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ABSTRACT: The invention relates to a large expandable an 
tenna or reflector which can be packaged in a small volume. 
The antenna can be parabolic, spherical or ?at. Radial ribs, in 
terconnected in a scissorslike pattern, extend from a center 
hub. One set of the elements are fabricated to the desired 
re?ector contour while the alternate elements are straight ele 
ments which deploy and support the contour elements. A ?ex 
ible screen or re?ector surface between the contoured ele 
ments provides the re?ector surface. 
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EXPANDABLE ANTENNA 
Heretofore it has been known that there have been many 

and various types of packageable antennas which may be 
deployed from a small packaged con?guration to a larger 
re?ective con?guration. Certain of these antennas have util 
ized a lazy tong construction for deployment such as U.S. Pat. 
No. 1,851,178, 1,689,337, and 3,213,457. However, none of 
these prior art structures have included the ability to achieve a 
predetermined surface contour through such lazy tong struc 
ture for deployment. Hence, their adaptability to large com 
plex curved re?ectors is not apparent or possible. 

Therefore, it is the general object of the invention to pro 
vide a large expandable antenna or re?ector which can be 
packaged in a small volume that utilizes a lazy tong deploy 
ment structure, but wherein the re?ector surface can be 
parabolic, spherical or ?at. 
A further object of the invention is to provide a low-cost, 

packageable, but highly reliable expandable antenna that will 
achieve a high degree of precision in its re?ective service upon 
expansion. 
The aforesaid objects of the invention and other objects 

which will become apparent as the description proceeds are 
achieved by providing an expandable antenna which com 
prises a plurality of linked arms arranged in pairs as a lazy 
tong, a plurality of such lazy tongs arranged in radially 
directed equally spaced manner about a central point, means 
to effect controlled extension and retraction of the linked 
arms from the ends adjacent said center point, one pair of 
linked arms of each set of lazy tongs de?ning a predetermined 
complex shape when fully extended, and the other pair of 
linked arms having a greater extended length and effecting 
supporting action of said one pair of linked arms, and ?exible 
re?ector means connected between said one pair of linked 
arms to form a re?ective surface when said arms are fully ex 
tended. 
For a better understanding of the invention, reference 

should be had to the accompanying drawings wherein 
FIG. I is a perspective view of the antenna of the invention 

in the fully stowed relationship in a suitable storage container; 
FIG. 2 is a perspective view of the antenna of FIG. 1 in the 

partially deployed condition; 
FIG. 3 is a perspective view of the antenna of FIG. 1 in the 

fully deployed condition; 
FIG. 4 is a perspective view of the antenna of FIG. 1 show 

ing a single lazy tong arm in the fully deployed position; 
FIG. 5 is an enlarged side elevational view of the hinged 

relation of the set of links de?ning the contoured con?gura 
tron; 

FIG. 6 is an enlarged view of the adjustable relationship of 
the supporting links; and 

FIG. 7 is a schematic view of the link relationship showing 
how the pivoted position of the supporting links must be deter 
mined. 
With reference to the embodiment of the invention illus 

trated in the drawings, the numeral 10 indicates generally a 
packageable antenna which in its stowed condition can be car 
ried inside a small cylindrically shaped container 12 for exam 
ple. Essentially, the structure of the antenna 10 comprises a 
base hub 14 which normally may be ?xed to the base 14a of 
the container 12. A movable hub 16 is provided which may 
preferably be guided in a movable parallel relationship to hub 
14 by slidably engaging a plurality of rods indicated generally 
by numeral 18 extending perpendicularly from the surface of 
hub 14. The rod package 18 will slidably be received through 
appropriate holes in the hub 16. The invention preferably con 
templates that the adjustable relationship of hub 16 with rela 
tion to hub 14 may be achieved by a long screw 20 threadably 
received through the axis of hub 16 and rotatably driven in 
controllable relationship by a motor 22 carried by the base 
hub 14. Hence, it should be understood that rotation of a 
screw 20 in either direction will cause a slow but highly power 
ful controlled movement of hub 16 relative to hub 14in either 
an outward or inward direction depending upon the direction 
of rotation of screw 20. 
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2 
The invention contemplates that in order to prevent damage 

to the movable hub 16 and to the overall structure that ap 
propriate microswitches 24 and 26 be mounted on the top of 
the triangular rod frame 18 and the base hub 14, respectively, 
as most clearly seen in FIG. 3. These switches 24 and 26 stop 
the motor 22 as the movable hub reaches and closes these 
switches during the movement thereof. 
The essence of the invention is achieved by utilizing the 

