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(57) Abstract: The present invention provides a method of forming injection needles, the method comprising: (i) placing a needle
tube portion of a first needle tube extending along and rotating about a first needle axis in a first location between a first pair of op -
posing shaping surfaces being inclined with respect to the first needle axis so as to provide a wedge configuration and arranged to
operate at least intermittently in a relative position defining a first minimum distance as a smallest distance between the first pair of
opposing shaping surfaces, the first minimum distance being smaller than a diameter of the needle tube portion, (ii) transporting the
needle tube portion of the first needle tube to a second location between a second pair of opposing shaping surfaces being inclined
with respect to the first needle axis so as to provide a wedge configuration and arranged to operate at least intermittently in a relative
position defining a second minimum distance as a smallest distance between the second pair of opposing shaping surfaces, the
second minimum distance being smaller than the first minimum distance, and (iii) simultaneously with or subsequent to (ii) placing a
needle tube portion of a second needle tube in the first location, the second needle tube extending along and rotating about a second
needle axis.
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METHOD OF FORMING INJECTION NEEDLES

FIELD OF THE INVENTION

The present invention relates to medical needles for conveying medication to a body site.
Specifically, the invention relates to a forming of such needles to provide a desired needle

shape.

BACKGROUND OF THE INVENTION

Injection needles are widely used in the medical area to deliver medicaments to specific
body sites. For example, within the treatment of diabetes mellitus pen needle assemblies are
oftentimes used with injection pens for subcutaneous administration of various glucose regu-
lating agents. A pen needle assembly includes an injection needle and a needle hub having
means for attachment to an injection pen. The injection needle is typically fixed to the needle
hub so as to enable skin penetration by the one needle end and penetration of a cartridge

septum by the other needle end.

Two important characteristics of an injection needle are the needle gauge and the resistance
to flow through the needle lumen. The higher the needle gauge the smaller the outer diame-
ter of the injection needle, and the smaller the outer diameter of the injection needle the low-
er the frequency of painful injections. A high needle gauge is thus attractive from a comfort

perspective.

However, the resistance to laminar flow of a liquid with constant viscosity, n, through a
straight tube of length, L, and with an inner diameter, d, can be expressed according to

Poiseuille as

i.e. as proportional to the length of the needle tube and inversely proportional to the inner
diameter to the fourth power. This means that the higher the needle gauge and the longer
the needle the greater the force needed to convey a medicament through the needle lumen.

A high needle gauge is thus not attractive from an effort perspective.

Some injection needles have a straight lumen and a tapering outer diameter around the

needle end portion to provide for a smaller exterior dimension of the invading body and
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thereby a reduced risk of nociception. The needle gauge measured at the tip is thereby in-
creased in comparison with the needle gauge of a corresponding conventionally formed in-
jection needle, but the flow resistance remains unchanged. An example of such an injection
needle is disclosed in WO 02/076540 (Novo Nordisk A/S; Nipro Corporation).

To also obtain a reduction of the flow resistance the injection needle may additionally be
formed with a tapering inner diameter at the needle end portion. This enables the provision
of a larger lumen over a significant portion of the needle length. An injection needle with ta-
pering inner and outer diameters is e.g. disclosed in EP 1 188 456 (Terumo Kabushiki Kai-
sha).

WO 2011/033102 (Novo Nordisk A/S) discloses a metal etching process for increasing the
inner diameter of a needle tube. The process is suitable for use in a mass production setup
but may require special safety measures as it involves pressurisation and transport of a

metal etching liquid.

SUMMARY OF THE INVENTION

It is an object of the invention to eliminate or reduce at least one drawback of the prior art, or

to provide a useful alternative to prior art solutions.

In particular, it is an object of the invention to provide a simple and inexpensive method of

forming needle tubes which is not based on chemical etching.

It is a further object of the invention to provide a method of forming needle tubes which is

suitable for mass production.

In the disclosure of the present invention, aspects and embodiments will be described which
will address one or more of the above objects and/or which will address objects apparent

from the following text.

