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(54) Forming Tubular Closed-Ended Articles of Thermoformable Polymer Material

(567) A tubular article with a closed end is formed from a thermoformable polymer material, by forcing a punch
{21) through the plane of a pre-heated and clamped sheet (13) of the polymer, centrally within an annular die
(10), so as to draw the sheet into tubular form without exerting compressive stresses on the sheet between
the punch and die, the punch being maintained at a temperature below the glass transition temperature of the
polymer, e.g. by passing cooling fluid through internal passages (16), and being moved at a speed of at least
1/2 metre per second to effect the drawing. The punch head {2 1) may be convex, or concave (as shown) to
produce a shaped closed end on the article and the punch co-operates with a shaped movable anvil (201).
Replaceable annular spacers {24) can be used to adjust the point in the punch stroke at which it co-operates

with the anvil.
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION

Methods and Apparatus for Forming Tubular
Closed-Ended Articles of Thermoformable
Polymer Material

This invention relates to methods and
apparatus for forming tubular articles, each with
one closed end, from thermoformable polymer
materials, particularly but not exclusively high
molecular weight saturated linear polyester
materials such as polyethylene terephthalate.

Various proposals have been made in the past
for forming such articles by the technique of plug-
forming, in which an annular region of a sheet of
the polymer material is clamped and the portion
of the sheet within the clamped region is heated
to a temperature above the glass transition
temperature but below the annealing temperature
of the polymer material, and a plug heated to a
temperature in the same range is forced through
the plane of the sheet at a position centred within
the clamped region so as to draw the polymer
material into the form of a tubular body with a
closed end. The speed of travel of the heated plug
has generally been quite slow, e.g. of the order of
0.6 to 0.8 cm per second, resulting in a long
production cycle time. -

It is an object of the present invention to
provide methods and apparatus for forming such
articles reliably and effectively in relatively short
process times. :

According to the present invention, a method
of forming a tubular article with a closed end from
a thermoformable polymer material, particularly a
high molecular weight saturated linear polyester
material, comprises. the steps of clamping an
annular portion of a sheet of the polymer material,
pre-heating at least the portion of the sheet
within the annular clamped portion to a
temperature above the glass transition
temperature of the polymer but below its melting
point, and forcing a punch through the plane of
the sheet, centrally within an annular die, with a
clearance between the punch and die, so as to
draw the sheet into tubular form without exerting
compressive stresses on the drawn sheet
between the side of the punch and the die,
wherein the punch is maintained at a temperature
below the glass transition temperature of the
polymer and is moved at a speed of at least 1/2
metre per second to effect the drawing. When the
thermoformable polymer material is a high
molecular weight saturated linear polyester
material, the temperature to which the sheet
should be heated is below that at which rapid
crystallisation of the polyester material begins.

It has surprisingly been found that the use of a
relatively cold punch moving at high speed forms
the tubular articles in a reliable and effective
manner, so long as sufficient clearance is
maintained between the punch and die to avoid
compressive stresses, while much shorter process
cycle times, e.g. of the order of 1 second, can be
achieved.

In commercial production where the cycle is
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repeated at a high rate, the punch is preferably
cooled to maintain it at a temperature not
exceeding the glass transition temperature of the
polymer, preferably not exceeding 35°C.
Typically, the punch is moved at a speed not
exceeding b metres per second to effect the
drawing. When using polyethylene terephthalate,
the portion of the sheet within the die is
preferably pre-heated to a temperature of 90°C to
110°C. The drawing operation imparts
orientation to the polymer material. It is found
that the hoop strength of the wall of the tubular
article improves as the temperature of the sheet is
increased, whereas the axial strength decreases.
On the other hand, the thickness of the wall of the
tubular article is more uniform when the drawing
is effected at lower temperatures. The best
combination of relatively uniform thickness and
both axial and hoop strength is found when the
drawing is effected in this range from 90° to
110°C, more particularly at 100°C.

Preferably a radiused flange is formed at the
mouth of the tubular article by means of a
corresponding radius on the mouth of the die.
This flange may be used, for example, for seaming
a metal end to the mouth of the tubular article, or
attaching an end of @another material, to form a
closed container.

