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(57) Abstract

Cushioning device and method for packaging an article (14) in a container (16) using fill material (20) within a sealed flexible
enclosure (22). In one embodiment, pressure within the enclosure (22) is reduced to decrease the internal volume of the enclosure and
compress the fill material (20) and thereafter increased to allow the fill material (20) to reexpand into engagement with the article (14).
In another embodiment, fill material (20) within a flexible enclosure (22) is molded to form a cushion of predetermined shape by vacuum
pressure and mechanical force. Fill materials (20) include loose fill packing materials, granules, fibers, particles, and the like, such that
a body of the fill material has resiliency and an ability to spring back to near its original uncompressed volume after being compressed.
Recyclable, biodegradable and/or water soluble fill (20) and/or enclosure (22) materials, including materials which could not otherwise be
used as a loose fill material because of possible contamination of the article to be packaged may be used.
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VACUUM FORMED CUSHIONING DEVICE
AND METHOD OF MAKING AND USING THE SAME

This invention pertains generally to the protective
packaging of articles in containers and, more
particularly, to a vacuum formed cushioning device and a

method for making and using the same.

Heretofore, there have been some attempts to utilize
vacuum formed cushioning materials in the protective
packaging of objects in containers. U.S. Patent
5,009,318, for example, suggests the use of granular
materials in pouches from which the air is exhausted to
form a rigid protective cushion, and U.S. Patent 4,620,633
shows the use of slabs of open cell foam which are
compressed about an object and held in a compressed
condition in a vacuum sealed sack.

Although not used for packaging or cushioning purposes,
large flexible foam objects such as pillows have been
reduced in size by vacuum compression for shipment and
storage, as discussed, for example, in U.S. Patent
4,620,633.

Vacuum formed cushioning materials have also been used in
other areas such as shoes or boots. U.S. Patent
2,472,754, for example, shows the use of a granular
material mixed with water within a sack of thin,
extensible material to form an impression of a foot,

- following which the fluid is exhausted by a vacuum pump to

solidify the granular material within the sack so that it
will retain its shape.
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U.S. Patent 3,515,267 shows a packing formed by placing
bags of crush resistant granular material, such as
expanded plastic beads, around a fragile object, and U.S.
Patent 5,079,787 shows a pressure equalizing support
structure comprising loose pieces of deformable material
with a low friction coating within a flexible enclosure.
These patents do not, however, suggest the use of vacuum
packaging to compress or form the material about the

object.

Vacuum packaging has also been utilized in the packaging
of granular or pulverulent food products such as cheese,
as discussed, for example, in U.S. Patent 2,778,173.

Many of the packaging methods and devices heretofore
utilized to protect articles from damage during storage or
shipment have commonly relied on the use of petroleum
derived materials, such as synthetic rubber, open and
closed cell foams, and the like. These materials are
commonly chosen because of their ability to firmly hold
and cushion an article from mechanical impact. However,
the use of these materials can be ecologically undesirable
because of the natural resources and energy consumed for
their manufacture, the generation of undesirable byprod-
ucts, and the problems associated with disposal of the
used packaging materials. While alternate packing
materials including non-petroleum derived packaging
materials have been used, they are used less frequently
than petroleum based materials. The absence of suitable
packing methods contributes to the less frequent use of
these alternate materials.

It is a general object of the invention to provide a new
and improved device and method for packing an article in a
container.
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Another object of the invention is to provide a cushioning
device and method of the above character which employ

biodegradable or water-soluble materials.

These and other objects are achieved in accordance with
the invention by providing a cushioning device which
comprises a flexible enclosure and a body of fill material
within the enclosure. The enclosure is sealed, and the
pressure within the enclosure is reduced to a level below
the level outside the enclosure to compress the fill
material. The pressure within the enclosure is then
increased to reexpand the cushioning device to conform to
an article and the container in which it is packaged.

In one embodiment, a molded cushion is made by positioning
a body of fill material within a flexible enclosure
adjacent to a molding surface, reducing the pressure
within the enclosure relative to the pressure outside the
enclosure, and applying a mechanical force to press the
fill material within the enclosure against the molding
surface as the pressure is reduced.

The purpose and advantages of the present invention will
be apparent to those skilled in the art from the following
detailed description in conjunction with the drawings.

FIG. 1 is an exploded isometric view of one embodiment of
a cushioning device used to package an article in a

container according to the present invention.

FIG. 2 is in the nature of a flow chart which shows
several steps in the fabrication of a cushioning device in
accordance with one embodiment of the invention.

FIG. 3 is a cross-sectional view, somewhat schematic, of a

container with an article in the process of being packaged
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with several cushioning devices in accordance with the

invention.

FIG. 4 is a cross-sectional view, somewhat schematic, of a
container with an article after being packaged with
several cushioning devices in accordance with the inven-
tion.

