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(57) Abstract: A collapsible free-standing frame
structure includes N bowable resilient legs, where N
is an integer greater than one, a multi-hinge, and a leg
restraint. The multi-hinge includes a hinge body and N leg
interconnectors for interconnecting the legs to the hinge
body. The leg interconnectors are pivotally mounted to
the hinge body for limited pivotal motion between closed
positions, in which the interconnected legs are clustered
around a central axis which extends through the hinge
body, and open positions, in which the interconnected
legs extend radially relative to the central axis. A pivot
stop prevents the leg interconnectors from pivoting beyond
the open positions. To erect the frame structure, the leg
interconnectors are pivoted to their open positions, the
interconnected legs are bowed against the pivot stop, and
the distal ends of the bowed legs are attached to a leg
restraint which maintains the legs in the bowed position.
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FRAME STRUCTURE

FIELD OF THE INVENTION

[0001] The present invention relates to frame structures, and more particularly to free-

standing collapsible frame structures.
BACKGROUND OF THE INVENTION

[0002] Free-standing collapsible frame structures are well known. For example, various
types of free-standing collapsible frame structures are known, such as those having a dome

or A-frame shape and which when erected, can be used to support tents.

[0003] Free standing collapsible structures may also be used to support infant’s toys
such as beads, rattles and mirrors within reach of an infant for purposes of promoting infant

activity and improving babies’ hand-eye coordination.

[0004] For example, one known device suspends toys within the reach of an infant in a
supine position from an overhead frame consisting of a crossed pair of .arches., The device
is comprised of a square cloth mat having pockets in each of its four corners suitable for
receiving one end of an arch. The arches may be ﬁberglas's rods housed within a cloth
sleeve. The tension supplied by the bowed arches has the effect of making taut the cloth
mat. When the arches are raised so as to cross each other diagonally over the center of the
mat and attached to one another at their cross point with a snap or similar connector, a free-
standing frame structure results. Beads, rattles, and other dangling toys may then be clipped
to the arches, whose cloth sleeves may have holes or loops to facilitate attachment. Babies
may thus lie on their backs on the mat and play with the toys dangling from the frame

overhead.

[0005] When it is desired to collapse the known device for storage, one of a number of

collapsing techniques may be used. In one technique, the arches may be detached from one

-1 -
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another at their cross point and folded flat against the mat, so as to collapse device into a
sec'ondary single plane. The ends of the arches may be left in the corner pockets of the mat,
with the struts remaining bowed. In this position the device still has a footprint that is as
large as the mat itself, as the bowed struts continue to apply tension to all four corners of the

mat. This large footprint has drawbacks for storage of the device.

[0006] In another technique, it is possible to fold the mat in half 1n a direction away
from the arches and to lock the mat in this folded position using snaps at the corners of the
mat, with the ends of the struts still in the corner pockets of the mat. This serves to reduce

the footprint of the device, however the footprint may still be undesirably large.

[0007] In another alternative, the ends of the arches may be removed from the corner
pockets to further reduce the storage profile of the device. In this case, the struts may
‘“unbow’ to resume their original (straight) form, and the now fully detached mat may be

folded or rolled up around the unbowed struts. Although this will reduce the footprint of the

mat, the length of the unbowed struts may complicate storage.

[0008] An alternative collapsible frame structure, that can be useful for example for

supporting infant toys would therefore be desirable.

SUMMARY OF THE INVENTION

[0009] A collapsible free-standing frame structure includes N bowable resilient legs,
where N is an integer greater than one, a multi-hinge, and a leg restraint. The multi-hinge
may include a hinge body and N leg interconnectors for interconnecting the legs to the
hinge body. The leg interconnectors can be pivotally mounted to the hinge body for limited
pivotal motion between closed positions, 1n which the interconnected legs are clustered
around a central axis which extends through the hinge body, and open positions, in which
the interconnected legs extend radially relative to the central axis. A pivot stop can be
provided to prevent the leg interconnectors from pivoting beyond the open positions. To
erect the frame stfucture, the leg interconnectors can be pivoted to their open positions, the
interconnected legs can then be bowed against the pivot stop, and the distal ends of the

bowed legs can be attached to a leg restraint which maintains the legs in the bowed position.

29
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[0010] In an exemplary embodiment, N is four, and the four leg interconnectors are
evenly spaced about the hinge body of the multi-hinge. When the frame structure of such

an embodiment is erected, it has the appearance of a pair of crossed arches.

