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(57) Abstract: A collapsible storage device
includes a collapsible container and a lid for
the container. The container includes a plurality
of resilient wall panels and a flexible hinge
connecting each adjacent pair of wall panels. The
container may be foldably converted between
a substantially flat collapsed position and a
substantially rectangular prismatic expanded
position by articulating the wall panels about the
flexible hinges. One side of the lid is adapted
to cover an opening into the container when the
container is in an expanded position. The opposite
side of the 1id is adapted to receive the substantially
flat collapsed container within a recess in the lid.
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TITLE
COLLAPSIBLE STORAGE DEVICE AND METHOD OF MAKING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims the benefit of U.S. Provisional Application No.
60/561,497 filed on April 12, 2004.

REFERENCE REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0002] Not applicable.

SEQUENTIAL LISTING

[0003] Not applicable.

BACKGROUND OF THE INVENTION
1. Technical Field

[0004]  The present invention is directed toward a device for storing objects, and more

particularly a collapsible storage device.
2. Background Art

[0005] It is sometimes desirable to have a storage device in which the device is
convertible between an expanded position and a collapsed position. In the expanded position,
the storage device is capable of retaining objects within an interior space. In the collapsed
position, the storage device has less or even no storage capabilities but is more convenient to

store because it takes up less space.

[0006] One storage device is a collapsible metal box container having a bottom, four
sides, and a lid. The bottom and four sides are connected to each other with pin and knuckle

hinges, and the lid is connected to one of the sides with pin and knuckle hinges. Each of the
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bottom and two opposing sides is divided into a pair of opposing triangular segments that are
connected to each other with pin and knuckle hinges. The box can be folded or unfolded

between an expanded box shape and a substantially flat or planar collapsed shape.

[0007] Another storage device is a collapsible cardboard container having a square
bottom, four rectangular side walls extending upwardly from the bottom, and an opening
opposite the bottom. A removable lid is provided to cover the opening with a peripheral
flange fitting about the side walls. Each side wall is separated into three sections, and at least
one of the sections of each of the four side walls is divided into a pair of hingedly connected
opposing triangular segments. The container may be folded between a collapsed position and
an expanded position by twisting the side walls to either fold or unfold the triangular

segments.

SUMMARY OF THE INVENTION

[0008] In one aspect of the invention, a storage device includes a container having a
plurality of resilient wall panels defining four side walls and a bottom wall, wherein each
adjacent pair of wall panels is joined by a flexible hinge such that the container is articulably
convertible about the hinges between a substantially flat collapsed position and an expanded
position defining an opening into an interior of the container. The storage device also has a
lid that receives the container in the collapsed position and sealingly covers the opening of

the container in the expanded position.

[0009] In another aspect of the invention, a collapsible container includes a plurality of
resilient wall panels, each adjacent pair of which is articulably connected with a flexible
hinge extending therebetween. The wall panels articulate about each of the flexible hinges
between a substantially flat collapsed position and a substantially rectangular prismatic

expanded position that defines a substantially rectangular opening into an interior space.

[0010] These and other aspects and advantages of the present invention will become

apparent upon consideration of the following detailed description in which;
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an isometric view of a collapsible storage device according to one
embodiment of the invention with a lid over an opening of a collapsible container in an

expanded position;

[0012] FIG. 2 is an isometric view of the storage device of FIG. 1 with the collapsible

container in a collapsed position and ready to be placed in a recessed portion of the lid;

[0013] FIG. 3 is a vertical cross-sectional view of the storage device of FIG. 2 with the

collapsed collapsible container partly shown fitted into the recessed portion of the lid;

[0014] FIG. 4 is a fragmentary cross-sectional view taken generally along the lines 4-4 of
FIG. 1;

[0015] FIG. 5 is a fragmentary cross-sectional view taken generally along the lines 5-5 of
FIG. 1;

[0016]  FIG. 6 is an isometric view of an embodiment of a collapsible container having

arched living hinges;

[0017] FIG. 6A is an isometric view of another embodiment of a collapsible container

having arched living hinges;

[0018] FIG. 7 is a fragmentary cross-sectional view similar to FIG. 3 of an embodiment
of a storage device including a lid without a snap-fit retainer for retaining the collapsed

collapsible container in the recess of the lid;

[0019] FIG. 8 is a fragmentary cross-sectional view similar to FIG. 7 of another
embodiment of a storage device including a lid having a recess that completely accepts the

collapsed collapsible container within a snap-fit retainer wall;

[0020] FIG. 9 is a fragmentary cross-sectional view similar to FIG. 7 of yet another
embodiment of a storage device including a lid having a sealing mechanism and a snap-fit

locking feature for retaining the lid on the side walls of the collapsible container;
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[0021] FIG. 10 is a vertical cross-sectional view of a further embodiment of a storage

device including two storage devices stacked one on top of the other;

[0022] FIG. 11 is a fragmentary, enlarged, cross-sectional view of a portion of the lid and
collapsible containers of FIG. 10;

[0023] FIG. 12 is a plan view of a sheet of material to be formed into a collapsible

container similar to the container of FIG. 1;

[0024] FIG. 13 is a plan view of an alternative arrangement of material to be formed into

a collapsible container similar to the container of FIG. 1;

[0025] FIG. 14 is a fragmentary cross-sectional view similar to FIG. 4 of an alternative
hinge;

[0026] FIG. 15 is an isometric view of a multi-unit collapsible storage device according

to another embodiment of the present invention;

[0027] FIG. 16 is an isometric view of a storage device according to yet another
embodiment of the present invention including a collapsible container and a lid hingedly

attached to the container;

[0028] FIG. 17 is a side elevational view of the storage device of FIG. 16 with the

collapsible container in an expanded position and the lid in an open position;

[0029] FIG. 18 is an isometric view of yet another embodiment of a collapsible container

according to the present invention;

[0030] FIG. 19 is a partial cross-sectional view of the collapsible container of FIG. 18 in

a collapsed position;

[0031] FIG. 20 is an enlarged isometric inside view in partial cross section of a single

thickness corner of the collapsible container of FIG. 18;

