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TENSEGRITY UNIT, STRUCTURE AND 
METHOD FOR CONSTRUCTION 

PRIORITY CLAIM 

This application claims priority to U.S. Provisional Appli 
cation No. 60/294,427 entitled “Tensegrity Unit, Structure 
and Method for Construction,” filed May 29, 2001. The 
above-referenced provisional application is hereby incorpo 
rated by reference as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a tensegrity 
Structure. An embodiment of the invention relates to a 
tensegrity unit that has no loose bars or cables in a collapsed 
State, and that may be easily and rapidly deployed. Several 
tensegrity units may be coupled together to assemble a 
tensegrity Structure. 

2. Description of Related Art 
A tensegrity unit is a Self-stressed equilibrium network in 

which a continuum of tension members (e.g., cables) inter 
acts with a discontinuous System of compression members 
(e.g., bars) to provide the unit with structural integrity. The 
tension members may be cables, lines, chains, or other 
Similar devices that Sustain tension forces. A continuum of 
tension members means that tension members may directly 
interact with, or be coupled to, other tension members. A 
discontinuous System of compression members means that 
compression members may not directly interact with, or be 
coupled to, other compression members. The compression 
members may be rigid memberS Such as bars, poles, rods, or 
other similar devices that are capable of Sustaining com 
pressive forces. Tensile forces rather than compressive 
forces may primarily provide structural integrity (i.e., shape, 
Strength, etc.) in a tensegrity structure, 

Compression members and tension members may form a 
tensegrity unit. A simple tensegrity unit may be a polyhedron 
formed of two base polygons held apart from one another. 
The tensegrity unit may have a skewed prism shape when 
deployed. For example, 2ntension members may define the 
edges of a first and Second base polygon, where n is the 
number of Vertices in each polygon. Each base polygon may 
be a basic geometric shape Such as a triangle, Square, 
rectangle, trapezoid, etc. The first and Second polygons may 
be similar in size, or the first and Second polygons may have 
different sizes. The first and Second base polygons may be 
Spaced apart by n compression members. Compression 
members may be positioned along diagonals joining vertices 
of the first base polygon to the Second base polygon. An 
additional n tension members may join corresponding ver 
tices of the first and Second base polygons. In Such an 
arrangement, 3n tension members are needed to form a 
tensegrity unit. 

FIG. 1a depicts one type oftenSegrity unit. Tensegrity unit 
10 has three compression members 12 and nine tension 
members. The tension members include three Separate upper 
tension members 14, three Separate lower tension members 
16, and three Separate Side tension members 18. Tensegrity 
unit 11 of FIG. 1b has four compression members 13 and 
twelve tension members 15. Thus, tensegrity units 10 and 11 
both have n compression members and 3n tension members. 

Tensegrity units may be joined to form tensegrity Systems 
or structures. A tensegrity System may form a three 
dimensional Structure Such as a dome, tower, etc. The 
geometry of a tensegrity System may depend on the geo 
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2 
metric configuration of the individual tensegrity units of the 
System and the way the units are coupled together. 

Tensegrity Structures may be collapsible and/or deploy 
able. Releasing tension in a tensegrity unit may allow 
compression members to collapse into Substantially the 
Same plane. In Such a configuration, a tensegrity unit may 
have no rigid structure. When collapsed, the total size of a 
tensegrity unit may be minimized. Tension may be applied 
to tension members of a tensegrity unit to deploy the 
tensegrity unit. 
A tensegrity Structure may be created So that removing 

tension from at least Some tension members allows the entire 
Structure to be folded for Storage, transport, etc. A collapsed 
tensegrity Structure could be deployed by applying tension 
to appropriate tension members. In practice, a collapsible/ 
deployable tensegrity Structure formed by joining tensegrity 
units in 2 directions has been elusive. For Structures of 
Significant size, issueS Such as tangling of tension members 
and collisions between compression members may become 
quite difficult to solve. 
A number of tensegrity units may be joined together to 

form a tensegrity Structure or tensegrity network. Individual 
tensegrity units may be coupled together in at least two 
different ways. Tensegrity units may be interlaced So that 
compression member independence is maintained through 
out the Structure. One way to maintain compression member 
independence is to couple an end of a compression member 
of a first unit to a tension member of a Second unit. Joints of 
this type of union may be relatively simple, and worn parts 
may be easily replaceable. Maintenance may also be reduced 
due to wear on joints being minimized. It is believed that 
wear may be minimized on joints of this configuration due 
to the lack of friction between compression members. Meth 
ods for forming a tensegrity Structure are disclosed in U.S. 
Pat. Nos. 3,354,591 and 3,063,521 to Fuller, both of which 
are incorporated by reference as if fully Set forth herein. 

Tensegrity Structures with no compression member-to 
compression member connections may be geometrically 
deformable. Such structures may be relatively insensitive to 
inaccuracies in tension member lengths and/or compression 
member lengths. In Some other types of deployable 
Structures, Such as Scissor Structures, minor inaccuracies in 
tension member lengths and/or compression member 
lengths may significantly affect Structure assembly and load 
bearing ability. 
A Second way to assemble tensegrity units together 

involves attaching tensegrity units together at nodes (or 
vertices) so that there is a compression member-to 
compression member connection. This type of connection 
only partially conforms to the definition of tensegrity since 
compression member independence is lost. Such connec 
tions may require complex joints if the resulting Structure is 
intended to be collapsible. Rigid connection of compression 
members may inhibit structure collapse. U.S. Pat. No. 5,642, 
590 to Skelton, which is incorporated by reference as if fully 
Set forth herein, discloses a tensegrity Structure utilizing 
compression member-to-compression member connections. 

Tensegrity Structures may possess a high level of Struc 
tural redundancy. The Structural redundancy may inhibit 
collapse of the tensegrity Structure if one or Several units 
should fail. The tensegrity Structure may retain a large 
percentage of load bearing capacity even if one or more 
members fail. 
Two methods have been used to deploy tensegrity units. 

