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PRESSURE CONTAINER WITH DIFFERENTIAL VACUUM PANELS
Background of the Invention

Field of the Invention

The present invention relates generally to plastic containers, and more particularly to

hot-fillable containers having collapse or vacuum panels.

Statement of the Prior Art

Hot-fill applications impose significant and complex mechanical stress on a container
structure due to thermal stress, hydraulic pressure upon filling and immediately after capping,
and vacuum pressure as the fluid cools.

Thermal stress is applied to the walls of the container upon introduction of hot
fluid. The hot fluid causes the container walls to soften and then shrink unevenly, further
causing distortion of the container. The plastic walls of the container—typically made of
polyester—may, thus, need to be heat-treated in order to induce molecular changes, which
would result in a container that exhibits better thermal stability.

Pressure and stress are acted upon the sidewalls of a heat resistant container durin g
the filling process, and for a significant period of time thereafter. When the container 1s filled
with hot liquid and sealed, there is an initial hydraulic pressure and an increased internal
pressure is placed upon containers. As the liquid, and the air headspace under the cap,
subsequently cool, thermal contraction results in partial evacuation of the contamer. The
vacuum created by this cooling tends to mechanically deform the container walls.

Generally speaking, containers incorporating a plurality of longitudinal flat surfaces
accommodate vacuum force more readily. U.S. Patent No. 4,497,855 (Agrawal et al.), for
example, discloses a container with a plurality of recessed collapse panels, separated by land
areas, which purportedly allow uniformly inward deformation under vacuum force. Vacuurn
effects are allegedly controlled without adversely affecting the appearance of the
container. The panels are said to be drawn inwardly to vent the internal vacuum and so
prevent excess force being applied to the container structure, which would otherwise deforim
the inflexible post or land area structures. The amount of “flex” available in each panel 1s
limited, however, and as the limit 1s approached there is an increased amount of force that s
transferred to the sidewalls.

To minimize the effect of force being transferred to the sidewalls, much prior art has
focused on providing stiffened regions to the container, including the panels, to prevent the

structure yielding to the vacuum force.
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The provision of horizontal or vertical annular sections, or “ribs”, throughout a
container has become common practice in container construction, and is not only restricted to
hot-fill containers. Such annular sections will strengthen the part they are deployed upon.
U.S. Patent No. 4,372,455 (Cochran), for example, discloses annular rib strengthening 1n a
longitudinal direction, placed in the areas between the flat surfaces that are subjected to
inwardly deforming hydrostatic forces under vacuum force. U.S. Patent No. 4,805,788 (Ota
et al.) discloses longitudinally extending ribs alongside the panels to add stiffening to the
container. It also discloses the strengthening effect of providing a larger step in the sides of
the land areas, which provides greater dimension and strength to the rib areas between the
panels. U.S. Patent No. 5,178,290 (Ota et al.) discloses indentations to strengthen the panel
areas themselves. Finally, U.S. Patent No. 5,238,129 (Ota et al.) discloses further annular rib
strengthening, this time horizontally directed in strips above and below, and outside, the hot-
fill panel section of the bottle.

In addition to the need for strengthening a container against both thermal and vacuum
stress, there is a need to allow for an initial hydraulic pressure and increased internal pressure
that is placed upon a container when hot liquid is introduced followed by capping. This
causes stress to be placed on the container side wall. There is a forced outward movement of
the heat panels, which can result in a barreling of the container.

Thus, U.S. Patent No. 4,877,141 (Hayashi et al.) discloses a panel configuration that
accommodates an initial, and natural, outward flexing caused by internal hydraulic pressure
and temperature, followed by inward flexing caused by the vacuum formation during
cooling. Importantly, the panel is kept relatively flat in profile, but with a central portion
displaced slightly to add strength to the panel but without preventing its radial movement in
and out. With the panel being generally flat, however, the amount of movement 1s limited in
both directions. By necessity, panel ribs are not included for extra resilience, as this would
prohibit outward and inward return movement of the panel as a whole.

