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A non-round container including a sidewall with an outer surface. A first vacuum panel is recessed beneath the outer surface and
includes at least one first rib. A second vacuum panel is recessed beneath the outer surface and includes at least one second rib. A
middle vacuum panel is recessed beneath the outer surface and is positioned between the first and the second vacuum panels.
The middle vacuum panel includes at least one middle rib.

50 rue Victoria

50 Victoria Street e Place du Portage 1 ® Gatineau, Quebec

vl

Canada

¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca
K1A 0C9 e www.cipo.ic.gc.ca



wo 2016/064392 A1 |1 I NN OO0 OO A RO AR

(43) International Publication Date

CA 02964747 2017-04-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/064392 A1l

28 April 2016 (28.04.2016) WIPO I PCT
(51) International Patent Classification: (74) Agents: SEITZ, Brent G. et al.; HARNESS, DICKEY &
B65D 1/40 (2006.01) B65D 1/02 (2006.01) PIERCE, P.L.C., P.O. Box 828, Bloomfield Hills,
Michigan 48303 .
(21) International Application Number: iehean (US)
PCT/US2014/061894 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
23 October 2014 (23.10.2014) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. ) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(71) Applicant: AMCOR LIMITED [AU/AU]; 109 Burwood MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
Road, Hawthorne, Victoria 3122 (AU). PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(72) Inventors; and TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicants (for US only): STELZER, James [US/US];

10184 Aylebury Dr., South Lyon, Michigan 48178 (US).
JOSHI, Rohit V. [US/US]; 1053 Bicentennial Parkway,
Ann Arbor, Michigan 48108 (US). ZENG, Guizhang
[US/US]; 2420 Tamarack Court, Ann Arbor, Michigan
48105 (US). GANNON, Dwayne [US/US]; 3152 Cobble-
stone Ridge, Tecumseh, Michigan 49286 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

[Continued on next page]

(54) Title: VACUUM PANEL FOR NON-ROUND CONTAINERS

(57) Abstract: A non-round container including a sidewall with an outer

A

)

A\

surface. A first vacuum panel is recessed beneath the outer surface and in-
cludes at least one first rib. A second vacuum panel is recessed beneath the
outer surface and includes at least one second rib. A middle vacuum panel
is recessed beneath the outer surface and is positioned between the first and
the second vacuum panels. The middle vacuum panel includes at least one
middle rib.
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VACUUM PANEL FOR NON-ROUND CONTAINERS

FIELD
[0001] The present disclosure relates to non-round containers having

vacuum panels.

BACKGROUND

[0002] This section provides background information related to the
present disclosure, and is not necessarily prior art.

[0003] As a result of environmental and other concerns, plastic
containers, more specifically polyester and even more specifically polyethylene
terephthalate (PET) containers, are now being used more than ever to package
numerous commodities previously supplied in glass containers. Manufacturers
and fillers, as well as consumers, have recognized that PET containers are
lightweight, inexpensive, recyclable and manufacturable in large quantities.

[0004] Blow-molded plastic containers have become commonplace in
packaging numerous commodities. PET is a crystallizable polymer, meaning
that it is available in an amorphous form or a semi-crystalline form. The ability of
a PET container to maintain its material integrity relates to the percentage of the
PET container in crystalline form, also known as the “crystallinity” of the PET
container. The following equation defines the percentage of crystallinity as a

volume fraction:

% Crystallinity = (2—22)x100
P

c a

where p is the density of the PET material; p, is the density of pure amorphous
PET material (1.333 g/cc); and pc is the density of pure crystalline material
(1.455 g/ce).

[0005] Container manufacturers use mechanical processing and
thermal processing to increase the PET polymer crystallinity of a container.
Mechanical processing involves orienting the amorphous material to achieve

strain hardening. This processing commonly involves stretching an injection
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molded PET preform along a longitudinal axis and expanding the PET preform
along a transverse or radial axis to form a PET container. The combination
promotes what manufacturers define as biaxial orientation of the molecular
structure in the container. Manufacturers of PET containers currently use
mechanical processing to produce PET containers having approximately 20%
crystallinity in the container’s sidewall.

