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The present invention relates to a plastics container comprising a neck and an outlet opening, a container body and a base; said
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The present invention relates to a plastics
container comprising a neck and an outlet opening, a
container body and a base; said base comprising a
plurality of circumferentially spaced legs, each said leg
terminating in a foot portion on which the container is
adapted to stand wherein each 1leg is provided with at
least one 1longitudinally inwardly extending crease.
Preferably each leqg is provided with a single crease which
extends downwardly and inwardly at 1least to the extent
necessary so to substantially divide the foot portion of
each leg into two separate support portions on which the
container is adapted to stand.
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IMPROVED PLASTICS BOTTLE

This invention relates to a bottle or container made
from a plastics material which is suitable for holding
beverages and the like.

Without limiting the scope of the present invention,
the contalner 1is particularly suitable for use 1in holding
carbonated soft drinks and the invention is hereafter
described with reference to this application. Various
plastics materials have, particularly in the last decade,
replaced glass as the materials of first choice for the
manufacture of containers for beverages. In connection
with carbonated beverages, the use of a particular
polyester, namely polyethylene terephthalate (PET), has
almost entirely replaced glass except in connection with
some of the smaller sized containers. There are immediate
advantages 1in the use of such plastics materials (e.qg.
reduced weilight, improved safetly on breakage,
manufacturing cost) but there have been difficulties 1in
producing a stable yet strong container which can be
simply produced. Apart from PET, other suitable materials
for the manufacture of such bottles include acrylonitrile,
polyarylate and polycarbonates.‘ The first generation
polyester bottles were two piece bottles comprising a blow
moulded bottle with a hemispherical base supported in a
cup made from a thermoplastic material which was adhered
to the base of the bottle. These bottles were cumbersome
to make, 1ncluded an unsightly non-transparent base and
made re-cycling of the materials after use difficult.

The problem of creating a self supporting unitary
structure was first overcome by the development of various
"footed"” base designs. These Dbottles were modified on
blow moulding so that the base formed included a number of
feet on which the bottle was adapted to stand. Different
manufacturers developed different footed base designs.
Whilst four and five foot configurations (i.e. four or
five equally spaced feet spaced about the circumference of
the base each separated by ribs) are currently in use by a
number of manufacturers a number of other designs and
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variations have been proposed in the past comprising

different spacings, sizes, shapes and configuratiocns ot

pr—

the feet, legs and ribs of such self supporting bottles

so to i1mprove stability, aesthetic appearance and
resistance to creep and stress cracking.

Whilst it is possible to make a footed bottle having
good strength and stability using known base

configuration designs when no limit 1s placed on the

4

amount of plastics material utilized for each container,

commercial realities dictate the need to maintain and 1if
possible reduce the amount of raw plastics material used.
Thus, it 1is commercially important that the container

gap—

have the desired characteristics  of strength and

stability whilst minimizing the amount of plastics
material used for each contalner.

One difficulty in producing a base configuration

which meets all of the abovementioned desired attributes
arises due to the competing nature of these attributes

and the commercial need to use minimal plastics material

for each container. For example, 1f one concentrates on
improving bottle stability through enlarging the contact

area of the respective feet, this will have a deleterious

Ul

effect on the capacity of the bottle to resist creep
under standard carbonation pressures. Furthermore,
increasing the size of the feet requires narrowing of
ribs between legs or a reduction 1in the number legs.

Reducing the thickness of the walls of the leg and foot

also leads to an increased likelihood that the leg will

fail due to creep.

A

It 1s an object O an aspect of the present
invention to provide a unitary ©plastics contailner

comprising a footed base configuration which has improved
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stability which is not adversely affected (in aesthetic
or functional aspects) after filling under normal
beverage carbonation pressures.

