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An air-packing device has an improved shock absorbing
capability to protect a product in a container box. The air-
packing device is comprised of an enclosure portion that
surrounds and supports a pocket portion that holds a product
to be protected such that the pocket portion does not contact
the ground when shocks are applied to the air-packing device.
Each of the enclosure portion and the pocket portion is con-
figured by first and second thermoplastic films which are
bonded at predetermined portions thereby creating a plurality
of air containers. Each of the air containers has a check valve
for allowing the compressed air to flow only in a forward
direction.

ABSTRACT

19 Claims, 20 Drawing Sheets
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1
STRUCTURE OF AIR-PACKING DEVICE

FIELD OF THE INVENTION

This invention relates to a structure of an air-packing
device for use as packing material, and more particularly, to a
structure of an air-packing device and check valves incorpo-
rated therein for achieving an improved shock absorbing
capability to protect a product from a shock or impact by a
pocket portion that is supported by surrounding an enclosure
portion such that the pocket portion does not contact the
ground when shocks are applied to the air-packing device.

BACKGROUND OF THE INVENTION

In product distribution channels such as product shipping,
a Styrofoam packing material has been used for a long time
for packing commodity and industrial products. Although the
styrofoam package material has a merit such as a good ther-
mal insulation performance and a light weight, it has also
various disadvantages: recycling the styrofoam is not pos-
sible, soot is produced when it burns, a flake or chip comes off
when it is snagged because of it’s brittleness, an expensive
mold is needed for its production, and a relatively large ware-
house is necessary to store it.

Therefore, to solve such problems noted above, other pack-
ing materials and methods have been proposed. One method
is a fluid container of sealingly containing a liquid or gas such
as air (hereafter also referred to as an “air-packing device”).
The air-packing device has excellent characteristics to solve
the problems involved in the styrofoam. First, because the
air-packing device is made of only thin sheets of plastic films,
it does not need a large warehouse to store it unless the
air-packing deviceis inflated. Second, a mold is not necessary
for its production because of its simple structure. Third, the
air-packing device does not produce a chip or dust which may
have adverse effects on precision products. Also, recyclable
materials can be used for the films forming the air-packing
device. Further, the air-packing device can be produced with
low cost and transported with low cost.

FIG. 1 shows an example of structure of an air-packing
device in the conventional technology. The air-packing
device 20 includes a plurality of air containers 22 and check
valves 24, a guide passage 21 and an air input 25. The air from
the air input 25 is supplied to the air containers 22 through the
air passage 21 and the check valves 24. Typically, the air-
packing device 20 is composed of two thermoplastic films
which are bonded together at bonding areas 23a.

Each air container 22 is provided with a check valve 24.
One of the purposes of having multiple air containers with
corresponding check valves is to increase the reliability,
because each air container is independent from the others.
Namely, even if one of the air containers suffers from an air
leakage for some reason, the air-packing device can still
function as a shock absorber for packing the product because
other air containers are still inflated because of the corre-
sponding check valves.

FIG. 2 is a plan view of the air-packing device 20 of FIG. 1
when it is not inflated which shows bonding areas for closing
two thermoplastic films. The thermoplastic films of the air-
packing device 20 are bonded (heat-sealed) together at bond-
ing areas 23a which are rectangular periphery thereof to air
tightly close the air-packing device 20. The thermoplastic
films of the air-packing device 20 are also bonded together at
bonding areas 235 which are boundaries of the air containers
22 to air-tightly separate the air containers 22 from one
another.
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When using the air-packing device, each air container 22 is
filled with the air from the air input 25 through the guide
passage 21 and the check valve 24. After filling the air, the
expansion of each air container 22 is maintained because each
check-valve 24 prevents the reverse flow of the air. The check
valve 24 is typically made of two small thermoplastic films
which are bonded together to form an air pipe. The air pipe
has a tip opening and a valve body to allow the air flowing in
the forward direction through the air pipe from the tip opening
but the valve body prevents the air flow in the backward
direction.