[0032] FIG. 21 is an enlarged isometric inside view in partial cross section of a double

thickness corner of the collapsible container of FIG. 18;
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[0033] FIGS. 22A, 22B, and 22C are diagrammatic views of a collapsible container at
three stages in a method of manufacturing according to one embodiment of the present

invention;

[0034]  FIGS. 23A and 23B are diagrammatic isometric views of a collapsible container at
two stages in a method of manufacturing according to another embodiment of the present

invention,

[0035] FIGS. 24A and 24B are diagrammatic isometric views of a collapsible container at
two stages in a method of manufacturing according to yet another embodiment of the present

invention;

[0036] FIG. 25A is an isometric view of a collapsible container according to a further

embodiment of the present invention;

[0037]1 FIG. 25B is a partial isometric view of a bottom side of the collapsible container
of FIG. 25A;

[0038]  FIG. 25C is an enlarged partial isometric view of an interlocking mechanism on
the collapsible container of FIG. 25A;

[0039] FIG. 25D is an enlarged partial isometric view of an upper corner on the
collapsible container of FIG. 25A;

[0040]  FIG. 26 is an enlarged partial isometric view of another interlocking mechanism

on a collapsible container of the present invention;

[0041] FIG. 27 is an enlarged partial isometric view of still another interlocking

mechanism on a collapsible container of the present invention;

[0042] FIG. 28 is an isometric view of a collapsible container according to a further

embodiment of the present invention; and

[0043]  FIGS. 29A-29] are diagrammatic isometric views of yet other embodiments of

collapsible containers according to the present invention.
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DETAILED DESCRIPTION

[0044] Referring now to FIGS. 1-3, a single unit storage device 20 according to the
present invention includes a collapsible container 22 and a lid 24. The container 22 includes
resilient wall panels connected by flexible hinges that are convertible between an expanded
position as shown in FIG. 1 and a collapsed position as shown in FIG. 2. The container 22
and lid 24 in one embodiment are made of a blow molded thermoplastic, such as
polypropylene, polyethylene, or other polyolefin, nylon, or other resilient polymeric material.
In another embodiment, the container 22 and the lid 24 are made of organic or biodegradable
polymers, such as polyesters based on lactic acid (e.g., PLA). The container 22 includes a
bottom wall 26 and four side walls 28, 30, 32, 34 extending upwardly from the outer
periphery of the bottom wall. Each of the bottom wall 26 and the side walls 28, 30, 32, 34 is
substantially square in shape, although one or more of the walls may have a different shape.
Each of the bottom wall 26 and the side walls 28, 32 includes a pair of complimentary
triangular panels 26a, 26b, 28a, 28b, and 32a, 32b, respectively, wherein the panels of each
pair are hingedly joined to form the respective wz;.ll. Each of the side walls 30, 34 comprises
a single panel 30a, and 34a, respectively. Each panel 26a, 26b, 28a, 28b, 30a, 32a, 32b, and
34a is connected to adjacent panels by one of living hinges 36a, 36b, 36¢, 36d, 36e, 36f, 36g,
36h, 38a, 38b, 38¢c such that the container 22 may be converted from the expanded position of
FIG. 1 to the substantially flat collapsed position of FIG. 2. This conversion is accomplished
by moving the panel 30 and the panel 34 in opposite directions (as seen in FIG. 1) so that
corners 42a and 42b converge toward one another. Continued opposite movement of the
panels 30a and 34a results in rotation of the panel 30a clockwise and rotation of the panel 34a
counterclockwise (as seen in FIG. 1) 90 degrees with respect to each other, during which time
the panels 26a and 26b, 28a and 28b, and 32a and 32b collapse inwardly toward one another
in a folding motion about the hinges 38b, 38a, and 38c, respectively. This collapsing is
afforded by movement of the panels 26a, 26b, 28a, 28b, 30a, 32a, 32b, and 34a about the
living hinges 36a-h, 38a-c. Eventually, the panels 26a, 26b, 28a, 28b, 30a, 32a, 32b, and 34a
collapse into the configuration shown in FIG. 2. The collapsed container 22 may be

expanded by reversing the process. Another method of converting the container 22 to the
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collapsed position is to push bottom hinge 38b upwardly (as depicted in FIG. 1) and hinges
38a, 38b inwardly, which causes the same folding/collapsing motion of the panels 26a,b;
28a,b; and 32a,b as heretofore described.

[0045] In the expanded position, the bottom wall 26 and side walls 28-34 of the container
22 define an interior space 44 and upper edges 46 of the side walls 28-34 define an opening
48 into the interior space. The interior space 44 of the expanded container 22 may be filled
through opening 48 with a product (not shown). The force of the product contained within
the interior space 44 pressing outwardly against the side walls 28, 32 and bottom wall 26, and
hinges 38a-c assist in maintaining the container 22 in the expanded position by preventing the
panels 26a,b; 28a,b; and 32a,b from collapsing inwardly, and in another embodiment, one or
more latching mechanisms are used to maintain the container in the expanded position. The

lid 24 is adapted to cover the opening 48 to completely enclose the interior space 44.

[0046]  The lid 24 has a product side 50 and a stacking side 52 opposite the product side.
The lid 24 includes a cover plate 54, a peripheral flange 56 with an out-flared skirt 58, a
tapered lead-in 60, and a retaining wall 62 with an in-turned lip 64 along the upper edge. The
flange 56 and lead-in 60 define a groove 66 extending around the outer periphery of the cover
plate 54 on the product side 50 of the lid 24. The cover plate 54 is adapted to cover the
opening 48 of the container 22 when in the expanded position with the upper edge 46 of the
side walls 28-34 fitting into the peripheral groove 66 of the lid 24 so that the product side 50
is facing any product contained in the interior space 44. The tapered lead-in 60 and flared
skirt 58 help guide the upper edge 46 of the side walls 28-34 into the groove 66 as the lid 24
is being placed over the opening 48. The lead-in 60 extends below the flared skirt 58 with a
gentle enough taper to readily catch the side walls 28-34 and urge them outwardly if they are
bowed inwardly. For this purpose, the lead-in 60 is preferably tapered inwardly (i.e., toward
the center of the lid 24) from the groove 66 a distance greater than any anticipated inward
bowing of the side walls 28-34. The lead-in 60 is preferably formed by the opposite side of a
recessed channel 68 in the cover plate 54 inwardly spaced from the outer periphery of the
cover plate; however, any form of tapered lead-in structure could be used. In one
embodiment, the recessed channel 68 extends continuously around the cover plate 54, and in

