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TUBES AND THEIR MANUFACTURE

This invention relates to methods of the kind for making a tubular article including the step of

providing a tubular preform of a plastics material.

Tracheostomy tube assemblies commonly include an outer tube and an inner tube or cannula
that is a removable fit within the outer tube. The inner cannula can be removed and replaced
periodically to ensure that the passage through the assembly does not become blocked by secretions.

This avoids the need to remove the outer tube frequently.

The inner cannula presents various problems because it must be thin walled and a close fit
within the outer tube so as to provide a large bore and thereby limit the resistance to flow of gas along
the assembly. Conventional methods of manufacturing thin walled tubes have a number of problems.
One method involves injection moulding. The relatively long, thin wall of the tube, however, makes it
difficult to inject the fluid plastics material to the extremities of the mould. In order to enable the
plastics to flow to all parts of the mould the wall of such tubes are generally made thicker than
desired. Another technique often used is blow moulding. In order to achieve a well-controlled wall
thickness, the parison used must be extruded or moulded with a very close tolerance. Even, however,
if this is done, the blow moulding process itself is uncontrolled during the expansion of the parison
until it comes into contact with the wall of the mould. This leads to thick and thin regions in the
finished article. In order to ensure that the thinnest part of the tube wall is within the design tolerance
it is necessary to make the article with a thicker than ideal wall. The manufacture of inner cannulae

for tracheostomy tubes is one example of where these problems are met.

W094/01156 and WO2004/101048 describe inner cannulae made of PTFE. EP1938857
describes an arrangement of tracheostomy tubes and inner cannulae where the hubs of the inner
cannulae of different sizes are shaped differently so that they will only fit in the appropriate
tracheostomy tube. EP2224985 describes an arrangement for attaching a hub to the shaft of an inner
cannula. GB2056285 describes an inner cannula having a wall with annular corrugations and a
longitudinal groove or other reinforcement member traversing at least some of the corrugations.

US4817598 describes a smooth-walled inner cannula having a ring-pull formation at its rear, machine
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end. US5119811 describes an inner cannula with a flared patient end and formed of two layers of
different materials. US5386826 describes an inner cannula with an outer helical filament or layer of
low friction material. US5983895 describes an inner cannula with straight sections at opposite ends
joined by an intermediate curved section. US6019753 describes an inner cannula with two elongate
regions of different flexibility so that the cannula has a plane of preferential bending. US6019753
describes an inner cannula having a shaft formed with slots to make it more flexible, the slots being
covered by an outer thin sheath. US6135110 describes a curved inner cannula that is retained with the
outer tube by means of a rotatable spring fitting. There are other applications outside the medical field

where it is necessary to provide a thin-walled tubular article.

It is an object of the present invention to provide an alternative tubular article, a method of

making such an article, and apparatus for use in the method

According to one aspect of the present invention there is provided a method of the above-
specified kind, characferised in that the method includes the steps of loading the preform on a
mandrel, the external diameter of the preform being slightly larger than the desired external diameter
of the tubular article to be formed, heating the preform to allow it to soften, displacing the mandrel
and preform relative to a die and through an opening in the die defining the desired external diameter
of the tubular article so as to stretch the preform along the mandrel, and subsequently removing the
tubular article from the mandrel.

According to another aspect of the present invention there is provided a method for making a
tubular article including the step of providing a tubular preform of a plastics material having an initial
‘internal and external diameter and an initial length, characterised in that the method includes the steps
of heating the preform to allow it to soften, mechanically forming the preform w1th a die and mandrel
to increase its length and reduce its wall thickness to provide a desired internal and external diameter,

and subsequently removing the tubular article from the die and mandrel,

The method may include a preliminary step of injection moulding the preform. The preform is
preferably of a crystalline or semi-crystalline plastics material. The method may include the further

step of removing a closed end from the tubular article so that it is open at both ends. The preform may
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be provided with a hub at one end prior to forming. The mandrel may have a textured surface. The die
may be arranged to provide a pattern on the outer surface of the finished article. The die may be
arranged to vary the diameter of the opening through the die as the mandrel is displaced relative to the
die.

According to a further aspect of the present invention there is provided a tubular article made

by a method according to the above one or other aspect of the present invention.

According to a fourth aspect of the present invention there is provided an inner cannula for a
tracheostomy tube, the inner cannula being a tubular article made by a method according to the above

one or other aspect of the present invention.