Air-packing devices are becoming more and more popular
because of the advantages noted above. There is an increasing
need to store and carry precision products or articles which
are sensitive to shocks and impacts often involved in ship-
ment of the products. There are many other types of product,
such as wine bottles, DVD drivers, music instruments, glass
or ceramic wares, antiques, etc. that need special attention so
as not to receive a shock, vibration or other mechanical
impact. Thus, it is desired that the air-packing device protects
the product to minimize the shock and impact.

SUMMARY OF THE INVENTION

Itis, therefore, an object of the present invention to provide
a structure of an air-packing device for packing a product that
can minimize a mechanical shock or vibration to the product.

It is another object of the present invention to provide a
structure of a check valve for the air-packing device that can
reliably prevent reverse flow of the air in the air containers of
the air-packing device.

In one aspect of the present invention, an air-packing
device inflatable by compressed air for protecting a product
therein when stored in a container box, comprising a pocket
portion having an upper sheet portion and a lower sheet por-
tion to create an opening into which the product is inserted,
each of the upper sheet portion and the lower sheet portion
having a plurality of air containers, an enclosure portion
having a plurality of air containers and configuring walls that
surround the pocket portion therein. The pocket portion is
supported by the enclosure portion at about an intermediate
height of the enclosure portion such that the product in the
pocket portion will not contact with a bottom or top of the
container box when shocks are applied to the air-packing
device. Each ofthe air containers of the pocket portion and the
enclosure portion has a check valve for allowing air to flow in
a forward direction while preventing the air from flowing in a
reverse direction.

Each air container of the enclosure portion has a multiplic-
ity of air cells serially connected with one another thereby
allowing the air to flow through the air cells of the same air
container. Each air cell is separated from the other air cells on
the same air container by a heat-seal land at which thermo-
plastic films forming the air-packing device are heat-sealed.
The air flows through a passage created on a side of the
heat-seal land toward the next air cell on the same air con-
tainer. The heat-seal lands on the air container function as
folding points of the walls of the enclosure portion.

Each of the pocket portion and the enclosure portion is
comprised of first and second thermoplastic films superposed
with each other where predetermined portions of the first and
second thermoplastic films are bonded, thereby creating the
plurality of air containers, and wherein the check valves are
established between the first and second thermoplastic films.
An air input is commonly connected to the plurality of check
valves to supply the compressed air to all of the air container.
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Atleast two side edges of the pocket portion are attached to
the enclosure portion in such a manner that each side edge is
heat-sealed to an area which is a boundary between two
adjacent air containers of the enclosure portion through a post
heat-seal treatment. Edges of an upper sheet portion of the
pocket portion are attached to the enclosure portion where
each edge is heat-sealed to an area between two adjacent air
containers, and edges of a lower sheet portion of the pocket
portion are attached to the enclosure portion where each edge
is heat-sealed to the same area between two air containers
where the corresponding edge of the upper sheet portion is
attached. Alternatively, edges of an upper sheet portion of the
pocket portion are attached to the enclosure portion where
each edge is heat-sealed to an area between two adjacent air
containers, and edges of a lower sheet portion of the pocket
portion are attached to the enclosure portion where each edge
is heat-sealed to an area between two air containers which is
vertically different from the area where the corresponding
edge of the upper sheet portion is attached.

The check valve includes sealed portions which are fixed to
one of thermoplastic films configuring the air-packing device,
where the sealed portions include an inlet portion which
introduces the air into the check valve; a pair of narrow down
portions creating a narrow down passage connected to the
inlet portion; an extended portion which diverts the air flows
coming through the narrow down passage; and a plurality of
outlet portions which introduce the air from the extended
portion to the air container.

Alternatively, the check valve is comprised of a check
valve film on which peeling agents of predetermined pattern
are printed, the check valve film being attached to one of first
and second thermoplastic films configuring the air-packing
device; an air input established by one of the peeling agents
on the air-packing device for receiving an air from an air
source; an air flow maze portion forming an air passage of a
zig-zag shape, the air flow maze portion having an exit at an
end thereof for supplying the air from the air passage to a
corresponding air container having one or more series con-
nected air cells; and a common air duct portion which pro-
vides the air from the air input to the air flow maze portion of
a current air container as well as to the air flow maze portion
of'a next air container having one or more series connected air
cells; wherein heat-sealing between the first and second ther-
moplastic films for separating two adjacent air containers is
prevented in a range where the peeling agent is printed.

