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circumferentially depending outer skirt extending from the closure plane, a tamper-evident arrangement frangibly connected to an
edge of the outer skirt opposite the closure plane, and pairs of lugs equi-spaced around an inner sidewall formed by the outer skirt
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corresponding projection during the Initial application operation. The sealing lug Is adapted to engage the clamping surface of the
corresponding projection after the initial application operation. A number of pairs of lugs may be equal to a number of projections.
A method Is provided for sealing a closure on a container in a tamper-evident manner using the system. A method Is provided for
removing a closure from a container sealed with a tamper-evident device.
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< (54) Title: CLOSURE AND CONTAINER SYSTEM AND METHOD FOR SEALING A CLOSURE ON A CONTAINER

& (57) Abstract: A system includes a container including projections equi-spaced around a neck region. Each of the projections
includes a cam surface, a lock surface, a ramp, and a clamping surface. The system also include a closure including a closure plane
and a circumferentially depending outer skirt extending from the closure plane, a tamper-evident arrangement frangibly connected to
\& an edge of the outer skirt opposite the closure plane, and pairs of lugs equi-spaced around an inner sidewall formed by the outer skirt
& and the tamper-evident arrangement. A lock lug of each pair of lugs is arranged on the tamper-evident arrangement and a sealing lug
R of each pair of lugs is arranged on the outer skirt. In the system, each lock lug is adapted to engage the cam surface of a corresponding
& projection during an initial application operation. The lock lug is adapted to engage the lock surface of the corresponding projection
& after the initial application operation. In the system each sealing lug is adapted to engage the ramp of the corresponding projection
e\ during the initial application operation. The sealing lug is adapted to engage the clamping surface of the corresponding projection
after the initial application operation. A number of pairs of lugs may be equal to a number of projections. A method is provided for
sealing a closure on a container in a tamper-evident manner using the system. A method is provided for removing a closure from a
3 container sealed with a tamper-evident device.
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CLOSURE AND CONTAINER SYSTEM AND METHOD
FOR SEALING.A CLOSURE ONQA CONTAINER

FIELD OF THE INVENTION

The'present invention relates generally to packages and
containers. More particularly, the present invention regards
a tamper-evident arrangement that maintains a seal between the

closure and the contalner until after the tamper-evident

-arrangement has been severed from.the closure.

BACKGROUND INFORMATION

Tamper evident seals have been used to increase  consumer
safety by showing whether a package has been opened after
being produced; Embodiments of tamper evident indicators
include a pop-up button in the center of a package and a
break-away seal connected to the lower edge of a 1id. The
pop-up button has the disadvantage that it may be difficult to
ascertain whether the seal has been broken. ‘The-break-away
lower 1lid section may be too sensitive and.may'break away
1nadvertent1y durlng normal jostling. .Alternatlvely, the
break-away lower lid section may be insensitive to tampering°
or pilfering, and'may not break away until after the seal
between the closure and the container has been breached The_:
latter situation raises the possibility that the container may
be accessed and resealed without breaking the tamper evident
seal. This possibility undermines the‘purpose behind the |
tamper-evident seal, thereby reducing consumer confidence in a
product sealed in this manner.

The following patents discuss tamper evident seals. U.S.
Patent No. 4,378,894.is believed to describe a tamper-evident
screw threaded closure having bridges that fracture from the
appllcatlon of removal torque to the closure prior to breaklng

the seal between the liner and the contailner.
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-~ U.S. Patent No. 4,448,318 is believed to describe a screw
threaded closure for containefs having a tamper-evident ring
or band connected to the lower terminal edge of a skirt by at
least a pair of fracturable bridge means. The bridge means
are oriented in a predetermined manner relative to one another
to effect sequential breaking in a gi#en pattern upon relative

movement of the cap portion and ring in the direction.

'U S. Patent No. 4,534,480 1s believed to describe a

tamper evident closure for use on a screw threaded neck of a

container. The closure includes a tamper evident band joined

to the cap's sidewall by a plurality of bridge strips that are
circumferentially aligned with ratchet teeth on the tamper
evident bénd. During cap removal, the ratchet lugs stop the
ratchet teeth aﬁd the tamper eVident band from moving so that
the band is separated from the cap, thereby prOV1d1ng an

indication of tamperlng with the closure.
U.S. Patent No. 4,567,991 is believed to describe a

tamper indicating child resistant package including a screw
type closure fof use with a container having a threaded neck
portion. A tamper indicating means ié provided to maintain
the lock element in ciicumferentially aligned relationship
relative to the lock member, and is further provided with stop

elements to cooperatively engage the stop lugs on the

container. The tamper indicating means prevents removal of the
closure before separating the tamper indicating means from the
remainder of the closuré, thereby giving evidence of tampering

with the container.
U.S. Patent No. 4,828,127 is believed to describe a

tampef—evident screw-threaded closure in which the skirt of a
cap is joined at its lower edge to a band by integral
elongated breakable webs. The band has lugs which oppose
circumferential, rather than axial, movement in the unscrewing
direction. '