The tubular article may be formed with a
shaped, e.g. convex or concave, closed end, for
example where it is to be used for a pressure-
resistant container. For this purpose, a punch
having a shaped head may be employed in
conjunction with a correspondingly shaped anvil
to form the closed end of the article. Thus a punch
having a convex bullet-shaped head -may be used .
with or without a co-operating anvil, to produce a
similarly shaped convex closed end on the tubular
article. Alternatively, a punch having a concave
head may be used, e.g. in conjunction with a
convexly shaped anvil, to form a concave closed
end on the tubular article. )

The production cycle may be completed by the
further step of retracting the punch from the die
while admitting gas through a passage in the
punch to assist removal of the drawn tubular form
from the punch.

Alternatively, the method of the invention may

~ comprise the further step of blowing the drawn
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tubular form from the punch into a mould cavity
by means of gas forced through a passage in the
punch. In that case, the mould cavity may be pre-
heated to a temperature within the range in which
rapid crystallation and relaxation of the polymer
occurs, and the blowing pressure maintained for a
sufficient time to effect heat-setting of the article
to the dimensions of the mould cavity.

An alternative method of heat setting
comprises fitting the drawn tubular form over a
mandrel and heating it to a temperature within
the range in which rapid crystallisation and
relaxation of the polymer occurs and maintaining
that temperature for a sufficient time to effect
heat-setting of the tubular article to the
dimensions of the mandrel.
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Where a punch having a shaped nose is
employed in conjunction with a correspondingly
shaped anvil to form the closed end of the article,
the anvil may be movably mounted and the punch
may co-operate with the anvil only after a pre-
determined part of the drawing of the tubular
article has been completed, whereafter the punch
anvil move together against a resilient pressure
applied to the anvil so as to grip the polymer
material forming the closed end between the
punch and anvil during the remaining part of the
drawing. The resilient pressure applied to the
anvil may be provided by gas under pressure in a
cylinder in which the anvil forms a movable
piston.

The invention also resides in apparatus for
forming a tubular article with a closed end from a
thermoformable polymer material, comprising an
annular die, means for clamping an annular
portion of a sheet of the polymer material around
the die, means for pre-heating the portion of the
sheet within the annular clamped portion to a
temperature above the glass transition
temperature of the polymer but below its melting
point, and a punch movable centrally through the
annular die with a clearance therefrom sufficient
to avoid applying compressive stresses to the
sheet while drawing the sheet into tubular form,
wherein the punch is provided with cooling
means for maintaining the temperature of the
punch below the glass transition temperature of
the polymer and means are provided capable of
moving the punch at a speed of at least 1/2 metre
per second to effect the drawing. The clamping
means may comprise a movable clamping ring
whose internal diameter is greater than that of the
die. The internal diameter of the clamping ring
may be as much as twice that of the die, to allow
drawing of the polymer material from the region
around the die aperture.

Where the apparatus comprises a punch with a
shaped nose and a movable anvil in the form of a
piston working in a cylinder, the cylinder may be
provided with replaceable annular spacer means
for limiting movement of the anvil towards the
punch and thereby predetermining the portion of
the drawing which must be completed before the
anvil can co-operate with the punch. In a
convenient construction, the cylinder supports the
annular die and the annular spacer means is
disposed between the die and the anvil.

Specific embodiments of the invention will
now be described by way of example and with
reference to the accompanying drawings, in
which:—

Figure 1 is a cross-sectional view through an
apparatus in accordance with the invention,

Figure 2 is an elevation of an alternative shape
of punch head,

Figure 3 is a cross-sectional view through an
alternative form of die, having secured to it an
anvil which can alternatively be used as a heat-
setting mould, and

Figure 4 is a cross-sectional view through an
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alternative form of apparatus incorporating a
movable anvil.

The apparatus illustrated in the drawings is
intended for producing tubular containers, each
with an integral closed end, from a thermo-~
formable polymer material. It is particularly
intended for use with a high molecular weight
saturated linear polyester material such as
polyethylene terephthalate, but it has also been
used successfully with other thermoformable
polymer materials such as polypropylene.

The apparatus shown in Figure 1 comprises an
annular die 10 with a radiused mouth 11 and a
clamping ring 12 whose internal diameter is
larger than that of the die 10. By axial movement
of the clamping ring 12, to the right in Figure 1, a
sheet of polymer 13 can be clamped to the die
10. Infra-red heaters, shown diagrammatically at
14, are disposed adjacent to the die 10 so as to
heat at least the portion of the polymer sheet 13
which is to be within the clamped region to a
temperature of 30°C to 110°C (preferably
100°C) before it is moved into position and
clamped by the clamping ring 12.