As stated above, the use of blow molded plastic containers for packaging "hot-fill"
beverages is well known. However, a container that is used for hot-fill applications is subject
to additional mechanical stresses on the container that result in the container being more
likely to fail during storage or handling. For example, it has been found that the thin
sidewalls of the container deform or collapse as the contamer is being filled with hot
fluids. In addition, the rigidity of the container decreases immediately after the hot-fill liquid

is introduced into the container. As the liqud cools, the liquid shrinks 1n volume which, in
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turn, produces a negative pressure or vacuum in the container. The contamer must be able to
withstand such changes in pressure without failure. .

Hot-fill containers typically comprise substantially rectangular vacuum panels that are
designed to collapse inwardly after the container has been filled with hot liquid. However,
the inward flexing of the panels caused by the hot-fill vacuum creates high stress points at the
top and bottom edges of the vacuum panels, especially at the upper and lower corners of the
panels. These stress points weaken the portions of the sidewall near the edges of the panels,
allowing the sidewall to collapse inwardly during handling of the contamer or when
containers are stacked together. See, e.g., U.S. Patent No. 5,337,909.

The presence of annular reinforcement ribs that extend continuously around the
circumference of the container sidewall are shown in U.S. Patent No. 5,337,909. These nbs
are indicated as supporting the vacuum panels at their upper and lower edges. This holds the
edges fixed, while permitting the center portions of the vacuum panels to flex inwardly while
the bottle is being filled. These ribs also resist the deformation of the vacuum panels. The
reinforcement ribs can merge with the edges of the vacuum panels at the edge of the label
upper and lower mounting panels.

Another hot-fill container having reinforcement ribs 1is disclosed 1n
WO 97/34808. The container comprises a label mounting area having an upper and lower
series of peripherally spaced, short, horizontal ribs separated endwise by label mount
areas. It is stated that each upper and lower rib is located within the label mount section and
is centered above or below, respectively, one of the lands. The container further comprises
several rectangular vacuum panels that also experience high stress point at the corners of the
collapse panels. These ribs stiffen the container adjacent lower corners of the collapse
panels.

Stretch blow molded containers such as hot-filled PET juice or sport drink containers,

‘must be able to maintain their function, shape and labelability on cool down to room

temperature or refrigeration. In the case of non-round containers, this is more challenging
due to the fact that the level of orientation and, therefore, crystallinity is inherently lower in
the front and back than on the narrower sides. Since the front and back are normally where
vacuum panels are located, these areas must be made thicker to compensate for their
relatively lower strength.

The reference to any prior art in the specification is not, and should not be taken as
any acknowledgement or any form of suggestion that the prior art forms part of the common

general knowledge in any country or region.
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Summary of the Invention

The present invention provides an improved blow molded plastic contamer, where a
controlled deflection flex panel is placed on one sidewall of a container and a second
controlled deflection flex panel having a different response to vacuum pressure 1s placed on
an altermate sidewall. By way of example, a container having four controlled deflection flex
pahels may be disposed in two pairs on symmetrically opposing sidewalls, whereby one pair
of controlled deflection flex panels responds to vacuum force at a different rate to an
alternatively positioned pair. The pairs of controlled deflection flex panels may be positioned
an equidistance from the central longitudinal axis of the container, or may be positioned at
differing distances from the centerline of the container. In addition the design allows for a
more controlled overall response to vacuum pressure and improved dent resistance and
resistarnce to torsion displacement of post or land areas between the panels. Further,
improved reduction in container weight is achieved, along with potential for development of
squeezable container designs.

One preferred form of the invention provides a container having four controlled
deflection flex panels, each having a generally variable outward curvature with respect to the
centerline of the container. The first pair of panels is positioned whereby one panel 1 the
first pair is disposed opposite the other, and the first pair of panels has a geometry and surface
area that is distinct from the alternately positioned second pair of panels. The second pair of
panels is similarly positioned whereby the panels in the second pair are disposed m
opposition to each other. The containers are suitable for a variety of uses including hot-fill
applications.