U.S. Patent No. 4,936,475 is beiieQed to describe a
tamper indicating closure and closure-container package in

which a tamper indicating skirt depends from the bottom of the
2
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"annular wall of a standafd threaded cap. The skirt includes a

plurality of equally spaced depending ribs that are joined at
their extremities by a flexible ring. The ring and the skirt

ribs pass over lugs on the container neck when the cap is

being threaded onto the closure. When the cap is being

unthreaded, the lugs engage the rings to sever them indicating

tampering Oor prior opening. _

U.S. Patent No. 5,320,233 is believed to'describe a lug
cap or'dloéure that is used in combination with a container
for indicating that the container has been opened so as to
indicate loss of seal or tampering. The lug cap includes an
upper cap portion‘and a depending tamper or pilfer band, each
héving a series of circumfeientiaily spaced lugs. The upper
cap portion and the pilfer band are joined by a plurality of

frangible bridges. The container finish includes combination

camming/locking projections for locking the lugs into a locked |

position and for separating the pilfer band from the upper cap
portion by a camming action when the container is opened.

U.S. Patent'No.‘5,829,613 is believed to describe a
container closure systen,COmprising a threaded cap and a
threaded neck wherein the cap is affixed to the neck by direct
axial application so that the mating threads slip past one
another and into engagement. The cap and neck include tamper-
indicatidn“means to prevent removal of the cap without

activation thereof. _
U.S. Patent No. 5,449,078 is believed to describe a

combination of a container and a safety cap therefor in which
the safety cap has a closure plane and a circumferential outer
skirt for engaging a container and has a circumferential
resilient depending inner member. The container has a rigid
wall having an end for engagement with the éap'internally of
the outer skirt. The wall is tapered from a smaller diameter
portion adjacent the closure plane of the cap to a larger
diameter portion'remote from the closure plane of the cap.

The tapered wall of the contalner engages internally-the

resilient inner memher of the cap and the larger diameter
3
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".portion of the wall expands the resilient inner member

outwardly to provide a working seal of the container as well

as a bias on the cap in a direction of removal of the cap.

The combination also includes means disposed on the container

remotely from the end of the rigid wall and cooperative means
on the cap for preventing the cap from.being removed from the
container without depression of the cap on the container and
.rotation’of the cap on the container. When the container 1s

used as a bottle, the container includes means for providingia

‘tamper evident seal, whereby it is evident that the contents

| have been sealed with a material protecting the contents of

the container. Any penetration of the seal prior to the
removal and destruction of the seal by the user will be

evidence of the lack of integrity of the contents of the

container.

' SUMMARY

An exemplary embodiment of the present invention includes
a one-piece lug?style closure for a lug-style container._ The
tamper¥evident'closure is designed to'fracture breakable
connectors upon removai before the sealing liner is separated
from the container's sealing surface.

The closure is designed'with groups of two lugs that are
separated from each other by a line of breakable connectors.

The upper lug provides the clamping force to create a seal of

- the container and the ldwer,lug provides the locking of the

cap upon the container. The lower lug prevents the lower cap
wall from moving upon’cap temoval, causing the breakable
cbnneétors to fractu?e; therebyvindicating tampering. As a
further indication of tampering, the lower cap wall will drop
down and be seﬁarated vertically from the upper wall of the
closure.. The cap's breakable connectors fracture when the cap
turns, before the uppef cap wall rises vertically and
Separates from the lower wall. The container lugs are désigned
with a cam surface and a clamping surface for the cap's

sealing lug. A triangular shaped vertical wall permits the
4
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‘cap's lock lug to cam over and lock the lower éap wall with

the container.
A system is provided that includes a container including

~a sidewall and a bottom wall. A neck region on the sidewall:

may be adjacent to an opening. The Opening'may-be opposite

the bottom wall. The container may include projections spaced

around the neck region. Each of the projections may include a

cam surface, a lock surface, a ramp, and a clémping surface.
The systém.may include a closure including a closure plane and
a circumferentially depending outer skirt extending from the
closure plane. A.tamper—évident arrangement may be frangibly:
connected to an edge of the outer skirt Oppqsite_the closuré
plane. Pairs of lugs may be spaced around an innei sidewall
formed by the outer skirt and the tamper-evident arrangement .

