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(54) PLASTIC BOTTLE

(57) A plastic bottle comprises: a body portion pro-
vided with a reduced pressure absorbing panel portion
33 and a body portion reference surface 34, wherein the
reduced pressure absorbing panel portion 33 extends in
an up-down direction of the body portion and is twisted
in shape in a circumferential direction of the bottle with
a central axis of the bottle as a center, a first depression
33ais in a direction from the body portion reference sur-
face 34 toward inside the bottle, a second depression
33b is present at a circumferential center of the first de-
pression 33a andis in adirection from the first depression
33afurtherinwardly, protrusions 33c are present respec-
tively at opposite ends of the first depression 33a in the
up-down direction and are each in a form of a curved
surface that protrudes from the first depression 33a out-
wardly, and each of the protrusions 33c has a dimension
in the up-down direction which dimension is smallest at
circumferentially opposite ends and largest at a central
portion.
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Description
Technical Field

[0001] The present invention relates to a plastic bottle
including abody portion having atleast one reduced pres-
sure absorbing panel portion and a body portion refer-
ence surface surrounding the reduced pressure absorb-
ing panel portion.

Background Art

[0002] During a process of producing a plastic bottle
filled with abeverage, the plastic bottle may becomefilled
with a heated beverage (so-called high-temperature fill-
ing). In such a case, after a plastic bottle becomes filled
with a high-temperature beverage, and the mouth portion
is then closed with a cap or the like, the internal pressure
decreases as the beverage cools down. This may cause
the plastic bottle to become disadvantageously de-
pressed. To prevent such a disadvantage, a plastic bottle
typically includes a body portion having a reduced pres-
sure absorbing panel.

[0003] Patent Literature 1, for example, discloses a
plastic bottle having (i) reduced pressure absorbing walls
each formed of an inclined panel that is inclined relative
to the axis of the plastic bottle and (ii) pillar walls arranged
alternately with the reduced pressure absorbing walls.
The plastic bottle not only has a reduced pressure ab-
sorbing function, but also is capable of being shaped eas-
ily by blow molding and withstanding an external impact
force.

Citation List
Patent Literature

[0004] Patent Literature 1 Japanese Unexamined Pat-
ent Application Publication, Tokukai, No. 2013-95428

Summary of Invention
Technical Problem

[0005] The reduced pressure absorbing portion of the
plastic bottle of Patent Literature 1 involves such strength
issues as follows: The reduced pressure absorbing por-
tion is easily depressed due to shrinkage (so-called
shrink mark) when the bottle is molded and is easily de-
formable radially outwardly when the plastic bottle is
pressurized to be filled with a beverage. Thus, the tech-
nique of Patent Literature 1 may, to prevent such incon-
veniences, require a restriction on production conditions
for steps of molding plastic bottles and filling them with
beverages. Such arestriction may decrease the efficien-
cy in producing plastic bottles and beverages.

[0006] Theabove circumstanceshaveledtoademand
for a plastic bottle having both a reduced pressure ab-
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sorbing function and a high strength.
Solution to Problem

[0007] A plastic bottle according to one or more em-
bodiments of the present invention comprises: a body
portion provided with at least one reduced pressure ab-
sorbing panel portion and at least one body portion ref-
erence surface surrounding the at least one reduced
pressure absorbing panel portion, wherein the at least
one reduced pressure absorbing panel portion extends
in an up-down direction of the body portion and is twisted
in shape in a circumferential direction of the plastic bottle
with a central axis of the plastic bottle as a center, the at
least one reduced pressure absorbing panel portion has
afirst depression, a second depression, and protrusions,
the first depression is in a direction from the at least one
body portion reference surface toward inside the plastic
bottle, the second depression is present at a circumfer-
ential center of the first depression and is in a direction
from the first depression further toward inside the plastic
bottle, the protrusions are present respectively at oppo-
site ends of the first depression in the up-down direction
and are each in a form of a curved surface that extends
over an entire circumferential width of the first depression
and that protrudes from the first depression toward out-
side the plastic bottle, and each of the protrusions has a
dimension in the up-down direction which dimension is
smallest at circumferentially opposite ends of the protru-
sion and largest at a circumferentially central portion of
the protrusion.