According to one aspect of the invention, there 1s
provided a plastics container comprising a neck and an
outlet opening, a container body and a base; the base

comprising a plurality of circumferentially spaced legs

with each leg terminating in a foot portion on which the

container is adapted to stand; each foot portion having

_—

an inner edge being that edge of the foot portion closest
tro the center of the base; each of the 1legs of the

container further including a base portion which extends

from the inner edge of the foot portion towards the
center of the base; each base portion being configured
such that it makes no contact with a level surface when
the container 1s standing upright on such a surface;
wherein each leg of the container includes at least one
longitudinal <crease which extends radially 1inwardly

rowards the center of the base but which does not extend

more than halfway along the base portion.

In accordance with the present invention, there 1is
provided a plastics container comprising a neck and an

outlet opening, a container body and a base, sald base

comprising a plurality of circumferentially spaced legs,

each said leg terminating in a foot portion on which the

'
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container is adapted to stand wherein each leq is provided
with at least one longitudinal.inwardly extending crease.

Preferably, a single crease in each of the 1legs is
provided which extends downwardly and inwardly at least to
the extent necessary so to substantially divide the foot
portion of each leg into two separate support portions on
which the container 1is adapted to stand when standing
upright on a level surface.

For the purpose of this specification and the
appended claims a foot of the container is any one of
those parts of the container adapted to contact a level
surface when the container stands upright after it has
been filled with a carbonated beverage. If the container
has two or more separate support portions for each leg,
the foot in each case is to be construed as the portion of
the leg in an envelope drawn around the contact portions
on the respective leg. The foot has an outer edge closer
to the container and an inner edge closer to the centre of
the base.

Preferably, each of the 1legs of the base of the
container 1includes a front wall which extends downwardly
from the body of the container to the foot portion, and a
base portion which extends from the foot portion towards
the centre of the base. The base portion is that part of
the leg which extends from the inner edge of the foot
portion towards the centre of the base that does not
contact a level surface after the container has been
filled with a carbonated beverage.

Immediately after the manufacture of a container in
accordance with this invention there 1is substantially
point contact over a circle of radius R when the container
1s standing on a flat surface. On filling, the contact
area 1s an annulus bounded by an outer radius R+X and an
inner radius R-X. For a 1.25 1litre container, X 1is
about 2 mm immediately after filling. On extended storage
especlally at elevated temperature the contact area will
change to some extent due to creep. For the purposes of
this specification the contact area is any part of the leg
which contacts a level surface at any time during normal
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use. The rise and position of the contact area is
affected by the shape of the 1leg and may be found by
simple experiment.

Preferably the crease on each leg does not extend
substantially into the base portion of the leg. Thus, 1in
such an embodiment the major part of the base portion of
each leg 1s smooth and uninterrupted. The centre of the
base may be simply that part of the base where the base
portion of each of the legs meet. However, preferably the
centre of the base is in the form of a hemispherical dome
and the base portions of each leq extend from the inner
edges of the foot portions of the legs to the dome.

The crease can extend 1longitudinally up the full
extent of the 1leg front wall but preferably does not
extend more than about one third of the distance up this
wall. Most preferably 1t extends up the front wall
significantly less than this. The crease 1s preferably
substantially "V" shaped in cross-section coming to a
point or a flat narrow rib at the innermost point.

Although the invention is of value to all designs of
bottles with a legged base, it is of particular value to
petalolid bases. By petaloid we mean a base comprising of
three or more legs each leg of which comprises two side
walls, a front wall which reduces in width towards the
base and which terminates in a foot on which the bottle
may stand and wherein the front wall of the 1leqg is
conventionally gradually curved to a point known as the
"tangent point"” below which point the front wall curves
with a substantially reduced radius of curvature to the
outer edge of the foot portion where it terminates. (In
this specification and the appended claims, the portion of
the leg between the tangent point and the outer edge of
the foot 1s called the "small radiused portion" of the
leg). From the 1nner edge of the foot portion there is
further provided an inner portion of the leg which extends
inwardly towards the centre of the base (otherwise known
as the dome) and which makes no contact during normal use
with a flat surface on which the container is standing
when the bottle i1s standing upright.
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In such embodiment, the crease in each leg of the
container preferably extends substantially longitudinally
along most of the small radiused portion of the leg. Most
preferably, 1t extends from some point in the foot portion
to at least the tangent point.