A lock lug of each pair of lugs may be arranged on the tamper-

~ evident arrangement and a sealing lug of each pair of lugs may

be arranged on the outer skirt. Each lock lug may be adapted
to engage the cam surface of a corresponding projection.during
an application operation. The ldck lug may be adapted to
engage the lock surféce of the corresponding projection after
the application operation. Each sealing lug may be adaptéd to
engage the ramp of the corresponding projedtion during-the
application operation. The sealing lug may be adapted to
engage'thelclamping‘surface of the corresponding projection
after the application operation.

' In the system, a number of pairs of lugs may be equal to
a number of projections. |

In the system, the closure and the container may

cooperate to provide a tamper-evident closure with the
container after the initial application operation. The lock
lug may engage the lock surface to prevent removal of the

closure until the tamper-evident arrangement detaches from the

outer skirt.
In the system, the sealing lug may engage the clamping

surface until after the tamper-evident arrangement detaches

completely from the outer skirt.

S
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In the system, the tamper-evident arrangement may detach
from the outer skirt during a first removal operation.

In the system, the closure and the container may

cooperate to provide'a delay-release mechanism.

In the system, the delay-release mechanism may include

the sealing lug and the clamping surface.

The system may further include a child-resistant lock
surface adapted to engage the sealing lug in a sealed position

and an inner wall on the closure arranged radially inward of

the outer skirt. The inner wall may be adapted to engage the
" neck region of the container. The neck region or the inner

- wall may be tapered to provide a force biasing the closure

open with respect to the cdntainer.

In the system, the child-resistant lock surface'may
prevent removal of the closure from the container until a

further force 6pposing the force biasing the closure open is

provided.

A method for sealing a closure on a container in a

tamper-evident manner is provided that inCludes'rotating the

closure with respect to the container in a tightening

. ‘direction until a lock lug of each of a pair of lugs first

engages a cam surface of a corresponding projection spaced

around a neck region of the container and further rotating the

closure with respect to the container in the tightening

direction until the lock lug of each pair of lugs engages a

~ lock surface of the corrésponding projection. In the method,

the lock lug of each pair of 1ﬁgs may be arranged on a tamper-

‘ev1dent arrangement and a seallng lug of each pair of lugs may

be arranged.on an outer skirt of the closure. In the method,
each sealing lug may be adapted to engage a ramp of the
corresponding projection during the rotating operation and to
engage a clamping surface of the corresponding projection
after the further rotatingoperation, |

In the method, the pairs of lugé are spaced around an

inner sidewall of the outer skirt of the closure and the

tamper-evident arrangement.
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In the method, the container may-include a sidewall and
bottom wall, the. neck region being on the sidewall andfbeing,
adjacent to an opéning, the opening opposite the bottom wall.

In the method, the closure may include.a closure plane
and the outer skirt circumferentially extending from the

closure plane; and the tamper-evident arrangement may be

| frangibly connectedto an edge of the outer skirt opposite the

closure plane.
In the method, a number of pairs of lugs equals a number

of projections.

The'method'may'furthér include, after the further
rotating operatioh, engaging the lock surface by the lock lug
to prevent removal of the closure until the'tamper}evidént
arrangement is detached from the outer skirt. N

The method may further include engaging the clamping
surface by the sealing'lug'ﬁntil after the tamper-evident
arrangement detaches completely from the outer skirt.

The method may further include coopefating by'the closure
and the container to provide a delay-release mechanism.

In the method, Ehe-delay-release mechanism includes the
sealing lug and the clamping surface.

The method may further include engaging the sealing lug
in a sealed position by a child-resistant lock surface and
engaging the neck region of the container by an inner wall
arranged on the closure radially inward of the outer skirt.
Thé neck region or the inner wall may be tapered to pfdvide a
force biasing the closure open with respect to the container.

The method may further include preventing removal of the
closure from the container by the child-resistant lock surface
until a further force opposing the force biasing'the closure
open is provided. '

A method for.removing a closure from a container that is
sealed in a tamper-evident manner may 1nclude rotating the
closure with respect to the container in a-loosehing
direction; detaching a tamper-evident arrangemént'from.an

outer skirt of the cldsure; and maintaining a seal between the
7 ' ]
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closure and the container by a sealing lug of each pair of lugs arranged on the
outer skirt engaging a clamping surface of the corresponding projection until after

the detaching operation.

