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(57) Abstract: A container apparatus has a first part, and a second part for releasably closing an opening in the first part. A contact
interface is provided between a contact surface of the first part and a contact surface of the second part. The contact surfaces com -
prise co-operating micro-surface structures operable such that a first force is required to induce relative movement between the con -
tact surfaces in a first direction that is substantially larger than a second force required to induce relative movement in a second dir -
ection opposite the first direction. The parts may be a container a closure. The contact surfaces may comprise respective co-operating
top contact surtaces and/or co-operating contact surfaces of threads.
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CONTAINERS AND CLOSURES

TECHNICAL FIELD

This relates to closures and containers.

BACKGROUND

Containers of various types are known for liquids, gases and/or solids. Also, various types of

closures for containers are known.

Containers, including containers blown from preforms, may be made from a variety of materials
including glass, metals and polymers/plastics. Many containers are configured in the form of a bottle
and many are made from a wide variety of materials including polymers/plastics such as for example
polyethylene terephthalate (“PET”). Similarly closures for such containers may also be made from a

wide variety of materials including polypropylene and polyethylene.

Closures may be secured to containers in a variety of ways, including by screwing the closure onto
the container using mating threads on the outside of the neck portion of the container and the inside

sidewall surface of the closure.

Consequently, variability in the coefficients of friction, and thus the resultant friction forces, during

closing and opening results in considerable variability in the torque required during opening.

Variability in the opening and closing coefficients of friction might be due to environmental factors
such temperature, lubrication, e.g. moisture, and sticking due to contaminants, e.g. sugar build up
from container contents. Variability in the coefficients of friction might also be due to different
materials having different friction behavior that does not follow the Coulomb Friction Model, varying
velocity and contact pressure between the sliding surfaces of the closure and the neck portion of the
container, creep ol the contact surfaces of the closure and/or the neck portion of the container, and

macro and micro form locking.

As such, in at lcast some situations, the torque required to remove the closurc may not be controlled
to the desired accuracy. Thus, the consumer experience may be adversely impacted, either due to the

closure being too hard to open or due to the closure being too easy to open, thereby causing leakage.
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SUMMARY

According to one aspect there is provided a container apparatus comprising a combination of a first
part and a second part for releasably closing an opening in said the first part. The apparatus
comprises: a contact interface between a contact surface of the first part and a contact surface of the
second part. The contact surfaces comprise co-operating micro-surface structures operable such that
a first force is required to induce relative movement between the contact surfaces in a first direction
that is substantially larger than a second force required to induce relative movement in a second
direction opposite the first direction. The first part may be a container and said second part may be a
closure. The contact surfaces may comprise respective co-operating top contact surfaces of the
container and the closure. The contact surfaces may also or alternatively comprise respective co-

operating contact surfaces of threads of the container and the closure.

According to another aspect there is provided a method of manufacturing a container apparatus as
recited above, comprising: (a) forming the first part; and (b) applying the micro-surface structures to
the contact surface of the first part. The method may also comprise: (c) forming the second part; and
(d) applying micro-surface structures to the contact surface of the second part. Steps (a) and (b) may
be performed together and may be done in a molding machine. Steps (¢) and (¢) may be also or
alternately be performed together and may be done in a molding machine. .In other embodiments, the
micro-surface structures are applied to the first part after step (a). In other embodiments, the micro-

surface structures be also or alternatively be applied to the second part after step (c).

According to another aspect there is provided a first part of a container apparatus for use with a
second part of a container apparatus. The second part is configured for releasably closing an opening
in the first part. The first part comprises: a contact surface operable to engage with a contact surface
of the second part at a contact interface. The contact surfaces comprise co-operating micro-surface
structures operable such that when said contact surface of the first part is engaged with said contact
surface of the second part, a first force is required to induce relative movement between the contact
surfaces in a first direction that is substantially larger than a second force required to induce relative

movement in a second direction opposite the first direction.,

According to another aspect there is provided a first part of a container apparatus for use with a
sccond part of a container apparatus. The first part is for rcleasably closing an opening in the second
part. The first part comprises: a contact surface operable to engage with a contact surface of the
second part at a contact interface. The contact surfaces comprising co-operating micro-surface

structures operable such that when the contact surface of the first part is engaged with the contact
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surface of the second part, a first force is required to induce relative movement between the contact
surfaces in a first direction that is substantially larger than a second force required to induce relative

movement in a second direction opposite the first direction.

According to another aspect there is provided a container apparatus comprising a container and a
closure. The apparatus comprises: a contact interface between a contact surface of the container and a
contact surface of the closure. The contact surfaces of the container and closure at the contact
interface comprising co-operating micro-surface structures operable to provide a micro-locking force
that resists relative movement between the contact surfaces in a direction to dis-engage the closure
from the container, that is substantially greater than a friction force generated by other contact
interfaces between other surfaces of the closures and other surfaces of the container that resists
relative movement between the contact surfaces in a direction to dis-engage the closure from the
container. The contact surfaces may be co-operating top contact surfaces of the container and
closure. The contact surfaces may comprise respective co-operating sealing surfaces of the container

and the closure.

Other features will become apparent from the drawings in conjunction with the following description.

DESCRIPTION OF THE DRAWINGS

In the figures which illustrate example embodiments,

FIGS. 1A and 1B are graphs illustrating the theoretical relationship between removal torque and the
coefficient of friction present during application of a closure and between removal torque and the

coefficient of friction present during removal of the closure, respectively;

FIG. 2 is a broken away, elevation section view of part of a closure and part of a container in a

disengaged position relative to each other;

FIG. 3 is a broken away elevation section view ol the closure and container of FIG. 2 with the closure

and container at a commencement of pre-alignment position relative to each other;

FIG. 4 is a broken away clevation scction view of the closure and container of FIG. 2 with the closure

and container in a first seal engagement position relative to each other;
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FIG. 5 is a broken away elevation section view of the closure and container of FIG. 2 with the closure

and container in a final fully engaged and sealed position relative to each other;

FIG. 6 is a broken away elevation section view of a part of a closure and a part of a container showing

the relative positions of the closure and the container at the beginning of capping;

FIG. 7 is a broken away elevation section view of the closure and container of FIG. 6 during capping;

FIG. 8§ is a broken away elevation section view of the closure and container of FIG. 6 at the end of

translation of the closure during capping and when finalizing capping;

FIG. 9 is a broken away elevation section view of the closure and container of FIG. 6 during opening;

FIG. 10 is a partial vertical elevation medial cross sectional view through a portion of the container of

FIG. 6;

FIG. 11 is a partial vertical elevation medial cross sectional view through a portion of the closure of

FIG. 6;

FIG. 12 is a partial vertical elevation medial cross sectional view through portions of the closure and

container of FIG. 6 at the end of translation of the closure during capping;

FIG. 13 is a perspective view of a flip-top type closure with complementary spud and opening;

FIG. 14 is a front perspective view of a portion of the top of a bottle and a plug type closure in a

disengaged position relative to each other;

FIGS. 15A to 15F are schematic views of a closure and container showing the sequential engagement

of threads from a disengaged position to a fully engaged position;

FIG. 16 is a schematic view showing relative positions of micro-surtace structures during relative

movement of two contact surfaces;

FIG. 17A is a schematic view showing interaction of micro-surface structures between top contact

surfaces;
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FIG. 17B is an example plot of a relationship between removal torque and thread lead;

FIGS. 17C is a schematic view showing interaction of micro-surface structures between threads;

FIG. 18 is a schematic view showing interaction of micro-surface structures during relative vertical

movement of two contact surfaces;

FIG. 19 is a perspective view of a portion of a container showing possible locations of micro-surface

structures;

FIG. 20 is a perspective sectional view of a part of a closure showing possible locations of micro-

surface structures;

FIGS. 21A to 21F are perspective and elevation cross sectional schematic views of micro-surface

structures; and

FIG. 22 is a schematic view of an injection molding system that may be employed to form any of the

closures and containers depicted in FIGS. 2 to 13, and 14, 19 and 20.