FIGs. 5-8 are cross-sectional views, somewhat schematic,
each showing a container with an article at different
stages in the process of being packaged with cushioning
devices using vacuum assistance in accordance with the

invention.

FIG. 9 is a cross-sectional view, somewhat schematic, of a
container with an article packaged with two molded cushion
devices in accordance with the invention.

FIG. 10 is a perspective view of one embodiment of a
molded cushion device according to with the invention.

FIG. 11 is a perspective cross-sectional view of the
molded cushion in FIG. 10, showing a molded contour
surface.

FIG. 12 is a schematic view, of one embodiment of
apparatus for making a molded cushion in accordance with
the invention.

In FIG. 1, the invention is illustrated in conjunction
with the packaging of an article 14 in a container 16
which has a removable lid or top 17. The article is
illustrated as being in the form of a bottle, but it can
be anything that needs to be protectively packaged. The
container is illustrated as being a cardboard box, but it
can be any container which is suitable for packaging or
shipping the article. The 1lid can be secured to the
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container by any suitable means such as taping or

stapling.

The article is protected within the container by a plur-
ality of cushioning devices 12, each of which has a
flexible enclosure and a body of'compressible fill
material within the enclosure. After the fill material is
placed in the enclosure, the enclosure is sealed and air
and/or other gases or fluids are withdrawn from the
enclosure to reduce the pressure within the enclosure to a
level below that of the surrounding environment, e.g.
below atmospheric pressure. The difference in the air
pressures inside and outside the enclosure compresses the
£fill material until the resilient force of the material
counterbalances the compressive force applied by the
pressure differential. The interior of the enclosure is
thereafter repressurized to reexpand the fill material to
conform to contours of the article and the interior walls
of the container. The cushioning devices can be
reexpanded and used immediately after compression, or they

can be stored and/or shipped in the compressed state.

A preferred method of manufacturing cushioning devices 12
is illustrated in FIG. 2. First, a body of volumetrically
compressible fill material 20 is placed in a flexible
enclosure 22. Then, the enclosure is sealed to prevent
the fill material from escaping, and to prevent air 24
from entering the enclosure so that it may be evacuated or
depressurized. In other embodiments, the enclosure may be
initially closed so that the fill material does not escape
and later sealed to prevent entry of gas after evacuation
is completed. Enclosure 22 may also be closed and sealed
prior to evacuation, then a new, and generally much
smaller opening is made in the enclosure through which the
air is removed. This small opening is then sealed when

evacuation is completed.
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Enclosure 22 must be relatively impermeable to gés and
should be capable of retaining a depressurized or
evacuated state for the length of time it will be stored
after fabrication before use. A relatively high degree of
gas impermeability is needed for a long storage period,
while a lower relative degree of gas impermeability is
needed when the storage period will be short. 1In situé-
tions where the period of storage will be short, even a
porus paper, paper based material, woven fabric, or
similar material may be used. For certain embodiments
described hereinafter, the storage period is virtually
nonexistent, and enclosure 22 need not be impermeable to
gas; it need only restrict the rapid flow of gas and
support the maintenance of a pressure differential while

vacuum is applied.

The enclosure may be sealed using tie 25 to tie the
opening shut as illustrated; however, any suitable means
for sealing the enclosure may be used after providing the
fill material and evacuating the air. For example, a
portion of the enclosure may be fused to another portion
along a seam line, adhesive tape may be used, or a sepa-
rate seal may be provided. The type of seal will general-
ly depend on the enclosure material, and the degree of gas
impermeability required. Enclosure 22 may alternately be
formed around a body of fill material, such as from one or
more sheets of material, and then sealed, rather than by
adding the f£ill material to a preformed enclosure.

Total evacuation of gas 24 from the enclosure is not re-
quired, the evacuation need only be sufficient to achieve
the desired degree of compression of the fill material.
The pressure differential causes the flexible material of
enclosure 22 to exert a mechanical compressive force on
fill material 20 which is transmitted substantially
throughout the body of the fill material by the sur-
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rounding enclosure directly, and indirectly via the indi-
vidual fill material elements.

Enclosure 22 is evacuated by means of a vacuum source 28,
such as a vacuum pump or an exhaust fan connected to the
enclosure by a hollow tube 29. The magnitude of the pres-

‘sure differential between the inside and outside of the

enclosure is selected so that the desired compression of
the fill material is achieved. The required pressure
depends generally upon the characteristics of the fill
material, and may depend to a lesser extent on the char-
acteristics of the enclosure. If desired, a vacuum
control valve 32 may be used in conjunction with vacuum
source 28 to provide a particular vacuum setting cut-off

level for each type of fill material and enclosure.

Various types of suitable vacuum sources 28 are known in

the mechanical arts. For example, oil-less diaphragm and
piston type air compressor/vacuum pumps may be used, such
as Thomas Model 210CA20. Vacuum motor/blower type vacuum
sources are also suitable, such as AMETEK Model 116025-13.

