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Apparatus for Creating a Rolled Back End

Introduction
The present invention relates to apparatus for rolling back the end of a flexible tube,

and a method of creating a seal between two such rolled back ends.

Background to the Invention

In the medical, pharmaceutical, cosmetics and personal care industries single use
apparatus, or bio-disposable systems, are used in the batch preparation of many
products. Similar systems are also used in the milk production system, in brewing
and beverage production, and in the homecare industries, in the electronics industry,
the food industry and the medical industry generally. While known as single use
apparatus, some systems are designed not for small batch production, but for semi-

permanent or even essentially permanent installation.

Single use apparatus includes flexible tubing, which is typically made from silicone,
but may be made from other plastic materials, such as thermoplastics. Connection to
other tubes or pieces of apparatus required in the production process are commonly
made with flanged connectors which are clamped to each other, with a rubber gasket
positioned between the flanges creating a seal. The flanged connectors include a
hollow, usually barbed, spigot over which the flexible tube is placed in a fluid tight
manner. This standard system is known as the tri-clover system. Initially the tri-
clover system was developed for connection of multi-use components made from
metal, typically stainless steel. However, more recently it was adapted for use with
single use, bio-disposable systems using plastic materials or the like which can be
sterilized by radiation, ethylene oxide or steam. However, other clamping devices
are also used, including those that are secured by cable ties, quick connect systems,

threaded systems and other connecting systems, or combinations of all systems.

Importantly, fluid passing through such a connection will come into contact not only
with the tubes, but also the flange connectors and the gasket. These will typically be
made from different materials, and in order to comply with regulations it will be
necessary to carry out testing for bio-compatibility of the production line with each of
the at least three different materials. If there is an alteration to the production
process, for example a change in temperature or raw material, it may be necessary

to repeat such testing on all of the at least three materials again.
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More permanent systems may use similar apparatus, connected by flexible tubing
clamped together. However, they also use semi-flexible or even rigid tubing that may
be connected together using butt welding. This technique is difficult to use and very
time consuming. Due to the nature of the liquids, solutions and fluids passing
through the tubing, high grade materials must be used and sterility achieved. Even

then such welds have a relatively short life-span.

There are various reasons for connecting two pieces of tube together. These may
include a change in the diameter of the tube to adjust the flow or provide the correct

size for entry into another element of the system, such as a mixer or a filter.

WO 2020/182906, in the name of Bio Optimal Limited, describes a system for
connecting two flexible tubes, in which the ends of the tubes are rolled back over

themselves, and two rolled back ends are urged together to form a seal.

Flexible tubing is tubing which can be bent but absent any continuing force it will
generally return to its original shape. This feature is known in the industry as having
“‘memory”, i.e., of the shape into which it was originally formed, and to which it will
return. In addition, flexible tubing has elasticity which allows it to bend and deform,
without being damaged, and spring back into shape. In order to support the rolled
back ends WO 2020/182906 describes a tubing support and a sleeve, which together
hold the rolled back end between them, ensuring that the rolled back end cannot
revert to a straight, unrolled back, tube. Such fittings are not essential to create a
stable rolled back end. Nevertheless, they are advantageous for supporting such a
rolled back end, and providing attachments or abutments for any connecting fittings,

such as a clamp.

Flexible tubes are resistant to having their ends rolled backed, and due to the
strength of the material and diameter of the ends, this can be a difficult process to
achieve by hand. Once a rolled back end has been achieved, if the length of the roll
back is short, typically less that the outside diameter of the tube, absent any retaining
means, the tube will spring back into its unrolled state. However, if the roll back is of
sufficient length, typically longer than the outside diameter of the tube, the elasticity
and memory in the tube tends to prevent the flexing of the material that would be

required to unroll the tube. Significantly less force would be required to unroll the
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tube, and this would be assisted by the memory and elasticity of the tube as the roll
back was reduced in length or otherwise unrolled, and thus support and protection of

a rolled back end is advantageous.

There is therefore a need for a device to assist with the rolling back of the tube end,

and with positioning and fitting of the tubing support and sleeve on the tube.