In hot-fill applications, the plastic container is filled with a liquid that is above room
temperature and then sealed so that the cooling of the liquid creates a reduced volume in the
container. In this preferred embodiment, the first pair of opposing controlled deflection flex
panels, having the least total surface area between them, have a generally rectangular shape,
wider at the base than at the top. These panels may be symmetrical to each other in size and
shape. These controlled deflection flex panels have a substantially outwardly curved,
transverse profile and an initiator portion toward the central region that is less outwardly
curved than in the upper and lower regions. Alternatively, the amount of outward curvature
could vary evenly from top to bottom, bottom to top, or any other suitable
arrangement. Alternatively, the entire panel may have a relatively even outward curvature
but vary in extent of transverse circumferential amount, such that one portion of the panel

begins deflection inwardly before another portion of the panel. This first pair of controlled
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deflection flex panels may in addition contain one or more ribs located above or below the
panels. These optional ribs may also be symmetric to ribs, in size, shape and number to ribs
on the opposing sidewalls containing the second set of controlled deflection tlex panels. The
ribs on the second set of controlled deflection flex panels have a rounded edge which may
point inward or outward relative to the interior of the container. In a first preferred form of
the invention, whereby the first pair of controlled deflection flex panels is preferentially
reactive to vacuum forces to a much greater extent initially than the second pair of controlled
deflection flex panels, it is preferred to not have ribs incorporated within the first pair of
panels, in order to allow easier movement of the panels.

The vacuum panels may be selected so that they are highly efficient. See, e.g., PCT
application NO. PCT/NZ00/00019 (Melrose) where panels with vacuum panel geometry are
shown. ‘Prior art’ vacuum panels are generally flat or concave. The controlled deflection
flex panel of Melrose of PCT/NZ00/00019 and the present invention is outwardly curved and
can extract greater amounts of pressure. Each flex panel has at least two regions of differing
outward curvature. The region that is less outwardly curved (i.e., the initiator region) reacts
to changing pressure at a lower threshold than the region that is more outwardly curved. By
providing an initiator portion, the control portion (i.e., the region that is more outwardly
curved) reacts to pressure more readily than would normally happen. Vacuum pressure is
thus reduced to a greater degree than prior art causing less stress to be applied to the
container sidewalls. This increased venting of vacuum pressure allows for may design
options: different pamel shapes, especially outward curves; lighter weight containers; less
failure under load; less panel area needed; different shape container bodies.

The controlled deflection flex panel can be shaped in many different ways and can be
used on inventive structures that are not standard and can yield improved structures in a
container.

All sidewalls containing the controlled deflection flex panels may have one or more
ribs located within them. The ribs can have either an outer or inner edge relative to the mside
of the container. These ribs may occur as a series of parallel ribs. These ribs are parallel to
each other and the base. The number of ribs within the series can be either an odd or
even. The number, size and shape of ribs are symmetric to those in the opposing
sidewall. Such symimetry enhances stability of the container.

Preferably, the ribs on the side containing the second pair of controlled deflection
panels and having the largest surface area of panel, are substantially identical to each other 1n

size and shape. The individual ribs can extend across the length or width the contamer. The
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actual length, width and depth of the rib may vary depending on container use, plastic
material employed and the demands of the manufacturing process. Each rib is spaced apart
relative to the others to optimize its and the overall stabilization function ;t-ls an inward or
outward rib. The ribs are parallel to one another and preferably, also to the container base.

The advanced highly efficient design of the controlled deflection panels of the first
pair of panels more than compensates for the fact that they offer less surface area than the
larger front and back panels. By providing for the first pair of panels to xrespond to lower
thresholds of pressure, these panels may begin the function of vacuum compensation before
the second larger panel set, despite being positioned further from the centerline. The second
larger panel set may be constructed to move only minimally and relatively evenly 1n response
to vacuum pressure, as even a small movement of these panels provides adequate vacuum
compensation due to the increased surface area. The first set of controlled deflection flex
panels may be constructed to invert and provide much of the vacuum compensation required
by the package in order to prevent the larger set of panels from entering an mverted
position. Employment of a thin-walled super light weight preform ensures that a high level
of orientation and crystallinity are imparted to the entire package. This increased level of
strength together with the rib structure and highly efficient vacuum panels provide the
container with the ability to maintain function and shape on cool down, while at the same
time utilizing minimum gram weight.

The arrangement of ribs and vacuum panels on adjacent sides within the area defined
by upper and lower container bumpers allows the package to be further light weighted
without loss of structural strength. The ribs are placed on the larger, non-inverting panels and
the smaller inverting panels may be generally free of rib indentations and so are more suitable
for embossing or debossing of Brand logos or name. This configuration optimizes geometric
orientation of squeeze bottle arrangements, whereby the sides of the container are partially
drawn inwardly as the main larger panels contract toward each other. Generally speaking, in
prior art as the front and back panels are drawn inwardly under vacuum thee sides are forced
outwardly. In the present invention the side panels invert toward the centre and maimtain this
position without being forced outwardly beyond the post structuxres between the
panels. Further, this configuration of ribs and vacuum panel represents a departure from
tradition.

