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HOT-FILL CONTAINER PROVIDING VERTICAL, VACUUM COMPENSATION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
61/049,147, filed April 30, 2008, the disclosure of which is hereby incorporated by reference as

if set forth in its entirety herein.

TECHNOLOGY FIELD
[0002] The present disclosure relates to containers, and more particularly to pressure-

responsive plastic containers.

BACKGROUND

[0003] It has been a goal of conventional container design to form container bodies that
have a desired and predictable shape after filling and at the point of sale. For example, it is often
desired to produce containers that maintain an approximately cylindrical body or a circular
transverse cross section. However, in some instances, the containers are susceptible to negative
internal pressure (that is, relative to ambient pressure), which causes the containers to deform
and lose rigidity and stability, and results in an overall unaesthetic appearance. Several factors
can contribute to the buildup of negative pressure inside the container.

[0004] For instance, in a conventional hot-fill process, the liquid or flowable product is
charged into a container at elevated temperatures, such as 180 to 190 degrees F, under
approximately atmospheric pressure. Because a cap hermetically seals the product within the

container while the product is at the hot-filling temperature, hot-fill plastic containers are subject



WO 2009/135046 PCT/US2009/042378

to negative internal pressure upon cooling and contraction of the products and any entrapped air
in the head-space. The phrase hot filling as used in the description encompasses filling a
container with a product at an elevated temperature, capping or sealing the container, and
allowing the package to cool.

[0005] As another example, plastic containers are also often made from materials such
as polyethylene terephthalate (PET) that can be susceptible to the egress of moisture over time.
Biopolymers or biodegradable polymers, such as polyhydroxyalkanoate (PHA) also exacerbate
egress issues. Accordingly, moisture can permeate through container walls over the shelf life of
the container, which can cause negative pressure to accumulate inside the container. Thus, both
hot-fill and cold-fill containers are susceptible to the accumulation of negative pressure capable
of deforming conventional cylindrical container bodies.

[0006] Many conventional cylindrical containers would deform or collapse under the
internal vacuum conditions without some structure to prevent it. To prevent collapse, some
containers have panels, referred to as “vacuum panels,” located in the body sidewall. The
vacuum panels are configured to flex radially inward in response to internal vacuum such that
the remainder of the container body remains cylindrical. Although the deflection of the panels
enables the remainder of the container to have its desired shape, the area that includes the
vacuum panels still undergoes radial deformation, which is not aesthetically or commercially
appealing and presents difficulties for labeling.

[0007] Thus, it is desirable to provide a hot-fill container capable of providing vacuum
compensation structure that flexes in a non-radial direction in response to the accumulation of

negative internal pressure.

SUMMARY

[0008] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description of Illustrative Embodiments.
This Summary is not intended to identify key features or essential features of the invention, nor
is it intended to be used to limit the scope of the invention.

[0009] According to one embodiment, a pressure-responsive container includes a lower
portion having an enclosed base, an upper portion having a dome and a finish, and a generally
cylindrical body portion extending vertically between the lower portion and the upper portion.
The body portion includes an upper sidewall and a lower sidewall, and further includes at least
one circumferential rib disposed between the upper and lower sidewalls. The rib includes a
substantially straight upper wall, a substantially straight lower wall, and a curved central portion

connecting the upper wall and the lower wall. The upper wall extends downward and radially
_2-
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inward from the upper sidewall so as to define a first angle less than 35 degrees with respect to a
horizontal reference line. The substantially straight lower wall extends upward and radially
inward from the lower sidewall so as to define a second angle less than 35 degrees from the
horizontal reference line. The straight upper wall and the straight lower wall are adapted to
hinge with respect to each other in response to a vacuum created inside the container such that a
height of the container is reduced while the body portion retains a substantially cylindrical shape.

[0010] Additional features and advantages will be made apparent from the following
detailed description of illustrative embodiments that proceeds with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing summary, as well as the following detailed description, is better
understood when read in conjunction with the appended drawings. For the purpose of
illustrating the container of the present invention, there is shown in the drawings exemplary
embodiments; however, the container of the present is not limited to the specific embodiments
disclosed.