[0006] Thermal processing involves heating the material (either
amorphous or semi-crystalline) to promote crystal growth. On amorphous
material, thermal processing of PET material results in a spherulitic morphology
that interferes with the transmission of light. In other words, the resulting
crystalline material is cloudy or opaque, and thus, generally undesirable. Used
after mechanical processing, however, thermal processing results in higher
crystallinity and excellent clarity for those portions of the container having biaxial
molecular orientation. The thermal processing of an oriented PET container,
which is known as heat setting, typically includes blow molding a PET preform
against a mold heated to a temperature of approximately 250°F - 350°F
(approximately 121°C - 177°C), and holding the blown container against the
heated mold for approximately one (1) to five (5) seconds. Manufacturers of
PET juice bottles, which must be hot-filled at approximately 190°F (88°C),
currently use heat setting to produce PET bottles having an overall crystallinity in
the range of approximately 25%-35%.

[0007] While current containers are suitable for their intended use,
they are subject to improvement. For example, a non-round container having
the following properties would be desirable: when hot filled and under pressure,
the container is able to resist expansion and deformation; and when under
vacuum, the container is able to absorb vacuum and resist container skewing to

help the container remain square.

SUMMARY
[0008] This section provides a general summary of the disclosure, and
is not a comprehensive disclosure of its full scope or all of its features.
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[0009] The present teachings provide for a non-round container. The
container includes a sidewall having an outer surface. A first vacuum panel is
recessed beneath the outer surface and includes at least one first rib. A second
vacuum panel is recessed beneath the outer surface and includes at least one
second rib. A middle vacuum panel is recessed beneath the outer surface and is
positioned between the first and the second vacuum panels. The middle
vacuum panel includes at least one middle rib.

[0010] The present teachings further provide for a non-round container
including a plurality of sidewalls. Each sidewall includes an outer surface, a first
vacuum panel, a second vacuum panel, and a middle vacuum panel. The first
vacuum panel is recessed beneath the outer surface and includes a plurality of
first ribs. The second vacuum panel is recessed beneath the outer surface and
includes a plurality of second ribs. The middle vacuum panel is recessed
beneath the outer surface and is positioned between the first and the second
vacuum panels. The middle vacuum panel includes a middle rib configured as
an initiator to permit the first, the second, and the middle vacuum panels to flex
inward when the non-round container is under vacuum. The middle vacuum
panel is connected to both the first vacuum panel and the second vacuum panel.
The first and the second vacuum panels are both larger than the middle vacuum
panel.

[0011] The present teachings also provide for a non-round container
including a plurality of sidewalls. Each sidewall includes an outer surface, an
upper vacuum panel, a lower vacuum panel, and a middle vacuum panel. The
upper vacuum panel is recessed beneath the outer surface and includes a
plurality of upper ribs. The lower vacuum panel is recessed beneath the outer
surface and includes a plurality of lower ribs. The middle vacuum panel is
recessed beneath the outer surface and is positioned between the upper and the
lower vacuum panels. The middle vacuum panel includes a middle rib
configured as an initiator to permit the sidewalls to flex inward when the non-
round container is under vacuum. The middle vacuum panel is devoid of ribs
other than the middle rib. The upper and the lower vacuum panels are both
larger than the middle vacuum panel. The middle vacuum panel is connected to
both the upper vacuum panel and the lower vacuum panel. Each one of the

3
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upper and the lower vacuum panels are recessed further beneath the outer
surface than the middle vacuum panel. Each one of the upper, lower, and
middle vacuum panels have a height extending parallel to a longitudinal axis of
the container. The plurality of upper ribs, the plurality of lower ribs, and the
middle rib extend in a lengthwise direction perpendicular to the longitudinal axis
of the container.

[0012] Further areas of applicability will become apparent from the
description provided herein. The description and specific examples in this
summary are intended for purposes of illustration only and are not intended to
limit the scope of the present disclosure.

DRAWINGS

[0013] The drawings described herein are for illustrative purposes only
of selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.