Deploying a tensegrity unit may include expanding the unit 
and establishing Static equilibrium between the members of 
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the unit Such that the unit remains in the expanded State. For 
example, tensegrity unit 10 in FIG.1a may be deployed by 
decreasing the length of one or more of tension members 14, 
16, 18 or by increasing the length of one or more of 
compression members 12. In each of these methods, other 
StepS may also be required, Such as positioning the members 
before applying tension. Likewise, collapsing tensegrity unit 
10 may be accomplished by releasing tension in the unit. 
Methods to collapse tenSegrity unit 10 may include increas 
ing the length of one or more tension members 14, 16, 18, 
or decreasing the length of one or more compression mem 
bers 12. 

Experiments were conducted to determine differences 
between deploying/collapsing tensegrity units having in 
compression members and 3n tension members by adjusting 
tension members and by adjusting compression members. 
Small-Scale triangular based and Square based tensegrity 
units were examined. For one set of experiments, the lengths 
of compression members (bars) were kept constant while the 
lengths of tension members (cables) could be modified. The 
results indicated that releasing the cables in different 
Sequences resulted in different modes of collapsing the unit. 
In general, by releasing the cables on the top base of the unit 
first, the unit tends to collapse on its Support plane (e.g., the 
ground). As the unit collapses, the bars may take a turn 
around an axis of Symmetry of the original unit. Packaging 
a unit in a compact configuration may require that all bars be 
carefully aligned after collapse to avoid entanglement with 
loose cables. Aligning bars in this manner may be difficult 
to achieve with the unit on the ground, especially Since the 
bars tend to collapse in a Symmetric pattern around the 
center of the unit. 
When side cables are released first, tension from cables 

push the collapsing unit to an upright position. With careful 
handling, bars may be held together So that, when all the 
cables that allow for the complete collapse of the unit are 
released, the bars remain parallel to each other. The unit may 
then be packaged in a bundle. Care must be taken with loose 
ends of released tension members to avoid tangling of the 
tension members. Positioning the compression members and 
the tension members and Setting the final tension member 
may be tedious and difficult when the unit is redeployed. 
Applying tension may require Special tools. 

Experiments were conducted using Scale models of two 
curved tensegrity Structures composed of three and nine 
units, respectively. The units had triangular bases. These 
Structures were allowed to collapse by Systematically releas 
ing cables. Results indicated that the collapse of the entire 
Structure by releasing only Side cables was not possible 
because of the Synergetic action of the units. To collapse the 
Structure, it was necessary to release both side and top 
cables. The Structure collapsed on its Support plane in a 
Symmetric but complex configuration. Packaging the col 
lapsed Structure in a bundle from this configuration was 
cumberSome. Deploying the collapsed Structure to its initial 
geometry was even more difficult due to frequent cable 
entanglement. In addition, it is believed that for a full-scale 
Structure of either of these configurations, collision of bars 
and the total weight of the Structure may pose significant 
burdens to the application of the method. 

Triangular base units with telescoping bars were used to 
examine collapse behavior of tensegrity units by adjusting 
lengths of compression members. The lengths of tension 
member cables were kept constant. The cables were perma 
nently attached to the bars. When the bar length was reduced 
So that it became the same length or slightly shorter than the 
Side cable length, the unit lost its rigidity but did not entirely 
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collapse on the ground. During the process, if the bars were 
held together, the unit could collapse to an upright or vertical 
position. In the collapsed configuration, Side cables could be 
kept almost Straight, possibly reducing the likelihood of 
entanglement. Shortening or elongation of the telescopic 
bars, the length of which were manually controlled, 
however, required locking and unlocking of each bar. In 
addition, when deploying the unit, locking the last bar in 
place to establish appropriate tension in the unit was difficult 
with considerable tension already present within the unit. 

SUMMARY OF THE INVENTION 

Atensegrity unit may be formed of compression members 
and tension members. In a deployed State, the tensegrity unit 
may be coupled to other tensegrity units to form a tensegrity 
Structure. In a non-deployed State, the compression members 
may be easily positioned in a compact bundle. In the 
non-deployed State, the tension members may remain 
coupled to compression members and/or to brackets So that 
there are no loose tension member ends that may become 
tangled. 
A tensegrity unit may be described as having vertices, 

faces, and edges; however, it is to be understood that in Some 
cases these terms may not refer to physical Structure. A 
“vertex' or “node' is an intersection of several tension 
members and at least one compression member. A vertex or 
node may be a region instead of a point. A “face' is a plane 
passing through three or more nodes Such that the planar 
Surface defines a boundary of the tensegrity unit. End faces 
may have irregular or polygonal shapeS Such as, but not 
limited to, triangles, rectangles (Squares), pentagons, or 
hexagons. Side faces of a tensegrity unit may have irregular 
shapes. An "edge” may be formed by a tension member, or 
by an imaginary line formed between two vertices that could 
be joined by a tension member. 

In an embodiment of a tensegrity unit, the unit is formed 
of n compression members and 2n tension members. Com 
pression members may have brackets that hold tension 
members. One or more of the compression members may 
have adjustable lengths. Also, one or more of the compres 
Sion members may include a slot, a clamp, or other type of 
connector that allows the unit to be coupled to another 
tensegrity unit. Tension members may have fixed lengths. 
The unit may be assembled so that ends of the tension 
members are not free when the unit is collapsed (non 
deployed), when the unit is being collapsed or deployed, or 
when the unit is deployed. 

In an embodiment, one base polygon or end face may be 
formed by n tension members. The remaining n tension 
members may form a Second base polygon and Sides of the 
tensegrity unit. A "side' of a tensegrity unit may be defined 
as an edge of a polyhedron formed by the deployed tenseg 
rity unit between the base polygons. Generally, the tension 
members forming a side are not coplanar. Thus, in tension 
members may form both the Sides and a polygonal base of 
the unit. Base polygons may be spaced apart by n compres 
Sion members. The n tension members that form both a side 
and a face are hereinafter referred to as “continuous tension 
members,” whereas the n tension members that form only a 
face are hereinafter referred to as “face tension members'. 
The n continuous tension members may be coupled to the n 
compression members by n brackets at a point along the 
length of the continuous members. At their ends, the face 
and continuous tension members may be coupled to com 
pression members by coupling members. Coupling members 
may include, but are not limited to welds, loops, links, 
hooks, and/or carabiners. 
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In an embodiment, a structure may be formed by coupling 
tensegrity units together. In an embodiment, a tensegrity unit 
may be joined by coupling a vertex of one tensegrity unit to 
a tension member of another unit. Typically, a vertex of a 
tensegrity unit is coupled to a face tension member of a 
Second tensegrity unit, or to a portion of a continuous 
tension member that defines a base polygon of a Second 
tensegrity unit. A tensegrity unit may also be coupled to a 
portion of a continuous tension member that defines an edge 
of a Second tensegrity unit. A tensegrity unit may be coupled 
to one or more additional tensegrity units. 

