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~'The nvention described herein may be mannfactured
and used by or for the Government of the United States
of America for governmental purposes withount the pay-
ment of any royalties thereon or therefor.

This application is a division of application Serial
Mumbser 276,664, filed Apr. 2%, 1953,

This invention relates {o flexible, wing vehicle configu-
rations, and more particslarly to vehicle confignrations
that are to a degree collapsible to facilitate launch of the
vehicla into an extraplanetary spatial vactum, the vehicle
thereafter being separable (or at !sast portions thereof
being deployable) to form wing surfaces capable of re-
entering the vehicle into an atmosphere and landing it
on a plansiary body.

Moany problems are enconntered upon the reentry of a
space vehicle into an aimosphere, Thsse problems re-
sult from the great speed atl which the vehicle is travel-
ing which generates tremendous heat. To overcome this
difiiculty ablative materials have been used to prolect
the vehicle structure from the heat. Vehicles capable
of maintaining a shallow reentry have been provosed,
but this requires a large wing area in relation to the
vehicle weight. Due to existing booster capability and
packaging techniques it is presently impossible to launch
a vehicle having rigid wing structure which will meet the
above mentioned requirements for reentry of the vehicle,
Thus, many arrangaments bave been proposed wherein
the vehicle is provided with smaill rigid wing surfaces;
however, they fail to provide the necessary lift for main-
taining a shallow reentry angle,

Also associated with this problem is the recovery of
rocket boosters. To date, the booster has been sepa-
rated from ihe payload at predctermined positions and al-
lowed to destroy itself upon reeniry into the aimosphsre.
As the booster capability becomes bigger and more ex-
pensive some means of refrieving this mechanism for
Teuse becomes mandatory. ‘The same problems are in-
herent in recovery of the boosters that plague vehicle re-
eniry. These sroblems being that of speed, reeniry angle,
heat, wing suiface area and others.

The present invention is believed to provide a solntion
for many of the above mentioned difficulties. This i3
accomplished by providing the vehicle with flexible wing
structure which can be readily packaged for launch pur~
poses, yet can be deployed to provide the necessary lift
surface for reentry at higher altitudes thereby reducing
temperatures by radiating the heat generaied during re-
entry and providing a low-speed flight capability to sim-
plify the lacding operation. The flexible wing can be
utilized in combination with the vehiclz structure which
may include a paylead alone, a2 pavload in combination
with booster sfructure or booster structure alone., Such
an arrangement provides the further advantage of choice
of landing site since the vehicle is maneuverable and if
powered approaches the flexibility of conventional air-
crafi,

It is, therefore, an object of this invention to provide a
wvehicle having flexible wing structure which is collapsible
to facilitate vehicle launch.

Still another object of this jnvention is to provide a
vehicle having flexible wing structure capable of main-
taining a shallow reentry angle into an atmosphers,
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Yet another object of this invention js to provide a
vehicle having a flexible wing configuration which is ca-
pable of recovering a spent rocket booster or boosters.

Another object of this invention is to provide a flexi-
ble wing vehicle wherein the body of the vehicle is
separable to provide componenis of the flaxible wing
structure,

Another object of this invention is to provide tech-
niques for positioning the fHexible wing material prior to
reentry of the vehicle into an atmosphere,

An object of this invention is to provide a flexible wing
vehicle having structure for fransferring loads from one
section of the vehicle fo another {o gain maximum utiliza-
tion of the flexible wing configuration,

A further object of this inventicn is to provide means
for controlling the flight path of the fiexible wing vehicle
upon resntry into an atmosphere,

These and other objects and advaniages of the inven-
tion will beccme more apparent upon reading the speci-
fication in conmjunction with the accompanying drawings.

In the drawings:

FIG. 1 is a side elevational view showing a flexible
wing vehicle collapsed and in a position for lawnch;

FIG. 2 is a plan view of the flexible wing vehicle as
it would appear in a flight posmon

FiG. 3 is a perspectlva view of the vehicie shown in
FIG. 2, showing in greater defail a truss arrangement
for transferring vehicle loads from one section to another,
the truss arrangement also operating as a controf system
for controlling the flight path of the vehicle;

FIG. 4 is a side elevational view of the vehicle shown
in FIG3. 1-3;

FIG. § is an end view of the Hexible wing vehicle shown
in FIGS, 1-4, and further illustrating confrol mecha-
nism for determining the flight path of the vehlcle‘

FIG. 6 is a segmental, cross sectional view showing a
pivotal connection and locking arrangement for the truss
structure;

FIG. 7 is ar end view of a modified form of the inven-
tion showing the ulilization of the combination truss and
control structure with a bi-flexible wing arrangement;

FIG. § is a side elevational view of the fiexible wing
vehicle shown in FIG. 7;

F1G. 9 is a plan view of a modified form of the in-
vention showing a pair of boosters pivotally coanected
to a payload;

FIG. 10 is a side elevational view of the vehicle shown
in FIG. 9;

FIG, 11 is a plan view of a flexible wing vehicle show-
ing a pair of boosters pivotally joined at their apex;

FIG. 12 is a side elevational view of the vehicle shown
in FIG. 11;