[0011] In accordance with another aspect of the present invention there is provided a
collapsible free-standing frame structure, comprising: N bowable resilient legs having pivot
attachment end portions and opposite distal end portions, where N 1s an integer greater than
one; a multi-hinge comprising a hinge body, N leg interconnectors. for pivotally
interconnecting the N bowable resilient legs proximate the attachment end portions to the
hinge body, the N leg interconnectors being pivotally mounted to the hinge body for limited
pivotal motion between closed positions, in which the interconnected legs are clustered
around a central longitudinal axis which extends through the hinge body, and open
positions, in which the interconnected legs extend radially relative to the central axis, each
of the leg interconnectors being pivotable at the attachment end portions about a leg axis
extending transversely of, and being spaced from, the central axis, and further compriéing a
pivot stop for preventing the leg interconnectors from pivoting beyond the open positions;
and a leg restraint for releasable attachment to the distal ends of the N bowable resilient
legs, the frame structure having a collapsed position wherein the leg interconnectors are 1n
the closed positions, the frame structure further having an erected position 1n which the leg
interconnectors are in the open positions and the interconnected legs are bowed against the
- pivot stop and the distal ends of the N bowed legs are attached to the leg restraint so as to

maintain the legs in the bowed position.

[0012] In accordance with another aspect of the present invention there 1s providéd a
multi-hinge for use in a collapsible free-standing frame structure, comprising: a hinge body;
N leg interconnectors for interconnecting N bowable resilient legs to said hinge body, said
N leg interconnectors being pivotally mounted to said hinge body for limited pivotal motion
between closed positions, in which the interconnected legs ére clustered around a central
longitudinal axis which extends through said hinge body, and open positions, in which the
interconnected legs extend radially relative to said central axis, each of said leg

interconnectors being pivotable about a leg axis extending transversely of, and being spaced
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from, said central axis; and a pivot stop for preventing said leg interconnectors from

pivoting beyond said open positions.

[0013] In accordance with another aspect of the present invention there is provided a A
collapsible frame structure comprising: N legs, where N is an integer greater than one, the
legs being deformable between a first generally linear configuration and a second generally
arched configuration, the legs each also being pivotable about a pivot location located
-proxiniate respective attachment end portions of each of the legs, between: (a) a first
orientation such that when the N legs are in the first configuration the legs are generally
positioned in a parallel relation to each other about a longitudinal axis and are onented
generally in a first longitudinal direction; and (b) a second orientation such that when the N
legs are 1n the second bonﬁguration the legs are generally positioned in a non-parallel
relation to each other about the loﬂgimdinal axis such that when each of thé N legs 1s 1n the
second orientation and each of the N legs is in the secoﬂd configuration, the frame structure

1s freely supported on the N legs.

[0014] In accordance with another aspect of the present invention there 1s provided a A
collapsible free-standing frame structure kit, comprising: a) a frame structure device
comprising 1) N bowable resilient legs, where N is an integer greater than one; 11) a multi-
hinge comprising a hinge body, N leg interconnectors for interconnecting the N bowable
resilient legs to the hinge body, the N leg interconnectors being pivotally mounted to the
hinge body for limited pivotal motion between closed positions, in which the interconnected
legs are clustered around a central axis which extends through the hinge body, and open
positions, in which the interconnected legs extend radially relative to the central axis, each
of the leg interconnectors being pivotable about a leg axis extending transversely of, and
being spaced from, the central axis, and a pivot stop for preventing the leg interconnectors
from pivoting beyond the open positions; and b) a leg restraint for releasable attachment to
distal ends of the N bowable resilient legs, the legs of the frame structure device [having]
movable between a collapsed position wherein the leg interconnectors are in the closed
positions, and an erected position in which the leg interconnectors can be placed in the
open positions and the interconnected legs can be bowed against the pivot stop and the
distal ends of the N bowed legs can be attached to the leg restraint so as to maintain the

legs in the bowed position.
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[001 9] In accordance with another aspect of the present invention there i1s provided a A
method of erecting a collapsible frame structure, the frame structure comprising: N legs
each having an attachment end portion and a distal end portion, where N is an integer
greater than one, the legs being deformable between a first generally linear configuration
and a second generally arched configuration, the legs also each being pivotable about a
respective pivot location located proximate the attachment end portions of each of the legs,
between: a) a first orientation such that when the N legs are also in the first configuration
the legs are generally positioned 1n a parallel relation to each other about a longitudinal axis,
_ecach_the N_legs having the distal _end portions oriented_generally in a first common
longitudinal direction; and b) a second orientation such that when the legs are in the second
configuration the legs are generally onented in non-parallel relation to each other about the
longitudinal axis; the method comprising: i) pivoting each of the N legs about the respective
pivot locations from the first orientation to the second orientation; and 1) deforming each of
~ the legs from the first generally linear configuration to the second generally arched

configuration.