Generally, a vacuum pressure of between about 50 inches of
H,0 and about 100 inches of H,0 (between about 3 inches of
Hg and about 8 inches of Hg) is suitable. However, higher
vacuum levels may be suitable for some combinations of
highly resilient fill materials and stiff enclosure

materials.

Enclosure 22 is made of a flexible material that has the
ability to conform to the surface of article 14 and
container 16 so that the article is securely held within
the container after reexpansion (as described
hereinafter). However, the material for the enclosure
need not be so flexible that it conforms to all surface
features of the article or to all contours of each element
of the fill material.
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Enclosure 22 is sufficiently flexible and non-rigid so as
to impart an appropriate amount of mechanical compressive
force on the fill material elements adjacent to the
surface of the enclosure, and is able to volumetrically
contract when a vacuum pressure from vacuum source 28 is
applied and internal gas 24 is evacuated. For example, a
non-rigid sheet-like material is a suitable enclosure |

material.

While a flexible material is needed for the enclosure, the
material should not stretch or elongate appreciably.
Generally, stretch or elongation of the enclosure material
should not exceed about 20%, and preferably the stretch or
elongation should not exceed about 5%, but greater or
lesser amounts of stretch may be tolerated in a given
packaging application. A material with suitable
stiffness, elasticity, and stretch characteristics are
chosen in conjunction with the characteristics of fill
material 20, the magnitude of the applied vacuum, and the
desired packaging characteristics of cushioning device 12.

Suitable materials for the enclosure include but are not
limited to metallic foils; plastic, mylar or other films
and membranes; coated woven materials; and films and mem-
branes made of biodegradable and/or water soluble materi-
als. The enclosure may also be fabricated with composite
materials, including multi-ply films, or by including a
strengthening material (such as cotton twine mesh) in

cooperative association with the foil, film or membrane.

Fill material 20 may be of any of a variety of types, and
may be either a single material, or alternately a compos-
ite or aggregation of different material types and/or
sizes and shapes so that cushioning properties derive from
the interaction of the different material elements.
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The fill material should be compressible under the forée
produced by the pressure differential, and should also
have sufficient spring-back or resiliency to permit
reexpansion upon removal of the pressure differential.

The invention is not limited, however to materials which
are resilient in the conventional sense. As used here, a
resilient material is a material which is non-rigid and
has some spring-back quality. The spring-back character-
istic may be a property of the material cell structure, as
in polyurethane foam, polystyrene foam, and the like, as
in conventional resilient materials. It can also come
from the configuration and/or interaction of the individu-
al elements, as in crumpled paper, wood shavings, metal
springs, and the like. s

The individual pieces of the fill material elements may be
of a variety of shapes including, but not limited to,
beads, balls, chips, shavings, nodules, granules, particu-
lates, fibers, twigs, straw, crumpled or folded materials
including paper, and other shapes that in conjunction with
their respective material properties provide the required
compression and reexpansion or spring-back characteris-
tics. Bulk material such as open cell foam may also be
used.

Generally the body of fill material 20 is compressed by a
factor of from about 1.2:1 to about 5:1. More usually the
volumetric compression is between about 1.2:1 and about
2:1. Preferably, the fill material will be capable of re-
expanding to its original volume, but generally the re-
expanded volume may be somewhat less than the original
uncompressed volume. The fill material should be capable
of re-expanding after compression to between about 30% and
about 100% of its original volume. When the cushioning
device is repressurized in the container, the reexpansion
of the fill material is restrained by the article and the
sides of the container. The amount of reexpansion need
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not be equivalent to the amount of the prior compression.
The difference in volume may be due to factors such as
more complete nesting of the fill material elements after
compression, some crushing of the fill material, and the
like. The volumetric relationship depends on the charac-
teristics of the cushioning material and the compressive

force applied.

The resilience of cushioning device 12 can be varied by
the amount of fill material placed in the enclosure, and
by the compressive force applied. Stiff resilience is
provided for heavy articles 14 by providing a relatively
large amount of fill material, enough so that upon apply-
ing vacuum, the enclosure is shrunk to just below contain-
er size thereby providing a tight or high density fill.
Alternately, maximum cushioning is provided for light
articles by providing an relatively small amount of £fill
material so that upon applying vacuum, the enclosure may
be reduced in volume considerably below the size of the
container so that the ensuing expansion swells the enclos-
ure to just barely fill the container, thereby providing a
loose fill.

The present invention can be used with recyclable, biode-
gradable, and/or water-soluble materials for either of
fill material 20 or enclosure 22. However, the invention
is not limited to recyclable, biodegradable, and/or water-
soluble materials, and any materials having the

aforedescribed properties may be used.