base structure de?ned above with a plurality of lazy tong ar 
rangements, each indicated generally by numeral 30. These 
lazy tong arrangements are radially directed with respect to 
the hubs at substantially equal spaced angular positions, as 
best seen in FIG. 4. 
Each of the lazy tongs comprises a series of levers pivotally 

linked at their ends in the usual lazy tong con?guration. One 
set of levers is indicated generally by the numeral 30 with the 
other set indicated generally by numeral 32. Preferably, the 
invention contemplates that the levers will be made of metal 
and the set 30 will be pivotally connected at their radially in 
ward end to the movable hub 16. It also should be noted that 
the pivoted end of the levers 30 is enlarged and angled as at 
30a so as to facilitate pivotal movement through relatively 
large angles. Also, it should be noted as illustrated in FIG. 6, 
that the ends 30a are adjustably mounted to hub 16 by screws 
31. This adjustability allows proper alignment of the levers 30 
so that the con?guration of levers 32 will be proper, as more 
fully de?ned hereinafter. 
The set of levers 30 are pivotally connected at their ends by 

pins 30b, while the set of levers 32 are pivotally connected at 
their ends by pins 32b. The lever sets 30 are pivotally con 
nected at about their center points to about the center points 
of levers 32 by appropriate pins 34. The exact relation 
between levers 30 and 32 will be de?ned hereinafter with 
reference to FIG. 7. The lever sets 32 are fabricated to a 
desired re?ector contour while the other set of levers 30 are 
straight elements which deploy and support the contour ele 
ments 32. Hence, in the example illustrated, the levers 32 are 
contoured to a parabolic shape in their fully extended condi 
tion of FIG. 3. It can be seen that the levers 30 are longer and 
hence are not fully extended when the lever set 32 is fully ex 
tended so that quite ?rm and adequate support of the con 
toured levers 32 is achieved by the levers 30 by somewhat of a 
truss arrangement. A re?ective surface is provided by con 
necting a ?exible screen between adjacent contoured lever 
sets 32 so that this stretches tightly into position, as illustrated 
in FIG. 3, when the levers are fully extended. In order to more 
easily permit the ?exible re?ective material 50 to be attached 
to the edges of levers 32 without interferring with the move 
ment of levers 30, the levers 32 are preferably made of parallel 
spaced side-by-side elements 320 and 32d, respectively, as is 
most clearly illustrated in FIG. 4 of the drawings, so that levers 
30 can be pivotally received therebetween. 
The parabolic re?ector achieved by the ?exible screen 50 

between lever elements 32 is not bothered by the radial 
protrusion of those portions of levers 30 which extend above 
the surface thereof. Further, the invention contemplates that 
when the levers 32 are moved in from their lazy tong arrange 
ment to the packaged con?guration of FIG. 1 by the upward 
movement of hub 16, that such curved levers or lengths 32 will 
tend to ?atten to the straight line con?guration of levers 30. 
This is accomplished by designing the levers 32 with a cross 
section to limit the induced stresses so that when ?attened, 
they will be of value less than the yield stress of the material. 
This permits ?attening when packaged to the con?guration of 
FIG. 11, and a return to their parabolic curved con?guration 
when extended to the full length by the lazy tong achieved by 
the movement of hub 16. 

Naturally, while the invention discloses a ?exible screen 
re?ector, any ?exible material which might be designed to 
re?ect electromagnetic or radio waves, or solar energy, might 
also be appropriately utilized. For example, some type of alu 
minized thin plastic sheet might be utilized for a solar re?ec 
tive surface. 
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While the invention illustrates that the levers or elements 32 
are double parallel bars 320 and 32d, the invention contem 
plates that any suitable type of construction to achieve the 
lazy tong relationship with a suitable curvature of the elements 
32 and still allowing the attachment ofa ?exible skin to the ad 
jacent edges will certainly meet the objects of the invention. 
For example, a single lever with a small slot in the center 
thereof would achieve the same results as the double elements 
32c and 32d. However, even if the levers 30 are pivotally at 
tached outside the edges of levers 32, the ?exible skin may 
simply extend therearound and accomplish the purposes of 
the invention. 

FIG. 5 illustrates a spring loading of the elements 32. Essen 
tially, this is achieved by providing a coiled spring 33 sur 
rounding the hinge pins 32b and normally biasing the elements 
32 to the open contoured position. Also, the invention con 
templates that the hinge 32b may be of the type that limits the 
angular rotation between the elements 32 in the open 
direction and preferably limits this opened relationship to 
about 180° or slightly less to approximate the curved con?gu 
ration between the elements 32. 