[0016] In accordance with yet another aspect of the present invention there is provided a
A frame structure comprising: N ‘legs each having an attachment end and a distal end, where
N is an mteger greater than one, thé legs beivng deformable between a first generally linear
configuration and a second generally arched configuration, the N legs also each being
pivotable about a respective pivot location located proximate the attachment ends of each of
the legs, between: a) a first onientation such that when the N legs are in the first
configuration the legs are generally posttioned in a parallel relation to each other about a |
longitudinal axis, each the legs having the distal ends oniented generally in a first
longitudinal direction; and b) a second orientation such that when the legs are in the second
configuration the legs are generally oriented in non-parallel relation to each other about the
longitudinal axis; the frame structure being operable such that the legs can be pivoted about
the pivot location from the first orientation to the second orientation and each of the legs
can be deformed from the first generally linear configuration to the second generally arched
configuration and such that the legs are oriented ‘ generally 1n a longitudinal direction that is

opposite to the first longitudinal direction, so as to support the frame structure on the legs.
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[001 7] Other aspects and features of the present invention will become apparent to those
ordinarily skilled in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the figures which illustrate by way of example only an embodiment of this

invention:

[0019] FIG. 1 is a perspective view of a collapsible free-standing frame structure shown

in a collapsed position;

[0020] FIG. 2. i1s an enlarged perspective view of the multi-hinge component of the
structure of FIG. 1;

[0021]  FIG. 3 is a side view of the multi-hinge component of FIG. 2 showing the legs of

the frame structure in their closed positions;

[0022] FIG. 4 is a side view of the multi-hinge. component of the FIG. 2 showing the

legs of the frame structure 1n their open positions;

[0023] FIG. 5 is a perspective view illustrating the frame structure embodiment of FIG.
1 1n a partially erected state;

[0024] FIG. 6 is a close up side view of one of the feet of the collapsible free-standing
structure of FIG. 1; and

[0025] FIG. 7 is a perspective view of the frame structure of FIG. 1 shown 1n an erected

position; and

[0026] FIG. 8 is a perspective view of the frame structure of FIG. 1 shown 1n an erected

position with infant toys attached thereto.



CA 02616632 2008-01-25
WO 2006/010259 PCT/CA2005/001170

DETAILED DESCRIPTION

[0027] FIG. 1 illustrates a collapsible free-standing frame structure 10 and a mat 27.
Frame structure 10 has a collapsed position which provides a compact profile for storage
and an erected position in which the structure 10 may be used to support one or more items
such as for example, infant toys. The frame structure could also be used in a wide variety

of other applications such as supporting a web of material to be used for a tent or the like.

[0028] The collapsed position of frame structure 10 1s shown in FIG. 1. The erected
position is shown 1n FIGS. 7 and 8, which will be described subsequently.

[0029] As shown in FIG. 1, the frame structure 10 has two primary components,

namely, a collapsible frame 13 and a leg restraint 26.

[0030] Collapsible frame 13 is formed into arches when the structure 10 is in the erected
position (see FIGS. 7 and 8). Collapsible frame 13 consists of four legs 18a, 18b, 18c, and
18d (generically leg(s) 18) connected generally proximate to attachment ends thereof, to a
common multi-hinge mechanism 12. The legs 18 can be made of cylindrical lengths of
closed cell polyethylene foam, which may be the same material used to make so-called
“pool noodle” floatation devices. The legs 18 are accordingly bowable (1.e. can be
deformed into the shape of a bow) and may be resilient (i.e. when displaced from an 1mtial
position, a restoring force created which tends to force the leg, back towards its
undeformed, initial position).  Polyethylene foam material 1s also soft, which
advantageously reduces the risk of injury to infants who may bump into one of the legs 18
of the erected structure 10. The multi-hinge 12 consists. of a hinge body 14 which can be
generally spherical in shape and has four leg interconnectors 16a, 16b, 16c, and 16d
(generically leg interconnector(s) 16) which interconnect an attachment end portion of each
of legs 18a, 18b, 18c, and 18d, to the hinge body 14. As will be described, the leg
interconnectors 16 have longitudinal axes Ya-Yd (FIGs 2 and 3) and are configured to be

able to pivot about pivot locations in relation to the hinge body 14, allowing the legs 18 to
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be pivoted from closed positions (shown in FIG. 1) to open positions in which the legs

radiate outwardly from the hinge body 14.