These and various other advantages and features of novelty which characterize the
invention are pointed out with particularity in the claims annexed hereto and forming a part

hereof. However, for a better understanding of the invention, its advantages, and the objects
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obtained by its use, reference should be made to the drawings which form a further part
hereof, and to the accompanying descriptive matter, in which there 1s illustrated and
described a preferred embodiment of the invention.

Brief Description of the Drawings

Figures 1A and 1B, respectively, show side and front views of a container according
to a first embodiment of the present invention;

Figures 1C, 1D, 1E, and 1F, respectively, show side, front, orthogonal, and cross-
sectional views of a container according to a second embodiment of the present invention, in
which the container has vertically straight (i.e, substantially flat) primary panels and
secondary panels with horizontal ribbings separated by intermediate regions;

Figures 2A, 2B, 2C, and 2D, respectively, show side, front, orthogonal, and cxoss-
sectional views of a container according to a third embodiment of the present invention, 1n
which the container has vertically concave shaped (i.e., arced) primary panels that are
horizontally relatively flat/slightly concave and secondary panels with horizontal ribbings
separated by intermediate regions;

Figures 3A, 3B, and 3C, respectively, show side, front, and orthogonal views of a
container according to a fourth embodiment of the present invention, in which the container
has concave shaped (i.e., arced) primary panels extending through the upper (i.e, top) and
lower (i.e., bottom) bumper walls (i.e., waists) and secondary panels with horizontal ribbings
separated by intermediate regions;

Figures 4A, 4B, and C, respectively, show side, front, and orthogonal views of a
container according to a fifth embodiment of the present invention, in which the container has
concave shaped (i.e., arced) primary panels blended into the upper (i.e, top) and lower (i.e.,
bottom) bumper walls (i.e., major diameters) and secondary panels with horizontal ribbings
separated by intermediate regions;

Figures 5A, 5B, and 5C, respectively, show side, front, and orthogonal views of a
container according to a sixth embodiment of the present invention, in which the container
has concave shaped (i.e., arced) primary panels blended into upper (i.e., top) and lower (i.e.,
bottom) bumper walls, indented recessed rib or groove and secondary panels with horizontal
ribbings separated by intermediate regions;

Figures 6A, 6B, and 6C, respectively, show side, front, and orthogonal views of a
container according to a seventh embodiment of th.e present invention, in which the corxtainer
has concave shaped (i.e., arced) primary panels and secondary panels with contiguous (i.e.,

not separated by intermediate region) horizontal 1bbings;
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Figures 7A, 7B, and 7C, respectively, show side, front, and orthogonal views of a
container according to and embodiment of the present invention, in which the container has
concave shaped (arced) primary panels blended into the upper (top) and lower (bottom)
horizontal transitional walls (major diameters) and secondary panels with contiguous, 1.€., not

5  separated by intermediate region, horizontal ribbings; :

Figures 8A, 8B, and 8C, respectively, show side, iront, and orthogonal views of a
container according to an embodiment of the present invention, in which the contamner has
concave shaped (arced) and contoured primary panels and secondary panels with contiguous,
i.e., not separated by intermediate region, horizontal ribbings;

10 Figures 9A, 9B, 9C, and 9D, respectively, show side, front, orthogonal, and cross-
sectional views of a container according to an embodiment of the present invention, in which

the container has primary panels and secondary panels similar in size with no ribbings but

different geometries;

Figures 10A, 10B, and 10C, respectively, show side, front, and orthogonal views of a
15 container according to an embodiment of the present invention, in which the contamer has
vertically straight (substantially flat) primary panels and secondary panels having mwaxdly
directed ribbings separated by intermediate regions;
Figures 11A, 11B, and 11C, respectively, show side, front, and orthogonal views of a
container according to an embodiment of the present invention, in which the contamner has
20  vertically straight (substantially flat) primary panels and secondary panels having mwaxdly
horizontal ribbings separated by intermediate regions;
Figures 12A, 12B, and 12C, respectively, show side, front, and ortho gonal views of a
container according to an embodiment of the present invention, in which the container has an
alternatively contoured vertically straight (substantially flat) primary panels and secondary

