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ABSTRACT OF THE DlSCLGSURE 

An outrigger for space missiles comprises two ?exible 
longitudinal supports which are adapted to be wound 
around the missile body and between which are arranged 
devices, for example, mats, nets, etc., for receiving or 
mounting solar cells. The supports are advantageously 
made of an in?atable ?exible material in the form of a 
tube such as a rubber or plastic hose which can be in?ated 
by means of pressure gas in order to cause it to unwind 
from the missile body, and it advantageously includes 
spring return means for winding it back on the body When 
the air pressure is removed therefrom. 

SUMMARY OF THE ‘INVENTION 

‘The invention relates in general to missile construc 
tion and in particular to a new and useful outrigger for 
space missiles which comprises a frame forming element 
which is adapted to be wound around the missile body 
and which may be opened outwardly therefrom such as 
by the use of air pressure to in?ate the parts thereof. 

Heretofore it was dif?cult to accommodate large surface 
Outriggers in the limited effective loading space of carrier 
rockets. Besides the 'known hinged and folding structures, 
windable Outriggers are known which include supports 
or tubes which can be wound on drums. Each of these 
tubes is formed of a band of spring steel and the 
like which will coil in the unwound state in a direction 
transverse to its longitudinal axis, the lateral axis over 
lapping by about 180°. For retraction, the tube is pulled 
through a special guide so that it is brought into a ?at 
band condition and is then wound on a drum. Because of 
the overlapping, the tubes have about a 50% higher 
weight with about 70% of the strength of a seamless tube 
of the same diameter and same wall thickness. The overall 
weight of the entire outrigger construction is further 
increased by the weight of the extension devices and their 
drive. In addition to the great weight, another disadvan 
tage is that the system is very complicated in its construc 
tion and operation so that it is susceptible to trouble. 

In accordance with the present invention there is pro 
vided an outrigger which includes hoses or in?atable mem 
here which are used in longitudinal supports or end mem 
bers of a frame structure which may be easily wound 
around the body of a missile. The hoses, for example, may 
be of a material such as a rubberized fabric or the like 
which may be ?attened upon de?ation so that they may 
be wound ?at around the satellite body and will take 
up only a small amount of space in such a condition. 
Two such hoses are advantageously employed which 
comprise longitudinal frame members between which cross 
support members or net-like elements or plastic sheets 
are connected. These cross elements are advantageously 
also ?exible so that they can be wound together with 
the hoses. Elastic hoses of this type have a favorable ratio 
of strength to weight so that the weight per unit area of 
the whole outrigger can be reduced by more than half 
that of the prior art devices. The device may be erected 
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in space using a stored pressure gas which is simple to 
handle and store in a container in the ?ying body or mis 
sile. The in?ation system merely requires the opening of 
a valve to direct the gas pressure from the storage tank 
through the hose to the outer end thereof so that it will 
unfold automatically from the outer end ?rst to unwind 
itself from the ?ying body. The spacing between the longi 
tudinal hose members is maintained by the cross elements 
or supports which may also be made of an in?atable 
hose material. In?atable cross members are particularly 
advantageous where the elements must assume a different 
shape in the wound state than in the unwound state. In 
the preferred arrangement all of the frame structure 
elements form in the unwound state a substantially plane 
surface frame which is secured on the missile by means 
of a joint permitting movement about at least one axis. 
Such a plane surface design is necessary, for example, 
when. the outrigger is to be used to receive solar cells and 
where the outrigger must be arranged to permit direct 
orientation thereof to the sun. 
In the preferred form the connecting joint for the out 

rigger frame structure is advantageously such that a gas 
under pressure may ‘be fed outwardly from the vehicle 
to the hose elements. The connecting member about which 
a cross support member of the frame may be pivoted 
constitutes the only point which will not move relative 
to the satellite body during movement of the outrigger. 
The outrigger frame may be pivoted on the connecting 
member to orient it in respect to the satellite body. 
The supporting hoses can be either coiled upon them— 

selves or wound about the satellite body. In the latter 
case in accordance with another feature of the invention 
the pressure gas is connected through ?exible lines to the 
interior support hoses out to their outer ends. The outer 
ends are thus in?ated first so that the in?ation causes a 
gradual separation of the outrigger from the missile ‘body. 
In accordance with another feature of the invention the 

supporting hose elements of the outrigger frame structure 
may advantageously provide a hollow portion through 
which a foaming plastic may be directed and permitted 
to harden in order to form a permanent rigid frame 
structure. This foaming action may be produced by a 
catalytic gas acting on a precross-linked synthetic resin 
under the in?uence of temperature. With such a construc 
tion the tightness of the hoses need not be so rigid since 
they will retain their rigid form under the in?uence of the 
hardened foaming plastic after the pressure gas has es 
caped. 
A further feature of the invention provides a return 

means for rewinding the supporting elements of the out 
rigger back upon itself or back upon the body of the 
missile. For this purpose, elastic inserts such as spring 
bands are connected into the supporting hoses so that they 
become stretched in the unwound state to hold the hose 
material outwardly but will wind the hose back again 
when the gas pressure diminishes or closes. The restoring 
force of such spring inserts can be relatively low since 
the empty hoses are easy to bend. 

