compartment, setting doors 51 In place 
divided the crew quarters 17 of space station 37 into at each end of the compartment thereafter. As air leaks 
a number of similar crew compartments 19. Bulkhead from the ruptured compartment 319 through a puncture, 
18 includes a rigid frame member 46 which, when viewed 70 as indicated at 54, air currents 
from the interior of a crew compartment 19, as in FIG merit leading toward the 
URES 6(a)-6(c), is seen to be ovoidal in form, having a suitable spray device 

nger than its horizontal axis. FIGURE 5, is provided 
includes any desired type of may be selectively activ 

structural connection for the wall ends of both adjoining 75 partment 19 droplete of a suitable liquid which will harden 

ce station 37 in an upright position. 
is constructed, basically, in accordance with 10 

rtical axis somewha 
periphery of frame 
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in a vacuum, or of a liquid which will react with the 
material of the outer plies of the wall of compartment 
, to seal the puncture. Numerous solutions of plastics 

having these inherent physical and chemical property 
characteristics will be obvious to those skilled in the art 
and any of which are considered within the scope of the 
present invention. One example of an oxygen stabilized 
solution of plastic would be an ortho-chloro-phenol solu- 
tion of Mylar which, as is well known, readily solidifies 
when subjected to vacuum or the environmental conditions 
present in operation of space stations 11 and 37. These 
droplets would be drawn by the air currents set up in the 
compartment toward the puncture, as illustrated in FIG- 
URE 5, and automatically effectuate sealing of the punc- 
ture as shown at 54 in FIGURE 5. The space station, 
preferably, would then also be provided with suitable 
conventional dehumidifier means to remove the excess 
vapor released by spray devices 53 from the air, so that 
it may be reused by the occupants of the space station. 

While the space stations 11 and 37 set forth herein have 
been described as being particularly suited for planetary 
orbital operation, it will also be apparent that these space 
stations could also be utilized as manned deep space ships 
despatchable to the moon or to other planets in the lacal 
solar system, as well as being usable as ground bases 
when landed on the surfaces of such bodies. Obviously, 
also, many modifications and variations of the present in- 
vention are possible in the light of the above teachings. 
It is therefore to be understood that within the scope of 
the appended claims the invention may be practiced other- 
wise than as specifically described. 

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

1. A space station capable of being foldably disposed 
as the payload of a launch vehicle and thereby launched 
from a planetary surface into an extraplanetary spatial 
vacuum and habitable by living occupants, comprising: a 
habitable center section, a habitable flexible inflatable 
toroidal section operationally concentrically disposed 
around said habitable center section, flexible tubular pas- 
sageway sections interconnected between said habitable 
center section and said habitable toroidal section at radial- 
ly spaced intervals operationally adapted to provide ac- 
cess between said center section and said toroidal section 
for occupants of said space station, means for collecting 
the radiant energy of sunlight and converting said radiant 
energy into energy usable in the operation of said space 
station, said radiant energy collecting means being con- 
centrically positioned with respect to an axis centrally 
passing through said center section and about which said 
toroidal section is co~icentrically disposed. 

2. The space station according to claim 1 including 
means for establishing rotation of said space station about 
said axis at a predetermined rate. 

3. The space station according to claim 2 including 
means for segmenting said toroidal section into a plurality 
of independently habitable compartments. 

4. The space station according to claim 3 wherein 
said means for segmenting said toroidal section comprises 
a bulkhead having a space station occupant traversable 
opening therethrough, and a closure member for sealing 
said opening against the passage of air therethrough upon 
the establishment of ag internal air pressure differential 
between said compartments adjoining said bulkhead. 

5. The space station according to claim 3 wherein each 
of said habitable compartments is provided with a flexible 
substantially flat surface treadable by said space station 
occupants. 

6. The space station according to claim 3 wherein at 
least one of said habitable compartments is provided with 
integral flexible contour maintaining furnishings usable by 
said space station occupants. 

7. The space station according to claim 6 wherein each 
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of said habitable compartments is provided with means 75 

I 
actuatable to effectuate stoppage of punctures in the wall 
thereof causing air leakage therefrom. 