A method embodying the principles of the invention produces a formed injection needle by
a) subjecting a needle tube portion of a needle tube extending along and rotating about a
central axis to impact from two opposing surfaces being inclined with respect to the central
axis so as to provide a wedge configuration, the two opposing surfaces being at least inter-
mittently in a first relative position which defines a first smallest distance between the two,

the first smallest distance being smaller than a diameter of the needle tube portion, and b)
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subsequent to a) subjecting the needle tube portion to impact from two opposing surfaces
being inclined with respect to the central axis so as to provide a wedge configuration, the
two opposing surfaces being at least intermittently in a second relative position which de-
fines a second smallest distance between the two, the second smallest distance being

smaller than the first smallest distance.

Such a method gradually decreases the smallest distance between the impacting surfaces
and thereby gradually deforms the needle tube portion to a desired tapering configuration by
simple and inexpensive mechanical processing. The method further enables an attractive

mass production setup, as will be clear from the following.

It is noted that the two opposing surfaces mentioned in step b) may be the same as the two
opposing surfaces mentioned in step a), or they may be different therefrom. In case of the
former in order to reach the conditions of step b) e.g. any amplitude of motion of the respec-
tive opposing surfaces perpendicular to the central axis may be increased. In case of the
latter prior to step b) the needle tube is moved from a first site where the needle tube portion
is arranged between the two opposing surfaces of step a) to a second site where the needle

tube portion is arranged between the two opposing surfaces of step b).

Thus, in a first aspect of the invention a method of forming injection needles is provided, the

method comprising:

(a) placing a needle tube portion of a first needle tube extending along and rotating
about a first needle axis in a first location between a first pair of opposing shaping
surfaces being inclined with respect to the first needle axis so as to provide a wedge
configuration and arranged to operate at least intermittently in a relative position de-
fining a first minimum distance as a smallest distance between the first pair of oppos-
ing shaping surfaces, the first minimum distance being smaller than a diameter of the

needle tube portion,

(b) transporting the needle tube portion of the first needle tube to a second location be-
tween a second pair of opposing shaping surfaces being inclined with respect to the
first needle axis so as to provide a wedge configuration and arranged to operate at
least intermittently in a relative position defining a second minimum distance as a
smallest distance between the second pair of opposing shaping surfaces, the second

minimum distance being smaller than the first minimum distance, and
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(c) simultaneously with or subsequent to (b) placing a needle tube portion of a second
needle tube in the first location, the second needle tube extending along and rotating

about a second needle axis.

A needle tube portion of an injection needle in preparation thus undergoes a gradual defor-
mation towards a desired configuration during the respective swaging in the first location and
the second location, and after, e.g. as, it leaves the first location another needle tube portion
takes its place. This provides for a simple and effective production line, where large numbers
of needle tubes may be processed in a relatively short period of time, as they are succes-

sively fed to the opposing shaping surfaces.

In particular embodiments of the invention the needle tube portion is an end portion of the
needle tube, and the inventive method is thus a method of producing frustoconical needle
ends. In other embodiments of the invention the needle tube portion is an intermediate por-
tion between the two needle ends, whereby the method provides a flow constriction at a cer-

tain position along the length of the needle tube.

The second minimum distance may be predetermined. In particular, it may be predetermined
to correspond to the formation of a needle end having a tip of a specific desired gauge.
Thereby, the method enables a multi-step forming of injection needles, where each injection
needle obtains a predetermined needle end configuration, which is designed to provide a
limited exterior dimension for limited interaction with nerve ends as well as an optimised lu-

men for liquid flow.

Depending on the amount of deformation needed to provide the desired configuration of the
individual needle tube portions further processing steps may be added to minimise the time

spent in preparation of a specific number of needle tubes.

Thus, the method may further comprise:

(d) prior to (ii) transporting the needle tube portion of the first needle tube successively
to one or more further locations, each of the one or more further locations being be-
tween a pair of opposing shaping surfaces which are inclined with respect to the first
needle axis so as to provide a wedge configuration and which are arranged to oper-
ate at least intermittently in a relative position defining a minimum distance as a

smallest distance between the pair of opposing shaping surfaces, the minimum dis-
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tance being smaller than the minimum distance of the immediately preceding pair of

opposing shaping surfaces and larger than the second minimum distance, and

(e) simultaneously with or subsequent to each transport of the needle tube portion of the
first needle tube to a further location placing a needle tube portion of a further needle

tube in a location immediately preceding the further location.