In some instances it is desirable to provide weights 
at the outer ends of the supporting hoses, especially 
for spin-stabilized satellites which perform a gyrating 
motion about an axis perpendicular to the unwinding 
direction of the outrigger. The centrifugal forces acting 
on the weights will enhance the unwinding and counter 
act sagging of the supports in the operating position of 
the Outriggers. 

Accordingly it is an object of the invention to provide 
a missile having an outrigger construction which includes 
at least two longitudinal support members which are 
spaced apart and which are of a ?exible material permit 
ting them to be wound upon themselves or around a 
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missile body and which are advantageously in?atable so 
that they may be extended to an outward frame forming 
structure between which secondary elements such as sup 
port elements may be draped or secured. 
A further object of the invention is to provide an out 

rigger for a satellite which is'simple in design, rugged 
in construction and economical to manufacture. 
The various features of novelty which characterize the 

invention are pointed out with particularity in the claims 
annexed to and forming a part of this speci?cation. For 
a better understanding of the invention, its operating 
advantages and speci?c objects attained by its use, refer 
ence should be had to the accompanying drawings and 
descriptive matter in which there are illustrated and 
described preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a perspective view of a satellite having two 

Outriggers constructed in accordance with the invention; 
FIG. 2 is a view similar to FIG. 1 with the outrigger 

shown in a non-operative state wound about the satellite 
body; 
FIG. 3 is a schematic partial cross-sectional view of 

a satellite body having an outrigger which is partly 
unrolled; 

FIG. 4 is an enlarged partial sectional and partial 
elevational view of another embodiment of outrigger; 
and 
FIGS. 5a and 5b are partial sectional views of the 

end of a supporting hose for an outrigger shown in a 
fully in?ated and partially relaxed condition, respectively. 

DETAILED DESCRIPTION 

Referring to the drawings in particular, the invention 
embodied therein as indicated in FIGS. 1-3 comprises 
a cylindrical satellite body generally designated 1 having 
two outriggers generally designated 2, 2 thereon. 

In accordance with the invention, the Outriggers 2 are 
of frame-like construction and they are disposed at an 
angle to the longitudinal axis of the satellite 1. The 
supporting structures of the Outriggers 2 are formed by 
at least two ?exible members or tubes 3, 3 and cross 
connections 4 which maintain the supports 3, 3 in spaced 
parallel relationship. In the embodiment illustrated in 
FIG. 1, the cross members 4 comprise rigid bars. At the 
satellite end of the support structures 2, 2 there is pro 
vided a cross frame member or connecting pipe mem 
ber 6 which is articulated at a connecting joint 7 on the 
satellite 1. The supports 6 are joined to the support 
elements 3 by means of end connecting pieces 5. 
Gas in?ation and/or for regularizing supplied from a 

pressurized container 8 inside the satellite 1 through the 
joint 7 and through a ?exible supply tube 9 which extends 
through each support 3. As indicated in FIG. 3, the gas 
is advantageously supplied through the tube 9 to the 
outer end thereof from which it exits into the support 
member 3 and gradually in?ates this member and causes 
it to unroll from the cylindrical satellite 1. After the sup 
port structures are erected, the outrigger may be pivoted 
about the joint 7 in order to properly orient the out— 
riggers in respect to the sun, for example. The actuating 
devices for the orientation of the outriggers 2 are not 
represented. 

In the embodiment of FIGS. 1—3, the supports 3, 3 
with the cross supports 4 provide a mounting for solar 
cells 20, for example, to permit transformation of the 
solar energy into electric current. 
For shipping, the Outriggers 2 are ?rst turned so that 

the end support 6 extends substantially parallel to the 
longitudinal axis of the satellite 1. In this position the 
?exible Outriggers can be wound around the satellite body 
1 in the manner indicated in FIG. 2. Since the satellite 
body is cylindrical and since the outrigger 2 is curved 
in only one plane, the straight connections extending 
perpendicular to the curvature can be rigid without inter 
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[I 
fering with the winding thereof around the satellite 
body 1. 