DETAILED DESCRIPTION

By way of introduction, it is noted that the coefficient of friction between the contact surfaces of a
closure, such as closure 100 (FIG. 2), and the neck portion of a corresponding container, such as
container 110 (FIG. 2), during application of the closure onto the container is a strong factor in the
amount of torque required to close the container using the closure and, thus, the amount of torque
require to subsequently open the container when removing the closure (also referred to as the removal
torque). FIG. 1A is a plot of the theoretical influence of the coefficient of friction present during
application of the closure onto the container (“COFclose”), on the removal torque. The solid-line
portion of the plot shows the typical range of the COFclosen, namely approximately 0.14 to
approximately 0.28, and the dotted-line portion of the plot shows the extrapolated values of the

removal torque that can be expected with a lower COFclose.

Additionally, the cocfficient of friction between the contact surfaces of a closure, such as closurc 100,
and the neck portion of a container, such as container 110, during removal of the closure from the
container (“COFopen”), which may be different than the coefficient of friction during

application/closing) is also a strong factor in the amount of torque required to open the container by
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removing the closure from the container. FIG. 1B is a plot of the theoretical influence of the
coefficient of friction associated with removal/opening - COFopen - on the removal torque. Again,
the solid-line portion of the plot shows the typical range of the COFopen—, namely approximately
0.14 to approximately 0.28, and the dotted-line portion of the plot shows the extrapolated values of

the removal torque that can be expected with a lower COFopen.

With reference now to FIG. 2, an example of a container apparatus is shown that includes a closure
100 and container 110. In overview, engineered, micro-surface structures (sometime referred to
interchangeably as micro-surface textures or micro-surface features) such as those described
hereinafter, may be applied to co-operating, interfacing surface areas of a closure, such as closure
100, and a corresponding engageable container, such as container 110, to provide for pre-determined
and/or predictable removal torque characteristics associated with the disengagement/removal of
closure 100 from container 110. In some embodiments, the co-operating, interfacing micro-surface
structures provide for relatively easy movement of a surface of container 100 relative to a surface of
closure 110 (eg. the features may provide for an “easy-gliding” functionality of one surface relative to
the other in at least one direction of relative movement). In other embodiments, the co-operating
micro-surface features provide for “micro-locking” functionality whereby the features provide for a
predictable, relatively high degree of resistance of movement of a surface of container 100 relative to
a surface of closure 110 in one relative direction. Such [ealures may, in some embodiments, act as a
master control over the opening torque required to move closure 100 relative to container 110 when
disengaging/removing closure 100 from engagement with container 110. By providing for
engineered, micro-surface structures on co-operating interfacing surfaces of a closure 100 and a
container 110 the effective friction force is increased at the desired surfaces, and/or the friction force
is substantially reduced or virtually eliminated at other desired surfaces, resulting in a situation where
the effect of hard-to-control friction coefficient dependent effects is overwhelmed by engineered

effects.

Closure 100 may be made from any suitable material(s) capable of providing micro-surface features
such as a resilient plastic/polymer, such as by way of example only, resilient polypropylene (PP) or
high density polyethylene (HDPE). Also shown is an example neck region 112 defining part of an
inner cavity 109 of an example container 110. Container 110 may also be made entirely from any
suitable material(s) capable of providing micro-surface features, such as, by way of example only,

polycthylene terephthalate (PET) or polypropylene or polycthylene.

Container 110 may be a container blown from a preform. Both container 110 and closure 100 may be
formed, at least in part, using adapted injection molding equipment, such as for example injection
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molding equipment of the type generally known to persons skilled in the art in the industry, and
typically additional equipment capable of applying micro-surface features to the container and closure
after they have been initially formed using the injection molding equipment. In some embodiments,
the micro-surface structures on the container 110 and/or closure 100 may be created using modified
molding surfaces in known types of injection molding machines or other molding machines. For
example, such modified molding surfaces may be created by known techniques such as by way of
example only, laser ablation or discharge machining of the molding surface in a molding machine.
Alternatively, the micro-surface structures may be post-formed on previously formed surfaces of the
closure 100 and/or container 110 by a variety of known types of processes/techniques such as by way
of example only, laser cutting such as with computer controlled lasers, erosion and/or deposition

techniques/processes .

The features of closure 100 and the features of container 110 as hereinafter described, including the
micro-surface structures, may each be formed as unitary pieces of material. For example, multi-
material molding processes/techniques may be employed such as co-injection or over-molding to

form container 110 and closure 100.

Closure 100 may be configured in a generally right circular cylindrical tubular shaped shell 101 that
is closed at a top end with a circular disc shaped top wall 102 with a downward [acing, generally (lat,
surface 104. Shell 101 also has a generally right circular cylindrical tubular shaped side wall 106
having an outward facing, generally right circular cylindrical surface 103 and inward facing, generally
right circular cylindrical surface 108. Outward facing surface 103 may be provided with a plurality
of spaced vertically oriented ribs 105 (i.e. knurls) that may assist in application and removal of

closure 100 to a container by a capping machine and/or an individual.

Inward facing surface 108 of closure 100 may be provided with one or more angled, spiral spaced
threads or bayonets 114. Threads 114 formed on the inward facing surface 108 of closure 100 may
complement and be configured to engage with corresponding one or more angled, spiral spaced
threads 116 formed on an exterior generally cylindrical surface 117 of neck region 112 of container
110, proximate an upwardly oriented opening 119 into the inner cavily of container 110. By
providing more than one set of complementary spaced threads 114 and 116, it may be possible to

have more than one thread start engagement position,

Closure 100 may be secured to container 110 to close opening 119 by engaging threads 114 of closure
100 with threads 116 of container 110 and rotating threads 114 relative to threads 116. To effect such
an engagement, respective threads 114, 116 should be initially positioned in a suitable thread start
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engagement position of closure 100 relative to container 100 initially by suitable angular positioning
about axis X-X of threads 114 relative to threads 116 and with vertical / axial positioning of closure
100 relative to container 110, which may be achieved for example by moving closure 100 relative to
container 110 through the positions shown in FIGS. 15A to 15C. The engagement of the threads 114
and 116 may provide a seal to seal any contents in the container 110 from the external environment.
A suitable thread start engagement position of closure 100 relative to container 110 provides that the
central axial axes of the container 110 and the closure 100 are aligned about common
vertical/longitudinal axis X-X and includes both a suitable thread start angular orientation about axis
X-X (FIG. 2) and a suitable thread start axial (eg. vertical/longitudinal) position of closure 100
relative to container 110 such as shown in FIG. 15C.  When closure 100 and container 110 are
positioned relative to each other at both a suitable thread start angular orientation and a suitable
thread start axial / vertical position, the rotation of closure 100 in one rotational direction relative to
container 110 will cause threads 114 to engage with threads 116. In such a thread start engagement
position threads 114 of closure 100 are axially aligned, and are also angularly and axially positioned,
with respect to threads 116 of container 110 so that threads 114 of closure 100 are capable of properly
engaging with threads 116 of the container 110 when closure 100 is thereafter rotated relative to
container 110 from the position shown in FIG. 15C about common vertical / longitudinal axis X-X as
shown in FIG. 2, through the positions shown in FIG. 15D and then FIG. 15E to reach the fully
engaged thread position shown in FIG. 15F.

The exterior surface 117 of neck region 112 of container 110 may also be provided with a pilfer band
120 in the form of a circumferential, generally toroidal shaped shoulder which has an upper, angled
shoulder surface 121 and a generally horizontally oriented (ie. generally perpendicular to the
orientation of the exterior surface 117) lower, shoulder surface 122. Neck region 112 may also have
a support ledge 180 positioned beneath the pilfer band 120 in the form of a lower extended annular

shoulder which may be used during blow molding, capping and handling of the container.