8. A space station capable of being foldably disposed 
as the payload of a launch vehicle and thereby launched 
from a planetary surface into an extraplanetary spatial 
vacuum for operation therein comprising; a habitable cen- 
ter section, means interconnected with said habitable 
center section for collecting the radiant energy of sunlight 
and converting said solar radiant energy into energy usa- 
ble in the operation of said space station including a 
surface defining structure extensible from a folded launch 
configuration in which said structure is substantially 
linearly concentrically positioned around an axis passing 
centrally through said center section to an erected operat- 
ing configuration in which a large area of said structure 
is exposed to sunlight, a habitable flexible infiatable toroi- 
dal section extensible from a deflated folded launch con- 
figuration in which said toroidal section is foldably dis- 
posed around said center section to an Mated erected 
operating configuration in which said toroidal section is 
disposed concentrically around said axis passing through 
said center section in equidistant spaced relation from 
said habitable center section, and means interconnected 
between said habitable center section and said habitable 
toroidal section at operationally radially spaced intervals 
for maintaining the operational configuration of said space 
station. 

9. The space station according to claim 8 wherein said 
large area exposed to sunlight of said surface defining 
structure when operatively erected is of substantially pa- 
raboloidal form capable of reflecting sunlight, and said 
solar energy collecting and converting means includes a 
powerplant having a boiler element operatively positioned 
at the focus of said paraboloidal surface. 

10. The space station according to claim 8 wherein said 
surface defining structure comprises a plurality of rigid 
fan-shaped elements hingedly connected along a base 
edge thereof to said habitable center section. 

11. The space station according to claim 8 including 
means for establishing rotation of said space station about 
said axis at a predetermined rate. 

12. The space station according to claim 11 including 
means for segmenting said inflatable toroidal section into 
a plurality of independently habitable compartments. 

13. The space station according to claim 12 wherein 
said means for segmenting said toroidal section comprises 
a bulkhead having a space station occupant traversable 
opening therethrough, and a closure member for sealing 
said opening against the passage of air therethrough upon 
the establishment of an internal air pressure differential 
between said compartments adjoining said bulkhead. 

14. The space station according to claim 12 wherein 
each of said habitable compartments is provided with a 
flexible substantially operationally flat surface treadable 
by said space station occupants. 

15. The space station according to claim 12 wherein at 
least one of said habitable compartments is provided with 
integral flexible operationally contour maintaining fur- 
nishings usable by said space station occupants. 

16. The space station according to claim 15 wherein 
each of said habitable compartments is provided with 
means actuable to effectuate stoppage of punctures in 
the wall thereof causing air leakage therefrom. 

17. The space station according to claim 16 wherein 
said means interconnected between said habitable center 
section and said habitable toroidal section at operationally 
radially spaced intervals comprise flexible tubular pas- 
sageways operationally adapted to provide access between 
said center section and said toroidal section for said 
occupants of said space station. 

18. For use in a foldable, flexible, inflatable living 
area section of a space station operable in an extraplan- 
etary vacuum and habitable by living occupants, bulkhead 
means for segmenting said inflatable living area section 
into a plurality of independently habitable compartments, 
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comprising an ovoid shaped frame member interposed 
between two compartments each of which is connected 
thereto in sealed relation, and having an oval shaped 
opening formed therethrough traversable by occupants 
of said space station living area section, said oval opening 
having a long axis disposed at right angles to the long 
axis of said ovoidal frame member and being disposed 
adjacent the broader end of said frame member, a cen- 
tral recess formed in said frame member between oppoJed 
planar outer surfaces thereof, seal means d i s w  in the 
opposed inner faces of said central frame member reass 
surrounding the oval opening formed therethrough, and 
an oval shaped closure member insertable into said frame 
member central recess and positionable therein to block 
the oval opening formed through said frame member 
with opposed planar faces of said C ~ O E U ~ C  member posi- 

15 
tioned between said seal means, whereby the development 
of interior air pressure daerential between said two com- 
partments induces movement of said closure member into 
contact with seal means surrounding said oval opening to 

6 block transfer of air between said two computments. 

Rcfere~ces Cited in the file of this p8tenl 
UNITED STATES PATENTS 

1,372,528 Marcovsky _ _ _ _ _ _ _ _ _ _ _ _ _  Mar. 22,1921 
lo 2,057,687 Manson _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oct. 20, 1936 

2,991,027 Geyling _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 4, 1961 

OTHER REFERENCES 
Project Satellite, by Kenneth W. Gatland, pub. 1958. 
NASA Authorization for Fiscal Year 1961. 