According to a fifth aspect of the present invention there is provided apparatus for use in a

method according to the above one or other aspect of the present invention.

According to a sixth aspect of the present invention there is provided a tubular article made

by apparatus according to the above fifth aspect of the present invention.

It is an object of the present invention to provide an alternative method of making a tubular

article, a tubular article made by the method, and apparatus for use in the method.

A method of making an inner cannula for a tracheostomy tube, apparatus used in the method
and an inner cannula made by the method, according to the present invention, will now be described,

by way of example, with reference to the accomparying drawings, in which:

Figure 1 is a sectional side elevation view of apparatus used in the method at a

preliminary stage of the method;
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Figure 2 shows the apparatus of Figure 1 at a later stage of the method;
Figure 3 is a side elevation exploded view of elements of modified apparatus

used in a method to make a tubular article with a curved shape;

Figure 4 is a side elevation view of a curved tube on a mandrel as made by the

apparatus shown in Figure 3; and

Figures 5A and 5B illustrate two alternative forms of die for making tubular articles with

a varying external profile.

With reference first to Figures 1 and 2 there is shown apparatus used to make a straight inner
cannula for a tracheostomy tube. The apparatus includes a metal die 1 with a circular aperture 2
defining the outside shape of the inner cannula. The die 1 is supported horizontally by an outer frame
3 above a base plate 4, the height of the die above the base plate being sufficient to accommodate the
length of the finished cannula. The apparatus also includes a plug or mandrel 6 having a cylindrical
shaft 7 of circular section and with an enlarged head 8 at its upper end. The mandrel could have other
sections, such as of ovoid shape. The head 8 is connected to the piston 9 of a ram 10. The mandrel 6 is
oriented vertically directly above the aperture 2 in the die 1. The diameter of the mandrel shaft 7 is
slightly less than that of the aperture 2 and defines the inner diameter of the inner cannula. In its
raised position shown in Figure 1 the lower end of the mandrel 6 is spaced sufﬂciently above the

upper surface of the die 1 to allow a plastics preform 20 to be loaded on the mandrel.

| The preform 20 is made by a conventional technique, such as injection moulding, and can be
of various thermoplastic materials, preferably crystalline or semi-crystalline such that they will
orientate, for example, polyethylene, polypropylene, polyester, nylon or the like. The preform 20 is
moulded with an inner diameter equal to the outer diameter of the mandrel shaft 7 and with an outer

diameter slightly larger than that of the desired finished inner cannula and slightly larger than the
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diameter of the aperture 2 in the die 1. The length of the preform 20 is less than that of the desired
finished cannula. The preform 20 may, as shown, be moulded with an integral hub 21 and hinged
ring-pull element 22 at one end 23, which will form the machine or rear end of the finished cannula.
Other features could be provided at the rear end such as to form a good grip for the cannula.
Alternatively, the machine end components 21 and 22 could be joined with the tubular part of the
cannula at a subsequent stage. The opposite end 24 of the preform 20 is closed and may be formed

with a short leading nose 24.

In the method, the preform 20 is loaded on the mandrel 6 by sliding its upper end 23 upwardly
over the lower end of the mandrel shaft 7 until the entire length of the preform is supported on the
mandrel. The mandrel 6 is longer than the preform 20 to allow for stretching of the preform during the
forming method. The preform 20 is then heated to soften the plastics material, such as by direct
contact with a heated surface, by infra-red, radio frequency or by other means. Alternatively, the
preform 20 could be heated before it is loaded on the mandrel 6. The ram 10 is then energised to drive
its piston 9 and the mandrel 6 vertically down. As the mandrel 6 moves down (shown in Figure 2) it is
forced through the aperture 2 in the die 1, pushing the preform 20 with it so as to mechanically form
the preform. Instead of moving the mandrel into a stationary die, the die could be moved towards a
stationary mandrel, or both the die and mandrel could move together. The wall thickness of the
preform 20 emerging through the die 1 is defined accurately by the difference between the diameter of
the aperture 2 and the diameter of the mandrel shaft 7. This method stretches the length of the preform
20 upwardly along the mandrel 6. In this way, the wall thickness of the inner cannula is accurately
controlled and formed. The ram 10 is then caused to lift the mandrel 6 up out of the die 1 so that the
formed inner cannula can be removed from the mandrel. The outer surface of the mandrel 6 may be
formed with a texture to facilitate removal of the formed article. Compressed air could be introduced

via passages opening on the surface of the mandrel 6 to assist removal of the article.