another embodiment, the recessed channel extends intermittently around the cover plate.
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Structural and esthetic relief indentations 70 in the cover plate 54 provide added structural
integrity and esthetic designs to the lid 24. The retaining walls 62 protrude upwardly from
and extend intermittently around the cover plate 54 to form a recess 72 on the stacking side
52 of the lid. The recess 72 is adapted to receive the container 22 in either the collapsed
position or the expanded position so that the container can be stacked on to the stacking side
52 of the lid 24. The container 22 lies substantially flat within the recess 72 when in the
collapsed position as partially depicted in dashed lines at 74 in FIG. 3. The lip 64 resiliently
presses against the edges of at least one of the side walls 28-34 of the collapsed container 22
that is fitted within the recess 72 to releasably restrain the container within the recess by
means of a snap-fit. A thumb tab 76 extending outwardly from the flange 56 provides a
convenient mechanism for prying the lid 24 away from the container 22, both when the

container is stacked within the recess 77, and when the 1id is covering the opening 48.

[0047] Referring now to FIGS. 4 and 5, each living hinge 36a-h and 38a-c according to
one embodiment of the present invention includes a notch 78 and a flexible hinge portion 80
as best seen in FIG. 4. The hinge portion 80 is slightly off center from the panel axis, which
provides a measure of directionality to the hinge, and which conveniently lends itself to
describing the hinges in the container 22 as being either interior hinges or exterior hinges.
An interior hinge is a living hinge in which the hinge portion 80 is offset toward the interior
space 44 of the expanded container 22. An exterior hinge is a living hinge in which the hinge
portion 80 is offset away from the interior space 44 of the expanded container 22. Hinges
36a-h are interior hinges, and hinges 38a-c are exterior hinges. This placement of interior
and exterior living hinges allows the hinge portion 80 of each of the hinges 36a-h, 38a-c to be
rotated away from the notch 78 when converting the container 22 from the expanded position
to the collapsed position as shown in FIGS. 4 and 5, which minimizes any interference
between the panels on opposite sides of the hinge portion as those panels are rotated about the

hinge portion.

[0048] Referring now to FIG. 6, another storage device 620 according to the present
invention includes the lid 24 and a collapsible container 622, which is similar to container 22
in all respects except that hinges 638a-c are arched living hinges. An arched hinge is slightly

curved between the two longitudinal ends of the hinge as shown for the hinges 638a-c in FIG.
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6. (The curvature of the hinges 638a-c shown in FIG. 6 exaggerates the curvature of the
hinges for illustrative purposes only.) In one embodiment, the amount of curvature is
sufficient to cause the hinges 638a-c to be bi-modal, having a stressed mode when the hinges
are folded and an unstressed mode when the hinges are not folded. This bi-modal stress
tendency continually urges the container 622 toward the expanded position because the
stressed folded mode of the hinges 638a-c in the collapsed position urges the side wall panels
626a,b; 628a,b; and 632a,b toward the unstressed unfolded mode of the expanded position.
For the container 622, it is advantageous that the collapsed container can snap-fit into the
recess 72 of the lid 24, which helps maintain the container in the collapsed position while
being stored or stacked. For this purpose, it is also advantageous to use the lid 824, discussed

in detail herein below, with container 622.

[0049] In one embodiment according to the present invention, the arched living hinges
638a-c are arched in the plane of the respective side or bottom, i.e., in-plane arched hinges.
An in-plane arched hinge is formed having the edge of one panel 628a arched inwardly and
having the opposing edge of opposing panel 628b arched outwardly complementary to the
opposite panel edge. In another embodiment, the arched living hinges 638a-c bulge
outwardly, or are arched out of the plane of the respective side or bottom, i.e., out-of-plane
arched hinges. An out-of-plane arched hinge is formed by arcuately arching each of the
opposing edges of two adjacent panels, such as 628a and 628b, outwardly. In a further
embodiment, an out-of-plane arched hinge is formed by arching each opposing hingedly
joined panel edge outwardly with a plurality of straight line segments that collectively form a

convexly arched panel edge.

[0050] In another embodiment according to the present invention having arched living
hinges, shown in FIG. 6A, a collapsible container 622 is similar to the collapsible container
22, except that each of vertical corner hinges 636a, 636b, 636¢, and 636d are out-of-plane
arched hinges. Bottom wall 626 and opening 648 are square, sides 628, 630, 632, and 634
having straight upper edges 646 and straight bottom edges 647. In one embodiment, the
opening 648 is larger than the bottom wall 626 so that the curved vertical hinges 636a-d are
always inside a vertical projection of the opening 648 in order to facilitate easy ejection of the

container 622 from a non-segmented mold. In another embodiment, the opening 648 is the



WO 2005/100170 PCT/US2005/012430
-10-

'same size as the bottom wall 626, and the curved vertical hinges 636a-d bow outwardly of the
vertical projection of the opening. Other embodiment combinations of arched hinges include,
having all of the hinges be out-of-plane arched hinges, having at least one of the hinges be an
out-of-plane arched hinge with the remaining hinges being straight hinges, and having a

combination of in-plane arched hinges, out-of-plane arched hinges, and straight hinges.

[0051] Referring now to FIG. 7, yet another embodiment according to the present
invention similar to the storage device 20 includes the container 22 and a lid 724 similar to
the 1id 24. The lid 724 includes a cover plate 754, a peripheral flange 756, and a retaining
wall 762 protruding above the peripheral flange 756 defining a recess 772 into which the
collapsed container 22 may be fitted to lie flat against the cover plate 754. The retaining wall
762, however, is substantially smooth in that there is no in-turned lip along the upper edge of

' the wall, which allows the container 22 to slide freely into and out of the recess 772.