Summary of the Invention
According to the invention there is provided apparatus for rolling back the end of a
flexible tube, the apparatus comprising;

means for retaining a flexible tube; and

means for rolling back the end of the flexible tube, the means being aligned
with the means for retaining the flexible tube, comprising:

a plunger having a conical end, a tip of the conical end being at a distal
end of the plunger and flaring to a diameter that is the same or larger than that of the
internal diameter of the flexible tube,

a cover extending over the plunger and moveable with and separately
to the plunger; and

means for advancing the plunger and cover towards the tube.

In use a flexible tube is placed into the means for retaining the flexible tube, and its
end is placed adjacent to the tip of the conical end or cone, the tip generally having a
diameter equal to or less than that of the internal diameter of the tube. While the
tube is held in position, plunger and its conical end are advanced into the tube, with
the cover also advancing level with or spaced slightly back from the flare of the
conical end. The movement of the plunger causes the conical end to be pushed into
the tube so that the end of the tube is pushed outwardly and flares around the cone
and past the end of the conical end so that it projects beyond the outer edge of the
conical end. Forward movement of the conical end is limited to substantially the
length of the roll back required. At that point the conical end stops advancing but the
cover continues to advance. The forward movement of the cover pushes against the
projecting, flared end of the tubes causing it to flip back over itself, thus forming the

rolled back end.

Typically, the retaining means will be a clamp capable of holding and securing the

flexible tube, while not damaging it.
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Advantageously, the conical end of the plunger assembly and the cover may be
replaceable by alternatives of different sizes. Thus, cones and covers of an
appropriate size for the flexible tube can be provided on the apparatus. Alternatively,
the apparatus can be provided in a variety of sizes suitable for flexible tubes of

different diameter.

In an initial position a distal end of the cover is suitably level with the flared end of the
conical end, or slightly set back therefrom, but movable to a position extending
beyond the tip of the cone. Providing the end of the cover slightly set back from the
conical portion of the plunger may facilitate flaring the tube end before it is rolled

back on itself.

The exact shape of the conical end is not critical. The cone tip is generally truncated,
though small enough in diameter to fit inside the open tube end without difficulty. It
does not need to be sharp pointed. Suitably, the cone flares outwardly with
increasing flare from its tip to its widest point where it meets the rest of the plunger.
For example, the flare may be partially elliptical or oval in cross-section. An
increasing flare is found to assist in turning the flared end of the tube that projects
beyond the plunger towards the perpendicular so that the projected end can be

caught by the cover (or sleeve, as described below) so as to roll back the tube end.

The conical end of the plunger (and hence the plunger at that point) may have an
outer diameter approximately the same as or slightly greater than the outer tube
diameter. If of greater diameter than the tube this can assist turning the flared tube
ready to be rolled back on itself. The conical end may be at least 0.5mm,Tmm, 2mm
or even 3mm greater in diameter than the tube (referring to its external diameter);

preferably it is at least 1mm greater in diameter.

As shown in embodiments below, the conical end may be sized such that the
majority of its length can fit inside the flexible tube. Thus, the length of the tube may
be the inside diameter of the tube plus approximately 10 — 30%, preferably 10 — 20%
and more preferably 10 — 15%.

The cover typically surrounds the plunger, and both are typically substantially circular

in cross-section. Suitably, and as shown in embodiments below, the cover is an open
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cylinder, thus in the form of a ring that surrounds and is co-axial with the plunger. The
apparatus can push the cover independently of the plunger to engage the projecting
tube end and roll it back on itself. The cover may itself push a sleeve or ring to roll
back the tube end and then push the sleeve or ring further, and over the rolled back

end to hold the rolled back end in that position, as described in more detail below.

Usually, the apparatus is also adapted for fitting a tubing support and sleeve to the
tube to support the rolled back end. The end product is a tube with a rolled back end
on a tube support with the rolled back end held against the tube support by the
sleeve. Going outwardly from the inside of the tube, in cross-section this product has
the tube, surrounded by the tube support surrounded by the rolled back end
surrounded by the sleeve. In order to achieve this the means for rolling back the end
of the tube is provided with an indent on an inner surface, between the cover and the
plunger, sized to hold a sleeve. This ensure that forward motion of the cover causes
movement of the sleeve and it is the sleeve that engages the projecting, flared tube

end and urges it back on itself.