[0031] In this embodiment leg restraint 26 consists of a set of four feet 22a, 22b, 22¢c,
and 22d (generically feet 22 or foot 22) interconnected by a pair of conﬁecting members
which may be flexible or semi-ﬂexible straps such as nylon straps 24a and 24b (generically
strap(s) 24). Leg restraint 26 serves to counteract the restoring force created by the bowing
of legé 18 so as to maintain the legs 18 bowed in the form of arches when the frame
structure 10 is in the erected position by preventing separation of the distal ends of opposing
ones of bowed legs -18. Each foot 22 can be formed as a plastic hemisphere with a
cylindrical bore in its spherical face (see, €.g., bore 34a of foot 22a). The bore 1n each foot
22 1s sized for receiving'and holding a distal end of a corresponding leg 18. The flat side of '
the hemisphere, which may by way of example only, have a diameter of approximately 4
inches, 1s for resfing upon the surface on which the erected arch structure 10 is placed
(typically the floor). Each strap 24 of the present embodiment interconnects two diagonally
opposing feet. Strap 24a interconnects feet 22b and 22d while strap 24b interconnects feet
22a and 22c¢. The straps 24 can be sewn or otherwise connected together at a cross point 28

near the middle of the length of each strap 24.

[0032]  Also illustrated in FIG. 1 is a square, padded mat 27, which 1s shown rolled up
for storage. The mat 27, which may be made from cloth, can be used to provide a

comfortable surface upon which an infant using the erected frame structure 10 may le.

[0033] FIGS. 2 to 4 illustrate the multi-hinge 12 in greater detail. Referring to FIGS. 2
and 3, multi-hinge 12 1s shown with leg interconnectors 16 in closed generally vertically
longitudinally oriented positions. The closed ‘ positions of leg interconnectors 16 are
achieved when the frame structure 10 1s in the collapsed position, as shown in FIG. 1. That
is, the leg interconnectors 16 are in their closed positions when the interconnected legs 18

are in their closed positions.

[0034]  As best seen in FIG. 3, each leg interconnector 16a, 16b, 16¢ and 16d consists of
a capped cylindrical tube 11a, 11b, 11c and 11d (generically tube(s) 11) with an integral ball
socket 25a, 25b, 25¢ and 25d (generically ball socket(s) 25), respectively, at 1ts capped end.

-8 -
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The cylindrical tube 11 has an opening that 1s sized to receive one end of a corresponding
leg 18 for fixed attachment thereto. Attachment between interconnectors 16 and legs 18
may be by conventional attachment mechanisms such as by way of example, adhesives, and
mechanical connections. Each ball socket 25a, 25b, 25¢ and 25d is designed to receive a
corresponding ball 17a, 17b, 17c or 17d (generically ball(s) 17) so as to form a ball and
socket pivot. The balls 17a, 17b, 17c and 17d are mounted to or integrally formed with
hinge body 14 by way of necks (1.e. mounts) 15a, 15b, 15¢ and 15d respectively (generically
neck(s) 15), and which can be circular or of another shape in cross section. The balls 17 can
be equally spaced about the spherical hinge body 14 with their centers lying in a common
horizontal plane passing though common horizontal axis X that also passes through the
center of hinge body 14. It is noted that leg interconnector 16d, ball 17d, and neck 15d are

obstructed from view 1n FIG. 3.

[0035] As shown in FIGS. 2 and 3, each ball socket 25a, 25b, 25¢ and 25d has a slot
19a, 19b, 19¢ and 19d (generically slot(s) 19) through which the corresponding neck 15a,
15b, 15¢ and 15d of balls 17 extend. The width of each slot 19 is shghtly larger than the
diameter or width of the neck 15 which passes therethrough. Pivoting of leg interconnectors
16 is achieved by rotation of the ball sockets 25 about the nested balls 17. In this
embodiment, the direction of pivoting rotation of the ball sockets 25 about a central p1vot
point is dictated by the orientation of slots 19 within which necks 15 travel. The length of
the slots 19 are chosen so as to Iimit the pivoting of leg interconnectors 16 to approximately

a 90 degree arc.

[0036] Each leg interconnector 16a, 16b, 16c and 16d pivots about a respective leg axis
21a, 21b, 21c, and 21d (see FIG. 3, noting that leg axis 21d is obstructed from view. Leg
axes 21a, 21b, 21c, and 21d are referred to generically as leg axes 21 or leg axis 21). The
leg axes 21 extend transversely of, and are spaced from, a central longitudinal axis Y which
extends vertically through the center of hinge body 14. Leg axes 21 are oriented
substantially orthogonal to axis Y. Central vertical axis Y 1s an axis about which the legs 18
are clustered and oriented generally in paralle] alignment thereto, when in their closed
positions (see FIG. 3). When the leg interconnectors 16a, 16b, 16¢c, and 16d are in their
closed positions, their longitudinal axes Ya-Yd are generally oriented parallel to axis Y and

are oriented longitudinally in a direction downwards from ring 20. In this configuration, the

_ 9.
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ends 27a, 27b, 27¢, and 27d of slots 19 abut necks 15a, 15b, 15c and 15¢ so as to preclude
further pivoting in the longitudinal direction, and towards ring 20.. However, it will be
appreciated that other mechanisms can be employed to provide a desired pivoting

movement.

