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[57] ABSTRACT

An expandable structure employing multi-hinged, scis-
sor-type mechanical linkages for supporting an associ-
ated flexible skin or a skeleton for supporting a rigid
panel skin provides an expandable, collapsible and
movable building having rigid or sliding junction link-
ages for interconnecting and operating the scissors-
type linkages.

3 Claims, 7 Drawing Figures
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1
ERECTABLE BUILDING STRUCTURE JUNCTION
ELEMENT

BACKGROUND OF THE INVENTION

The present invention relates generally to collapsible
structures and more particularly to elements for inter-
connecting and operating multi-hinged, scissors-type
mechanical linkages usable in collapsible structures.

1. Ficld of the Invention

Struts arranged to form triangulur frames employing
axial loading of its component members have been
widely used. Likewise multi-hinged. scissors-type me-
chanical linkages have been used for supporting ex-
pandable structures as evidenced by U.S. Pat. No.
3.710.806 issued Jan. 16, 1973, as well as by other arti-
cles,

In erecting the structure, the multi-hinged, scissors-
type linkages must be interconnected with a junction
element to provide the expansion and retraction of the
scissors-type elements to erect and to collapse the sup-
porting structure of the building. In small, relatively
light structures, a simple interconnection joining the
ends of the scissors-type linkage can be used to provide
a pivotable and slideable interconnection to expand
and contract the scissors-type linkages.

2. Description of the Prior Art

An example of a junction element usable in an erect-
able building structure can be obtained by referring to
the aforementioned U.S. Pat. No. 3,710.806. The re-
sults were a workable junction eclement but a rather
complex element not easily adaptable to provide a
higher mechanical advantage for large structures or for
structures composed of single-length expandable
trusses.

A further example of prior art junction elements for
operating expandable linkages is that of the common
umbrella. The use of the umbrella-type junction ele-
ment is not an obvious adaptation, especially in view of
the use of multiple junction elements for increased me-
chanical advantage and the multiplicity of the intercon-
nections needed in a geodesic type erectable building
structure or a semi-circular or Quonset-type building
structure. The complete adaptability of the umbrelia-
type junction element would be a central pole pivotably
supporting rigid struts projecting from the central pole.
The complex multi-interconnects or simple single inter-
connects of the scissors-type linkages permits the ex-
pansion of a supporting structure for a small or large
building from a compact package much less in height
than the resultant building.

SUMMARY OF THE INVENTION

The erectable building structure according to the
present invention comprises expandable trusses inter-
connected by a junction clement and covered by a flex-
ible sheeting. The expandable trusses comprise a plu-
ralitv of scissors-type mechanical linkages interlocked
by the junction elements. The junction elements pro-
vide a pivotable and slideable interconnection of a mul-
tiplicity of trusses to expand or contract the scissors-
type linkages of the trusses comprising a multiplicity of
hub clements having pivotable interconnections to the

scissors elements of the trusses while operabt 27
common axis to expand or contract the scissors-tvpe
linkages.

It is. therefore, an object of the present invention to
provide an enhanced erectable building structure.
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It is more particularly an object of the present inven-
tion to provide an improved junction element for inter-
connecting the expandable trusses of an erectable
building structure.

It is another object to provide a junction element ca-
pable of improved mechanical advantage to operate ex-
pandable trusses of erectable building structures.

It is still another object to provide junction elements
for expandable trusses for erectable building structures
comprising scissors-type mechanical linkages having
few parts of simple construction.

It is a further object of this invention to provide junc-
tion elements for expanduble trusses which are usable
in conjunction with previous hubs described in U.S.
Put. No. 3,710.806.

These and other objects of the present invention will
become apparent to those skilled in the art as the de-
scription proceeds.

BRIEF DESCRIPTION OF THE DRAWING

The various novel features of this invention, along
with the foregoing and other objects, as well as the in-
vention itself both as to its organization and method of
operation, may be more fully understood from the fol-
lowing description of an illustrated embodiment when
read in conjunction with the accompanying drawing,
wherein:

FIG. 1 is a perspective view of an expandable truss
structure for a dome-shaped building and embodying
the present invention,

FIG. 2 is a fragmentary enlarged perspective view of
an interconnecting junction element of FIG. I;

FIGS. 3, 4 and 5§ are further embodiments of the
junction elements according to the present invention:
and

FIG. 6 is a perspective view of an expandable truss
structure and covering for a semi-circular expanded
building such as a Quonset hut and embodying the
present invention.