In use, a sleeve is placed into the indent in the inner surface of the cover, and the
tube is placed into the tube support and over the end of the cone, with the end of the
tube support abutting the tube retaining means and retaining the end of the flexible
tube. As the cone advances it flares the end of the tube outwards from the end of the
cone. Once the cone is fully urged into the tube, so that the flare end projects
beyond the outer diameter of the plunger, there is no more forward movement of the
plunger but the cover continues to move forwards, bringing the sleeve with it,
engaging the projecting, flared tube end, rolling back the tube end and then urging

the sleeve over the rolled back end of the tube to hold it in that position.

Usually, the tube will be provided with a tubing support which is placed around the
end of the tube, and set back from the end of the tube by substantially the length of
the roll back.

Suitable tubing supports are usually provided with a lip, which defines the length of
the rolled back end. Advantageously the lip can be provided with an indentation and
the sleeve can be provided with a projection which fits into the indentation. The
apparatus moves the sleeve forward to a sufficient extent to engage the projection in

the indentation, thus engaging the tubing support and sleeve and confirming correct
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fitting.  Alternatively, the indentation may be provided on the sleeve and the
projection on the tubing support, again the apparatus moving the sleeve forward such
that there is engagement between the indentation and projection. Usually, the
indentation and projection will be continuous around the circumferences of the tube
supporting and the sleeve. However, either the projection or both the indentation and

projection may be discontinuous.

Usually, the means for clamping the flexible tube, and the means for rolling back the

end of the tube are fixed onto a base.

The means for advancing the cone, plunger and cover may be manually operational,

or may be automated, for example electrically driven.

The size or length of the roll back is determined by length of the tube extending from
the end of the tubing support, where provided, extending from the tube clamping

means, or by the forward movement of the cone on the plunger.

Preferably, the length of the roll back formed is substantially the same as the external
deadline of the flexible tube, for example 80 — 120% of the external diameter of the
flexible tube, preferably 85 — 115% of the external diameter, and most preferably 90
— 110% of the external diameter of the flexible tube. Advantageously, the roll back

formed may be 95 — 105% of the external diameter of the tube.

Where the tubing support is provided, the tube will extend beyond the tubing support
by typically a length substantially equivalent to the external diameter of the tube, for
example 80 — 120% of the external diameter, preferably 85 — 115% of the external
diameter, and most preferably 90 — 110% of the external diameter. Most usually the
tube will extend beyond the end of the tubing support by a length equivalent to 95 —
105% of the external diameter of the tube. This will also be substantially the length

of the tubing support, or the distance between the end of the tubing support and the
lip.

The length of the roll back is not critical for the working of the invention. As
discussed above, the tube will be a flexible tube, having elasticity and memory. If
such a tube is rolled back the nature of the tube will urge the tube to un-roll back to

its original shape. However, once a certain length of the tube has been rolled back,
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the shape of the tube in the rolled back position is essentially that in an unrolled
position and this will prevent the tube from unrolling. This length will be dependent
on the exact nature of the tube, the material from which it is made, and its flexibility
and memory. Typically, this length will be approximately the external diameter of the
tube but will also depend on the material from which the tube is made and the
thickness thereof. For tubes currently in use, it is as noted approximately the

external diameter of the tube.

According to a second aspect of the invention, there is provided apparatus for rolling
back the end of a flexible tube and applying a sleeve to the rolled back end, the
apparatus comprising apparatus in accordance with the first aspect of the invention,
wherein the cover extends over the plunger assembly, is movable with and
separately to the plunger, a distal end thereof holding the sleeve, the sleeve
being advanced by movement of the cover; and
wherein the apparatus comprises means for advancing the plunger, cover and

sleeve towards the tube.

In use a flexible tube is placed into the means for retaining the flexible tube, and its
end is placed over a portion of the conical end or cone, having a diameter equal to or
less than that of the diameter of the tube. While the tube is held in position, plunger
and conical end are advanced into the tube, with the cover also advancing level with
the flare of the cone. The movement of the plunger causes the end of the tube to
flare around the conical end and outwardly to project beyond the end of the cone.
Forward movement of the cone is limited to substantially the length of the roll back
required. At that point the conical end stops advancing but the cover continues to
advance. The movement of the cover moves the sleeve to the same extent. The
forward movement of the cover and sleeve pushes against the projecting, flared end
of the tubes causing it to flip back over itself, thus forming the rolled back end.
Continued movement pushes the sleeve further along the rolled back end of the
flexible tube, holing the rolled back portion and ensuring that the flexible tube cannot
unroll. After the completion of the forward movement of the cover and plunger, these
elements are then retracted. This removes the cone from the end of the flexible tube
and removes the cover from around the flexible tube. However, the sleeve is not

removed, leaving it is place over and securing the rolled back end.