[0037] FIG. 4 illustrates the multi-hinge 12 with the leg interconnectors 16 (and
interconnected legs 18) in open positions. When the leg interconnectors 16 are in their open
positiohs, the legs 18 radiate outwardly from the hinge body 14. In this positioﬁ, the ends
23a, 23b, 23c, and 23d (generically end(s) 23) of slots 19 abut necks 15a, 15b, 15¢ and 15c.

‘The slot ends 23 and necks_135 thus cumul_agjvely form a pivot stop which prevents the leg

i —pp— — —

interconnectors 16 from pivoting beyond their open positions.

[0038] Also clearly shown in FIGS. 2 to 4 is ring 20, Which can be integrally formed as
part of the hinge body 14. Ring 20 may serve as a point of attachment for an infant toy
when the frame structure 10 is in the erected position. When the frame structure 1s in the
collapsed position, the ring may provide a convenient member to assist in carrying the

frame.

[0039] A method for erection of the frame structure 10 is illustrated in FIGS. 5 to 8.
Initially, the leg restraint 26 is laid out on the floor as shown 1n FIG. 5, with straps 24 being
laid flat on the floor in a cross formation. The collapsible frame 13 is inverted from the
orientation shown in FIGS. 1, 3 and 4, so that the ring 20 points downwardly towards leg
restraint 26. The legs 18 are then pivoted about the pivot axes 21a-2'1d respectively at the
pivot locations formed by the ball 12 and socket 25 pivots, from their closed positions
(shown in FIG. 1) to their open positions in which the legs 18 have been pivotéd about 90°
from the closed position and radiate outwardly from the hinge body 14 (as shown in FIG.
5).

[0040] Either dﬁring the pivoting rotation, or thereafter, a first leg 18 i1s bowed by
application of a suitable external force to counteract the resilience of the leg, and its distal
end inserted into a corresponding foot 22a (see FIGS. 5 and 6). As best 1llustrated in‘ FIG.
6, the distal end of the leg 18 is inserted snugly within the bore 34 of the foot 22. To secure
the leg 18 within the foot 22, one half 30 of a hook-and-loop fastener (e.g. Velcro®), which

-10 -
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is sewn to the end of leg 18, can be pfessed against a complementary half 32 of the hook-

and-loop fastener, which may be glued to the bottom of bore 34.

[0041) This proceés is repeated for each of the remaining three legs 18. If more than
one person ié involved 1n erecting the frame structure 10, more than leg 18 can more easily.
be pivoted and re-configured at the same time. Once all the legs have been pivoted to their
open positions, and bowed to their generally arcﬁed configuration (which in the 1llustrated
embodiment is curvillear), the result 1s an erected frame structure 10 as shown 1n FIG.7. In
the erected position, the collapsible frame 13 portion of frame structure 10 has the
“appearance of a pair of crossed arches. The flexed legs 18 have forces in them tending to
move the legs to a straightened configuration but are maintained in their bowed poéitions by
the leg restraint 26, whose straps 24 apply tension between opposing feet 22 to prevent the
distal ends of opposing ones of legs 18 from separating. At the hinge body 14, further
downward pivotiﬁg of the leg interconnectors 16 about the pivot locations towards ring 20
is prevented by the abutment of the ends 23 of slots 19 against necks 15 (as shown in FIG.

4). The leg interconnectors 16 are thus maintained in their open positions despite the
- downward rotational force applied thereto by the bowed legs 18. When the frame structure
10 1s erécted, the height of the ring 20 from the floor may be approximately 20 inches for an
infant toy support. Thus in this embodiment, frame structure 10 can be freely supported on
the legs 18. |

[0042]  As shown in FIG. 7, mat 27 is then spread out over the straps 24 to provide a
comfortable surface upon which an infant using the frame structure 10 may lie. When
infant toys 40 are attached to the ring 20 and legs 18 (see FIG. 8), the frame structure 10 1s
ready for use. It is noted that, in FIG. 8, the legs 18, mat 27, and multi-hinge 12 can be
decorated with whimsical patterns for the amusement of an infant. To collapse the erected
frame structure 10, the process illustrated in FIGS. 5 to 8 can be reversed. When collapsing
of the frame structure 10 is complete, the structure will have the appearance shown in FIG.
1. Infant toys 40 may be left attached to the collapsible frame 13 for convenience. As will
be appreciated by those skilled in the art, modifications to the above-described embodiment
can be made without departing from the essence of the invention. For example, it 'is not
necessary for the number of legs 18 to be four. Alternative embodiments may have a lesser