[0052] Referring now to FIG. 8, a further storage device 820 according to the present
invention similar to the storage device 20 includes the container 22 and a lid 824 similar to
the lid 24. The lid 824 includes a cover plate 854 and a retaining wall 862 that extends
intermittently around the cover plate to define a recess 872. The retaining wall 862 protrudes
upwardly from the cover plate 854 a height sufficient for the entire thickness of the collapsed
container 22 to fit within the recess 872. An in-turned lip 864 along an upper edge of
retaining wall 862 is spaced above the cover plate 854 a distance sufficient for the thickness
of the entire collapsed container 22 to fit between the cover plate and the lip with a snap-fit.
For this embodiment, it is convenient for a user of the storage device 820 that the intermittent
retaining wall 862 defines an access notch 872 between adjacent sections of the wall, which
allows the user access to the edge of the container 22 for prying the container past the lip 864

out of the recess 872.

[0053] Referring now to FIG. 9, another storage device 920 according to the present
invention similar to the storage device 20 includes a collapsible container 922 similar to the
container 22 and a lid 924 similar to the container 24. The container 922 includes four side
walls 928, 930, 932, 934 that define an opening 948 when the container 922 is in the
expanded position. The lid 924 includes a cover plate 954 and a peripheral flange 956 around
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the cover plate that defines a peripheral groove 966 for receiving the side walls 928, 930,
032, 934 of the container 922 in the expanded position. A retention mechanism for
releasably snap-fitting the lid 924 to the container 922 when in the expanded position to
cover the opening 948 includes a rib 984 protruding from the flange 956 into the groove 966
and an out-turned lip 986 about the upper periphery of the upper edge 946 of the side walls
928, 930, 932, 934. The lip 986 is adapted to snap resiliently past the rib 984 to provide a
snap-fit of the side walls 928, 930, 932, 934 into the groove 966. A sealing mechanism for
creating a seal between the lid 924 and the side walls 928, 930, 932, 934 when the lid is
covering the opening 948 includes a seal ’ring 988 extending continuously around and
protruding into the groove 966. The seal ring 988 may be one or more small ridges, flexible
flaps, embedded o-rings, or some other sealing protrusion. When the side walls 928, 930,
932, 934 are fitted into the groove 966, the seal ring 988 abuts against the side walls to
provide a seal between the lid 924 and the side walls. In one embodiment, a seal ring 988
that comprises small ridges is used on a lid 924 made of a relatively soft or pliable material.
In another embodiment, an upper wall of the groove 966 in the lid 924 is urged into sealing
engagement with a top portion of the upper edge 946 by resilient interaction between one or
more retention ridges or bumps on the lid and the container, such as, for example, between

the out-turned lip 986 and the rib 984, or between similar structures.

[0054] Referring now to another embodiment of the present invention shown in FIGS. 10
and 11, additional storage devices 1020 similar to storage device 20 are adapted for stacking,
one on top of the other, when in the expanded position. Containers 1022 and lids 1024 are
similar to the container 22 and lid 24, except for a snap-fit stacking mechanism and a lid
sealing mechanism. The snap-fit stacking mechanism includes a rib 1090 extended along the
bottom periphery of side walls 1028, 1030, 1032, 1034 of the container that provides a snap-
fit with a lip 1064 in a retaining wall 1062 of the lid. The sealing mechanism includes a pair
of sealing ridges 1092 extending continuously around the upper edge of side walls 1028,
1030, 1032, 1034. The ridges 1092 abut against the inner surface of the groove 1066 in lid
1024 when the side walls 1028, 1030, 1032, 1034 are fitted within the groove 1066. The
containers 1022 are cubic in form, and the bottom wall 1026 of the container 1022 fits into

the recess 1072 in the lid 1024 when in the expanded position, and either side wall 1030,
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1034 of the collapsed containers 1022 fits into the recess 1072 in a similar manner as with

storage device 20.

[0055] Referring now to FIG. 12, a method of forming a container similar to container 22
is shown, in which a sheet 1294 of resilient thermoformed plastic material is formed flat in a
splayed form. Hinges 1238c, 1236e, 1236a, 1238a, 1236d, 1236¢, and 1238b may be either
mechanically stamped or thermoformed into the sheet 1294 between adjacent panels 1226a,b;
1228a,b; 1230a; 1232a,b; 1234a. When the panels1226a,b; 1228a,b; 1230a; 1232a,b; 1234a
are folded to form the expanded box shape of the container, the remaining hinges are formed

with a flexible membrane, such as an adhesive tape, a flexible plastic, cloth, etc.

[0056] In another embodiment, the panels 1226a,b; 1228a,b; 1230a; 1232a,b; 1234a of
the container 22 are formed of cardboard or thick paper and are hingedly connected with glue
or tape; and in yet other embodiments, the panels are formed of other resilient materials and

the hinges are formed of other flexible materials and joined to the panels.

[0057] Referring now to FIG. 13, another alternative method of forming a container
similar to container 22 is shown, in which each panel 1326a, 1326b, 1328a, 1328b, 1330,
1332a, 1332b, 1334 is individually die cut from an extruded sheet of plastic. The panels are
then arranged to form a splayed flat outline 1394 of the collapsible container 22 with the
edges of adjacent panels butting against each other. Adjacent panels are then hingedly joined
with a strip of flexible membrane 1398 such as an adhesive tape as depicted in FIG. 14. The
membrane 1398 is placed on one side of the panels for interior hinges 1336a,c.d.e, and the
membrane is placed on the opposite side of the panels for exterior hinges 1338a-c.
Alternatively, a sheet 1399 of flexible backing material may be used to cover an entire side of
the outline 1394 of the container 22. The sheet 1399 may be bonded to the panels 1226a,b,
1228a,b, 1230a, 1232a,b, 1234a with an adhesive, or the sheet may be thermally bonded to
the panels if the sheet is made of a plastic film such as nylon, polyvinyl chloride, or a
polyolefin such as polypropylene or polyethylene. In this case, some of the joints 1396
between adjacent panels would be abutting joints and some joints would be slightly spaced in