To form a tensegrity Structure, Several individual tenseg 
rity units may be separately deployed. Then, the individual 
tensegrity units may be joined together to form the tenseg 
rity Structure. Deploying a tensegrity unit may be defined as 
establishing a condition in which the compression members 
are not parallel, and are retained in Static equilibrium with 
the tension members. In an embodiment, a tensegrity Struc 
ture may be constructed from the top down. That is, the 
uppermost portion of the Structure may be constructed first. 
AS the Structure is assembled, it may be raised. In Such an 
embodiment, Substantially all construction activity may take 
place at the same level (e.g., ground level). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Advantages of the present invention will become apparent 
to those skilled in the art with the benefit of the following 
detailed description of the preferred embodiments and upon 
reference to the accompanying drawings in which: 

FIG. 1a depicts a perspective representation of a deployed 
tensegrity unit, wherein the tensegrity unit includes three 
compression members and nine Separate tension members. 

FIG. 1b depicts a perspective representation of a deployed 
tensegrity unit, wherein the tensegrity unit includes four 
compression members and twelve Separate tension mem 
bers. 

FIG. 2 depicts a perspective view of an embodiment of a 
deployed tensegrity unit, wherein the tensegrity unit 
includes four compression members and eight tension mem 
bers. 

FIG. 3 depicts a perspective view of an embodiment of a 
deployed tensegrity unit, wherein the tensegrity unit 
includes four compression members and eight tension mem 
bers. 

FIG. 4 depicts an embodiment of a portion of a compres 
Sion member. 

FIG. 5 depicts a perspective view of an embodiment of a 
tensegrity Structure that emphasizes a tensegrity unit-to 
tensegrity unit connection. 

FIG. 6 depicts a perspective view of an embodiment of a 
tensegrity unit that emphasizes a bracket of the tensegrity 
unit. 

FIG. 6a depicts a front view of an embodiment of a 
bracket with a linear elongated opening. 

FIG. 7a depicts a stable cluster formed of three triangular 
tensegrity units. 

FIGS. 7b and 7c depict assembly of an embodiment of a 
tensegrity Structure formed by coupling Stable triangular 
clusters. 

FIG. 7d depicts a top view of a tensegrity structure. 
While the invention is susceptible to various modifica 

tions and alternative forms, specific embodiments thereof 
are shown by way of example in the drawings and will 
herein be described in detail. The drawings may not be to 
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6 
Scale. It should be understood, however, that the drawings 
and detailed description thereto are not intended to limit the 
invention to the particular form disclosed, but on the 
contrary, the intention is to cover all modifications, 
equivalents, and alternatives falling within the Spirit and 
Scope of the present invention as defined by the appended 
claims. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Several basic functionality requirements may be desirable 
in a tensegrity unit. Desirable functionality requirements 
may include: 

1) the number of Steps in the deployment and/or collapse 
of the unit, including the number of joints that require 
manual control, Should be kept to a minimum; 

2) the deployment and/or collapse process should not 
involve loose cable ends, 

3) the deployment and/or collapse should not require 
tension member length change; an 

4) the unit should collapse as a bundle in an upright 
position. 

FIG. 2 depicts an embodiment of tensegrity unit 30. 
Tensegrity unit 30 may include compression members 32, 
face tension members 34, and continuous tension members 
36 (dotted line), 38 (bold line), 40 (dashed line), and 42 
(alternating dotted and dashed line). Tensegrity unit 30 may 
have a skewed prism geometric shape. The amount of skew 
may depend on the number of compression members in the 
tensegrity unit. For example, a tensegrity unit having three 
compression members may have about 30 of skew between 
an upper face that is parallel to a lower face, while a 
tensegrity unit having four compression members may have 
about 45 of skew between an upper face that is parallel to 
a lower face. 

Tensegrity units may be joined together to form a tenseg 
rity Structure. The tensegrity Structure may be formed, but is 
not limited to being formed, in a curved shape or a tiered 
shape. In an embodiment, tensegrity units are coupled 
together So that no compression members of the tensegrity 
Structure contact other compression members of the Struc 
ture. A covering may be placed over the tensegrity Structure. 
The covered tensegrity Structure may be used, but is not 
limited to being used, as a shelter, a Storage area, or a 
three-dimensional Structural form. 
As shown in FIG. 2, tensegrity unit 30 may have n 

compression members 32, n continuous tension members 
36, 38, 40, and 42; and n face tension members 34, where 
n=4. The tensegrity unit has n fewer tension members than 
a tensegrity unit that uses two Sets of face tension members 
and a set of connecting tension members. 

FIG. 3 depicts an embodiment of tensegrity unit 30. 
Tensegrity unit 30 may include continuous tension members 
45 (two of which cannot be seen in FIG. 3), face tension 
members 44, compression members 46, and vertices 47 and 
48. Tensegrity unit 30 may be provided with coupling 
devices (also shown in FIGS. 3 and 5) at each vertex 47 and 
48 to allow tension members to be coupled to compression 
members. Tensegrity unit 30 may further include a connec 
tor (shown in FIG. 5) at one or more vertices to allow 
individual tensegrity units to be coupled together. 

In an embodiment, tension members 44, 45 may have 
fixed lengths. Tension members 44, 45 may be, but are not 
limited to, chains, cables, and/or ropes. In Some 
embodiments, an attachment device may facilitate coupling 
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tension members 44, 45 to compression members 46. An 
attachment device may be, but is not limited to, a loop, a 
link, a hook, a clip, and/or a carabiner. In Some 
embodiments, tension members 44, 45 may be crimped, 
glued, welded, or otherwise affixed to compression members 
46. 