The lower end of the tube is then trimmed to the desired length and to remove the closed end.

In the method described above the outer diameter of the preform is reduced as it is stretched,

whereas its inner diameter remains the same.
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It would be possible instead to load a preform initially in the die and then move the mandrel
into the preform and through the die. The diameter of the mandrel would be slightly larger than the
initial internal diameter of the preform; the difference between the external diameter of the mandrel
and the internal diameter of the die defining the desired wall thickness of the finished article, as in the
previous method. In this arrangement the preform would, therefore, be selected with the desired
external diameter initially and the internal diameter would be enlarged to the desired size as it was

stretched by the mandrel.

The method described above may be used to form the finished inner cannula, or other tubular
article, or it may provide a preliminary step in a method that includes a subsequent step of treatment,

such as a subsequent blow moulding process to enlarge the diameter of the tubular article further.

The tubular article formed does not have to have a circular section and does not have to be
straight. The apparatus illustrated in Figures 3 is used to form an inner cannula or other tubular article
with a curved shape. The mandrel 6° is curved along its length and is coupled to a ram 10’ via a.cam
arrangement 11° so that the ram moves the mandrel along a curved path. The die 1’ is hinged about a
central horizontal axis 12’ so that it can pivot to align with the mandrel 6’ as it is inserted through the

die. Figure 4 shows the mandrel 6’ and the finished article before it is removed from the mandrel.

The tubular article made by the method of the present invention does not have to have a
smooth outer surface but could be formed with a modified surface finish or pattern, such as
corrugations. To achieve this, as shown in Figure 5A, the die 100 could include shaped rollers 101
having details that are transferred to the tubular article as the rollers turn during the stretching process.
Alternatively, as shown in Figure 5B, the die 200 could have other elements such as retractable pins

201 that are moved into or out of the die such as by a cam or hydraulic mechanism.

The present invention is particularly useful for making thin-walled inner cannulae for

tracheostomy tubes but is not confined to these and could be used to form other tubular articles.
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A method for making a tubular article including the step of providing a tubular preform (20,
20°) of a plastics material, characterised in that the method includes the steps of loading the
preform (20, 20°) on a mandrel (6, 6°), the external diameter of the preform (20, 20°) being
slightly larger than the desired external diameter of the tubular article to be formed, heating
the preform (20, 20°) to allow it to soften, displacing the mandrel (6, 6°) and preform (20, 20°)
relative to a die (1, 1°, 100, 200) and through an opening (2) in the die defining the desired
external diameter of the tubular article so as to stretch the preform (20, 20°) along the mandrel

(6, 6), and subsequently removing the tubular article from the mandrel.

A method for making a tubular article including the step of providing a tubular preform (20,
20°) of a plastics material having an initial internal and external diameter and an initial length,
characterised in that the method includes the steps of heating the preform (20, 20°) to allow it
to soften, mechanically forming the preform (20, 20°) with a die (1, 1°, 100, 200) and mandrel
(6, 6°) to increase its length and reduce its wall thickness to provide a desired internal and
external diameter, and subsequently removing the tubular article from the die (1, 1°, 100, 200)
and mandrel (6, 6°). '

A method according to Claim 1 or 2, characterised in that the method includes a preliminary

step of injection moulding the preform (20, 20°).

A method according to any one of the preceding claims, characterised in that the preform (20,

20°) is of a crystalline or semi-crystalline plastics material.

A method according to any one of the preceding claims, characterised in that the method
includes the further step of removing a closed end from the tubular article so that it is open at
both ends.
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A method according to any one of the preceding claims, characterised in that the preform (20,

20%) is provided with a hub (21) at one end prior to forming.

A method according to any one of the preceding claims, characterised in that the mandrel (6,

6°) has a textured surface.

A method according to any one of the preceding claims, characterised in that the die (100,

200) is arranged to provide a pattern on the outer surface of the finished article.

A method according to any one of the preceding claims, characterised in that the die (100,
200) is arranged to vary the diameter of the opening through the die as the mandrel (6, 6°) is

displaced relative to the die.

A tubular article made by a method according to any one of the preceding claims.

An inner cannula for a tracheostomy tube, characterised in that the inner cannula is a tubular

article made by a method according to any one of Claims 1 to 9.

Apparatus for use in a method according to any one of Claims 1 to 9.

A tubular article made by apparatus according to Claim 12.
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