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The invention described herein may be manufactured 
and used by OT for the Government of the United Stares 
of the United Slates of America for fiovcrnmental pur
pose* without tbe pay me at of any royalties thereon or 
therefor, 

This invention relates generally to space rehires, and 
more particularly to manned reentry vehicles for opera
tion both above and within tbe Earth's atmosphere. 

A vehicle capable of performing manned orbital and 
space missions, and professing the additional capability 
of atmospheric maneuverability* *uch as is generally at
tributed to fixed wing aircraft, is not presently available 
in tbe Held of space technology, A vehicle of tbe type 
described need necessarily incorporate a plurality of di
verse features to provide performance as desired under 
the different enviionmental conditions to which it will be 
exposed. The space vehicle may be normally launched 
into space a lbe final stage of a booster-vehicle system 
and therefore should initially be of such shape as to mini
mize the launch or boost vehicle's control and structural 
loading problems, lbe space vehicle mast haw an aft> 
tude stabilization system for employment while in flight 
outside the Earth** atmosphere- The vehicle most be ca-
pab*e of surviving the heat generated during its subse
quent reentry into Ihe Earth's atmosphere aad of shield
ing its occupants therefrom, Further,, the vehicle mutt 
tben have an atiruHpfeeric maneuvering capability of a 
degree such as to enable the occupants to control the rule 
of deceleration, to select a desired landing area for the 
vehicle and to perform a glide type landing thereon. 
From tbe viewpoint of operation sequence reliability and 
selection of landing aica, a flared ot glxlc t>pc landing 
cnpahality is considered prcfetabte to landing space ve
hicles by parachute in accordance with prior art methods. 

Winged vehicles and vehicles with body asymmedy 
have been proposed ns reentry vehicle* capable of atmos
pheric mineuvcriruj and glide type landings. However, 
for a fixed maximum loial vehicle weight icquircmcnt 
with which to Accomplish a iriven mission, both the winged 
and the asymmetric vehicles present two major prob
lems tbe solution of which would result in the reduction 
of usable payluad; the problem of providing thermal 
shielding over a much larger vehicle surface area, and a 
booster-vehicle attachment problem which can be solved 
only through the UK of a heavy booster-vehicle adapter 

Accordingly, it is an object of tbe present invention to 
provide a novel space vehicle for orbital flight 

Another object is to provide a space vehicle capable of 
being attitude stabilized outside of the Earth's atmosphere 
and of being maneuvered subsequent to reentry into the 
Earth's atmosphere. 

A further object of the present invention is to provide 
a symmetrical space vehicle capable of performing glide 
type landing 

A still further object of the instant invention is to pro
vide a spate vehicle having glide type water landing ca
pabilities. 

According to tbe present invention, the foregoing iind 
other significant objects are attained by lbe provision of a 
lenticular vehicle having fcridibfe aerodynamic control 
Hap£ pivotally mounted on the upper convex vehicle sur
face. The control flaps ire adapted to form a sub wan-
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tially continuous extension of tbe upper convex vehicle 
surface when in folded or retracted position during the 
Launch and orbital staecs of a vehicle messtofi, and to be 
deployed into an operative, extended position tip on rcen-

i try of tbe vehicle into the Earth's atmosphere. The space 
vehicle further includes individually actuated reaction 
jets, positioned on the vehicle's upper convex surface, for 
attitude control while outside of the Earth's atmosphere. 
In a further aspect of the instant invention, the vehicle 

10 is provided with an extendible nose ski for landing on 
water. 

A moos complete appreciation of tbe invention and 
many of the attendant advantages thereof will be readily 
apparent as the same becomes better understood by refer-

15 eisoe to the following detailed description when considered 
in connection with (lie accompanying drawings wherein: 

FIG. 1 is a side elevatiooal view, partly broken away, 
of the space vehicle of the present invention with the flaps 
in operative, extended position; 

20 HG. 2 is a pJanforai view of the space vehicle of 
FIG. I; 

FIG, 3 is a perspective view of tbe space vehicle of 
FIG. I with the flaps in retracted position; 

FIG. 4 is a somewhat schematic view of ooe form of 
25 flap actuatine means; 