Compression members 46 may have an adjustable length. 
Compression members 46 may include length-adjusting 
device 41. For example, length-adjusting device 41 may be 
a pneumatic, hydraulic, or mechanical device that allows the 
length of compression members 46 to be adjusted. To deploy 
tensegrity unit 30, length-adjusting device 41 may be 
employed to lengthen one or more compression members 46 
to establish appropriate tension in tensegrity unit 30. To 
collapse tensegrity unit 30, length-adjusting device 41 may 
be employed to shorten one or more compression members 
46 to remove tension from tensegrity unit 30. In some 
embodiments, specialized tools (e.g., an air compressor, 
pneumatic pump, etc.) may be required to deploy tensegrity 
unit 30. In other embodiments, however, length-adjusting 
device 41 may allow the length of compression members 46 
to be adjusted without the use of specialized tools. For 
example, length-adjusting device 41 may require no tools. 
Alternatively, a Standard wrench, a lever, or other common 
hand-held tools may be required for adjusting the length of 
compression members 46. 

In Some embodiments, coupling devices 50 may be pro 
vided to couple tension members 44, 45 to compression 
members 46 near vertices 47. Coupling devices 50 may 
allow tension members 44, 45 to be removed and replaced 
easily during maintenance of a tensegrity unit. Coupling 
devices may be, but are not limited to, bolts, pins, rings, 
turnbuckles, and/or openable links. Coupling devices 50 
may align the tension components of force of each coupled 
tension member 44 and 45 so that the tension components of 
force coincide at the axis of compression member 46 to 
which they are attached. However, there is sufficient flex 
ibility in the tensegrity unit Structure to allow for Some 
variation in this constraint. In Some embodiments, coupling 
devices 50 may be rotated around the axis of a compression 
member 46 in the event that the tension components of force 
unacceptably deviate from the axis. 

In an embodiment, bracket 60 may be provided to couple 
continuous tension members 45 to compression members 46 
at Vertices 48. An end of a continuous tension member may 
be coupled to bracket 60. A mid portion of a different 
continuous tension member may also couple to the same 
bracket when the tensegrity unit is deployed. When tenseg 
rity unit 30 is not deployed, a portion of the continuous 
tension member may be able to move relative to the bracket. 
When tensegrity unit 30 is deployed, bracket 60 may retain 
continuous tension member 45 at vertex 48. A bend in 
continuous tension member 45 may be formed at bracket 60, 
effectively dividing continuous tension member 45 into a 
face tension member and a side tension member. Continuous 
tension member 45 may include stop 62, as shown in FIG. 
6. Stop 62 may be fixed at a predetermined location along 
the length of continuous tension member 45. Stop 62 may be 
a clip, ball, bead, or other device which creates an enlarge 
ment in continuous tension member 45 that is prevented 
from passing through an opening in bracket 60 of a Smaller 
Size than the Stop. 

Bracket 60 may be provided with an elongated opening 64 
of variable width. In some embodiments, the elongated 
opening may be U shaped (as shown in FIG. 6). In Some 
embodiments, elongated opening 64 may be a linear opening 
(as shown in FIG. 6a). Other opening orientations may also 
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be used. The orientation of the bracket relative to the 
compression member and the tension members may main 
tain the tension members in the appropriate portion of the 
opening during use. Elongated opening 64 may allow con 
tinuous tension member 45 to move axially with respect to 
compression member 46 when tensegrity unit 30 is not 
under tension, but may retain continuous tension member 45 
at a fixed location with respect to compression member 46 
at vertex 48 when tensegrity unit 30 is under tension. In 
addition, elongated opening 64 may have an enlargement in 
its width sufficient to allow stop 62 to pass through bracket 
60. The enlargement in the opening of bracket 60 may allow 
a portion of continuous tension member 45 to move relative 
to the bracket when tensegrity unit 30 is not under tension 
So that tension members of the tensegrity unit may be 
located at desired positions when the tensegrity unit is 
Stored. Such an embodiment may reduce incidences of 
tension member entanglement by retaining the ends of 
tension members 45 and 45' at desired locations. Using 
continuous tension members that function as both face and 
Side tension members may allow tension to be released on 
one side and one face of tensegrity unit 30 Substantially 
Simultaneously. Releasing tension in this manner may allow 
tensegrity unit 30 to collapse in a vertical collapsed mode. 
Like coupling device 50, bracket 60 may be able to rotate 
around an axis of compression member 46. 

In an embodiment of a tensegrity unit, the portions of the 
tensegrity unit may be assembled together without tension 
applied to the tension members. Coupling devices may be 
placed on ends of compression members. Brackets may be 
placed on opposite ends of the compression members. Face 
tension members may be connected to the coupling devices 
So that the face tension members will form a lower face 
when the tensegrity unit is deployed. One end of a continu 
ous tension member may be coupled to a coupling device. 
The tension member may be inserted through the elongated 
opening in the bracket of the appropriate compression 
member. The large opening in the bracket may facilitate 
inserting the tension member through the bracket. The 
Second end of the continuous tension member may be 
connected to the appropriate bracket. In Some embodiments, 
the tension members may be fixed to the coupling devices 
and the brackets (e.g., connecting links may be fused) to 
inhibit disassembly of the components of the tensegrity unit. 

In an embodiment of a compression member, a threaded 
Shank may be placed in an end or each end of a compression 
member body. FIG. 4 depicts an end of compression member 
46 that includes threaded shank 51. In some embodiments, 
threaded shank 51 may be locked against body 52 of 
compression member 46. Threaded shank 51 may be locked 
against body 52, but is not limited to being locked against 
the body, by a nut, adhesive, and/or tack welding. In Some 
embodiments, threaded shank 51 may be allowed to move 
into or out of the body of the compression member to allow 
for adjustment of length of the compression member. A 
threaded Shank may function as a portion of length-adjusting 
device 41 of compression member 46. 

In Some compression member embodiments where the 
threaded shank is locked in position relative to the body of 
the compression member a System of nuts may allow for 
adjustment of the length of the compression member to 
increase or decrease tension applied to continuous tension 
members. In an embodiment, first nut 53 may be threaded 
onto shank 51. Second nut 54 may also be threaded onto 
shank 51. Bracket 60 may be placed on top of second nut 54. 
Third nut 55 may be threaded onto shank 51 to position 
bracket 60 between second nut 54 and the third nut. 



