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(57) Abstract: Provided is a container that includes a
top having an opening configured to receive a product.
The container also includes a bottom adjoining a side-
wall that extends to the top of the container and a flex-
ible panel disposed on the bottom and having a plurality
of surfaces that each extend radially around a longitudin-
al axis of the container. One of the plurality of surfaces
comprises a downward ramp that extends away from the
top of the container when moving radially inward along
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prises an upward ramp that extends toward the top of the
container when moving radially inward along the up-
ward ramp. The surfaces may include dimples protrud-
ing inward from the outer surface of the container that
have an interlocking pattern.
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FLEXIBLE PANEL TO OFFSET PRESSURE DIFFERENTIAL
[01] This application claims the benefit of U.S. Provisional Patent

Application No. 61/467,010 filed on March 24, 2011 in the U.S. Patent

Trademark Office, the disclosure of which is incorporated herein in its entirety by

reference.
BACKGROUND OF THE INVENTION
1. Field of the Invention
[02] Apparatuses and methods consistent with the present invention

relate to a container having a flexible panel to offset a pressure differential. For
example, may be used with oxygen scavenging products that may produce a
vacuum in the container over time.

2. Description of the Related Art

[03] Products, such as mayonnaise and peanut butter, tend to scavenge
oxygen over time. When sealed in a container, this creates a vacuum that may
collapse the side walls of the container. That is, if the vacuum pressure is greater
than the resistance of the sidewalls, the container walls collapse or buckle. As a
result, the appearance of a paneled cylindrical container is not appealing to the
consumer, which in turn, may result in a defective product. In the related art, to
address this problem, additional material is added to the sidewalls of the container
to strengthen the cylinder and offset vacuum pressure. For example, the container

shown in FIG. 1 includes additional material as well as ribs to prevent or decrease
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the likelihood of collapsing. See FIG. 1. The added material is undesirable
because in increases the weight of the container. The ribs tend to detract from the
aesthetic design of the bottle while making it difficult to remove product from the
container.

SUMMARY OF THE INVENTION

[04] Aspects of the invention relate to a PET container having a flexible
~ panel that moves to offset pressure differentials experience by a container, for
example, the vacuum generated by oxygen scavenging products.

[05] According to one aspect, a container is provided that comprises a
top having an opening configured to receive a product; a bottom adjoining a
sidewall that extends to the top of the container; and a flexible panel having a
plurality of surfaces that each extend radially around a longitudinal axis of the
container, wherein one of the plurality of surfaces comprises a downward ramp
that extends away from the top of the container when moving radially inward
along the downward ramp and another bof the surfaces comprises an upward famp
that extends toward the top of the container when moving radially inward along
the upward ramp.

[06] According to another aspect, the container may include a
downward ramp that adjoins the upward ramp. The upward ramp may be
disposed radially inward of the downward ramp.

[07] According to another aspect, the container may further comprise a
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~ bullet-nose structure on the bottom of the container extending as a convex
structure upward along a central longitudinal axis of the container; and the
plurality of surfaces may further comprise a stage extending radially outward

from the bullet-nose to connect to one of the plurality of surfaces.

[08] According to another aspect, the stage may adjoin the upward
ramp.
[09]  According to another aspect, at least one of the plurality of

' surfaces_ may comprise dimples extending from an outer sid¢ of the one of the
plurality of surfaces to an inside of the container. The dimples may be configured
to adjoin adjacent dimples. The dimples may have a diamond cross-section. Each
of the dimples may have a constant length in the radial direction. The width of
the dimples in the circumferential direction may decrease between dimples when
moving from an outer radial direction toward an inward radial direction.

[10] According to another aspect, the interlocking dimples may form a

spirally shaped hinge extending along the upward ramp and the downward ramp.

BRIEF DESCRIPTION OF THE DRAWINGS

[11] The above and other aspects and features of the various aspects of
the present invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the attached drawings in which:

[12] FIG. 1 shows container in accord with the related art.
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[13] FIG. 2 is a side view of a container having a flexible panel in the
base according to an exemplary embodiment.
[14] FIG. 3 shows a cross-sectional view along the outer surface of the

bottom of the container of FIG. 2.

[15] FIG. 4 is a perspective view of the bottom portion of the container
of FIG. 1. |
[16] FIG. 5 is a bottom view of the container of FIG. 5.
[17] FIG. 6 is another cross-sectional view highlighting the inwardly

extending dimples of the container of FIG. 1.

[18] | FIG. 7 is a grayscale perspective view of a portion of the bottom of
the container of FIG. 1.

[19] FIG. 8 is cross-sectional view of the container of FIG. 1

DETAILED DESCRIPTION OF THE INVENTION

[20] A PET container having a ﬂexible‘panel according to the various
aspects of the invention is deséribed below with reference to various
embodiments in conjunction with the accompanying drawings. The embodiments
described below are intended to illustrate the various aspects without limiting the
claimed invention.