[0008] With the above arrangement, the first depres-
sion and the second depression function together for an
improvement in the reduced pressure absorbing func-
tion, and the reduced pressure absorbing panel portion,
which is twisted in shape, allows the plastic bottle to have
a high strength in the up-down direction. Further, the re-
duced pressure absorbing panel portion, which has pro-
trusions, reduces deformation of the first depression and
the second depression, prevents shrink marks from oc-
curring easily when the plastic bottle is molded, and pre-
vents the plastic bottle from becoming easily deformed
when pressurized to become filled with a beverage.
[0009] Thedescriptionbelow deals with preferable em-
bodiments of the present invention. The preferable em-
bodiments described below as examples do not limit the
scope of the present invention.

[0010] A plastic bottle as a preferable embodiment of
the present invention is arranged such that the at least
one reduced pressure absorbing panel portion includes
two reduced pressure absorbing panel portions adjacent
to each other, the at least one body portion reference
surface includes two body portion reference surfaces ex-
tending respectively from the two reduced pressure ab-
sorbing panel portions, the two body portion reference
surfaces join each other at a ridge portion, and the at
least one body portion reference surface is apart from
the central axis by a largest distance at the ridge portion.
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[0011] With the above arrangement, the plastic bottle
has not only a reduced pressure absorbing panel portion
twisted in shape but also aridge portion twisted in shape.
This allows the plastic bottle to have a higher strength in
the up-down direction.

[0012] A plastic bottle as a preferable embodiment of
the present invention is arranged such that the first de-
pression has a planar shape.

[0013] The above arrangement allows for an improve-
ment in the reduced pressure absorbing function of the
first depression.

[0014] Additional features and advantages of the
present invention will be made clearer by the description
of the exemplary and non-limiting embodiments below,
which are described with reference to the drawings.

Brief Description of Drawings
[0015]

Fig. 1 is a front view of a plastic bottle.

Fig. 2 is a frontal cross-sectional view of a plastic
bottle.

Fig. 3 is a cross-sectional view taken along line lll-
Ill'in Fig. 1.

Fig. 4 is a cross-sectional view taken along line IV-
IV in Fig. 1.

Fig. 5 is an enlarged front view of a body portion of
a plastic bottle.

Fig. 6 is a cross-sectional view taken along line VI-
VIin Fig. 5.

Fig. 7 is a cross-sectional view taken along line VII-
VIlin Fig. 5.

Fig. 8 is a bottom view of a bottom portion of a plastic
bottle.

Fig. 9 is an enlarged view of bottom portion depres-
sions in a bottom portion of a plastic bottle.

Description of Embodiments

[0016] The description below deals with a plastic bottle
as an embodiment of the presentinvention with reference
to drawings. The present embodiment is a plastic bottle
100 including, as illustrated in Fig. 1, (i) a mouth portion
1 as a spout for liquid, (ii) a shoulder portion 2 continuous
with the mouth portion 1 and having a diameter that grad-
ually increases toward the bottom surface, (iii) a body
portion 3 continuous with the shoulder portion 2 and hav-
ing a cylindrical shape, and (iv) a bottom portion 4 as the
bottom of the plastic bottle 100. In the description below,
the "depth" of a structure at the surface of the plastic
bottle 100 means how much the surface of the plastic
bottle 100 is depressed inwardly.

[0017] The plastic bottle 100 as the present embodi-
ment can be produced with a thermoplastic resin such
as polyethylene, polypropylene, or polyethylene tereph-
thalate as a main material and molded integrally by a
stretching and molding method such as biaxial stretching
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blow molding. The plastic bottle 100 may have any ca-
pacity. The capacity may be approximately from 200 mL
to2Lsuchas280mL, 350mL, or500 mL, as ofacommon
plastic bottle. The plastic bottle 100 may be filled with
any liquid. Examples include (i) beverages such as drink-
ing water, tea, fruit juice, coffee, cocoa, soft drink, alco-
holic beverage, milk beverage, and soup and (ii) liquid
seasonings such as Worcester sauce and soy sauce.