The 1nclusion of such a crease in the legs of the
container base has been found by the applicants to have a
number of Dbenefits over a conventional non-creased
profile. In particular, the applicants have found that
the crease reinforces the 1leg and enables control of
deformation caused by creep when the bottle is subjected
to carbonation pressures. In Dbottle configqurations
comprising a high number of narrow legs (e.g. six legs
with separating ribs), the incidence of creep 1n the leg
under normal carbonation pressures would not usually
present significant problems. However, where the leq has
a greater surface area, and particularly where 5 or fewer
legs are utilized, and the 1leg side wall is thin, the
applicants have found that creep can lead to significant
aesthetic and functional problems.

These problems of creep are usually manifested by
bulges, folds and creases appearing towards the bottom of
the foot. Without utilizing the profile of the present
invention, these distortions in the leg profile are random
and non uniform. If the creasing is pronounced, this can
lead to non uniform (and hence 1less stable) bottle
support. For example, it 1is possible that one leg may
suffer more serious deformation than other legs which can
result in the support on that leg being formed by the
outward ridge caused by bottle creep. This can occur to a
differing extent in different places on different legs on
the same bottle. The bottle may not therefore stand as
evenly (and thus will be 1less stable) and the leg
supported on the outward ridge is more likely to fail due
to stress cracking on dropping or other abuse. These
problems are highlighted in the comparative example
detailed later in this specification.

The applicants have found that the utilization of
the crease 1n the respective legs of the container base
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enables the control of the effects of creep (which still
occurs on filling under pressure). The variable
distortion caused by the creep occurs mainly in the crease
area and the portion of the foot in contact with a level
surface moves 1in a substantially uniform manner over all
the feet of the bottle. This alleviates the problems of
randomly appearing creases which are unaesthetic and give
the appearance of product design failure and encourages
uniform support of the bottle on two uniformly spaced
support portions.

Preferably, the crease is located centrally down the
leg such that in, for example, a petaloid foot design, the
crease runs longitudinally down the middle of the front
wall of the leg. The Applicants have not found any
significant benefit in extending the crease substantially
beyond the inner edge of the foot portion or substantially
beyond the tangent point.

In general, the bottles of the present invention are
blown from a preform which has been injection moulded.
Such Dbottles are blown on apparatus which generally can
apply blowing pressures up to about 40 bar. To avoid the
use of specilial equilipment utilizing higher blowing
pressures 1t 1s preferable to limit the extent and depth
of the longitudinal crease on each leg. If the crease is
too deep, wide or long, the applicants have found that it
is not possible on conventional apparatus to blow out the
bottom corners of the container legs adjacent to the foot
portion. Thus, preferably the crease on each leqg is not
of greater length, depth or width which would prevent the
full blowing out of the bottom corners of the feet of the
container when blown at a pressure of 40 bar. Persons
skilled in the art will be well able to modify the length,
width and depth of such creases as a matter of routine
trial so to meet this requirement.

Preferably, the width to depth ratio of the crease
in at least the small radiused portion of the leg is from
about 1l:1 to about 3:1. If the ratio is much smaller than
this formability of the base becomes difficult. If the
ratio is much larger than this, the crease may not control
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the position of deformation in the leqg due to creep. The
width of the crease is preferably between 5 to 20% of the
width of the foot.

It 1s preferred that in a bottle of a capacity of
between 1.0 to 2.0 litres that the crease would be between
0.5 to 3.0 mm i1n depth in that portion of the crease of
maximum depth. When a petaloilid base configuration 1is
used, the maximum depth of the crease 1is preferably
located 1n the small radiused portion of the leg. The
optimum depth of the crease depends to some extent on the
thickness of the material forming the 1legs of the
container and the contact area of the respective feet. If
the contact area of the respective feet 1is large (for
example when the container has four feet or five feet with
no or narrow ribbing) it 1is preferred that the depth of
the crease be towards the higher end of the range
indicated above. Further, 1f the wall thickness of the
leg 1s not great (e.g. 1f the small radiused portion of
the leg 1s of a wall thickness of between about 0.2 to 0.3
mm) then again it would be preferred that the depth of the
crease be towards the higher end of the range indicated
above preferably coupled with a small width to depth
ratio. The length of the crease for both aesthetic and
functional reasons 1is preferably of such length that it
does not extend more than about one third of the distance
up the leg. In a petaloid configuration, the crease
preferably does not extend substantially past the tangent
point.