At least one pair of opposing shaping surfaces may comprise a first shaping surface and an
opposing second shaping surface which form part of respective opposing cylindrical, frusto-
conical, or conical bodies that rotate in opposite directions, and/or at least one pair of oppos-
ing shaping surfaces may comprise a first shaping surface and an opposing second shaping
surface which alternately moves away from and towards the first shaping surface. This alter-
nate diverging and converging relative motion between the first shaping surface and the op-

posing second shaping surface may e.g. be realised through an ultrasonic forging process.

The forming of needle tubes may be realised as an in-line production process where the
pairs of opposing shaping surfaces are arranged in a row, each pair of opposing shaping
surfaces between the first pair and the last pair operating at least intermittently at a smallest
distance between the opposing shaping surfaces which is smaller than that of the immedi-
ately preceding pair of opposing shaping surfaces and greater than that of the immediately
following pair of opposing shaping surfaces, and where the needle tubes are fed to the re-

spective pairs of opposing shaping surfaces one at a time.

A plurality of needle tubes extending along and rotating about respective needle axes may
then e.g. be arranged side-by-side on a conveyor belt which passes between the row of op-
posing shaping surfaces, and the needle tubes may be fed successively to each pair of op-

posing shaping surfaces in a feeding direction perpendicular to the respective needle axes.

Each needle tube may have a predetermined length, and each pair of opposing shaping
surfaces may be arranged to receive an end portion of the respective needle tubes, which
end portion is smaller than half of the predetermined length, for example smaller than one
third of the predetermined length. Thereby, the method may be employed to form merely the
tip portion of a needle tube or, alternatively, a significant portion of the length of the needle
tube, such as approximately half of the needle tube to enable a production of e.g. a pen

needle assembly in which the entire front needle is conical.
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In one embodiment of the invention each pair of opposing shaping surfaces is adapted to
simultaneously receive respective end portions of two needle tubes arranged co-axially in
continuation of one another. This enables a simultaneous processing of two needle tubes in

every step of the in-line process, and thereby a resulting doubling of the production capacity.

In one embodiment of the invention a method of forming injection needles is provided, the
method comprising: i) placing a needle tube portion of a first needle tube extending along
and rotating about a central axis in a first location between a first pair of rollers comprising a
first shaping surface and an opposing second shaping surface, the first shaping surface and
the second shaping surface being inclined with respect to the central axis so as to provide a
wedge configuration and further alternately moved towards and away from one another, dur-
ing which movement the first shaping surface and the second shaping surface reach a rela-
tive position defining a first minimum distance as a smallest distance between the first shap-
ing surface and the second shaping surface, the first minimum distance being smaller than a
diameter of the needle tube portion, ii) transporting the needle tube portion of the first needle
tube to a second location between a second pair of rollers comprising a third shaping sur-
face and an opposing fourth shaping surface, the third shaping surface and the fourth shap-
ing surface being inclined with respect to the central axis so as to provide a wedge configu-
ration and further alternately moved towards and away from one another, during which
movement the third shaping surface and the fourth shaping surface reach a relative position
defining a second minimum distance as a smallest distance between the third shaping sur-
face and the fourth shaping surface, the second minimum distance being smaller than the
first minimum distance, and iii) simultaneously with or subsequent to ii) placing a needle tube

portion of a rotating second needle tube in the first location.

This exemplary deformation process thus comprises both a transversal sliding and a radial

impact, and is thereby particularly suitable for forming hard surfaces.

The method may further comprise: iv) prior to ii) transporting the needle tube portion of the
first needle tube successively to one or more further locations, each of the one or more fur-
ther locations being between a pair of rollers having opposing shaping surfaces which are
inclined with respect to the central axis so as to provide a wedge configuration and which
are alternately moved towards and away from one another, during which movement the op-
posing shaping surfaces reach a relative position defining a smallest distance between the
opposing shaping surfaces, which smallest distance is smaller than the smallest distance

between opposing shaping surfaces of an immediately preceding pair of rollers and larger
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than the second minimum distance, and v) simultaneously with or subsequent to each
transport of the needle tube portion of the first needle tube to a further location placing a
needle tube portion of a further needle tube in a location immediately preceding the further

location.

The individual rollers may comprise a shaping surface portion which is conical or frustoconi-
cal and which extends along and rotates about an axis that is parallel to the central axis of
the respective needle tubes. Alternatively, the individual rollers may comprise a shaping sur-
face portion which is cylindrical and which extends along and rotates about an axis that is
inclined with respect to the central axis of the respective needle tubes. Any combination of
the mentioned roller configurations may in principle be employed as long as the opposing

shaping surfaces are arranged to provide a wedge shaped contact area.