Suitable recyclable materials for enclosure 22 include but
are not limited to Saran, ethylene vinyl acetate (EVA),
polyethylene film, paper, and the like. Suitable water-
soluble materials for enclosure 22 include but are not
limited to polyvinyl alcohol (PVOH) based materials, and
hydrocarbon based alloys, such as the Enviroplastic-H
based on polyoxyethylene, for example. Suitable biode-
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gradable materials for the enclosure include but are nbt
limited to water-soluble polyvinyl alcohol (PVOH) based
films; poly-caprolactone-alphatic ester based materials;
polyhydroxybutyrate-valerate (PHBV) copolymers; polyoxy-
ethylene based materials; polyester based compostable
material; starch based biopolymer materials; and other
starch based materials such as those that include a A
catalyst to enhance photo and oxidative degradation.

Other suitable materials are known in the art.

Suitable materials for fill material 20 include but are
not limited to, extruded polystyrene (EPS) beads, crumpled
paper, starch based materials, water soluble materials,
and biodegradable materials. Suitable biodegradable
materials for the fill material include but are not
limited to starch graft copolymer materials, starch
biopolymer materials, and naturally occurring biodegrad-
able materials such as wood chips and shavings, plant
materials including fibers, twigs, and seeds, popped
popcorn, and the like.

Cushioning device 12 may be used either immediately after
fabrication or it may be stored and shipped in a
compressed condition and used for packaging article 14 at

a later time.

In one embodiment of a method for using a compresséd
cushioning device 12 to package an article, one or more
cushioning devices are placed in the container with the
article prior to pressure equalization, as illustrated in
FIG. 3. The size and/or number of cushioning devices is
selected in accordance with the internal volume of the
container, the volume of the article or articles, the
density of the final packaging desired, and both the com-
pressed and reexpanded volumes of the cushioning device.
Different sized cushioning devices may be used within a
single container, and each may optionally contain
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different fill materials and/or have different enclosure

materials to achieve the desired packaging properties.

Next, each cushioning device 12 is caused to expand by
allowing gas to enter the enclosure so that the internal
pressure within the enclosure substantially equalizes with
the external pressure (generally atmospheric air pres—-
sure). When this occurs, the mechanical compressive force
exerted via the enclosure on the body of f£ill material is
removed and the fill material and consequently the
cushioning device reexpands. Preferably, a pointed
instrument, such as a lance or other pointed object 34, is
used to open a hole or aperture 36 in the container and in
the enclosure contained therein, from outside closed the
container. The lance is removed after the aperture is
made. Alternatively, aperture 36 may be made in the wall
of the enclosure just prior to closing the container.

This aperture may be made using lance 34, or another means
for allowing equalization of the internal and external
pressures may be used. For example, a pealable adhesive
seal (not shown) may be provided on the enclosure to cover
a precut aperture. This pealable seal is removed just
prior to closing the container. 1In either alternative,
the size of the aperture determines the period of time
required for pressure equalization. When the aperture is
made prior to closing the container, it is preferably made
small enough to permit the container to be closed before
the fill material expands beyond the level of container
top 17, thereby facilitating placement of top 17 without
requiring undue closing force. In FIG. 4, the cushioning
devices in their expanded condition, after the pressure
has been equalized, are shown securely holding the article
within the container.

FIGs. 5-8 illustrate an embodiment in which cushioning
devices 12 are compressed inside container 16 at the time
article 14 is packaged. This embodiment eliminates the
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need for storing the fabricated compressed cushidning
device, and permits the use of enclosure materials that
are somewhat more permeable to gas 24 than those that are
generally useful with a precompressed cushioning device.

In accordance with this embodiment, one or more uncom-
pressed cushioning devices is placed in the container with
the article, as shown in FIG. 5. In this example, two
cushioning devices 12 are used, one below the article and

the other above it.

The amount of fill material is selected so that each cush-
ioning device has an uncompressed volume (when exposed to
atmospheric pressure) such that the combined volumes of
the article(s) and cushioning devices somewhat overfill
the container. Overfilling at this stage is preferred to
insure some compression of the fill material around the
article when the container is later closed. The amount of
fill material is also selected so that the cushioning
device has a compressed volume such that the combined
volumes of the article(s) and the cushioning devices some-
what underfill the container. Under-filling in the com-
pressed state facilitates closing of the container.

As shown in FIG. 6, after the cushioning devices are
placed inside the container with the article, the cushion-
ing devices are depressurized by evacuating enclosures 22
with a vacuum source 28. The resulting pressure differen-
tial causes the enclosure to collapse and exert a compres-
sive force on the fill material, as described previously.
Vacuum should be sustained until the fill material con-
tracts to the point where it occupies a volume smaller
than the volume of the container, including sufficient
extra space for the container to be closed before the
enclosures and fill material re-expand. In some
applications, it may be desirable to apply a mechanical
force to the cushioning devices as they are being evacuat-
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ed to assist in the removal of gas 24 and to distribute
the fill material within the container.