A punch 15 is movable axially within the
clamping ring 12 and centrally through the
aperture of the annular die 10. When using
polyethylene terephthalate, the clearance
between the punch 15 and die 10 must be equal
to at least 1/3 of the thickness of the sheet 13, in
order to avoid exerting compressive stresses on
the sheet when it is drawn between the side of
the punch 15 and the inner surface of the die 10.
It will be understood that the drawing process
thins out the sheet 13 to a considerable extent
and it has been found that a clearance of only just
over 1/3 of the thickness of the PET sheet is
sufficient to avoid such compressive stresses or
“wall ironing”. Wall ironing must be prevented,.
because otherwise the polymer material will be
found to break or to be formed into heles during
the drawing process of the present invention.

The punch 15 is formed with a central passage
16 and is secured in a punch carrier 17 also
provided with a passage 18, so that air can be
admitted through the punch when desired. The
punch carrier 17 is connected to means (not
shown) capable of moving the punch at a speed
of at least 1/2 metre per second, and typically up
to 5 metres per second, to effect the drawing.

In practice, when a sheet 13 of the polymer
material has been heated to the desired
temperature of 100°C, placed in position, and
clamped by the clamping ring 12, the punch 15 is
forced through the aperture of the die 10 at a
speed of at least 1/2 metre per second and
preferably from 1.5 to 2 metres per second to
draw the polymer material sheet into the desired
tubular form. The punch velocity is constant over
95% of the length of its stroke. Material to form
the wall of the article is drawn partly from the
closed end at the head of the punch and partly
from the material around the mouth of the die,
within the clamping ring 12, which may be up to
twice the diameter of the die to provide sufficient
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material for forming the walls. The drawing
causes orientation of the material in known
manner.

The punch 15 is maintained at a
temperature below the glass transition
temperature of the polymer, preferably below
35°C, e.g. by gas supplied through passages 18
and 16 or by fluid supplied through other cooling
passages (not shown). The polymer material is
rapidly cooled by contact with the punch 15,
shrinkage and thermal contraction of the polymer
serving to ensure and maintain good thermal
contact between the polymer material and the
punch. On completion of the drawing stroke of the
punch 15, it is retracted while air is admitted
through passages 18 and 16 so that the formed
tubular article can be removed once the clamping

ring 12 has also been retracted. The radius 11 on

the die 10 results in the formation of a
correspondingly radiused flange on the mouth of
the tubular article. After trimming the external
diameter of the flange, this can be used for
seaming to a metal end or closure or attachment
to another closure in known manner for the
production of a closed container.

With the flat headed punch 15 shown in Figure
1, the drawing of material from the closed end of
the article is determined by the radius of the
corners 19 of the punch. It is preferred to use a
radius of approximately 3 mm in order to ensure
that sufficient material will be drawn from the
closed end to provide adequate wall thickness.

For the production of a pressure resistant
container, one may replace the flat punch head
shown in Figure 1 by a convexly curved bullet-
shaped punch 151 as illustrated in Figure 2, to
produce a correspondingly convexly curved
pressure resistant end to the article. Alternatively a
concave pressure-resistant end may be produced,
using a concave punch head, e.g. with reduced
pressure applied through passages such as those
shown at 16,18 in Figure 1.

For shaping the closed end of the article, a
punch with a shaped nose may be used in-
conjunction with an anvil of corresponding shape,
to produce a closed end of convex or concave
form.

Figure 3 illustrates a die 101 which is extended
axially as compared with the die 10 of Figure 1
and which carries a concave anvil 20,
corresponding in shape to punch 151 of Figure
2 and axially movable in the extension of die 101
against a spring 25. On completion of the stroke
of punch 151, it co-operates with anvil 20 to form
a convex closed end on the tubular form. The
spring 25 allows the anvil 20 to move slightly to
cushion the engagement.