Further, the individual rollers in each pair of rollers may extend along respective axes which
together with the central axis of a needle tube positioned in a location between that pair of

rollers span a single plane.

The pairs of rollers may be arranged in a row, and each pair of rollers between the first pair
and the last pair may operate at a smallest distance between the opposing shaping surfaces
which is smaller than that of the immediately preceding pair of rollers and greater than that
of the immediately following pair of rollers, and the needle tubes may be fed to the respec-

tive pairs of rollers one or two at a time.

In another aspect of the invention a needle forming arrangement is provided comprising:

(A) a conveying surface adapted to carry needle tubes and to move in a transport direc-

tion, and

(B) a plurality of pairs of opposing shaping surfaces arranged in-line next to one another
along the conveying surface, each pair of opposing shaping surfaces comprising a
first shaping surface and an opposing second shaping surface arranged on either
side of the conveying surface, each of the first shaping surface and the opposing
second shaping surface being inclined with respect to the conveying surface to pro-
vide a wedge configuration, and being adapted to operate at least intermittently in a
relative position defining a smallest distance between the first shaping surface and

the opposing second shaping surface,
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wherein the smallest distance between the first shaping surface and the opposing second
shaping surface of the respective pairs of opposing shaping surfaces decrease in the

transport direction.

In the present specification, reference to a certain aspect or a certain embodiment (e.g. "an
aspect", "a first aspect”, "one embodiment”, "an exemplary embodiment”, or the like) signi-
fies that a particular feature, structure, or characteristic described in connection with the re-
spective aspect or embodiment is included in, or inherent of, at least that one aspect or em-
bodiment of the invention, but not necessarily in/of all aspects or embodiments of the inven-
tion. It is emphasized, however, that any combination of the various features, structures
and/or characteristics described in relation to the invention is encompassed by the invention

unless expressly stated herein or clearly contradicted by context.

The use of any and all examples, or exemplary language (e.g., such as, etc.), in the text is
intended to merely illuminate the invention and does not pose a limitation on the scope of
the same, unless otherwise claimed. Further, no language or wording in the specification
should be construed as indicating any non-claimed element as essential to the practice of

the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be further described with references to the drawings,

wherein

Fig. 1 is a side view of an unprocessed needle tube,

Fig. 2 is a side view of the needle tube of Fig. 1 after processing according to an embodi-

ment of the invention,

Fig. 3 is a side view showing the needle tube during processing according to an embodiment

of the invention,

Fig. 4 is an end view of an in-line process setup according to an embodiment of the inven-

tion,

Fig. 5 is a cross-sectional perspective view of an in-line process setup according to another

embodiment of the invention, and
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Fig. 6 is a perspective view of an in-line process setup according to a further embodiment of

the invention,

In the figures like structures are mainly identified by like reference numerals.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

When in the following relative expressions, such as "clockwise" and "counter-clockwise", are
used, these refer to the appended figures and not necessarily to an actual situation of use.
The shown figures are schematic representations for which reason the configuration of the
different structures as well as their relative dimensions are intended to serve illustrative pur-

poses only.

Fig. 1 is a side view of a needle tube 1 before processing according to the invention. The
needle tube 1 has a circular-cylindrical wall 2 of outer tube diameter, D. The wall 2 extends
along a longitudinal needle axis, L,, and is processed in accordance with the invention to
e.g. obtain a configuration as depicted in Fig. 2, i.e. to obtain a frustoconical end portion 3
and a tip 4 having an outer tip diameter, d, which is smaller than the outer tube diameter, D.
The thickness of the wall 2 is uniform, or substantially uniform, over the entire length of the
needle tube 1, even after the processing, and the inner wall of the end portion 3 is thus also

frustoconical.

Fig. 3 is a side view of a portion of the needle tube 1 during a deformation process step ac-
cording to an exemplary first embodiment of the invention in which the end portion 3 is sub-
jected to forces from a pair of rollers 10. The end portion 3 is situated between a top roller 11
and a bottom roller 12. The top roller 11 extends along and rotates about a top roller axis, L4,

and the bottom roller 12 extends along and rotates about a bottom roller axis, L,.