[Rib Structure]

[0018] The body portion 3 is provided with, in an upper
region 3a thereof, a main circumferential rib 31 in the
shape of a depression. The body portion 3 is also pro-
vided with, in the upper region 3a and a lower region 3¢
thereof, sub circumferential ribs 32 each in the shape of
a depression. As illustrated in Fig. 2, the main circumfer-
ential rib 31 has a depth and a dimension in the up-down
direction that are larger than those of each sub circum-
ferential rib 32.

[0019] As illustrated in Fig. 3, the main circumferential
rib 31 has a wavy horizontal cross-sectional shape with
a depth that varies continuously in the circumferential
direction of the plastic bottle 100. The depth has a max-
imum value of 4.5 mm and a minimum value of 3.5 mm.
The main circumferential rib 31 has seven largest-depth
points 31a and seven smallest-depth points 31b. The hor-
izontal cross-sectional shape of the main circumferential
rib 31 is a wavy shape formed by connecting the largest
depth points 31a and the smallest depth points 31b
smoothly and alternately one after another. The horizon-
tal cross-sectional shape is, in other words, formed with
a closed curve that protrudes toward outside the plastic
bottle around each largest-depth point 31a, that pro-
trudes toward inside the plastic bottle around each small-
est-depth point 31b, and that has an inflection point be-
tween each largest-depth point 31a and each smallest-
depth point 31b adjacent thereto.

[0020] The main circumferentialrib 31 has adimension
in the up-down direction of (i) 8.0 mm at each largest-
depth point 31a and (ii) 7.2 mm at each smallest-depth
point 31b.

[0021] Asillustrated in Figs. 1 and 2, the body portion
3 may be provided with a plurality of sub circumferential
ribs 32. The present embodiment involves three sub cir-
cumferential ribs 32 in the upper region 3a and two sub
circumferential ribs 32 in the lower region 3c. The present
embodiment is arranged such that the sub circumferen-
tial ribs 32 each have a circular horizontal cross-sectional
shape with a depth of 1.5 mm and a dimension in the up-
down direction of 4.9 mm.

[0022] A horizontal load on the plastic bottle 100 may
deform the plastic bottle 100 such that the horizontal
cross-sectional shape becomes elliptical. However, the
plastic bottle 100 as the present embodiment, which has
amain circumferential rib 31 with awavy horizontal cross-
sectional shape, is structured such that a load on the
plastic bottle 100 is not easily concentrated. The horizon-
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tal load thus does not easily deform the plastic bottle 100.
[0023] A load on the plastic bottle 100 in the up-down
direction may also deform the plastic bottle 100 in the
up-down direction. However, the plastic bottle 100 as the
present embodiment, which has a main circumferential
rib 31 and sub circumferential ribs 32 with different depths
and dimensions in the up-down direction, allows those
ribs to function together as a spring to alleviate the load
in the up-down direction. The load in the up-down direc-
tion thus does not easily deform the plastic bottle 100.

[Panel Structure]

[0024] The body portion 3 is provided with, in a middle
region 3b thereof, a plurality of (for the present embodi-
ment, six) panels 33 (which are an example "reduced
pressure absorbing panel portion") that are sunk in the
radial direction and that are arranged in the circumferen-
tial direction of the middle region 3b at even intervals. As
illustrated in Fig. 5, the panels 33 are each shaped to
extend in the up-down direction of the middle region 3b,
and are each also twisted in shape in the circumferential
direction of the plastic bottle 100 with the central axis of
the plastic bottle 100 as the center. The panels 33 are
each surrounded by a body portion reference surface 34.
[0025] As illustrated in Figs. 5to 7, the panels 33 each
include a first panel depression 33a (which is an example
"first depression). a second panel depression 33b (which
is an example "second depression"), and panel protru-
sions 33c (which is an example "protrusion"). The first
panel depression 33a has a planar shape and is de-
pressed from the body portion reference surface 34 to-
ward inside the plastic bottle 100. The second panel de-
pression 33b is present at the circumferential center of
the first panel depression 33a and depressed in the di-
rection from the first panel depression 33a further toward
inside the plastic bottle 100.