[21] " FIG. 2 illustrates a PET container 5 having a top opening 1, a
sidewall 2 that connects the top 1 to a bottom 3 of the container. The bottom 3 of

the container 5 includes a flexible panel 4. When the inside of the container 5 is
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subjected to pressures lower than atmospheric pressure, the flexible panel 4 is
designed to move inwardly before other portions of the container 5, such as the
side wall 2 move, to prevent any buckling of the side wall 2.

[22] By virtue of this ﬂexible panel design, the sidewall 2 may be
formed as flat cylindrical or planar surfaces without requiring additional material
(thickness) or structures, such as ribs, to prevent buckling. Thus, the outward
appearance of the container 5 to a consumer does not suffer any degradation over
time when a product inside the container scavenges oxygen or otherwise is
subjected to less than atmospheric pressure.

[23] FIGS. 3, 6 and 8 are cross-sectional views showing the general
structure of the flexible panel 4 on the bottom 3 of the container 5. The lowest
portion of the bottom 3 is a contact surface 10, which is configured to support the
container 5 when resting on a surface. Radially inward from this contact surface
10 is an upwardly extending pushup wall 20 that extends upwardly from the
“contact surface 10. Extending from the pushup wall 20 is a downward ramp 30.
The downward ramp 30 extends radially inward frém the pushup wall 20 and
away from the top 1 of the container. Thus, the downward ramp 30 forms and
angle with a virtual horizontal resting surface extending between the lowest most
portions of the contact surface 10. At the most radially inward point of this
downward ramp 30, an upward ramp 40 extends radially inward but in a different

direction. That is, the upward ramb 40 extends radially inward and toward the top
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1 of the container. This upward ramp 40 also forms an angle with the virtual
horizontal resting surface.

[24] Disposed in the center of the bottom 3 of the container is a bullet-
nose 60. The bullet-nose 60 is generally a bullet shaped structure that extends
upward toward the top 1 of the container. This bullet-nose 60 is characterized by
a convex side surface and a concave top surface as viewed from the bottom of the
container 5. The bullet-nose is connected to the upward ramp 40 by a stage 50
that is substantially horizontal. Each of the downward ramp 30, the upward ramp
40 and the stage 50 extend circumferentially around the longitudinal center of the
container 5 to form annular surfaces.

[25] Because the PET container is formed by blow molding a preform,
having these surfaces extend at different angles increases the surface area of the
bottom of the container. As this increased surface area must be covered by a
corresponding part of the perform material during blow molding, the thickness of
these portions is thinner than if the bottom of the container would be formed of a
substantially linear or flat surface. This tends to improve the ability of the bottom
3 of the container 5 to flex before the sidewall 2 of the container when
expetiencing an internal pressure lower than the external pressure (atmospheric).
That is, it prevents a collapsing of the sidewall 2.

[26] Another aspect to this structure is the ability of the upward ramp

40 and downward ramp 30 to move dynamically without increasing the radial
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tension at the bottom 3 of the container 5. For example, when all of the surfaces
of the bottom of a container have longitudinal components extending in the same
direction, i.e., longitqdinally toward the top of the container 5, tension is created
in the radial direction along these surfaces when the container experiences a low
internal pressure that cause the bottom of the container to move upward. This
tension reduces the ability of the bottom to move upward in response to a low
pressure.

[27] On the other hand, in the embodiment of FIGS. 3; 6 and 8, during
the upward movement of the bullet-nose 60 of the container 5, the angle between
the upward ramp 40 and the downward ramp 30 tends to reduce, thus reducing or
preventing any such tension from building. The same angular reduction is also
experienced between the upward ramp 40 and the stage 50. This combination of
adjoining surfaces that extend at positive and negative angles with respect to the
virtual horizontal resting surface create hinge points 70 that pemiit relative
movement between the adjoining surfaces without unnecessarily increasing
tension. This enables the flexible panel 4 to move more easily for a given
material thickness. Thus, the structure of these aspects of the flexible panel 4 help
to reduce the material thickness and provide .a moving surface that does not
induce high tension upon upward movement.

[28] While three surfaces (stage 50, upward ramp 40 and downward

ramp 30) are shown in the embodiment described herein, additional surfaces may
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be used depending on the size of the bottle and the amount of deformation
required.

[29] The angles of the upward ramp 40 and the downward ramp 30 may
vary depending upon the length of these annular surfaces in the radial direction.
However, in the present embodiment, the radial length of the upward ramp 40 and
the downward ramp 30 are set to a length 2n with the length of the stage 50 being
n. Also, in this embodiment, the angle of the upward ramp 40 with respect to the
virtual horizontal resting surface is preferably 24-32 degrees, but more preferably
26-30 degrees. If the angle is set too high, too much thinning may occur during
blow molding and if the angle is set too low, the movement of the flexible panel 4
may be compromised. The angles of the downward ramp 30 in this embodiment
are set at about 15 degrees and is preferably in the range of 11-19 degrees.