[0014] Figure 1 is a perspective view of a container according to the
present teachings;

[0015] Figure 2 is a side view of the container of Figure 1;

[0016] Figure 3 is a cross-sectional view of the container taken along
line 3-3 of Figure 2;

[0017] Figure 4 is a bottom view of the container;

[0018] Figure 5 is a close-up view of side panels of a sidewall of the
container;

[0019] Figure 6 is a cross-sectional view taken along line 6-6 of Figure
5; and

[0020] Figure 7 is a graph showing changes in volume of the container
of Figure 1 when under different pressures.

[0021] Corresponding reference numerals indicate corresponding parts
throughout the several views of the drawings.

DETAILED DESCRIPTION
[0022] Example embodiments will now be described more fully with
reference to the accompanying drawings.

4
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[0023] With initial reference to Figures 1 and 2, a container according
to the present teachings is illustrated at reference numeral 10. The container 10
can be any suitable non-round container of any suitable shape or size. For
example, the container 10 can be substantially rectangular or substantially
square, as illustrated. The container 10 can also, for example, be triangular,
pentagonal, hexagonal, octagonal, or polygonal, which may have different
dimensions and volume capacities. Other modifications can be made to the
container 10 depending on the specific application and environmental
requirements.

[0024] The container 10 can be a hot-filled container made from any
suitable material, such as any suitable blow-molded thermoplastic, including
PET, LDPE, HDPE, PP, TS, and the like. The container 10 can be of any
suitable size, such as 18.5 ounces, and can be configured to be hot-filled with
any suitable commodity, such as water, tea, or juice.

[0025] The commodity may be in any form, such as a solid or semi-
solid product. In one example, a commodity may be introduced into the
container 10 during a thermal process, typically a hot-fill process. For hot-fill
bottling applications, bottlers generally fill the container 10 with a product at an
elevated temperature between approximately 155°F to 205°F (approximately
68°C to 96°C) and seal the container 10 with a closure (not illustrated) before
cooling. In addition, the container 10 may be suitable for other high-temperature
pasteurization or retort filling processes or other thermal processes as well. In
another example, the commodity may be introduced into the container 10 under
ambient temperatures.

[0026] The container 10 can be a blow molded, biaxially oriented
container with a unitary construction from a single or multi-layer material. A well-
known stretch-molding, heat-setting process for making the container 10
generally involves the manufacture of a preform (not shown) of a polyester
material, such as polyethylene terephthalate (PET), having a shape well known
to those skilled in the art similar to a test-tube with a generally cylindrical cross
section.

[0027] A preform version of container 10 includes a support ring 26,
which may be used to carry or orient the preform through and at various stages

5
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of manufacture. For example, the preform may be carried by the support ring
26, the support ring 26 may be used to aid in positioning the preform in a mold
cavity, or the support ring 26 may be used to carry an intermediate container
once molded. At the outset, the preform may be placed into the mold cavity
such that the support ring 26 is captured at an upper end of the mold cavity. In
general, the mold cavity has an interior surface corresponding to a desired outer
profile of the container 10.

[0028] In one example, a machine (not illustrated) places the preform
heated to a temperature between approximately 190°F to 250°F (approximately
88°C to 121°C) into the mold cavity. The mold cavity may be heated to a
temperature between approximately 250°F to 350°F (approximately 121°C to
177°C). A stretch rod apparatus (not illustrated) stretches or extends the heated
preform within the mold cavity to a length approximately that of the intermediate
container thereby molecularly orienting the polyester material in an axial
direction generally corresponding with the central longitudinal axis of the
container 10. While the stretch rod extends the preform, air having a pressure
between 300 PSI to 600 PSI (2.07 MPa to 4.14 MPa) assists in extending the
preform in the axial direction and in expanding the preform in a circumferential or
hoop direction thereby substantially conforming the polyester material to the
shape of the mold cavity and further molecularly orienting the polyester material
in a direction generally perpendicular to the axial direction, thus establishing the
biaxial molecular orientation of the polyester material in most of the intermediate
container. The pressurized air holds the mostly biaxial molecularly oriented
polyester material against the mold cavity for a period of approximately one (1)
to five (5) seconds before removal of the intermediate container from the mold
cavity. This process is known as heat setting and results in the container 10
being suitable for filling with a product at high temperatures.