25  panels with horizontal ribbings separated by intermediate regions;

Figures 13A, 13B, and 13C, respectively, show side, front, and orthogonal views of a
container according to an embodiment of the present invention, in which the container has an
alternatively contoured vertically straight (substantially flat) primary panels and secondary
panels with contiguous, i.e., not separated by intermediate region, horizontal ribbings;

30 Figure 14A shows a Finite Element Analysis (FEA) view of the container shown in
Figure 1A under vacuum pressure of about 0.875 PSI;

Figure 14B shows an FEA view of the container shown in Figure 1B under vacuum

pressure of about 0.875 PSI,
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Figure 15A shows an FEA view of the container shown in Figure 1A under vacuum
pressure of about 1.000 PSI;

Figure 15B shows an FEA view ‘of the container shown in Figure 1B under vacuum
pressure of about 1.000 PSI; and

Figures 16A-16E show FEA cross-sectional views through line B—B of the container
shown in Figure 1A under vacuum pressure of about 0.250 PSI (Figure 16A), to about 0.500
PSI (Figure 16B), to about 0.750 PSI (Figure 16C), to about 1.000 PSI (Figure 16D), to about
1.250 PSI (Figure 16E).

Detailed Description of the Invention

A thin-walled container in accordance with the present inventiona 1s intended to be
filled with a liquid at a temperature above room temperature. According to the mvention, a
container may be formed from a plastic material such as polyethylene texephthlate (PET) or
polyester. Preferably, the container is blow molded. The contammer can be filled by
automated, high speed, hot-fill equipment known in the art.

Referring now to the drawings, a first embodiment of the containex of the invention 1s
indicated generally in Figures 1A and 1B, as generally having many of the well-known
features of hot-fill bottles. The container 101, which is generally round or oval in shape, has
a longitudinal axis I. when the container is standing upright on its base 126. The container
101 comprises a threaded neck 103 for filling and dispensing fluid through an opening
104. Neck 103 also is sealable with a cap (not shown). The preferred container further
comprises a roughly circular base 126 and a bell 105 located below neck 103 and above base
126. The container of the present invention also has a body 102 defined by roughly round
sides containing a pair of narrower controlled deﬂectibn flex panels 107 and a pair of wider
controlled deflection flex panels 108 that connect bell 105 and base 126. A label or labels
can easily be applied to the bell area 105 using methods that are well known to those skilled
in the art, including shrink wrap labeling and adhesive methods. As applied, the label
extends either around the entire bell 105 of the container 101 or extends over a portion of the
label mounting area.

Generally, the substantially rectangular flex panels 108 containimg one or more ribs
118 are those with a width greater than the pair of flex panels adjacent 107 in the body area
102. The placement of the controlled deflection flex panel 108 and the rabs 118 are such that
the opposing sides are generally symmetrical. These flex panels 108 ha-ve rounded edges at
their upper and lower portions 112, 113. The vacuum panels 108 permit the bottle to flex
inwardly upon filling with the hot fluid, sealing, and subsequent cooling. The ribs 118 can

9.
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have a rounded outer or inner edge, relative to the space defined by the sides of the
container. The ribs 118 typically extend most of the width of the side and are paxallel with
each other and the base. The width of these ribs 118 is selected consistent with the achieving
the rib function. The number of ribs 118 on either adjacent side can vary depending on
container size, rib number, plastic composition, bottle filling conditions and expected
contents. The placement of ribs 118 on a side can also vary so long as the desired goals
associated with the interfunctioning of the ribbed flex panels and the non-ribbed flex panels 1s
not lost. The ribs 118 are also spaced apart from the upper and lower edges of thhe vacuum
panels, respectively, and are placed to maximize their function. The ribs 118 of each senes
are noncontinuous, i.e., they do not touch each other. Nor do they touch a panel edge.

The number of vacuum panels 108 is variable. However, two symmetrical panels
108, each on the opposite sides of the container 101, are preferred. The conirolled deflection
flex panel 108 is substantially rectangular in shape and has a rounded upper edge 112, and a
rounded lower edge 113.