A generally right circular cylindrical tubular tamper evident band generally designated 125 may be
located vertically / axially below side wall 103 of closure 100. Tamper evident band 125 may be
connectled by (rangible connector portions 126 (o generally right circular cylindrical tubular side wall
103. Tamper evident band 125 may also include a plurality of circumferentially extending, spaced
cams 127 in the form of shoulder members formed on inner generally cylindrical surface 130 of
tamper cvident band 125. Cams 127 may be provided with a gencerally horizontally oriented upper
shoulder surface 128 and a lower, angled shoulder surface 129. During application of closure 100 to
container 110, by rotation about axis X-X in one rotational direction, tamper evident band 125 will
elastically deform such that the angled surface 129 of tamper evident band cams 127 will slide over

8
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angled surface 121 of pilfer band 120 such that lower generally horizontal surface 122 of pilfer band
120 will be in face to face relation with the upper surfaces 128 of tamper evident band cams 127.
When closure 100 is to be removed from neck region 112 of container 110, the resistance force
created by the interface between lower generally horizontal surface 122 of pilfer band 120 that comes
into engagement with the generally horizontally oriented upper surfaces 128 of tamper evident band
cams 127 will be greater than the breaking force of frangible connector portions 126, and thus
continued opposite direction rotation of closure 100 relative to container 110 about axis X-X will
cause the frangible connector portions 126 to break. Thus, closure 100 can be removed from
engagement with container 110, but tamper evident band 125 will remain in position on container

110.

In some embodiments, closure 100 may also have a plug seal device 140 having sealing features
which, when closure 100 is applied to container 110, create a solid, fluid and/or gas seal between: (i)
the interior cavity 109 of the container 110 and the contents that may be contained therein; and (ii)
the external environment. Plug seal device 140 may also include a pre-alignment feature which may
help facilitate the vertical / longitudinal axial movement and positioning of closure 100 relative to
container 110 as it moves from the position shown in FIG. 15A through the start of a seal engagement
position, to the thread start engagement position shown in FIG. 15C, and through to the final thread

engagement position shown in FIG. 15F.

Returning to FIG. 2, a plug seal device such as plug seal device 140 may be integrally connected and
formed with top wall 102 of closure 100 and may depend substantially vertically/axially downward
therefrom. Plug seal device 140 can be spaced radially apart from inward facing surface 108 of side
wall 106 of shell 101 to allow the upper portion 118 of neck region 112 of container 110 to be

received there between.

Plug seal device 140 may have a generally right circular cylindrical tubular upper wall section 142
and a sealing section 148. Sealing section 148 may be integrally formed as part of plug seal device
140 and may be formed in a generally semi-circular toroidal shape, lobe shape, a generally annular
ring shape or any other suitable shape that protrudes radially outward beyond both the radially
outward facing cylindrical surface 144 of upper wall section 142. Sealing section 148 may have a

generally arcuate outer sealing surface area.

If present, sealing section 148 may be configured and operable such that when it engages with inner
surface 151 of the neck region 112 it may provide a complete circumferential seal between plug seal

device 140 and the inner surface 151 of neck region 112 of container 110, when sealing section 148 is
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received through opening 119 of neck region 112 and sealing section 148 is engaged with the inner
surface 151. In operation of some embodiments, when being received into opening 119 of neck
region 112, sealing section 148 of plug seal device 140 may provide the first / initial seal between the
inner cavity 109 of container 110 and the external environment. In some embodiments, additional
seals may also be provided between the inner cavity 109 and the external environment, such as a seal
between the plug seal device 140 and an external surface of the neck region 112 and the mating top

contact surfaces of the closure 100 and container 110, as described further hereinafter.

In other embodiments, seal plug device 140 may not be present or may be shaped or configured
differently than that shown in FIGS. 2 to 5. For instance, as shown in the embodiment of the closure
shown in FIG. 6, a plug seal device 141 may have a sealing ring 143 with different geometric

proportions than sealing section 148, such as the above-noted lobe shape.

An outer alignment circular/annular ring 152 may also be positioned radially outwardly from plug
seal device 140 and inwardly from side wall 106, and may be integrally formed at and with a corner
region that joins top wall 102 and side wall 106.  Outer alignment ring 152 may operate in
conjunction with the upper portion of upper section 142 of plug device 140 to assist with maintaining
the generally parallel orientation of neck region 117 relative to plug seal device 140 and side wall 106

of closure 100 when closure 100 is [ully engaged on neck region 112 of container 110.

A closure top sealing ring 156 may also be positioned radially outwardly from plug seal device 140
and radially inwardly from outer alignment ring 152, may be integrally connected and formed with
top wall 102 of closure 100 and may depend substantially vertically/axially downward therefrom.
Closure top sealing ring 156 may include a closure top contact surface 158, facing substantially
vertically/axially downward and positioned on a distal end of closure top sealing ring 156 opposite
downward facing surface 104. Closure top sealing ring 156 and closure top contact surface 158 may
be configured so that when closure 100 is in a fully engaged position relative to container 110, as
shown in FIGS. 5 and 8, closure top contact surface 158 contacts upward facing container top contact

surface 160 located at the top of upper portion 118 of neck region 112 of container 110,

Referring now to FIGS. 6 to 10, the areas of contact between closure 100 and container 110 during
application (also referred to as capping) and removal of closure 100 will be described. At the outset,
it is noted that, during capping, closurc 100 is typically rotated clockwisc about a common axis X
(FIG. 2) relative to container 110 by a capping machine, which is depicted schematically at reference

numeral 200.

10
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Capping machine 200 typically applies a substantially constant, predefined torque to closure 100 and
typically for a predetermined amount of time to screw closure 100 onto neck portion 112 of container

110.

Due to the clockwise rotation of closure 100 (indicated with curved arrow and dotted, helical line)
and engagement of threads 114 and 116, closure 100 is translated downward (indicated with vertical

arrow facing down).

At the beginning of capping and during capping (FIGS. 6 and 7), at least a portion of thread tip blends
202 on the application faces 203 (FIG. 10) of threads 116 contact at least a portion of the thread root
blends 204 on the application faces 205 (FIG. 10) of threads 114 and at least a portion of the thread
crests 206 of threads 116 contact at least a portion of the thread roots 208 of threads 114.

At the end of the vertically/axially downward translation of the closure 100 (FIG. 8), in addition to
the contact that exists during capping as described above, there also exists contact between closure
top contact surface (TSS) 158 and container top contact surface (TSS) 160 and between outer
alignment ring 152 (FIG. 5) and an upper ring 210 (FIG. 6) that extends annularly around upper
portion 118 of neck region 112 and protrudes from cylindrical surface 117. If upper ring 210 is not
present, as in the case of the embodiment shown in FIG 5, at the end of translation of closure 100,

outer alignment ring 152 may contact upper portion 118 of neck region 112 directly.

At the end of translation of closure 100, when finalizing capping, further substantial vertical/axial
downward translation of top wall 102 of the closure 100 is blocked by at least the abutment of closure
top contact surface 158 with container top contact surface 160. Thus, additional rotation of closure
100 will result in a shift in contact from between thread tip blends 202 on application faces 203 of
threads 116 and thread root blends 204 on application faces 205 of threads 114, to between thread tip
blends 212 on pressure faces 213 (FIG. 10) of threads 116 and thread root blends 214 on pressure
faces 215 (FIG. 10) on threads 114, as also seen in FIG. 12. Further rotation of closure 100 during
finalizing capping also results in the lower portion of side wall 106 of closure 100 becoming
elastically deformed in a generally vertical direction. The result of this strain and strain energy may be
particularly located in the region of side wall 106 in the vicinity of top wall 102 and may create an
increase in pressure at the contact interface between closure top contact surface 158 and container top
contact surface 160 and an increasc in pressure at the contact interface between the thread tip blends
212 on pressure faces 213 of threads 116 and thread root blends 214 on pressure faces 215 on threads
114 before substantial deformation of closure 100 and possibly container 110 occurs. Rotation of

closure 100 stops when the resistance friction between closure top contact surface 158 and container
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top contact surface 160 and the resistance friction between the thread tip blends 212 on pressure faces
213 of threads 116 and thread root blends 214 on pressure faces 215 reaches the set application
torque value that typically is applied by a capping machine (not shown). At this positions of
engagement, a seal may be provided by the threads 114 and 116 to seal any contents in container 110

from the external environment.