[30] Another aspect of this embodiment is illustrated in FIGS. 4, 5, 6 7
and 8. This aspect relates to an interlocking dimple or surface pattern formed on
the surfaces of the flexible panel 4. These dimples extend inwardly from the
outside surface of the flexible panel. These dimples provide a similar functibn to
the upward ramp and downward ramp described above. That is, they create
additional surface area that thins the material during blow molding to add more
flexibility to the flexible panel 4. The dimples shown in FIGS. 4, 5, 6, 7 and 8
appear diamond shaped from the surface and have a pyramid shape. However,

the surface area of these surfaces may be increased by making these dimples of
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any shape or cross section, for example, trapezoidal, rectangular, circular, conical
or spherical.

[31] However, the flexibility of the flexible panel 4 may be further
improved if the dimples as shaped so that they can be interlocked throughout the
sﬁrfaces. That is, the dimples may be shaped éo as to adjoin each other along
their peripheries so as to create additional hinge points 90. They may be designed
to interlock on some sides while not interlocking on others. As is shown in FIG. 7,
when the diamond shape is used, the dimples are interlocking on all peripheral
sides at tﬁe outer surface of the container 5. In this configuration, a spiral shaped
hinge is created that extends from the radial outer side of the downward ramp 30
through the stage 50. To accomplish this type of interlock, the radial length of
each dimple is maintained from the radial outward dimples 80 to the radial inward
dimples 80. However, the width of the dimples 80 decreases from the radial
outward dimples 80 to the radial inward dimples 80.

[32] This, while the number of dimples and the size of the dimples may
change, the number of dimples extending in each of the radial direction of the
upward ramp 40 and the downward ramp 30 is greater than the number of dimples
extending in the radial length of the stage 50. For example, in the configuration
of FIG. 8, two dimples 80 are extending in the radial direction of each of the
upward ramp 40 and the downward ramp 30 with one dimple extending in the

radial direction of the stage 50. While much of the flexible base 4 is covered with
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dimples 80 in the embodiments disclosed herein, the container 5 may be
configured to have dimples on only one or some of the moving surfaces, i.e., stage

50, upward ramp 40 or downward ramp 30, without having dimples on another

surface.

10
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WHAT IS CLAIMED IS:

1. A container, comprising:

a top having an opening configured to receive a product;

a bottom adjoining a sidewall that extends to the top of the container; and

a flexible panel having a plurality of surfaces that each extend radially
around a longitudinal axis of the container,

wherein one of the plurality of surfaces comprises a downward ramp that
extends away from the top of the container when moving radially inward along
the downward ramp and another of the surfaces comprises an upward ramp that
extends toward the top of the container when moving radially inward along the

upward ramp.

2. The container according to claim 1, wherein the downward ramp

adjoins the upward ramp.

3. The container according to claim 2, wherein the upward ramp is

disposed radially inward of the downward ramp.

4., The container according to claim 1, further comprising:

a bullet-nose structure on the bottom of the container extending as a

11
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convex structure upward along a central longitudinal axis of the container; and
the plurality of surfaces further comprises a stage extending radially

outward from the bullet-nose to connect to one of the plurality of surfaces.

5. The container according to claim 4, wherein the stage adjoins the

upward ramp.
6. The container according to claim 1, wherein at least one of the plurality
of surfaces comprises dimples extending from an outer side of the one of the

plurality of surfaces to an inside of the container.

7. The container according to claim 6, wherein the dimples adjoin adjacent

dimples.

8. The container according to claim 7, wherein the dimples have a

diamond cross-section.

9. The container according to claim 8, wherein each of the dimples have a

constant length in the radial direction.

10. The container according to claim 9, wherein a width of the dimples in

12



WO 2012/129559 . PCT/US2012/030555

the circumferential direction decreases between dimples when moving from an

outer radial direction toward an inward radial direction.

11. The container of claim 10, wherein the interlocking dimples form a

spirally shaped hinge extending along the upward ramp and the downward ramp.

12. The container according to claim 4, wherein the stage extends

substantially horizontally.
13. The container according to claim 4, wherein at least one of the
plurality of surfaces comprises dimples extending from an outer side of the one of

the plurality of surfaces to an inside of the container.

14. The container according to claim 13, wherein the dimples adjoin

adjacent dimples.

15. The container according to claim 14, wherein the dimples have a

diamond cross-section.

16. The container according to claim 15, wherein each of the dimples

have a constant length in the radial direction.

13
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17. The container according to claim 16, wherein a width of the dimples in
the circumferential direction decreases between dimples when moving from an

outer radial direction toward an inward radial direction.

18. A container, comprising:

a top having an opening configured to receive a product;

a bottom adjoining a sidewall that extends to the top of the container; and

a flexible panel disposed on the bottom, the flexible panel having a
material reducing means for reducing a thickness of material forming the flexible
panels when blow molded and a tehsion reducing means for reducing tension in

the flexible panel when the flexible panel moves upwardly.

14
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