Container 16 is then closed, as shown in FIGs. 7-8, and
the container top 17 is secured to the container by
suitable means such as packaging tape or staples. The
fill material is reexpanded to press the conformable ‘
exterior wall of enclosure 22 into embracing conformity
with article 14 and the inner surface of container 16.

The container may be closed either prior to or concurrent-
ly with the reexpansion of the fill material, and means is
provided for initiating the reexpansion from outside the
container. For example, vacuum source 28 may be connected
to enclosure 22 from outside of container 16 through a
small hole in the container and applied continuously while
the container is being closed; then the vacuum source may
be disconnected so that the internal and external pres-
sures are able to equalize. In other applications, an
internal seal may be removed from the evacuated enclosure
to allow air to enter using an externally accessible pull
tab coupled to the seal.

The same types of fill material 20 previously described
for a precompressed cushioning device 12 may be used in
this embodiment. Furthermore, enclosure 22 has the same
properties as previously described except that there is no
need to retain an evacuated state for a period of time
beyond the time required to actually package the article.
Therefore, enclosure 22 can be relatively more permeable
to gas 24 when the cushioning device is evacuated and
pressure equalized while in the container, than when the
cushioning device is precompressed and stored prior to
use. Furthermore, the sealing of the enclosure during
evacuation need not be complete when the vacuum source

evacuates a sufficient volume of air, because the con-
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tinuous application of vacuum maintains the evacuated and

compressed state.

In the embodiment of FIG. 9, a pair of molded cushions 38
are used to package article 14 in container 16. These
molded cushions 38 are similar to cushions 12 except they
are molded to conform to some of the contours of the .
article and the container prior to use. The molded
contours of the cushions allow the cushions to be inter-
posed between the article and the container so that the
article is securely held within the container. The molded
cushions need not conform to all of the article or

container contours to be used effectively.

One example of apparatus for making the molded cushions 38
is shown in FIG. 12. This apparatus includes a molding
form 40, side plates 44, and a top plate 45. The molding
form has the same contour as at least a portion of the
article to be packaged, and plates 44, 45 are movable to
exert a mechanical pressure on the cushioning material. A
vacuum source 28 is provided for reducing the pressure
within enclosure 22 at the same time the mechanical
pressure is applied.

The simultaneous application of mechanical molding force
and depressurization force from vacuum source 28 causes
the enclosure to volumetrically shrink, and fill material
20 to compress and assume a shape conforming to molding
form 40. The enclosure is then sealed to prevent the
entry of air that would equalize the pressure and cause
the cushion to reexpand. Once the enclosure is sealed,
the mechanical force and the depressurization force are
removed, and molded cushion 38 is removed from the molding
apparatus. In another application, where the fill
material is of a type that does not reexpand after
compression, the sealing of enclosure 22 is not required
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prior to removal of the mechanical and depressurization

forces.

A plurality of vacuum passageways 46 open through the
surface of molding form 40 and communicate with vacuum
source 28, via a vacuum chamber 48. The vacuum applied
through these passageways draws the enclosure material.
into corners 50 of molding form 40 and thereby facilitate
migration of the fill material into the corners. This
permits more intricate shapes to be molded.

Side plates 44 are connected to air cylinders 52 by plung-
ers 54. Although only two sets of side plates and cylin-
ders are shown, similar plates and cylinders are also
provided for molding the other two side surfaces of
cushion 38. Plates 44 are generally planar to conform to
walls of container 16, but can be any suitable shape.
Side plates 44 serve as a movable form for the side
surfaces of the molded cushion, and air cylinders 52
provide means for moving these plates laterally to
compress fill material 20 to the desired shape. Top plate
45 is connected to air cylinders 56 by plunger 58. Top
plate 45 is generally planar to conform to the top (or
bottom) of container 16, but can be any suitable shape.
The top plate serves as a movable form for the molded
cushion in the same fashion as side plates 44. Air
cylinder 56 provide means for moving the plate vertically
to compress the fill material to the desired shape. The
cylinders may be connected to a source of compressed air
(not shown) or may alternatively be connected to operate
by vacuum from vacuum source 28 to provides the motive
force. Other means for compressing fill material into
molding form 40 may be used, such as manual pressure, or
by pressing the fill material from only some of the

surfaces and fixing other surfaces.



WO 95/03974 PCT/US94/08159

10

15

20

25

30

35

- 17 =

Molded cushions 38 may be designed to reexpand in the
manner of cushions 12. However, cushions 38 are generally
molded to a static size and shape that conforms to the
article and the container. In such a non-reexpanding
cushion, fill material 20 may compress only slightly, and
need not reexpand after being compressed. The amount of
compression is selected to achieve the desired density and
cushioning characteristics. Some reexpansion may be anti-
cipated for certain fill materials, however, if
reexpansibn to a larger size is not desired, any such
reexpansion characteristics may be compensated for by

molding a smaller size when making the cushion.

