wo 2015/060774 A1 [N I P00 0O OO R

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

(43) International Publication Date WO 201 5 /060774 Al
30 April 2015 (30.04.2015) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every

eay)

(22)

(25)
(26)
(30)

1

(72

74

AGIM 39/18 (2006.01)
B29C 65/20 (2006.01)

B29C 65/74 (2006.01)

International Application Number:
PCT/SE2014/051240

International Filing Date:

22 October 2014 (22.10.2014)
Filing Language: English
Publication Language: English
Priority Data:
3155/DEL/2013 24 October 2013 (24.10.2013) IN

Applicant: GE HEALTHCARE BIO-SCIENCES AB
[SE/SE]; Bjorkgatan 30, S-751 84 Uppsala (SE).

Inventors;: CHENGALVARAYAN, Kishore; John F.
Welch Technology Centre, Whitefield Road, Bangalore,
Karnataka 560066 (IN). RAMAKRISHNA, Manoj; John
F. Welch Technology Centre, Whitefield Road, Bangalore,
Karnataka 560066 (IN).

Agents: GE HEALTHCARE BIO-SCIENCES AB et al ;
Patent Department, Bjérkgatan 30, S-751 84 Uppsala (SE).

(84)

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: APPARATUS FOR CONNECTION OF THERMOPLASTIC TUBING

7 1‘6 1\7 15 §
L
mzszs ’
L b

Figure 1

(57) Abstract: The invention discloses an apparatus (1) for
aligning and supporting a first (2) and a second (3) length of
thermoplastic tubing, preparatory to and during cutting and
welding of said lengths of tubing, where the apparatus com-
prises the following components arranged on a base support
(4): a) a first holder (5) arranged to accommodate portions
of the first and second lengths of tubing in a first (6) and a
second (7) elongated holding space respectively, wherein
the holding spaces are essentially parallel to each other and
separated from each other by a first distance (8); b) a second
holder (9) arranged to accommodate portions of the first and
second lengths of tubing in a third (10) and a fourth (11)
elongated holding space respectively, wherein the holding
spaces are essentially parallel to each other and to the hold-
ing spaces in the first holder and separated from each other
by a second distance (12) substantially the same as the first
distance (8), and wherein said second holder is movable in a
direction essentially perpendicular to the holding spaces of
the first and second holders from a cutting position where
said first holding space (6) is aligned with said third holding
space (10) and said second holding space (7) is aligned with
said fourth holding space (11) to a welding position where
said first holding space (6) is aligned with said fourth hold-
ing space (11); ¢) cutting means (13) arranged between said
first and second holders for cutting said lengths of tubing
when the second holder is in the cutting position; d) align-
ing means arranged to abut the outside of a cut length of

tubing accommodated in the first holding space (6) and the outside of a cut length of tubing accommodated in the fourth holding
space (11) and to align these lengths of tubing with each other.
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APPARATUS FOR CONNECTION OF THERMOPLASTIC TUBING

Technical field of the invention

The present invention relates to sterile connection of thermoplastic tubing, and more particularly
to an apparatus for sterile connection by welding. The invention also relates to a method of

sterile connection of thermoplastic tubing by welding.

Background of the invention

The biotechnology industry uses different manufacturing systems for creating aseptic and sterile
connections between process containers and equipment, such as plastic bags and pumps. A
known manufacturing system uses controlled environments such as clean rooms or cabinets to
ensure aseptic connections during manufacture. When necessary connections are made in such a
controlled environment that breaches sterile tubing and piping, the environment does not
contaminate the fluid flow passage. However, maintaining a clean room is time consuming,

difficult and costly to validate.

For example separation or reaction systems such as chromatography systems, filter systems or
bioreactor systems have today at least partly been provided as disposable systems. This
eliminates the need for cleaning and cleaning validation before processing, in between processes
and cycles or after processing before re-use as required for conventional re-usable equipment.

With disposable systems cross-contamination is avoided.