or greater number of legs, provided that the number of legs 1s at least two. In such
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alternative embodiments, the number of leg interconnectors 16 in multi-hinge 12 can be
selected to match the number of legs 18. If the number of legs is only two, it may be
necessary for leg restraint 26 to be adapted to provide added support to the legs 18 at their
distal ends to prevent the arch formed by the opposing legs from toppling when an infant
tugs on a toy attached thereto. If the number of legs 1s odd, it will be appreciated that the
“half-arch” formed by a single bowed leg may not be directly opposite another “half-arch”
when the frame structure 10 is erected (assuming that the legs are evenly spaced about the
multi-hinge 12). Although the frame structure can be configured with more than four legs,
if the number of legs 1s more than four, certain disadvantages may result. For example, the
storage profile of the collapsed frame structure 10 may be undesirably increased, and
accessibility to the mat 27 of the erected frame structure 10 may be decreased. Depending
upon the number of legs in the embodiment, 1t may be desirable to modify the shape of mat
27 to be that of a polygon with the same number of vertices as there are legs, such that each
vertex of the polygon corresponds to the position of a distal end of a leg when the mat is

lain over the leg restraint 26 of the erected frame structure 10.

[0043] As well, 1t will be recognized that use of a “ball and socket” pivot between the
leg interconnectors 16 and the hinge body 14 1s not necessary. Many other forms of known
pivots providing the desired range of motion could be employed. The range of motion
provided by these pivots need not be 90 degrées, provided that the legs 18 radiate outwardly
when the leg interconnectors 16 are 1n their open positions. The legs may pivot less than or
more than 90 degrees from parallel alignment with the vertical axis. For example the legs
can be configured to pivot to an angle that 1s somewhere in the range of 45 degrees to 135
degrees from the parallel alignment with axis Y. Additionally, it is possible to configure the
pivot mechanism such that the amount of pivotal rotation can be varied (1e. The amount of
rotation can be selected from at least two different settings to provide for a choice of

configurations). However, different strap and mat configurations might also be required.

[0044] It will further be appreciated that the leg restraint 26 need not consist of straps 24
interconnecting opposing feet 22. The leg restraint may take other forms. For example, in
one variation, each foot 22 may be attached by straps (or other tethers) to its adjacent feet
22 rather. than by a single strap to its opposing foot 22. In this variation, the straps of a four-

legged embodiment would form a square, with a foot 22 1n each corner of the square. In
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another variation, there may be no need for any straps whatsoever. For example, the feet 22
may be permanently atfached directly to the corners of mat 27, with mat 27 serving to tether
the feet 22 to each other. In yet another variation, the leg restraint 26 may not have any feet
per se. Rather, the distal ends of legs 18 may be attached directly to straps 24 or to the mat
27, e.g., to pockets formed therein, or using connectors such as hook-and-loop connectors or
other forms of releasable connector. The specific form of leg restraint 26 is not important as
long as the restraint 26 serves to keep the legs 18 of the erected frame structure 10 in their

bowed positions, in order to keep the frame structure 10 1n its erected position.

—.— [0045]——If an -embodiment- does have-feet 22, 1t-1s-not. necessary -for the feet to be

hemispheres. The feet could have various other shapes, such as other (non-hemisphere)
types of sphere segments, catenoids, or disks for example. Preferably, each foot should
‘have a wide flat base for stability and should if being used for an infant’s toy, lack sharp

edges which could pose a risk of injury to an infant.

[0046] Additionally, the legs 18 need not be manufactured from closed cell
polyethylene foam. They may be made from other bowable resilient matenials, such as

fiberglass or certain plastics, which may be nested within a cloth sleeve.

[0047] Furthermore, it is not necessary that the legs be made of matenals which are
resilient. For example, it is possible to provide legs which can be deformed from a
substantially straight conﬁguration to a substantially bowed or arched configuration by the
application of a force, and then will hold in the arched configuration within desired
operatioﬁal limits without a restraining mechanism. For example, the legs could be
configured from a series of interconnected leg segments, having detent mechanisms for
holding two adjacent leg portions in two different relative positions. Alternately, special
materials or combinations of materials such as possibly shape memory materials, which can
be deformed from an initial configuration, hold the deformed configuration within

operational limits, and then be returned again thereafter to its initial configuration.

[0048] Fundamentally, the frame structure 10 may be used for purposes other than
supporting infant toys. For example, the frame structure 10 could be used to support a tent

or the like.
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[0049]  Other modifications will be apparent to those skilled in the art and, therefore, the

invention is defined 1n the claims.
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WHAT IS CLAIMED IS:

1. A collapsible free-standing frame structure, comprising:

N bowable resilient legs having pivot attachment end portions and opposite distal

end portions, where N is an integer greater than one;