order to minimize any interference between adjacent panels when folded.
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[0058] Referring now to FIG. 15, another collapsible storage device 1510 includes three
individual storage units 1512 connected side by side with each adjacent pair of storage units
1512 having a common side wall. Each storage unit 1512 is similar to container 22 in that it
includes a pair of opposing square side wall panels 1514, a triangularly segmented bottom
wall 1516, and triangularly segmented opposing side walls 1518 that are hingedly
interconnected. The common side wall between adjacent units 1512 is one of the square
panels 1514. The common side wall may be either a pair of abuiting panels 1514 from two
individual storage units 1512 or a single panel 1514 common to both storage units. The
entire storage device 1510 may be converted between an expanded position as shown in FIG
15 and a substantially flat collapsed position (not shown). Alternatively, any one of the
individual storage units 1512 may be converted while other storage units 1512 in the storage

device remain unconverted.

[0059] Referring now to FIGS. 16 and 17, another storage device 1620 according to the
present invention includes a collapsible container 1622 similar to container 22 and a lid 1624
similar to 1id 24. The container includes a bottom wall 1626 and side walls 1628, 1630,
1632, 1634. Each of side walls 1628, 1632, and bottom wall 1626 is triangularly segmented
and inwardly foldable about living hinges 1638a, 1638c, and 1638b, respectively, so that the
container 1622 may be converted from an expanded position as shown in FIGS. 16 and 17 to
a substantially flat collapsed position (not shown) in the same manner as container 22. In the
expanded position, side walls 1628, 1630, 1632, 1634 define an opening 1648. The lid 1624
is attached to the container 1622 with a hinge 1618 located between one edge of the lid and
the top edge of a square side wall panel 1634a, and is adapted to cover the opening 1643.
The lid has a product side 1650 and a stacking side 1652 opposite the product side. The lid
1624 can be rotatively shifted, or articulated, around the hinge 1618 between a closed
position covering the opening 1648 with the product side 1650 facing the interior of the
container1622 and an open position as shown in FIGS. 16 and 17. The lid 1624 can be
further rotatively shifted around the hinge 1618 until the stacking side 1652 is adjacent to the
panel 1634a. With the lid 1624 adjacent to the panel 1634a, the container 1622 may be
converted to the collapsed position so that the lid and the collapsed container are substantially

flat together. A recessed central portion 1672 on the stacking side 1652 of the lid 1624 forms
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a tapered lead-in 1660 around the outer periphery of the product side 1650 of the central
portion. The lead-in 1660 is adapted to assist in shifting the 1id 1624 to the closed position by
urging the side walls 1628-1634 outwardly due to the taper.

[0060] In yet another embodiment of the present invention shown in FIGS. 18-21, a leak
resistant plastic container 1822, which is injection molded in one embodiment, has the same
fold geometry as the container 22 and includes three-dimensional side wall panels and
variable width hinges. As seen in FIG. 19, each of panels 1826a, 1826b, 1830a, and 1834a
includes a diagonal offset, or step 1880, located at transition points between a two-layered
thickness of panels and a four-layered thickness of panels when the container is in the
collapsed position. Vertical hinge 1836¢ (best seen in FIG. 21) is an inside living hinge
including a hinge web 1882 having a width designed to accommodate the combined thickness
of panels 1826a and 1826b between panels 1834a and 1832b in the collapsed position.
Vertical hinge 1836a is similar to vertical hinge 1836c. Horizontal hinges 1836e, 1836f,
1836g, and 1836h are inside hinges having a cutaway portion on an exterior side thereof to
reduce stresses therein when the container 1822 is in the collapsed position. Diagonal hinges
1838a, 1838b, and 1838c are outside hinges and include a hinge web 1884 smaller than hinge
web 1882 to reduce the thickness of the hinges when in the collapsed position. Vertical hinge
1836d, horizontal hinges 1836h and 1836g, and diagonal hinge 1838a converge at a single
thickness corner 1890, shown in FIG. 20, which is also the same as single thickness corner
1892. Vertical hinge 1836c, horizontal hinges 1836g and 1836f, and diagonal hinge 1838b
converge at a double thickness corner 1886, which is also the same as double thickness
corner 1888. When the container 1822 is in the expanded position, diagonal hinge 1838b
twists along the length thereof from each corner 1886 and 1888, where the panels 1826a and
1826b are level with each other, toward an intersection with the step 1880, where the panels
1826a and 1826b are offset from each other. Protrusions, such as feet 1896, are disposed on
an exterior surface of the panels 1826a and 1826b and have different heights to compensate
for the offset of the panel 1826a from the panel 1826b at the step 1880 so that the expanded
container 1822 sits stably when placed on a flat support surface. Each side wall 1828, 1830,
1832, and 1834 is slightly trapezoidal having an upper edge 1846 slightly longer than the

bottom edge in order to provide a draft angle along the side edges each side wall of between
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approximately 0.75 and 1.5 degrees for molding purposes. In order to form a square opening
1896 into the container 1822, the side walls 1828 and 1832, in one embodiment, have smaller
draft angles than side walls 1830 and 1834 in order to adjust for the offset caused by the steps
1880 in the panels 1830a and 1834a. In another embodiment, each side wall 1828, 1830,
1832, and 1834 has the same draft angle. In order to accommodate the draft angles, diagonal
hinges 1838a and 1838c extend from double thickness corners 1890 and 1892, respectively,
and terminate at a position slightly laterally offset from the upper corners of the container
1822, which allows the side wall panels to collapse without overlapping. A lip 1894 extends
along an exterior side of the upper edges 1846 for snap-fit retention of a lid (not shown) when
the container 1822 is in the expanded position. In one embodiment, each of the panels 1828a,
1828b, 1830a, 1832a, 1832b, 1834a, 1826a, and 1826b has a substantially constant thickness.
In another embodiment, one or a combination of multiple ones of the panels 1828a, 1828b,
1830a, 1832a, 1832b, 1834a, 1826a, and 1826b has a varying thickness to accommodate
structural and manufacturing purposes, such as offsetting warpage caused by bending of the
completed container or by cooling of recently formed panels. In a further embodiment, the
panels are formed of polypropylene having a thickness between about 0.01 inch and 0.04
inches, and the hinges are formed of polypropylene having a thickness between about 0.005
inches and 0.015 inches. In a still further embodiment, the panels have a thickness between
about 0.5 inches and about 0.001 inches and the hinges have a thickness between about 0.3
inches and about 0.0001 inches.