According to the present invention, the air-packing device
can minimize shocks or vibrations to the product when the
product is dropped or collided. The sheet form of the air-
packing device is folded and the post heat-seal treatment is
applied thereto, thereby creating a structure unique to a pro-
duction to be protected. The air-packing device is basically
configured by the enclosure portion and the pocket portion.
The enclosure portion is comprised of multiple rows of air
containers. The pocket portion is formed at about the center of
the enclosure portion. Consequently, even when a large shock
or vibration is applied to the air-packing device, the pocket
portion will not touch the ground. Further, since the pocket
portion is flexibly moved when the shock is applied, it can
effectively damp the shock to the product therein. The check
valves in the air-packing device have a unique structure for
preventing reverse flows of the air. The air-packing device of
the present invention has a relatively simple structure with
reliable check valves, thus, the present invention is able to
provide a reliable air-packing device with low cost.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic perspective view showing an example
of'basic structure of an air-packing device in the conventional
technology.

FIG. 2 is a plan view of the air-packing device 20 of FIG. 1
when it is not inflated for showing bonding areas for closing
two thermoplastic films.

FIGS. 3A to 3E are perspective views showing an example
of'structure of the air-packing device under the present inven-
tion and a procedure of packing the product to be protected
therein.

FIG. 3A is a perspective view of the air-packing device
where an enclosure portion and a pocket portion are not
inflated,

FIG. 3B is a perspective view where the enclosure portion
is inflated while the pocket portion is not inflated,

FIG. 3C is a perspective view where the product to be
protected is inserted into the pocket portion of the air-packing
device of FIG. 3B,

FIG. 3D is a perspective view where the pocket portion is
inflated after the package has been placed into the pocket
portion, and

FIG. 3E is a perspective view where the door of the enclo-
sure portion has been bent to completely encircle the pocket
portion.

FIG. 4 is a cross sectional front view of the air-packing
device for packing a product therein and is installed in a
container box according to the present invention where the
door portion is omitted.

FIGS. 5A and 5B are schematic views showing an example
of sheet like construction of the pocket portion of the air-
packing device of the present invention before being attached
to the enclosure portion.

FIGS. 6 A and 6B are schematic views showing an example
of'sheet like structure of the enclosure portion and the pocket
portion of the air-packing device of the present invention
before being attached to one another.

FIGS. 7A and 7B are schematic views showing another
example of sheet like structure of the pocket portion of the
air-packing device in the present invention before being
attached to the enclosure portion.

FIGS. 8A-8C are schematic views showing another
example of sheet like structure of the enclosure portion and
the pocket portion before being attached to one another for the
air-packing device of the present invention.

FIG. 9 is a perspective view showing a further example of
the present invention in which the pocket portion is formed
with an upper sheet and a lower sheet which are attached to
different levels of the enclosure portion.

FIG. 10 is a perspective view showing a further example of
the present invention where the air cells of the pocket portion
is aligned in the direction different from that of FIGS. 3A-3E
and FIG. 9.

FIGS. 11A-11C are diagrams showing an example of
detailed structure and operation of the check-valve in the
present invention where

FIG. 11A shows a cross sectional plan view of the check
valve,

FIG. 11B shows a cross sectional side view thereof, and

FIG. 11C shows a cross sectional side view for explaining
the operation of the check valve.

FIGS. 12A-12D show another example of check valve of
the present invention where

FIG. 12A is a plan view showing a structure of a check
valve on an air-packing device,
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FIG. 12B is a plan view showing the check valve including
flows of air when a compressed air is supplied thereto,

FIG. 12C is a plan view showing the portions for bonding
the check valve sheet to a thermoplastic film of the air-pack-
ing device, and

FIG. 12D is a plan view showing the portions for bonding
the check valve sheet and the two plastic films of the air-
packing device.

FIG. 13 is a cross sectional view showing an example of
inner structure of the check valve in the present invention
configured by a single layer film and formed on one of the
thermoplastic films of the air-packing device.

FIG. 14 is a cross sectional view showing another example
of' the inner structure of the check valve in the present inven-
tion configured by double layer films and formed on one of
the thermoplastic films of the air-packing device.