FIG. 13 is a plan view of still arother form of the in-
vention showing a vehicle having a pair of boosters which
separate to form a flexible wing configuration;

FIG. 14 is an end view of the vehicle shown in FIG.
13;

FIG. 15 is a plan view of still another modification of
the flexible wing vehicle showing an arrangement where-
by the flexible wing structore is deployed from the vehi-
cle;

FIG. 16 is an end view of the vehicle shown in FIG. 15;

FiG. 17 is a segmental view showing strechire for de-
ploying components of the vehicle shown in FIGS. 15
and 16;

FIG. 18 is a segmental view, partially in cross section,
showing mechanism for locking components shown in
FIGS. 15-16 in a deployed or erected position:

FI(. 19 is a segmental view, partiafly cat away, show-
ing a technique for extending flexible wing material;

FIG. 20 is a cross sectional view taken along the section
lines X¥X-—X¥ of FIG3. 1%;




3,197,158

3

FIG. 21 is a segmental view, pactially cut away to show
mechanism for moving the flexible wing material;

FIG. 22 is a plan view of yef anothér flexible wing
vehicle showing another type of flaxible wing deployable
from the vehicle bedy;

FIG. 23 is an end view of the vchicle shown in FIG, 22;

FI3. 24 is a plan view of a further ferm of the inven-
tion; and )

FIG. 25 is a side elevaiional view of the vehicle shown
in F1G. 24, and shown in the folded position. .

Basically, this invention relates to a fechaigue for
januching a vehicle nto an extraplanetary spatial vacoum
and thereafter forming a flexible wing configuration for
returning the vehicle into an atmosphere and landing it
on a planetary surface. This concept las application fo
mauy configurations and combinations: however, for a
Ybrief description of the invention the vehicle will be con-
considered to consist of a payload and three boosters.
The ons booster is formed integral with the payload and
together this struclure forms the ceniral body member
of the vehicle, The other iwo boosters are pivotally con-
nected to the central body meinber and are adapted to lie
adjacent the first mentioned booster member to provide
a compact lavach configuration, TFlexible wing material
is connected to the side boosters and the center booster
or ceniral body member. The flexible wing material is
fiexible to the degree that jt can be folded like a parachute
and is, therefore, easily packaged between the folded
boosters. The vehicle is Inanched in this configtiration
and may go into orbit or otherwise perform its contem-
plated mission. When it is desired to recover the vehicle
the side boosters are deployed. Appropriafe expansion
mechanizm is provided between the central booster and
the side boosters to force the side boosters to move about
the pivotal connecticn with the central body members.
Upon deploymeni of the side boosters the fizxible wing
material is spread since it is conmected to thz boosters.
The vehicle is thereby provided with wing structure for
gliding or powered reentry info the atimosphere and there-
after 2 landing on a planetary surface, Appropriate con-
trols are provided to direct the flight path of the vehicle.

Referring now more specifically to the details of the

_ invention FIGS. 1-5 show a form of the convertible flex-
ible wing vehicle invention, designated genmerally by the
reference numeral 19,

The vehicle 1% has a keel or central body member 12
which in this embodiment is a booster having a nozzle
‘13, Formed intzzral with the booster or sttached therato
in a copventiopal manrer is a payload 14, The payload
14 is located at the upper end of the booster 12 and may
be a space vehicle, satellite, space experiment, or numer-
ous other payload items.

Connected to the upper end of the booster 12 or the
lower end of the pavload 14 are boosters 16 and £7. The
boosiers $$ and i7 also operate as leading edge wing
members in a manner (o be explained more fully herein-
after. The boosters are comnected to the ceairal body
membeyr by conventional pivof conpection 18 and 15
(FIG. 2). This pivotal conneetion can be of & hinge type
or the boosters may pivot about a post. The cenlral
booster may be recessed to allow proper clustering of the
boosters for launch, or the boosters may be positioned
adjacent each other in substantially the same plane and
the payload comfiguration enlarged so as to generally
form a nose cone for the boosters to improve the asro-
dynamic configuration of the vehicle upon launch. The
side boosters in FIGS. 1-5 are shown as being smaller;
however, it is within the scope of the invention to make
them the same size or larger than the central boosier.
The members 16 and 17 can also be fuel cells to supply
the large central booster or visa versa,

Structure is provided for causiig the boosters 16 and
17 to move about their respective pivot points 18 and 19
or to expand or deploy the flexible wing. This struciure
is best ifustrated in FIG. 2 and includes the expansion
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link pairs 23 and 21. The pair 2% has their ends pivotally
connecled topether and the one lengih of the pair is
pivotally connecied to the booster 16, and the other link
has its other end pivolally conneseted fo the booster 12.
The paiv 21 is construcied similarly but it is connected
between the hooster 37 and the booster 2. An actuator
22, which may be of the pnenmaiic or hydranlic type, Is
carried by the ceniral body member or booster 12, and
has an actuator rod 25. The aciuator rod 25 Is in fwmn
connected to actvator bars 23 and 24 which join the liak
pairs 20 apd 21, ‘The aciuator bars are pivotally con-
necied to the Link pairs on the same pivot that connects
the link pairs together. Energization of the scivator 22
results in the links expanding from a foldad position to
the position shown in FIG, 2. The link paits thus force
the boosters 16 and 17 to pivol about their pivoial con-
neciions to the expanded position. The link pairs 20 and
Z1 may be designed such that they move over center to
fix the boosters 1% and 17 in a particular deployed posi-
tion, or may be designzsd to move to & position short of
center and thereby utilize the resiliency of ihe actuator
to allow the boosters 16 and 17 some movement, The
Iatter arrangement is often prsferable since the wvehicle
may hit wind gusts, and changing aerodynamic condi-
tions which would make a certain amount of flexibility
iz the body structure desirable.