Furthermore, as shown in FIG. 12, depending on the configuration of closure 100, there may also be
contact between sealing ring 143 of plug seal device 141 and inner surface 151 of neck region 112 of

container 110.

After finalizing capping, closure 100 remains on container 110 until closure 100 is removed and
container 110 is opened, for example by a user. With reference to FIG. 8, the contact surface
interfaces between closure 100 and container 110 at the start of opening are the same as at the end of
translation. At the beginning of rotation, the friction between closure top contact surface 158 and
container top contact surface 160 and the resistance friction between the thread tip blends 212 on
pressure faces 213 of threads 116 and thread root blends 214 on pressure faces 215 attempt to resist
the motion, which is the source of opening torque. After some rotation, the contact again shifts from
between thread tip blends 212 on pressure faces 213 of threads 116 and thread root blends 214 on
pressure faces 215 of threads 114 (o between thread tip blends 202 on application faces 203 of
threads 116 and thread root blends 204 on the application faces 205 of threads 114.

With reference to FIG. 9, once closure 100 has been sufficiently translated vertically/axially upwards
relative to container 110, contact between closure top contact surface 158 and container top contact
surface 160 will cease. Similarly, after sufficient vertical/axial upwards translation of closure 100,
contact between outer alignment ring 152 and upper ring 210 or upper portion 118 of neck region

112, and between sealing ring 143 and inner surface 151 will also cease.

Furthermore, as described above and with reference to FIG. 9, as closure 100 is translated
vertically/axially upwards, there will also be contact between lower generally horizontal surface 122
of pilfer band 120 and generally horizontally oriented upper surfaces 128 ol tamper evident band
cams 127 such that frangible connector portions 126 break, allowing closure 100 to be removed from

engagement with container 110, while tamper evident band 125 remains in position on container 110.

In the embodiments of FIGS. 2 to 12, it is the presence of micro-surface structures which control both

the application torque (ie. the torque required to apply a closure 100 to a container 110) and the
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removal torque (ie. the torque required to initiate closure 100 to start to become disengaged from

container 110).

Engineered micro-surface features that may be provided on various surfaces of the closures 100 and
containers 110 described above will now be described with reference to other embodiments as shown
in FIGS. 16 to 18. Engineered micro-surface structures in the form of biased micro easy-gliding
and/or micro-locking functionality may be provided on a variety of surfaces or portions of surfaces,
of the closures and containers described herein, as well as other embodiments of closures and
containers. The engineered micro-surface structures can be provided to dramatically increase the
effective friction forces at some selected interfacing contact surface areas of containers and closures
and/or to substantially reduce or substantially almost eliminate the effective friction forces in other

selected interfacing contact surfaces.

The micro-surface structures may be configured and provided so that the effect of the coefficient of
friction relating to friction forces created at the contact surfaces of the threads on the removal torque
is substantially reduced, minimized and/or made negligible by providing for easy gliding functionality
at the contact surface of the threads during opening/removal of the closure 100 on container 110. The
micro-surface structures may additionally or alternatively be configured and provided so that the
ellect of the coefficient of friclion relating to the removal of the closure [rom the container is
controlled, which can be done by overwhelming the inherent friction developed by intertacing contact
surfaces of the container and the closure with engineered micro-surface structures on interfacing
contact surfaces, such as at the top contact surfaces of the container and the closure. Thus, it may be
possible to provide a predictable / predetermined level of resistance to movement that is much greater

than that of the friction resistance provided by the typical interfacing contact surfaces.

The micro-surface structures may be configured and provided so that a first force required to induce
relative movement between two contact surfaces is substantially larger (and typically much larger
such as by way of example only in the range of 5 to 20 times larger) than a second force required to
induce relative movement between the contact surfaces in a second direction opposite the first
direction. The micro-surface structures may also be provided and confligured so that the torque
required to initiate removal is controlled with greater accuracy. The micro-surtace structures may also
be provided and configured so that a predetermined contact interface between contact surfaces of a

closurc and containcr acts as a master control of opening / removal torque.

Referring now to the schematic views in FIG. 16, forces involved in inducing relative movement
between contact surfaces S00A and 500B provided with micro-surface structures according to an
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embodiment will be described. Each of contact surfaces S00A and 500B are provided in what may be
described as a “saw-tooth” type of arrangement, with complementarily shaped, step-like micro-
surface structures with a riser 502 and a sloped tread 504, such that riser 502 and tread 504 meet at an

acute angle at a corner 505.

The application of forces F1 to F3 will be described on the basis that contact surface S00A is being
moved relative to contact surface 500B, which remains stationary in space. However, it is to be
understood that contact surface S00B might be the surface being moved, with contact surface S00A
remaining stationary in space, or both contact surfaces might be moved in space relative to each
other. Furthermore, while forces F1 to F3 are shown as acting generally horizontally / transversely, it
is to be understood that, because contact surfaces S00A and S00B are contacting each other, there is a
reaction force involved that causes them to be urged towards / away from each other by an applied
pressure, and there will be orthogonal forces acting to keep the contact surfaces S500A and 550B

generally in contact with each other.

In schematic views (1) and (2) of FIG. 16, surfaces 500A and 500B are generally biased vertically
towards each other and have opposed contact surfaces that engage with each other at a contact
interface. A generally horizontally directed force F1 is sufficient to move contact surface S00A
relative (o contact surface S00B (o the left, in the general direction of force F1. Treads 504A of

contact surface S00OA make contact with and glide along treads 504B of contact surface S00B.

In schematic view (3) of FIG. 16, a continued application of force F1 results in treads S04A of contact
surface S00A surpassing respective corners 505. Simultaneously, because of the urging of contact
surfaces S00A and 500B towards each other, treads 504A are in a substantially parallel and spaced
apart relationship with treads 504B of contact surface 500B and a portion of risers S02A of contact
surface 500A are in contact with a portion of risers S02B of contact surface 500B. At this point, a
continued application of force F1 would result in treads S04A again making contact with and gliding

over treads 5048 as in schematic view (1).

In schematic view (4) of FIG. 16, lorce F2 is greater than force F1 (as indicated by the larger arrow)
but is insufficient to induce movement of contact surface S00A relative to contact surface 500B
because risers S502A of contact surface 500A interfere with and are blocked by risers 502B of contact
surface 500B. At lcast force F3 (schematic view (5) of FIG. 16), which is larger than force F2, is
sufficient to induce movement of contact surface S00A relative to contact surface S00B. As shown in
schematic view (5) of FIG. 16, under application of at least force F3, risers 502A of contact surface

500A are able to clear risers S502B of contact surface 502B, thereby permitting movement of contact
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surface S00A relative to contact surface SO0B. Force F3 can cause 500A 1o move upwards and past

500B as a result of deformation at the corner of the treads of 500B.

Through control of the configuration and geometry of the micro-surface structures, forces F1 to F3,
may be controlled. For instance, by altering or controlling the acute angle between risers 502 and
treads 504 at corners 505, one may alter and control forces F1 and F3 required to allow risers 502A to

clear risers 502B.

Micro-surface structures / textures / features may be provided on desired surfaces using, for instance,
plasma cutting or laser cutting technology or 3-D printing technology. One desired method of
producing the micro-surface structures at selected location areas of surfaces of the closure and
container is to for example, use laser or plasma cutting technology and create a negative image of the
micro-surface structure that is desired on the molding surface of the injection or compression molding
cavity of a molding machine. Upon filling of the cavity with molten plastic, the plastic part (eg.
container 110 / closure 100) will reproduce a mirror image of the micro-surface structures on the
molding surface. Another method of producing the micro-surface structures on plastic parts is to use a
cutting technology such as for example laser or plasma cutting technology directly on a plastic part as

a post molding operation.