FIGS. 15A and 15B are cross sectional views showing the
inner structure of a check valve of the present invention where

FIG. 15A shows air flows in the air cells of the air-packing
device when being inflated, and

FIG. 15B shows a situation where the air-packing device is
fully inflated and the check valve is closed.

DETAILED DESCRIPTION OF THE INVENTION

The air-packing device of the present invention will be
described in more detail with reference to the accompanying
drawings. It should be noted that although the present inven-
tion is described for the case of using an air for inflating the
air-packing device for an illustration purpose, other fluids
such as other types of gas or liquid can also be used. The
air-packing device is typically used in a container box to pack
a product during the distribution channel of the product.

The air-packing device of the present invention is espe-
cially useful for packing products which are sensitive to
shock or vibration such as hard drives, personal computers,
DVD drivers, etc. Other examples of such products include,
but not limited to, bottles, glassware, ceramic ware, music
instruments, paintings, antiques, etc. The air-packing device
reliably wraps the product within a space created by folding
and applying a post heat-sealing treatment, thereby absorbing
the shocks and impacts to the product when, for example, the
product is inadvertently dropped on the floor or collided with
other objects.

The air-packing device of the present invention includes a
plurality of air containers each having a plurality of serially
connected air cells. The air container is air-tightly separated
from the other air containers while the air cells in the same air
container are connected by the air passages such that the air
can flow freely among the air cells. Each air cell in the air
container has a sausage like shape when the air is filled
therein.

FIGS. 3A-3E are perspective views showing an example of
structure of the air-packing device 201 in the present inven-
tion. FIGS. 3A-3E also show an example of procedure for
packing a product to be protected in the air-packing device
201. A product 31 is shown which will be packed by the
air-packing device 201 for protection from shocks and vibra-
tions. Typically, the air-packing device is further packed in a
container box made of hard paper, etc.

The air-packing device 201 is basically configured by an
enclosure portion 199 and a pocket portion 155. The enclo-
sure portion 199 is comprised of a pair of side portions 171,
175, aback portion 173, and a door portion 177, each of which
is comprised of multiple rows of air containers 111. The
pocket portion 155 is formed at about the center of the enclo-
sure portion 199 with an opening at the door portion 177.
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When inflated, each portion of the enclosure portion 199
forms a wall-like structure so that the air-packing device 201
can stand up on a floor.

The air packing device 201 is made of two thermoplastic
films which are bonded (heat-sealed) together to create the
plurality of air containers 111. Such bonded areas are denoted
by reference numerals 271 in FIGS. 3A-3E. In the enclosure
portion 199, each air container 111 has a plurality of serially
connected air cells 101. More specifically, the series con-
nected air cells 101 are created by bonding (heat-sealing) the
two thermoplastic films of the air container 111 at each small
heat-seal land (separator) 103. Because the heat-seal land 103
does not completely separate the adjacent air cells 101, two
small air passages (upper end and lower end of the heat-seal
land) are created for flowing the air therethrough.

Typically, each air container 111 is provided with a check
valve 291 so that the compressed air is maintained in the air
container because the check valve 291 prohibits a reverse
flow of the air. When the air is supplied, through an air input
295 and a common air passage 293, the air flows through the
check valve 291 and inflates the air cells 101. In the air
container 111, the air flows through the small passages at the
upper and lower sides of the heat-seal lands 103 toward the
last air cell 101 to inflate all of the air cells 101. Since the two
thermoplastic films are bonded at the bonding areas 271 and
the heat-seal lands 103, each air cell is shaped like a sausage
when the air is filled in the air-packing device 201.

FIG. 3A is a perspective view of the air-packing device
where the enclosure portion 199 and the pocket portion 155
are not inflated. The pocket portion 155 is formed of an upper
pocket sheet 159A and a lower pocket sheet 159B, which
creates a pocket opening 105. Each of the upper pocket sheet
159 A and the lower pocket sheet 159B has a plurality of air
cells 101 which will be inflated when the compressed air is
supplied thereto. The product 31 to be protected will be
inserted in the pocket portion 155 through the pocket opening
105. The door portion 177 of the enclosure portion 199 of the
air-packing device 201 closes the pocket portion 155 after the
product 31 is packed therein. Namely, the enclosure portion
199 serves to protect the product inside the pocket portion
155.