[0026] In the panel protrusions 33c, the opposite ends
of the first panel depression 33a in the up-down direction
are each in the form of a curved surface that protrudes
from the first panel depression 33a toward outside the
plastic bottle 100 over the entire circumferential width of
the first panel depression 33a. The panel protrusions 33c
each have a dimension in the up-down direction which
dimension is smallest at the circumferentially opposite
ends of the panel protrusion 33c and largest at the cir-
cumferentially central portion of the panel protrusion 33c.
[0027] Twobody portion reference surfaces 34 extend-
ing from two different first panel depressions 33a join
each other at a ridge portion 34a. The body portion ref-
erence surfaces 34 are apart from the central axis of the
plastic bottle 100 by the largest distance at the ridge por-
tions 34a.

[0028] The plastic bottle 100 as the present embodi-
ment includes panels 33 each reinforced with panel pro-
trusions 33c. The plastic bottle 100 thus does not easily
suffer from such deformation problems as (i) radially out-
ward deformation caused when a bottle is pressurized
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to become filled with a beverage and (ii) depression
caused by shrinkage (so-called shrink mark) when the
bottle is molded.

[Bottom Portion Structure]

[0029] As illustrated in Figs. 5, 8, and 9, the bottom
portion 4 includes (i) a ground portion 41 configured to
come into contact with a placement surface of a table or
the like and (ii) a dome portion 42 that is depressed to-
ward inside the plastic bottle 100 (upward in Fig. 5) as it
extends from the ground portion 41 radially inwardly. The
dome portion 42 includes (i) at a central portion thereof
a dome central portion 421 that is depressed further to-
ward inside the plastic bottle 100 than the dome portion
42 and (ii) a plurality of bottom portion depressions 422
around the dome central portion 421.

[0030] As illustrated in Fig. 9, the bottom portion de-
pressions 422 are, in a plan view, each in the shape of
a concave hexagon (so-called bowtie shape) with four
acute vertexes 422a each having an interior angle of 70°
and two reentrant vertexes 422b each having an interior
angle of 220°. Each acute vertex 422a is adjacent to an-
other acute vertex 422a and a reentrant vertex 422b,
whereas each reentrant vertex 422b is adjacent to two
acute vertexes 422a. The concave hexagon has sides
each measuring 3 mm, and has diagonals of which the
longest are 6 mm long. The bottom portion depressions
422 each have a depth of 1.2 mm.

[0031] AsillustratedinFigs. 8 and 9, the bottom portion
depressions 422 form bottom portion depression rows
423 each made up of a plurality of bottom portion depres-
sions 422 arranged in a row. The bottom portion depres-
sion rows 423 are each made up of a plurality of bottom
portion depressions 422 adjacent to one another in such
a manner that the respective central axes Cy of the plu-
rality of bottom portion depressions 422 coincide with
one another, the central axes C, being each an extension
of the center line C|_of the corresponding bottom portion
depression 422, the center line C| connecting the re-
spective center points of two opposite sides of the cor-
responding bottom portion depression 422, each of the
center points being present between two acute vertexes
422a.

[0032] As illustrated in Figs. 8 and 9, the plurality of
bottom portion depression rows 423 have respective cen-
tral axes C, parallel to one another. Two adjacent bottom
portion depressionrows 423a and 423b are offsetrelative
to each other along each central axis C,, and the width
of the offset is 2.6 mm, which is half the length (5.2 mm)
of the center line C,. The term "offset" as used herein
means that a plurality of bottom portion depression rows
423 are shifted along each central axis C, so that there
is no coincidence between (i) a straight line connecting
the two reentrant vertexes 422b of each bottom portion
depression 422 included in a first bottom portion depres-
sion row 423a and (i) a straight line connecting the two
reentrant vertexes 422b of each bottom portion depres-
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sion 422 included in a second bottom portion depression
row 423b adjacent to the first bottom portion depression
row 423a. The term "width of the offset" indicates the
distance between such two straight lines.