[0061] FIGS. 22A-22C show steps in another method of forming a collapsible container
2202, such as any of the collapsible containers described herein, in a thermoform overmold
process according to the present invention. A splayed outline 2204 of the container 2202 is
formed from a flat panel of material, such as by die cutting a panel of thermoplastic,
including holes, or gaps 2206, where bottom corners 2208 of the container 2202 will be
located. Hinges 2210 between adjacent interconnected panels in the splayed outlined and any
lips or other indentations or surface irregularities are imparted, such as by pressing or
coining, to the splayed outline. The splayed outline 2204 is then folded through an
intermediate position shown in FIG. 22C into an assembled expanded position and inserted

into an injection mold die, where a molten hinge material is injected to fill the bottom corners
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2208 and between adjacent unconnected panels to form vertical hinges 2212 as shown in FIG
22C. Material forming the hinges 2212 in one embodiment is more flexible than the resilient
material forming the panels. The mold may include four injection points and a vacuum assist
to assist forming the hinges. In another embodiment, the hinges 2210 may be formed prior to

die cutting the splayed outline 2204 or by a thermoforming process.

[0062] Turning now to FIGS. 23A and 23B, two steps in a two-shot injection molding
method of making a collapsible container 2302 having walls formed of hingedly connected
panels 2304 according to the present invention, such as any of the collapsible containers
described herein, are diagrammatically shown. In a first step, shown in FIG. 23A, a first
molten material is injected into an injection mold (not shown) at the location of each panel
2304 in the container with, for example, injection ports 2310, to separately form each panel
and provide a hinge space 2306 between each adjacent panel. In a second step, a second
molten material is injected into the injection mold along the hinge spaces 2306 with, for
example, injection ports 2312, to form hinges 2308 between adjacent panels 2304. In one
embodiment, the first molten material is a thermoplastic resin that forms a rigid panel when
cooled, and the second molten material is a thermoplastic resin that is more flexible than the
first molten material when cooled. In another embodiment, the hinges 2308 may be formed
first and the panels 2304 may be formed second. In a further embodiment, the hinges are pre-
formed from a flexible material, such as plastic resins, cloth, metal, or composite material,
fitted into an injection mold along the hinge locations, and molten material for each of the
panels 2304 is injected using injection ports 2310 disposed at each panel location to form the

panels to the pre-formed hinges.

[0063] A multi-step thermoforming method of making a collapsible container 2402
according to the present invention is shown diagrammatically in FIGS. 24A and 24B. The
container, shown partly formed at 2402, includes wall panels 2404 articulably interconnected
by living hinges 2406 similar to any one of the collapsible containers described herein. In a
first step shown in FIG. 24A, a plastic blank 2408 is formed by any suitable process, such as
blow molding, thermoforming, or injection molding, having the general size and shape of the
expanded collapsible container 2402. The plastic blank 2408 may be made of polyvinyl

chloride, a polyolefin such as polypropylene, or any other appropriate formable plastic
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material. In a second step, shown partly completed in FIG. 24B, each bottom corner 2410 of
the collapsible container 2402 and a portion of each living hinge 2406 originating at each
corner are coined into the cube blank by a three-dimensional corner die having an inner male
corner die part and an outer female corner die part (not shown). In one embodiment, each
entire corner 2410 (and the hinges 2406 originating therefrom) is coined at one time in order
to reduce the chance of leakage in the corner during use of the container 2402 by a future
user. In a further step, the remaining portions of the living hinges 2406 are then coined
between adjacent corners with appropriate die, thereby forming the completed container
2402. The coining operation may be performed hot, with the die and/or the plastic cube
blank material heated, or cold. In one embodiment, the container 2402 is then converted to
the collapsed position and mated with a lid, such as lid 24 or any other lid described herein,
that has been formed on a parallel vacuum forming, thermoforming, or injection molding
operation in a manner well known in the art. The collapsed container 2402 and a lid, such as
the lid 24, are mated such that the container is stacked into the recess 72 of the lid. The
container 2402 and 1id 24, which form a single unit storage device, such as storage device 20,\

are then packaged for shipping and distribution.

[0064]  Another method of forming any of the collapsible containers described herein is
by a single charge injection molding process using a material such as polyethylene or

polypropylene, and blends thereof including elastomers for increased flexibility.

[0065] In FIGS. 25A-25D, another collapsible container 2500 according to the present
invention is shown. The collapsible container 2500 is similar to the collapsible container 22
in that opposing side walls 2502 and 2504 are divided into opposing triangular panels 2502a,
2502b, 2504a, and 2504b by diagonal hinges 2506a and 2506b. In addition, legs 2508 extend
downwardly from each of the side walls 2502, 2504, 2510, and 2512 beyond bottom wall
2514 to form a cavity or space between the bottom wall and a supporting surface (not shown)
when the container 2500 is laid on the supporting surface in the expanded position. The
bottom wall 2514 (best seen in FIG. 25B) is divided into two triangular panels 2514a and
2514b by a diagonal hinge 2516, which is an out-of-plane arched hinge. Steps 2518 formed
in side walls 2510 and 2512 and bottom wall 2514 are adapted to allow the collapsible

container 2500 to collapse substantially flat over different numbers of panel layers in the
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collapsed position. A locking mechanism 2520 (best shown in FIG. 25C) is located at
opposite vertical corners to automatically lock the collapsible container 2500 in the expanded
position when the collapsible container is converted from the collapsed position to the
expanded position. The locking mechanism 2520 includes a first interlocking portion 2520a
extending from panel 2502b and a second interlocking portion 2520b extending from the side
wall 2510. The first interlocking portion 2520a automatically releasably interlocks with the
second interlocking portion 2520b when the collapsible container 2500 is converted into the
expanded position. As shown in FIG. 25D, a lip 2524 extending along an outer periphery of
an upper edge of the container has a slit 2526 therethrough located at the corners of the

collapsible container extending inwardly to the vertical hinge 2528.