[0029] Other manufacturing methods may be suitable for
manufacturing the container 10. For example, extrusion blow molding, one step
injection stretch blow molding, and injection blow molding, using other
conventional materials including, for example, high density polyethylene,
polypropylene, polyethylene naphthalate (PEN), a PET/PEN blend or copolymer,

and various multilayer structures may be suitable for manufacturing the container
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10. Those having ordinary skill in the art will readily know and understand plastic
container manufacturing method alternatives.

[0030] The container 10 generally includes a first end 12 and a second
end 14, which is opposite to the first end 12. A longitudinal axis A of the
container 10 extends between the first end 12 and the second end 14 through an
axial center of the container 10. At the first end 12, an opening 20 is generally
defined by a finish 22 of the container 10. Extending from an outer periphery of
the finish 22 are threads 24, which are configured to cooperate with
corresponding threads of any suitable closure in order to close the opening 20,
and thus close the container 10. Extending from an outer periphery of the
container 10 proximate to the finish 22, or at the finish 22, is the support ring 26.
The support ring 26 can be used to couple with a blow molding machine for blow
molding the container 10 from a preform, for example, as explained above.

[0031] Extending from the finish 22 is a neck 30 of the container 10.
The neck 30 generally and gradually slopes outward and away from the
longitudinal axis A as the neck 30 extends down and away from the finish 22
towards the second end 14 of the container 10. The neck 30 extends to a body
40 of the container 10. The body 40 extends from the neck 30 to a base 42 of
the container 10 at the second end 14 of the container 10.

[0032] With additional reference to Figures 3 and 4, the base 42 will
now be described. The base 42 generally includes a central push-up portion 44.
The longitudinal axis A extends through a center of the central push-up portion
44. Surrounding the central push-up portion 44, and extending radially outward
therefrom, is a diaphragm 46. The base 42 can include any suitable
strengthening features, such as center ribs 48. The center ribs 48 are spaced
apart and generally extend outward from the central push-up portion 44. Outer
ribs 50 may also be included. The outer ribs 50 generally extend across the
diaphragm 46 to, or proximate to, corners 52 of the base 42. The outer ribs 50
can extend beyond the corners 52 to chamfered edges 62A-62D, as illustrated in
Figures 1 and 2 for example. Each one of the center ribs 48 and the outer ribs
50 may be recessed within the base 42.

[0033] The central push-up portion 44 and the diaphragm 46 of the
base 42 are configured to move towards and away from the first end 12 to help

7
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the container 10 maintain its overall shape as the container 10 is hot-filled and
subsequently cools. For example, when the container 10 is hot-filled and under
pressure, the central push-up portion 44 and the diaphragm 46 are configured to
move along the longitudinal axis A away from the first end 12. When the
container 10 cools and is under vacuum, the central push-up portion 44 and the
diaphragm 46 are configured to move back towards the first end 12, such as to a
position closer to the first end 12 as compared to an as-blown position.

[0034] The body 40 of the container 10 can include any suitable
number of sidewalls. For example and as illustrated, the body 40 can include a
first sidewall 60A, a second sidewall 60B, a third sidewall 60C, and a fourth
sidewall 60D. Between each sidewall 60A-60D is one of a plurality of chamfered
edges 62A-62D. For example and as illustrated in Figure 4, between the first
sidewall 60A and the second sidewall 60B is a first chamfered edge 62A.
Between the second sidewall 60B and the third sidewall 60C is a second
chamfered edge 62B. Between the third sidewall 60C and the fourth sidewall
60D is a third chamfered edge 62C. Between the fourth sidewall 60D and the
first sidewall 60A is a fourth chamfered edge 62D. The chamfered edges 62A-
62D can connect the sidewalls 60A-60D that each chamfered edge 62A-62D is
between.