Bioburden control of single-use equipment during manufacturing of the equipment itself is
required to eliminate cleaning needs before bringing single-use equipment into product contact.
This is usually achieved by manufacturing of single-use equipment in controlled environment
(clean room), often followed by sterilisation processes (gamma irradiation). The demands of the
level of bioburden control can differ for different applications. However, bioburden control to a
certain degree of the equipment is not only required for some applications, but also considered
as the preferable for most of the applications using disposable equipment. The production of this
equipment in controlled environments is required to guarantee a low initial level of
contaminants prior to the bioburden control procedure. Sterility and asepsis are terms used to
define the state of a system, a piece of equipment or a fluid conduit as being in control of

bioburden levels to different degrees.
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Many manufacturing systems use disposable plastic bags connected to flexible thermoplastic
tubes, which requires special connections to assure that the bags and tubes remain clean and
sterile. Known are also pre-sterile bags and tube sets which can be supplied with the appropriate
special disposable aseptic connection system fittings already in place. These connections are
simple, repeatable and validatable but they normally have to be applied during manufacture of
the sets and are not amenable to the setting up of tailor-made systems directly in the bioprocess

facility.

Sterile welding of flexible thermoplastic tubing, where lengths of tubing are cut and welded
together under aseptic conditions is an attractive alternative which provides a higher degree of
flexibility. Equipment for such welding is commercially available and different constructions
have been described in e.g. US4516971, EP723851A2, W0O2013096038A1, US7398813 and
US6705372. Sterile welding is particularly common in medical settings, e.g. assembly of sterile
circuits for hemodialysis. It is also quite commonly used in bioprocess settings, although a
drawback of the available technology is that several separate welders have to be used for tubing
of different diameters which are often used simultaneously in different parts of a single

bioprocess to accommodate ranges of flow-rates, pressures etc.

Accordingly there is a need for a welding apparatus which enables welding of tubing over a

range of different diameters.

Summary of the invention

One aspect of the invention is to provide a welding apparatus that enables aseptic welding of
thermoplastic tubing having a range of different diameters. This is achieved with an apparatus as

defined in claim 1.

One advantage is that the lengths of tubing to be joined by welding can be properly aligned
irrespective of the tubing diameters. Further advantages are that straight and leak-free joints of

high strength can be obtained.

Another aspect of the invention is to provide a method of welding thermoplastic tubing which
allows aseptic welding independently of the tubing diameter over a range of diameters. This is

achieved with a method as defined in the claims.
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A third aspect of the invention is to provide a welding apparatus that enables aseptic welding of
thermoplastic tubing having a range of different diameters. This is achieved with an apparatus as
defined in the claims. One advantage of this apparatus is that the tubing holders can

accommodate and align tubing of different diameters.

A fourth aspect of the invention is to provide a welding apparatus that enables aseptic welding
of thermoplastic tubing having a range of different diameters. This is achieved with an apparatus
as defined in the claims. One advantage of this apparatus is that tubing of different diameters
can be securely clamped without over-compression of the tubing.

Further suitable embodiments of the invention are described in the dependent claims.

Brief description of drawings

Fig. 1 shows an apparatus of the invention (top view), with the holders in the cutting position.

Fig. 2 shows the apparatus of Fig. 1 with the holders almost in the welding position, with

incomplete alignment of the tubing lengths to be welded.

Fig. 3 shows the apparatus of Fig. 1 with the holders in the welding position, with the tubing
lengths aligned by the aligning and abutment plates.

Fig. 4 shows an apparatus of the invention (top view) with the holders a) in the cutting position,

b) almost in the welding position and ¢) in the welding position with the tubing lengths aligned.

Fig. 5 shows an alternative embodiment of the apparatus of the invention (top view) with the
holders a) in the cutting position, b) almost in the welding position and c) in the welding

position with the tubing lengths aligned.

Fig. 6 shows an apparatus of the invention in a) top view, b) side view and c) front view with b)
and c) also showing v blocks for accommodating different tube sizes and jaws for clamping the

tubes.