Flexivle wing material 26 is connecied to the booster
12 and to the boosters 16 and 17 in a cenventional man-
ner such as by bonding, riveting, stapling, forming 2 slot
in the boosters and anchoring the material under the slot
with an enlarged rod or other techniques. The fiexible
material may bg any of a number of materials, certain
of the thin plastic materials being particularly adapted
for such use. This material is highly flexible and capable
of being foided in a manner simiiar to an ordinary piece
of cloth vet very strong and capabls of supporting great
Ioads. Tt should be understood that the term fexible
material or flexible wing material used throughout the
specification and claims is meant to have the definition
thal the wing or material take no particular confiigura-
tion due to its inberent flexibility. In other words, the
fiexible material vnder no load conditions would take no
particular shape or configuration. It is readily apparent
frem the FIG. 2 illustration that ihe flexible wing material

26 will ba gpread into the general wing configuration
'shown upen deployment of the boosters 26 and 27 by

the actuator ZZ. _

In order to minimize structural design problems as a
result of the pivotal connection of the boosters 16 and 17
on the central body member, these boosters being other-
wise unsupported, a truss arrangement 39 can be utilized
to transfer some of the load from the side hoosters to the
cential boosier. It should be undersiood, however, that
such a truss arrangement is nof necessary if the weight
is properly distvibuted between the payloads or boosiers,
The truss arrangement when utilized is best illustrated in

FIGS. 2-5 and particularly FE3. 3, It consists of a tele-

scoping vertical strut 31, the strut being of a telescoping
nature to facifitafe collapsing and having a conventional
latch {(not showr) to maintain its paits in the proper
position when erected. The vertical strut has a pivotal
point 32 at its lower end with booster 2. At the upper
end the vertical strut carries a double ball arrangsment
one each of which engages a socket formed in the upper
end of the elevon struts 34 and 35, The lower end of
elevon strot 34 has a ball and socket connection 33 with
the booster 26. The elevon strut 26 has a similar ball
and socket connaction 37 with the bocster 17,

A cross sectional view of the ball and socket arrange-
ment 37 is shown in FIG, 6. The ball 3% is connecied
to the elevon strut 3§ by the shank 38, The ball 39 has
an aperiurs 49 o receive a laich pin to be deacribed here-
inafter. The socket 41 rocsives the ball 3% which i
journaled therein, The socket 41 -has an opening 43
which allows the latch pin to pass through the socket and
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to enter into the bal 39, It also has a slot 42 which al-
lows the shank of the elevon strut to operate therein.
The ball and socket is associated with a latch 44 which has
a well 45. The laich well 45 contains a spring 46 and
latch pin 47. The ball and socket arrangement conneci-
ing the truss members together and the truss to the ve-

hicle is necessary to allow coilapse of the truss siructure

for lauynch purposes. The slot 42 in the ball and socket
37 and the other balls and sockets 32 and 35 similarly
designed, allows the truss structure to fold forward. The
double ball and socket arrangement 33, of conventional
design, not illustrated in detail, at the apex of the truss,
allows the elevon strufs 34 and 36 to fold against the
-vertical strut 31, Thus, the truss can be collapsed to fa-
cilitate lagnch of the vehicls, A fruss erection cable 53

[
and 77 arve hinged at 73 to the keel in a comventiomal
manner. Flexible material or membrane 8% is cosnected

to the upper leading edge members 76 and 77 and to the

" keel 75.

10

is comected to the vertical strut 31 and (o this struchre

is 2 motorized winelhh 54 (shown diagrammaticaliy in
FIG. 3). This siruciure is ntilized to pull the truss into
an upright position. The truss is spread upon operation
of the actuator 22 to expand the boosters, As shown in
FIG. 6 when the truss is moved to the upright position
the spring urged latch pin 47 will pass into the opening
43 formed in the ball 39 and maintain the truss arrange-
ment in the upright position. The elevon struts 34 and
36 are under compression during flight operation and
transfer the load from the leading edges 16 and 17 form-
ing » part of the flexible wing to the vertical strut 31 and
thereby relieve much of the Ioad on the pivolal connee-
tions I8 and 1%. The truss arrangement also fends to
spread the leading edges 246 and 17, and thereby the flex-
ible winz material providing a greater wing span and ad-
ditional fift.