[0012] Fig. 1is a side elevation view of a hot-fill container constructed in accordance
with one embodiment including a plurality of vacuum compensation ribs;

[0013] Fig. 2A is an enlarged side elevation view of one of the vacuum compensation
ribs illustrated in Fig. 1;

[0014] Fig. 2B is another enlarged side elevation view of the vacuum compensation rib
illustrated in Fig. 1 showing dimensional information;

[0015] Fig. 3 is an enlarged side elevation view of one of the vacuum compensation
ribs illustrated in Fig. 1, showing the rib in both a deformed state and in an undeformed, or as-
molded, state;

[0016] Fig. 4 is a side elevation view of a hot-fill container as illustrated in Fig. 1, but
including a stiffening rib constructed in accordance with one embodiment;

[0017] Fig. 5A is a side elevation view of the hot-fill container illustrated in Fig. 1
sized as a 10 oz. plastic container;

[0018] Fig. 5B is an enlarged side elevation view of the vacuum compensation rib
illustrated in Fig. 5A;

[0019] Fig. 6 is a side elevation view of the hot-fill container illustrated in Fig. 1, but
constructed in accordance with an alternative embodiment; and

[0020] Fig. 7 is a side elevation view of the hot-fill container illustrated in Fig. 1, but

constructed in accordance with another alternative embodiment.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0021] Referring to Fig. 1, a container 10 extends along a vertical axis y and includes a
lower portion 20, an upper portion 30, and a body portion 40 extending between the lower
portion 20 and the upper portion 30. The body portion 40 is cylindrical in the illustrated
embodiment, and includes one or more side walls 42 along with one or more vacuum
compensation ribs 50.

[0022] The container 10 is oriented in Fig. 1 as extending vertically, or axially, along
the vertical axis y, and radially, or horizontally, along a horizontal direction that is perpendicular
with respect to the vertical axis y, it being appreciated that the actual orientations of the container
10 may vary during use. Thus, the directional term “vertical” and its derivatives are used with
reference to a direction along axis y (or axial direction), and the directional term “horizontal” and
its derivatives are used with reference to a direction perpendicular to axis y (or radial direction),
it being appreciated that these directional terms and derivatives thereof are used to describe the
container 10 and its components with respect to the orientation illustrated in Fig. 1 merely for the
purposes of clarity and illustration.

[0023] The lower portion 20 includes an enclosed base 25 that extends vertically down
from the body portion 40. As shown in Fig. 1, lower portion 20 preferably includes a lower label
bumper 21, a circumferential heel 22, a circular standing ring 23, and a reentrant portion 24. The
lower label bumper 21 is located at the boundary between the lower portion 20 and the body
portion 40, and extends vertically down from the sidewall 42 of the body portion 40 to the heel
22. The heel 22 extends vertically down to the standing ring 23.

[0024] The reentrant portion 24, which is shown in dashed lines in Fig. 1, extends
vertically up from the standing ring 23 on the underside of the container. Reentrant portion 24
may be of any type. For example, reentrant portion 24 may include conventional, radial
reinforcing ribs, may be rigid or configured to deform in response to internal vacuum and
function with the vacuum compensation features of container 10, or may comprise other
structure.

[0025] As shown in Fig. 1, the upper portion 30 extends vertically up from the body
portion 40 and preferably includes an upper label bumper 31, a cylindrical portion 32, a dome
33, aneck 34, and a finish 35 that has threads 36. The upper label bumper 31 is located at the
boundary between the upper portion 30 and the body portion 40, and extends upward from the
sidewall 42 of the body portion 40 to the cylindrical portion 32. The cylindrical portion 32
preferably is short relative to the vertical length of dome 33. The cylindrical portion 32 extends
vertically up from the upper label bumper 31 to the dome 33. The dome 33 extends vertically up

_4.-
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and radially in to a neck 34. The neck 34 extends vertically up to a finish 35 that has threads 36

configured to receive corresponding threads of a closure member to close an interior that is
defined by the container 10, for instance the lower portion 20, the upper portion 30, and the body
portion 40. As shown in Fig. 1, the body portion 40 extends substantially between the lower and
upper label bumpers 21 and 31, respectively, and preferably is cylindrical to enable a label to be
applied around its circumference.