The lock lug of each of a pair of lugs may engage a lock surface of a

corresponding projection.

In the method, the pairs of lugs may be spaced around an inner

sidewall of the outer skirt of the closure and the tamper-evident arrangement.

An aspect of the invention relates to a container closure system,
comprising: a container including a sidewall and a bottom wall, a neck region on
the sidewall adjacent to an opening opposite the bottom wall, the container
iIncluding projections spaced around the neck region, each projection including a
cam surface, a lock surface, a ramp, and a clamping surface; and a closure
including a closure plane and a circumferentially depending outer skirt extending
from the closure plane, a tamper-evident arrangement frangibly connected to an
edge of the outer skirt opposite the closure plane, pairs of lugs spaced around an
inner sidewall formed by the outer skirt and the tamper-evident arrangement, a
lock lug of each pair of lugs arranged on the tamper-evident arrangement and a
sealing lug of each pair of lugs arranged on the outer skirt; wherein each lock lug
IS adapted to engage the cam surface of a corresponding projection during
application of the closure to the container, the lock lug adapted to engage the lock
surface of the corresponding projection after application of the closure to the
container; and wherein each sealing lug is adapted to engage the ramp of the
corresponding projection during application of the closure to the container, the
sealing lug adapted to engage the clamping surface of the corresponding
projection after application of the closure to the container; wherein the closure and
the container cooperate to provide a tamper-evident closure with the container
after the application of the closure to the container, the lock lug configured to
engage the lock surface to prevent removal of the closure until the tamper-evident
arrangement detaches from the outer skirt, and wherein the sealing lug is
configured to engage the clamping surface until after the tamper-evident

arrangement detaches completely from the outer skirt.
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Another aspect of the invention relates to a container closure
system, comprising: a container including a sidewall and a bottom wall, a neck
region on the sidewall adjacent to an opening opposite the bottom wall, the
container including projections spaced around the neck region, each projection
including a cam surface, a lock surface, a ramp, and a clamping surface; a closure
iIncluding a closure plane and a circumferentially depending outer skirt extending
from the closure plane, a tamper-evident arrangement frangibly connected to an
edge of the outer skirt opposite the closure plane, pairs of lugs spaced around an
inner sidewall formed by the outer skirt and the tamper-evident arrangement, a
lock lug of each pair of lugs arranged on the tamper-evident arrangement and a
sealing lug of each pair of lugs arranged on the outer skirt; wherein each lock lug
IS adapted to engage the cam surface of a corresponding projection during
application of the closure to the container, the lock lug adapted to engage the lock
surface of the corresponding projection after application of the closure to the
container; wherein each sealing lug is adapted to engage the ramp of the
corresponding projection during application of the closure to the container, the
sealing lug adapted to engage the clamping surface of the corresponding
projection after application of the closure to the container; wherein the closure and
the container cooperate to provide a delay-release mechanism configured to
retain the closure in a sealing position relative to the container until after
separation of the tamper-evident arrangement from the outer skirt; and wherein

the delay-release mechanism includes the sealing lug and the clamping surface.

A further aspect of the invention relates to a method for sealing a
closure on a container in a tamper-evident manner, the closure including a lock
lug arranged on a tamper-evident arrangement of the closure and a sealing lug
arranged on an outer skirt of the closure, comprising: (a) rotating the closure with
respect to the container in a first direction so that the sealing lug engages a ramp
of a corresponding projection arranged on a neck region of the container, the
engagement of the sealing lug and the ramp causing the closure and the container
to move in an axial direction toward each other; (b) after the rotating step (a),
rotating the closure with respect to the container in the first direction so that the
lock lug engages a cam surface of the corresponding projection and so that the

sealing lug engages a clamping surface of the corresponding projection, the
8a
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engagement of the sealing lug and the clamping surface preventing movement of
the closure and the container in the axial direction away from each other; (c) after
the rotating step (b), rotating the closure with respect to the container in the first
direction so that the lock lug engages a lock surface of the corresponding

5 projection, the engagement of the lock surface and the lock lug preventing rotation
of the closure with respect to the container in a second direction opposite the first

direction until the tamper-evident arrangement is frangibly detached from the outer
skirt.