The container 1is preferably made from a polyester
such as PET. Preferably bottle grade PET copolymer or
homopolyer 1is used. However, the invention can be used
with other plastics materials known in the art for
manufacturing plastic Dbottles and include multilayer
structures such as those incorporating regrind PET.

The 1nvention 1is described in further detail by
reference to a particular embodiment and by comparison
with a bottle formed without the required leg crease by
reference to the following drawings in which:-

Figure 1 1s a perspective view of the base of a
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bottle made in accordance with the invention;

Figure 2 1is a plan view of the base of the container
shown in Figure 1;

Figure 3 1s a cross-sectional view of part of the
base through III-III as shown in Figure 2;

Figure 4 1is a perspective view of the base of a
different bottle made 1n accordance with the invention;

Figure 5 1s a plan view of the base of the base of
the container shown in Figure 4;

Figure 6 1s a cross-sectional view of part of the
base through VI-VI as shown in Figure 5; and

Figure 7 1s a plan view o0of the base of one
particular prior bottle design to which the present
invention can conveniently be incorporated.

Figure 8 1is a plan view of the base of a second
prior bottle design to which the present 1invention can
conveniently be incorporated.

Figure 9 is a perspective view of a bottle identical
in all respects to the bottle shown 1in Figure 1 except
that it has been made without any crease in the leg side
wall and has been filled with a carbonated beverage under
normal carbonation pressure and thereafter emptied.

In Figure 1 there 1s shown the base of a bottle 1.
Whilst not shown, such a bottle would conventionally
comprise a substantially cylindrical side wall and a neck
having a screw thread profile. The container has a body 4
and a self supporting base structure 5 which 1in this
embodiment comprises four 1legs 6 which are integral with
the container body 4. Legs 6 are spaced uniformly about
the base of the container, are of substantially the same
size and profile and are each separated by respective ribs
7. This invention 1is not limited to the shape of the legs

or the utilization of ribs between these legs. However,

in the embodiment shown, ribs 7 are provided and can be
either flat or slightly hemispherical 1in transverse
section. In the embodiment shown, the 1legs are of a
conventional petaloid shape. As can be seen 1in Figures 1
and 2, this comprises a front wall 8 which narrows as 1t
extends downwardly, a small radiused portion 9, a foot

av e 14 e AR Sy et T 1R Sy T AR Bt Hente LSRR en g deaond 12 0 T P S B M PRI OB HATO R S, e ML, N [ U R et iprit sh boamata s 13



10

15

20

25

30

33

-~ 9 - 2122500

portion 10 which has an 1inner edge 11 and an outer edge
12, a base portion 13, a dome 14 and side wall portions
15.

On each 1leg, there 1s provided a small longitudinal
crease 16 which extends from the inner edge of the foot
portion 11 and extends upwardly to a point 17 which 1is
just beyond tangent point 18. In an alternative
embodiment (not shown), the crease can extend into base
portion 13 provided that it does not extend substantially
into this portion (i.e. beyond the midway point 13a). The
base of the crease 19 forms a smooth curve commencing at
the surface of the leg at point 17 which extends inwardly
to the inner edge 11 of the foot portion 10. Preferably,
the Dbottom of the crease 1s a curve of substantially
uniform radius. Tangent point 18 is the point at which
the radius of curvature of the 1leg side wall markedly
changes from a large radiused profile (outer leg portion
20) to a small radiused profile (small radiused portion 9)
leading into the foot portion 10.