[0026] The container 10 can be a pressure-responsive that is configured to absorb
internal pressure that accumulates, for instance during a hot-fill process or due to the egress of
moisture over time. In this regard, it should be appreciated that the container 10 can be a hot-fill
or a cold-fill container. The container 10 can be formed from any suitable material, such as
polyethylene terephthalate (PET), polybutylene terephthalate (PBT), polyethylene naphthalate
(PEN), or a blend comprising the same. Typically, container 10 is formed by a stretch blow
molding operation, but the present invention is not intended to be limited by the method of
forming the container.

[0027] The body portion 40 illustrated in Fig. 1 includes a plurality (i.c., two or more)
ribs 50 configured provide vacuum compensation under vacuum conditions inside the container
10. Fig. 1 shows the container 10 as including three vacuum compensation ribs 50. As will
become apparent from the description below, each rib 50 can be configured to flex vertically,
thereby providing for vertical, or non-radial, vacuum compensation. The vertical vacuum
compensation allows the container 10 to maintain its substantially cylindrical shape while being
devoid of vacuum panels.

[0028] The body portion 40 may further comprise sidewalls 42 disposed adjacent to the
ribs 50 along the vertical axis y of the container 10. Thus, a sidewall 42 may be disposed above
another sidewall 42 and below a rib 50. Alternatively, the body portion 40 may include ribs 50
that are immediately adjacent one or both of the bumpers 31 and 21, such that the sidewalls 42
are disposed only between adjacent ribs 50. The sidewalls 42 are preferably substantially
cylindrical and extend substantially vertically. Further, the sidewalls 42 define a diameter d of
the body portion 40 of the container 10, as shown in Figs. 1 and 5A.

[0029] It should be appreciated that the container illustrated in Fig. 1 is just one
embodiment of a container, and that any suitable container can be used in connection with the
present invention. For instance, Fig. 6 illustrates the container 10 has including a large-mouth
opening, and containers that are configured as shown in Fig. 7 and have a semi-spherical dome.
Further variations of the container 10 are contemplated so long as they are configured to

compensate for negative internal pressure in the manner described below.
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[0030] Referring now also to Figs. 2A-B, each rib 50 is illustrated as being

circumferentially continuous and extending in a substantially horizontally inward, or non-
vertical, direction from the body portion 40. Each rib 50 is adapted to provide vacuum
compensation when negative internal pressure accumulates within the container 10. Each rib 50,
when viewed in transverse cross-section (that is, viewed after a vertical plane coincident with the
vertical axis y has bisected the container 10), includes an upper wall 51, a lower wall 52, and a
curved central portion 53 connected between the upper and lower walls. The upper wall 51 is
connected to a first sidewall 42° and lower wall 52 is connected to a second sidewall 42°°, the
sidewalls defining substantially cylindrical portions of the container 10.

[0031] As illustrated, the upper wall 51 and lower wall 52 extend in a substantially
straight direction. However, either one or both of the upper wall 51 and the lower 52, may be
curved as desired. The curved central portion 53 comprises a single radius of curvature, but may
alternatively comprise a compound radius of curvature. Although the upper wall 51 and lower
wall 52 are shown connected by a curved central portion 53, they may be connected directly or
by other intervening structures. For instance, according to an alternative embodiment, the rib 50
does not include a curved central portion and the upper wall 51 is directly connected to the lower
wall 52.

[0032] Additionally, the upper wall 51 may be connected to the first sidewall 42° by a
curved upper transition 54, and the lower wall 52 may be connected to the second sidewall 42°°
by a curved lower transition 55. Each of the curved upper transition 54 and curved lower
transition 55 preferably comprises a single radius of curvature, but may alternatively comprise a
compound radius of curvature. It should further be appreciated that the upper wall 51 can be
directly connected the first sidewall 42” without a curved upper transition 54, and the lower wall
cab be directly connected to the second sidewall 42” without a curved lower transition 55.