MG. 5 a a partial side view of an alternative embodi
ment of the vehicle of FIG. I incorporating an extendible 
nose ski; 

FIG. 6 is a perspective view of a further alternative 
30 embodiment of a space vehicle according to tbe present 

invention; and 
FIGS, 7n-7J illustrate tbe sequence of events thai tale 

place in the Launching, space Sight, reentry, and landing 
of the space vehicle of the present invention. 

an Referring now to the drawings whcittn like reference 
numerals designate identical or corresponding parts 
throughout tbe several views, and more particularly to 
FIGS. 1 and 2. the space vchide according to tbe present 
invention, generally indicated by the rcfctcncc A uncial 

40 11, is shown. Space vehicle 11 includes a body of revolu
tion having a circular ptanform and a double convex lens
like cross section. The lentlculai body of space vehicle 
11 includes an upper convex surface 12 and a lover con
vex surface 13; the lower convex surface being formed 

45 by a relatively thick, curved heat shield 14. One type 
of heal shield having the inherent strength suitable for 
use h disclosed in the copending in tbe copending appli
cation of Roger A. Arvlcrwn ct al., Sctial No. 141,220, 
filed September 27, 1961. The employment of such a 

fid shield as the surface 13 of vehicle 11 serves two important 
functions. The shield 14 protects the vehicle 11 and iis 
occupants frrcn tbe heat generated during the vehicle's re
entry into the Earth's atmosphere, and also acts as a "stid-
lockcr" for the vehicle, as will be dtacussed more fully 

Art hereinafter- The use of heat shield 14 enables the vehicle 
to land on haid surfaces without developing high impact 
loads, thereby obviating the need for providing additional, 
heavy, complicated landing gear Observation window* 
29 arc provided in the forward sector of the vehicle 11, 

00 The advantages derived from utilizing a lenticular 
shaped body for a space craft are many fold. Sucne 
of these advantage* may be briefly summarized as fol
lows; The lenticular vehicle has a higher usable volume 
to surface area ratio than a winged vehicle and requires 

G5 less thermal protection and shielded area than such a 
vehicle. Also the lenticular vehicle, because of its short 
afterbody in a high angle of atlacl attitude, ie_, volume 
to the rear of heat shield maximum diameter, will have 
less severe afterbody heating problems than the afterbody 

70 of a blunt nose-oone semi-lifting capsule or craft There
fore* the structural weight to total weight of tbe lenticular 
vehicle is less than either tbe winged or the semi-lifting 
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capsule conaguiaticn. The lenticular vehicle, being sym
metrical, permits the use of n minimum strength and 
therefore lightweight vehicle-booster attachment adapter, 
and imposes lower aerodynamic loads on the boosteT than 
the winded or asymmetric vehicles, rcducirifi booster con- 5 
trol problems. The lenticular shaped vehicle is amen
able to simple pressure compartment design. Further. 
the lenticular vehicle, because of its circular planfornt 
and beat sls'eld design, ii, unlit* the winged or asym
metric vehicles, inherently stable in both pitch and yaw 10 
at high angles of attack. Therefore, should the aero
dynamic flaps fnU to function due to some unforeseen 
casually, a successful reentry and Undine could be accom
plished with only the use of a parachute and reaction jet 
controls. 15 

