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CONTAINER WITH STRUCTURAL RIES

This application claims the benafit of Provigional

Application Ne. 60/21%,754 filed June 30, 2000.

FIELD OF THE INVENTION

The present invention relates to containers with
structural ribs to resist deformetion due to internal
or external forces. More particularly, the present
invention relates to beverage containers, such as
bottles, having non-continuocus ribks formed in their
peripheral surfaces to regist deformation due to

internal or external pressures.

BACEGROUND OF THE THVENTION

Various containers are wsed to package liguids, such as

pressurized {e.g., carbonated} and unpressurized

JP 2004-502602 A 2004.1.29
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WO UZ41S PUTIUSOLI9372

beverages. A commonly-uged container is a polyethylene
terephthalate (PET) bottle, which has been manufactored
in various ghapes and sizes. PRET bottles are popular
because they are inexpensive, lightweight, impervious
to many gases and liguids and c¢an be readily shaped
into various designs and sizes. Bowever, unlike
containers Fformed of more rigid materials such as
glass, PET containers can readily deform at low
internal or external pressures, especially when the

containers are thin-walled.

Certain FET containers or bottles have beaen designped
with continucus ribs in order to provide some rigidity.
fAowever, although these ribs may perform satisfactorily
when subject to moderate external pressuxes, they can
readily deform when subjected to internal pressures,
such as from the carbonation in certain beverages (50-
100 psi). For example, certain containers for bottled
water are pravided with continuons ribs at the label
panel area. Although the bottles are formed of
relatively thin PET to lighten their weight, the
continuous ribs add structural support at the area to

be grasped by the consumer. That is, even though the

JP 2004-502602 A 2004.1.29
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containers are thin-walled, Lhe pressuxe exeyted by a
copsumer’s grasping will not deform the containers
becanse of the reinforcement previded by the continucus
ribs. However, in some instances these water bottles
are pressurized, such as by the addition of liguid
nitrogen {up to abont 40 psi), in order to survive
distribution. Tt has been found, however, that thie
internal pressure tends to deform the continuous ribs
over time. In some ingtences, the bottles would deform
50 as to “wash out” the continucus ribs. Improvements
of this design have been attempted, such as by
providing the continuous ribs with fillet radii. These
modifications have achieved moderate success, but have
not satisfactorily prevented deformation due to

internal pressure.

Discontinuous ribs have also been proposed for plastic
bettles for certain applications. U.S. Patent FNo.
6,036,067 describes a plastic bottle that includes
vacuum panels and reinforced bands above and below £he
vacuum panels. This particular bottle is for wse in a
*hot £ill” application in which liguids are stored and

sealed in the contairner while‘hot to provide adequate

JP 2004-502602 A 2004.1.29
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sterilization. The containers are typically filled
under slight pesitive pressure and at temperatures
approaching the boiling point of water when capped.
However, cooling of the liguid product in the bottle
usually creates negative internal pressure, which can
partially collapse the bottle. Accordingly, the
bolbtles are provided with six clreoumferentially spaced
apart vacuum panels 3 in a central area to be covered
by a label. When the volume of the hot product inside
of the botile shrinks during coecling, the faces of the
vaguum panels are drawn inwardly to compensate for the
reduction in pressure and preven£ deformation of the
othey parts of the bottle. In addition, cylindrical
bands 6 are disposed above and below the region of the
wvacuum panels 3. These bands 6 arerformed of one or
two circumferential hoop ribs 7, each made up of six
recessed rib sections 8. These ribs provide hoop
rainforcement to ensure completely cylindrical surfacesg

above and below the region of the vacuum panels, to

which a label can be adhered. However, thesa

circumferential hoop ribs are for compensating against
negative interrpal pressure in conjunction with the

vacuum panels and are not designed for providing

JP 2004-502602 A 2004.1.29
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against positive internal pressure.
SUMMARY OF THE IWVBHTION

it is, therefore, an object of the present inventien to
provide a lightweight container having acceptable

sidewall rigidity.

Tt is- further an object of the present invention {o
provide a eontainer having acceptable sidewall tigidity
and being able to withstand internal pressure without

wnacgeptable deformation.

T+ is a further object to decrease the weight of a
container without sacrificing container performance and

customer acceptance.

Tt is yet apcther object of the present invention teo
provide a container having structural elements that can

have an aesthetically pleasing appearance.