FIG. 7 illustrates a further modification of the truss
structure shown in FIGS. 1-6 wherein gear means are
used for moving one hub relative to the other.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, FIG. 1 discloses a
dome-type structure 10 formed of expandable trusses
11. The dome-type structure 10 can be covered by a
flexible sheathing or covering (not shown) to form an
enclosed structure.

The expandable trusses 11 or load supporting struts
comprise a plurality of scissors-type expandable link-
age struts 13 which serve as the erectable and expand-
able support for the flexible covering. The scissors-type
linkages 13, when inter-locked together by junction el-
ements 14 as shown in FIG. 1 adequately form and sup-
port the building configuration. Each expandable link-
age structure 13 comprises two linkages 15 and 16 piv-
otedly connected by a pin 17 at a point at the middle
of the linkages. The free end of each linkage pair is piv-
otedly connected by a pin 18 to the free end of the next
linkage pair. The end linkage pairs of each expandable
linkuge structure is pivotedly connected to the junction
clement 14, see FIG. 2.

The junction elements 14 are placed at the intersec-
tion of a plurality of expandable trusses 11 to form the
geodesic or dome-type structure 10 collapsible at will
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to u small package. The junction clements 14 are
spaced around the extended surface of the structure at
points depending upon the support required by cach
expandable truss 11, The size of the structure and the
weight which each expandable truss 11 can support will
determine the number of expundable trusses 11 and the
number and tocation of the junction clements 14,

Each of the junction elements 14 comprises a plural-
ity of axially aligned hubs B9 linking the ends of the
linkages of cach cxpandable truss 11 to operate the
seissors mechanism to expand or contract the struts.
The junction clements 14 can comprise cither two hubs
194 and 196, as shown in FIG. 3, three hubs 190, 19d
and 19¢ as shown in FI1G. 2, four hubs 19f, 19g, 19/ and
19/ as shown in FIG. 4 and a combination of four and
two 195-190 as shown in FIGL 5. There are many differ-
ent interconnections of the junction elements 14 and
the number of huhs 19 should not be tuken to limit the
coverage of the present invention. Different combina-
tions can be used for greater mechanical leverage to ex-
pand the scissors linkages of the struts, The number of
hubs und the interconnection with the scissor element
depends on the mechanical advantage required, more
hubs and combination of hubs such as shown in FIG. 5
could be used for a large building structure. ‘The higher
mechanical advantage availuble with a multiplicity of
hubs would ease the expansion of the linkages to erect
the building.

Referring now to the three-hub junction clement 14
as shown in FIG. 2, the linkages 15 und 16 comprising
the scissors-type struts are pivotedly connected at the
central pivot point of the struts by a balt 20, washer 21
and nut 22 combination to lugs 23 firmly fastened
around the peripheral of the center hub 194, Four lugs
are shown connected to each hub in FIG. 2, but it is ob-
vious that a greater or lesser number of lugs may be fas-
tered to cach hub, depending upon the number of ex-
pandable truss interconnections required of the junc-
tion element 14. It should be recognized that some or
all of the lugs muy be pivotally connected to one or
more of the hubs disclosed.

A linkage arm 24 is shown in FIG. 2 pivotedly fas-
tened to a lug 28 of the top-most hub 19¢ of the junc-
tion element 14. The other end of the linkage arm 24
is pivotally fastened to the upper linkage 15 of the scis-
sors-type strut 13, A second linkage orm 26 is pivotally
fastened to a lug 27 of the bottom hub 19¢ of the group
of hubs. The other end of the linkage arm 26 is pivot-
ally fastened to the lower hnkage 16 of the scissors-type
strut 13. The lugs 23, 25 and 27 of the group of hubs
are in alignment to operate cach of the plurality of ex-
pandable trusses connected to the junction element 14,