A sealed compartment 15 for one or more occupants ij 
formed within the vehicle 11. As shown schematically 
in FIG. I, an attitude control unit 16 and a flap control 
unit 17 are provided within the compartment 15. each 
operable either automatically or manually by a vehicle 20 
occupant. A system of indivxlually actuated reaction 
yets is provided on the vehicle far attitude stabilization of 
the vehicle above the Earth's atmosphere and directional 
control within the atmosphere. The system comprise* 
diametrically spaced pairs of no/Me orifices positioned on as 
the upper convex suiface 12 of vehicle 11 as shown in 
FIG. 2. The pitch control jets IS, 19 are located on the 
fore and aft axis of the vehicle while the roll and yaw 
control jets 21, 22 and 23, 24, respectively, are positioned 
on the vehicle transverse axis. The jets arc selectively ao 
actuated by the opening and closing of individual feed 
valves, not shown, connected between each jet and a 
reaction medium supply, not shown, preferably of the type 
utilizing a hydrogen peroxide fuel, as exemplified in Tech
nical Note D-4S0 published in October i960, by the 2fl 
National Aeronautics and Space Administration in Wash
ington, D.C. The altitude cuiilrol unit 16 may include 
a conventional gyro stabilization system, not shown, for 
automatic opeiation which transmits output signals to the 
above mentioned feed valves for actuation of the appro- 40 
priatc control jet. Gyro systems of the type described 
are generally known and available in the art and the sys
tem per se does not constitute a part of the present inven
tion. A manual control system, not shown, operated 
by one of the occupants may be provided as a secondary 4 -
mcans for selectively actuating the reaction Jets 18,19,21, 
22, 23, 24. It will be further noted that the reaction 
jets IS, 19, 21, 22 arc positioned so as to direct the reac
tion medium upwardly, whereas jets 23, 24 expel the re* 
action medium m a rearward direction, It will likewise 
be apparent that only one of each pair of reaction jets 
is actuated at any one lime so as to produce a correctional, 
rotational moment for stabilizing, the vehicle. 

To provide the desired atmospheric maneuvering ca
pability, aerodynamic control members or flaps 25, 26 
are foldably or pivotally attached by hinge means 31, 32 
to the after, upper convex surface of vehicle 11. The 
binge means 31, 32, 3.1 best shown in FIG. 2, arc oriented 
at an angle of approximately 45" to the fore and aft axis 
of the vehicle. The flaps 25, 26 are each formed with 
an end plate or fin 27 projecting normally to the flat 
planar surface 28. In the upper convex surface 12 of 
the vehicle arc provided two slots 29, 30 which extend 
essentially transverse to the fore and aft vehicle axis. A 
housing, not shown, projecting inwardly from upper con
vex surface 12 at a slight forward angle so as to receive 
and house the flap end plates 27 in vehicle compartment 
15. when the flips 25, 26 are in inoperative, folded or 
retracted position, may be provided. The flaps 25, 26 
when folded arc thereby enabled to farm a substantially 70 
continuous extension of the convex vehicle surface 12. 
as best shown in FIG. 3. 

One form of conventional actuating means for extend' 
ing flaps 25, 26 into operative position and for retracting 
them into folded position is shown in FIG. 4, The actu- 7a 
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fir. 

aling means for each (lap are similar and therefot only 
one will be described. The fin 25 at one edge is secured 
to a pair of circular elements 31, each element being 
formed with a toothed, gear segment 33. The elements 
31 in turn are fixed to an axle 34 which is nrtatably 
mounted in brackets or otherwise, not shown, to vehicle 
surface 12. The seared elements 31 are individually 
driven by a rack 35 which is affixed to a piston rod 36. 
the rod being reciprocabJe in hydraulic cylinder 37. The 
pa ton rod 36 may be caused to move in either diiecbon 
by hydraulic pressure introduced into cylinder 37 through 
prpes 33, 39 which are connected to a conventiooat hy
draulic supply system, not shown, whereby the vehicle 
occupant may actuate cylinder 37 from the flap control 
unit 17, FIG. 1, and thus extend or retract the flap 25. 
Although a hydraulic actuating means has been shown, 
the actuating means may be hydraulic or electrical since 
servo mechanisms of any well-known type may be used in 
adjustably and controllably positioning flaps 25, 16, 

In FIG. 5 is shown a partial side view of an alternative 
embodiment of the space vehicle above described, modi
fied to provide glide type water landing capabilities, 'lbo 
modification consists of the provision of a extendible 
nose ski 41 to the vehicle tower convex beat shield sar-
fiicc 40. The surface 40 is formed with a recess 42 to 
receive the ski 41 when retracted. The ski 41 is pivotally 
attached to the vehicle nose at 43 and means for operat
ing the ski arc diugrammatlcally illustrated at 44. The 
specific menus for operating the ski is not critical to the 
present invention and any conventional mechanism ca
pable of performing this function may be utilized. One 
such mechanism capable of being used is disclosed in 
U.S. Patent 2,402,379. In operation, the ski 41 is main
tained retracted in recess 42 until the occupant is ready 
to land the space vehicle on waler. Then, the ski 41 is 
extended by means 44 10 aid in stabilizing the vehicle 
during the landing operation 