The truss arrangement 38 also operaies as a control
means for direciing flight of the vehicle. A motivator
59 is carried by the vertical strut 21 and has arms 51
and 52 (FIG. 5) which are connected to the elevon struts
34 and 36 respectively. Since the elevon struts 34 and
36 are airfoll shaped, symmetrical movement of the ele-
vons will cause a pitchiag movement of the vehicle, and
differential movement turning of the vehicle. The arms
5% and 52 may be in the form of cables to facilitate col-
lapse of the truss structure for Iaunch purposes.

An alternate embodiment of the invention is shown in
FIGS. 7 and & which incorporates many of the principles
shown in the vehicle of FIGS. 1-5. This flexible wing
vehicle is designated generally by the reference numeral
58,

The vehicles 38 includes a body member 6@ which may
consist of a booster, pavload combination, or a booster
alone,
only a central body member 65 is shown; however, it is
to be understoced that within the broadest aspect of the
invention additional booster elements could be associ-
ated therewith. The lower leading edge wing members
62 and 63, therefore, serve only this purpose where in
the previous embodiment the side boosters operated both
as booster and leading edge wing members. The mem-
bers 62 and 63 are hinged to the booster €9 by a conven-
tional hinge arrangement shown diagrammatically, and
designated bv the reference numeral 64, A flexibie mem-
brane or wing surface 65 is connected to the central body
member 60 and to the lower leading edge wing members
62 and 83,

A truss arrargement including a vertieal strot 66 and
compression struis 69 and 7% have pivotal connections
67, 68, 70, and 72 respeclively with the body §8 and lead-
ing edge wing members. The pivot arrangement may be
similar to that shown in FIG. 6. The struts are con-
nected together at their apex with a double ball and socket
arrangement similar to that in the FIGS. 1-5 embodi-
ment. The compression siruis 82 and 71 may also oper-
ate as elevons; however, are shown merely as compres-
sion steuts in the drawings.

This vehicle is a bi-wing vehicle, the upper wing hav-
ing a keel 75. Usnper wing leading edge members 76

This vehicle differs from the vehicle 19 in that 5
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The upper flexible wing is mounted over the lower
flexible wing and has the keel 78 thereof fixed to the top
of vertical strut 66, In addiilon the upper and lower
flexible wings ave connected together by a nose wire oy
strut 81, diagonal wire 82 and tension wires 83 and 84.
The nose wire is connected between the hinge points of
the upper and lower wings. The diagonal wire is con-
nected between the nose of the lower flexible wing and
the rearmost poriion of the upper wing keel. The ten-
sion wires are fixed between the rearmost portions of the
upper and lower leading edge wing members. These
wires are all clearly shown in FIGS. 7 and 8. The trnss
arrangement fonctions in & manner similay to that de-
scribed in vehicle 10. In addition, the compression siruts
funciion to transfer the load from the uppsr flexible wing
lzading edge members to the central body member 60 via
the tension wires §3 and §4. The nose wire 81 operates
to maintain the same aititude between the upper and low-
er flexible wings as does the diagonal wire 82, 1t should
also be meniioned that the diagonal wire 82 and the
tepsion wires $3 and 84 can be utilized to conirol flight
direction of the vehicle, This is accomplished by pro-
viding each wive with a mechanized takeup and playout
device, By iaking up and leiting out the diagonal wire
82 the position of the {op wing can be shified controlling
the pitch of the vehicle, By differentially taking in and
leiting ot the tension wires 83 and 84 the upper flexible
wing could be warped so as to turn the vehicle in the di-
rection desired,

The bi-flexible wing vehicle 58 may be particularly
adapted to recovering large single boosters or payloads.
The additional wing, of course, provides additional lift
making it possible to recover vchicles of great weight,
The truss and tension wire arrangement also provides
means whereby the maximum lft capability is obtained
from each wing utilizing simple structure which is read-
ily collapsibie and packageable to facilitate launch pro-
cedares.  Although a bi-wing arrangement is- shown, it
is to be understcod that it is within the scope of the in-
veniion to make a tri-wing arrangement or additional
wings as the sitvation might demand.

FIGS. 9 and 10 show still another embodiment of the
invention, the flexible wing vehicle being designated gen-
erally by the reference numeral 99,

The vehicle %0 incluges a payload or similar fiem
92 to which are pivotally connected leading edge boosi-
ers 93 and 24, These boosters have & pivotal connection
21 45 and 9 (represenied diagrammaticaily) the con-
nection being similar to those in previous embodimenis.
A flexible wing miembrane 97 is connected between the
boosiers 93 and 94, The membrane is fixed io the boost-
ers in 4 conventional mannet.

An actuator 29 is carried by the payload %2 and has
an actvator rod 108 which is in turn pivotally connected
to spreader links 98. Spreader links $§ are joined at
their ends by the acinator rod connection, and otherwise
pivotally connected fo the boosters 93 and 84 as fHus-
trated jn FIG. 9, The boosters 93 and %4 are designed
so as to fold together and assume a position of adjacency
for launch purposes. The spreader links %8 are collapsed
in this position. Upon energization of the actuator 99
the links are forced to open thereby deploying the boosiers
93 and %4 and spreading the flexible wing material 97.