[0035] With reference to Figures 1-3, 5, and 6 for example, each one
of the sidewalls 60A-60D includes an outer surface 64. Recessed beneath each
outer surface 64 are a plurality of vacuum panels, such as a first or upper panel
70, a second or lower panel 72, and a middle panel 74, which is between the
upper and lower panels 70 and 72. The middle panel 74 can be connected to
each one of the upper and lower panels 70 and 72. The upper panel 70, the
lower panel 72, and the middle panel 74 each extend parallel to the longitudinal
axis A, although the upper and lower panels 70 and 72 are recessed slightly
further beneath the outer surface 64 as compared to the middle panel 74. The
upper and lower panels 70 and 72 are recessed equidistant beneath the outer
surface 64. Of the upper panel 70, the lower panel 72, and the middle panel 74,
the upper panel 70 is closest to the first end 12 and the lower panel 72 is closest
to the second end 14. The upper and lower panels 70 and 72 are generally
mirror images on opposite sides of the middle panel 74.

8
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[0036] The upper panel 70 includes one or more upper panel ribs 80
and the lower panel 72 includes one or more lower panel ribs 82. The upper and
lower panel ribs 80 and 82 can be configured in any suitable manner to permit
the upper and lower panels 70 and 72 to flex inward in response to a vacuum,
and outward in response to the container 10 being subject to increased internal
pressure. Any suitable number of the upper and lower panel ribs 80 and 82 can
be included, and the number of upper panel ribs 80 can be different than the
number of lower panel ribs 82. For example and as illustrated, three upper panel
ribs 80 and three lower panel ribs 82 are included. The upper and lower panel
ribs 80 and 82 each extend into the upper and lower panels 70 and 72
respectively, such as towards the longitudinal axis A. The upper and lower panel
ribs 80 and 82 extend lengthwise in a direction generally perpendicular to the
longitudinal axis.

[0037] The middle panel 74 can include any suitable number of ribs as
well, such as a single middle panel rib 84 as illustrated. The middle panel rib 84
extends into the middle panel 74 towards the longitudinal axis A. The middle
panel rib 84 extends lengthwise in a direction generally perpendicular to the
longitudinal axis A across a width of the middle panel 74. When the container 10
is under vacuum, the middle panel rib 84 acts as an initiator to allow the middle
panel 74, as well as the upper and lower panels 70 and 72, to flex inward as
illustrated in Figure 3 at F, in order to absorb the vacuum pressure, which helps
the container 10 to resist skewing and maintain its intended shape. When the
container 10 is under increased internal pressure, the upper, lower, and middle
panels 70, 72, and 74 can expand outward (away from the longitudinal axis A in
a direction opposite to F,) to help the container sidewalls 60A-60D resist
expansion and deformation. The middle panel 74 is generally a bridge panel
that is configured to act as a strap to resist expansion of the sidewalls 60A-60D
when the container 10 is filled under pressure.

[0038] Each one of the first, second, third, and fourth sidewalls 60A-
60D can include the panels 70, 72, and 74, as well as the ribs 80, 82, and 84,
described above in the same or substantially similar configuration. The panels
70, 72, and 74, as well as the ribs 80, 82, and 84, can be scalable for different

sized containers.
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[0039] Each sidewall 60A-60D can further include an upper rib 90 and
a lower rib 92. The upper rib 90 is recessed into the outer surface and is located
between the upper panel 70 and the neck 30. The lower rib 92 is also recessed
into the outer surface 64, and is between the lower panel 72 and the base 42.
The upper and lower rib 90 and 92 extend lengthwise in a direction that is
generally perpendicular to the longitudinal axis A. The upper and lower ribs 90
and 92 further allow the sidewalls 60A-60D to resist expansion and deformation
when under pressure, and absorb vacuum forces in order to resist container
skewing, thereby helping the container 10 maintain its intended shape.

[0040] The features of the container 10 can be provided at any suitable
dimension, and any suitable relative dimension with respect to other features.
For example and with reference to Figure 4, the base 42 can have a maximum
base width BW, that is greater than a maximum base width BW, at a ratio of
1.25:1, such that the maximum base width BW, is 0.25 times greater than the
maximum base width BW,. The maximum base width BW; is measured
between opposing chamfered edges 62A-62D of the container 10, such as
between chamfered edge 62B and chamfered edge 62D as illustrated in Figure
4. The maximum base width BW, can be measured between opposing sidewalls
60A-60D of the container 10, such as between second sidewall 60B and fourth
sidewall 60D as illustrated in Figure 4.