As shown in Figures 1A and 1B, the narrower side contains the controlled deflection
flex panel 107 that does not have rib strengthening. Of course, the panel 107 may also
incorporate a number of ribs (not shown) of varying length and configuration. It is preferred,
however, that any ribs positioned on this side correspond in positioning and size to their
counterparts on the opposite side of the container.

Each controlled deflection flex panel 107 is generally outwardly curved In cross-
section. Further, the amount of outward curvature varies along the longitudinal lemgth of the
flex panel, such that response to vacuum pressure varies in different regions of the flex panel
107. Figure 16A shows the outward curvature in cross-section through Line B-B of Figure
1A. A cross-section higher through the flex panel region (i.e., closer to the bell) would reveal
the outward curvature to be less than through Line B-B, and a cross-section throu gh the flex
panel relatively lower on the body 102 and closer to the junction with the base 126 of the
container 101 would reveal a greater outward curvature than through Line B-B.

Each controlled deflection flex panel 108 is also generally outwardly curved 1n cross-
section. Similarly, the amount of outward curvature varies along the longitudinal length of
the flex panel 108, such that response to vacuum pressure varies in different regions of the
flex panel. Figure 16A shows thie outward curvature in cross-section through L-ane B-B of
Figure 1A. A cross-section higher through the flex panel region (i.e., closer to the bell)
would reveal the outward curvature to be less than through Line B-B, and a cross-section

through the flex panel 108 relatively lower on the body 102 and closer to the jumction with
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the base 126 of the container 101 would reveal a greater outward curvature than through Line
B-B.

In this embodiment, the amount of arc curvature contained within controlled
deflection flex panel 107 is different to that contained within controlled deflection flex panel
108. This provides greater control over the movement of the larger flex panels 108 than
would be the case if the panels 107 were not present or replaced by strengthened regions, or
land areas or posts for example. By separating a pair of flex panels 108, which are disposed
opposite each other, by a pair of flex panels 107, the amount of vacuum force generated
against flex panels 108 during product contraction can be manipulated. In this way undue
distortion of the major panels may be avoided.

In this embodiment, the flex panels 107 provide for earhier response to vacuum
pressure, thus removing pressure response necessity from flex panels 108. Figures 16A to
16E show gradual increases in vacuum pressure within the container. Flex panels 107
respond earlier and more aggressively than flex panels 108, despite the larger size of flex
panels 108 which would normally provide most of the vacuum compensation within the
container. Controlled deflection flex panels 107 invert and .remain inverted as vacuum
pressure increases. This results in full vacuum accommodation being achieved well before
full potential is realized from the larger flex panels 108. Controlled deflection flex panels
108 may continue to be drawn inwardly should increased vacuum be experienced under
agoressive conditions, such as greatly decreased temperature (e.g., deep refrigeration), or 1f
the product is aged leading to an increased migration of oxygen and other gases through the
plastic sidewalls, also causing increased vacuum force.

The improved arrangement of the foregoing and other embodiments of the present
invention provides for a greater potential for response to vacuum pressure than that which has
been known in the prior art. The container 101 may be squeezed to expel contents as the
larger panels 108 are squeezed toward each other, or even if the smaller panels 107 are
squeezed toward each other. Release of squeeze pressure results in the container immediately
returning to its intended shape rather than remain buckled or distorted. This is a result of
having the opposing set of panels having a different response to vacuum pressure levels. In
this way, one set of panels will always set the configuration for the container as a whole and
not allow any redistribution of panel set that might normally occur otherwise.

Vacuum response is spread circumferentially throughout the container, but allows for
efficient contraction of the sidewalls such that each pair of panels may be drawn toward each

other without undue force being applied to the posts 109 separating each panel. This overall
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setup leads to less container distortion at all levels of vacuum pressure than prior art, and less
sideways distortion as the larger panels are brought together. Further, a higher level of
vacuum compensation is obtained through the employment of smaller vacuum panels set
between the larger ones, than would otherwise be obtained by the larger ones alone. Without
the smaller panels undue force would be applied to the posts by the contracting larger panels,
which would take a less favorable orientation at higher vacuum levels.

The above is offered by way of example only, and the size, shape, and number of the
panels 107 and the size, shape, and number of the panels 108, and the size, shape, and
number of reinforcement ribs 118 is related to the functional requirements of the size of the
container, and could be increased or decreased from the values given.

