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(54) Tamper-evident closure

(57) A tamper indicating package comprising a con-
tainer (30) having a neck (31) with a threaded finish, an
annular bead (37) on the neck, a plastic closure (32)
which includes a base wall (33) and a depending periph-
eral skirt (34) having threads interengaging the threads
of the container, and a tamper indicating band (35) at-
tached to the skirt by a plurality of weakened portions
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(86) defining a line of severing. An annular flange (40)
extends axially upwardly and inwardly from the tamper
indicating band toward the base wall of the closure, and
comprises a first continuous annular flange portion (42)
connected to the band by a hinge portion (41) and a sec-
ond portion (43) which has free ends of the segment por-
tions engaging beneath the bead on the container when
the closure is threaded onto the container.
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Description

Field of the Invention

This invention relates to tamper indicating packag-
es.

Background and Summary of the Invention

In packaging of containers having closures thereon,
it has been common to provide tamper indicating pack-
ages wherein the tamper indicating band is connected
to the closure along the weakened line provided by a
plurality of bridges or a scoreline and interengaging
means between the band and the container are such
that when the closure is unthreaded from the container,
the band is severed along the bridge portions to indicate
that the closure has been tampered with.

In U.S. Patent No. 4,394,918 issued to Jean Grus-
sen on July 26, 1983, a threaded closure carries a hold
ringthat is joined to the bottom of the cap skirt by a series
of breakable tabs and the hold ring has an inside diam-
eter that is at least equal to the outside diameter of the
cap skirt. A plurality of lock lugs supported on the ring
are inclined upwardly and inwardly and are intended to
hook behind a collar or mating ring on the container neck
to prevent the hold ring from being lifted off the container
neck when the cap is unscrewed.

In U.S. Patent No. 4,550,844, havinga common as-
signee with the present application, there is disclosed
and claimed an arrangement wherein a continuous an-
nular flange extends from the lower end of the tamper
indicating band and is inclined upwardly and inwardly.
Such an arrangement is effective but has the disadvan-
tage in that the continuous flange requires excessive
force to apply the closure to the container in certain ex-
treme tolerance conditions.

In an effort to reduce the force required to apply the
closure, it has heretofore been suggested in U.S. Patent
No. 4,653,657 that the free edge of the continuous an-
nular flange be provided with a plurality of segments to
facilitate application of the closure.

U.S. Patent No. 4,807,771 proposes the use of a
plurality of spaced-apart ring segments on the tamper
indicating band to define independently foldable ring
segments and a plurality of resilient tabs connected to
each end of each ring segment so that the free ends of
the tabs bear on the bead or ledge of the container.

In the aforementioned patents 5,090,788,
5,219,507, 5,310,069, 5,370,523 and 5,462,184 and ap-
plication Serial No. 08/535,803, there is disclosed a
tamper indicating package and a method and apparatus
for making the package. The tamper indicating package
comprises a container having a neck with a threaded
finish, an annular bead on the neck, a plastic closure
which includes a base wall and a depending peripheral
skirt having threads interengaging the threads of the
container, and a tamper indicating band attached to the
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skirt by a plurality of weakened portions defining a line
of severing. An annular flange extends axially upwardly
and inwardly from the tamper indicating band toward the
base wall of the closure and comprises afirst continuous
annular flange portion connected to the band by a hinge
portion and a second portion which has free ends of the
segment portions engaging beneath the bead on the
container when the closure is threaded onto the contain-
er. In one form, the second portion comprises a plurality
of segment portions extending upwardly and inwardly
from the first continuous portion. In another form, the
second portion comprises a second continuous flange
portion. The flange is bent intermediate its ends so that
the second portion extends inwardly at a greater angle
than the first continuous flange portion.