US 6,901,714 B2 

To apply tension to continuous tension member 45 to 
deploy a tensegrity unit, all compression members of the 
tensegrity unit except one may be set to a desired length. A 
length of the compression member that is not set to the 
desired length may be set a length that is slightly Shorter than 
the length of the other compression members. The shorter 
length may be established by rotating first nut 53 towards 
body 52 of compression member 46 (a clockwise direction 
for a right hand thread) and by rotating second nut 54 
towards the first nut. Establishing one compression member 
with a shorter length may allow Sufficient Slack in the 
continuous tension members to allow Stops 62 of the con 
tinuous tension members to be positioned at locations in the 
elongated openings of brackets 60 that inhibit passage of the 
Stops through the brackets. When the continuous tension 
members are properly positioned in the brackets, ends of the 
compression members with coupling devices may be posi 
tioned to form a polygonal lower face of the tensegrity unit. 
The tensegrity unit should be Self Supporting at this point, 
and should only require adjustment of the short compression 
member to complete the tensegrity unit. 

To adjust the short compression member, second nut 54 
may be rotated to advance the nut towards third nut 55. If 
bracket 60 locks between second nut 54 and third nut 55 
before Sufficient tension is applied to the tension members of 
the tensegrity unit, the third nut may be rotated to move 
outwards along Shank 51 and the Second nut may be 
advanced to move bracket 60 outwards until Sufficient 
tension is applied to the continuous tension members and the 
face tension members. When second nut 54 is in the proper 
position, third nut 55 may be advanced against bracket 60. 
First nut 53 may be advanced against second nut 54 to fix the 
position of the Second nut. 

To release tension from the tension members of a tenseg 
rity unit, first nut 53 may be advanced towards compression 
member body 52. Second nut 54 may be advanced towards 
first nut 53. AS Second nut 54 moves towards first nut 53, 
tension is released from the tension members. The Second 
nut may be moved a distance Sufficient to allow Stop of 
tension member 45 in bracket 60 to be moved to the 
enlargement or large opening of the bracket that allows 
passage of Stop 62. When Stop 62 passes through the large 
opening, Sufficient tension may be released from the tenseg 
rity unit to allow the tensegrity unit to collapse. 
One or more vertices of tensegrity unit 30 may be 

provided with a structure-coupling device 70 as shown in 
FIG. 5. Structure-coupling device 70 may allow two or more 
tensegrity units 30 to be coupled together. Structure 
coupling device 70 may be a clamp that attaches a tension 
member of a first tensegrity unit to a compression member 
of a Second tensegrity unit. In an embodiment, Structure 
coupling device 70 may include body 72 with opening 74 
and retainer 76. A tension member of a first tensegrity unit 
may be placed in opening 74 in body 72 of structure 
coupling device 70 of a second tensegrity unit. Retainer 76 
may engage and/or couple to the tension member within 
opening 74. Retainer 76 may inhibit the tension member in 
the opening from moving. In Some embodiments, a portion 
of body 72 that defines opening 74 may include a threaded 
portion and a non-threaded portion. A tension member may 
be placed in the non-threaded portion of the body. A 
threaded retainer may be Screwed into the threaded portion 
until an end of the retainer contacts and inhibits movement 
of the tensegrity unit with respect to the tension member in 
the Structure-coupling device. In Some embodiments, 
retainer 76 and/or body 72 may include padding, a gasket or 
Some other material that inhibits damage of the tension 
member by the retainer. 
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In Some embodiments, indicia may be provided on one or 

more tension members of a tensegrity unit. Indicia may 
indicate locations or regions at which other tensegrity units 
are to be coupled to the tensegrity unit with the indicia. The 
indicia may be paint, ties, String or other type of marking on 
the tension member. 

A tensegrity unit may also be provided with a cover 
attachment for attaching cover 77 (shown in FIG. 7b) to a 
structure of tensegrity units. In some embodiments, cover 77 
may be attached to Structure-coupling devices of Selected 
tensegrity units. In other embodiments, Separate cover 
attachments may be attached to tension members and/or 
compression members of Selected tensegrity units. Cover 
attachments may be, but are not limited to, clips, hooks, 
and/or ties. 

In certain embodiments, tensegrity units may be coupled 
together in patterns that allow all of the compression mem 
bers in the Structure to remain isolated from one another. In 
Some embodiments, Such tensegrity Structures may be con 
Structed without the use of Specialized equipment. Such 
tensegrity Structures may be particularly Suited for use as 
deployable structures. Deployable Structures are Structures 
that may be assembled or constructed quickly at a desired 
location. A deployable Structure may be used as an emer 
gency shelter, hospital, etc., after a disaster. A deployable 
Structure may also be used to house a traveling exhibit or 
used as a temporary Storage facility. In Such applications, it 
may be beneficial for a Structure to be portable and easily 
assembled without the use of Specialized tools, and espe 
cially without the use of heavy equipment Such as cranes. 

In Some embodiments, a tensegrity structure may be 
composed of portable components. In Some embodiments, a 
tensegrity Structure composed of portable components may 
be assembled by one perSon, or only a few people, without 
the use of Specialized tools. A method for constructing Such 
a tensegrity Structure may include: deploying at least two 
tensegrity units, coupling deployed tensegrity units together 
to form a Stable cluster, Supporting the Stable cluster on at 
least one Support; expanding the Structure in a manner which 
maintains Stability; and elevating the Structure on one or 
more Supports as required until the final dimension of the 
Structure is attained. 

In an embodiment, all of the tensegrity units to be used in 
the Structure may be brought to the site in collapsed, 
compact bundles. In Some embodiments, all of the tensegrity 
units may be deployed and adjusted for appropriate tension 
before construction of the Structure begins. Deployed units 
may then be coupled by use of Structure-coupling devices. If 
a structure is to be composed of a large number of units, the 
Structure may be assembled in Sections with individual 
tensegrity units or groups of individual tensegrity units 
being deployed as needed. 