The flexible wing vehicle is controlled by a canard 181
aftached to the nose of the pavload. The canard 1431 is
joined to a mechanized gimble having at feast two de-
gress freedom of motion. The cansrd can be moved in
one plane to give pifching action and simultaneously in
iwo planes to give directional control.,

The flexible wing vehicls 96 differs from the previous
embodiments in that the flexible wing material forms a
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single lobe wherein as in the previous embodinients the
double lobe wing configuration was utilized. It has been
found from fest miodels that either configuration will
provide adeguate wing surface and lift for flight purposes
and the control systems described are applicable to both.
As in the previous embodiment, the spreader mechanism
may be designed so that the links pass over cenier and
‘tack the boosters in the deployed position. On the other
hand, the links may be moved to a position short of
center whereby the boosfers are allowed fo pivot fo 2
degree, ntilizing the fluid of the aciuator as a cushion for
changing aerodynamic conditions.

A form of the invention is shown in FIGS. 11 and 12
wherein the vehicle body elements are hinged directly
together at their apex. This fisxible wing vehicle is Jesig-
nated generally by the reference numeral 385,

The vehicle 105 has a body which is formead {from pay-
Ioads or payload-booster combination members 186 and
107. The boosters 144 and 1047 are pivoially connected
at their apex by a hinge 828, The hinge 210 may be a
post like element about which the booster struciure is
interjaced to pivot.

Flexible wing material 112 is fixed i0 the boostors 166
and 167 in a conventional manner. As in certain of the
previously discussed embodiments, the boosters form the
leading edge members of the flexible wing. The boosters
may be moved to a position of adjacency for lannch pur-
poses and thereafter deployed to form the flexible wing
configuration by expansion mechanism.

The expansion machanism includes expansion links 212
and #13. The link 112 is pivotally comnected to the
booster 166 and to a sleeve 115 which is jonrnaled on a
guide post 134, The link ¥£3 is pivotally connected to
the booster 47 and to the sleeve 115, The puids post
124 is anchored at ong end to the hinge structure IED
and at the other end to a guide post support 137. The
guide post support 117 may be made of a telescoping
design to facilitate folding the boosters 1646 and 187. A
compression spring 238 surrounds the guide post 1E4 and
15 located between the hinge structure 1i® and the end
of slesve 3115 which faces the hinge. The spring 116
constantly urges the sleeve in a manner so that the ex-
pansion legs 332 and 513 force the boosters i85 and 187
apart. During launch operation the boosters 85 and
07 are held in the collapsed position by conventional
structure such as a Marman band, When it is desirable
to deploy the vehicle the band is released allowing the
spring 126 to expand the boosters.

The vehicle 185 has conventional type horizontal and
vertical confrol surfaces including rudders and elevaiors.
The veifical surface 118 being carried by the horizontal
119 which is attached fo the tail portion of booster 106.
The vertical surface 126 and horizontal surface 131 are
arranged in a similar manner and secured to the booster
167, Conventional control cables and mechanism are
associated with the rudders and elevators but are not
shown in defail.

Still another form of the invention is shown in FIGS.
13 and 14, and the vehicle designated generally by the
reference numeral 138, In this arrangement the body
of the wehicle in effect splits forming a flexible wing
vehicle confizuration.

The vehicle 239 includes a body which consists of mem-
bers 132 and 138, These members may be boosters,
booster-payload combinations; however, for purposes of
ilinstration the bedy is considered {o consist of a pair of
boosters. The booster 332 has a forward guide channel

33 and aft pnide channel 134, The booster 138 a for-
ward guide channel 13% and aft guide channe! 148. These
guide changels are wiilized to dirgct the path of travel of
extension mechanism components, to be explained more
{ully subsequently.

Also aftached to the booster body 132 is a contrel
surface 135, and to the booster 138 a control suriace 241,
The conirol surfaces 135 and 141 are canted or skewed
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as shown in FIG, 14, and thereby function as both hori-
zontal and vertical control surfaces. Conventional conire?
mechanism is associated with the movable portions of the
control supfaces to provide operation thereof.

Flexible wing material 242 is fixed to the booster 123
and to the booster 138, The flexible material may be
rigidly fixed to each of the beoosters, or means may be
provided in a manner whereby the material is drawn off
from 2 roller as expangion mechaniam is in operation.

The expansion mechanism inclndes expansion straps
143 and 144 which are overlapped and pivotally-connected
together at their geometric ceaters to form a scissors-fike
arrangement. The ends of expansion strap 143 are pivoi-
ally connected to a slide 148 operable in the ghide chan.
nel 133, and the other end of the cxpansion strap pivot-
aily connecied 1o a slide 348 operable in the guide chan-
nzl 348, The expension strip 144 bas ong of its ends
pivotally connected to a slide 347 operable in the guide
channel 324 and its ofher end pivotaily connected to a
slide E49 operable inn the gnide channe] 139, As shown
in FIG, 13 a mechanized winch 58 (shown diagram-
matically} is designed to take in and play out cables 151
and 152 connec¢ied to the expansion strips 143 and 144,
respectively, A mechanized winch 733 and cables 154
and 155 are similarly connected fo the expansion siraps
associated with the booster 138. As shown in FIG. 13,
taking up the cables by use of the winch mechanism will
araw the ends of the expansicn siraps together causing
the boosters 132 and 138 to separate. As the boosters
separate the flaxible wing materizl 342 is unfolded or
unrelied 1o form a flexible wing vehicle capable of flight.
As in the previous embodimenis, the boosters are moved
to a position of adjacency to facilitate lannching ths
vehicle. :

A furiher embodiment of the invention Is illusirated in
FIGS. 15 and 186, this vehicle being designated generally
by the reference numeral i68, The vehicle 188, like the
vehicle 58, is designed primarily for use with rscovery
of a single booster or payload configuration.