Among the objectives of the present invention are
to provide a tamper indicating package of the type
shown in the aforementioned patents 5,090,788,
5,219,507, 5,310,069, 5,370,520 and 5,462,184 and ap-
plication Serial No. 08/535,801 filed September 28,
1995 wherein the tamper indicating band is attached to
the closure by bridges formed by a notched knife score
line, that is, by use of an interrupted knife having an in-
terrupted edge. The improvement relates to a notched
knife scored closure of the type disclosed in the afore-
mentioned patents and patent application which has
and improved tamper evidency, ease of application, and
minimizes band breakage on application by the closure
applying machinery.

In accordance with the invention, the tamper indi-
cating closure has a tamper indicating band which cir-
cumferentially spaced recesses for receiving portions of
the segment portions during application of the closure
to a container. The tamper indicating band has projec-
tions on its inner surface which extend into the seats
between the segment portions when the closure is being
applied. Each projection has a length in an axial direc-
tion and a width in a transverse direction. The upper por-
tion of each projection blends with the inner surface of
the tamper indicating band. The side surface of each
projection converge toward the lower end. The sides of
the slots are preferably V-shaped. Each segment por-
tion is generally rectangular including a straight upper
edge inclined sides to define the slots. Each recess is
generally complementary in shape to each portion and
includes an upper transverse surface and a base sur-
face and side walls the lower ends of which merge with
the inner surface of said tamper indicating band.

Description of the Drawings

Fig. 1 is a fragmentary elevational view of a pack-
age embodying the invention.

Fig. 2 is vertical sectional view of the package
shown in Fig. 1.

Fig. 3 is a fragmentary sectional view of the pack-
age on an enlarged scale.

Fig. 4 is a fragmentary sectional view on an en-
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larged scale of a portion of the closure.

Fig. 5 is a fragmentary sectional view showing the
application of the closure to the container.

Fig. 6 is a sectional view of the closure as it is mold-
ed.

Fig. 7 is a fragmentary elevational view of a portion
of the closure shown in Fig. 6.

Fig. 8A is a fragmentary sectional view on an en-
larged scale of a portion of the closure shown in Fig. 9.

Fig. 8B is a fragmentary sectional view on an en-
larged scale of a portion of the closure shown in Fig. 8A,
after it has been formed to its final configuration.

Figs. 9-14 are partly diagrammatical sectional
views showing the inversion of the flange from the as-
molded position to the final position in closure.

Fig. 15 is a schematic diagram of the inversion of
the flange on the tamper indicating band of the closure.

Figs. 16-18 are sectional views of portions of a mod-
ified closure.

Figs. 19-21 are sectional views of portions of anoth-
er modified closure.

Fig. 22 is a sectional view similar to Fig. 3 showing
the relative position of the container and closure during
removal of the closure.

Fig. 23 is a fragmentary sectional view of a modified
form of closure in position on a container.

Fig. 24 is a sectional view of the container and clo-
sure shown in Fig. 23 during removal of the closure.

Fig. 25A is a fragmentary sectional view of the clo-
sure shown in Figs. 23 and 24 as it is molded.

Fig. 25B is a fragmentary sectional view of the clo-
sure shown in Fig. 25A after it is has been formed to its
final configuration.

Fig. 26 is a sectional view of another modified form
of closure as it is molded.

Fig 27 is a fragmentary sectional view showing the
closure shown in Fig. 26 after it is formed and applied
to a container.

Fig. 28 is a fragmentary sectional view showing the
closure of Fig. 26 as it is being removed.

Fig. 29 is afragmentary sectional view similar to Fig.
8B of a modified form of closure in accordance with the
invention.

Fig. 30 is an enlarged fragmentary sectional view
of a portion of the closure shown in Fig. 29.

Fig. 31 is a fragmentary view taken along the line
31-31 in Fig. 30.

Fig. 32 is a view similar to Fig. 31 taken along the
line 32-32 in Fig. 31, showing the closure after being
molded.

Fig. 33 is afragmentary sectional view similar to Fig.
30 showing the closure being applied to a container.

Fig. 34 is a fragmentary sectional view showing the
closure during removal from a container.