With reference to Figure 2, it can be seen that the
crease 16 1s substantially "V" shaped coming to a point

21 located midway between side walls 15. In the
embodiment shown, the crease has the following
characteristics

Width to Depth Ratio : 1.5:1

Depth (at deepest point): 2.0 mm

It will Dbe appreciated from the above that the
crease 1s small 1n proportion to the size of the leg. If
1t 1s much 1larger than the preferred ranges indicated
earlier in this specification, it becomes difficult using
conventional blowing apparatus to entirely blow out the
corners of the respective legs. Notwithstanding the size
of the crease, the applicants have found that it serves to
control the location of creep in the bottom of the leg so
that no unwanted bulging or folding occurs across the

profile of the leg.
It will be noted from Figure 1 that the bottle, when
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standing, 1is supported on two separate support portions 22
and 23 on each ieg.

The applicants have found that on filling such a bottle
wlith a carbonated beverage under pressure of four volumes of
C0,, there 1s creep which leads to further blowing out of
the portions of the leg adjacent to the crease 16 but that
no additional fold or distortion 1s created i1n the leg which
is focussed on the pre-existing crease 16.

Figures 4 to © show an alternative embodiment of the
invention where the design profile of the base 1s modified
from that shown 1n Figures 1 to 3. In particular, the foot
of each leg 1s of 1increased proportioh and 1s of a flatter
profile. Like features are indicated by the same numbers
increased by 100. To assist in the understanding of Figures
4 through 6, the following key 1is provided: base of the
bottle 101, body 104, self supporting base structure 105,
legs'106, ribs 107, front wall 108, a small radiused portion
109, foot portion 110, inner edge 111, outer edge 112, base
portion 113, dome 114, side wall portions 115, longitudinal
crease 116, point 117, tangent point 118, crease 119, outer
leg portion 120, point 121, support portion 122 and support
portion 123.

In Figure 7, there ‘is shown a bottle design which has
been previously proposed in U.S. 4,867,323. This Dbottle
configuration can be enhanced by incorporating the features
of the present invention. Like features to the bottles of
the present 1invention are 1indicated by the same numbers
increased by 200 and on one of the legs a crease 216 1is
shown as \it would be 1ncorporated in such a base design if
incorporating the present invention. To assist 1in the
understanding of Figure 7, the following key is provided:
base of the bottle 201, legs 206, ribs 207, front wall 208,
dome 214, side wall portions 215, longitudinal crease 216,

support portion 222 and support portion 223.



10

15

20

CA 02122500 2004-09-14

- 10a -

In Figure 8, there 1s shown a second alternative prior
base configuration. An example of such a base 1is revealed 1in
U.S. 4,978,015, Like features of this base are indicated by
the same numbers increased by 300. The aesthetic and
functional performance of such a base would be enhanced by
the present 1invention and one of the legs 1s shown
incorporating a crease 316 of the type as provided by the
present invention. To assist in the understanding of Figure
8, the following key 1s provided: base of the bottle 301,
legs 306, ribs 307, front wall 308, dome 314, side wall
portions 315, longitudinal crease 316, support portion 322
and support portion 323.

For the purposes of comparison, the applicants made a
bottle 1n all respects the same as that shown in Figure 1
without crease 16 1n the leg profile. A representation of
the base of this bottle 1is shown 1in Figqure 9. Various
aspects of the base of this bottle are likewise shown and
are numbered to 1dentify 1like features with the bottle
earlier described by 1like numerals increased by 400. To
assist 1n the understanding of Figure 9, the following key
1s provided: base of the bottle 401, body 404, ribs 407,
front wall 408, side wall portions 415. This bottle was
filled with a carbonated soft drink and capped



10

15

20

295

30

35

2122500

- 11 -

at a pressure of four wvolumes of C02. After the
container had been allowed to equilibrate for a period of
one hour, the bottle was opened, the contents emptied and
the bottle examined. It was discovered that each of the
legs were subject to some deformation as a result of
creep. The extent of this deformation differed from leg
to leg and occured 1in slightly different places.
Prominent ridges 230 and 231 were formed on two of the
legs. These ridges were not centrally 1located and
extended at an angle from one side of the foot portion up
part of the container 1leg wall. These ridges were
sufficiently pronounced that the container when placed on
a level surface was supported on the ridges rather than on
any other surface of the foot portion. With respect to
the other two legs, the ridging was not so pronounced. As
a result, the container did not sit flatly and had the
appearance of being mis-manufactured.