[0033] The upper wall 51 is connected to the curved upper transition 54, or to the first
sidewall 42’ if there is no curved upper transition 54, at a first upper junction 56. The upper wall
51 is connected to the curved central portion 53, or to the lower wall 52 if there is no curved
central portion 53, at a second upper junction 57. The lower wall 52 is connected to the curved
lower transition 55, or to the second sidewall 42°’ if there is not curved lower transition 42°°, at a
first lower junction 58. The lower wall 52 is connected to the curved central portion 53, or the
upper wall 51 if there is no curved central portion 53, at a second lower junction 59. The
junctions associated with the upper and lower walls may define a geometric shape different than
that of the surrounding structure. For instance, the junctions may define a radius of curvature

that is less than one of the surrounding structures, and greater than the other surrounding
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structure. As one example, the junction 56 defines a radius of curvature that is greater than that
of the curved upper transition 54, and less than that of the upper wall 51 (whose radius of
curvature may be infinite when the upper wall 51 is substantially flat as illustrated).

[0034] Asillustrated in Fig. 2B, each rib 50 defines a rib height H and a rib depth D.
The rib height H is defined as the vertical distance between an upper portion of a rib 50 that is
connected to a first sidewall 42 (such as the upper end of the upper wall 51 or the upper end of
the curved upper transition 54), and a lower portion of a rib 50 that is connected to a second
sidewall 42” (such as the lower end of the lower wall 52 or the lower end of the curved lower
transition 55. The rib depth D is defined as the radial distance between a sidewall 42 and a
radially innermost portion of a rib 50.

[0035] Further, as shown in Fig. 2B, each of the upper wall 51 and the lower wall 52 is
inclined with respect to the horizontal direction as indicated by a horizontal reference line x. In
particular, each of the upper wall 51 and the lower wall 52 defines an angle A’ and A”,
respectively, with respect to the reference line x. In one embodiment where the upper wall 51
and lower wall 52 are straight, angle A’ may be defined simply as the angle by which the upper
wall 51 is inclined from a horizontal reference line x, and angle A” may be defined as the angle
by which the lower wall 52 is inclined from a horizontal reference line x. In another
embodiment where the upper wall 51 and lower wall 52 are curved, angle A’ may be defined as
the angle between a line extending through the first upper junction 56 and the second upper
junction 57, and a horizontal reference line x. The angle A” may be defined as the angle
between a line extending through a first lower junction 58 and a second lower junction 59, and a
horizontal reference line x. Angle A’ and A” are preferably the same as illustrated, but may be
different.

[0036] According to one aspect of the invention, the one or more ribs 50 of the
container 10 are adapted to provide vertical vacuum compensation during a hot-fill process. In
particular, a rib 50 is adapted to provide vacuum compensation by diminishing in height H. A
rib 50 is configured to diminish in height H by allowing an upper wall 51 and lower wall 52 to
flex and/or hinge toward each other in response to vacuum conditions inside the container 10.
Thus, in accordance with a preferred embodiment, the curved central portion 53 acts as a hinge
that allows an upper wall 51 and lower wall 52 to flex and/or hinge toward each other.
Alternatively, the radially inner ends of the upper and lower walls 51 and 52 are directly
connected and hinge about the joint between the walls 51 and 52.

[0037] As shown in Fig. 3, the rib 50 flexes in response to the accumulation of negative

internal pressure from an undeformed, or as molded, state 61 to a deformed state 63. As
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illustrated, the upper wall 51 and lower wall 52 hinge or flex toward each other and the height of

the rib 50 decreases in response to the accumulation of negative pressure inside the container 10.
The sidewalls 42 are therefore pulled vertically closer together and the overall height of the
container 10 is reduced. The curved central portion becomes radially inwardly displaced in
response to the accumulation of negative internal pressure, thereby increasing the depth D as the
height H decreases. As the overall height of the container 10 is reduced, the volume of the
container 10 is reduced, thereby decreasing the internal volume of the container 10 and
absorbing the negative internal pressure.