JP 2004-502602 A 2004.1.29
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According to one aspect, the present iaventioen relates
to a container including a shell having & top section,
a bottom section and a central section connecting the
top section and the bottom section. At ileast a
majority region of the central section is provided with
a plurality of structural ribs about its periphexy, the
ribs being discontinucus in a circumfersntial direction

extending arcund the central section.

According Lo another aspect, the présent invention
relates to a centainer including a shell having a top
section, a bottom section and a cenkral section
connecting the top section and the bettom section. At
least a majority region of the central section is
provided with a plurality of structural ribs about its
periphery, the ribs being discontinucus in a direction

extending around the ceatral section.

Becording to yet another aspect, the present invention
relates to a container including a shell having a top
section, & bottom section and a central section
connecting the top section and said bottom section,

and means for reinforcing the shell against external

JP 2004-502602 A 2004.1.29
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pressure and internzl pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

Fiqure 1 is an elevational view of a first embodiment

of a container according tc the present invention.

Figure 2 is a cross-secticnal view along section line

2-2 of Figure 1.

Figure 3 is a crogs-sectional view along section line

3-3 of Figure 1.

Figqure 4 is a graph comparing stiffness of containers
agecording to the first and second embodiments with a

cogventionzl container.

Figure 5 is an elevational view of a container
according to a2 second embodiment of the present

invention.

JP 2004-502602 A 2004.1.29
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Figure & iz an elevaticonal view of a ¢ontainer
avcording to a third embodiment of the present

invention.

Figure 7 is an elevational view of a container

according to a fourth embodiment of the present

. iavention.

'DETATLED DESCRIPTION OF THE PREFERRED EMBODTMENTS

A container according to a first embodiment of the
present invention is shown in Figures 1-2. In %his
preferred embodiment, the ceomtainer is in the f?rm of a
bottle 10 having an uvpper section 12 and a lower
section 16, both connected by a central section 14,
Upper section 12 includes a shoulder portion 1§ and a
neck 20, NWeck 20 is threaded and is connected to
shoulder portion 18. XA cap {aot shown) closes the neck

20 to seal the container 10.

Lowar section 16 and upper section 12 have similar
cross-sections, which are aligned vertically. In the

depicted embodiment, <entral section 14 has a cress-—

JP 2004-502602 A 2004.1.29
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section of a lesser diameter than that of the upper and
lower sections. However, the present inventicn is not
limited to this embodiment and the upper, central and

lower sections can have similar cross-—sections.

Central section 14 is provided with a plurality of ribs

22 for structural support. In this embodiment, ribs 22
are in the form of axisymmetric indentations aligned in
a plurality of rows throughout the central section. 2
horizontal land 24 is provided between each
horizontally adjacent rib 22, such that the ribs are
not continuwous in the circumferential direction arcund
the central section. In addition, vertical lands 26
are provided between each row of ribs. Although the
ribbed region of central section 14 is most effective
vwhen it covers the entirety of the periphery of central
section 14 as showm in Figure 23, the pfesent invention
is not limited to thie. A container having a ribbed
region that covers the majority cof the periphery of

central section 14 can perform satisfactorily.

JP 2004-502602 A 2004.1.29
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s shown in Figure Z, each rib 22 projects internally
toward the central axis of the bottle in a manner that
it varies in depth. fThat is, the depth of each rib 22
smocthly increases from each end in the heorizontal
direction to a maximwm depth in the middle. With this
structure, stress carried by the rib cén be spread out
thronghout its length. Additionally, the blend radius
28 of each rib 22, that is, the curvature of the rih in
the vertical direcktion, is smoocth and preferably

circular as shown in Figurae 3.

Depending on the height of central region 14 of
container 10 and depending on the applications for
which the container ig intended, the number of rows of
ribs and the pumber and shape of the ribs vary. In the
first embodiment, when used with a 0.5 liter bottle, 13
rows of ribs are provided, with 5 ribs in each row.
Each rib is about 1.2 in. long and has a maximum depth
of 0.04 in, Preferably, the ribs in one row are not
aligned vertically with ribs in adjacent rows. 2as
shown in Figure 1, xibs in every alternate row are
aligned vertically. This staggered arrangement

improves the structure of the container by insuring

JP 2004-502602 A 2004.1.29
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that at least one rib is always activated when the

container .is sgueezed.