Description of the Preferred Embodiment

Referring to Fig. 1, the tamper indicating package
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embodying the invention comprises a container 30 hav-
ing a finish or neck 31 and a closure 32. The closure 32
is formed of thermoplastic material such as polypropyl-
ene or polyethylene which is molded as a single unit and
comprises a generally disc shaped top or base wall 33
with a cylindrical depending skirt portion 34 (Fig. 2). A
tamper indicating band 35 which is generally cylindrical
is connected to the peripheral skirt 34 by a weakened
line defined by bridges or scored portions of the skirt 34,
herein shown as an interrupted scoreline 36. Interen-
gagingthreads 32a, 31aare provided onthe closure and
neck and cooperate to apply and hold the closure in po-
sition on the container. The container 30 includes an an-
nular bead 37.

Referring to Figs. 2, 3, and 8B, an annular flange
40 is connected to the inner surface of the tamper indi-
cating band by an integral hinge portion 41 that is
spaced so that it extends radially inwardly of the inner
surface of the tamper indicating band 35 and the flange
40 extends upwardly and inwardly toward the base wall
of the closure. The flange 40 includes a first continuous
annular flange portion 42 that extends from hinge por-
tion 41 at a slight angle radially inwardly before the clo-
sure is applied to the container. The flange 40 further
includes a second portion in the form of a plurality of
integral circumferentially spaced segment portions 43
extending from the free edge of the first continuous
flange portion 42. The flange 40 is bent at X intermediate
its ends so that the free ends of the segment portions
43 extend at a different and greater angle with the axis
of the closure than the first continuous flange portion 42
of the annular flange 41. The annular flange portion 42
thus has a first pivot or hinge relative to the band 35
through hinge portion 41 and the segment portions 43
have a second hinge with respect to the remainder of
flange 40 at X. The first continuous flange portion 42
extends axially at a very small acute angle with respect
to the band 35 so that it is substantially vertical before
the closure is applied to the container.

The width of each segment portion 43 is at least
several times greater than the thickness at its smaller
cross section. The segment portions are generally rec-
tangular and closely spaced apart by narrow slots S
such that the segment portions comprise the major por-
tion of the second portion. The number of segment por-
tions 43 is preferably twelve but may be as few as two.
The slots S preferably extend from the free edge of the
segments beyond the bend line X so that the length of
the segment portions 43 is greater than the correspond-
ing length of flange portion 42. Satisfactory results have
been achieved where segment portions 43 of the flange
40 comprise about 60% of the flange 40 while the flange
portion 42 comprises about 40%. However, the length
of the slots may vary. It is essential that the continuous
flange portion 42 have a sufficient dimension or length
so that the flange 40 will remain inverted, without heat
forming and curing, as hereinafter described.

As shown in Fig. 5, when the closure 32 is applied
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tothe container 30, the continuous flange portion 42 first
engages the annular bead 37 on the container 30 and
flexes the flange 40 outwardly. During application, the
first continuous portion flexes radially outwardly and the
free ends of segment portions 43 may contact the inner
surface of band 35. Further threading of the closure on
the container causes segment portions 43 to flex radially
inwardly beneath the bead 37 of the container 30 (Fig.
3). When the closure is applied, the first continuous
flange portion 42 is substantially vertical and the free
edges of segment portions 43 engage the neck of the
container below bead 37.

It has been found that the closure which forms part
of the tamper indicating package requires a substantial-
ly lower application force in applying the closure and yet
effectively provides the desired tamper indicating pro-
tection. It is believed that the considerable reduction in
application force to pass over the bead on the container
is achieved by reducing the hoop strength of the flange
40 toward its extremity. It is preferred that the bend in
the flange 40 be at or near the juncture of the segment
portions 43 with the flange portion 42. In such an ar-
rangement, the segment portions 43 are at a thickness
at the bend line X such that they are able to bend ap-
proximately along hinge line X. A radially outward force
on the tips of the segment portions 43 will first cause
bending at the second hinge line X and thus allow easier
deflection of the segment portions 43 of the flange 40,
thereby reducing application force. Where the length of
the slots S is such that the base of the slots is interme-
diate the bend line X and the free ends of the segment
portions 43, the segment portions 43 may flex adjacent
the base of the slots that define the segment portions.