[0038] The geometry of the rib 50 offers performance advantages over ribs having an
upper wall and lower wall connected by a straight (e.g., vertical) central wall rather than a curved
central portion 53. For example, the curved central portion 53 allows for more efficient vertical
compensation. That is to say, for a given rib height H, a rib including the curved central portion
53 provides more vertical vacuum compensation than a rib having a straight central wall. This is
true because a straight central wall is not adapted to diminish in height in response to internal
vacuum forces, whereas the curved central portion 53 is. Thus, the rib design employing the
curved central portion 53 provides greater vertical vacuum compensation than a rib employing a
straight central portion.

[0039] The container 10 is adapted to provide vertical vacuum compensation during a
hot-fill process. In a hot-filling process, a product (for instance a liquid product) may be
introduced into the interior of the container 10 at fill temperature, which can be elevated with
respect to the ambient, or room temperature, for instance 180 to 190 degrees F, and the container
10 can be capped to create a hermetic seal to the interior. The product in the container 10 is
subsequently allowed to cool, for instance to cooled temperature that is less than the fill
temperature, for instance substantially at the ambient temperature or to a temperature that is less
than ambient temperature, or in some instances greater than the ambient temperature. Cooling of
the product causes the product to contract and creates a vacuum condition inside the container
(i.e. negative internal pressure relative to ambient pressure). Once the product is cooled, a label
can be applied to the outer surface of the container 10 between the upper and lower bumpers 31
and 21, respectively, in the manner described above. Because the container 10 maintains its
substantially cylindrical shape after the product is cooled, the label has an enhanced aesthetic
appeal compared to conventional containers having vacuum compensation panels that flex
radially inward upon cooling of the product. Thus, the container 10 including one or more

vacuum compensation ribs 50 provides a method of manufacturing a container that can include
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the steps of hot-filling a bottle and causing the ribs 50 to provide vertical displacement in the
manner described herein.

[0040] The container 10 is further adapted to provide vertical vacuum compensation
throughout the shelf life of the container, for instance as moisture escapes through the lower
portion 20, upper portion 30, and/or body portion 40. The ribs 50 of the container 10 are allowed
to diminish in height in response to the negative internal pressure in the container 10, thereby
providing vertical vacuum compensation.

[0041] Referring now to Fig. 4, the sidewalls 42 may comprise stiffening and/or
ornamental features, such as, for example, one or more continuous or non-continuous horizontal
ribs, vertical ribs, wave-like ribs, alphanumeric indicia, and decorative patterns. Such features
may serve to stiffen the sidewalls 42 extending above and below the vacuum compensation ribs
50 such that a given rib 50 may be spaced further apart from an adjacent rib 50, lower bumper
21, or upper label bumper 31 without decreasing the resistance of the sidewall 42 to failure under
vacuum conditions inside the container 10. For example, Fig. 4 illustrates a stiffening feature in
the form of a continuous, wave-like stiffening rib 60 carried by one or more, up to all, of the
sidewalls 42. The stiffening rib 60 can either extend radially in from the sidewall 42 or radially
out from the sidewall 42, and stiffens the sidewall 42 and allows the areas of the container 10
that provide vertical compensation (for instance the ribs 50) to be spaced further apart vertically.
It should thus be appreciated that the stiffening ribs 60 provide a lager landing area for adhering
labels. Because the landing area does not deform either radially or vertically under vacuum
conditions inside the container 10, the appearance of the label (not shown) is not affected by the
vacuum compensation of the ribs 50.

[0042] According to another aspect of the invention, ribs 50 may also enhance the hoop
strength and substantially cylindrical shape, of the body portion 40 of the container 10 while
being devoid of vacuum panels. Additionally, as mentioned above, the sidewalls 42 may
comprise stiffening and/or ornamental features, such as, for example, non-continuous horizontal
ribs, vertical ribs, wave-like ribs, alphanumeric indicia, and decorative patterns. Such features
may serve to stiffen the sidewalls 42 extending above and below the ribs 50 such that a rib 50
may be spaced further apart from an adjacent rib 50, lower bumper 21, or upper label bumper 31
without decreasing the sidewalls’ 42 resistance to failure under vacuum conditions inside the
container 10.