The vehicle 169 has a body 1£2 which for purpese of
illustration may be considered a booster. It has horizonial
and vertical control surfaces 163 and 164 having elevators
and rudders respectively, operable by conveniional mech-
anism for controlling the flight path of the vehicle,

The flexible wing structure 165 is of a flzxible nature,
and is designed to be collapsible to facilitate lasnch pur-
poses. The wing 165 includes a leading edge member 255
having a T-shaped slot 187 (FIGS. 12 and 20) in iis
trailing edge for purposes which will be explained pres-
ently. A wire conduit 165 and cover plate 189 (FIG. 20)
also form a part of the leading edge member 156,

The wing I65 also has a trailing edse member 171
spaced from ibe leading edge member and stagsered with
respect thereto.fo facilitate the folding of the members.
A T-shaped slot 372 is formed in the leading edge of
the trailing edge member and faces the F-shaped slot 157,

Flexible wing material ¥75 is positioned between the
wing leadimg and trailing edge members by mechanism
shown in FIGS, 19 through 2i. Flexible wing material
175 is wound on a spring loaded roller 182 which is sup-
ported in brackets 183 and 1832, The end of the fexible
material 175 is folded over to form a hem which houses
a slat 176 (FIG. 19). Attached to the slat 176 are car-
riers 177 ard 178. The carrier 177 has a T-shaped cross
section as shown im FIG. 20, the hesd of the carrier
operating in T-shaped slot 167 and the fajl of the carrier
being split and designed to clamp the flexible material
therebetween. The carrier 178 is similarly designed snnd
is operative in the T-shaped slot 172 of the trailing edge
member. The slat 176 attached to or formed integral
with the carriers 177 and 178 form a stiffened edge on the
flexible material 175 which allows the material to be pulled
off the roller 182 to the tips of the leading and trailing

_edge members.

The mechanism for doing this is best shown in FIG. 21,
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and includes a wire 179 which is fixed to the carrier 177.
The wire 5§79 passes through the T-shaped slot 167 around
a pulley 189 and back through the wire conduit 153 to 2
mechanized takeup drum 181, Rotation of the takeup
mechanism in the clockwise direction, as shown in FIG.
21, results in the wire 179 being wound onto the drum and
the carrier 177 being pulled towards the puliey 180. The
pulley 180 is located in the tip of the leading edge mem-
ber so that when the carrier 177 reaches this position the
flexible wing material 178, including the leading and trail-
ing edge members form the wing surface. In certain ap-
plications structure must be provided in both the leading
and trailing edge members to unroll the flexible mate-
tizl; however, in other applications oaly one such system
is necessary due to the interconnecting siat 176.

Coupling blocks 184 and 184¢ are provided to allow
collapsing of the leading and trailing edze members and
to guide the gliders 177 and 178 iuto the T-shaped slots
167 and 172. The coupling biocks 184 and 234g bave
T-shaped siots 185 and 183« which are in alinement with
the slots formed in the leading and trailing edge members.
Stop plates 186 and 186a are associated with the coupling
blocks 184 and 184a respectively, to prevent the gliders
from being drawn onto the spring loaded roller 182, As
shown in FIG. 19, the space between the leading edge
member 66 and coupling black 184 and the trailing edge
member 172 and the coupling block 1844 is such that it
is possible to pivot the leading and trailing members 10 a
collapsed position, yet are close enough together so as
to make an easy transition from the coupling blocks to the
leading and trailing edge members,

Mechanism for moving the leading edge member 163
from a coilapsed position to an erected position is best
shown in FIG. 17, This js accomplished by a rack and

pinion arrangement, the pinion 187 being fined to the lead-

ing edge member 166 and the unit journaled about an axle
carried by the body member. The pinion 187 has teeth
which mesh with a rack 189 also carried by appropriate
structure in the body member. The rack 182 is moved by
a motorized operator 199 which includss a2 gear having
teeth meshing with the rack iseth. According fo well
known mechanical principles, when the rack translates the
pinion is rotated and moves the leading edge member to
the desired position.