Fig. 7 shows the v blocks for accommodating different tube sizes (front and side view) with a)

large diameter tubing and b) small diameter tubing.
3
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Fig. 8 shows the clamps with different clamping forces applied on a) large diameter tubing and

b) small diameter tubing.

Detailed description of embodiments

In one aspect, as illustrated by Figs 1-8, the present invention discloses an apparatus 1;101 for
aligning and supporting a first 2;102 and a second 3;103 length of thermoplastic tubing,
preparatory to and during cutting and welding of the lengths of tubing. Suitably, both lengths of
tubing have the same diameter. The apparatus comprises the following components arranged on

a base support 4:

a) a first holder 5;105 arranged to accommodate portions of the first 25102 and second 3;103
lengths of tubing in a first 6;106 and a second 7;107 elongated holding space respectively,
wherein the two holding spaces are essentially parallel to each other and separated from each
other by a first distance 8;108. The length axes of the two holding spaces can be arranged at an

angle of less than 5 degrees, such as less than 2 degrees or less than 1 degree towards each other.

b) a second holder 9;109 arranged to accommodate (other) portions of the first 2;102 and second
3;103 lengths of tubing in a third 10;110 and a fourth 11;111 elongated holding space
respectively, wherein these holding spaces are essentially parallel to each other and to the
holding spaces in the first holder (i.e. with the length axes at an angle of less than 5 degrees,
such as less than 2 degrees or less than 1 degree towards each other) and separated from each
other by a second distance 12;112 substantially the same as the first distance 8;108 (or differing
from the first distance by less than 2% or less than 1%), and wherein this second holder is
movable, e.g. slidable, in a direction essentially perpendicular to the holding spaces of the first
and second holders from a cutting position where the first holding space 6;106 is aligned with
the third holding space 10 and said second holding space 7;107 is aligned with said fourth
holding space 115111 to a welding position where said first holding space 65106 is aligned with
said fourth holding space 11;111. This is to say that in the cutting position portions of the first
length of tubing 2;102 can be accommodated in the first 6;106 and third 10;110 holding spaces,
while portions of the second length of tubing 3;103 can be accommodated in the second 7;107
and fourth 11;111 holding spaces. In the welding position a cut portion 19;119 of the first 25102
length of tubing can be accommodated in the first holding space 6;106 and aligned with a cut
portion 203120 of the second 3;103 length of tubing accommodated in the fourth holding space
115111
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¢) Cutting means 13;113 arranged between the first and second holders for cutting the lengths of

tubing when the second holder is in the cutting position. The cutting means can be a hot cutting
device such as e.g. a heated wafer, a heated wire or a laser beam. It can also be a sharp cold
blade, although in this case a sterilant may have to be supplied in order to ensure sterility of the
cut ends. The cutting means is suitably arranged to cut both lengths of tubing in an essentially
transverse direction, such as at an angle of 85-95 degrees or 88-92 degrees to the length axis of
each length of tubing. Throughout this specification, the wording “cutter” can be used

interchangeably with “cutting means”.