[0041] With respect to the upper and lower panels 70 and 72, they can
each be provided at a maximum width to maximum height ratio of 1.5:1. Thus a
maximum width W/, of each of the upper and lower panels 70 and 72 is 0.5
times greater than a maximum height Hy and H_ of each one of the upper and
lower panels 70 and 72 respectively.

[0042] With respect to the middle panel 74, the middle panel 74
can be provided with a maximum width to maximum height ratio of 1.7:1. Thus a
maximum width Wy of the middle panel 74 is 0.7 times greater than a maximum
height Hy of the middle panel 74. The upper and lower panels 70 and 72 each
include a maximum width W/ and maximum height Hy/, that is greater than the
maximum width Wy and maximum height Hy of the middle panel 74.

[0043] With respect to the maximum panel area of the upper, lower,
and middle panels 70, 72, and 74, each one of the upper and lower panels 70

10
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and 72 can be provided at a ratio with respect to the middle panel 74 of 1.8:1.
Thus, the maximum area of each one of the upper and lower panels 70 and 72 is
0.8 times greater than the maximum area of the middle panel 74. Accordingly,
the ratio of the combined maximum area of the upper and lower panels 70 and
72 with respect to the middle panel 74 is 3.6:1. In other words, the combined
maximum areas of the upper and lower panels 70 and 72 is 3.6 times greater
than the maximum area of the middle panel 74. The maximum areas of the
upper, lower, and middle panels 70, 72, and 74 are the maximum surface areas
thereof at an exterior of the container 10 extending to an outer perimeter of the
panels 70, 72, and 74, and include any radii connecting the panels 70, 72, 74 to
the outer surface 64 of the body 40, as well as any ribs 80, 82, 84 that are
present.

[0044] With reference to Figure 7, the features of the container 10
described above, such as the upper, lower, and middle panels 70, 72, and 74,
provide the container 10 with enhanced pressure response properties. For
example, upon being subject to an internal pressure of 2.0 PSI, the container 10
exhibits volume expansion of between 8.5% and 9.0%, such as 8.79%. At
internal pressure of 5.0 PSI, the container 10 undergoes volume expansion of
about 13%.

[0045] The present teachings thus advantageously provide for a
container 10 that, when subject to internal vacuum pressure, the upper and
lower panels 70 and 72, and particularly the middle panel 74, absorb the vacuum
and resist container skewing, thereby allowing the container 10 to maintain its
intended shape. The panels 70, 72, and 74 also allow the container 10 to resist
expansion and deformation, such as at the sidewalls 60A-60D, when hot-filled
and under pressure.

[0046] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the disclosure. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also be
varied in many ways. Such variations are not to be regarded as a departure from

11
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the disclosure, and all such modifications are intended to be included within the
scope of the disclosure.

[0047] Numerous specific details are set forth such as examples of
specific components, devices, and methods, to provide a thorough
understanding of embodiments of the present disclosure. It will be apparent to
those skilled in the art that specific details need not be employed, that example
embodiments may be embodied in many different forms and that neither should
be construed to limit the scope of the disclosure.

[0048] The terminology used is for the purpose of describing particular
example embodiments only and is not intended to be limiting. The singular

forms "a," "an," and "the" may be intended to include the plural forms as well,

unless the context clearly indicates otherwise. The terms "comprises,"

"comprising,” “including,” and “having,” are inclusive and therefore specify the
presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups
thereof. The method steps, processes, and operations described are not to be
construed as necessarily requiring their performance in the particular order
discussed or illustrated, unless specifically identified as an order of performance.
It is also to be understood that additional or alternative steps may be employed.

[0049] When an element or layer is referred to as being "on," “engaged

to,” "connected to," or "coupled to" another element or layer, it may be directly
on, engaged, connected or coupled to the other element or layer, or intervening
elements or layers may be present. In contrast, when an element is referred to

as being "directly on," “directly engaged to,” "directly connected to" or "directly
coupled to" another element or layer, there may be no intervening elements or
layers present. Other words used to describe the relationship between elements
should be interpreted in a like fashion (e.g., “between” versus “directly between,”
‘adjacent” versus “directly adjacent,” etc.). The term "and/or" includes any and
all combinations of one or more of the associated listed items.