As shown in Fig. 22, when the closure is rotated to
remove the closure from the container, the free edges
of segment portions 43 engage the bead 37. Continued
rotation of the closure 32 causes the flange 40 to bend
along the line X and bring the segment portions 43 into
engagement with the inner inclined surface of band 35.
Further rotation causes the band to be severed along
the scoreline.

Although the closure could, by complex molding ap-
paratus, be made to the final configuration as shown in
Fig. 4, it is preferred that the closure be made with the
flange 40 extending radially and inwardly and axially
outwardly away from the base wall of the closure. Ac-
cordingly, as shown in Figs. 6 and 7, the closure 32 is
preferably molded by injection molding or compression
molding with the annular flange portion 42 and seg-
ments extending radially downwardly and inwardly rel-
ative to the base wall 33 of the closure 32 with the an-
nular flange and segments being preferably aligned with
one another. More specifically, as shown in Fig. 7, the
first hinge portion 41 connecting the annular flange por-
tion 42 to the band 35 includes an upper inclined surface
45 that extends downwardly and inwardly from the inner
surface of band 35 and that merges through an are to a
straight upper surface on the annular flange portion 42
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and segment portions. The lower surface 47 of the an-
nular flange 40 is at an angle to the upper surface so
that the flange 40 becomes increasingly thicker toward
the free end. The lower surface 48 of the hinge 41 is
generally horizontal connected by small are to the inte-
rior surface of the peripheral skirt.

After forming to the configuration shown in Fig. 8A,
the flange 40 can be deformed to provide the flange por-
tion 42 at a substantially vertical angle and deform to
form the bend X and then the flange 40 may be inverted
in accordance with well-known techniques. However, it
has been found by proper control of the inversion proc-
ess, the continuous flange portion 42 can be deformed
so that it is substantially vertical and the bend X can be
simultaneously formed during the inversion. More spe-
cifically, by proper control of the inversion, the elastic
limit of the flange portion 42 can be exceeded to de-
crease the angle which the flange portion 42 forms with
the axis of the closure and the elastic limit of the flange
at the line X can be exceeded to form the bend desired.

It has been found that the inversion of the annular
flange portion 42 and segment portions 43 to form the
separate angular relationship between the annular
flange portion and the segment portion 43 is preferably
achieved by a plunger or mandrel M such as shown in
Figs. 9-14 and comprises a free end having a cap
centering cone 50, a thread location diameter for engag-
ing the diameter of the threads of the closure, a first in-
clined portion, a pilot diameter 52 and a laterally inclined
inverting shoulder 53 that engages the segment por-
tions to invert the segment portions and the annular
flange portion, as presently described.

The successive steps during the inversion are
shown in Figs. 9-14 and include the following:

a) The closure is advanced into the tooling nest ra-
dially with respect to a machine, and is approxi-
mately located on center by an inverting mandrel M.
The mandrel M may at this time be rotating in order
to effect a subsequent scoring operation.

b) Relative axial movement takes place between
the closure 32 and the mandrel M by cam actuation
of the respective tooling (top and bottom).

¢) The relative advance of the mandrel M to the clo-
sure 32 initially engages the segment portions 43
of the closure against the cap centering cone 50
(Fig. 9). This action centers the closure 32 under
the mandrel M by displacing the closure sideways
as necessary to correct misalignment.

d) As the above relative movement continues, the
segment portions 43 engage the thread location di-
ameter 51, and the friction therebetween may im-
part a rotational motion to the closure, if desired,
such that when the segment portions 43 reach the
pilot diameter 52, the closure is either at or close to
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the rotational speed of the mandrel (Fig. 10).

e) As the segment portions 43 engage the pilot di-
ameter 52, they engage with more interference, and
this is critical for this inversion method. The hoop
strengths of the flange portion 42 and segment por-
tions 43 direct the free ends of the segment portions
43 toward the mandrel M, and thus ensure that they
do not slip over the inverting shoulder 53 (Fig. 11).
Further, this interference provides further rotational
drive to the cap, if desired, and for this reason it is
preferred that the relative axial movement is in dwell
at this time to ensure that there is little or no relative
rotational movement between the closure and the
inversion shoulder at the time of inversion. This re-
duces the possibility of scuffing of the tips of the
segment portions.