In FIG. 4, there is indicated an outrigger oenerally 
designated 2' in which a complete in?atable frame struc 
ture is made up of longitudinal hose elements 3’, 3’ and 
cross hose elements 4', 4’. The cross connections 4’ are 
connected internally to the supporting members 3' so 
that the entire frame structure can be in?ated by gas 
pressure fed through the joint 7, as in the other embodi 
ment. In addition, in FIG. 4 there is indicated a pre 
crosslinked synthetic resin coat 11 which is applied on 
the inner wall of the hoses 3' and 4’. This resin is made 
to harden by a catalytic gas introduced into the hoses 
in the same way as the pressure gas. 

In the embodiment indicated in FIGS. 5a and 5b, sup 
porting hose 3" is provided with a spring band 12 therein 
which has an initial stress urging the hose to wind up 
either around the satellite body or directly upon itself. 
The initial stress of the spring 12 is exceeded in the un 
wound stretch stage of the hose 3" by the greater yield 
stress of the hose caused by the internal pressure. When 
the internal pressure within the hose 3" drops below a 
certain value, the hose will coil under the action of the 
spring band 12, as indicated in FIG. 5b. The outer end 
of the bands 3’ are provided with a weight 13 which is 
worked into the end of the hose and which enhances 
the unwinding process and the orientation of the outrigger 
in spin stabilized satellites. 

While speci?c embodiments of the invention have been 
shown and described in detail to illustrate the application 
of the inventive principles, it will be understood that the 
invention may be embodied otherwise without departing 
from such principles. 
What is claimed is: 
1. An outrigger for space missiles for supporting de 

vices such as solar cells, antenna elements and the like, 
comprising a satellite body, at least two spaced ?exible 
and windable longitudinal support members wound around 
said body, cross support means arranged between said 
support members, said support members comprising in 
?atable tubes which are adapted to be extended outwardly 
from said body, and means for in?ating said tubes to 
cause them to unwind and to extend outwardly from said 
body. 

2. An outrigger according to claim 1, wherein said cross 
support means comprises at least one cross member main 
taining said longitudinal support members in ?xed spaced 
relationship. 

3. An outrigger according to claim 2, wherein said cross 
member comprises an in?atable tube. 

4. An outrigger according to claim 1, wherein said sup 
port members form a frame structure, and pivot means 
for pivoting said frame structure about an axis substantial 
ly parallel to and between said support members in their 
extended position. 

5. An outrigger according to claim 1, including pres 
sure gas means connected to said support member tubes 
for supplying gas under pressure for in?ating said tubes. 

6. An outrigger according to claim 1, including a spring 
carried by each of said support members tending to roll 
said support members into a roll, said spring being of 
a force to permit the in?ation of said support members 
and the unwinding of the support members from a roll. 

7. An outrigger according to claim 1, including weights 
arranged at the outer ends of each of said support mem 
bers to enhance the unwinding characteristics and to orient 
the Outriggers in respect to a ?ying body. 

8. A ?ying body comprising a cylindrical body por 
tion, at least one outrigger comprising a substantially rec 
tangular frame formed by at least two spaced in?atable 
and windable support tubes, a cross frame member con~ 
nected between said support tubes adjacent said missile 
body, and means mounting said cross frame member on 
said body portion for pivotal movement about an axis 
substantially normal to the longitudinal axis of the missile, 
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said outrigger being windable around the body of said 
missile and being in?atable to rigidize said support tubes, 
to cause them to extend outwardly from one side of said 
body. 

9. A ?ying body according to claim 8, including means 
on said satellite body for supplying gas under pressure to 
said support tubes to in?ate said support tubes. 

10. An outrigger for space missiles, particularly satel 
lites comprising at least two spaced ?exible and windable 
longitudinal support members, cross support means ar 
ranged between said support members, said support mem 
bers comprising in?atable tubes, pressure gas means for 
supplying gas under pressure for in?ating said tubes con 
nected to said support member tubes at a location to 
supply the outer end of said support member tubes with 
gas under pressure before the inner ends thereof in order 
to facilitate unwinding from the outside of the member 
?rst. 

11. A ?ying body comprising a cylindrical body p0r~ 
tion, at least one outrigger comprising a substantially rec 
tangular frame formed by at least two spaced in?atable 
and windable support tubes, a cross frame member con 
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nected between said support tubes adjacent said missile 
body, means mounting said cross frame member on said 
body portion for pivotal movement about an axis sub 
stantially normal to the longitudinal axis of the missile, 
said outrigger being windable around the body of said 
missile and being in?atable to rigidize said support tubes 
to cause them to extend outwardly from one side of said 
body, said means for in?ating said support tubes includ— 
ing a hose extending therethrough for delivering air un 
der pressure to the outer end ?rst to cause in?ation of this 
end ?rst and the gradual unwinding of the support tubes 
and outrigger from said missile body. 
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