The top roller axis, Lq, and the bottom roller axis, L,, are parallel to one another and to the
needle axis, L. The top roller 11 has a frustoconical deformation surface 13 and the bottom
roller 12 has a corresponding frustoconical deformation surface 14 which together with the
deformation surface 13 provide a wedge shaped processing area for deformation of the end

portion 3.

In addition to the respective rotational movements, each of the top roller 11 and the bottom

roller 12 undergoes a reciprocating translational movement towards, respectively away from
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the other so as to provide a hammering effect. The end portion 3 is thus subjected to a com-

bination of transversal sliding contact and radial impact from the pair of rollers 10.

Fig. 4 is an end view of an in-line process setup according to an embodiment of the inven-
tion comprising a first pair of rollers 20, a second pair of rollers 30, and a third pair of rollers
40 arranged next to one another in a line. Each of the first pair of rollers 20, the second pair
of rollers 30, and the third pair of rollers 40 is similar in configuration to and has identical
processing movements as the pair of rollers 10 of Fig. 3. They are, however, arranged pair-

wise such that they contact needle tubes at different distances from one another.

The needle tube 1, while rotating about the needle axis L, is fed sideways in a transport
direction, T, to the first pair of rollers 20 which are arranged such that they deform the wall 2
to a first reduced tip diameter. The rotation of the needle tube 1 ensures an axisymmetrical
(or at least substantially axisymmetrical depending on the speed of rotation of the needle
tube 1 and the time spent between the first pair of rollers 20) deformation of the needle end
3. The needle tube 1 is subsequently moved to the second pair of rollers 30 which are ar-
ranged such that they deform the wall 2 further to a second reduced tip diameter, which is
smaller than the first reduced tip diameter. Finally, the needle tube reaches the third pair of
rollers which are arranged such that they deform the wall 2 even further to the final tip diam-
eter, d. A step-wise reduction of the outer dimensions of the processed needle tube portion

is thus obtained.

Various parameters can be tuned to optimise the process, such as e.g. speed of transport
from one pair of rollers to the next, speed of rotation of the needle tubes, respectively of the
individual rollers, and the stepwise reduction of the distance between the processing surfac-

es. The latter may e.g. include adding further pairs of rollers to the in-line setup.

In the setup shown in Fig. 4 the physical size of the respective rollers is identical as are their
respective amplitudes of translation, and it is thus the minimum distance between the re-
spective roller axes of each pair of rollers that decrease in the transport direction, T. To ob-
tain the same gradually increasing deformation of the needle end 3, alternatively, the physi-
cal size of the respective rollers could increase in the transport direction, T, and/or the ampli-

tudes of translation of the respective rollers could increase in the transport direction, T.

Fig. 5 is a cross-sectional perspective view of an in-line process setup according to another
embodiment of the invention, showing a plurality of needle tubes arranged side by side on a

conveyor belt 150 which moves in a transport direction, T. Each needle tube 101 rotates
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about its axis of extension due to a portion (not visible) of the conveyor belt 150 moving rela-
tive to the remaining portion of the conveyor belt 150, either in the transport direction, T, or

opposite the transport direction, T.

The needle tubes are aligned along a side wall 155 of the conveyor belt 150, and as they are
transported in the transport direction, T, they are successively fed to, respectively, a first pair
of rollers 120, a second pair of rollers 130, and a third pair of rollers 140. The rollers rotate
as indicated by the curved arrows, but do not undergo any translational motion. All rollers
have the same frustoconical configuration, but whereas the respective rollers in the first pair
of rollers 120 extend along roller axes which are separated by a first distance Z4, the respec-
tive roller axes of the other pairs of rollers are separated by distances which decrease in the
transport direction, T, to provide for a gradual deformation of the needle tube portions, cor-

responding to what is described with respect to Fig. 4.

Every time a needle tube 101 is being positioned between e.g. the second pair of rollers
130, another needle tube is being positioned between the first pair of rollers 120, and every
time a needle tube 101 is being positioned between the third pair of rollers 40, another nee-
dle tube is being positioned between the second pair of rollers 130, and a further needle
tube is being positioned between the first pair of rollers 120. The in-line process thus ena-
bles a fast high-volume processing of needle tubes as a preparation for subsequent pro-
cessing steps, such as needle tip grinding and attachment of the needle tube to a needle
hub.