The cortainer of the flrst embodiment provides hoth
gsufficient hoop stiffness or rigidity, that is,
resistance to crushing by a side load, as well as
sufficient resistance teo deformatien of the side wall
due to internal pressure. For internal pressure, the
fundamental design concept employed uses the idea that
for a contalner under internal pressure, membrane
(midplane) stresses develop in the walls, just like a
ballcon under pressure. In addition to these membrane
stresses, there are alsc bending stresses that develop
depending on the thicknesgs of the shell. Thus, the
total stress state dqe to internal pressure 1s a sum of
the membrane’ (or midplane} as well as the kending
stresses. The bending stresses usually influence the
magnitude of the stress on the outside and inside
surfaces of the container. In containers made from PRT
subject to internal pressure over long periods of time,
it is critical that the midplane {or membrane)
component of the stress state be minimized to eliminate

creep rupture problems. This is incorporated in the

JP 2004-502602 A 2004.1.29
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rib design geometry and dimensions of this enbodiment,
wnereln the parameters have been selected such that in
a thin walled PET shell, midplane stresses are
maintained below the yield strength of oriented and

crystallized PET.

In addition, in this embodiment, because the hoop
stiffness is sufficiently qreat, the thickness cof the
plastic Forming the container can be reduced. In a

typical PET boktle, the thickmess of the plastic is

approximately ©.012 in., but with tbhe structure of the

present invention the thickness of the plastic forming
the bottle can be reduced to less than £.010 in., at
leagt in central section 14, and still maintain a
comparable hoop stiffness. For example, in the graph
of Fiqure 4, with a conventional continucusly~ribbed
0.50 liter bottle formed of 0.008 in. PET and having a
nominal diameté: of 2.3 in- in the central section, it
has besn found that the diameter of the bottle changes
significantly (that is, its side weall is displaced) at
relatively low external loads. By contrast, in a
similarly dimensioned bottle provided with ribs

according to the first embodiment, this diameter

JP 2004-502602 A 2004.1.29
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changes significantly less at much higher loads. The
intermediate bands support the hocp stiffness in the
rib section and help transmit axial stress from one row

of ribs to the next.

It has heen found with the structure according'tn the
first embodiment, midplane and bending stresses are
significantly reduced as compared with & conventional

bottle with continucus ribs.

The arrangement of the ribs is not limited to that
shown in the first embodiment. For example,.in the
container 100 shown in Figure 5, althongh the general
shape of the ribs 122 is similar tec that in the first
embodiment, the size of the ribs is decregséd, and the
number of rews of ribs and ribs per row is increased.
For example, for a 0.5 liter PET botile, 25 rows of
ribs with 16 ribs per row are provided. Each rib has a
length of about 0.5 in. and a maximum depth of 0.04 in.
As shown in the graph of Figure 4, with the second
embodiment the stiffness of the container is even more

improved.

JP 2004-502602 A 2004.1.29
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The number, size and shape of the ribs can be modified
to achieve the desired axial stiffness and exterpai and
imternal pressure resistance. Depending on the
intended application of & container being designed, the

arxangement of the ribs can be designed accordingly.-

The orientation of the ribs is alse not limited to that
shown in tﬁe first and second embodiments. That is,
although the ribs are shown in the first and second
embodiments to be parallel to the horizontal direction,
they can be rotated np toc 180°, relative Lo the
horizeontal direction and still achieve desired results.
For example, in the container 200 shown in Figure &,
the ribs 222 are rotated 453° relative to the
horizontal. In this third embodiment, the ribs 222
need not be staggered in the vertical and herizontal

directions to achieve the desired result.

In thercontainer 300 of the fourth embodiment depicted
in Figure 7, the ribs 322 are rotated 967 relative to
‘the herizontal such that they are digpogsed vertically.
In this embodiment, alternate rowsg of ribs 322 are

staggered as in the first and second eibodiments.

JP 2004-502602 A 2004.1.29
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As described above, the containers are preferably
formed of PET, but can be formed of other materials
including high- and low-density polyethylens,
polypropylene and polyvinyl chloride, for example. PET
containers are typically blow-molded. The blow-melding
procees is well-known to those in the art and it is
considered unnecessary herein to expiain the process in
which a preform is blow-molded in a cenventional

manner.

While the present inventioﬂ has been described as to
what is currepntly considered to be the preferred
embodiments, it iz to ke undevrstood that the invention
is not limited to them. To the contrary, the invention

is intended to cover various modifications and

. equivalent arrangements within the spirit and scope of

the appended claims. The scope of the following claims
is to be accorded the broadest interpretation so as to
encompass all such modifications and equivalent

structures and functions.