~a multi-hinge comprising a hinge body, N leg interconnectors for pivotally
interconnecting said N bowable resilient legs proximate said attachment end
portions to said hinge body, said N leg interconnectors being pivotally mounted to
said hinge body for limited pivotal motion between closed positions, in which the
interconnected legs are clustered around a central longitudinal axis which extends
through said hinge body, and open positions, in which the interconnected legs
extend radially relative to said central axis, each of said leg interconnectors being
pivotable at said attachment end portions about a leg axis extending transversely of,
and being spaced from, said central axis, and further comprising a pivot stop for

preventing said leg interconnectors from pivoting beyond said open positions; and

a leg restraint for releasable attachment to said distal ends of said N bowable

resilient legs,

said frame structure having a collapsed position wherein said leg interconnectors are in
said closed positions, said frame structure further having an erected position in which
said leg interconnectors are in said open positions and said interconnected legs are
bowed against said pivot stop and said distal ends of said N bowed legs are attached to

said leg restraint so as to maintain said legs in said bowed position.

2. The frame structure of claim 1 wherein said leg restraint comprises N feet for receiving

said distal ends of said N bowed legs.

3. The frame structure of claim 2 wherein said leg restraint further comprises tethers

interconnecting each of said feet to at least one other of said feet so as to lmit separation

therebetween.
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4. The frame structure of claim 3 wherein said tethers interconnect opposing ones of said

10.

11.

12.

feet.

The frame structure of claim 2 wherein each of said feet comprises a bore for receiving

a distal end of one of said bowed legs.

The frame structure of claim 2 wherein each of said feet comprises a releasable

connector for attaching a distal end of one of said bowed legs.

The frame structure of claim 6 wherein said releasable connector comprises one of a
hook portion or 2 loop portion of a hook-and-loop connector, and wherein said distal
end of said bowed leg has permanently attached thereto the other of said hook portion or

loop portion of a hook-and-loop connector.

The frame structure of élaim 1 further comprising a mat for providing a comfortable

surface under said frame structure in said erected position.
The frame structure of claim 1 wherein N 1s four.

The frame structure of claim 1 wherein said legs are made from closed cell polyethylene

foam.

The frame structure of claim .1 wherein said multi-hinge is suspended about 20 inches

above a surface upon which said frame structure is placed when 1n said erected position.

A multi-hinge for use in a collapsible free-standing frame structure, comprising:

a hinge body;

N leg interconnectors for interconnecting N bowable resilient legs to said hinge
body, said N leg interconnectors being pivotally mounted to said hinge body for
limited pivotal motion between closed positions, in which the interconnected legs
are clustered around a central longitudinal axis which extends through said hinge
body, and open positions, in which the interconnected legs extend radially relative to

said central axis, each of said leg interconnectors being pivotable about a leg axis
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13.

14,

15.

16.

17.

18.

19.

extending transversely of, and being spaced from, said central axis; and

a pivot stop for preventing said leg interconnectors from pivoting beyond said open

positions.

The multi-hinge of claim 12 wherein each of said leg interconnectors comprises a

receptacle for receiving an end of one of said legs.

The multi-hinge of claim 13 wherein said receptacle is tubular.

The multi-hinge of claim 12 wherein each of said leg interconnectors comprises one of a
ball portion and a socket portion of a ball and socket pivot and wherein said hinge body
comprises, for each of said N leg interconnectors, the other of said ball portion and
socket portion of said ball and socket pivot, each said socket portion having a slot for
receiving a bali mount of a corrésponding ball portion, and wherein said pivotal motion
of each of said N leg interconnectors 1s provided by relative rotation of said socket
portion about said corresponding ball portion, the direction of said rotation being

dictated by travel of said ball mount within said slot.

The multi-hinge of claim 15 wherein said pivot stop compnses, for each of said N leg
interconnectors, abutment of an end of said slot in said socket portion of said ball and
socket pivot against the ball mount of a corresponding ball portion of said ball and

socket pivot.

The multi-hinge of claim 12 wherein N 1is four.

The multi-hinge of claim 12 wherein said N leg interconnectors are evenly spaced about

said hinge body.

A collapsible frame structure comprising:

N legs, where N 1s an integer greafer than one, said legs being deformable between a
first generally linear configuration and a second generally arched configuration, said

legs each also being pivotable about a pivot location located proximate respective
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attachment end portions of each of said legs, between:

(a) a first orientation such that when said N legs are in said first configuration said
legs are generally positioned in a parallel relation to each other about a

longitudinal axis and are oriented generally in a first longitudinal direction; and

(b) a second orientation such that when said N legs are in said second configuration
saild legs are generally positioned 1n a non-parallel relation to each other about
said longitudinal axis

such that when each of said N legs is in said second orientation and each of said N

legs is in said second confi guration, said frame structure is freely supported on said

N legs.

20. The frame as claimed in claim 19 wherein when each of said N legs 1s in said second
orientation and each of said N legs is in said second configuration said N legs are
oriented generally toward a second longitudinal direction that 1s opposite to said first

longitudinal direction.