FIG. 6 illustrates the adjustable pivoted relation of the ends 
30a of levers 30. Essentially the screw 31 is adjustable in 
height in relation to hub 16 by means of nuts 31a and 31b 
respectively. The adjustment of the pivot point of the end 
lever 30 in effect controls the extension and contoured height 
of elements 32. Hence, this adjustability is important.’ 

FIG. 7 schematically illustrates the lazy tong at its fully ex 
tended position to achieve the necessary curvature of the ele 
ments 32. It is an important feature of the invention that the 
pivot points 30b for levers 30 fall on lines essentially perpen 
dicular to the pivot points 32b of elements 32 as illustrated. 
The pivotal connection of levers 30 to elements 32 then falls 
wherever they cross, as dictated by the pivotal connection of 
the ends of levers 30 on the perpendiculars indicated by lines 
29 in FIG. 7. If the levers 30 are not so pivotally connected 
then the elements 32 will not properly unfold into the desired 
lazy tong con?guration. 

Hence, it is seen that the objects of the invention have been 
achieved by providing a lazy tong relationship with a ?xed hub 
and a movable hub, limiting switches associated with the hub 
to control the extendable movement of the lazy tong, and 
wherein one of the sets of each lazy tong is shorter than the 
other, and has a contoured con?guration so that when ex 
tended a desired shape and total around a central hub is 
achieved. It should be noted however, that the means to ex 
tend the lazy tong con?guration is not important, except that 
some suitable means must be provided. 
While in accordance with the patent statues only the best 

known embodiment of the invention has been illustrated and 
described in detail, it is to be particularly understood that the 
invention is not limited thereto or thereby, but that the inven 
tive scope is de?ned in the appended claims. 
What is claimed is: 
1. An expandable antenna which comprises 
a pair of support hubs, 
means to controllably move the hubs relative to each other, 
a pair of sets linked arms arranged as a lazy tong structure 

having the end of one set of arms pivotally mounted to 
one hub, and the end of the other set of arms pivotally 
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mounted to the other hub, which is characterized by 
the sets of arms de?ning the lazy tongs arranged in equally 
spaced radial relation around the entire circumference of 
the hubs, one set of arms of each such lazy tong de?ning a 
predetermined contour when extended to their full 
length, said other set of arms of each said lazy tong having 
a greater extended length and serving to support the fully 
extended length of said one set of arms, and 

?exible re?ector means attached between adjacent said one 
sets of arms which stretches tight to the contour of said 
one set of arms when extended to in combination de?ne a 
desired contoured re?ective surface, said contoured 
re?ective surface being _the same as would be geometri 
cally generated by rotation of said one set of arms when 
extended about an axis through the center ofthe planes of 
the pair of hubs and normal thereto. 

2. An antenna according to claim 1 where one of the hubs is 
?xed and the other hub is movable relative to the ?rst hub, 
which includes a screw connecting said one hub in relative 
relation to the ?xed hub, means to effect rotation of the screw, 
and means to limit rotation of the screw upon predetermined 
movement ofsaid one hub relative to the ?xed hub. 

3. An antenna according to claim 1 where said one set of 
arms has each length thereof performed to a predetermined 
contour, but where in the collapsed relationship of the lazy 
tong, said one set of arms is ?attened to a straight con?gura 
tion which is less than the yield point of the material of the 
arm. 

4. An expandable structure which comprises a set of linked 
contour arms and a set of linked support arms arranged in 
pairs as a lazy tong, a plurality of identical such lazy tongs ar 
ranged in a radially directed equally spaced manner around a 
central axis, means to e?'ect controlled extension and contrac 
tion of the linked arms from the ends adjacent said central 
axis, the set of linked contour arms of each lazy tong de?ning 
a predetermined contour when fully extended, said contour 
falling in the surface of a contoured ?gure generated by rota 
tion of a set of fully extended linked contoured arms about 
said central axis, and the set of linked support arms having a 
greater extended length and forming triangular support for 
said set of linked contour arms at their fully extended length, 
and ?exible means connected between every set of linked con 
tour arms, said ?exible means forming a contoured surface the 
same as generated by rotation of the fully extended set of 
linked contour arms around the central axis when said sets of 
linked contour arms are fully extended. 

5. A structure according to claim 4 where the pivot points of 
the other set of linked arms lie on a line extending substan 
tially perpendicularly from the pivot points of said one set of 
linked arms according to the contour de?ned thereby when 
fully extended. 

6. A structure according to claim 4 where spring bias means 
are associated with all the pivot points of said one set of linked 
arms tending to bias such arms to the open fully extended 
position. 

7. A structure according to claim 4 where said one set of 
linked arms has structural characteristics so as to be bent ?at 
when in the folded condition without exceeding the yield 
strength of the material thereof. 
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