d) Aligning means arranged to abut the outside of a cut length of tubing 19;119 accommodated
in the first holding space 6;106 and the outside of a cut length of tubing 20;120 accommodated
in the fourth holding space 115111 and to align these lengths of tubing with each other, typically
in the transverse direction, when the second holder is in or is approaching the welding position.
As the alignment is done directly by abutment of the outsides of the cut lengths of tubing, proper
alignment is ensured irrespective of their diameter. The aligning means may comprise a first
14;114 and a second 15;1185 aligning plate, both having substantially the same width 175117,
each movable in a direction essentially perpendicular to (or at an angle of 85-95 degrees, such as
88-92 degrees to) the holding spaces of the first and second holders, and an abutment plate
165116 attached to said base support, wherein, when the second holder is in the welding
position, said first aligning plate is arranged to abut said abutment plate and the outside of the
cut length of tubing accommodated in the first holding space 6;106 and said second aligning
plate is arranged to abut said abutment plate and the outside of the cut length of tubing
accommodated in the fourth holding space 115111 such that the cut lengths of tubing in the first
and second holding spaces are aligned with each other, typically in the transverse direction.
Transverse alignment is important, as any misalignment diminishes the contact area in the weld
and can easily lead to leakage and/or mechanical failure of the weld joint. The disclosed
abutment solution can be produced to a low cost, particularly compared to precision-controlled
drives and precision machined parts for placing the holders at exactly determined positions. The
aligning by abutment for flexible tubing works particularly well with tubes that have been
pinched flat using clamps (see below) in that the side of a flattened tube is considerably more
rigid than the non-flattened flexible tube and a higher abutment force can be applied to ensure
alignment. The aligning plates may e.g. be slidable on a guideway against a spring load (The
spring load will let the plates revert to home position after the operation). The face of the plate

that abuts the tube can suitably be flat to ensure that the tube edge is always contacted.
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Alternatively the aligning means may comprise a plate driven by a separate drive. This could be
a plate which will move to and forth on a rack and pinion arrangement or on a worm gear
arrangement or even a linear drive. It could be two plates slidable on each other or any

arrangement which permits relative motion between the plates and between the plate and holder.

One or both of the holders may be dividable, as illustrated in Fig. 5. Here, the first holder 105 is
dividable into two parts 105,104 when the second holder approaches the welding position. This
arrangement has the advantage that access of the aligning plates 114, 115 and the abutment plate
116 to the cut tubing portions 119, 120 is facilitated. It is however also possible to use non-
dividable holders as shown in Fig 1-4 and 6, particularly if the holders comprise recesses to

accommodate the aligning and abutment plates into suitable positions.

In some embodiments, the apparatus further comprises a heater arranged to heat and weld
together the ends of a cut length of tubing accommodated in the first holding space 65106 and a
cut length of tubing accommodated in the fourth holding space 115111 and wherein said first
and second holder are arranged to be urged together to accomplish a welded seal. If a heated
wafer is used as cutting means, the same heated wafer can also be the heater, but the heater can
also be a separate device, e.g. another wafer, a laser, an infrared beam, a hot air source etc. An
advantage of using a single heated wafer for both cutting and welding is that the cut ends can be
kept in contact with the hot wafer during the entire operation, thus ensuring aseptic conditions.
The urging together of the first and second holders can e.g. be achieved by arranging them to be

slidable along one or two guides when in the welding position.

In some embodiments, the first and second alignment plates are arranged to slide against the
abutment plate when said first and second holder are urged together. Sliding against the
abutment plate is a way to ensure that the alignment is maintained when the holders are urged

together.

In certain embodiments, the abutment plate is spring loaded. The spring loading can e.g. be
achieved by a helical spring and has the advantage that a suitable force is constantly applied to

the aligning plates in order to ensure the alignment.

In some embodiments, the second holder is slidable along a guide 18. This ensures a smooth and
precise motion between the cutting and welding positions and facilitates the alignment with the

aligning means.
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In certain embodiments, the first, second, third and fourth holding spaces are arranged to
accommodate tubing lengths having a range of outer diameters, such as a range of 4 — 25 mm, 4
— 10 mm, 10 — 25 mm, 5 — 20 mm or 7 — 15 mm. Tubing with different outer diameters in the 4-
25 mm range is commonly used in bioprocess settings and to allow a broad scope of use for the
apparatus it is advantageous if it can handle either the entire range or significant parts of it. The
holding spaces can be constructed as described below or they may e.g. be of large diameter and
accommodate sets of smaller diameter cylindrical inserts which can be exchanged depending on

the tubing diameter to be used.