[0066] In FIG. 26, a collapsible container 2600 according to the present invention
includes another locking mechanism 2602 having a first interlocking socket portion 2602a
carried by one side wall panel 2604 that automatically releasably interlocks with a second
interlocking ball portion 2602b carried by an adjacent side wall panel 2606 when the
collapsible container is in the expanded position. FIG. 27 shows yet another locking
mechanism 2702 suitable for use with a collapsible container of the present invention having
a first interlocking arm 2702a and a second interlocking arm 2702b. The first interlocking
arm 2702a extends from side wall panel 2704 past vertical corner 2706, and the second
interlocking arm 2702b extends from side wall panel 2708 past the vertical corner. The first
interlocking arm 2702a automatically interlockingly engages the second interlocking arm
2702b . A tab 2710 at the end of the first interlocking arm 2702a extends beyond the second

interlocking arm 2702b to allow a user to unlatch the interlocking arms for disengagement.

[0067] Turning now to FIG. 28, another collapsible container 2800 according to the
present invention includes an interlocking mechanism 2802 for releasably locking the
collapsible container in the collapsed position. In one embodiment, the interlocking
mechanism includes a first interlocking portion having a depression 2802a disposed on a first
bottom panel 2804a and a second interlocking portion having a protrusion 2802b disposed on
a second bottom panel 2804b. The protrusion 2802a interlocks with the depression 2802b by
a snap-fit or interference fit when the collapsible container is in the collapsed position. In

another embodimént (not shown), the first and second interlocking portions 2802a and 2802b
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have other complementary interlocking shapes and are disposed on other wall panels of the
collapsible container that opposingly face each other when the collapsible container 2800 is

in the collapsed position.

[0068] Turning now to FIGS. 29A-29]J, a number of collapsible containers according to
the present invention, each including a bottom wall and four side walls, have flexible hinges
articulably connecting each adjacent pair of resilient wall panels in patterns facilitating
different fold geometries that allow the collapsible container to convert between a
substantially flat collapsed position and a substantially cubic or substantially rectangular
prismatic expanded position. Each of the fold geometries facilitates a different collapsing
motion between the expanded position and the collapsed position. In FIG. 29A, a
substantially cubic collapsible container 2900a includes wall panels joined by hinges 2902a.
The hinges are in a generally inverted Y pattern on all four side walls and in a radial star
pattern on the bottom wall extending from a central point on the bottom wall to each hinge on
the side walls. In FIG. 29B, a substantially cubic collapsible container 2900b includes wall
panels joined by hinges 2902b having a generally inverted Y pattern on three side walls and
in a radial star pattern on the bottom wall. A substantially cubic collapsible container 2900c,
shown in FIG. 29C, and a substantially cubic collapsible container 2900d, shown in FIG.
29D, each include wall panels joined by hinges 2902¢ and 2902d, respectively, having an X
pattern on three side walls and four side walls, respectively, and having an X pattern on each
bottom wall. In FIG. 29E, a substantially rectangular prismatic collapsible container 2900e
includes hinges 2902¢ having a generally inverted Y pattern on opposite non-square
rectangular end walls and disposed medially along the bottom wall. In FIG. 29F, a
substantially rectangular prismatic collapsible container 2900f includes hinges 2902f having a
generally inverted Y pattern on opposite end walls and opposing Y patterns on the bottom
wall. A substantially cubic collapsible container 2900g, shown in FIG. 29G, has hinges
2902g in an X pattern on opposite end walls and the bottom wall. Another substantially
cubic collapsible container 2900h, shown in FIG. 29H, includes hinges 2902h in an X pattern
on opposite end walls and diagonally disposed across the bottom wall. In FIG. ?l9I, a near
cubic collapsible container 2900i has hinges 2902i in an X pattern on a bottom wall and

diagonally disposed across opposite side walls. A substantially cubic collapsible container
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2900j, shown in FIG. 297, includes hinges 2902j diagonally disposed across the bottom wall

and two adjacent side walls.

[0069]  Other embodiments of the invention including all the possible different and
various combinations of the individual features of each of the foregoing described

embodiments are specifically included herein.
INDUSTRIAL APPLICABILITY

[0070] A storage device having a collapsible container and lid according to the present
invention may be used to store any of many types of items or substances. The collapsible
container and lid may have any convenient size ranging from very small to very large. A
specific use contemplated for the storage device is for the containment and storage of food
products (not shown). The food products are stored within the interior of the collapsible
container when in the expanded position, and the lid is used to close the collapsible container.
When no food products are stored in the storage device, the collapsible container may be
collapsed to the collapsed position and placed within a recess in the lid to provide for

convenient storage of the entire storage device in a compact form.

[0071] Numerous modifications to the present invention will be apparent to those skilled
in the art in view of the foregoing description. Accordingly, this description is to be
construed as illustrative only and is presented for the purpose of enabling those skilled in the
art to make and use the invention and to teach the best mode of carrying out same. The

exclusive right to all modifications within the scope of the impending claims is reserved.



WO 2005/100170 PCT/US2005/012430

21-

WE CLAIM:
1. A storage device comprising:

a container including a plurality of resilient wall panels defining four side walls and a
bottom wall, wherein each adjacent pair of wall panels is joined by a flexible hinge such that
the container is articulably convertible about the hinges between a substantially flat collapsed

position and an expanded position defining an opening into an interior of the container; and

a lid that receives the container in the collapsed position and sealingly covers the

opening of the container in the expanded position.

2. The storage device of claim 1, wherein each of two opposing side walls and the
bottom wall are defined by a diagonal flexible hinge extending between opposing
substantially triangular wall panels and each of the two remaining side walls are defined by a

substantially rectangular wall panel.