It is to be understood, however, that even though numerous characteristics and
advantages of the present invention have been set forth in the foregoing description, together
with details of the structure and function of the invention, the disclosure 1s illustrative only,
and changes may be made in detail, especially in matters of shape, size and arrangement of
parts within the principles of the invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are expressed.

The embodiments shown in Figures 1A and 1B, as well as those shown in Figures 1C,
1D, 1E, and 1F, relate to a container 101, 101’ having four controlled deflection flex panels
107 and 108, working in tandem in primary and secondary capacity, thereby reducing the
negative internal pressure effects during cooling ot a product.

For example, containers 101, 101’ are able to withstand the rigors of hot fill
processing. In a hot fill process, a product is added to the contamer at an elevated
temperature, about 82°C, which can be near the glass transition temperature of the plastic
material, and the container is capped. As container 101, 101’ and its contents cool, the
contents tend to contract and this volumetric change creates a partial vacuum within the
container. Other factors can cause contraction of the container content, creating an internal
vacuum that can lead to distortion of the container. For example, internal negative pressure
may be created when a packaged product is placed in a cooler environment (e.g., placing a
bottle in a refrigerator or a freezer), or from moisture loss within the container during storage.

In the absence of some means for accommodating these internal volumetric and
barometric changes, containers tend to deform and/or collapse. For example, a round
container 101, 101’ can undergo ovalization, or tend to distort and become out of
round. Containers of other shapes can become similarly distorted. In addition to these

changes that adversely affect the appearance of the container, distortion or deformation can
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cause the container to lean or become unstable. This is particularly true where detormation
of the base region occurs. As supporting structures are removed from the side panels of a
container, base distortion can become problematic in the absence of mechanism for
accommodating the vacuum. Moreover, configuration of the panels provides additional
advantages (e.g., improved top-load performance) allowing the container to be lighter
weight.

The novel design of container 101, 101’ increases volume contraction and vacuum
uptake, thereby reducing negative internal pressure and unnecessary distortion of the
container 101, 101’ to provide improved aesthetics, performance and end user handling.

Referring now to Figures 1C, 1D, 1E, and 1F, the container 101’ may comprise a
plastic body 102 suitable for hot-fill application, having a neck portion 103 defining an
opening 104, connected to a shoulder portion 105 extending downward and connecting to a
sidewall 106 extending downward and joining a bottom portion 122 forming a base 126. The
sidewall 106 includes four controlled deflection flex panels 107 and 108 and includes a post
or vertical transitional wall 109 disposed between and joining the primary and secondary
panels 107 and 108. The body 102 of the container 101’ 1s adapted to increase volume
contraction and reduce pressure during hot-fill processing, and the panels 107 and 108 are
adapted to contract inward from vacuum forces created from the cooling of a hot liquid
during hot-fill application.

The container 101’ can be used to package a wide variety of liquid, viscous or solid
products including, for example, juices, other beverages, yogurt, sauces, pudding, lotions,
soaps in liquid or gel form, and bead shaped objects such as candy:.

The present container can be made by conventional blow molding processes
including, for example, extrusion blow molding, stretch blow molding and injection blow
molding. In extrusion blow molding, a molten tube of thermoplastic material, or plastic
parison, is extruded between a pair of open blow mold halves. The blow mold halves close
about the parison and cooperate to provide a cavity into which the parison is blown to form
the container. As formed, the container can include extra material, or flash, at the region
where the molds come together, or extra material, or a moil, intentionally present above the
container finish. After the mold halves open, the container drops out and 1s then sent to a
trimmer or cutter where any flash of moil is removed. The finished container may have a
visible ridge formed where the two mold halves used to form the contamer came

together. This ridge is often referred to as the parting line.
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In stretch blow molding, a preformed parison, or preform, is prepared from a
thermoplastic material, typically by an injection molding process. The preform typically
includes a threaded end, which becomes the threads of the contaiﬁer. The preform 1s
positioned between two open blow mold halves. The blow mold halves close about the
preform and cooperate to provide a cavity into which the preform is blown to form the
container. After molding, the mold halves open to release the container. In injection blow
molding, a thermoplastic material, is extruded through a rod into an inject mold to form a
parison. The parison is positioned between two open blow mold halves. The blow mold
halves close about the parison and cooperate to provide a cavity into which the parison i1s
blown to form the container. After molding, the mold halves open to release the container.