10

15

20

25

30

35

WO 2021/165263 -8- PCT/EP2021/053779

While the use of a sleeve is not essential to hold, support or stabilize the rolled back
end of a flexible tube, provided that the roll back is sufficiently long, it is
advantageous. The functioning and requirements of the apparatus of the second

aspect is essentially identical to that of the first aspect, as set out above.

Typically, the retaining means will be a clamp capable of holding and securing the

flexible tube, while not damaging it.

Advantageously, the conical end of the plunger assembly and the cover may be
replaceable. Thus, cones and covers of an appropriate size for the flexible tube, i.e.,
different internal and external diameters and/or different wall thicknesses, can be
provided on the apparatus. Alternatively, the apparatus can be provided in a variety

of sizes suitable for flexible tubes of different diameter.

In an initial position a distal end of the cover is level with the flared end of the conical
end, or slightly set back therefrom, but movable to a position extending beyond the
tip of the cone. Providing the end of the cover slightly set back from the end of the
conical end, enables the conical end to end the tube free from encumbrance.

The conical end of the plunger (and hence the plunger at that point) may have an
outer diameter approximately the same as or slightly greater than the outer tube
diameter. If of greater diameter than the tube this can assist turning the flared tube
ready to be rolled back on itself. The conical end may be at least 0.5mm, or 1mm,
2mm or even 32mm greater in diameter than the tube (referring to its external

diameter); preferably it is at least 1mm greater in diameter.

As shown in embodiments below, the conical end may be sized such that the
majority of its length can fit inside the flexible tube. Thus, the length of the tube may
be the inside diameter of the tube plus approximately 10 — 30%, preferably 10 — 20%
and more preferably 10 — 15%.

Usually, the apparatus will also be used to secure the sleeve to a tubing support
fitted over the flexible tube prior to rolling back of the end. Where a tubing support is
provided, the apparatus will roll the flexible tube back over and onto the tube support.
Suitable tubing supports are usually provided with a lip, which defines the length of
the rolled back end. Advantageously the lip can be provided with an indentation and

the sleeve can be provided with a projection which fits into the indentation. The
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apparatus moves the sleeve forward to a sufficient extent to engage the projection in
the indentation, thus engaging the tubing support and sleeve and confirming correct
fitting. Alternatively, the indentation may be provided on the sleeve and the
projection on the tubing support, again the apparatus moving the sleeve forward such
that there is engagement between the indentation and projection. Usually, the
indentation and projection will be continuous around the circumferences of the tube
supporting and the sleeve. However, either the projection or both the indentation and

projection may be discontinuous.

The means for advancing the cone, plunger and cover may be manually operational,

or may be automated, for example electrically driven.

The size or length of the roll back is determined by length of the tube extending from
the end of the tubing support, where provided, extending from the tube clamping

means, or by the forward movement of the cone on the plunger.

Where the tubing support is provided, the tube will extend beyond the tubing support
by typically a length substantially equivalent to the external diameter of the tube, for
example 80 — 120% of the external diameter, preferably 85 — 115% of the external
diameter, and most preferably 90 — 110% of the external diameter. Most usually the
tube will extend beyond the end of the tubing support by a length equivalent to 95 —
105% of the external diameter of the tube. This will also be substantially the length

of the tubing support, or the distance between the end of the tubing support and the

lip.

The length of the roll back is not critical for the working of the invention. As
discussed above, the tube will be a flexible tube, having elasticity and memory. If
such a tube is rolled back the nature of the tube will urge the tube to un-roll back to
its original shape. However, once a certain length of the tube has been rolled back,
the shape of the tube in the rolled back position is essentially that in an unrolled
position and this will prevent the tube from unrolling. This length will be dependent
on the exact nature of the tube, the material from which it is made, and its flexibility
and memory. Typically, this length will be approximately the external diameter of the
tube but will also depend on the material from which the tube is made and the
thickness thereof. For tubes currently in use, it is as noted approximately the

external diameter of the tube.
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According to a third aspect of the invention, there is provided a kit comprising the
apparatus of the first aspect, together with a plurality of sleeves, sized for an

interference fit with a length of rolled back end.