In one embodiment, the molded shape of cushion 38 is
retained by maintaining the pressure differential between
the inside and outside of the enclosure. In this embodi-
ment, the inside of the enclosure remains sealed. 1In
another embodiment, the molded shape is retained by re-
stricting the mobility of the fill material so that it is
substantially prevented from migrating. Restraint of
migration prevents appreciable reexpansion. This mobility
restraint may derive from the use of fill material
elements that somewhat or substantially interlock during
the application of mechanical and depressurization forces,
and/or by the use of an enclosure material that somewhat
retains the conformation of molding form 40 once molded.
A fill material of a type that adheres to itself upon

being compressed against other fill material elements may

- also be used. In a third embodiment, the f£ill material is

a material capable of absorbing energy to protect the
article, but does not spring back when compressed.

Molded cushions 38 permit the use of various fill
materials in additional to conventional fill materials
including the extruded polystyrene (EPS) that is conven-
tionally used for molded shapes. The size and shape of
individual fill elements, will generally affect the
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intricacy of the molded shape. For example, small
particles will generally permit more intricate molding
than will large particles. The f£ill material does not
have to all be a single type, and combinations of
different materials may be used in a single molded cushion
to achieve desired overall cushioning characteristics,
molded shape intricacies (voids and protuberances), and
cost efficiencies. The different materials can, for

example, be arranged in layers.

The invention has a number of important features and
advantages. It permits the use of conventional materials,
and furthermore permits the use of certain biodegradable
materials that would not be acceptable as a conventional
loose fill. Providing fill material within an enclosure
eliminates or substantially reduces problems associated
with dusting, chipping, attack by insects or rodents,
decomposition, wilting of plant materials, release of
odors, and the like, that could contaminate or adversely
affect the article.

While a particular embodiment of the invention has been
described in detail, it will be understood that the inven-
tion may be implemented through alternative embodiments.
Thus, the scope of the present invention is not intended
to be limited to the embodiments described above, but is
to be defined by the appended claims their equivalents and
their equivalent language.
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WHAT IS CIAIMED IS:

1. In a method of packaging an article in a container,
the steps of:

placing a body of compressible fill material in a
flexible enclosure to form a cushioning device;

sealing said enclosure; and

reducing the pressure within said enclosure to a
pressure level below the pressure level external to said
enclosure;

whereby said external pressure exerts a compressive
force on said compressible fill material within said
enclosure to compress said cushioning device.

2. The method in Claim 1, further comprising the steps
of:

placing said compressed cushioning device in said
container with said article; and

increasing said pressure within said enclosure to
reexpand said cushioning device;

whereby the compressive force on said fill material
is reduced causing said fill material to reexpand and
thereby conforming said cushioning device to said article
and said container.

3. In a method of packaging an article in a container
utilizing a vacuum compressed cushioning device having a
body of compressed fill material in a sealed flexible
enclosure, said enclosure having an internal pressure
below the pressure external to said enclosure; the steps
of:

placing said compressed cushioning device in said
container with said article; and

increasing said pressure within said enclosure;

whereby the compressive force on said fill material
is reduced causing said fill material to reexpand thereby
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conforming said cushioning device to said article and to

said container.

4, The method of Claim 1, wherein said fill material is
a particulate material.

5. The method of Claim 1, wherein said flexible enclo-
sure and said fill material are biodegradable materials.

6. The method in Claim 1, wherein said step of reducing
the pressure is a reduction in pressure sufficient to com-
press said fill material by a volume ratio of between
about 1.2:1 and about 5:1.

7. A method for packaging an article in a container,
said method comprising the steps of:

providing a cushioning device comprising a flexible
enclosure surrounding a body of compressible fill mate-
rial, said enclosure being closed to restrict the movement
of gas into said enclosure;

placing said article with said cushioning device in
said container;

reducing the pressure within said enclosure so that
said cushioning device is compressed to a volume that in
combination with the volume of said article under-fills
said container;

closing said container to restrict its volume while
exposing said fill material within said enclosure to an
increased pressure;

whereby said compressible fill material within said
enclosure expands and said cushioning device is pressed
into embracing conformity with said article and said

container.
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8. A device for packaging an article, said device com-
prising:

a container;

a sealed flexible enclosure having conformable

5 surfaces and defining an enclosed inner volume, said
flexible enclosure being substantially nonstretchable;

a body of resilient compressible fill material |
contained within said enclosure, said enclosed inner
volume being maintained at a pressure below a pressure

10 external to said enclosure, said body of f£fill material
being compressed to a reduced volume by said greater
external pressure; and

said body of f£fill material having sufficient resil-
ience so as to be capable of reexpanding upon equalization

15 of said internal and external pressures.