In an embodiment, construction of the Structure may start 
from a geometric center or along an axis of Symmetry. A 
Stable cluster composed of a minimum number of tensegrity 
units may be built on the ground. The number of tensegrity 
units required for a stable cluster may depend on the 
geometry of the units and the manner in which the units are 
coupled together. For example, three tensegrity units 30 may 
form a stable cluster of units 78 with a triangular base, as 
show in FIG. 7a. 

In Some embodiments, Structure-coupling devices may be 
located on compression members at ends of the compression 
members that form a lower face of the tensegrity unit. In 
Some embodiments, structure-coupling devices may be 
located on compression members at ends of the compression 
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members that form an upper face of the tensegrity unit. In 
Some embodiments, structure-coupling devices may be 
located on at each end of the compression members. 

In an embodiment illustrated in FIGS. 7b and 7c, two sets 
of Supports 82 and 84 that may be mechanically expandable 
in the vertical direction may be used for raising structure 80. 
The number of supports in each set 82 and 84 may depend 
on a geometry of tensegrity units 30 and stable clusters 78 
formed from the tensegrity units. First set of Supports 82 
may be used to raise stable cluster 78 approximately the 
height of tensegrity unit 30. A row of tensegrity units 30 may 
then be attached to stable cluster 78 by systematically 
expanding Structure 80 in each desired direction, which may 
be along axes of Symmetry. When a new row of tensegrity 
units 30 has been added to structure 80, second set of 
Supports 84 may be placed along a new periphery of 
structure 80. Second set of supports 84 may lift structure 80 
up about an additional unit height. First Set of Supports 82 
may be removed when Second Set 84 is Securely placed 
under the new row of added tensegrity units 30. Thus, as the 
Size of Structure 80 increases, the Supports may be moved 
towards the new periphery of structure 80. In this manner, 
Structure 80 may continue to increase in height and area. If 
the last row of structure 80 is to be raised over the ground 
level, the expandable Supports may be replaced by tensegrity 
unit 30 of the same type or a different type upon completion 
of the mainstructure. FIG. 7d shows a top view of tensegrity 
structure 80. If desired, a cover or covers may be coupled to 
the Structure. The cover or covers may be coupled to the 
Structure either as the Structure is being assembled or after 
the Structure is assembled. 

In an embodiment, the method may be reversed to decon 
Struct a tensegrity Structure. Units may be detached Starting 
from periphery and working towards the center. The Struc 
ture may gradually be lowered by moving the Supports 
toward the center of the Structure as clusters are removed 
from the periphery of the structure. Individual units may be 
collapsed into a bundle by releasing tension in the units. 
An advantage of the tensegrity units described herein is 

that they may be easily transported, erected, collapsed, and 
Stored without Special skills and without the need for Spe 
cialized tools. In addition, the deployment and collapse of 
the tensegrity unit should not require on-site assembly of 
tensegrity units from Separate compression members and 
tension members. ASSembled tensegrity units may be trans 
ported to a location. At the location, the tensegrity units may 
be transformed from a collapsed State to a deployed State. 
Another advantage is the minimization of the total manual 
effort required to erect, collapse, and/or maintain a tenseg 
rity unit. Another advantage is that the tensegrity units may 
be used to construct a deployable Structure that is assembled 
without the use of Specialized tools or equipment. 
Additionally, the disclosed construction method may be 
advantageous in that it may not require the use of a crane or 
other heavy construction equipment to lift portions of the 
Structure. 

It is believed that constructing the Structure in this fashion 
may be advantageous over previously proposed construction 
techniques for tensegrity Structures in that issueS of tension 
member tangling and compression member collision may be 
minimized or eliminated. Tensegrity units may be Sturdy, 
durable, light weight, Simple, Safe, inexpensive, efficient, 
Versatile, ecologically compatible, energy conserving and 
reliable. The tensegrity units may also be easy to assembly, 
install, and use. 

Further modifications and alternative embodiments of 
various aspects of the invention will be apparent to those 
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skilled in the art in View of this description. Accordingly, this 
description is to be construed as illustrative only and is for 
the purpose of teaching those skilled in the art the general 
manner of carrying out the invention. It is to be understood 
that the forms of the invention shown and described herein 
are to be taken as the presently preferred embodiments. 
Elements and materials may be substituted for those illus 
trated and described herein, parts and processes may be 
reversed, and certain features of the invention may be 
utilized independently, all as would be apparent to one 
skilled in the art after having the benefit of this description 
of the invention. Changes may be made in the elements 
described herein without departing from the Spirit and Scope 
of the invention as described in the following claims. 
What is claimed is: 
1. A tensegrity unit comprising: 
in face tension members of fixed length; 
in continuous tension members affixed length; 
in compression members, 
at least one bracket coupled to at least one of the n 

compression members, and a stop positioned along a 
length of one of the n continuous tension members, 
wherein the at least one bracket inhibits passage of the 
Stop through the at least one bracket during use to 
establish tension in the one of the n continuous tension 
members, and 

wherein n is the number of Sides of a polygonal face of the 
tensegrity unit. 

2. The tensegrity unit of claim 2, wherein the unit is 
configured to be collapsed without adjusting the length of 
any of the n face tension members or any of the n continuous 
tension members. 

3. The tensegrity unit of claim 1, wherein the unit is 
configured to be collapsed without freeing an end of any of 
the n face tension members or any of the n continuous 
tension members. 

4. The tensegrity unit of claim 1, wherein the unit is 
configured to be deployed by adjusting a length of at least 
one of the compression members. 

5. The tensegrity unit of claim 1, further comprising a 
length-adjusting device on at least one of the n compression 
members. 

6. The tensegrity unit of claim 1, further comprising at 
least one Structure-coupling device. 

7. The tensegrity unit of claim 1, further comprising in 
Stops, wherein each of the n Stops is coupled to one of then 
continuous tension members. 

8. The tensegrity unit of claim 1, wherein at least one of 
then compression members is configured to couple to 
another tenSegrity unit. 

9. The tensegrity unit of claim 1, further comprising at 
least one cover attachment for attaching a cover to the 
tensegrity unit. 

10. The tensegrity unit of claim 1, further comprising a 
Structure-coupling device coupled to at least one of the 
compression members, wherein the Structure-coupling 
device is configured to couple the tensegrity unit to another 
tensegrity unit. 