Micro-surface structures may for example be generally in the size range of 0.005 to 0.250 mm in
diameter / length / width ./ height and more particularly in the range of 0.005 to 0.1 mm. In one
embodiment, micro-surface structures may be provided on the top contact surfaces of closure 100 and
container 110, for instance, closure top contact surface 158 and container top contact surface 160. As
shown in the schematic view of FIG. 17A, a contact surface interface may be provided at a contact
surface S00A, which may be closure top contact surface 158, and a contact surface 500B, which may
be container top contact surface 160. Thus, the micro-surface structures may be configured so that
the removal torque (which is a function of force F3) required to remove closure 100 from container
110 would be much greater than the application torque (which is a function of force F1) required to
apply closure 100 onto container 100. The micro-surface structures may be configured and provided
so that the force required (o induce relative movement (o remove the closure from the container is
substantially larger (and typically much larger such as by way of example only in the range of 5 to 20
times larger) than a the required to induce relative movement between the contact surfaces in the

opposite dircction.

The micro-surface structures may be configured in such a manner that the removal torque required to
remove closure 100 from container 110 is increased to the level where conventional friction forces
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between other contact surfaces become insignificant and only the torque required to move closure top
contact surface 158 to the right relative to container top contact surface 160 is substantially the
threshold torque required to initiate and enable removal of closure 100 from container 110. By
extension, a lower final closing torque can be applied (relative to typical closure/container
combinations without the micro-surface structures) and thereby the mechanism can rely on these
micro-locking features to keep the closure 100 in the fully engaged position. Thus, in combination
with the modified threads of the container 110 and closure 100 having the micro-surface structures to
provide an easy glide function at the thread surface interfaces in the direction of opening of the
closure on the container (see FIG. 17C), this system/mechanism relies on the micro-locking structures
at the top contact surface (FIG. 17A) interface to keep the closure in the fully engaged position on the

container.

By way of further explanation, in some embodiments, micro-surface structures may also be provided
at the contact interface on contact surfaces of the threads of a closure 100 and container 110, such as
threads 114 and 116, respectively, to further reduce or minimize the effect of conventional friction
forces on the removal torque. In particular, micro-surface structures may be applied on the threads to
virtually increase the thread lead (i.e. thread pitch) by at least an order of magnitude to provide an
easy-glide functionality in one relative direction of movement of the contact surfaces. The micro-
level structures can be used (0 increase the capping resistance during application of the closure (o the
container, to prevent “over-torquing” of the closure. At the final stages of capping where the pressure
faces are already in contact, each incremental increase in capping angle will increase the contact
pressure between the threads. Without micro-surface structures on the threads, typically in known
configurations, the rotation will continue until the frictional resistance comes into equilibrium with
the application torque. With the micro-surface structure mechanism the influence of the friction at
the threads can be substantially reduced or substantially eliminated by adding micro-surface
structures arranged in such manner that they will prevent the over-rotation of the closure 100 relative
to the container 110. In this manner, the final position of the closure 100 on the neck finish of the
container 110 is governed through predictable engineered features rather than unpredictable
coefficient of friction, and the amount of contact pressure which in turn drives the level of frictional

forces during opening can be maintained at a low, desirable level.

FIG. 178 illustrates the effect that the thread lead has on removal torque. As the thread lead (i.e. the
thread pitch) decreases, the removal torque increascs. Converscly, as the thread Iecad increascs, the
removal torque decreases. Typical values of thread lead lie in the 1.7 to 9 mm range. As can be seen

in FIG. 17B, if the thread lead/pitch were raised to levels of, for instance, 50 to 80 mm, the removal
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torque would be reduced to approximately one fifth of what it would be in the typical thread lead

range.

The thread lead is determined in part by the thread lead angle in a known relationship, the thread lead
angle being defined by the angle between the horizontal and the mean slope of the thread. With
reference to FIG. 17C, the micro-surface structures may be configured such that the effective lead
angle is increased without substantially altering the slope of the threads. The effective lead angle can

be engineered to be close to or substantially 90 degrees.

Specifically, with reference to FIG. 17C, the micro-surface structures on threads 114 of closure 100
may be configured such that at the end of translation of the closure 100 during capping, as described
above with reference to FIG. 8, the risers 502A of contact surface S00A on threads 114 of closure 100
abut risers 502B of contact surface 500B on threads 116 of container 110. Thus, at the beginning of
the disengagement/removal of closure 100 from container 110, as described above with reference to
FIG. 9, treads 504 A of contact surface S00A would easily glide on and move relative to treads 504B
of contact surface 500B. Due to the slope of treads 504A and 504B relative to the macro-level slope
of threads 114 and 116, the lead angle, and thus the thread lead, is effectively increased, thereby
reducing the removal torque required to overcome friction created by thread surface to thread surface
contact. The micro-surface structures may be configured and provided so that force required to
induce relative movement to apply the closure to the container is substantially larger (and typically
much larger such as by way of example only in the range of 5 to 20 times larger) than a second force
required to induce relative movement between the contact surfaces in a second direction opposite the
first direction to remove the closure from the container. In some embodiments the force required to
induce relative movement to overcome resistance at the surface of the threads to remove the closure,

may be engineered to be very low and may be substantially zero.

Through control of the configuration and geometry of the micro-surface structures, the amount of

increase in lead angle, and thus the effect on the removal torque, may be controlled.

It may be appreciated in some embodiments, where micro-surface structures are provided on a
portion or all of the top contact surfaces and a portion or all of the contact surfaces of the threads, to
apply a closure to the container, it will be necessary to have a torque that provides sufficient force to
overcome the resistance at the top contact surfaces and sufficient force to overcome the resistance at
the threads. Similarly, to remove a closure form the container, it will be necessary to have a torque

that provides sufficient force to overcome the resistance at the top contact surface (which typically
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will be of a large magnitude and controlling) and sufficient force to overcome the resistance at the

threads (but which will typically be very low, or substantially zero).

In some embodiments, where micro-surface structures are provided on a portion or all of the top
contact surfaces and a portion or all of the contact surfaces of the threads (such as portions of
pressure faces 213 and 215) both the threshold removal torque, i.e. the master control torque, to begin
removal of closure 100 and the subsequent removal torque required to fully remove closure 100 may
be controlled. Thus, a consistent user experience may be created in which the variability in the

removal torque due to the variability in the coefficient of friction may be reduced or minimized.

Therefore, it may be possible, using the same or substantially similar micro-surface structures (e.g.
the “saw-tooth” structures as described above) to obtain different properties of the closure and/or
container, depending on the manner in which and the contact surfaces to which the micro-surface
structures are applied. Thus, one may be able to achieve the easy-gliding property in one direction of
relative movement and the increased friction or micro-locking property in a second direction opposite
the first, using the same or substantially similar micro-surface features. This may improve efficiency
and cost of manufacturing of the closure and/or container, since the same method of applying the
micro-surface structures may be used to design and engineer both properties of the closure and/or
container, without having (0 use separale equipment or alter the application method of the micro-

surface structures for each desired property.

Another embodiment of a container apparatus 300 such as a flip-top closure will now be described
with reference to FIG. 13. Container apparatus 300 may be configured as a generally right cylindrical
tubular shaped shell 301 that may be sealingly secured to an open body portion of a container body
(not shown). Container shell 301 may have a circular disc-shaped top wall 302 and a generally right
vertical cylindrically tubular shaped sidewall 305. A generally circular opening 310 is provided in
and through top wall 302, surrounded by a circumferential, raised ring 312 protruding from top wall
312. Opening 310 includes a cylindrical inner surface 311 and provides an opening through which

material stored in the container body may pass.