Preferably the kit may also include a plurality of tubbing supports, the tubing support
sized for an interference fit over a flexible tube (that has not been rolled back).
Usually, the tubing support also includes a lip extending perpendicular from the end

of the support away from the flexible tube.

Advantageous, the sleeve and the tubing support are provided with engaging
elements to enable them to the connected together. Preferably the engaging
elements are adjacent the ends of the respective tubing support and sleeve that if
away from the rolled back end. Typically, the engaging elements comprise one or
more projections on one of the tubing support or sleeve, and one or more
corresponding indentations in the other of the tubing support or sleeve. Preferably
the tubing support is provided with one or more indentations and the sleeve is

provided with one or more corresponding projections.

According to a fourth aspect of the invention, there is provided a method of rolling
back the end of a tube comprising inserting a flared conical portion into the end of the
tube, until the tube extends over the end of the flared conical portion, creating a
flared end and pushing the flared end back on itself using a cover extending over the

flared conical portion, resulting in a rolled back end.

This may be achieved using the apparatus of the first aspect.

While the method may be used to provide an unsupported rolled back end, usually
the method further comprises supporting the rolled back end with

a tubing support sized to fit over the flexible tube (when not rolled back), and

a sleeve sized to fit over an end of the flexible tube rolled back over the tubing

support.

Thus, the method comprises the modified step of pushing the flared end back on
itself using a sleeve urged by the cover extending over the flared conical portion,

resulting in a rolled back end secured by the sleeve.
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The method may also comprise the further additional and modified steps of applying
a tubing support over a length of flexible tubing, pushing the flared end back on itself

and over the tubing support.

In accordance with a fifth aspect there is provided a method of providing a rolled
back end of a flexible tube and supporting the rolled back end with a sleeve, the
method comprising the steps of:

supporting a length of the flexible tube,

inserting a flared conical portion into the end of the tube, until the tube extends
beyond the flared conical portion, creating a flared end, and

pushing the flared end back on itself using the sleeve held by a cover
extending over the flared conical portion, resulting in a rolled back end of a flexible

tube supported by the sleeve.

The method may be accomplished using the apparatus of the first or second aspects,

or the kit of the third aspect.

Usually, the method will include the additional step of:
initially fitting a tubing support adjacent the end of the flexible tube, spaced

from the end by the length of tubing to be rolled back.

This will result in the step of pushing the flared end back on itself pushing the end of
the tube back over the tubing support, and pushing of the sleeve over the rolled back

end over the tubing support.

Preferably, the tubing support and sleeve are provided with formations for
engagement, so that the step of pushing the flared end back on itself using the
sleeve may also include:

pushing the sleeve over the rolled back end to engage with the tubing support.

Usually, the tubing support will comprise a spigot sized to fit over the flexible tubing.
Preferably the tubing support and the sleeve are adapted to be connectable together.
Advantageously, the tubing support may be provided with a lip extending

substantially perpendicular outwards from the spigot. This can be used to connect
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the tubing support and sleeve and also provides a stop or measure for the length of
the roll back.

In use the tubing support is positioned over the flexible tube and set back from the
end of the tube by the distance substantially equal to the roll back required. The
cone is then urged into the tube flaring it back by the distance extending from the end
of the spigot. The cover may then be used to urge the sleeve over the rolled back

end.

Advantageously, the cover may be provided with an internal cut away to

accommodate the sleeve.

Detailed Description of the Invention
To help understanding of the invention, specific embodiments thereof will now be
described by way of example and with reference to the accompanying drawings, in
which:

Figure 1 is a perspective view of the apparatus according to the invention, with
the lid of the means for supporting the flexible tube open;

Figure 2 is a perspective view of the apparatus of Figure 1, which the lid of the
means for supporting the flexible tube closed,;

Figure 3 is a cross-sectional view of the apparatus of Figure 1, holding a
flexible tube with tubing support, and a sleeve;

Figure 4 is a cross-sectional view of the apparatus of Figure 4, with the
plunger advanced into the tube, the end of the tube flared, but not rolled back; and

Figure 5 is a cross-sectional view of the apparatus of Figure 3 in which the
tube has been rolled back over the tubing support, and held with the sleeve, before

removal from the apparatus.