The apparatus of Figure 2 can alternatively be
used as a mould for heat-setting the tubular
article. For this purpose, a heating element 26
comprising resistance heating wires in an
insulating jacket is provided around the extended
die 101 to heat it to a temperature within the
range in which rapid crystallisation and relaxation
of the polymer occur, and a heat insulating
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washer 27 is provided to reduce loss of heat from
the die 101 to the remainder of the apparatus.’in
this case, on completion of the stroke of the
punch 151, some play is allowed between the-
drawn tubular form on the punch 151 and the
interior of the mould formed by the anvil 20. The
drawn tubular form is blown from the punch into
the mould cavity formed by the anvil 20 by means
of gas forced through passage 16 in the punch,-as
the blowing pressure is maintained for a sufficient’
time to effect heat-setting of the article to the
interior dimensions of the mould cavity.

Figure 4 illustrates the use of a base forming -
anvil 201 in combination with a recessed punch
nose 21 to form a concave pressure resistant
closed end or bottom on the article. In this
embodiment, the die 10 and clamping ring-12 are
of basically similar construction to those of Figure
1 and the polymer sheet 13 is held and heated in-
the same manner. The anvil 201 is here shown as
movably mounted as a piston in' a cylinder 22 and -
resiliently urged towards the punch 21. The
means for applying resilient pressure to the anvil
could be a simple spring as in Figure 3 but in this
case is illustrated as consisting of means 23 for- -
supplying compressed air to the interior of the
cylinder 22. The anvil is arranged to co-operate’
with the punch 21 only after a predétermined
portion of the drawing of the tubular article has
been completed. For this purpose, the cylinder 22
is provided with replaceable annular spacer
means 24 for limiting movement of the anvil 201
towards the punch 21 and thereby pre- 7
determining the portion of the drawing which
must be completed before the anvil can co-
operate with the punch. In the construction
illustrated, the cylinder 22 supports the die 10
and the spacer 24 is disposed between the die 10
and the anvil 201. By choice of an appropriate
length of spacer 24, the thickness of the concave
base or closed end produced on the article can be
controlled, because drawing of polymer material
from the base ceases at the stage when the punch
co-operates with the anvil. A range of shapes for
the closed end or base can be produced by choice
of appropriate shapes of the punch nose 21 and
anvil 201.

The method and apparatus described above
can be used with polymer materials other than
polyethylene terephthalate, such as other high
molecular weight saturated linear polyesters,
homopolymers and copolymers of polypropylene,
and laminated materials incorporating gas barrier
layers.

CLAIMS

1. A method of forming a tubular article with a
closed end from a thermoformable polymer
material, particularly a high molecular weight
saturated linear polyester material, comprising
the steps of clamping an annular portion of a
sheet of the polymer material, pre-heating at least
the portion of the sheet within the annular
clamped portion to a temperature above the glass
transition temperature of the polymer but below
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its melting point, and forcing a punch through the
plane of the sheet, centrally within an annular die,
with a clearance between the punch and die, so
as to draw the sheet into tubular form without
exerting compressive stresses on the sheet
between the side of the punch and the die
wherein the punch is maintained at a temperature
below the glass transition temperature of the
polymer and is moved at a speed of at least 1/2
metre per second to effect the drawing.

2. A method according to claim 1, wherein the
thermoformable polymer material is a high
molecular weight saturated linear polyester
material and the temperature to which the
sheet is heated is below that at which rapid
crystallisation of the polyester material begins.

3. A method according to claim 1 or 2 wherein
the punch is cooled to maintain it at a
temperature not exceeding the glass transition
temperature of the polymer.

4. A method according to claim 4 wherein the
punch is maintained at a temperature not
exceeding 35°C.

5. A method according to any one of the
preceding claims, wherein the punch is moved at
a speed not exceeding 5 metres per second to
effect the drawing. :

6. A method according to any one of the
preceding claims wherein the polymer material is
polyethylene terephthalate and the annular
clamped portion of the sheet is pre-heated to a
temperature of 90°C to 110°C.

7. A method according to any one of the
preceding claims wherein a radiused flange is
formed at the mouth of the tubular article by
means of a corresponding radius on the mouth of
the die.

8. A method according to any one of the
preceding claims, wherein a punch having a
shaped head is employed in conjunction with a
correspondingly shaped anvil to form the closed
end of the article. .

9. A method according to any one of the
preceding claims wherein a punch having a
convex bullet-shaped head is used to produce a
similarly shaped convex closed end on the tubular
article.

10. A method according to claim 8, wherein a
punch having a concave head is used, in
conjunction with a convexly shaped anvil, to form
a concave closed end on the tubular article.