It is desirable at this time that the thread location
diameter 51 of the mandrel engage the closure threads
to hold the closure 32 in firm concentric relationship to
the mandrel M.

Further, relative axial movement of the mandrel M
with respect to the lower tooling (and closure) causes
the flange 40 to be folded downwardly, and initially to be
contained within the annular space between the pilot di-
ameter of the mandrel and the band 35 (Fig. 11). This
causes a bending within the section of the flange 40, the
center of this bending moving in the direction downward
toward the top 33 of the (upside down) closure (Fig. 12).

This action continues, whereby the bending action
passes along the flange toward its tip, and toward suc-
cessively increasing thickness of segment portions 43
(Fig. 13). At some point in this process, the band is ex-
panded such that the segment portions 43 are inverted
by the axial movement of the mandrel (Fig. 13).

This action initially induces a stress in the segment
at the bend line X, which causes a permanent bend in
the flange 40 toward the inside of the closure.

As the mandrel M advances further, the shoulder 52
passes through the diameter of the first hinge 41 (Fig.
14).

This action causes the continuous annular flange
42 to be moved such that the flag portion 42 exceeds
the elastic limit at the hinge 41 so that it remains in a
substantially vertical position in the final closure after the
closure is removed from the mandrel. This further re-
duces the interference of the hinge over the tamper
bead of the container to which it is applied.

During withdrawal of the mandrel, the closure 32 is
removed by a fixed stripper (not shown) which engages
the rim of the closure 32, and extends at least 180°
around the circumference of the closure (not illustrated).

The plunge invert tooling described thus has two
major effects:

(a) Deforming the flange portion 42 back toward the
closure wall 35.
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(b) Forming the bend X to create a permanent bend,
to allow the segment portions 43 to project radially
inwardly to a greater angle than the first continuous
flange portion 42.

It has been found that after inversion in the manner
described above, the flange 40 is in stable condition and
this has been achieved without the necessity of heating.

In the form of closure shown in Figs. 16-18, the
flange 40a has segment portions 43 with raised portions
60 along each axial edge thereof positioned adjacent
the inner surface of the flange 40a when the flange 40a
is inverted. Such a thickening of the side edges provides
rigidity to each segment portion 43a in an axial direction
while permitting circumferential flexing of each segment
portion 43a so that it may tend to conform with the finish,

In the form shown in Figs. 19-21, a raised rib 61 on
the flange 40b performs a similar function.

In the form of closure shown in Figs. 23, 24, 25A
and 25B, the second portion 43a comprises a second
continuous flange portion which is connected to contin-
uous flange portion 42 and extends at a greater angle
therefrom. In all other respects, the closure is similar, is
made in the same manner, and functions in the same
manner.

In the modified form of closure shown in Figs. 26-28,
the closure is identical to that shown in Figs. 2-8A and
8B except for the provision of circumferentially spaced
axially extending projections 50 on the inner surface of
the band 35 above the inclined surface 45. The projec-
tions are aligned with the slots S and have a width slight-
ly less than the width of the slots. The length of the pro-
jections as shown in Figs. 27 and 28 is such that lower
edges of the projections are not engaged by the second
portion of the flange 40, namely, the segment portions
43.

When the closure is applied to the container, the
projections function to deter any attempts to tamper with
the tamper indicating band by booking a tool on the seg-
ment portions 41.

The aforementioned construction is substantially
disclosed in the aforementioned patents 5,090,788,
5,219,507, 5,310,069, 5,370,520 and 5,462,184.

