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A method for shaping a plurality of tampon applicators includes the steps of heating a forming element forming surface; applying a
portion of a first tampon applicator to the forming surface; shaping the portion of the first tampon applicator; cooling the forming
surface; and removing the portion of the first tampon applicator from the forming surface. The forming element has a high thermal
conductivity and a low thermal mass. The step of heating the forming element forming surface includes heating it to a temperature
greater than the softening point of the heat-deformable material of the applicator portion. The step of cooling the forming element
forming surface includes cooling it to a temperature less than the softening point of the heat-deformable material. The time required
to heat and form the portion of the tampon applicator Iis less than about 90 seconds. These steps are repeated for subsequent
tampon applicators. An apparatus useful in a tampon applicator includes a mold body and means to provide at least a portion of
the tampon applicator to the mold. The tampon applicator is at least partially formed of a heat-deformable material. The mold body
has a forming element, a forming element fluid cavity, means to apply heat to the forming element, and means to provide cooling
fluid through the forming element fluid cavity.
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ABSTRACT OF THE DISCLOSURE

A method for shaping a plurality of tampon applicators includes the
steps of heating a forming element forming surface; applying a portion of a first
tampon applicator to the forming surface; shaping the portion of the first
tampon applicator; cooling the forming surface; and removing the portion of the
first tampon applicator from the forming surface. The forming element has a
high thermal conductivity and a low thermal mass. The step of heatihg the
forming element forming surface includes heating it to a temperature greater
than the softening point of the heat-deformable matenal of the applicator
portion. The step of cooling the forming element forming surface includes
cooling it to a temperature less than the softening point of the heat-deformable
material. The time required to heat and form the portion of the tampon
applicator is less than about 90 seconds. These steps are repeated for
subsequent tampon applicators. An apparatus uselul in a lampon applicator
iIncludes a mold body and means to provide at least a portion of the tampon
applicator to the mold. The tampon applicator is at least partially formed of a
heat-deformable material. The mold body has a forming element, a forming
element fluid cavity, means to apply heat to the forming element, and means to
provide cooling fluid through the forming element fluid cavity.
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Method and Apparatus to Form a Spherical End
of an Elongated Cylindrical Tube

FIELD OF THE INVENTION
This invention relates generally to a method and apparatus for
forming elongated cylindrical tubes useful for inserting substances into a
mammalian body and more particularly relates to a method and apparatus

of forming a portion of a tampon applicator.

BACKGROUND OF THE INVENTION

Insertion devices including tampon and nasal applicators, are generally
known to be elongated cylindrical tubular structures that are used to house
objects intended to be inserted in a body cavity and to expel the objects into
the intended orifice. Applicators generally comprise an insertion member and a
plunger. The object to be expelied from the applicator, such as a tampon, is
positioned within the insertion member. The insertion member has a first end
for insertion of the tampon and a second end for receipt of the plunger.
Typically, the plunger is slightly smaller in diameter and is slidably positioned
behind the tampon carried in the tampon applicator. To use the applicator, the
user will position the first end appropriately, grasp the insertion member, and
push the plunger into the insertion member towards the first end to insert the
tampon. A variety of applicators have employed visual marks to determine
when the contents of the applicator have been fully expelled.

Tampon applicators may be made from various materials including
paperboard or plastic. Each type of material may have challenges during
manufacture and use. For example, a tampon insertion member will generally
incorporate surface features at the rear or gripper end to allow the user to hold
the applicator more or less securely while ejecting the tampon from the
opposite end of the applicator. Another way to aid insertion of the applicator
into the body and also protect the contained tampon is to “dome” the insertion
end of the applicator. A domed end provides for a smooth insertion and may
help prevent contamination of the tampon prior to use.
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In the past, doming or the rounding of the insertion end of the applicator
has been performed in either 1) a two step heating and cooling process
involving two separate dies or 2) a single step, requiring additional time for the
single heated die to cool down. The two-step process requires a transfer of the
applicator between hot and cold tools. The two-step process has drawbacks,
which may include 1) contamination of the tools, especially if the heated tool
retains degraded material such as plastic and 2) alignment issues, which may
occur when the applicator is moved from one tool to the next tool. A further
concern with such two-step processes is waste generated during process
interruptions. Often the products trapped between the two steps are unsuitable
for further processing upon restart of the system.