9. The device in Claim 8, further comprising said
article to be packaged.

10. The device in Claim 8, wherein said fill material is
a particulate material.

20 11. The device in Claim 8, wherein said flexible enclo-
sure and said fill material are biodegradable materials.

12. The device in Claim 8, wherein said fill material is
a water soluble material.

13. The device in Claim 8, wherein said fill material has
25 an interlocking shape that reduces migration of said fill
material.

14. The device in Claim 8, wherein the ratio of said
. uncompressed volume to said compressed volume is between
about 1.2:1 and about 5:1.
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15. The device in Claim 8, wherein said fill material and
said enclosure material are each made of water soluble

biodegradable materials.

16. The method of Claim 1, wherein said fill material is

a particulate material.

17. The method of Claim 1, wherein said flexible enclo-
sure and said fill material are biodegradable materials.

18. The method in Claim 2, wherein said step of
increasing the pressure is an increase in pressure suffi-
cient to reexpand said previously compressed fill material
by a volume ratio of between about 1.2:1 and about 5:1.

19. The method in Claim 18, wherein the step of
increasing the pressure is an increase in pressure to the
ambient atmospheric pressure.

20. A method of forming a molded cushion, said method
comprising the steps of:

providing at least one molding surface;

providing a body of fill material contained within a
flexible enclosure adjacent with said molding surface;

reducing the pressure internal to said enclosure
relative to the pressure external to said enclosure; and

pressing said fill material within said enclosure
against said molding surface to compress said fill
material by applying a mechanical force to said fill
material through said flexible enclosure, said mechanical
force being applied substantially simultaneously with said
step of reducing the pressure.

21. The method in Claim 20, further comprising the step
of sealing said enclosure to prevent the entry of gas
after said simultaneous steps of reducing the pressure and

pressing said fill material;
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whereby said molded cushion shape is retained by

preventing reexpansion of said fill material.

22. The method in Claim 21, further comprising the step
of:

5 evacuating gas from regions between said molding
surface and said flexible enclosure adjacent said molding
surface to conform said enclosure to said molding surface
prior to said step of reducing the pressure internal to
said enclosure;

10 whereby said flexible enclosure material is urged to
conform to surface concavities and convexities of said

molding surface.

23. The method in Claim 21, wherein:
said at least one molding surface comprises six
15 molding surfaces including an article mating surface, a
top surface, and four side surfaces;
said step of providing said fill material adjacent
said molding surface is the step of providing said body of
fill material between said six molding surfaces; and
20 said step of pressing is the step of pressing said
fill material by moving a plurality of said molding sur-
faces to compress said fill material therebetween.



WO 95/03974

I7

Y
O

PCT/US94/08159

- FIG_/

SUBSTITUTE SHEET (RULE 26)



PCT/US94/08159

WO 95/03974

2/5

8e

[

62 cl

WNNOVA

mNN mm/ 2l mNN 62
WNRNJVA W WNNJOVA
<& z¢ < oz
ve 02 e

22 z2

82 62
)
WNNDJVA
<= =z
e G2

2

al

8¢ 62 al
o

WNNOVA 0?;
QQ

o

<4 e Y
A
-4

(074 I/QQ

4

SUBSTITUTE SHEET (RULE 26)



WO 95/03974

3/5

S OLXXON
d,ﬂ r,’r

wede.olofee]
?‘éf’}:l'

FIG_5

SUBSTITUTE SHEET (RULE 26)

PCT/US94/08159



WO 95/03974 PCT/US94/08159

4/5

[ F—~—— 17

OPTIONAL MECHANICAL FORCE
{

VACUUM
SOURCE

(e

}VACUUM
REMOVED

FIG_8

SUBSTITUTE SHEET (RULE 26)



WO 95/03974

//

PCT/US94/08159

5/5

//

38

FIG_/0

FIG_Il

aR |—"5%
MECHANICAL FORCE CYL. \
38 \20 58 §\32 22 .45 29
N [~/
44 = ——F—— 44
T LV TTITIN —
AR TR | AR
CYLINDER : 1, RS CYLINDER
o / i PRIy /

| 4
52) [ 54 .:::;'.\ |

|l‘ i } z.
i \jgy 542

i

\

/7
48/ 46

!

40

FIG_/2

A

VACUUM

\ :7’:3 SOURCE
\ - |
50 32 285

- SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

Internati | application No.
PCT/US94/08159

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(5) :B65B 31/04, 23/00
US CL  :206/523, 524, 524.8; 53/472, 427

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S.