[0050] Although the terms first, second, third, etc. may be used to
describe various elements, components, regions, layers and/or sections, these

elements, components, regions, layers and/or sections should not be limited by
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these terms. These terms may be only used to distinguish one element,
component, region, layer or section from another region, layer or section. Terms

such as “first,” “second,” and other numerical terms do not imply a sequence or
order unless clearly indicated by the context. Thus, a first element, component,
region, layer or section discussed below could be termed a second element,
component, region, layer or section without departing from the teachings of the
example embodiments.

[0051] Spatially relative terms, such as ‘“inner,” “outer,” "beneath,"

"below," "lower," "above," "upper" and the like, may be used for ease of
description to describe one element or feature's relationship to another
element(s) or feature(s) as illustrated in the figures. Spatially relative terms may
be intended to encompass different orientations of the device in use or operation
in addition to the orientation depicted in the figures. For example, if the device in
the figures is turned over, elements described as "below" or "beneath" other
elements or features would then be oriented "above" the other elements or
features. Thus, the example term "below" can encompass both an orientation of
above and below. The device may be otherwise oriented (rotated 90 degrees or
at other orientations) and the spatially relative descriptors used herein

interpreted accordingly.

13
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CLAIMS
What is claimed is:
1. A non-round container comprising:
a sidewall including an outer surface;
a first vacuum panel recesseof beneath the outer surface and including at
least one first rib;
a second vacuum panel recessed beneath the outer surface and including
at least one second rib; and
a middle vacuum panel recessed beneath the outer surface, the middle
vacuum panel connects the first vacuum panel and the second vacuum panel together,
is positioned between the first and the second vacuum panels, and includes at least one
middle rib;
wherein each one of the first vacuum panel and the second vacuum panel
is recessed further beneath the outer surface of the sidewall than the middle vacuum

panel.

2. The non-round container of Claim 1, wherein the first vacuum panel and the

second vacuum panel are mirror-images of each other.

3. The non-round container of Claim 1, wherein the first vacuum panel and the

second vacuum panel are each larger than the middie vacuum panel.
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4, The non-round container of Claim 1, wherein the first and second vacuum

panels each have a larger height than the middle vacuum panel.

5. The non-round container of Claim 1, wherein the first and second vacuum

panels each have a larger width than the middle vacuum panel.

8. The non-round container of Claim 1, wherein the first and the second
vacuum panels each have a maximum width that is 0.5 times greater than a maximum

height of each one of the first and the second vacuum panels.

7. The non-round container of Claim 1, wherein the middie vacuum panel has
a maximum width that is 0.7 times greater than a maximum height of the middle vacuum

panel.

8. The non-round container of Claim 1, wherein a maximum total combined
area of the first and the second vacuum panels and a maximum total area of the middle

vacuum panel are at a ratio of 3.6:1.

9. The non-round container of Claim 1, wherein the container includes four
sidewalls and four chamfered edges, each one of the chamfered edges connects two of
the sidewalls together, a first maximum width of the container is defined between two
opposing chamfered edges, and a second maximum width of the container is defined

across one of the sidewalls and the chamfered edges on opposite sides thereof;
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wherein the first maximum width and the second maximum width are at a

ratio of 1.25:1.

10.  The non-round container of Claim 1, wherein when a base of the container
is seated on a flat surface:
the first vacuum panel is an upper vacuum panel and the second vacuum
panel is a lower vacuum panel; and
the upper vacuum panel, the lower vacuum panel, and the middle vacuum

panel each extend parallel to a longitudinal axis of the container.

11. The non-round container of Claim 1, further comprising an upper rib

between the first vacuum panel and a neck of the container, and a lower rib between the

second vacuum panel and a base of the container.

12.  The non-round container of Claim 1, wherein the container is square or

rectangular.

13.  The non-round container of Claim 1, wherein the middle vacuum panel

includes a single rib.

14.  The non-round container of Claim 13, wherein the sidewall is configured to

flex inward at the single rib in response to a vacuum within the container.
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15.  The non-round container of Claim 1, wherein the first vacuum panel
includes a plurality of first ribs, and the second vacuum panel includes a plurality of

second ribs.