The leading edge member is maintained in the erected
position by a latch arrangement 1%2. The laich is of
simple construction, it having a chamber 194 which houses
a comptession spring 195, The compression spring 195
bears against a latch bolt 19§ whichk projects through a
chamber opening into a pinion aperinre 1885, as best shown
in FIG. 18. Although not showa similar stracture is
utilized for erecting the trailing edge member 172 and,
iherefore, will mot be explained in detail. Likewise the
‘wing structure for only one side of the vehicle has been
explained, but it is to be understood that the details of
the opposite wing panel are similar, The mechanism for
erecting the leading and {railing edge members may be
constructed and arranged so that both members fold
toward the tail of the vehicle or one toward the tail and
one toward the front of the vehicle.

A form of the invention is shown in FIGS. 22 and 23
which is similar to the vehicle 164, but differs in that only
the leading edpe wing member is utilized and a different
shaped wing panel provided. This vehicle is designated
generally by the reference numeral 260,

The vehicle 260 has a body taking the form of a
booster for purposes of illustration. The tail section of
the body 202 is provided with horizontal and vertical sur-
faces 283 and 204 having movable contro! portions similar
to that in a comnventional airciaft.

The wing 283 includes leading edge members 206 which
are similar in design to the leading edge member 186 of
vehicle 160.  The leading edge member may differ some-
what; however, in that the flexible wing material 287 may
be directly connected to the leading edge member, rather
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-collapsed into a position of adjacency.
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than rolled out as in the vekicle 160, Tt should be under-
stood; however, that within the broadest aspect of the
invention the flexible wing material 207 may also be
moved to its exiended position by mechanism similar to
that utilized in vehicle 160. The means for erecting the
leading edge member 206 is similar to that shown for
erecting the Jeading ¢dge member 166, Obviously, other
techniques within the skill of the art may be utilized to
move the leading edge members through an angle of as
much as 90°,

Yet another form of the invention is shown in FIGS. 24
and 25, designated generally by the reference numeral 219.

The vehicle 218 includes a body 212 which may be in
the form of a booster. Leading edge members 214 and
217 have pivefal connections 215 and 218, respectively,
on the apex of the body 212, The leading edge member
214 has an intermediate joint 216 and the leading edge
217 and infermediate joint 219. These joinis may be of
a hinge type or ball and socket errangement and are de-
signed so that the leading edge members fold on them-
selves to facilifate a compact packaging arrangement.
Flexible wing material 220 is fixed to the body 212 and
leading edge members 214 and 217 in a conventional man-
ner. Fold lines 221 and 222 are showe on FIGURE
24, and represent the approximate line along which the
flexible material would fold to form the compact arrange-
ment shown in FIG. 25.

The leading edge members 224 and 217 can be made
approximately twice the length of the body member 212
and jointed at the center, The leading edge members
when in the folded position would be of approximately
the same length as the booster to facilitate launch of the
vehicle. It should be undersioed however, that within the
broadest aspect of the inveation thé leading edge members
may be divided into shorter components. Alsg, the lead-
g edge members may take the form of fuel cells, boosters
and other structure as indicated in the previous vebicle
arrangements. As shown in FIG. 24, the vebicle 21¢ is
cagpable of having wings of a high aspect ratio which may
provide desivable acrodynamic advantages under cerfain
flight conditiops and circumstances, The Ieading edge
members 214 and 217 are shown as folding in a manner
so that the flexible material is folded on top of itself or
below itself, Ii is to be uwaderstood, that it is within the
purview of the invention to fold the leading edge mem-
bers iin a manrer such that they are side by side rather than
above or below each other,

Structure such as a cable and a motorized winch may
be attached to the portion of the wings which must be
unfolded; however, these portions of the wings upon en-
gaging the airstrearmn may be uniolded by the airstream.
It is also contemplated that the vehicle may be controlled
by moving the section of the wings rearward of the joints
216 and 219 by conventional control mechanism. If this
type of control is not utilized, some type of latch, similar
to that shown in FIG. 6, may be combined with joints
216 and 219 to lock the leading edge members in their
unfolded position.

From the above description, the operation of the vari-
otg vehicles are believed clear, In each configuration of
vehicle, the appendages of the vehicle body are folded or
This is true
whether or not the particular configuration juvolves sev-
eral boosiers or one booster having a collapsible wing
strueture. It should also be understood, that it is within
the scope of the fnvention to provide an additional hous-
ing for any of the configurations to provide more efficient
aerodynamic shapes for lavnch purposes. Thereafter,
when it is desived to resnter the vehicle or otherwise
utilize the vehicle in its flight configuration, the casing
may be jettisoned by conventional mechanism, such as
explosive bolis, exposing the vehicles substantially as
shown and described. It is further apparent, thaf in cer-
tain insiances and with certain vehicle configurations it
may be desirable to house or streamline only certain
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portions of the vehicle and jettison these portions when
the flight configuration is necessary.