Example
Referring initially to Figures 1 - 3 the apparatus 1 thereshown is designed to roll back
an end E of a flexible tube T and to fit a tubing support TS and sleeve S, which

support the rolled back end.

The apparatus comprises a base 2 to ensure that the elements are maintained at

predetermined distances. This also enables transport of the apparatus.
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Adjacent one end 4 of the base 2 is provided a flexible tubing retaining or clamping
means, or tube holder 10. This is designed to hold a flexible tube T so that its end E
can be rolled back. The tube holder 10 includes a channel 12 into which the tube
can be placed, and an openable lid 14, which allows placement of the tube T, and
which can be closed to hold the tube in position. The lid 14 is provided with a catch
16, which clips over a projection 18 on the channel 12. The tubing securing means is

fixed onto the base 2 of the apparatus.

The channel 12 and lid 14 are provided with a series of lobes or projections 15, which
once a tube T is placed into the channel 12 and the lid 14 is closed, press into the
tube T deforming it, and preventing backwards or forwards movement of the tube in
the tube holder 10.

The base 2 also holds the means 30 for rolling back the end E of the tube T, which
includes a plunger assembly 32, including a plunger 34 having a flared conical
portion 36 at its distal end. The conical portion 36 comprises the wider end of a
cone only, the very tip of the cone not being present. Although in another
embodiment, the tip may be present. The conical portion 36 is flared compared to a
standard cone shape. The diameter of the plunger 34 is slightly larger than that of
the outer diameter of the flexible tube T, with the conical portion 36 flaring to this
diameter. The means 30 for rolling back the end of the tube T is aligned with the
tube holder 10, such that forward movement of the plunger 34 is centred on the tube
T.

The term “flaring” indicates that the increase in diameter of the cone is not linear, but

more than linear.

Around the plunger is provided a cover 40 designed to have a sliding fit over the
plunger 34. The sleeve 40 is provided with a cut-away portion or indent, 42 inside its
proximal end 44, designed such that a sleeve S can be placed substantially within
the indent. Before actuation, the end 44 of the cover is very slightly set back from the
flared end of the conical portion 36. This enables the conical portion 36 to enter the

tube T free from encumbrance by the cover 40.

The plunger assembly is generally made of a hard material such as a metal, for

example aluminium. Alternatively, this could be made of a hard plastic material.
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The plunger assembly is held on the base 2 by a plunger assembly housing 50, into

which the plunger assembly has a sliding fit.

At the other end 6 of the base 2, and connected to the plunger assembly 34, is an
actuator mechanism 60 for advancing the plunger assembly. As shown this
mechanism 60 is a manually operated mechanism, although the movement of the
plunger assembly could be automated using mechanisms and means well known in
the art. As shown the mechanism comprises a cam surface 62 for advancing the
plunger 32 and a separate cam surface 64 for advancing the cover 40. Advancing
means 66 for rotation of the cam surfaces 62 and 64 is also provided, enabling one

movement to advance both the plunger and the cover.

The cam surfaces 62 and 64 have identical starting surface portions 70. However,
the cam surface 62 engages with the plunger 34 for movement of the conical portion
36, but cam surface 64 does not engage with the end 46 of the cover 40. Thus
initially on movement of the handle 66 both cam surfaces move such that cam
surface 62 moves the plunger 34, but movement of cam surface 64 does not move
the cover 40. The cam surface 62 that moves the plunger then includes a portion 72
that essentially maintains the plunger in a fixed position, i.e. it simply follows the arc
of a circle. The cam surface 64 that moves the cover 40 includes an equivalent
portion 74 that initially engages with the end 46 of the cover 40, urging the cover 40
to move forwards. Both cam surfaces 62, 64 then include a stop portion 76, which is
in effect the initial portion of the cam surface. These surfaces abut a stop portion 78
on the base, namely part of the actuation mechanism. Movement of the cam
surfaces 62 and 64 is activated by movement of a handle 66 (not shown), which

moves both surfaces simultaneously.

Movement of the cam surfaces 62, 64 is controlled by positioning a handle (not
shown) on pin 66. Rotation of the handle rotates the pin 66, moving the cam

surfaces against the end of the plunger 34 and sleeve.