18.  The non-round container of Claim 1, wherein the container is configured to
undergo an internal volume increase of between 8.5% and 9.0% when the container is

under 2psi of pressure.

17.  The non-round container of Claim 1, wherein the upper and lower vacuum

panels are recessed below the sidewall at the same depth.

18. A non-round container comprising:
a plurality of sidewalls, each sidewall including:

an outer surface;

a first vacuum panel recessed beneath the outer surface and
including a plurality of first ribs;

a second vacuum panel recessed beneath the outer surface and
including a plurality of second ribs; and

a middle vacuum panel recessed beneath the outer surface and
positioned between the first and the second vacuum panels, the middle vacuum panel
including a middle rib configured as an initiator to permit the first, second, and middle
vacuum panels to flex inward when the non-round container is under vacuum;

wherein:
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the middle vacuum panel connects both the first vacuum panel and
the second vacuum panel together and is positioned between the first vacuum panel and
the second vacuum pane!;
the first and the second vacuum panels are both larger than the
middle vacuum panel; and
each one of the first vacuum panel and the second vacuum panel is

recessed further beneath the outer surface of the sidewall than the middle vacuum panel.

19.  The non-round container of Claim 18, wherein the first vacuum panel and
the second vacuum panel each have a width and a height that is greater than a middle

width and a middle height of the middle vacuum panel.

20.  The non-round container of Claim 18, wherein the first vacuum panel is an
upper vacuum panel, and the second vacuum panel is a lower vacuum panel; and
wherein the upper vacuum panel is a mirror image of the lower vacuum

panel,

21.  The non-round container of Claim 18, wherein the middle vacuum panel

includes only a single rib.

22.  The non-round container of Claim 18, wherein each one of the first, second,
and middle vacuum panels extend parallel to a longitudinal axis of the non-round of the

container.
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23.  The non-round container of Claim 18, wherein each one of the first ribs, the
second ribs, and the middle rib extend in a direction perpendicular to a longitudinal axis

of the non-round containers.

24. A non-round container comprising:
a piurality of sidewalls, each sidewall including:
an outer surface;
an upper vacuum panel recessed beneath the outer surface and
including a plurality of upper ribs;
a lower vacuum panel recessed beneath the outer surface and
including a plurality of lower ribs; and
a middle vacuum panel recessed beneath the outer surface and
positioned between the upper and the lower vacuum panels, the middle vacuum panel
inciuding a middle rib configured as an initiator to permit the sidewalis to flex inward when
the non-round container is under vacuum, the middle vacuum panel is devoid of ribs other
than the middle rib;
wherein:
the upper and the lower vacuum panels are both larger than the
middle vacuum panel;
the middle vacuum panel connects both the upper vacuum panel and
the lower vacuum panel together and is positioned between the upper vacuum panel and

the lower vacuum panel;
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each one of the upper and the lower vacuum panels are recessed
further beneath the outer surface than the middle vacuum panel;
each one of the upper, lower, and middle vacuum panels have a
height extending parallel to a longitudinal axis of the container; and
the plurality of upper ribs, the plurality of lower ribs, and the middle

rib extend in a lengthwise direction perpendicular to the longitudinal axis of the container.

25. The non-round container of Claim 24, wherein the upper and the lower
vacuum panels each have a maximum width that is 0.5 times greater than a maximum

height of each one of the upper and the lower vacuum paneis.

26.  The non-round container of Claim 25, wherein the middle vacuum panel has
a maximum width that is 0.7 times greater than a maximum height of the middle vacuum

panel.

27.  The non-round container of Claim 26, wherein a maximum total combined
area of the upper and the lower vacuum panels and a maximum total area of the middle

vacuum panel are provided at a ratio of 3.6:1.

28.  The non-round container of Claim 27, wherein the container includes four
sidewalls and four chamfered edges, each one of the chamfered edges connects two of

the sidewalls together, a first maximum width of the container is defined between two
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opposing chamfered edges, and a second maximum width of the container is defined
across one of the sidewalls and the chamfered edges on opposite sides thereof:

wherein the first maximum width and the second maximum width are at a

ratio of 1.25:1.

#42065908
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