In some embodiments, illustrated by Figs 6-7, each of said holding spaces comprises two
elongated spring loaded opposite v blocks 42 arranged to align the center axes of the tubing
lengths along the center axes of the holding spaces. The v blocks can suitably be two elongated
blocks, each having a v-shaped groove along the center axis of the holding space, with the v-
shaped grooves of each block facing each other. With the spring-loaded v-block arrangement it
is possible to accommodate tubing of a wide diameter range and at the same time obtain an axial
alignment of the tubing portions to be welded such that a straight transverse weld is obtained.
This is important, as misalignment may lead to mechanical failure and/or leakage. The axial
alignment is cooperative with the transverse alignment in that both are needed and that even a
minimal misalignment in one direction further increases the need for precision alignment in the
other direction. When clamping is used (see below), the v-block arrangement further ensures
that the clamping force is applied centrally on the tubing. This is important, as non-central
clamping can lead to transverse movement of the flattened tube. Although the alignment means
are able to obtain alignment even of transversely dislocated tubing ends, the alignment operation
is easier if the tubing ends are at the appropriate places. Non-central clamping can also lead to

incomplete flattening of the tubes and consequential leakage of liquid.

In certain embodiments, illustrated by Fig. 7, each holding space comprises two v blocks 42
arranged vertically above each other, with the v-shaped grooves 43 facing each other and with
the blocks suspended by helical springs 44 from the top 45 and bottom 46 of a frame 47. With
this arrangement, the tubing can be accommodated between the v-shaped grooves and the
helical springs allow movement of the blocks while applying a suitable force urging the blocks
together to hold the tubing length in place and axially aligned without deformation of the tubing.
Each block can suitably be suspended by a plurality of helical springs, such as two helical
springs. With this solution the lengths of tubing will self-align and no active axial alignment is

needed to be performed by the operator.
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In certain embodiments each holder comprises a clamp 21;48;51 arranged to flatten a portion of
a length of tubing accommodated in the holding spaces. In wet welding, where at least one of
the lengths of tubing contains a liquid, the tubes need to be pinched in order to arrest the liquid
inside the tube(s) while cutting and welding. The tubes will then be compressed to an essentially
flat shape (e.g. such that opposite inside surfaces of the tubing are in direct contact with each
other) and cut and welded in this shape. After welding, the clamps are released and the tubes
with the weld spring back to cylindrical shape, if necessary assisted by lightly twisting the joint
manually. The degree of compression needed depends on the diameter and thickness of the tube,
but can typically be about 30% of the combined thickness of the two wall (i.e. 2 times the wall
thickness). An upper limit to the compression can typically be up to a level where plastic
deformation for the particular material begins. Proper alignment in both the transverse and axial
directions is highly desirable in order to get a good flat weld that can spring back to form a good

cylindrical weld that does not reduce flow rates through the tubing.

In some embodiments, illustrated by Fig. 8, each clamp 51 comprises two jaws 52 and between
the jaws at least one compression spring 53 and at least one stopper 54. The at least one
compression spring may e.g. be arranged to limit the compression load on tubing of less than 20
mm outer diameter and the at least one stopper may e.g. be arranged to prevent over-
compression of tubing with an outer diameter of less than 10 mm. The compression springs can
e.g. be disc springs. The compression springs can be arranged to engage both jaws when the
jaws are at a distance of up to 20 mm from each other, such as at a distance of up to 8, 10 or 15
mm from each other. The stoppers can e.g. be arranged to engage both jaws at a distance of 4-10
mm from each other, such as 4 — 7 mm or 5 — 10 mm from each other. Sufficient compression is
needed to prevent any leakage of liquid during cutting and welding, but over-compression can
damage the tubing material and also cause undesirable deformation during welding. It may e.g.

lead to closed welds that do not spring back upon release of the clamps.