- BRIEF DESCRIPTION OF THE DRAWINGS

10 Figure 1 illustrates a top view of a container according

to an exemplary embodiment of the present invention.
Figure 2 1llustrates a side view of a contalner neck

according to an exemplary embodiment of the present 1nvent10n.
o Figure 3a illustrates a side view of a.prOJectlon
_15 according to an exemplary embodiment of the present invention.
| Figure 3b l1llustrates a cross-sectional view of the
projection of Figure 3a taken along line ITIB-IIIB.

Figure 3c illustrates a cross-seetional view of the
,projectien of Figure 3a taken along line IIIC-IIIC. |

‘Figure 4 illustrates a top view of a closure accordlng to

-an exemplary embodiment of the present invention.

20

Figure 5 illustrates a side, cross-sectlonal view of a

closure 1nclud1ng lugs accordlng to an exemplary embodiment of
" the present invention.

25 Figure 6 illustrates a side cross-sectional view of lugs
from a closure engaglng a prOJectlon from a contalner
accordlng'to an exemplary embodiment of the present invention.

Figqure 7 1llustrates a side, cross-sectional view of a
prOJectlon on a contalner neck engaging lugs of a closure

30 according to an exemplary embodiment of the present 1nvent10n.

Figure 8 1llustrates a partial cut -away view of a closure
on a container neck and showing lugs engaging a projection

accordlng'to an exemplary embodiment of the present invention.

8b
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Figure 9 illustrateé a partial cut-away view of a.closure
according to another exemplary embodiment of the present
invention.

Figure 10 illustrates a side view of a éontainer

according to the exemplary embodiment of the present invention

shown in figure 9.

DETAILED DESCRIPTION

Figuré 1 illustrates an exemplary embodiment of container
10. Container 10 includes projections 12 arranged
circumferentially around the outside of neck 18 of a sidewall.
Four projections iz are shown in Figure 1, though -
aiternatively,'more oxr fewet projections 12 may be provided.
The sidewall defines an interior 11 of container 10.
Projections 12 each include ramp 13, clamping surface 14, cam

surface 15, and lock surface 16. Projections 12 define

" locking area 17.

Figure 2 illustrates a side view of container 10 frdmb
Figure 1. Figure 2 shows neck 18 of sidewall 21, as well as
two projections 12. 'Prdjections 12 each include'ramp 13,
clamping surface 14, cam surface 15,‘and lock surface 16.
Projections 12 define locking area 17. Also shown in Figure 2
is stop 20 of projections 12.

FigUre'Ba-illuStrates an enlarged side view of projection
12 from Figures 1 and 2. Projection 12 includes ramp 13 and '
clamping surface 14. Locking area 17 is provided by
projection 12.

Figure 3b illustrates a cross-sectional view of the
projection of Figure 3a taken along line IIIB-IIIB. Figure 3b
illuétrates the profile of stop 20, which 1is rectangular
shaped. ‘

Figure 3cC iliustrates a cross-sectional view of the
projection of Figure 3a taken along line IIIC-IIIC. Figure 3cC
illustrates the profile of cam surface 15 in relation to the'

profile of lock surface 16.
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Flgure 4 1llustrates a tOp view of closure 40 1nclud1ng
closure plane 41. Arranged C1rcumferent1ally and evenly

spaced around the outside edge of closure 40 are pairs of lugs

42. Pour pairs of lugs 42 are shown in Figure 4, though more

or fewer pairs of lugs 42 are possible. The number of pairs

of lugs 42 may be the same as the number Of projectionsron the

corresponding container. Each pair of lugs 42 includes one

lock lug 43 and one sealing lug 44. Closure plane 41 may

include openings at or adjacent to one of lock lug 43 and

‘sealing lug 44. Alternatively, closure plane 41 may be

| subsfantially continuous without any openings.

F1gure 5 illustrates a side, cross-sectional view of

closure 40 including lock 1ugs 43 and sealing lugs 44 Each

'seallngelug 44 is arranged on an inner sidewall of outer skirt

50. Each lock lug 43 1is arranged.on an inner sidewall of

tamper—evident’band 51. Tamper evident band 51 is attached to

‘an edge of outer skirt 50 away from closure plane 41 by

‘breakable connector 52, which may be for instance a notch

knife cut. Sealing lug 44 and lock lug 43 near the center
line of Figure 5 are from different pairs of lugs.
Specifically, sealing lug 44 near the center line of Figure 5

is from a pair of lugs arranged on the distant side of outer

skirt 50, while lock lug 43 is from a pair of lugs arranged on

the near side of outer skirt 50.