[0033] Further, three bottom portion depressions 422
adjacent to one another are arranged in such a pattern
that two acute vertexes 422a and one reentrant vertex
422b are close to one another. Stated differently, two
respective acute vertexes 422a of two adjacent bottom
portion depressions 422 included in the bottom portion
depression row 423a which acute vertexes 422a are ad-
jacent to each other are located, in a plan view, outside
a reentrant vertex 422b of a bottom portion depression
422 included in the bottom portion depression row 423b
in such a pattern that the acute vertexes 422a are fitted
in the reentrant vertex 422b in a plan view (see part A in
Fig. 9). Such a fitting arrangement is formed by any three
bottom portion depressions 422 adjacent to one another.
[0034] Conventional plastic bottles may, when pressu-
rized to be filled with beverages, be deformed such that
the bottom portion is pushed out downward by an internal
pressure. The plastic bottle 100 as the present embodi-
ment, which has bottom portion depressions 422 with a
mutually fitting arrangement as described above, reduc-
es movement of the bottom portion depressions 422
along the bottom surface. This prevents the bottom por-
tion 4 from being deformed. This allows the plastic bottle
100 to withstand a load that could otherwise cause de-
formation, and advantageously prevents the entire plas-
tic bottle 100 from being deformed easily.

[Other Embodiments]

[0035] Finally, the description below deals with plastic
bottles as other embodiments of the present invention.
The arrangement disclosed for any embodiment below
is combinable with the arrangement disclosed for any
other embodiment unless such a combination causes
any convenience.

[0036] The embodiment described above is an exam-
ple arrangement including a single main circumferential
rib 31. The present invention is, however, not limited to
such an arrangement. The plastic bottle according to the
present invention may alternatively include a plurality of
circumferential ribs. For a better effect of alleviating a
load in the up-down direction, the plastic bottle, as with
the embodiment described above, preferably includes a
single main circumferential rib, preferably includes at
least one sub circumferential rib in addition to the main
circumferential rib, more preferably includes at least five
sub circumferential ribs in addition to the main circum-
ferential rib.

[0037] The embodiment described above is an exam-
ple arrangement in which the main circumferential rib 31
has seven largest-depth points 31a and seven smallest-
depth points 31b. The present invention is, however, not
limited to such an arrangement. The main circumferential
rib may have any number of largest-depth points and any
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number of smallest-depth points as long as those num-
bers are equal to each other and are each two or more.
For a better effect of preventing concentration of a hori-
zontal load, the main circumferential rib preferably has
six to nine largest-depth points and six to nine smallest-
depth points.

[0038] The embodiment described above is an exam-
ple arrangement in which the main circumferential rib 31
has a maximum depth of 4.5 mm and a minimum depth
of 3.5 mm. The present invention is, however, not limited
to such an arrangement. The main circumferential rib
may have a maximum depth of 4.0 mm to 5.5 mm and a
minimum depth that is 0.5 mm to 1.5 mm smaller than
the maximum depth. The main circumferential rib has a
maximum depth of preferably 4.1 mm to 5.2 mm, more
preferably 4.2 mm to 5.0 mm. The main circumferential
rib has a minimum depth that is preferably 0.6 mm to 1.4
mm smaller than the maximum depth, more preferably
0.7 mm to 1.3 mm smaller than the maximum depth.
[0039] The embodiment described above is an exam-
ple arrangement in which the main circumferential rib 31
has a dimension in the up-down direction of 8.0 mm at
each largest-depth point 31a and 7.2 mm at each small-
est-depth point 31b. The present invention is, however,
not limited to such an arrangement. The circumferential
rib may have a dimension in the up-down direction of 6
mm to 9 mm. The main circumferential rib preferably has
a dimension in the up-down direction of 6.2 mm to 8.8
mm, more preferably 6.5 mm to 8.5 mm.

[0040] The embodiment described above is an exam-
ple arrangement in which two body portion reference sur-
faces 34 extending from two different first panel depres-
sions 33a join each other at a ridge portion 34a. The
present invention is, however, not limited to such an ar-
rangement, and may be arranged, for instance, such that
two body portion reference surfaces join each other in a
region having a planar connection portion.

[0041] The embodiment described above is an exam-
ple arrangement in which the first panel depressions 33a
each have a planar shape. The presentinvention is, how-
ever, not limited to such an arrangement. The first de-
pression may, for instance, have a rib for reduced pres-
sure and absorption.

[0042] The embodiment described above is an exam-
ple arrangement in which the acute vertexes 422a each
have an interior angle of 70°, and the reentrant vertexes
422b each have an interior angle of 220°. The present
invention is, however, not limited to such an arrange-
ment. The acute vertex may have an interior angle of
larger than 60° and not larger than 80°. The acute vertex
preferably has an interior angle of not smaller than 63°
and not larger than 87°, more preferably not smaller than
65° and not larger than 75°.