A further alternative embodiment of the space vehicle 
of the present invention is shown in FIG. 6. In this con
figuration, the end plates oc lateral fins 45 projecting 
normally from the flat or horizontal fop surfaces 4* are 
modified from the end plates shown in the embodiment 
of FIG. 1. The end plates or fins 43 are designed 10 elim
inate the need for using reaction jets in the atmosphere 
for lateral and directional stability. Trim tabs, not 
shown, or other movable control surfaces may be added 
to flap surfaces 45, 44 to provide additional control if 
desired. The space vehicle 50 of FIG. 6 is abo provided 
with an astrodome 47 to increase the usable vehicle vol
ume both far occupants and for additional equipment 

For the purpose of providing a better understanding 
of the space vehicle of the present invention the op
erational sequence as depicted in FIG. 7 will now be 
described. The vehicle 11 with flaps 25, 26 in folded 
inoperative position may be launched into orbit as the 
pay load of a three stage booster rocket 51 as illustrated 
in FIG. la. Subsequent to ignition and lift off of rocket 
51. the first stage motor 52, the low drag nose section 
53, and the escape system fins 54 are jettisoned, as shown 
in FIG. 7£. The second and third stage motors 55. 56 
are next separated and dropped, FIG. 7c, ~ti, as vehicle 
11 is injected into space. In FIG. 7e, the vehicle II 
trailed by vehicle-booster adapter 57 is shown reentering 
the Earth's atmosphere, the vehicle 11 at this time be
ing trimmed la a high angle of attack to produce high 
draft and moderate lift by means of the reaction jets 18, 
19, 21, 22, 23, 24, which have been operative throughout 
the space flight to attitude stabilize the vehicle 11. It 
will be noted that the lower convex beat shield surface 
14 is positioned foremost for protection of the vehicle 
and its occupants from the heat generated upon reentry. 
At approximately 100,000 feet, subsequent to peak heat
ing, and at a velocity of approximately Mach 2, the 
vehicle occupant through flap control unit 17 actuates 
the hydraulic cylinders 37 10 pivot the Haps 25, 26 into 
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extended, operative position, depicted in FIG. 7/. Tbc 
occupant then maneuvers Che space vehicle II to the 
desired touchdown location, cither by using flap* 25, 26 
for roll and pilch control in combination with directional 
jets 23, 24, or, In the embodiment of I ICi. 0, by utilizing 
flaps 45. 46 alone, OK illustrated at 7g. The vehicle 11 
then joe6 into its glide path, HO. Tk, and is flared to 
cwentiidly zero sinking velocity as it FIG. 71. A hori-
7ontnl landing is then made, FIG. 7/, with the curved 
lower heat shield surface 14 serving as a skid-rockcr to 
convert the vehicle sinking-speed energy into angular 
energy, through rocking oscillation of the vehicle on 
it* lover convex surface, the energy thus being dissipated 
by friction and aerodynamic damping. If desired, a 
drogue cbule SB may be ejected from the vehicle upon 
touchdown to stabilize the vehicle in the edgewise di
rection. 

As a result of this invention, it is evident that a space 
vehicle may be provided which combines the lightweight 

6. A space vehicle as defined in clam 5, wherein said 
slot means Includes a pair of slots, one positioned on 
cither side of the fore and aft axis of said body, and 
said flaps include a pair of (Up*, ooe flap pivotally con-

5 netted to said upper convex surface on citber side of the 
fore and aft axis of said body. 

7. A space vehicle as defined in claim 4, and wherein 
said lenticular body has a lower convex surface, said 
lower convex surface comprising a heat shield for said 

8. A space vehicle as defined in claim 7, and including 
a ski pivotally connected to the bow of said body, said 
lower convex surface having a recess adapted to receive 
laid ski, and menus positioned in said body for extend-

15 ing said ski to an operative position and for retracting 
said ski into satd recess. 