Figure 6 illustrates a side view of sealing lug 44 and

~ lock lug 43 engaging prdjection 12 in a position after initial

- application of the closure to the container. The closure has

been applied to the container by tightening in a clockwise
direction. As the cioeure is applied to the container,
sealing lug 44_contacts‘ramp'13 causing the closure to seal
the container and then contacts clamping surface 14 until
sealing lug 44 contacts stop 20. In the same application
Operatlon lock lug 43 contacts cam.surface 15 and is cammed
over projection 12 into locking area 17. Lock lug 43 1is

prevented from moving in a counter-clockwise direction by lock

surface 16. The engagement between lock lug 43 and lock
10 |
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surface 16 prevents the removal of the closure until the

tamper-evident band is removed.

~  Figure 7 illustrates a cross-sectional view of closure 40

showing closure plane 41, outer skirt 50, and tamper-evident:

“band 51. On the inside wall of outer skirt 50 is sealing .lug

44, and on the inside wall of tamper—evidént band 51 is lock

.lug 43,

Figure 8 illustrates a partial cut-away View.of closure
40 on container 10. Closure 40 includes lock lug 43, sealing

lug 44, closure plane 41, outer skirt 50, and tamper-evident

‘band 51. Sealing lug 44 and'lock lug 43 of closure 40 engage

projection 12 of container 10. Closure 40 has been applied to
container 10 by tightening in a clockwise direction. As

closure 40 is applied to container 10, sealing lug 44 contacts

clamping surface 14 and stop 20. lock lug 43 has cammed over

cam surface 15 and is in locking area 17. Lock lug 43 is

prevented from.moving in a counter-clockwise direction by lock
surface 16. The engagement between lock lug 43 and lock
surface 16 prevents the removal of closure 40 until tamper-

evident band 51 is removed. The engagement between lock lug

43 and lock surface 16 when a counter-clockwise force applied
to closure 40 causes breakable connector'SZ'to shear, thereby

causing tamper-evident band 51 to separate from outer skirt

50.
Figure 9 illustrates a partial cut-away view of closure -

40'in another exemplary embodiment of the.preseht'invehtion.
Closure 40 includes lock lug 43, sealing lug 44, closure plane
41, outer skirt 50, and tamper-evident band 51. Additionally,
closure 40 includes inner wall 90, which circumferentially
extends from closure plane 41 in the same direction as outer
skirt 50. Inner wall 90 is arranged radiéliy inward from
outer skirt 50. ‘ .

Figure 10 illustrates a side view of container 10

c00perabie with the exemplary embodiment of the closure shown

in Figure 9. Container 10 includes sidewall 21 including neck

18. On a top edge of neck lslis tapered biasing surface 100.
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iTapered biasing sufface 100 tapers radially inward towards the

edge of neck 18. Tapered biasing surface 100 is adapted to .

engage with an inner wall of a closure to bias the closure

open. Tapered biasing surface 100 may taper radially inwards,

- .in which an outside diameter of neck 18 1is smaller at the top

edge than away from the edge. This type of taper for tapered

biasing surface 100 is adapted to engage with an inner wall

that lies on a radius on the closure of equal or greater size

than the radius of the top edge of ‘tapered biasing surface

- 100. Therefore, when the closure is applied to container 10,

| the inner wall of the closure contacts tapered biasing surface

100 on a radially outside surface. The inner wall and/or
tapered biasing surface 100 deform as pressure is applied to

close the closure on container 10. The reaction against this

‘deformation by the inner wall and/of'tapered biasing surface
- 100 causes the'biasing open of the closure with respéct to

container 10.

Alterhatively, tapered biasing surface 100 may taper

radially outward toward the edge of neck 18, and therefore an

inside radius of neck 18 may be larger at the top edge than

‘away from the edge. This type of taper for tapered biasing

surface 100 is adapted to engage with an inner wall that lies

on an inner radius on the closure. Therefore, when the

closure is applied to container 10, the inner wall of the

closure contacts tapered biasing surface 100 on a radially

‘inside surface.