[0043] Aspects of the present invention recognize that certain aspects of a rib 50
described above may be controlled to increase the vertical vacuum compensation of the rib 50.

In particular, the inventor has found that the rib depth D, and the angles A’ and A” of the lower
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51 and upper 52 walls relative to the horizontal may be controlled to produce a desired vertical
vacuum compensation of a rib 50. Although a rib 50 may have a depth D in a wide range, the
inventor has found that a rib depth D that is less than 20% of the diameter d of the body portion
40 of the container 10 is preferable for providing vertical vacuum compensation. Additionally,
although a rib 50 may comprise an upper wall 51 and lower 52 inclined from a horizontal
reference line in a wide range of angles A’ and A”, respectively, the inventor has found that
angles A’ and A” less than 35° are preferable for providing vertical vacuum compensation. The
radius of curvature R (see Fig. 5A) of a curved central portion 53 may be optimized in
combination with the rib depth D, and the angles A’ and A” to provide vertical vacuum
compensation.

[0044] The desired dimensions of the rib 50 for providing vertical vacuum
compensation may vary depending upon the size of the container 10 and relative magnitude of
the dimensions of the container 10 (e.g. height, diameter). For example, a linear optimization
analysis was performed on a 10 oz. container configured as shown in Fig. 5A to find the most
desirable dimensions of the ribs 50 configured as shown in Fig. 5B. As shown in Figs. 5A-5B,
the container 10 comprises three identical horizontal ribs 50 that are evenly spaced along a
vertical axis of the body portion 40 of the container 10. The three ribs 50 constructed identically
and each includes an upper wall 51, a lower wall 52, and a curved central portion 53. The upper
wall 51 is inclined from a horizontal reference line x at an angle A’ and the lower wall 52 is
inclined from a horizontal reference line x at an angle A”. Angle A’ and A” are the same.
Central portion 53 comprises a single radius of curvature R. The dimensions shown in Fig. 5A
are in inches. The linear optimization analysis was directed to the dimensions of the radius of
curvature R, depth D, and angles A’ and A” in order to increase vertical vacuum compensation
of the ribs 50.

[0045] Below are charts illustrating the cumulative vertical displacement of the three
ribs, as shown in the container 10 of Figs. 5A-5B when the container is subjected to a
predetermined internal pressure under various geometric configurations of the ribs 50. The
predetermined internal pressure was consistent for each of the charts below, thereby indicating
the relationships between the performance of various geometric configurations of the ribs 50.

[0046] In the chart immediately below, the depth D of the ribs is fixed at 0.200 inches
and the radius of curvature R is increased form 0.0500 inches to 0.0900 inches. The vertical axis
of the chart shows the vertical displacement of the three ribs in inches, and the horizontal axis
shows the radius of curvature R in inches. Vertical displacement refers to the amount that the

ribs diminish in height in response to the applied negative internal pressure in the container 10
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(i.e. vertical vacuum compensation). According to this embodiment, the vertical displacement
capability of the three ribs increases as the radius of curvature R increases from 0.0500 inches to
0.0600 inches, and decreases as the radius of curvature R increases from .0600 inches to .0900
inches. Further, as shown, the ribs 50 are configured to achieve the greatest amount of vertical
displacement (0.0652 inches of vertical displacement) when the radius of curvature R is 0.0600
inches. It should be appreciated that all of the dimensional information described herein includes
dimensions that are “about” the specified value. For instance, the radius of curvature R noted

immediately above include a values that is about 0.0600 inches.