11. A method according to any one of the
preceding claims comprising the further step of
retracting the punch from the die while admitting
gas through a passage in the punch to assist
removal of the drawn tubular form from the
punch.

12. A method according to any one of claims 1
to 10 comprising the further step of blowing the
drawn tubular form from the punch into a mould
cavity by means of gas forced through a passage
in the punch.

13. A method according to claim 12 wherein
the mould cavity is pre-heated to a temperature
within the range in which rapid crystallisation and
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relaxation of the polymer occurs, and the blowing
pressure is maintained for a sufficient time to
effect heat-setting of the article to the dimensions
of the mould cavity.

14. A method according to any one of claims 1
to 11 comprising the further step of fitting the
drawn tubular form over a mandrel and heating it
to a temperature within the range in which rapid
crystallisation and relaxation of the polymer
occurs and maintaining that temperature for a
sufficient time to effect heat-setting of the tubular
article to the dimensions of the mandrel.

15. A method according to claim 8 or any one -
of claims 9 to 14 as appendent to claim 8,
wherein the anvil is movably mounted and the
punch co-operates with the anvil only after a pre-
determined part of the drawing of the tubular
article has been completed, whereafter the punch
and anvil move together against a resilient
pressure applied to the anvil so as to grip the
polymer material forming the closed end between
the punch and anvil during the remaining part of
the drawing.

16. A method according to claim 15 wherein
the resilient pressure applied to the anvil is
provided by gas under pressure in a cylinder in
which the anvil forms a movable piston.

17. Apparatus for forming a tubular article with
a closed end from a thermoformable polymer
material, comprising an annular die, means for
clamping an annular portion of a sheet of the
polymer material around the die, means for pre-
heating at least the portion of the sheet within the
annular clamped portion to a temperature above
the glass transition temperature of the polymer
but below its melting point, and a punch movable
centrally through the annular die with a clearance
therefrom sufficient to avoid applying
compressive stresses to the sheet while drawing
the sheet into tubular form, wherein the punch is
provided with'cooling means for maintaining the
temperature of the punch below the glass
transition temperature of the polymer and means
are provided capable of moving the punch at a
speed of at least 1/2 metre per second to effect
the drawing.

18. Apparatus according to claim 17 wherein
the clamping means comprises a movable
clamping ring whose internal diameter is greater
than that of the die.

19. Apparatus according to claim 17 or 18
wherein the mouth of the die is radiused for
forming a correspondingly radiused flange on the
mouth of the tubular article.

20. Apparatus according to any one of claims
17 to 19, wherein the punch has a convex
bullet-shaped head.

21. Apparatus according to any one of claims
17 to 20, wherein the punch is provided with a
shaped convex or concave nose and the
apparatus further comprises a correspondingly
shaped anvil arranged to co-operate with the
punch to form the closed end of the article.

22. Apparatus according to claim 21 wherein
the anvil is arranged to co-operate with the punch
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only after a predetermined portion of the drawing
of the tubular article has been completed, and
means are provided for applying a resilient
pressure to the anvil such that it will move
together with the punch against such pressure
during completion of the stroke of the punch.

23. Apparatus according to claim 22 wherein
the anvil forms a movable piston in a cylinder and
the means for applying a resilient pressure -~
comprise means for admitting gas under pressure
to the cylinder. o

24. Apparatus according to claim 23 wherein
the cylinder is provided with replaceable annular
spacer means for limiting movement of the anvil
towards the punch and thereby predetermining.
the portion of the drawing which mustbe .
completed before the anvil can co-operate with
the punch. )

25. Apparatus according to claim 24 wherein
the cylinder supports the annular die and the
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annular spacer means is disposed between the
die and the anvil.

26. A method of forming a tubular article with a
closed end for a thermoformable polymer
material, particularly a high molecular weight
saturated linear polyester material, substantially
as hereinbefore described with reference to the
accompanying drawings.

27. A tubular article with a closed end, formed
from a thermoformable polymer material,
particularly a high molecular weight saturated
linear polyester material, by a method according
to any one of claims 1 to 16 or 26. ’

28. Apparatus for forming a tubular article with
a closed end from a thermoformable polymer
material, particularly a high molecular weight
saturated linear polyester material, substantially
as hereinbefore described with reference to Figure
1, Figure 2, Figure 3 or Figure 4 of the
accompanying drawings.
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