In a second aspect the present invention discloses a method of cutting and welding a first 2;102
and a second 3;103 length of thermoplastic tubing, comprising the steps of:

a) providing an apparatus as disclosed above, with the holders arranged in the cutting position;
b) placing the first length of tubing in the first 6;106 and third 10;110 holding spaces and the
second length of tubing in the second 7;107 and fourth 11;111 holding spaces;

¢) cutting the first and second lengths of tubing with the cutting means 13;113;

d) sliding the second holder to the welding position;
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e) adjusting the positions of the second holder and the first and second aligning plates until both
aligning plates abut the abutment plate and the outsides of the cut lengths of tubing;
f) urging the first and second holders together and welding the cut lengths of tubing to form a

seam.

In some embodiments the method comprises, between steps b) and ¢), a step b’) of clamping
both the first and second length of tubing to an essentially flat shape (e.g. such that opposite
inside surfaces of the tubing are in direct contact with each other). As discussed above, this
facilitates welding when liquid is present in at least one of the lengths of tubing. When a
clamping step is used, the tubing used can suitably be flexible, such as tubing manufactured
from e.g. thermoplastic elastomers or plasticized PVC. The method can further, after step f)

comprise a step ) of releasing the clamping.

In a third aspect the present invention discloses an apparatus 1;101 for aligning and supporting a
first 25102 and a second 3;103 length of thermoplastic tubing, preparatory to and during cutting
and welding of said lengths of tubing, said apparatus comprising the following components
arranged on a base support 4:

a) a first holder 5;105 arranged to accommodate portions of said first and second lengths of
tubing in a first 6;106 and a second 7;107 elongated holding space respectively, wherein said
holding spaces are essentially parallel to each other and separated from each other by a first
distance 8;108;

b) a second holder 9;109 arranged to accommodate portions of said first and second lengths of
tubing in a third 10;110 and a fourth 115111 elongated holding space respectively, wherein said
holding spaces are essentially parallel to each other and to the holding spaces in the first holder
and separated from each other by a second distance 125112 substantially the same as the first
distance 8;108, and wherein said second holder is slidable in a direction essentially
perpendicular to the holding spaces of the first and second holders from a cutting position where
said first holding space 6;106 is aligned with said third holding space 10;110 and said second
holding space 7;107 is aligned with said fourth holding space 11;111 to a welding position
where said first holding space 65106 is aligned with said fourth holding space 115111,

¢) cutting means 13;113 arranged between said first and second holders for cutting said lengths
of tubing when the second holder is in the cutting position,

wherein each of said first, second, third and fourth holding spaces comprises two elongated
spring loaded opposite v blocks 42, as defined above, arranged to align the center axes of the

tubing lengths along the center axes of the holding spaces.
9
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In certain embodiments each holding space comprises two v blocks 42 arranged vertically above
each other, with the v-shaped grooves 43 facing each other and with the blocks suspended by
helical springs 44 from the top 45 and bottom 46 of a frame 47.

In a fourth aspect the present invention discloses an apparatus 1;101 for aligning and supporting
a first 23102 and a second 3;103 length of thermoplastic tubing, preparatory to and during
cutting and welding of said lengths of tubing, said apparatus comprising the following
components arranged on a base support 4:

a) a first holder 5;105 arranged to accommodate portions of said first and second lengths of
tubing in a first 6;106 and a second 7;107 elongated holding space respectively, wherein said
holding spaces are essentially parallel to each other and separated from each other by a first
distance 8;108;

b) a second holder 9;109 arranged to accommodate portions of said first and second lengths of
tubing in a third 10;110 and a fourth 115111 elongated holding space respectively, wherein said
holding spaces are essentially parallel to each other and to the holding spaces in the first holder
and separated from each other by a second distance 125112 substantially the same as the first
distance 8;108, and wherein said second holder is slidable in a direction essentially
perpendicular to the holding spaces of the first and second holders from a cutting position where
said first holding space 6;106 is aligned with said third holding space 10;110 and said second
holding space 7;107 is aligned with said fourth holding space 115111 to a welding position
where said first holding space 65106 is aligned with said fourth holding space 115111,

¢) cutting means 13;113 arranged between said first and second holders for cutting said lengths
of tubing when the second holder is in the cutting position,

d) in each holder, a clamp 51 arranged to flatten a portion of a length of tubing accommodated
in the holding spaces, wherein each clamp 51 comprises two jaws 52 and between the jaws at

least one compression spring 53 and at least one stopper 54.