FIG. 3B is a perspective view of the air-packing device 201
where only the enclosure portion 199 is inflated while the
pocket portion 155 is not inflated. In this example, as noted
above, the compressed air is introduced from the air input 295
via the common air passage 293 to each ofthe air cells 101. As
noted above, since the two thermoplastic films are bonded at
each small heat-seal land 103, each air cell 101 is shaped like
a sausage when the air is filled in the air-packing device 201.
In other words, because the heat-seal lands 103 are not filled
with the air, the air cells 101 can be easily bent at the heat-seal
lands 103 to form the generally rectangular shape of the
air-packing device 201.

FIG. 3C is a perspective view of the air-packing device
where the product 31 to be protected is inserted into the
pocket portion 155. It is preferable to insert the product 31
before inflating the air-packing device because it is easier to
do so. It is also possible to insert the product 31 after the
pocket portion 155 is filled with the air, however, because the
inner space is almost closed by the inflated air cells 101, it
may be time consuming to insert the product 31 in the pocket
portion. In this example, the product 31 has a box shape
although other shapes and sizes are also possible due to the
flexibility of the air inflation of the air-packing device 201.

FIG.3D1is a perspective view of the air-packing device 201
where the pocket portion 155 is inflated after the product 31
has been placed therein. Because the pocket portion 155 is
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filled with the air, the product 31 is packed relatively tightly so
that the product 31 cannot be freely moved. FIG. 3E is a
perspective view of the air-packing device 201 where the door
portion 177 of the enclosure portion 199 has been bent to
completely encircle the pocket portion. The edge of the door
portion 177 may be attached to the edge of the side portion
171 by an adhesive such as an adhesive tape. Typically, the
air-packing device 201 having the product 31 therein as
shown in FIG. 3E is placed in a container box (FIG. 4) such as
a corrugated fiber box, a carton box, or the like.

As shown, the enclosure portion 199 protects the product
31 inside the air-packing device 201 from the shock and
vibration in the horizontal direction. The product 31 inside
the air-packing device 201 is held by the pocket portion 155 as
if the package floats inside the air-packing device 201. The
pocket portion 155 and the product 31 will not contact the
floor, ground or other bottom surface when the shock or
vibration is applied to the air-packing device 201. Thus, the
shock or vibration received by the air-packing device 201 can
be minimized for the product 31.

FIG. 4 is a cross sectional front view showing the structure
of'the air-packing device 201 of the present invention. In this
example, the air-packing device 201 is in a condition similar
to that shown in FIG. 3D where the product 31 is inserted into
the pocket portion 155 and both the enclosure portion 199 and
the pocket portion 155 are filled with the air. For the sake of
clarity, the door portion 177 is omitted in FIG. 4. As a typical
example, the air-packing device 201 which packs the product
31 therein is placed in a container box 275.

The arrows in the left side indicate the vertical direction as
used in the description of the present invention. Likewise, the
arrows in the bottom indicate the horizontal direction as used
in the description of the present invention. The horizontal
direction is not limited to the direction between the side
portions 171 and 175, but also includes the direction from the
front (the side where the opening 105 of the pocket portion
155 faces) to the back (the side where-the back wall portion
173 is located). As shown, the product 31 is held in the pocket
portion 155 is comprised of the upper sheet 159B and the
lower sheet 159 A each having a plurality of air cells 101.

The vertical position of the pocket portion 155 is deter-
mined by the size of the air cells 101 in the enclosure portion
199 as well as the number of air cells 101 aligned in the
vertical direction. The clearance is formed between the bot-
tom surface of the container box 275 and the lower surface of
the pocket portion 155. Similarly, the clearance is formed
between the top surface of the container box 275 and the
upper surface of the pocket portion 155. Typically, the pocket
portion 155 is formed at about the intermediate or center
vertical position of the air-packing device 201 since the con-
tainer box 275 may be up-side-down during the product dis-
tribution stage.