3. The storage device of claim 1, wherein the flexible hinges are living hinges

forming a liquid impervious connection between each adjacent pair of wall panels.

4. The storage device of claim 1, wherein at least one of the living hinges is an arched

living hinge.

5. The storage device of claim 4, wherein the arched living hinge is an out-of-plane

arched living hinge.
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6. The storage device of claim 1, wherein the lid includes a groove on a first side that
is adapted to receive an edge extending around the opening, and wherein the lid further
includes a recess on a second side opposite the first side that is adapted to receive the

container in the collapsed position.

7. The storage device of claim 6, wherein the container snap fits into the recess when

the container is in the collapsed position.
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8. A collapsible container comprising:
a plurality of resilient wall panels;

each adjacent pair of wall panels articulably connected with a flexible hinge extending

therebetween;

wherein the wall panels articulate about each of the flexible hinges between a
substantially flat collapsed position and a substantially rectangular prismatic expanded

position that defines a substantially rectangular opening into an interior space.

9. The collapsible container of claim 8, wherein the wall panels include a first wall
panel defining a substantially rectangular first side wall, a second wall panel defining a
substantially rectangular second side wall opposite the first side wall, a first pair of
substantially triangular wall panels defining a substantially rectangular third side wall
extending between the first side wall and the second side wall, a second pair of substantially
triangular wall panels defining a substantially rectangular fourth side wall opposite the third
side wall, and a third pair of substantially triangular wall panels defining a substantially

rectangular bottom wall.

10. The collapsible container of claim 9, wherein at least one of the four side walls
further includes a leg portion extending beyond the bottom wall opposite the at least one side
wall.

11. The collapsible container of claim 9, wherein at least one of the hinges disposed
between two of the substantially triangular wall panels has a terminal end laterally displaced

from a corner of the side wall.



WO 2005/100170 PCT/US2005/012430
-24-

12. The collapsible container of claim 9, further comprising a lid articulably attached
to one of the side walls with a hinge, wherein the lid includes a closed position covering the

opening.

13. The collapsible container of claim 8, wherein at least one of the flexible hinges is

a living hinge.

14. The collapsible container of claim 8, wherein at least one of the flexible hinges is

an arched hinge.

15. The collapsible container of claim 8, wherein a first one of the flexible hinges has
a first width and a second one of the flexible hinges has a second width and includes a web

portion.

16. The collapsible container of claim 8, wherein the flexible hinges and the wall

panels are integrally formed of a polymeric material.

17. The collapsible container of claim 8, wherein in at least one of the flexible hinges

is a first flexible material and at least one of the wall panels is a second resilient material.
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18. The collapsible container of claim 8, further including a first interlocking member
disposed on a first wall panel and a second interlocking member disposed on a second wall
panel adjacent to the first wall panel, wherein the first interlocking member releasably
interlocks with the second interlocking member when the collapsible container is in the

expanded position.

19. The collapsible container of claim 8, and an interlocking mechanism disposed on
wall panels that are opposing when the collapsible container is in the collapsed position,
wherein the interlocking mechanism releasably maintains the collapsible container in the

collapsed position.

20. The collapsible container of claim 8, wherein at least one of the wall panels
includes a step that is disposed adjacent to at least one of the hinges when the collapsible

container is in the collapsed position.

21. The collapsible container of claim 8, wherein each hinge forms a liquid
impervious connection extending between the adjacent pair of side walls disposed on

opposite sides thereof.



PCT/US2005/012430

WO 2005/100170

1/15

o4




WO 2005/100170 PCT/US2005/012430

2/15
22
L
l 74
: vy 52
FTTIN ) )
24 = 7\*" s
70 54 Q
)
50
FlG3
NN




WO 2005/100170

PCT/US2005/012430
3/15
32
e
L3 b
716 6A
— 03O

7 \
41 i Lo

L3Lh

(2Ba~—




WO 2005/100170 PCT/US2005/012430

928,930
932,934




WO 2005/100170 PCT/US2005/012430

5/15

1028 1030 -
103=,1034




PCT/US2005/012430

WO 2005/100170

6/15

51914 I/ pOgS] fmwm.u Emmﬁm»ﬁ ﬁmﬂ
/ ) ‘
r e y TR NN - INAN
218! L~ $65I—s / ,
' ‘N. - \..u..\.\!// : ///,/
\w.ps.v \s* M M //‘f m.QM.IM~‘} - : : N . /1&..4%
T A 5 ROzl 92! prec
-7 / . mmm\m\ g6s]—1 -qoeel gecl
\ v qgeel
egcll Py
N 2957 | A
01§l @om,,s # &m.wﬁw 3\»,” gl @_Nmﬁ
N /W/A/ \ W\ i M//a \
. N SN
£l 9/ 62l — ] NS
86¢<! - N Y e 24
- 998U - —-o—t t
AP . . / egzzl J 92621
poze X7 Y Jae Y oLl
NNV ©921”
Y q92 2l

Ma o
ggery o 0855 ¢
p9sgl FEEE




PCT/US2005/012430

WO 2005/100170

7/15

AR
v2g9/ 099/
N 3
T BN .— 229/
r.,./ NII.QM.%\
///
RN
~
949/
05/
269 -\
y791 0991

029!

29!




WO 2005/100170 PCT/US2005/012430

8/15

1828hb.

lg22, 19164




WO 2005/100170 PCT/US2005/012430

1836h [B2.lb

Fig. 2.]




WO 2005/100170

10/15

| 220%
2200

"'/
E

BN
NN
[~ 2x10

A

FI16.22A

PCT/US2005/012430




WO 2005/100170 PCT/US2005/012430

11/15

2302
Fl& 238

Fl6.23A

FIG 24 A

6,245



WO 2005/100170 PCT/US2005/012430

1z /15




WO 2005/100170 PCT/US2005/012430

13/15

FI6.28



WO 2005/100170 PCT/US2005/012430

14/15

2502

Flg. 29E



WO 2005/100170 PCT/US2005/012430

15/15

2 0!

\ AN Flg. 29T

29021




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