[0043] The embodiment described above is an exam-
ple arrangement in which the concave hexagon has di-
agonals of which the longest are 6 mm long. The present
invention is, however, not limited to such an arrange-
ment. The longest diagonals may be 3 mm to 8 mm long.
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The longest diagonals are preferably 4 mm to 7 mm long,
more preferably 5 mm to 7 mm long.

[0044] The embodiment described above is an exam-
ple arrangement in which the bottom portion depressions
422 each have a depth of 1.2 mm. The present invention
is, however, not limited to such an arrangement. The bot-
tom portion depression may have a depth of 0.6 mm to
2.4 mm. The bottom portion depression preferably has
a depth of 0.5 mm to 2.5 mm, more preferably 0.7 mm
to 2.3 mm.

[0045] The embodiment described above is an exam-
ple arrangement in which the width of the offset between
two bottom portion depression rows 423a and 423b ad-
jacent to each other is 2.6 mm, which is half the length
(5.2 mm) of the center line C|. The present invention is,
however, not limited to such an arrangement. The width
of the offset may be 40% to 60% of the length of the
center line. The width of the offset is preferably 45% to
55%, more preferably 48% to 52%, particularly preferably
50%, of the length of the center line.

[0046] Embodiments of any arrangement other than
the above that is disclosed in the present specification
are also mere examples in all respects, and do not limit
the scope of the present invention. A person skilled in
the art will easily understand that the embodiments may
be modified as appropriate without departing from the
object of the present invention. The present invention
thus naturally covers in its scope any embodiment as
modified without departing from the object of the present
invention.

Industrial Applicability

[0047] The present invention is applicable to, for ex-
ample, a container for a soft drink.

Reference Signs List

[0048]

100 Plastic bottle

1 Mouth portion

2 Shoulder portion

3 Body portion

3a Upper region of the body portion
3b Middle region of the body portion
3c Lower region of the body portion
31 Main circumferential rib

32 Sub circumferential rib

33 Panel

33a First panel depression

33b Second panel depression

33c Panel protrusion

34 Body portion reference surface
34a Ridge portion

4 Bottom portion

41 Ground portion

42 Dome portion
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421 Dome central portion

422 Bottom portion depression

422a Acute vertex of the bottom portion
depression

422b Reentrant vertex of the bottom por-

tion depression

423 (423a, 423b)  Bottom portion depression row

Ca Central axis

C. Center line

A Mutually fitting part of bottom por-
tion depressions

Claims

1. A plastic bottle, comprising:

a body portion provided with at least one re-
duced pressure absorbing panel portion and at
least one body portion reference surface sur-
rounding the at least one reduced pressure ab-
sorbing panel portion, wherein

the at least one reduced pressure absorbing
panel portion extends in an up-down direction
of the body portion and is twisted in shape in a
circumferential direction of the plastic bottle with
a central axis of the plastic bottle as a center,
the at least one reduced pressure absorbing
panel portion has a first depression, a second
depression, and protrusions,

the first depression is in a direction from the at
least one body portion reference surface toward
inside the plastic bottle,

the second depression is present at a circum-
ferential center of the first depression and is in
a direction from the first depression further to-
ward inside the plastic bottle,

the protrusions are present respectively at op-
posite ends of the first depression in the up-
downdirection and are each in aformof a curved
surface that extends over an entire circumfer-
ential width of the first depression and that pro-
trudes from the first depression toward outside
the plastic bottle, and

each of the protrusions has a dimension in the
up-down direction which dimension is smallest
at circumferentially opposite ends of the protru-
sion and largest at a circumferentially central
portion of the protrusion.

2. The plastic bottle according to claim 1, wherein

the at least one reduced pressure absorbing panel
portion includes two reduced pressure absorbing
panel portions adjacent to each other,

the at least one body portion reference surface in-
cludes two body portion reference surfaces extend-
ing respectively from the two reduced pressure ab-
sorbing panel portions,
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the two body portion reference surfaces join each
other at a ridge portion, and

the at least one body portion reference surface is
apart from the central axis by a largest distance at
the ridge portion.

The plastic bottle according to claim 1 or 2, wherein
the first depression has a planar shape.
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