Such a clearance distance is preferably larger for a heavier
product. Consequently, even when a large shock or vibration
is applied to the container box 275 in the vertical direction, the
pocket portion 155 will not touch the ground since the pocket
portion 155 is attached to the seam of the enclosure portion
199 so as to float inside the enclosure portion 199. In other
words, the pocket portion 155 is flexibly moved when the
shock is applied, it can effectively damp the shock to the
product 31 therein. Even ifthe pocket portion 155 contacts the
ground because of the large impact, the air cells 101 of the
pocket portion 155 serve as cushion to protect the product 31.

Reference is now made to FIGS. 5A-8C showing a more
detailed configuration of the air-packing device 201 in accor-
dance with the present invention. FIGS. 5A and 5B show the
structure of the pocket portion 155 of the air-packing device
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201 when it is not filled with the air. Typically, the pocket
portion 155 is produced separately from the enclosure portion
199 through a first heat-sealing process in which the two
thermoplastic films are bonded at bonding areas 301 to create
two or more air containers 111 and check valves 291. The
pocket portion 155 is then attached to the enclosure portion
199 of the air-packing device 201 through a second heat-
sealing process by bonding the edges to the enclosure portion
199.

FIG. 5A is a plan view showing a sheet-like structure of the
pocket portion 155 of the air-packing device 201. The pocket
portion 155 has sets of air containers 111 each having a check
valve 291 and two air cells 101. An air input 295 is an opening
into which compressed air is supplied from an air compressor.
A common air passage 293 is connected to each air container
so that the air introduced at the air input 295 is supplied to
each and every air container 111. The check valves 291 for the
corresponding air containers 111 prevent the reverse flow of
the air. The two air cells 101 in each air container 111 are
defined by a heat-seal land (separator) 103 at which the two
thermoplastic films are bonded together.

FIG. 5B is schematic view showing the pocket portion 155
of'the air-packing device 201 that is bent at the heat-seal lands
103. Since the thermoplastic films at the heat-seal lands 103
are heat-sealed to one another, the heat-seal lands 103 are flat
when the air is filled in the pocket portion 155. Therefore, the
pocket portion 155 can be folded at the heat-seal lands 103.
Because the heat-seal lands 103 do not entirely close the air
container 111 but forms the small air passages at both sides
within the air container 111, the air from the air input 295
flows toward the other end of the air container 111. When
folded, one side of the pocket portion 155 becomes the upper
sheet portion 159B and the other side becomes the lower sheet
portion 159A shown in FIGS. 3A-3E and 4.

FIGS. 6A and 6B are schematic diagrams showing the
enclosure portion 199 and the pocket portion 155, respec-
tively, before being inflated by the air to explain the construc-
tion of the air-packing device 201. The enclosure portion 199
of FIG. 6A has a sheet-like structure when it is not inflated.
Similar to the pocket portion 155 shown in FIGS. 5A and 5B,
the enclosure portion 199 has a plurality of air containers 111
each having a check valve 291 and a plurality of series con-
nected air cells 101. As noted above, the air containers 111 are
created by heat-sealing the two thermoplastic films at bond-
ing areas (separation seals) 271.

An air input 295 is an opening into which compressed air is
supplied from an air compressor. A common air passage 293
connects each air container 111 so that the air introduced to
the air input 295 is supplied to each and every air container
111. Each air container 111 has one check valve 291 which
prevents the reverse flow of the air so that the air container 111
remains inflated after being filled with the air.

In FIG. 6B, the pocket portion 155 is folded at the heat-seal
lands 103 as noted above with reference to FIGS. 5A and 5B.
One side edge portion (bonding area) 301 of the pocket por-
tion 155 is attached to the separation seal 271 of the enclosure
portion 199 at about the middle of the side wall portion 175
through a heat-seal process. Similarly, the opposing side of
the side edge portion (bonding area) 301 of the pocket portion
155 is attached to the separation seal 271 of the enclosure
portion 199 at about the middle of the side wall portion 171.
Therefore, the pocket portion 155 is formed at about the
intermediate position of the enclosure portion 199 as shown
in FIGS. 3A-3E.

FIGS. 7A-7B and 8A-8C are schematic diagrams showing
another example of structure of the air-packing device 201 of
the present invention. FIG. 7A is a schematic plan view of the