206/523, 524, 524.8, 586, 521; 53/472, 427, 434, 432

Documentation searched other than minimum documentation to the extent that such documents are included in the ficlds searched

NONE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

NONE

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US, A, 3,412,521 (BAUMAN) 26 November 1968, see| 1-5, 8-12, 15-
-------- whole reference. 17, and 19
Y —mememm———————
6, 7, 12-15
and 18
Y US, A, 4,640,080 (WRIGHT) 03 February 1987, see whole| 6, 7, 14, and
reference. 18
Y US, A, Des. 255,661 (ATKINS) 01 July 1980, see whole| 13
reference.
Y US, A, 3,188,264 (HOLDEN) 08 June 1965, see figures 3A,| 13
6A, 6B, and 6C.

@ Further documents are listed in the continuation of Box C.

D See patent family annex.

hd Special categories of cited documents:

*A* document defining the general state of the art which is not considered
to be of particular relevance

carlier document published oa or after the internatiooal filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

document referring to an oral disclosure, use, exhibition or other

means

‘E*
IL.

*0*

P document published prior 10 the international filing date but later than

the priority date claimed

Jater document published afier the international filing date or priority
date and not in coaflict with the application but cited 10 understand the
principle or theory underlying the isvention

xe d Y 1on cannot be
mdudmdwmhemdbnvdvenmnq
when the document is takea slone

document of p 4 ; the claimed ¥ jon cannot be
mwhnvoheummnqwhuﬁedw-
combined with one or more other such documents, such combination
being obvious t0 & person skilled in the art

document merabor of the same patont family

&

Date of the actual completion of the international search

Date of mailing of the international search report

SEP22 1994

13 SEPTEMBER 1994 .
" / V) / /-
Name and mailing address of the ISA/US orized officer (/
Commnmoner of Patenis and Trademarks m.
w-hingmn, D.C. 20231 47" Marie Patterson Group 2400
Facsimile No.  (703) 305-3230 Telephone No. _(703) 308-0069

Form PCT/ISA/210 (second sheet)(July 1992)%




INTERNATIONAL SEARCH REPORT Internati | application No.

PCT/US94/08159

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US, A, 5,151,312 (BOERI) 29 September 1992, see whole |12 and 15
reference.

Y US, A, 5,186,990 (STARCEVICH) 16 February 1993, see whole 12 and 15
reference.

X US, A 4,418,514 (SPANN) 06 December 1983, see whole 20 and 21

———- reference. e

Y 22 and 23

Y US, A, 4,658,567 (ARADA) 21 April 1987, see whole reference. |20-23

A US, A, 5,129,519 (DAVID ET.AL.) 14 July 1992 see whole 1-19
reference.

A US, A, 4,193,499 (LOOKHOLDER) 18 March 1980, see whole 1-19
reference.

A US, A, 3,503,177 (KROPSCOTT ET.AL.) 31 March 1970, see 1-19
whole reference.

A US, A, 3,389,195 (GIANAKOS ET. AL.) 18 June 1968, see 1-23
whole reference.

A US, A, 3,307,318 (BAUMAN) 07 March 1967, see whole 1-19
reference.

A US, A, 2,488,922 (MEAD) 22 November 1949, see whole 20-23
reference.

A US, A, 3,190,442 (GAUSS) 22 June 1965, see whole reference. 20-23

A US, A, 3,557,518 (PURKEY) 26 January 1971, see whole 20-23
reference.

A US, A, 3,870,741 (KUHN) 11 March 1975, see whole reference. |20-23

Form PCT/ISA/210 (continuation of second sheet)(July 1992)%



Internatic . application No.
PCT/US94/08159

INTERNATIONAL SEARCH REPORT

Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

Thisim:maliona.lreporthasnotbeenestnblishedhlrespeetofcmainchimsmdﬂAxﬁcbl7(2Xa)ﬁ)rﬁwklbwingmsom:

1. Claims Nos.:
D because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
D because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: -
D because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Please See Extra Sheet.

1. E As all required additional search fees were timely paid by the applicant, this international search report covers all scarchable
claims.

2. [] As all scarchabie claims could be searched withous effort justifying v sdditionl foc, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional scarch foes were timely paid by the applicant. Consequently, this international scarch report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.
@ No protest accompanied the payment of additional scarch fecs.

Form PCT/ISA/210 (continuation of first sheet(1))(July 1992)%




Internati | application No.
PCT/US94/08159

INTERNATIONAL SEARCH REPORT

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING
This ISA found multiple inventions as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single
inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional
examination fecs must be paid.

Group I, claim(s)1-19, drawn to as a package and the method of making the package.
Group II, claim(s) 20-23, drawn to & method of making & molded cushion.

The inventions listed as Groups I and I do not relate to a single inventive concept under PCT Rule 13.1 because,
under PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: The
invention of group I is directed to the inveative concept of providing an evacuated eavelope which is filled with fill
material prior to evacuation and repressurizing the eavelope in a package to cushion an article in a package and the
invention of group II is directed to.the inventive concept of using evacuation and mechanical pressure to mold a cushion
against a molding surface.

Form PCT/ISA/210 (extra sheet)(July 1992)x



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