For these reasons, there remains a need for an efficient, single step
process that quickly and cleanly domes the insertion end of an applicator. This
would result in a better product, quicker production, and cost efficiency.

SUMMARY OF THE INVENTION

| have invented an efficient, single step process that quickly and cleanly
domes the insertion end of a heat-deformable applicator.

In one aspect of the invention, a method for shaping a plurality of
tampon applicators comprising a heat-deformable material includes the steps
of heating a forming element forming surface; applying a portion of a first
tampon applicator to the forming surface; shaping the portion of the first
tampon applicator; cooling the forming surface; and removing the portion of the
first tampon applicator from the forming surface. The forming element has a
high thermal conductivity and a low thermal mass. The step of heating the

forming element forming surface includes heating it to a temperature greater
than the softening point of the heat-deformable material of the applicator

portion. The step of cooling the forming element forming surface includes
cooling it to a temperature less than the softening point of the heat-deformable
matenal. The time required to heat and form the portion of the tampon
applicator is less than about 90 seconds. These steps are repeated for
subsequent tampon applicators.
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~ In another embodiment, an apparatus for shaping a tampon applicator
includes a mold body and means to provide at least a portion of the tampon
applicator to the mold. The tampon applicator is at least partially formed of a
heat-deformable material. The mold body has a forming element, a forming
element fluid cavity, means to apply heat to the forming element, and means to
provide cooling fluid through the forming element fluid cavity. The forming
element has a high thermal conductivity and a low thermal mass and a forming

surface. The forming element fluid cavity is adjacent to and in thermal contact
with the forming element.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side elevation of an applicator formed according to the

present invention.
Fig. 2 is the side elevation of the applicator of Fig. 1, showing a tampon

contained therein (in phantom lines).

Fig. 3 illustrates a prior art two-step process for forming a first end of an
applicator into a domed shape.

Fig. 4 is a cross-section of a mold body of the present invention.

Fig. 5 is a cross-section of a mold body of an alternative embodiment of
the present invention.

Fig. 6 is a schematic diagram of a system according to the present
invention.

Figs. 7A-B are cross-sections of a mold body of an alternative

embodiment of the present invention during heating (Fig. 7A) and cooling (Fig.
/B) operations.

Fig. 8 1s a graph of the temperature profile resulting from the operation
of a method according to the present invention as described in Example.

DETAILED DESCRIPTION
As used herein, the term "tampon,” refers to any type of absorbent
structure that is inserted into the vaginal canal or other body cavities for the

absorption of fluid therefrom, to aid in wound healing, or for the delivery of
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active materials, such as medicaments, or moisture. The tampon may be
compressed into a generally cylindrical configuration in the radial direction,
axially along the longitudinal axis or in both the radial and axial directions.
While the tampon may be compressed into a substantially cylindrical
5 configuration, other shapes are possible. These may include shapes having a

cross section that may be described as rectangular, triangular, trapezoidal,
semi-circular, hourglass, serpentine, or other suitable shapes. Tampons have
an insertion end, withdrawal end, a length, a width, a longitudinal axis, a radial
axis, and an outer surface. The tampon's length can be measured from the

10 insertion end to the withdrawal end along the longitudinal axis. A typical
compressed tampon for human use iIs 35-60 mm in length. A tampon may be
straight or non-linear in shape, such as curved along the longitudinal axis. A
typical compressed tampon is about 5 to about 20 mm wide. The width of a
tampon, unless otherwise stated in the specification, corresponds to the

15 distance across the largest cross-section perpendicular to the length of the
tampon. The tampons of the present invention also include nasal tampons.

In addition to delivering menstrual tampons into the vaginal cavity, it
should be noted that the tampon applicator of the present invention could be
used to deliver any other type of absorbent or nonabsorbent object to any

20  suitable cavity. For example, the tampon applicator of the present invention
could be used to insert a treatment ovule or an incontinence device. An
“Incontinence device," as used herein refers to devices specifically designed,
configured, and/or adapted for placement into a vagina in order to reduce the
occurrence and/or severity of female urinary incontinence. While incontinence

25 devices are typically made of non-absorbent materials, at least partially
absorbent materials may also be used. However, beca-use there is no intent to
absorb bodily fluids, and because the incontinence devices are adapted and
configured to provide structural support to the musculature and body tissues,
incontinence devices are readily distinguishable from tampons. Non-limiting

30 specific examples of such include any known hygienically designed applicators
that are capable of receiving a tampon may be used for insertion of a tampon,
Including the so-called teleSCOpi'ng, tube and plunger, and the compact

applicators, an applicator for providing medicament to an area for prophylaxis
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or treatment of disease, a spectroscope containing a microcamera in the tip
connected via fiber optics, a speculum of any design, a tongue depressor, a
tube for examining the ear canal, a nano-hollow pipe for guiding surgical
Instruments, and the like.