JP 2004-502602 A 2004.1.29
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WHAT IS5 CLAIMED 1IS:

1. A container comprising:

a shell having a top secticn, a bbttom section
and a central section connecting said top section and
said botitom section, wherein at ieast a majority regicn
of said central section 1s provided with a plurality ef
structural ribe about ite periphery, said ribs being
discontinnous in a circumferential direction extending

around said central section.

2. A container according to Claim 1, wherein
said ribs are aligned in a plurality of horizontal,

circumferential rows.

3. A container according to Claim 2, wherein
ribs in one of said plurality of rows are not aligned
vertically with ribs in an adjacent row of said

plurality of rows.

JP 2004-502602 A 2004.1.29
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4. A ¢ontainer according to Claim 3, wherein
ribs in each of said plarality of rows are aligned
verticslly with ribs in each alternate row of said

plurality of rows.

5. A container according to Claim 2, wherein

cach of said rows comprise 5 to 16 ribs.

6. A conrtainer according to Claim 2, further

comprising 13 to 25 of said rows.

7. A container according to Claim 1, wherein
said ribs comprise elongated irdentaticns in gaid

central section.

a. A container according to Claim 7, wherein
at least one of said ribs projects towards a central

aris of said container with varying depth.

5. A container according te Claim 8, wherein
the depth of the rib smoothly increases from each end

of the rib to the center of the rib.

JP 2004-502602 A 2004.1.29
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10. A container according to Claim 1, wherein

said shell is formed of FET.

11. A container according to Claim 1, wherein

said shell has a thickness of less than 0.010 in.

- 12. A container according to Claim 1, wherein

said shell has a capacity of about 0.5 liter.

13. A container according to Claim 1@, wherein

said shell is blow-molded.

14. & container according to Claim i, wherein
the majority region of said central section comprises

the entirety of said central section.

15. A c¢ontainer comprising:

a shell having a top section, a bottom secticn
and a central section connecting said top section and
said botpom section, wherein at least a majority region
of said central section is provided with a plurality of
structural ribs abput its periphery, said ribs being

discontinuens in a direction extending around said

JP 2004-502602 A 2004.1.29
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central sectiom.

16. A coptainer aceording to Claim 15,
wherein said ribs are disposed in rows and oriented at
E an angie egqual to or less than #0° to the vertical

Aaxlis.

17. & container according to Claim 16,
wherein said ribs are oriented 30° relative Lo the

vertical axis.

10 ’ 18. A container according ta Claim 16,
wherein said ribs are oriented 45° relative to the

vertical axis.

19. A container according te Claim 16,
wherein said ribs are oriented 60° relative to the

15 vertical axis.

0. A container acnording to Claim 16,
wherein said ribs are oriented 20° relative to the

vertical axis.

JP 2004-502602 A 2004.1.29
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21l. A container according to Claim 16,
wherein ribe in one of saild rows are not aligned

vertically with ribs in an adjacent row of said rows.

22, A container according to Claim 21,
wharein ribs in each of said rows are aligned
vartically with ribs in each alternate row of said

rows.

23. A container according to Claim 15,
wherein said ribs comprise elongated indentations in

said central section.

24. A copntainrer according to Claim 23,
wherein at least one of said ribs projects towards a

central axis ‘of said container with varying depth.

Z4. A container according te Claim 24, vherein
the depth of the rib smoothly increases from each end

of the rib to the center of the rib.

26. A container aceording to Claim 15,

wherein said shell is formed of PET.

JP 2004-502602 A 2004.1.29
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27. A container according to Claim 15,
wherein said shell has a thickness of less than ¢.01C

in.

z8. A container according to Claim 15,

wherein said shell hos a capacity of about 0.5 liter.

29. A container according to Claim 15, wherein

said shell is blow-molded.

30. A c¢ontainer according to Claim 15,
wherein the majority region of said central section

comprises the entirety of sald central section.

31. A centainer comprising:

a shell having a top section, a bottom section
and a central section connecting said top section and
said bottom ssotion; and

means for reinforcing said shell against

external pressure and internal pressure.

JP 2004-502602 A 2004.1.29
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32, A container sccording to Claim 31,
further comprising means for reinforcing said shell

against axial stress.

2004-502602 A 2004.1.29
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