11. A tensegrity Structure comprising: 
at least two tensegrity units, each tensegrity unit com 

prising: 
in face tension members of fixed length; 
in continuous tension members affixed length; 
in compression members, and 
wherein n is the number of Sides of a polygonal face of a 

tensegrity unit of the tensegrity Structure; 
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wherein a first tensegrity unit of the at least two tensegrity 
units is coupled to a Second tensegrity unit of the at 
least two tensegrity units, and 

a cover coupled to the tensegrity Structure. 
12. The tensegrity Structure of claim 11, wherein a con 

tinuous tension member of the first tensegrity unit is coupled 
to a face tension member of the Second tensegrity unit. 

13. The tensegrity structure of claim 11, wherein a con 
tinuous tension member of the first tensegrity unit is coupled 
to a continuous tension member of the Second tensegrity 
unit. 

14. A method of constructing a tensegrity Structure, the 
method comprising: 

assembling a stable cluster of tensegnty units, and 
coupling tensegrity units to at least one edge of the Stable 

cluster of tensegrity units to form the tensegrity Struc 
ture. 

15. The method of claim 14, wherein the method further 
comprises incrementally adjusting the height of the tenseg 
rity Structure during construction. 

16. The method of claim 14, wherein the method further 
comprises using at least one Support to incrementally adjust 
the height of the tensegrity Structure during construction. 

17. The method of claim 14, wherein the method further 
comprises using at least one Set of Supports to incrementally 
adjust the height of the tensegrity Structure during construc 
tion. 

18. The method of claim 14, wherein the method further 
comprises coupling the tensegrity Structure to at least one 
Support. 

19. The method of claim 14, wherein the method further 
comprises coupling the tensegrity Structure to at least one 
Support, and wherein the at least one Support is expandable. 

20. The method of claim 14, wherein the method further 
comprises coupling a covering to the tensegrity Structure as 
the tensegrity Structure is being assembled. 

21. The method of claim 14, wherein the method further 
comprises coupling a covering to the tensegrity Structure 
after the tensegrity Structure is assembled. 

22. A method of forming a tensegrity unit, comprising: 
coupling in face tension members to first Sections of n 

compression members to allow the face tension mem 
bers to form a first polygonal face when the tenSegrity 
unit is deployed; 

coupling a continuous tension member of n continuous 
tension members to the first Section of a compression 
member of the n compression members, 

passing an end of a continuous tension member of the n 
continuous tension members through an opening in a 
bracket of n brackets, wherein one of the brackets is 
coupled to a Second Section of each of then compres 
Sion members, and 

coupling ends of each continuous tension member to one 
of the brackets So that portions of the n continuous 
tension members form a Second polygonal face when 
the tensegrity unit is deployed. 

23. The method of claim 22, wherein each of the n 
continuous tension members comprises a Stop, wherein a 
portion of each bracket is configured to inhibit passage of a 
Stop, and wherein a portion of each bracket is configured to 
allow passage of a stop. 

24. A method of forming a tensegrity unit, comprising: 
positioning Stops of continuous tension members in por 

tions of brackets that inhibit passage of Stops through 
the brackets, wherein the Stops are coupled to the 
continuous tension members, 
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adjusting position of compression members to form a first 

polygonal face from face tension members, and 
adjusting a length of at least one of the compression 
members to apply tension to the continuous tension 
members. 

25. A tensegrity unit comprising: 
in face tension members, 
in continuous tension members, 
in compression members, 
one or more brackets coupled to at least one of the n 

compression members, 
a stop positioned along a length of at least one of the n 

continuous tension members, 
wherein at least one of the brackets inhibits passage of the 

Stop through the bracket during use to establish tension 
in at least one of the n continuous tension members, and 

wherein n is the number of Sides of a polygonal face of the 
tensegrity unit. 

26. A tensegrity unit comprising: 
at least one cover attachment for attaching a cover to the 

tensegrity unit; 
in face tension members, 
in continuous tension members, 
in compression members, 
wherein n is the number of Sides of a polygonal face of the 

tensegrity unit; and 
wherein the tensegrity unit is configured to be deployed 

by adjusting a length of one of the compression mem 
bers. 

27. The tensegrity unit of claim 26, wherein the unit is 
configured to be collapsed without adjusting the length of 
any of then face tension members or any of the n continuous 
tension members. 

28. The tensegrity unit of claim 26, wherein the unit is 
configured to be collapsed without freeing an end of any of 
the n face tension members or any of the n continuous 
members. 

29. The tensegrity unit of claim 26, wherein at least one 
of the n compression members is configured to couple to 
another tenSegrity unit. 

30. The tensegrity unit of claim 26, further comprising a 
COVC. 

31. A tensegrity unit comprising: 
in face tension members, 
in continuous tension members, 
in compression members, 
wherein n is the number of Sides of a polygonal face of the 

tensegrity unit; and 
at least one structure-coupling device. 
32. The tensegrity unit of claim 31, wherein the unit is 

configured to be collapsed without adjusting the length of 
any of the n face tension members or any of the n continuous 
tension members. 

33. The tensegrity unit of claim 31, wherein the unit is 
configured to be collapsed without freeing an end of any of 
then face tension members or any of the n continuous 
members. 

34. The tensegrity unit of claim 31, wherein at least one 
of the n compression members is configured to couple to 
another tenSegrity unit. 

35. The tensegrity unit of claim 31, further comprising at 
least one cover attachment for attaching a cover to the 
tensegrity unit. 

36. The tensegrity unit of claim 31, further comprising at 
least one cover attachment for attaching a cover to the 
tensegrity unit, and further comprising a cover. 
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37. A tensegrity unit comprising: 
in face tension members, 
in continuous tension members, 
in compression members, 
in stops, wherein each of the n stops is coupled to one of 5 

then continuous tension members, and 
wherein n is the number of Sides of a polygonal face of the 

tensegrity unit. 
38. A tensegrity unit comprising: 
in face tension members, 
in continuous tension members, 
in compression members, 
a structure-coupling device coupled to at least one of the 

compression members, wherein the Structure coupling 
device is configured to couple the tenSegrity unit to 
another tenSegrity unit; and 

wherein n is the number of Sides of a polygonal face of the 
tensegrity unit. 