The term "expelled,” as used herein is meant the tampon is forced out of
the insertion portion of the tampon applicator.

The Figs. 1 and 2 show embodiments of the tampon applicator of the
present invention. The present invention, however, is not limited to a structure
having the particular configurations shown in the drawings or discussed herein.
The tampon applicator of the present invention can have any configuration or
size as long as the ease of delivery of the tampon into the body Is retained.

The tampon applicator 10 has a pre-expelled state as shown in Figs. 1
and 2. As shown, applicator 10 has an insertion member 12 and a plunger 14,
Insertion member 12 is hollow and has a first or insertion end 16 dimensioned
for insertion into the body cavity (specifically the vaginal cavity of a female
user), a second end 18 positioned oppositely to the first end 16 and a gripping
portion 20. The first end 16 further has a plurality of petais 22.

The insertion member 12 is sized and configured to house an insertable
element, such as an absorbent tampon 24 having a withdrawal string 26. As
stated above, the insertion member 12 preferably has a substantially smooth
exterior surface or exterior surface that exerts low drag with vaginal body tissue
that will facilitate insertion of the insertion member 12 into a woman's vagina.
When the exterior surface is smooth and/or slippery, the insertion member 12
will easily slide into a woman's vagina without subjecting the internal tissues of
the vagina to abrasion. The insertion member 12 can be coated to give it a
high slip characteristic. Wax, polyethylene, a combination of wax and
polyethylene, cellophane, clay, mica and other lubricants are representative
coatings that can be applied to the insertion member 12 to faciiitate
comfortable insertion.

The applicator 10 of the present invention can have geometries or

cross-sections that are useful to contain the object to be inserted. Often, the
shape of the tampon 24 contained suggests the shape of the insertion member
12, but departures from this general rule can be made such that a cylindrical

5
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tampon 24 can be housed in a rectangular shaped applicator, for example.
The insertion member 12 and plunger 14 can take on numerous cross-
sectional shapes including without limitations, circular, oval, polygonal (e.g.
trapezoidal, rectangular, triangular) and the like. In addition the insertion
member 12 and plunger 14 can be substantially elongated, such as in a linear
fashion, curved or flexible, or it can take on other shapes that are apparent to
one of ordinary skill in the art. Further, the insertion member 12 and plunger
14 can be substantially elongated, curved or flexible, or it can take on other
shapes that are apparent to one of ordinary skill in the art. Some examples of
applicator shapes are described in WO 2004/024193 published by Lecan, et al.
on Mar. 25, 2004, and European Patent Application No, 1101473 published by
Mitsuhiro, et al on May 23, 2001.

The insertion end 16 of the insertion member 12 can be substantially
closed and can comprise petals, corrugations, or pleats. During insertion,
when the tampon 24 is pushed upward by the plunger 14, the petals 22 open
and to let the tampon 24 through, into the vagina. -

The applicator devices of the present invention include heat-deformable
materials and may also include other materials generally known to those of
ordinary skill in the art. In one embodiment, the insertion member 12 and
plunger 14 can be formed of plastic, e.g., by injection molding, blow—molding,
extruding, or otherwise formed from flexible plastic, such as thermoformed
from plastic sheet or folded or wound from plastic film. Additionally, the
applicator device may be made from biodegradable plastics such as those
disclosed in Dabi et al., U. S. Pat. No. 5,910,520 (herein incorporated by
reference). If desired, the sleeves may also include a paper or cardboard
laminate in a manner known to those skilled in the art.