In use, a user places a sleeve S into the cut-away portion 42 at the distal end 44 of
the cover 40. The user then places a tubing support TS over the end of a flexible
tube T, set back from the end E of the tube, by the distance of the roll-back desired,

which will also be approximately the distance from the end of the spigot to the lip of
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the tubing support TS. The tube T is then placed in the tube holder 10, positioning it
such that the tubing support TS and end of the flexible tube T extends from the
flexible tubing securing means 10 in the direction of the plunger assembly 20. The lip
of the tubing support TS will abut the end of the flexible tubing securing means 10,
and it size prevents it from entering the flexible tubing securing means 10. It is also
important to ensure that the end of the tube E is placed over the conical portion 36.
Once the tube T is in position, the lid 14 is closed, and fastened with the catch 16.

This is shown in Figure 1 — 3.

To actuate the rolling back of the end, the user will start to move the handle 66 of the
actuator mechanism 60 which moves the cam surfaces 62, 64 against the end of the
plunger and cover assembly moving them forward towards the flexible tube T. This
is shown in Figure 4. Initially the conical portion 36 is forced into the flexible tube T,
which flares the tube as it curves along the path of the conical portion 36. At this
stage the cover 40 has moved the same distance as the plunger 34 and so it still
positioned at the end of or slightly behind the conical portion 36. At the end of the
forward movement of the plunger assembly the conical portion 36 has been urged
almost fully into the flexible tube T such that the flexible tube has flared along the
curvature of the conical portion and slightly over the end of the conical portion 36,
and almost perpendicular to the length of the tube T. The flared portion of the flexible
tube T extends from its end E to the edge of the tubing support TS. The edge of the
tubing support TS prevents any further forward movement of the plunger and conical
portion 36. In addition, the cam surface 62 is shaped such that the position of the

plunger remains constant while the handle is further rotated.

Referring now to Figure 5, as the user continues to move the handle 66 the cam
surface 62 ceases forward movement of the plunger, but cam surface 64 ensures
continued forward movement of the collar 40, which is holding the sleeve S. The
forward movement of the cover 40 pushes the flared end E of the tube T back on
itself, creating the rolled back end R. The continued forward movement of the collar
40 urges the rolled back section of the tube T flat against the tubing support TS and
urges the sleeve S over the rolled back end R. The sleeve S is urged over the rolled
back end until it abuts the lip of the tubing support TS, and so that engagement
between a projection and indentation in the sleeve S and tubing support TS, where

provided, is achieved.
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The handle is then returned to its rest position, retracting the collar 40 and plunger 34
from the flexible tube T. The retraction of the cover 40 leaves the sleeve S in

position around the rolled back end E of the tube T.

Once the plunger assembly 30 has been retracted, the lid 14 of the tube holder 10

can be opened, and the tube T removed.

The tube will now be provided with a rolled back end which is supported by a tubing

support TS and sleeve S and can be used to create a seal.

The tube holder 10 and its channel 12 will be provided at a size that is appropriate for
the diameter of the flexible tube, as will the plunger assembly, plunger, conical

portion and sleeve.

In some embodiments, not shown, the conical end 36 and the cover 40 may be
removable. This can allow alternative conical end and cover combinations to be
inserted of a suitable size for the tube whose end is to be rolled back. The conical
end 36 can be removed at joint 82 and replaced by another conical end of the
appropriate size. Equally the cover can be removed at joint 84 and replaced by one
of an appropriate size. Where removable covers are provided, they may be provided
with an end flange (not shown) to assist then being removed from the plunger

assembly.

The apparatus, appropriately sized, can be used for rolling back the end of any
diameter of flexible tube. However, typically a suitable tube will have a diameter of
1/8" (3.175mm) to 1" (25.4mm) diameter. Such tubes generally have a wall
thickness of 1/8" (3.175mm) but may have a thickness between 1/16" (1.5875) and
3/16" (4.7625).

The length of the roll back will typically be 1/8" (3.175mm) - 3/4” (19.05mm), more
typically 3/16” (4.7625mm) — %" (12.7mm), and most typically %" (6.35mm) — 3/8”
(9.525mm). Again, other lengths can be rolled back depending on the requirements

of the user, and the tubing support TS and sleeve S if provided.