39. The method of claim 22, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and incrementally 
adjusting the height of the tensegrity Structure during con 
Struction. 

40. The method of claim 22, further comprising coupling 
the tensegrity unit with one or more additional tensegnty 
units to form a tensegrity Structure, and using at least one 
Support to incrementally adjust the height of the tensegrity 
Structure during construction. 

41. The method of claim 22, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and using at least one Set 
of supports to incrementally adjust the height of the tenseg 
rity Structure. 

42. The method of claim 22, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and coupling the tenseg 
rity Structure to at least one Support. 

43. The method of claim 22, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and coupling the tenseg 
rity Structure to one or more Supports, wherein at least one 
of the Supports is expandable. 

44. The method of claim 22, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and coupling a covering 
to the tensegrity Structure as the tensegrity Structure is being 
assembled. 

45. The method of claim 22, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and coupling a covering 
to the tensegrity Structure after the tensegrity Structure is 
assembled. 

46. The method of claim 24, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and incrementally 
adjusting the height of the tensegrity Structure during con 
Struction. 

47. The method of claim 24, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and using at least one 
Support to incrementally adjust the height of the tensegrity 
Structure during construction. 

48. The method of claim 24, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and using at least one Set 
of Supports to incrementally adjust the height of the tenseg 
rity Structure. 
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49. The method of claim 24, further comprising coupling 

the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and coupling the tenseg 
rity Structure to at least one Support. 

50. The method of claim 24, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and coupling the tenseg 
rity Structure to one or more Supports, wherein at least one 
of the Supports is expandable. 

51. The method of claim 24, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and coupling a covering 
to the tensegrity Structure as the tensegrity Structure is being 
assembled. 

52. The method of claim 24, further comprising coupling 
the tensegrity unit with one or more additional tensegrity 
units to form a tensegrity Structure, and coupling a covering 
to the tensegrity Structure after the tensegrity Structure is 
assembled. 

53. A tensegrity unit comprising: 
in face tension members of fixed length; 
in continuous tension members of fixed length; 
in compression members, 
a length adjusting device on at least one of the n com 

pression members, and 
wherein n is the number of Sides of a polygonal face of the 

tensegrity unit. 
54. The tensegrity unit of claim 53, wherein the unit is 

configured to be collapsed without freeing an end of any of 
the n face tension members or any of the n continuous 
tension members. 

55. The tensegrity unit of claim 53, wherein the unit is 
configured to be deployed by adjusting a length of at least 
one of the compression members. 

56. The tensegrity unit of claim 53, further comprising at 
least one Structure-coupling device. 

57. The tensegrity unit of claim 53, further comprising in 
Stops, wherein each of the n Stops is coupled to one of the 
in continuous tension members. 

58. The tensegrity unit of claim 53, wherein at least one 
of the n compression members is configured to couple to 
another tenSegrity unit. 

59. The tensegrity unit of claim 53, further comprising at 
least one cover attachment for attaching a cover to the 
tensegrity unit. 

60. A tensegrity unit comprising: 
in face tension members of fixed length; 
in continuous tension members of fixed length; 
in compression members, 
at least one structure coupling device; and 
wherein n is the number of Sides of a polygonal face of the 

tensegrity unit. 
61. The tensegrity unit of claim 60, wherein the unit is 

configured to be collapsed without freeing an end of any of 
the n face tension members or any of the n continuous 
tension members. 

62. The tensegrity unit of claim 60, wherein the unit is 
configured to be deployed by adjusting a length of at least 
one of the compression members. 

63. The tensegrity unit of claim 60, further comprising in 
Stops, wherein each of the n Stops is coupled to one of the 
in continuous tension members. 

64. The tensegrity unit of claim 60, wherein at least one 
of the n compression members is configured to couple to 
another tenSegrity unit. 
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65. The tensegrity unit of claim 60, further comprising at 
least one cover attachment for attaching a cover to the 
tensegrity unit. 

66. A tensegrity unit comprising: 
in face tension members of fixed length; 
in continuous tension members of fixed length; 
in compression members, 
in Stops, wherein each of the n Stops is coupled to one of 

the n continuous tension members, and 
wherein n is the number of Sides of a polygonal face of the 

tensegrity unit. 
67. The tensegrity unit of claim 66, wherein the unit is 

configured to be collapsed without adjusting the length of 
any of then face tension members or any of then continuous 
tension members. 

68. The tensegrity unit of claim 66, wherein the unit is to 
be collapsed without freeing an end of any of the n face 
tension members or any of the n continous tension members. 

69. The tensegrity unit of claim 66, wherein at least one 
of the n compression members is configured to couple to 
another tenSegrity unit. 

70. The tensegrity unit of claim 66, further comprising at 
least one cover attachment for attaching a cover to the 
tensegrity unit. 

71. A tensegrity unit comprising: 
in face tension members of fixed length; 
in continuous tension members of fixed length; 
in compression members, 
at least one cover attachment for attaching a cover to the 

tensegrity unit, and 
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wherein n is the number of Sides of a polygonal face of the 

tensegrity unit. 
72. The tensegrity unit of claim 71, wherein the unit is 

configured to be collapsed without adjusting the length of 
any of then face tension members or any of then continuous 
tension members. 

73. The tensegrity unit of claim 71, wherein the unit is 
configured to be collapsed without freeing an end of any of 
the n face tension members or any of then continuous 
tension members. 

74. The tensegrity unit of claim 71, wherein at least one 
of the n compression members is configured to couple to 
another tenSegrity unit. 

75. A tensegrity unit comprising: 
in face tension members of fixed length; 
in continuous tension members of fixed length; 
in compression members, 
a structure-coupling device coupled to at least one of the 

compression members, wherein the Structure-coupling 
device is configured to couple the tensegrity unit to 
another tensegrity unit; and 

wherein n is the number of Sides of a polygonal face of the 
tensegrity unit. 

76. The tensegnty unit of claim 75, wherein the unit is 
configured to be collapsed without freeing an end of any of 
the n face tension members or any of the n continuous 
tension members. 

77. The tensegrity unit of claim 75, wherein at least one 
of then compression members is configured to couple to 
another tenSegrity unit. 
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