vaowtuddy s Rib Nodius sl
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[0047] Below is another chart illustrating the vertical displacement of the three ribs, as
shown in the container 10 of Figs. 5A-5B, where the depth D of the ribs is fixed at 0.155 inches
and the radius of curvature R is increased from 0.0500 inches to 0.0900 inches. Again, the
vertical axis of the chart shows the vertical displacement of the three ribs in inches in response to
the predetermined internal pressure, and the horizontal axis shows the radius of curvature R in
inches. According to this embodiment, the vertical displacement of the three ribs increases as
the radius of curvature R increases from 0.0500 inches to 0.0600 inches generally decreases as
the radius of curvature R increases from 0.0600 inches to 0.0900 inches. Further, as shown, the
ribs 50 are configured to achieve the greatest amount of vertical displacement (about 0.0458

inches of vertical displacement) when the radius of curvature R is 0.0600.
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[0048] Below is a chart illustrating the vertical displacement of the three ribs, as shown
in the container 10 of Figs. 5A-5B, where the depth D of the ribs is fixed at 0.200 inches, and the
angles A’ and A” are increased from 23° to 31°. The vertical axis of the chart shows the vertical
displacement of the three ribs in inches, and the horizontal axis shows the angles A’ and A”.
According to this embodiment, the vertical displacement of the three ribs decreases as the angles

A’ and A’ increases from 23° to 31°.

fispsacament Woniipr

[0049] Below is another chart illustrating the vertical displacement of the three ribs, as
shown in the container 10 of Fig. 5A, where the depth D of the ribs is fixed at 0.155 inches, and
the angles A’ and A” are increased from 23° to 31°. Again, the vertical axis of the chart shows

the vertical displacement of the three ribs in inches, and the horizontal axis shows the angles A’
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and A”. According to this embodiment, the vertical displacement of the three ribs also decreases

as the angles A’ and A’ increases from 23° to 31°.
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[0050] Below is a chart illustrating the relationship between vertical displacement of
the three ribs 50 and the depth D of the ribs 50, as shown in the container 10 of Fig. SA. The
vertical axis of the chart shows the vertical displacement of the three ribs in inches, and the
horizontal axis shows the depth D of the ribs 50. As shown, the vertical displacement of the

three ribs increases as the depth of the ribs 50 increases from 0.1150 inches to 0.1950 inches.
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[0051] Below is a table summarizing non-linear, finite-element analysis (FEA)
predictions done on six container designs configured as shown in Figs. 5A-5B, but each having

slightly different rib dimensions. Each row in the table corresponds to a different container
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design identified as #1-#6 in the first column. The second column indicates the radius of
curvature R of the central portion 53. The third column indicates the angles A’ and A” at which
the upper 51 and lower 52 walls are inclined. The fourth column indicates the depth D of the
ribs 50. The fifth column indicates the maximum negative internal pressure that each container
design can withstand before failing. The sixth column indicates the maximum change in volume
(i.e. vacuum compensation) of each container design at the negative pressure level indicated in
the corresponding row of column 5. Thus, for the general container configuration shown in Figs.
5A-5B, the greatest negative internal pressure absorption is achieved using ribs 50 of design #6

having a radius of curvature R of 0.06 in., angles A’ and A” of 22°, and a depth D of 0.200.

Design Radius R Angles Depth D Maximum Maximun

A’ and A” Pressure A Volume
#1 0.07 in. 27° 0.155 in. -5.88 psi -14.8 cc
#2 0.04 in. 27° 0.155 in. -5.36 psi -13.8 cc
#3 0.04 in. 25° 0.155 in. -5.23 psi -14.1 cc
#4 0.04 in. 22° 0.155 in. -5.18 psi -13.9 cc
#5 0.04 in. 27° 0.200 in. -5.76 psi -18.5 cc
#6 0.06 in. 22° 0.200 in. -5.69 psi -21.0 cc

[0052] While apparatus and methods have been described and illustrated with reference
to specific embodiments, those skilled in the art will recognize that modification and variations
can be made without departing from the principles described above and set forth in the following
claims. Accordingly, reference should be made to the following claims as describing the scope

of the present invention.
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What is claimed:

1. A pressure-responsive container comprising:

a lower portion including an enclosed base;

an upper portion including a dome and a finish; and

a generally cylindrical body portion extending vertically between the lower
portion and the upper portion, the body portion including an upper sidewall and a lower sidewall,
the body portion further comprising:

at least one circumferential rib disposed between the upper and lower

sidewalls, the rib comprising:

a substantially straight upper wall extending downward and
radially inward from the upper sidewall so as to define a first angle less than 35 degrees with
respect to a horizontal reference line;

a substantially straight lower wall extending upward and radially
inward from the lower sidewall so as to define a second angle less than 35 degrees from the
horizontal reference line; and

a curved central portion connecting the upper wall and the lower
wall,

wherein the straight upper wall and the straight lower wall are adapted to hinge
with respect to each other in response to a vacuum created inside the container such that a height

of the container is reduced while the body portion retains a substantially cylindrical shape.