A center rod 28 is shown passing through the axial
center of the hubs 19¢, 194 and 19¢. Rod 28 1s not ¢n-
tirely necessary for the operation of the junction cle-
ment 14 since the linkages of cach of the expandable
trusses could provide a centralizing force to keep the
hubs in axial alignment. The no-rod hub assembly
could provide other thun axial alignment when re-
quired. However, the rod could be used to support the
flexible or rigid covermg for the building structure
while assisting the axial alignment of the hubs. The cov-
ering could be fastened to the uppermost end of rod 28
as shown i FIGL 2 by o suitable fastener {not shown ),
If rod 28 is used. it could be fastened to any one of the
hubs such as 19¢ and journaled to the remaining two
hubs [9¢ und 19¢ of the junction element shown in
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FIG. 2. Rod 28 would hold the two free hubs in axial
alipnment while operating the scissors linkages 18 and
16 of the struts by expanding or contracting the dis-
tance hetween the hubs along the axial alignment.
Therefore, to expand the building the hubs must be
forced more adjacent each other to cause the scissor-
type linkages to expand. 1tis obvious, therefore, that by
separating the hubs, the scissors-type linkages will
cause the struts to contract to collapse the building
structure for casy removal 1o another site.

Referring now to FIG. 3, the simplest form of the
junction ¢lement 14 according to the present invention
is shown. The last linkages of the scissors-type struts 13
are pivotally fastened to lugs 29 extending from the
hubs 19¢ and 195, Similarly with this embodiment, the
rod 28 may or may not be used to provide axial align-
ment of the hubs. 1If rod 28 is used, either the top hub
19¢ or the bottom hub 195 may be fastened to rod 28
or neither hub may be fastened, with both hubs being
journated to the rod for siidable movement thereon.
Again, bringing the hubs together will expand the
trusses 11 of the building by causing the scissor link-
ages 13 to be placed closer together und to contract or
shorten the lengths of the expandable trusses 11 by ex-
panding the distunce between the mated ends of the
finkages.

A connection for a douhle scissors-type expandable
truss 11 for extra support is shown in FIG. 4. Again the
hubs will operate the linkages of the expandable trusses
and again an axial alignment rod 28 may or may not be
used. Only one side or one lug is shown fastened to
cach hub. It is obvious that more lugs are placed
around the peripheral of cach hub to support several
expandable trusses as shown in the structure of FIG. 1.

For further mechanical advantage, the junction ele-
ments 14 may be fustened as shown in FIG. §, The four-
hub junction clement 14a can be used to operate the
two-hub junction element 145, which in turn operates
the scissors-type linkages 18 and 16 of the struts 13.
Operating the four-hub junction element 14a will pro-
vide a mechanical advantage for ease of expansion of
the linkages of the struts 13, and thus provide an casy
expansion of the expandable trusses 11.

Referring again to FIG. 1, the expandable trusses 11
forming the framework of the dome-type structure 10
are a repetition of components having scissors-type
linking struts 13 and junction elements 14, Thus, it is
inherent that the operating characteristic of cach junc-
tion element and linkage arrangement are repetitive,
since the load should be evenly distributed through the
framework of the dome-type structure. There is no one
strong point such as a central hub in the dome structure
shown, but there may be use of a central hub configura-
tion in other structures embodying the inventive con-
cept disclosed. Each of the junction elements 14 struc-
tural intersect points is a support point and load applied
directly 1o any of these points is distributed throughout
the structure along numerous structural paths, the ex-
pandable trusses 11, Accordingly, a high degree of
structural integrity is provided.

The junction clements 14 according to the present
invention may be located at strategic points around the
circumference of the base of the structure at the inter-
section of the supporting expandable trusses for me-
chanical advantage and the covering of the building.
These junction elements can be used to expand the cir-
cumference of the structure while the junction ele-
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ments in the dome portion of the structure arc expand-
ing the trusses supporting a flexible covering for the
structure.

Further, the repetctive nature of the structure using
the scissors-type linkages 13 and the junction clements
14 provides almost unlimited design flexibility, i.¢.. any
desired profile shape can be obtained by simply match-
ing the structure to the desired shape. It should be
stated that triangular, clongated, polyagonal and angu-
lar configurations are possible with the disclosed junc-
tion element and linkage configuration.