Fig. 6 is a perspective view of an in-line setup according to a further embodiment of the in-
vention where a plurality of opposing rolling needle tubes are arranged on a conveyor belt
250 and moved in a transport direction, T. Each pair of opposing needle tubes 201, 201" are
successively processed by a first pair of rollers 220, a second pair of rollers 230, and a third
pair of rollers 240 arranged next to one another. The respective contact surfaces 221, 231,
241 of the pairs of rollers 220, 230, 240 are shaped to provide a wedge configuration for
frustoconical deformation of respective end portions 203, 203" of each pair of opposing nee-
dle tubes 201, 201'. A symmetrical setup as the one shown in Fig. 6 is a simple way of dou-

bling the needle production capacity of the setup shown in Fig. 5.
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CLAIMS

1. A method of forming injection needles, the method comprising:

(i)

(ii)

placing a needle tube portion of a first needle tube extending along and rotating
about a first needle axis in a first location between a first pair of opposing shaping
surfaces being inclined with respect to the first needle axis so as to provide a wedge
configuration and arranged to operate at least intermittently in a relative position de-
fining a first minimum distance as a smallest distance between the first pair of oppos-
ing shaping surfaces, the first minimum distance being smaller than a diameter of the

needle tube portion,

transporting the needle tube portion of the first needle tube to a second location be-
tween a second pair of opposing shaping surfaces being inclined with respect to the
first needle axis so as to provide a wedge configuration and arranged to operate at
least intermittently in a relative position defining a second minimum distance as a
smallest distance between the second pair of opposing shaping surfaces, the second

minimum distance being smaller than the first minimum distance, and

(iii) simultaneously with or subsequent to (ii) placing a needle tube portion of a second

needle tube in the first location, the second needle tube extending along and rotating

about a second needle axis.

2. A method according to claim 1, further comprising:

(iv) prior to (ii) transporting the needle tube portion of the first needle tube successively

(v)

to one or more further locations, each of the one or more further locations being be-
tween a pair of opposing shaping surfaces which are inclined with respect to the first
needle axis so as to provide a wedge configuration and which are arranged to oper-
ate at least intermittently in a relative position defining a minimum distance as a
smallest distance between the pair of opposing shaping surfaces, the minimum dis-
tance being smaller than the minimum distance of the immediately preceding pair of

opposing shaping surfaces and larger than the second minimum distance, and

simultaneously with or subsequent to each transport of the needle tube portion of the
first needle tube to a further location placing a needle tube portion of a further needle

tube in a location immediately preceding the further location.



10

15

20

25

WO 2016/050922 PCT/EP2015/072716
13

3. A method according to claim 1 or 2, wherein each pair of opposing shaping surfaces is
arranged on either side of a conveyor belt and next to at least one other pair of opposing
shaping surfaces, and wherein a plurality of needle tubes extending along and rotating about
respective needle axes are arranged side by side on the conveyor belt and fed successively
to each pair of opposing shaping surfaces in a feeding direction perpendicular to the respec-

tive needle axes.

4. A method according to any of claims 1 — 3, wherein each needle tube has a predeter-
mined length, and wherein each pair of opposing shaping surfaces is arranged to receive an
end portion of the respective needle tubes, which end portion is smaller than half of the pre-

determined length.

5. A method according to claim 4, wherein the end portion is smaller than one third of the

predetermined length.

6. A method according to any of the preceding claims, wherein each pair of opposing shap-
ing surfaces is adapted to simultaneously receive respective end portions of two needle

tubes arranged co-axially in continuation of one another.

7. A method according to any of the preceding claims, wherein at least one pair of opposing
shaping surfaces forms part of a pair of rollers comprising a first roller rotating clockwise and

a second roller rotating counter-clockwise.

8. A method according to claim 3, wherein each pair of opposing shaping surfaces forms
part of a pair of rollers comprising a first roller extending along and rotating clockwise about
a first roller axis, the first roller axis being parallel to the respective needle axes, and a sec-
ond roller extending along and rotating counter-clockwise about a second roller axis, the
second roller axis being parallel to the first roller axis, and wherein the first roller and the

second roller have respective conical or frustoconical configurations.

9. A method according to any of the preceding claims, wherein at least one pair of opposing
shaping surfaces comprises a first shaping surface and an opposing second shaping surface

which alternately moves away from and towards the first shaping surface.
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