A modified form of plastic closure is shown in Figs.
29-34. This form is substantially the same as that shown
in Figs. 1-8B. The tamper indicating band 35 is provided
with circumferentially spaced axially extending recess-
es 60 which face radially inwardly on the inside surface
61. Each recess 60 on the tamper indicating band 35
has a generally rectangular cross section including an
upwardly and outwardly inclined surface 63 and a radial
surface 62. The axial height of each recess 60 is less
than the axial length of each segment 43 on flange 40
of band 35. The axial height width of each recess 60 is
greater than the axial height of the segment 43 and the
circumferential width of each is greater than the circum-
ferential width of each segment 43 such that the recess-
es 60 and segments 43 are generally complementaty.
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As a result, when the closure is applied to a container,
a part of each segment 43 extends into the adjacent re-
cess 60 during application of the closure to a container
as shown in Fig. 33.

In accordance with another aspect of the invention,
circumferentially spaced raised axial ribs or projections
64 are provided on the inside surface 62 of the band 35
between recesses 60. The upper end of each projection
64 is rounded. Each projection 64 extends axially and
is generally triangular conforming to the configuration of
the slots between segments 43. Referring to Fig. 34,
when the closure is being removed, the projections 64
project through the slots between segments 43 and en-
gage the annular bead 37 on the container during re-
moval. The projections assist in centering the closure
and maintaining the band 35 more concentric to the fin-
ish to avoid tiring or inverting action of the band 35 which
can result if the band 35 is allowed to move laterally of
the finish. The projections 64 also provide additional
strength to the band 35 having recesses therein. The
overall weight of a closure with recesses 60 and projec-
tions 64 remains, however, substantially the same as
closure without recesses and projections.

It can thus be seen that there has been provided a
tamper indicating package with an improved arrange-
ment for interengaging the closure with the container so
that when the closure is removed the tamper indicating
band remains on the container; wherein the closure can
be readily applied to the container; and wherein the
tamper indicating package effectively minimized tam-

pering.

Claims
1.  Atamper indicating closure comprising

a plastic closure (32) which includes a base wall
(33) and a depending peripheral skirt (34) hav-
ing threads adapted to interengage threads of
a container,

a tamper indicating band (35) attached to said
skirt by one or more weakaned portions (36) de-
fining a line of severing, and

an annular flange (40) extending axially up-
wardly and inwardly from said tamper indicating
band toward said base wall of the closure,
said flange (40) comprising a first continuous
annular flange portion (42) connected to the in-
ner surface of said tamper indicating band by a
hinge (41) spaced radially inwardly from said
inner surface of said band,

said flange being bent intermediate its ends
such that a second portion (43) extends inward-
ly at a greater angle to the axis of said closure
than said first portion being adapted to engage
beneath a bead on a container.

said second portion (43) comprising a plurality
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of circumferentially spaced segments separat-
ed by narrow slots extending upwardly and in-
wardly from the continuous flange,

said band (35) having a plurality of circumfer-
entially spaced recesses (60) constructed and
arranged such that when the closure is being
applied to a container a part of each segment
extends into the adjacent recess.

The tamper indicating closure set forth in claim 1
wherein said recesses (60) and segments (43) are
complementary in shape.

The tamper indicating closure set forth in claim 1 or
2 wherein the recesses (60) have a circumferential
width substantially equal to the circumferential
width of said segments (43).

The tamper indicating closure set forth in claim 1, 2
or 3 wherein the axial height of each said recess
(60) is greater than the axial height of each said seg-
ment (43).

The tamper indicating closure set forth in any one
of claims 1-4 including a plurality of circumferential-
ly spaced projections (64) on the inner surface of
said band (35) between said segments (43) such
that when the segments engage an annular bead
on a container when the closure is being removed
from a container, the projections extend into the
slots between said segments to assist in maintain-
ing concentricity of the tamper indication closure on
the container.
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