Container apparatus 300 also includes a flip lid 318 that has a generally circular disc shaped top wall
319 from which extends a generally vertical cylindrical tubular shaped side wall 320. Side wall 320
has an annular edge portion 314, Top wall 302 of shell 301 has annular vertical wall 304 which is
positioned to lie near an inner top edge 306 of side wall 305. Annular vertical wall 304 and inner top
edge 306 co-operate to provide an annular groove 316. Annular groove 316 is configured and

adapted to releasably engage annular edge portion 314 of side wall 320 of flip lid 318. Thus side wall
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320 is configured and shaped to be complementary to the shape of top wall 302 and annular groove
316 so that, when flip lid 318 engages with shell 301, container apparatus 300 is moved from an open
position to a closed position and an upper inner surface (not visible) of flip lid 318 may be generally

located flush with and adjacent to top wall 302.

Flip lid 318 may be hingedly connected to body 302 via hinge 324. Hinge 324 may be formed and
constructed using techniques known to a person skilled in the art. Flip lid 318 and shell 301 may be
formed separated and then assembled and connected at hinge 324 to produce container apparatus 300.
A recess 325 in shell side wall 305 and a recess 326 in lid side wall 320 permits hinge 324 to pivot
allowing lid 318 to pivot between an open position (as shown in FIG. 13) and a closed position (not
shown) where edge portion 314 is received in annular groove 316 annular edge portion 314 of side

wall 320 of flip lid 318.

Flip lid 318 may also include a generally circular cylindrically tubular shaped spud or stopper 326
configured to be received in opening 310 with a form locking or interference fit. In particular, spud
326 may be provided with spud ring 328 protruding from the distal end of spud 326. If present, spud
ring 328 is dimensioned and configured with a generally cylindrical outer surface 334 to produce a

form locking or interference fit with inner surface 311 of opening 310.

It will be appreciated that an application of force will be required to tlip up flip lid 318 to overcome
the friction force associated with the interference fit between spud 326 and/or ring 328 and inner
surface 311 of opening 310. A user may apply this force which causes moment around hinge 324,
which, in turn, causes relative movement of spud 326 with respect to inner surface 311 of opening
310.

Container apparatus 300 may be applied and connected to a container body in a known manner, for
example, by being screwed or snapped on. When container apparatus 300 is applied to a container, a
user typically chooses to open and close flip lid 318 instead of removing entire container apparatus

300 each time the contents of container are to be accessed.

In some embodiments, shell 301 may also have other cross sectional shapes such as a circular or
polygonal shape. The shape of shell 301 may be chosen so that sidewall 305 is flush with a sidewall

of the container to which container apparatus 300 is applicd in a known manner.

Another embodiment of a container apparatus including a closure 400 and a container 412 that may
be a bottle, will now be described with reference to FIG. 14. Closure 400 may be generally configured
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as a plug with a generally cylindrical or frusto-conical plug body 402 having two opposing, generally
circular first and second end faces 404 and 406 and a cylindrical or right circular cone shaped side

surface 408.

Closure 400 may be made from a synthetic resin or plastic material such that it has elastic properties
and can be partially compressed in the radial direction when subject to radially applied compressive

forces.

Closure 400 is intended for inserting into and closing of a container 412. Container 412 may be made
of glass or plastic or other materials known to a person skilled in the art and may generally be less
prone to elastic deformation in a radial direction than closure 400. In the embodiment shown,

container 412 has a generally right cylindrical rigid neck 414 that defines a bottle opening 416.

The diameter of plug body 402 (which may vary in the case of a frusto-conical shaped body), is
configured to be at least through part of its length to be larger than the diameter of opening 410 of
container 412 such that, upon insertion of closure 400 into bottle 412, neck 414 of container 412
exerts a radially compressive force onto plug body 402. In response to the radially compressive force,
hoop stresses (i.e. circumferential stresses) in plug body 402 cause cylindrical side surface 408 to
press against neck 414. As plug body 402 is progressively pressed into neck 414 by a downward
force, plug body 402 is progressively compressed. Thus, closure 400 forms an interference or form

locking fit with surrounding neck 414.

Closure 400 may be partially or fully inserted into neck 414 of container 412. For instance, during
initial plugging at a manufacturer or bottling plant, closure 400 may be fully inserted such that second
end surface 408 does not protrude out of opening 410. Closure 400 may be fully inserted in such a
manner that second end surface 408 is flush with an end rim 416 of neck 414 surrounding opening
410. For instance, container 412 may be a wine bottle filled with wine and “corked” using closure
400.

Closure 400 may be removed in a variety of ways, including, [or example, by using a corkscrew. In
order to remove closure 400, a force is applied to pull closure 400 vertically/axially upward out of
neck 414,

With reference to FIG. 18, a similar control of the removal force required to remove a spud, such as
spud 326, or a plug, such as closure 400, from their corresponding openings may be achieved. For

instance, in the case of container apparatus 300, micro-surface structures may be provided on spud
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326 and/or spud ring 328 and inner surface 311 of opening 310. Similarly, micro-surface structures
may be provided on side surface 408 of closure 400 and internal surface 418 of neck 414 of container
412.

Referring to FIGS. 19 and 20, selected regions 600 of micro-surface structures may be provided on
some or all surfaces where closure 100 and container 110 may contact each other during application
and removal of closure 100. For instance, if plug sealing device 140 or 141 is present, micro-surface
structures may be provided on a portion of sealing section 148 and/or sealing ring 143. In some
embodiments, regions 600 of micro-surface structures may be provided on thread tip blends 202,
thread root blends 204, thread crests 206 and thread roots 208.

Depending on the locations of the regions 600, the micro-surface structures may be configured

differently so that a desired effect is achieved.

In some embodiments, the micro-surface structures may be provided and configured so that a contact
interface other than the contact interface between the top contact surfaces acts as the master control

torque, determining the threshold removal torque required to remove the closure from the container.

FIGS. 21A o 21F show some embodiments [or possible micro-surface structures. In particular, the
micro-surface structures may be ramp-shaped or wedge-shaped, may have the shape of a portion of an
ellipsoid, may be dimple-shaped, may be shaped as a portion of a triangular prism, may be a portion
of a cylinder, and may be irregular. The micro-surface structures may have another shaped not
depicted here but that is sufficient to allow for control and predetermination of a desired force or
torque as described herein. Where there are multiple regions of micro-surface structures, different
shapes and types of micro-surface structures may be employed to achieve the desired control of the

removal torque or requisite forces.

With reference to FIG. 22, an example injection molding system 3100 is illustrated schematically that
may be employed and/or adapted to form any of the closures or containers depicted and described
herein, or preforms with neck regions, such preforms having body portions which can be blown (0
form final form containers. System 3100 may in general be conventionally configured and may
comprise an injection mold 3116 having a cavity mold half 3102 and an opposite core mold half 114,
System 3100 may also include an injection unit 3104, a clamping unit 3106 and a trcatment unit.
System 3100 may also include a moving apparatus 3108. The operation of system 3100 and its
components may be controlled by a controller 3105, such as a programmable logic controller (PLC)

or industrial computer. Communication links between various components of system 3100 and
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controller 3105 may be provided and such links may be wired and/or wireless. Cavity mold half 3102
may contain a plurality of mold cavities 3103 and cavity mold half 3102 may be attached to a
stationary platen 3110. Core mold half 3114 may have a corresponding plurality of mold cores 3127
and the core mold half 3114 may be attached to a moving platen 3115. Thus the core mold half 3114
may be capable of reciprocating movement in the X direction relative to the cavity mold half 3102
between a mold open and a mold closed position. The stationary platen 3110 and the clamping unit

3106 may be linked by tie bars.

Moving apparatus 108 may include a support that may be a Z axis beam 3118 (ie. a beam extending
generally parallel to the Z axis). The Z axis may be typically oriented horizontally but other
orientations of the X-Y-Z axes are possible. Z axis beam 3118 may be provided with a relatively
high degree of rigidity, and thus reduce the amount of deflection of Z axis beam 3118 as a carriage
3120 carrying a tool 3122 moves along the 7 axis beam 3118. 7 axis carriage may be configured to
permit the mounting thereto of tool 3122 (which may be an End of Arm Tool). Tool 3122 may be
what is commonly referred to as a “multi-position take-off device” and may include a plurality of part
carriers 3124. The part carriers 3124 may be operable to receive molded parts, ejected from mold

3116 and then facilitate their transfer to treatment unit 3112.