In alternative embodiments, neck 18 may or may not be
tapered, and the inner wall of the closure is tapered. The
ihner'wall of the clbsﬁre may be tapered inward or outward,
and the inner wall may lie radially inwards or radially

outwards, respectively. The engagement of the inner wall and

‘neck 18 may provide the appropriate biasing of the closure

with fespect to the container.
Figure 10 1llustrates an alternative embodiment of
projection 12. Projection 12 of Figure 10 includes child-

resistant lock surface 101 angzsteep ramp 102. Steep ramp 102
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engages with a sealing 1ﬁg of a closure when the closure 1is

being applied to container 10. The engagement between steep
ramp 102 and a sealing lug is opposed by the interaction

between tapered biasing surface 100 and the inner wall of the

" closure. If the closure continues to be turned in the

clockwise direction as the sealing lug reaches the end of
steep ramp 102, the sealing lug passes onto sealing surface
14. Because sealing surface 14 is°positioned closer to the
top edgé of neck 18 (tapered biasing surface 100), the closure

then releases slightly the mutual deformation of tapered

‘biasing surface 100 and the inner wall. Tapered biasing

surface 100 continues to contact the inner wall of the closure
to cause a bias (and possibly a seal) in this position. The
area between the édge of steep ramp 102 and sealing surface 14

forms child resistant lock surface 101. Child resistant lock

- surface 101 prevents the removal of the closure from.dontainer.

10 by simply turning in a counter-clockwise direction. 1In
order to remove the closure from container 10, .a ddwnward
force on the closure with respect to container 10 is required
to oppose the biasing of tapered biasing surface 100 and the
inner wall of the closure. Sufficient downward force is
required to oppose this biasing to move the sealing lug below
the lowest point of child resistant lock surface 101. After
the sealing lug is. below the lowest point of child resistant
lock surface 101, child resistant lock surface 101 no_longer"
prévents counter-clockwise movement of the closure with
respect to container 10. Therefore, the closure can be
removed by rotating it counter-clockwise. After moving the
closure a distance in the counter-clockwise direction in order
to position the sealing lug on steep ramp 102, the downward
force opposing the biasing of the tapered biasing surface 100
and the inner wali of the closure may be maintained, reduced,
or eliminated. Continued turning in the counter-clockwise
direction removes the closure from container 10.

Projection 12 of Figure 10 also includes stop 20, cam

5, which operate in a similar

surface 15, and lock Surface L}
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 manner to that described above. Specifically, the tamper-
evident band of the closure préVents the movement of the
closure on container 10 after the initial positioning of the
closure on container 10 until the shear forces between the

'5 :‘ tamper—évident band and the outer skirt break the breakable
connectors;

While the present invention has been described in
connectibn with the foregoing exemplary embodiments, it should
be readily apparent to those of ordinary skill in the art that

10 " these embodiments are exemplary in nature and is not to be
' ,éohstfued as limiting the scope of protection for the

invention as set forth in the appended claims.

14
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CLAIMS:
1. A container closure system, comprising:

a container including a sidewall and a bottom wall, a neck region on
the sidewall adjacent to an opening opposite the bottom wall, the container
iIncluding projections spaced around the neck region, each projection including a

cam surface, a lock surface, a ramp, and a clamping surface; and

a closure including a closure plane and a circumferentially
depending outer skirt extending from the closure plane, a tamper-evident
arrangement frangibly connected to an edge of the outer skirt opposite the closure
plane, pairs of lugs spaced around an inner sidewall formed by the outer skirt and
the tamper-evident arrangement, a lock lug of each pair of lugs arranged on the
tamper-evident arrangement and a sealing lug of each pair of lugs arranged on

the outer skirt:

wherein each lock lug is adapted to engage the cam surface of a
corresponding projection during application of the closure to the container, the
lock lug adapted to engage the lock surface of the corresponding projection after

application of the closure to the container; and

wherein each sealing lug is adapted to engage the ramp of the
corresponding projection during application of the closure to the container, the
sealing lug adapted to engage the clamping surface of the corresponding

projection after application of the closure to the container;

wherein the closure and the container cooperate to provide a
tamper-evident closure with the container after the application of the closure to the
container, the lock lug configured to engage the lock surface to prevent removal of
the closure until the tamper-evident arrangement detaches from the outer skirt,

and

wherein the sealing lug is configured to engage the clamping surface
until after the tamper-evident arrangement detaches completely from the outer
skirt.

15
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2. The container closure system of claim 1, wherein a number of pairs

of lugs is equal to a number of projections.

3. The container closure system of claim 1, wherein the tamper-evident
arrangement Is configured to detach from the outer skirt during a first turning

operation of the closure relative to the container.