2. The container of claim 1 wherein the curved central portion has a single radius of
curvature.
3. The container of claim 2 wherein the curved central portion has a radius of curvature of

about 0.06 inches.

4. The container of claim 1 wherein the body portion does not include vacuum

compensation elements that operate in a radial direction.

5. The container of claim 1 wherein the body portion consists of three circumferential,

substantially horizontal ribs and two substantially cylindrical portions between the ribs.
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6. The container of claim 5, further comprising a stiffening rib carried by one of the

substantially cylindrical portions.

7. The container of claim 1 wherein the straight upper wall is connected to one of the at
least two sidewalls by a curved upper transition, and the straight lower wall is connected to

another of the at least two sidewalls by a curved lower transition.

8. The container of claim 1 wherein each of the upper and lower walls defines an angle of

30 degrees or less with respect to the horizontal reference line.

9. The container of claim 1 wherein each of the upper and lower walls defines an angle of

about 22 degrees with respect to the horizontal reference line.

10. A pressure-responsive and generally cylindrical container, comprising:
a lower portion, and upper portion, and a body portion extending vertically between the
upper and lower portions, the body portion comprising;:
at least one circumferential, substantially horizontal rib;
at least two substantially cylindrical sidewalls disposed above and below the at
least one rib;
wherein the at least one rib comprises:
an upper wall, a lower wall, and a curved central portion connected
between the upper and lower walls, such that the upper and lower walls are adapted to hinge with
respect to each other in response to a vacuum created inside the container such that a height of
the container is reduced while the body portion retains its generally cylindrical shape in the
absence of vacuum panels;
an upper transition between the upper wall and one of the at least two
sidewalls;
a lower transition between the lower wall and another of the at least two
sidewalls; and
wherein a junction of the upper wall and the central portion defines a first
upper junction, a junction of the upper wall and the upper transition defines a second upper
junction, and a line extending through the first upper junction and the second upper junction

defines an angle of 35 degrees or less with respect to a horizontal reference line.
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11.  The container of claim 10 wherein a junction of the lower wall and the central portion
defines a first lower junction, a junction of the lower wall and the lower transition defines a
second lower junction, and a line extending between the first lower junction and the second

lower junction defines an angle of 35 degrees or less with respect to the horizontal reference line.

12..  The container of claim 10, wherein the central portion has a single radius of curvature.
13..  The container of claim 12, wherein the central portion has a radius of curvature of about
0.06 inches.

14..  The container of claim 10, wherein the upper transition is curved.

15..  The container of claim 10 wherein the lower transition is curved.

16..  The container of claim 11, wherein each one of the lines extending between the upper

junction points and the lower junction points defines an angle of 30 degrees or less with respect

to the horizontal reference line.

17..  The container of claim 11, wherein each one of the lines extending between the upper
junction points and the lower junction points defines an angle of 22 degrees or less with respect

to the horizontal reference line.

18..  The container of claim 10 wherein the upper portion defines a dome and a finish, the

container further comprising an upper label bumper formed on a lower portion of the dome.

19..  The container of claim 10 wherein the container is devoid of vacuum-panels.

20. A method of hot-filling a container that includes a lower portion, an upper portion, and a
body portion extending between the lower portion and the upper portion, wherein the lower
portion, the upper portion, and the body portion define an interior, and the body portion includes
at least one vacuum compensation rib, the method comprising the steps of:

introducing a product into the interior of the container at a fill temperature that is
increased with respect to an ambient temperature;

cooling the product to a cooled temperature that is less than the fill temperature, thereby

causing internal pressure within the interior to accumulate; and
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causing at least one vacuum compensation rib to deflect in a substantially vertical

direction.
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