In one embodiment, mold cavities 3103 may be configured (o form container 110. In another
embodiment mold cavities may be configured to form closure 100. As indicated above, in some
embodiments, the surfaces of the component(s) forming the mold cavities may have been created in
particular shapes /configuration by known techniques such as by way of example only, laser ablation
or discharge machining of the molding surface in the mold cavities 3101 in system 3100. One
desired method of producing the micro-surface structures at selected location areas of surfaces of the
closure or container is to for example, use laser or plasma cutting technology and create a negative
image of the micro-surface structure that is desired on the molding surface of the injection or

compression molding cavity of a molding machine.

Alternatively, the micro-surface structures may be post-formed on surfaces of the closure 100 and/or
container 110 after they have been formed in a system like system 3100, by a variety of known types
of processes/techniques such as by way of example only, laser cutting such as with computer

controlled lasers, erosion and/or deposition techniques/processes .

In general operation, when cavity mold half 3102 and core mold half 3114 are in a closed
configuration, the mold is clamped shut by the clamping unit and injected material is supplied to the

mold cavities 3103 to form the closures or other molded parts. At a suitable time, mold 3116 can be
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opened separating the core mold half 3114 from the cavity mold half 3102 in the X direction. This
allows tool 3122 with part carriers 3124 to be moved with the Z axis carriage 3120 along 7 axis beam
3118 to an inbound position between cavity mold half 3102 and core mold half 3114 so that the part
carriers are appropriately aligned with mold cores 3127 of core mold half 3114, At such an inbound
position the parts that have been formed in mold 3116 can be transferred to the part carriers 3124 of
the tool 3122 in a manner known to those skilled in the art. Once the parts are transferred to the tool
3122, the tool can be moved again to an outbound position along the Z axis beam 3118 to allow
system 3100 to commence making a new set of parts. Tool 3122 can move to such an outbound
position where the tool is appropriately aligned with a treatment device 3128 of treatment unit 3112
so that the parts may be appropriately treated such as by being thermally conditioned while being held
by tool 3122.

Of course, the above described embodiments are intended to be illustrative only and in no way
limiting, The described embodiments of carrying out the invention are susceptible to many
modifications of form, arrangement of parts, details and order of operation. Other variations are
possible.

113 "

When introducing elements of the present invention or the embodiments thereof, the articles “a,
“an,” “the,” and “said” are intended (0 mean that there are one or more of the elements. The terms
“comprising,” “including,” and “having” are intended to be inclusive and mean that there may be

additional elements other than the listed elements.
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WHAT IS CLAIMED IS:

1. A container apparatus comprising a combination of a first part) and a second part for
releasably closing an opening in said first part, said apparatus comprising:

a contact interface between a contact surface (160, 205, 500B) of the first part and a
contact surface (158, 203, 500A) of the second part, the contact surfaces comprising co-
operating micro-surface structures operable such that a first force is required to induce relative
movement between the contact surfaces in a first direction that is substantially larger than a
second force required to induce relative movement in a second direction opposite the first

direction.

2. A combination as claimed in claim 2 wherein said contact surfaces (160, 158; 205, 203)

comprise respective co-operating sealing surfaces of said first part and said second part.

3. A container apparatus as claimed in claims 1 or 2 wherein said first part is a container (110)

and said second part is a closure (100).

4, A combination as claimed in claim 3 wherein said contact surfaces comprise respective co-

operaling Lop sealing surlaces (160, 158) of said conlainer and said closure.

5. A combination as claimed in ¢laim 4 wherein in operation said first force is required to induce
relative movement between the contact surfaces in said first direction to initiate removal of a

closure engaged with said container from engagement with said container.

6. A combination as claimed in claim 3 wherein said contact surfaces comprise respective co-
operating contact surfaces (205, 203) of threads (114, 116) of respective said container and

said closure.

7. A combination as claimed in claim 6 wherein said contact surfaces are respective co-operating
pressure surfaces (205, 203) of threads (114, 116) of respective said container and said

closure.

8. A combination as claimed in claims 6 or 7 wherein in operation said first force is required to
induce relative movement between the contact surfaces in said first direction to apply the

closure to the container.
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10.

11.

12.

13.

14.

15.

16.

A combination as claimed in claims 6, 7 or 8 wherein in operation said second force is
required to induce relative movement between the contact surfaces in said second direction to

permit removal of the closure engaged with the container.

A combination as claimed in claim 9 wherein said first force is of a magnitude of in the range

of 5 to 20 times greater than the second force.

A combination as claimed in any one of claims 6 to 10 wherein said second force is of a

magnitude that provides for a low level of resistance between said contact surfaces.

A combination as claimed in any one of claims 6 to 11 wherein said second force is of a

magnitude to provide substantially no resistance between said contact surfaces.

A combination as claimed in claims 4 or 5 wherein:

said contact interface comprises a first contact interface between a first contact surface
(160) of the container (110) and a first contact surface (158) of the closure (100); and

said combination further comprises a second contact interface between a second contact
surface (205) of the container (110) and a second contact surface (203) of the closure (100)
the second contact surfaces comprising co-operating micro-surface structures operable such
that a third force is required to induce relative movement between the contact surfaces in a
third direction that is substantially larger than a fourth force required to induce relative

movement in a fourth direction opposite the third direction.

A combination as claimed in claim 13 wherein said second contact surfaces are respective co-
operating surfaces of threads (114, 116) of respective said container (110) and said closure

(100).

A combination as claimed in claims 13 or 14 wherein in operation said third force is required
to induce relative movement between the contact surfaces in said third direction to apply the

closure to the container.
A combination as claimed in claims 13, 14 or 15, wherein in operation said first and fourth

forces arc required to induce relative movement between the first contact surfaces and second

contact surfaces respectively to permit removal of the closure engaged with the container.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

A combination as claimed in any of claims 13 to 16, wherein said third force is of a

magnitude of in the range of 5 to 20 times greater than the fourth force.

A combination as claimed in any one of claims 13 to 17 wherein said fourth force is of a

magnitude that provides for a low level of resistance between said second contact surfaces.

A combination as claimed in any of claims 13 to 18 wherein said fourth force is of a

magnitude to provide substantially no resistance between said contact surfaces.

A combination as claimed in any one of claims 13 to 19 wherein said first force is of a
magnitude of in the range of 5 to 20 times greater than the second force, to provide for a high

level of resistance between said contact surfaces against movement in said first direction.

A combination as claimed in any one of claims 3 to 20 wherein in operation said first force is
of a magnitude which substantially controls the removal torque required to initiate removal of

the closure from the container when the closure is fully engaged with the container.

A combination as claimed in any one of claims 1 to 12 wherein the micro-surface structures
are operable (0 provide a micro-locking functionality such that said first force is of a high

magnitude to provide for a high level of resistance between said contact surtaces.

A combination as claimed in claim 22 wherein in operation said micro-locking functionality
substantially controls the removal torque required to initiate removal of the closure from the

container.

A combination as claimed in any one of claims 13 to 21 wherein the micro-surface structures
on said first contact surfaces are operable to provide a micro-locking functionality such that
said first force is of a high magnitude to provide for a high level of resistance between said

first contact surfaces.

A combination as claimed in claim 24 wherein in operation said micro-locking functionality
substantially controls the removal torque required to initiate removal of the closure from the

containcr.

A combination as claimed in any one of claims 1 to 25 wherein said micro-surface structures
are configured in one or more of the following shapes: a saw-tooth shape; a ramp-shape; a
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27.

28.

29.

30.

31

32.

wedge-shape, a shape of a portion of an ellipsoid; a dimple-shape; shaped as a portion of a

triangular prism; shaped as a portion of a ¢ylinder; and irregular shaped.