21. The frame as claimed in claim 19 wherein said legs are resiliently deformable between a

said first configuration and said second configuration.

22. The frame as claimed in claim 20 wherein said legs are resiliently deformable between

said first configuration and said second configuration.

23. The frame as claimed in claim 20 wherein said legs are 1n said second orentation, said
second generally arched configuration extends the distal end portions opposite said
attachment end portions of said legs concavely away from said first generally

longitudinal direction.

24. A collapsible free-standing frame structure kit, comprising:

a) a frame structure device comprising
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1) N bowable resilient legs, where N 1s an integer greater than one;
i1) a multi-hinge comprising a hinge body, N leg interconnectors for

interconnecting said N bowable resilient legs to said hinge body, said N leg
interconnectors being pivotally mounted to said hinge body for limited
pivotal motion between closed positions, in which the interconnected legs are
clustered around a central axis which extends through said hinge body, and
open positions, in which the interconnected legs extend radially relative to
said central axis, each of said leg interconnectors being pivotable about a leg
axis extending transversely of, and being spaced from, said central axis, and
a pivot stop for preventing said leg interconnectors from pivoting beyond

said open positions; and

b) a leg restraint for releasable attachment to distal ends of said N bowable resilient

legs,

said legs of said frame structure device [having] movable between a collapsed position
wherein said leg interconnectors are in said closed positions, and an erected position in
which said leg interconnectors can be placed 1n said open positions and said
interconnected legs can be bowed against said pivot stop and said distal ends of said N
bowed legs can be attached to said leg restraint so as to maintain said legs in said

bowed position.

25. The kit of claim 24 further comprising a mat for providing a comfortable surface under

-

said frame structure in said erected position.

26. A method of erecting a collapsible frame structure, said frame structure comprising:

N legs each having an attachment end portion and a distal end portion, where N 1s an
integer greater than one, said legs being deformable between a first generally linear
configuration and a second generally arched configuration, said legs also each being
pivotable about a respective pivot location located proximate said attachment end

portions of each of said legs, between:
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a) a first orientation such that when said N legs are also in said first configuration
said legs are generally positioned in a paralle] relation to each other about a
longitudinal axis, each said N legs having said distal end portions oriented generally |

in a first common longitudinal direction; and

b) a second orientation such that when said legs are 1n said second configuration said
legs are generally oniented 1n non-parallel relation to each other about said

longitudinal axis;
sald method comprising:

1) pivoting each of said N legs about said respective pivot locations from said

first orientation to said second orientation; and

11) deforming each of said legs from said first generally linear configuration to

sald second generally arched configuration.

27. A method as claimed in claim 26 wherein when each of said N legs is in said second
orientation and each of said N legs is in said second configuration, said N legs are
oriented generally toward a second longitudinal direction that 1s opposite to said first

longitudinal direction.

28. A method as claimed in claim 26 wherein said legs are resiliently deformable between

said first configuration and said second configuration.

29. A method as claimed in claim 28 wherein said frame structure further comprises a
wherein said method comprises securing each of said legs in said second generally

arched configuration.

30. The method as claimed in claim 27 wherein said legs are resiliently deformable between
said first configuration and said second configuration, and wherein said method

comprises securing each of said legs 1n said second generally arched configuration.
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31. The method as claimed in claim 26 wherein when said legs are in said second
orientation, said legs are deformed concavely away from said first longitudinal

direction.

32. A method as claimed in claim 26 wherein said arched configuration is generally

curvilinear in shape.

33. A frame structure comprising:

N legs each having an attachment end and a distal end, where N 1S an integer greater
than one, said legs being deformable between a first generally linéar configuration
and a second generally arched configuration, said N legs also each being pivotable
about a respective pivot location located proximate said attachment ends of each of

sald legs, between:

a) a first orientation such that when said N legs are 1n said first configuration said
legs are generally positioned in a parallel relation to each other about a longitudinal
axis, each said legs having said distal ends oriented generally in a first longitudinal

direction; and

b) a second orientation such that when said legs are in said second configuration said
legs are generally oriented in non-parallel relation to each other about said

longitudinal axis;

said frame structure being operable such that said legs can be pivoted about said pivot
location from said first orientation to said second orientation and each of said legs can be
deformed from said first generally linear configuration to said second generally arched
configuration and such that said legs are oriented generally in a longitudinal direction that is
opposite to said first longitudinal direction, so as to support said frame structure on said

legs.
34. The frame as claimed 1n claim 33 wherein said legs are resiliently deformable between a
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said first configuration and said second configuration.
35. The frame as claimed in claim 33 wherein said legs are in said second orientation, said

second generally arched configuration extends the distal ends of said legs concavely

away from said first longitudinal direction.
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