The different tampon applicator parts can be constructed from different
materials and processes. The tampon applicator 10 or any part of the tampon
applicator can be formed of a spirally wound, convolutedly wound, or
longitudinally seamed hollow tube that is formed from paper, paperboard,

cardboard, or any combinations thereof. A coating may be provided to the
surface.
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The tampon applicator 10 or any Qart of the tampon applicator can be
constructed from a single ply of material t;)r be formed from two or more plies
that are bonded together to form a Iaminéte. However, at least one ply of the
laminate must comprise (including via coating) a heat-deformable material.

5 The use of two or more plies or layers is preferred for it enables the
manufacturer to use certain materials in the various layers that can enhance
the performance of the tampon applicator or any part of the tampon applicator.
When two or more plies are utilized, all the plies can be spirally wound,
convolutedly wound, or longitudinally seamed to form an elongated cylinder.

10 The tampon applicator or any part of the tampon applicator can be constructed
using a smooth thin ply of material on the outside or exterior surface that
surrounds a coarser and possibly thicker ply.

The plies forming the tampon applicator or any part of the tampon
applicator can be held together by an adhesive, such as glue, heat, pressure,

15 ultrasonic, or any combinations thereof. The adhesive can be either water-
soluble or water-insoluble. A water-soluble adhesive is preferred for
environmental reasons in that the tampon applicator or any part of the tampon
applicator will quickly break apart when it is immersed in water. Such
immersion will occur should the tampon applicator or any part of the tampon

20  applicator be disposed of by flushing it down a toilet. Exposure of the tampon
applicator or any part of the tampon applicator to a municipal's waste treatment
plant wherein soaking in water, interaction with chemicals, and agitation all
occur, will cause the tampon applicator or any part of the tampon applicator to
break apart and evenly disperse in a relatively short period of time.

25 Typical dimensions for the tubular elements useful in tampon applicators

include a length of about 5 to 8 cm, a diameter of about 8 to about 20 mm, and
thicknesses of about 0.1 to 0.6 mm. Preferably, the diameter of the plunger 14 is

less than the diameter of the insertion member 12 to allow for a telescopic
arrangement as shown in Figs. 1 and 2.

30 Fig. 3 shows the basics of a conventional two-step process (prior art).
The insertion member and the plunger can be supplied from different sources
but may be assembled prior to doming. A tampon may be contained within the

assembly. The first end 50 of insertion member 52 is open and provided with

7
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petals 54. The open first end 50 of the insertion member 52 is aligned and
placed within the heating chamber 56 of a mold 58. While in the chamber 56,'
the first end 50 is subjected to a temperature greater than the softening point of
the heat-deformable material and to shaping pressure. The petals 54 form, in
the figures shown, a “dome”, which is substantially a hemispherical shape.
While a preferred shape i1s hemispherical, other shapes may be formed such
as a bullet tip. The domed first end 50 is then removed from the heating
chamber 56 and indexed to a cooling chamber 60. The domed first end 50 is
now placed within cooling chamber 60 of the cooling apparatus 62, which
removes excess heat from the domed first end 50, and the heat-deformable
material takes a more permanent form. This process requires two steps.
Drawbacks to the two-step process include hot tool contamination by melted or
charred insertion member material and hot (and thereby soft) petals sticking to
the hot tool upon removal of the domed petal end resuilting in a malformed end.
Another issue with the two-step process is the potential for misalignment of the
Insertion member when it goes from the heating chamber and into the cooling
chamber. A further concern with such two-step processes is waste generated
during process interruptions. Often the products trapped between the two
steps are unsuitable for further processing upon restart of the system.

The present, one-step invention provides advantages over the prior art
two-step process. The present invention provides a one-step process in a
mold that heats, forms, and sets the domed first end of the insertion member.
This also permits the doming process to be completed during process
interruptions, and no incomplete doming workpieces are trapped between

process steps. Thus, this one-step process provides significant waste
reduction.

The oné-step process shown in Figs. 4-7 employs a thin-walled mold
100, e.g., a mold having a body 102 that houses a high thermal conductivity
forming element 104 to transfer thermal energy to form and set a desired dome
shape to the insertion end of a tampon applicator. Initially, the forming surface
106 is heated to a target temperature, greater than the softening point of a
heat-deformable material of the tampon applicator, a portion of the tampon

applicator is inserted into the heated thin-walled mold 100 and held stationary
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to soften petails and form them into a dome shape. The forming element 104 is
cooled to remove heat from the domed portion of the tampon applicator,
thereby setting the domed form of the insertion end. After the domed end is
cooled, it iIs removed from the mold 100.