From the above description it is readily apparent that
the inveniion provides means whereby large payloads
and/or boosters can be recovered providing a great sav-
ings in material and money now being lost. The fexible
wing vehicle is capable of maintaining a shallow reentry
angle requiring minimum use of ablative material. The
flexible wing vehicle is designed such that it may glide
1o a desired landing position or be powersd to a pre-
determined landing site. Obviously, the invention has
application to many sitwations which include recovery of
boosters from multistage missiles after burnout and sep-
aration, return of supply or fuel tanks which have been
attached to a space station after the supplies or fuel have
been constmed, The fexible wing vehicle could also b
used to retorn space ships after rendezvous operations
‘with space staifon. it should also be unsderstood, that the
invention is not limited to space operaticms or applica-
tions, the configurations could be moterized for lower
sltitude operations for moving supplles, space compo-
nenis, boosters, payloads and other articles to diffzrent
positions on earth,  Such flexible wing aircraft coutd also
be used as a glider for the same purpese and iowed by
other aireraft. The various shapes of the wings can be
modified to conform to the particular situation required,
and also the aspect Tatios of the wings varied to provide
higher efficiency under certain circnmstances. it is also
suggested hat the flexible wing vehicle may have par-
ticular merit as a reentry craft to eliminate the existing
problem of communication blackout. The termination
of communication during reentry is aitributable to the
hish reentry temperatures, angle of reentry and heat all
of which are greatly minimized with the invention
vehicle,

Tt is to be understood that the foregoing disclosure re-
fates only to preferred embodiments of the inventior, and
that numerous medifications and variations of the pres-
ent invention are possible in the Jight of the above teach-
ings, without departing from the spirit and the scope of
the invention, as set forth in the appended claims.

I claim:

1. A vehicle capable of being Iaunched from a
planetary surface inte an extraplanetary spatial vacunm
and to reenfer an atmosphere comprising: vehicle body
means: power mieans associated with said body means
for placing said vehicle in an extraplanetary spatial
vacunm; means forming a part of said body being de-
vioyable from remaining body means to form wing
support structure; said wing support structure including
Jeading edge members and irailing edge members posi-
tionad at spaced intervals along said body means, and
flexible material means being connected between said
leading and trailing edge members and said body means.

2. A vehicle capablz of being lannched from a plane-
tary surface into an extraplanetary spatial vacutm and
‘to reenter an atmosphere comprising: vehicle body
means: said vehicle body means including a boosler;
leading edge wing members pivotally connected to said
vehicle body means and adapted to le adjacent said
vehicle body means to facilitate launch of said vehicle
into an interplanetary spatial vacuum; flexible wing ma-
terial cennected to said leading edge wing members and
to said vehicle body mieans; and erection means operable
to position said leading edge members substantially nor-
mal to said vehicle body means and spread said flexible
wing material whereby a wing surface is provided.
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3. A vshicle capable of being launched from a

plapetary surface into an extraplanetary spatial vacuum

and to reenter an atmosphere as in claim 2 whersin said
erection means includes racks and pinions; said pinions
being attached to said leading edge members and to-
tatably mounted on said body means; said racks being
carried by said vehicle body means; power means for
moving said racks; and latch means associated with said
pinions for locking said leading edge members in the
erected position. )

4. A vehicle capable of being launched from a plane-
tary surface into an exirapianetary spalial vacuum and
to reenter an atmosphere as in claim 2 wherein said lead-
ing edge wing members are curved in the spanwise
direciion. o

5. A vehicle capable of being launched from a plane-
tary surface into an extraplanetary spatial vacuum and to
reenter an atmosphere comprising: vehicle body means;
said vehicle body means including a booster; Ieading edge
wing members pivotally conmected to said vehicle body
means; trailing edge wing members pivotally connected
to said vehicle body means in spaced relation to said
Izading edge wing members; said leading and trailing
edre wing members being adapted to lie adjacent said
vahicle body means to facilitate launch of said vehicle
inlo an interplanetary vacuum; fexible material means
connectad befween said leading and frailing edge wing
members and to said vehicle body means; and erection
rieans oparable to position said leading and {railing edge
members substantially normal or at a lesser angle to said
vehicle body means and spread said flexible material.

&. A vehicle capable of being launched from a plane-
tary surface into an extrapianetary spatial vacuum and to
reenter an atmosphere as in ¢laim 3 wherein said erection
means includes racks and pinfoms, said pinions being
attached to said leading and trailing edge members and
rotatably mounted on said body means; said racks being
carried by said vehicle body means; power means for
moving said racks; and latch means associated with said
pinions for locking said leading edge members in the
ergcted position. :

7. A vehicle capable of being launched from a plane-
tary surface into an extraplaneiary spatizl vacuum and
to reenter an atmosphere as in claim § whergia said lead-
ing and trailing edge members have slots forming wing
tracks; rofler means carried by said vehicle bedy means
and said flexible material being wound therecon; coupling
blocks carried by said vehicle bedy means and having
iracks aligned with said wing {racks; slides secured to
said flexible material and operable in said tracks; and
neans connected to said slides for unrolling said fexible
raaterial; said leading and trailing edge members and
said flexible maferial together forming a wing surface.

8. A vehicle capable of being launched from a plane-
tary sutface imto an exiraplanetary spatial vacuum and
to reenter an atmosphere as in claim 5 whersin sald lead-
ing and irailing edge wing members are curved in the
spanwise direction. .

€, A vehicle capable of being lavnched from a plane-
tary surface into an extraplanetary spatial vacuum and o
resiiter an atmosphere as in claim § wherein said Jeading
and trailing adge members are staggered to permit folding

against said body means.
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