4, The container closure system of claim 1, wherein the closure and the
container cooperate to provide a delay-release mechanism configured to retain
the closure in a sealing position relative to the container until after separation of

the tamper-evident arrangement from the outer skirt.
D. A container closure system, comprising:

a container including a sidewall and a bottom wall, a neck region on
the sidewall adjacent to an opening opposite the hottom wall, the container
Including projections spaced around the neck region, each projection including a
cam surface, a lock surface, a ramp, and a clamping surface;

a closure including a closure plane and a circumferentially
depending outer skirt extending from the closure plane, a tamper-evident
arrangement frangibly connected to an edge of the outer skirt opposite the closure
plane, pairs of lugs spaced around an inner sidewall formed by the outer skirt and
the tamper-evident arrangement, a lock lug of each pair of lugs arranged on the
tamper-evident arrangement and a sealing lug of each pair of lugs arranged on

the outer skirt:

wherein each lock lug is adapted to engage the cam surface of a
corresponding projection during application of the closure to the container, the
lock lug adapted to engage the lock surface of the corresponding projection after
application of the closure to the container;

wherein each sealing lug is adapted to engage the ramp of the
corresponding projection during application of the closure to the container, the
sealing lug adapted to engage the clamping surface of the corresponding

projection after application of the closure to the container:;

16
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wherein the closure and the container cooperate to provide a delay-
release mechanism configured to retain the closure in a sealing position relative to
the container until after separation of the tamper-evident arrangement from the

outer skirt; and

wherein the delay-release mechanism includes the sealing lug and

the clamping surface.

0. The container closure system of claim 1, further comprising: a child-

resistant lock surface adapted to engage the sealing lug in a sealed position; and

an inner wall on the closure arranged radially inward of the outer
skirt, the inner wall adapted to engage the neck region of the container, one of the
neck region and the inner wall tapered to provide a force to bias the closure open

with respect to the container.

/. The container closure system of claim 6, wherein the child-resistant
lock surface is adapted to prevent removal of the closure from the container until a

further force opposing the force that biases the closure open is provided.

8. A method for sealing a closure on a container in a tamper-evident
manner, the closure including a lock lug arranged on a tamper-evident
arrangement of the closure and a sealing lug arranged on an outer skirt of the

closure, comprising:

(a) rotating the closure with respect to the container in a first
direction so that the sealing lug engages a ramp of a corresponding projection
arranged on a neck region of the container, the engagement of the sealing lug and
the ramp causing the closure and the container to move in an axial direction

toward each other:

(b) after the rotating step (a), rotating the closure with respect to the
container in the first direction so that the lock lug engages a cam surface of the
corresponding projection and so that the sealing lug engages a clamping surface

of the corresponding projection, the engagement of the sealing lug and the

17
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clamping surface preventing movement of the closure and the container in the

axial direction away from each other;

(c) after the rotating step (b), rotating the closure with respect to the
container in the first direction so that the lock lug engages a lock surface of the
corresponding projection, the engagement of the lock surface and the lock lug
preventing rotation of the closure with respect to the container in a second
direction opposite the first direction until the tamper-evident arrangement is

frangibly detached from the outer skirt.

9. The method of claim 8, wherein the closure includes a plurality of the
lock lugs and the sealing lugs spaced around an inner sidewall of the outer skirt of

the closure and the tamper-evident arrangement.

10. The method of claim 8, wherein the container includes a sidewall
and a bottom wall, the neck region arranged on the sidewall and adjacent to an

opening, the opening opposite the bottom wall.

11. The method of claim 8, wherein the closure includes a closure plane
and the outer skirt circumferentially extends from the closure plane, and the
tamper-evident arrangement is frangibly connected to an edge of the outer skirt

opposite the closure plane.

12. The method of claim 8, wherein the closure includes a number of
pairs of the lock lugs and sealing lugs Is equal to a number of projections provided

on the container.

13. The method of claim 8, further comprising engaging the clamping
surface by the sealing lug until after the tamper-evident arrangement detaches

completely from the outer skirt.

14. The method of claim 8, further comprising cooperating by the closure

and the container to provide a delay-release mechanism.

1. The method of claim 14, wherein the delay-release mechanism

includes the sealing lug and the clamping surface.

18
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10. The method of claim 8, further comprising: engaging the sealing lug

in a sealed position by a child-resistant lock surface; and

engaging the neck region of the container by an inner wall arranged
on the closure radially inward of the outer skirt, one of the neck region and the
inner wall tapered to provide a force to bias the closure in an axial direction away

from the container.

17. The method of claim 16, further comprising preventing removal of

the closure from the container by the child-resistant lock surface until a further

force opposing the force biasing the closure open Is provided.
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