Embodiment 1

Fig. 4 shows an embodiment of the present invention. In this
embodiment, the mold body 102 is heated with an electric band heater 108 to
the target temperature. Heat is transferred across a thin cavity (small air gap
of the fluid cavity 110) to the forming element 104. When the forming element
104 has reached the target temperature, an insertion end of the applicator (not
shown) is Inserted into the mold cavity 112, contacting forming surface 106 and
allowed to come to softening temperature. Once the petals of the insertion end
have softened and been formed by the forming surface 106, a valve 114 is
opened and a cooling fiuid, (e.g., cold air) is supplied through a cooling supply
fiuid conduit 116 to the fiuid cavity 110 of the mold. The cooling fluid passes
through the body 102 of the mold to remove heat from the forming element 104
as the fluid passes through the fluid cavity 110, and it exits the body 102 of the
mold at port 118. In this embodiment, the forming surface is heated to a
temperature of 100 + 5 C. Cooling fluid is provided for about one minute or
until the mold reaches the temperature of 65 + 5° C. The electric band heater
108 may be switched off during the cooling cycle but in one embodiment, it
remains on continuously.

In this embodiment, the time required complete a heating and cooling
cycle can take approXimater two minutes. By optimizing the choice of
materials used to make the mold portions, one may influence the cycle time.
Additionally, the choice of cooling fluid may affect the cycle time.

In one embodiment, the forming body is heated for 1 minute and cooled

for 1 minute, resulting in a cycle time of 2 minutes.
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Embodiment 2

Another embodiment of the present invention is shown in Fig. 5 (and
schematically in Fig. 6). In this embodiment, heating and cooling of the forming
element 104’ is accomplished by directing heating and cooling fluids through a
single fluid intake conduit 116’ to the fluid cavity 110°. As needeq, fluid is
circulated from either a heating fluid reservoir 120’ (heafed by heater 121°) or
cooling fluid reservoir 122 (cooled by chiller 123’) through the operation of
pumps 125. As in Embodiment 1, the forming element 104’ is heated to a
target temperature and heat is transferred to the forming surface 106°. When
the forming element 104’ has reached the target temperature, the process '
described above relating to Embodiment 1 is repeated with the heating and
cooling of the forming element 104’ controlled by supply of héating or cooling
fluid by operation of the supply valve 114a’ and return valve 114b’. The fluid
exits the mold body 102’ through exit port 118".

The use of heating fluids reduces the time required to heat the forming
element compared with an external electric band heater. Thus the complete
cycle time is also reduced, and a complete heating and cooling cycle can take
less than 30 seconds, and even less than 20 seconds. Again, optimizing the
choice of materials used to make the mold portions may influence the cycle

time. We have noticed that the heating step often takes more time than the
cooling step.

Embodiment 3

Figs. 7A-B show the operation of a third embodiment in which a fluid
valve is incorporated within the mold body 102". This internal valve (e.g., a
spool valve 114") replaces external supply valves and allows for a steady, on-
demand supply of appropriate heating or cooling fluid. Additionally, the
common fluid path is shortened, which minimizes the mixing of heating and

cooling fluids. This, in turn, can reduce the cycle time.

As needed, fluid is moved from either a heating fluid reservoir or cooling
fluid reservoir (as selected by operation of valve 114"). As shown in Fig. 7A,
vaive 114" is positioned to provide circulation of heating fluid (darker shading)
through heating fluid intake 124", common fluid supply conduit 126" to fluid cavity

10
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110”. The heating fluid exits the fluid cavity 110" through heating fluid exit
conduit 128" and heating fluid exit region 130" of valve 114" and to heating fluid
exhaust port 132". During the heating phase of operation, cooling fluid (lighter
shading) circulates through cooling fluid intake 134", cooling fluid bypass conduit
136", cooling fluid bypass region 138" of valve 114" and to cooling fluid exhaust
port 140". During the cooling phase (shown in Fig. 7B), 114" is positioned to
provide circulation of cooling fluid through cooling fluid intake 134", common fluid
supply conduit 126" to fluid cavity 110". The cooling fluid exits the fluid cavity
110" through cooling fluid exit conduit 142" and cooling fluid exit region 144" of
valve 114" and to cooling fluid exhaust port 140". During the cooling phase of
operation, heating fluid circulates through heating fluid intake 124", heating fiuid
bypass conduit 146", heating fluid bypass region 148" of valve 114" and to
heating fluid exhaust port 132".