In one exemplary embodiment, the container may be in the form of a bottle. The size
of the bottle may be from about 8 to 64 ounces, from about 16 to 24 ounces, or either 16 or
20 ounce bottles. The weight of the container may be based on gram weight as a function ot
surface area (e.g., 4.5 square inches per gram to 2.1 square inches per gram).

The sidewall, as formed, is substantially tubular and can have a variety of cross

~ sectional shapes. Cross sectional shapes include, for example, a generally circular transverse

cross section, as illustrated; a substantially square transverse cross section; other substantially
polygonal transverse cross sectional shapes such as triangular, pentagonal, efc.; or
combinations of curved and arced shapes with linear shapes. As will be understood, when
the container has a substantially polygonal tfansverse cross sectional shape, the corners of the
polygon may be typically rounded or chamfered.

In an exemplary embodiment, the shape of container, e.g., the sidewall, the shoulder
and/or the base of the container may be substantially round or substantially square
shaped. For example, the sidewall can be substantially round (e.g., as in Figures 1A-1F) or
substantially square shaped (e.g., as in Figure 9).

The container 101° has a one-piece construction, and can be prepared from a
monolayer plastic material, such as a polyamide, for example, nylon; a polyolefin such as
polyethylene, for example, low density polyethylene (LDPE) or high density polyethylene
(HDPE), or polypropylene; a polyester, for example polyethylene terephthalate (PET),
polyethylene naphtalate (PEN); or others, which can also include additives to vary the

- physical or chemical properties of the material. For example, some plastic resins can be

modified to improve the oxygen permeability. Alternatively, the container can be prepared
from a multilayer plastic material. The layers can be any plastic material, including virgin,

recycled and reground material, and can include plastics or other materials with additives to
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improve physical properties of the container. In addition to the above-mentioned maternals,
other materials often used in multilayer plastic containers include, for example, c=.:thylvinyl°
alcohol (EVOH) and tie layers or bin(iers to hold together materials that are subject to
delamination when used in adjacent layers. A coating rmay be applied over the monolayer or
multilayer material, for example to introduce oxygen barrier properties. In an exemplary
embodiment, the present container may be made of a generally biaxially oriented polyester
material, e.g., polyethylene terephthalate (PET), polypropylene or any other organic blow
material which may be suitable to achieve the desired results.

In another embodiment, the shoulder portion, the bottom portion and/or the sidewall
may be independently adapted for label application. The container may include a closure
123, 223, 323, 423, 523, 623, 723, 823, 923, 1023, 1123, 1223, 1323 (e.g., Figures 1C and
2A-13A) engaging the neck portion and sealing the fluid within the container.

As exemplified in Figures 1C-1F, the four panels 107 and 108 may comprise a pair of
opposing primary panels 107 and a pair of secondary panels 108, which work in tandem n
primary and secondary capacity.

Generally, the primary panels 107 may comprise a smaller surface area and/or have a
geometric configuration adapted for greater vacuum uptake than the secondary panels. In an
exemplary embodiment, the size of the secondary panel 108 to primary panel 107 may be
slightly larger than the primary panel, e.g., at least about 1:1 (e.g., Figure 9). In another
aspect, the size of the secondary panel 108 to primary panel 107 may be in a ratio of about
3:1 or 7:5 or the secondary panel 108 may be at least 70% larger than the primary panel 107,
or 2:1 or 50% larger.

Prior to relief of negative internal pressure (e.g., during hot-fill processing), the
primary panels 107 and secondary panels 108 may be designed to be convex, straight or
concave shaped, and/or combinations thereof, so that after cooling of a closed container or
after filling the container with hot product, sealing and cooling, the primary panels and/or
secondary panels would decrease in convexity, become vertically straight or increase in
concavity. The convexity or concavity of the primary and/or the secondary panels 107, 108
may be in the vertical or horizontal directions (e.g., in the up and down direction or around
the circurmference or both). In alternative embodiments, the secondary panels 108 may be
slightly convex while the primary panels 107 are flat, concave or less convex than their
primary panel 108 counterparts. Alternatively, the secondary panels 108 may be su<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>