9. A space vehicle capable of atmospheric maneuver
ing comprising in combination & lenticular body having 
an upper convex surface an J a lower convex surface, 

structure-high usable volume of the lenticular configura- 20 aerodynamic control members pivotalry connected to said 
tion with the high maneuvering capabilities at supersonic 
and subsonic speeds of the winged vehicle and eliminates 
the Deed for heavy, complicated landing gear systems. 

Obviously many modifications and variations of the 
present invention are passible 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 otherwise than us specifically described. 

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

1, A space vehicle capable of atmospheric maneuver
ing comprising in combination a lenticular body having 
an upper convex surface, aerodynamic control flaps pivot-
ally connected to said convex surface, means positioned 
in said body for pivotally moving said flaps from an 
inoperative, folded position to an operative, extended 
position, said body having a lower convex surface, said 
lower convex surface comprising a heat shield for said 
body, and individually actuated reaction jets positioned 

upper convex surface, means located in said body for 
ptvolally moving said members frcon an inoperative, re
tracted position to an operative, extended position, sad 
said lower convex surface comprising a beat shield for 

25 satd body. 
10. The space vehicle as defined in claim 9. and includ

ing a ski pivutally connected to the bow of said body, said 
lower convex surface having a recess adapted to receive 
said ski, and means positioned in said body for extending 

30 said ski to an operative position and for retracting said 
ski into said recess, 

11. A space vehicle capable of atmospheric maneuver
ing comprising m combination a lenticular body having an 
upper convex surface, aerodynamic control members piv-

35 ntaUy attached to said upper convex surface, means lo
cated in said body for pivotally moving said members 
from an inoperative, retracted position to an operative, 
extended position, and individually actuated reaction jets 
positioned on said upper convex surface for stabilizing 

on said upper convex surface for stabuMng said lenticular A0 s a i d knticular body in roll, pitch and yaw. 
body in roll, pilch and yaw. 

2. A space vehicle as defined in claim I, and includ
ing slot means formed in said upper convex surface, 
each of said flaps comprising a flat surface and an end 
plate projecting normally therefrom, said flap end plate 
being received in said slot means when said flaps are 
pivoted to said inoperative, folded position. 

?. A space vehicle as defined in claim 1, and including 
a ski pivotally connected to the bow of said body, said 
lower convex surface having a recess adapted to receive 
said ski. and means positioned in said body for extend
ing said ski to an operative position and for retracting 
said ski into said recess. 

45 
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12. A space vehicle as defined in claim 11, and includ
ing slot means fotmed in said upper convex surface, each 
of said members comprising a fiat surface and an cod 
plate projecting normally therefrom, said end plate being 
received in said slot means when said members are pivoted 
to said inoperative, retracted position, said members there
by forming a substantially continuous extension of said 
upper convex surface. 

13. A space vehicle capable of atmospheric maneuver
ing comprising a lenticular body having an upper convex 
surface, aerodynamic control flaps pivotally connected to 
said convet surface, each of said flans comprising a flat 
surface and an end plate projecting normally therefrom. 

4. A space vehicle capable uf atmospheric maneuver- means for pivotally moving said flaps from an inoperative. 
ing comprising in combination a lenticular body having 
an upper convex surface, slot means formed in said 
convex surface, aerodynamic control flaps pivotalry con
nected to saxl convex surface, each of said flaps corn-

folded position to an operative, extended position, the 
lower portion of said flap end pUte in said extended posi
tion being formed with a curvilinear edge, said body bav-

. . . M , , ing a lower convex surface, said lower convex surface 
prising a flat surface and an end plate m&m » r - ^ comprising a heat shield for said body, and individually 
maily therefrom, and means located in saxl body for a c t u a w d reacIl0n je1s paMmd o n 8 a i d a p p c r ^ ^ 

surface for stabilizing said lenticular body in roll, pitch 
and yaw. 

pivotally moving said flaps from an inoperative folded 
position wherein said flap end plate is received in said 
slot means, said flaps thereby forming a substantially 
continuous extension of tbc upper convex surface, to 
an operative, extended position. 

5. A space vehicle as defined in claim A, wherein said 
slot means extend essentially transverse to (be fore and 
aft axis of said body. 

14. The space vehicle as defined in claim 13, and includ-
«5 ing an astrodome positioned oo said upper convex surface. 
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