As in Embodiment 1, the forming element 104" is heated to a target
temperature and heat i1s transferred to the forming surface 106". When the
forming element 104" has reached the target temperature, the process described
above relating to Embodiment 1 is repeated with the heating and cooling of the
forming element 104" controlled by operation of internal valve 114", as described
above.

The use of heating fluids and the internal valve further reduces the time
required to effectively switch between heating and cooling phases of the
process compared with the system of Embodiment 2. Thus the complete cycle
time is also reduced, and a complete heating and cooling cycle can take less
than 20 seconds, and even less than 15 seconds. Again, optimizing the choice

of materials used to make the mold portions may influence the cycle time.

Example 1
Using a prototype of embodiment 3 (as shown in Fig. 7A) formed of low

density polyethylene, a trial run was set up using the following conditions:
o Light hydraulic fluid was used for the heating and cooling fluid.
e The target temperature for the heating fluid was 100° C, resulting in a
forming element surface temperature of nearly 100° C. The target

temperature for the cooling fluid was room temperature, approximately

11
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25-30 ° C, resulting in a forming element surface temperature of less

than 40° C.

The resulting temperature profile i1s shown in Fig. 8. The resuits show
that the mold achieved both the target heating and cooling temperatures within

3 seconds of switching the spooling valve, and the total cycle time is about 13
seconds.

12
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CLAIMS:

1. A method for shaping a plurality of tampon applicators comprisinga
heat-deformable matenal, the method comprising the steps of:
5 a) heating a forming element forming surface to a temperature greater
than a heat-deformable material softening point, wherein the forming element

has a high thermal conductivity and a low thermal mass;

b) applying a portion of a first tampon applicator to the forming surface;
c¢) shaping the portion of the first tampon applicator;
10 d) cooling the forming surface to a temperature less than the heat-

deformable material softening point; and

e) removing the portion of the first tampon applicator from the forming
surface;
f) repeating steps a) through e) for a second tampon applicator;
15 wherein the duration of applying the portion of each tampon applicator to the
forming sdrface having a temperature greater than the heat-deformable

material softening point is less than about 90 seconds.

2. The method of Claim 1, wherein the portion of each tampon
20 applicator applied to the forming surface comprises a first end of the tampon
applicator, and the first end of the tampon applicator comprises a plurality of

petals that are shaped into a domed first end of the tampon applicator.

3. The method of Claim 1 or 2, wherein the step of heating the forming
25 element forming surface comprises directing a heating fluid to a forming

element fluid cavity adjacent to and in thermal contact with the forming

element.

4. The method of any one of Claims 1 to 3, wherein the step of cooling the forming
30 element forming surface comprises directing a cooling fluid to a forming

element fluid cavity adjacent to and in thermal contact with the forming

element.

13
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5. The method of any one of Claims 1 to 4, wherein steps a)-e) are
completed within about 2 minutes.

6. The method of Claim 5, wherein the first tampon applicator

comprises a polyethylene maternal and steps a)-e) are completed within about

20 seconds.

7. Apparatus for shaping a tampon applicator comprising a heat-
deformable material, the apparatus comprising:
a) a mold body having:
) a forming element having a high thermal conductivity and a low
thermal mass and a forming surface;
it) a forming element fluid cavity adjacent to and in thermal
contact with the forming element;
1) means to apply heat to the forming element; and
tv) means to provide cooling fluid through the forming element
fluid cavity; and
' b) means to provide at least a portion of the tampon applicator to the

mold.

8. The apparatus of Claim 7, wherein the means to apply heat to the
forming element comprises a heat supply fluid conduit operatively connectable

to the forming element fluid cavity.

9. The apparatus of Claim 7 or 8, wherein the means to provide
cooling fluid to the forming element fluid conduit comprises a cooling supply

fluid conduit operatively connectable to the forming element fluid cavity.

10. The apparatus of any one of Claims 7 to 9, wherein the forming

element comprises a thin-wall forming surface.

Smart & Biggar
Ottawa, Canada
Patent Agents
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FIG. 4
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