A combination as claimed in claim 1 wherein said first part is a container (412) having a neck
(414) with an opening (410) and said second part is a plug (402), which is elastically
deformable and operable to be inserted into the opening (410) in said neck (414) to seal said
opening (410), and wherein said contact surface of the container is an interior surface of said

neck and said contact surface of the plug is an exterior surface of said plug.

A combination as claimed in claim 27 wherein in operation said first force is required to
induce relative movement between the contact surfaces in a first direction to remove the plug

(402) from the opening of the neck (414) when the plug is engaged in the opening.

A combination as claimed in claims 27 or 28 wherein said container is a bottle.

A combination as claimed in claim 1 wherein said first part is a container shell (301) adapted
for connection to a container body, said shell having an opening (310), and wherein said
second part comprises a spud (326) which is elastically deformable and operable to be
inserted into the opening (310) in said container shell (301) (o seal said opening, and wherein
said contact surtace of the container shell comprises an interior surtace (311) surrounding said
opening (310) and said contact surface of the spud (326) comprises an exterior surface of said

spud.

A combination as claimed in claim 30 wherein in operation said first force is required to
induce relative movement between the contact surfaces in a first direction to remove the spud

(326) from the opening when the spud is engaged by the interior surface (311) in the opening.

A method of manufacturing a container apparatus as claimed in any one of claims 1 to 31,
comprising:
(a) forming said first part;

(b) applying said micro-surface structures to said contact surface of the first part.

33, A mcthod as claimed in claim 32 further comprising:
(c) forming said second part;

(d) applying micro-surface structures to said contact surface of the second part.
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

A method as claimed in claims 32 or 33 wherein step (a) and (b) are performed together in a

molding machine.

A method as claimed in claim 32, 33 or 34 wherein step (¢) and (d) are performed together in

a molding machine.

A method as claimed in any one of claims 32 to 35 wherein said first part is formed by

injection molding.

A method as claimed in any one of claims 32 to 36 wherein said second part is formed by

injection molding.

A method as claimed in claims 32 wherein said micro-surface structures are applied to said

first part after step (a).

A method as claimed in claims 33 or 38 wherein said micro-surface structures are applied to

said second part after step (c¢).

A method as claimed in claims 38 or 39 wherein said micro-surface structures are applied (o

said first part using plasma cutting or laser cutting technology.

A method as claimed in claims 39 or 40 wherein said micro-surface structures are applied to
said first part and said second part using one or more of plasma cutting or laser cutting

technology.

A method of manufacturing a container apparatus as claimed in any of claims 1 to 31, wherein
at least one of said first part and said second part is formed with micro-surface structures

formed on a contact surface, using 3-D printing technology.

A first part of a container apparatus for use with a second part of a container apparatus, said
second part for releasably closing an opening (119) in said first part, said first part
comprising: a contact surface (160, 205, 500B) operable to engage with a contact surface
(158, 203, 500A) of the sccond part at a contact interface, the contact surfaces comprising co-
operating micro-surface structures operable such that when said contact surface of said first
part is engaged with said contact surface of said second part, a first force is required to induce
relative movement between the contact surfaces in a first direction that is substantially larger
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44,

45.

46.

47.

48.

49.

50.

than a second force required to induce relative movement in a second direction opposite the

first direction.

A first part as claimed in claim 43 wherein said first part is a container (110) and said second

part is a closure (100).

A first part as claimed in claim 44 wherein said contact surfaces of said first and second parts
comprise respective co-operating top sealing surfaces (160, 158) of said container and said

closure.

A first part as claimed in claim 45 wherein in operation said first force is required to induce
relative movement between the contact surfaces in said first direction to initiate removal of

said closure engaged with said container from engagement with said container.

A first part as claimed in claim 44 wherein said contact surfaces comprise respective co-
operating contact surfaces (205, 203) of threads (114, 116) of respective said container and

said closure.

A first part as claimed in claim 47 wherein in operation said first force is required (o induce
relative movement between the contact surfaces in said first direction to apply the closure to

the container.

A first part as claimed in any one of claims 44 to 46, wherein:

said contact interface comprises a first contact interface between a first contact surface
(160) of the container and a first contact surface (158) of the closure; and

said first part further comprises a second contact surface (205) of the container operable to
engage with a second contact surface (203) of the closure to form a second contact interface,
the second contact surfaces comprising co-operating micro-surface structures operable such
that a third force is required to induce relative movement between the contact surfaces in a
third direction that is substantially larger than a fourth force required to induce relative

movement in a fourth direction opposite the third direction.

A first part as claimed in claim 49 wherein said sccond contact surfaces arc respective co-
operating surfaces (205, 203) of threads (114, 116) of respective said container and said

closure.
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51.

52.

53.

54.

55.

56.

57.

58.

A first part as claimed in claim 50 wherein in operation said first force is required to induce
relative movement between the contact surfaces in said first direction to apply the closure to

the container.

A first part of a container apparatus for use with a second part of a container apparatus, said
first part for releasably closing an opening (119) in said second part, said first part
comprising: a contact surface (158, 203, 500A) operable to engage with a contact surface
(160, 205, 500B) of the second part at a contact interface, the contact surfaces comprising co-
operating micro-surface structures operable such that when said contact surface of said first
part is engaged with said contact surface of said second part, a first force is required to induce
relative movement between the contact surfaces in a first direction that is substantially larger
than a second force required to induce relative movement in a second direction opposite the

first direction.

A first part as claimed in claim 52 wherein said first part is a closure (100) and said second

part is a container (110).

A first part as claimed in claim 53 wherein said contact surfaces of said first and second parts
comprise respeclive co-operaling (op sealing surfaces (158, 160) of said closure and said

container.

A first part as claimed in claim 54 wherein in operation said first force is required to induce
relative movement between the contact surfaces in said first direction to initiate removal of

said closure engaged with said container from engagement with said container.

A first part as claimed in claim 53 wherein said contact surfaces comprise respective co-
operating contact surfaces (203, 205) of threads (116, 114) of respective said closure and said

container.

A first part as claimed in claim 51 wherein said contact surfaces are respective co-operating

pressure surfaces of threads of respective said closure and said container.

A first part as claimed in claims 56 or 57 wherein in operation said first force is required to
induce relative movement between the contact surfaces in said first direction to apply the

closure to the container.
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59.

60.

61.

62.

63.

64.

A first part as claimed in claims 54 or 55 wherein:

said contact interface comprises a first contact interface between a first contact surface
(160) of the container and a first contact surface (158) of the closure; and

said first part further comprises a second contact surface (205) of the container operable to
engage with a second contact surface (203) of the closure to form a second contact interface,
the second contact surfaces comprising co-operating micro-surface structures operable such
that a third force is required to induce relative movement between the contact surfaces in a
third direction that is substantially larger than a fourth force required to induce relative

movement in a fourth direction opposite the third direction.

A first part as claimed in claim 58 wherein said second contact surfaces are respective co-
operating surfaces (205, 203) of threads (114, 116) of respective said container and said

closure.

A first part as claimed in claim 59 wherein in operation said first force is required to induce
relative movement between the contact surfaces in said first direction to apply the closure to

the container

A container apparatus comprising a container (110) and a closure (100), said apparatus
comprising:

a contact interface between a contact surface of the container (110) and a contact surface
of the closure (100), the contact surfaces (160, 205, 500B; 158, 203, 500A) of the container
(110) and closure (100) at the contact interface comprising co-operating micro-surface
structures operable to provide a micro-locking force that resists relative movement between
the contact surfaces in a direction to dis-engage the closure from the container, that is
substantially greater than a friction force generated by other contact interfaces between other
surfaces of the closures and other surfaces of the container that resists relative movement

between the contact surfaces in a direction to dis-engage the closure from the container.

A combination as claimed in claim 62 wherein said contact surfaces comprise respective co-

operating sealing surfaces of said container and said closure.

A combination as claimed in claim 62 wherein said contact surfaces comprise respective co-

operating top sealing surfaces (160, 158) of said container and said closure.
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