A dome-type structurc has been shown and de-
scribed. However, other structural uses can be made of
the inventive concept disclosed herein such as helical
antennac structures for space and carth use, non-dome
shaped “structures for housing or product sheltering
purposes, and any other needs for coverage of a perma-
nent or a temporary nature. For instance, a “Quonset
Hut™ type of building 30 is shown in FIG. 6 using the
junction clement 14 and scissors-type linkage expand-
able trusses 11 according to the present invention.
Each end of the Quonsct hut can comprise a quarter
sphere or one half of the dome structure shown in FIG.
1. Similarly the length of the Quonset hut can comprise
gither scissors-type expandable trusses or supporting
rods interconnecting the quarter sphere ends. The cov-
ering 31 may be of a plastic or rubber material or it may
be simply a flexible netting formed of any desirable ma-
terial capable of supporting other materials to form a
flexible or rigid covering, or a rigid panel covering at-
tached after the framework has been raised.

A further modification of the junction eclements can
be made by the use of a worm gear 32 as shown in FIG.
7 journaled for fixedly rotating within one hub 19’
while being threadedly connected to each of the re-
maining hubs 19’'. Thus upon rotating the worm gear
32, the hubs 19"’ will be forced together by causing the
hubs threadedly fastened to the worm gear to be drawn
toward the hub 19’ into which the worm gear is fas-
tened for rotation without axial movement. The worm
gear may be rotated by a simple hand operated crank
34 or a motor 35 could be connected at the end of the
worm gear to rotate the worm gear when energized.
Each of the junction elements shown in FIG. 1 can be
operated by a worm gear and motor construction as
shown in U.S. Pat. No. 3,710,806 to causc the expan-
sion or contraction of the building structure by the ac-
tuation of switches supplying power to the motors. The
motor will rotate the worm gear which will cause the
hubs of the junction elements to be drawn together,
thereby extending the length of the struts formed by the
scissors-type linkages.

The motor may comprise an electrical, common
pneumatic, or hydraulic means which may be operated
by one or more gear trains. Further the worm gear may
comprise a right and left handed thread meeting at a
central location between the hubs of the junction cle-
ment. Rotating the worm gear will cause the hubs of the
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junction element to be drawn together by the worm
gear towards the thread change-over position.

The principles of the present invention have now
been made clear in an illustrated embodiment. There
will be immediately obvious to those skilled in the art
many modifications of structure, arrangement, propor-
tions, the elements, materials and components used in
the practice of the invention. For instance, circular
hubs are shown in the Figures comprising a part of the
junction element. It is obvious that a square for inter-
connecting four struts could be used. Likewise a hexag-
ona! hub could be used for interconnecting six struts in
the junction element. The appended claims are, there-
fore, intended to cover and embrace any such modifi-
cations, within the limits only of the true spirit and
scope of the invention.

What is claimed is:

1. A junction element for interconnecting a plurality
of expandable trusses forming a portion of an crectable
framework for a building structure, cach expandable
truss comprised of a scissor-type mechanical strut hav-
ing at least one pair of linkages pivotally connected at
a point between their ends, said junction clement com-
prising:

a plurality of substantially axially aligned hubs posi-
tioned along a rod, the number of said hubs
grouped into sets of threc;

a plurality of lugs fastened around the periphery of
cach hub;

means for pivotally fastening the pivot point of the
paired scissors-type linkage at the end of one ex-
pandable strut to one lug of the central hub of a
group of hubs;

a first and second arm pivotally fastened respectively
at one end to a lug of the first and third hub of the
group, the other ends of the arms being each pivot-
ally fastened to one linkage of the scissor-type me-
chanical truss at a position between the pivot point
of the linkage and the pivot connection to the next
linkage:

the relative position of the first and third hubs to the
central hub of one junction element determining
the distance between the common ends of the link-
ages of the scissors-type struts and thus determin-
ing the length of said expandable trusses,

said central hub of each group being fastened to said
rod while the first and third hubs are slidably fas-
tened thereto.

2. A junction element as defined by claim 1, wherein
each of said plurality of axially aligned hubs is slideably
fastened to said rod such that the axial center of said
rod is parallel to the axial center of said hubs.

3. A junction element as defined by claim 1 wherein
said rod comprises a gear means fastened to said groups
of hubs such that selectively rotating said gear means
causes said hubs of each group to be drawn adjacent

each other and to be separated from each other.
* * * * *