Further modifications, additions or alterations may
be made to the design profile as hereinbefore described
without departing from the spirit or ambit of the present
invention as defined 1n the following <claims. In
particular, the invention is useful in relation to a broad
range of container feet profiles and it 1s possible to
utilize more than one crease to meet the objectives of the

invention.
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CLAIMS

1. A plastics container comprising a neck and an outlet
opening, a container body and a base; the base comprising
a plurality of circumferentially spaced legs with each
leg terminating 1n a foot portion on which the container
1s adapted to stand; each foot portion having an 1inner
edge being that edge of the foot portion closest to the
center of the base; each of the legs of the container
further including a base portion which extends from the
inner edge of the foot portion towards the center of the
base; each base portion being configured such that it
makes no contact with a level surface when the container
is standing upright on such a surface; wherein each leg
of the container 1includes at least one longitudinal
crease which extends radially inwardly towards the center
of the base but which does not extend more than halfway

along the base portion.

2 . A container as claimed in claim 1 wherein the at
least one longitudinal crease on each leg is comprised of
a single crease which extends downwardly and inwardly at
least to the extent necessary so to substantially divide
the foot portion of each leg into two separate support

portions on which the container is adapted to stand.

3. A container as claimed 1in c¢laim 2 wherein each
crease 1s substantially "V" shaped in cross section when

viewed 1n cross section transverse to the crease.

4 . A contailner as claimed in claim 2 in which each of

the legs of the container comprise two side walls and a
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front wall, the front wall of each leg reducing in width

towards the foot portion of the leq.

5. A container as claimed 1in claim 1 wherein each
crease 1s substantially "V" shaped in cross section when

viewed 1n cross section transverse to the crease.

6. A container as claimed in claim 5 in which each of
the legs of the container comprise two side walls and a
front wall, the front wall of each leg reducing in width

towards the foot portion of the leg.

7. A container as c¢laimed in claim 1 in which each of
the legs of the container comprise two side walls and a
front wall, the front wall of each leg reducing in width

towards the foot portion of the leg.

8. A contalner as claimed in claim 7 wherein the crease
on each leg does not extend more than about one third of

the distance up the front wall of the leg.

9. A container as claimed in claim 8 wherein the front

wall of each leg is gradually curved to a tangent point

below which the front wall comprises a small radiused

portion in which the front wall curves to the outer edge
of the foot portion and wherein the crease in each leg
extends substantially longitudinally to substantially the

inner edge of the foot portion.

10. A container as claimed in claim 9 wherein the crease
in each leg extends from the outer edge of the foot

portion to at least the tangent point.
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11. A container as claimed in claim 10 wherein the at

least one longitudinal crease on each leg is comprised of

a single crease which is located centrally down the leg.

12. A container as claimed in claim 9 wherein the width

to depth ratio of the crease 1in at least the small

radiused portion 1is from 1l:1 to 3:1.

13. A container as c¢laimed in claim 12 wherein the width

of the crease 1in each 1leg 1s between 5 to 20% of the

maximum width of the foot portion of the leg.

14, A container as claimed 1in <c¢laim 1 wherein the
capaclty of the container 1i1s between 1.0 to 2.0 liters

and wherein the crease on each respective leg has a

maximum depth of between 0.5 to 3.0 mm.

15. A container as claimed in claim 14 made from a

polyester.

16. A container as claimed in claim 15 wherein each of

the legs of the container are separated by ribs being of

flat transverse section.

17. A container as claimed in c¢laim 15 wherein each of
the legs of the container are separated by ribs being of

slightly hemispherical transverse section.

18. A container as claimed in claim 1 in which the
center of the base is a dome portion and the base portion

of each leg extends from the dome portion to the inner

edge of the foot portion.
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