This written description uses examples to disclose the invention, including the best mode, and
also to enable any person skilled in the art to practice the invention, including making and using
any devices or systems and performing any incorporated methods. The patentable scope of the
invention is defined by the claims, and may include other examples that occur to those skilled in
the art. Such other examples are intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal languages of the

claims.
10
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CLAIMS

1. Apparatus (1;101) for aligning and supporting a first (2;102) and a second (3;103) length of
thermoplastic tubing, preparatory to and during cutting and welding of said lengths of tubing,
said apparatus comprising the following components arranged on a base support (4):

a) a first holder (5;105) arranged to accommodate portions of said first and second lengths of
tubing in a first (6;106) and a second (7;107) elongated holding space respectively, wherein said
holding spaces are essentially parallel to each other and separated from each other by a first
distance (8;108);

b) a second holder (9;109) arranged to accommodate portions of said first and second lengths of
tubing in a third (10;110) and a fourth (11;111) elongated holding space respectively, wherein
said holding spaces are essentially parallel to each other and to the holding spaces in the first
holder and separated from each other by a second distance (12;112) substantially the same as the
first distance (8;108), and wherein said second holder is movable in a direction essentially
perpendicular to the holding spaces of the first and second holders from a cutting position where
said first holding space (6;106) is aligned with said third holding space (10;110) and said second
holding space (7;107) is aligned with said fourth holding space (11;111) to a welding position
where said first holding space (6;106) is aligned with said fourth holding space (11;111);

¢) cutting means (13;113) arranged between said first and second holders for cutting said lengths
of tubing when the second holder is in the cutting position, and;

d) aligning means arranged to abut the outside of a cut length of tubing accommodated in the
first holding space (6;106) and the outside of a cut length of tubing accommodated in the fourth
holding space (11;111) and to align these lengths of tubing with each other.

2. The apparatus of claim 1, wherein the aligning means comprises a first (14;114) and a second
(15;115) aligning plate, both having substantially the same width (17), each movable in a
direction essentially perpendicular to the holding spaces of the first and second holders, and an
abutment plate (16;116) attached to said base support, wherein, when the second holder is in the
welding position, said first aligning plate is arranged to abut said abutment plate and the outside
of a cut length of tubing accommodated in the first holding space (6;106) and said second
aligning plate is arranged to abut said abutment plate and the outside of a cut length of tubing
accommodated in the fourth holding space (11;111) such that the cut lengths of tubing in the

first and second holding spaces are aligned with each other.
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3. The apparatus of claim 1 or 2, further comprising a heater arranged to heat and weld together
the ends of a cut length of tubing accommodated in the first holding space (6;106) and a cut
length of tubing accommodated in the fourth holding space (11;111) and wherein said first and

second holder are arranged to be urged together to accomplish a welded seal.

4. The apparatus of claim 2 or 3, wherein said first and second alignment plates are arranged to

slide against the abutment plate when said first and second holder are urged together.

5. The apparatus of any preceding claim, wherein said abutment plate is spring loaded.

6. The apparatus of any preceding claim, wherein said second holder is slidable along a guide

(18).

7. The apparatus of any preceding claim wherein said first, second, third and fourth holding
spaces are arranged to accommodate tubing lengths having a range of outer diameters, such as a

range of 4 — 25 mm, 4 — 10 mm, 10 — 25 mm, 5 — 20 mm or 7 — 15 mm.

8. The apparatus of any preceding claim, wherein each of said holding spaces comprises two
elongated spring loaded opposite v blocks (42) arranged to align the center axes of the tubing

lengths along the center axes of the holding spaces.

9. The apparatus of claim 8, wherein each holding space comprises two v blocks (42) arranged
vertically above each other, with the v channels (43) facing each other and with the blocks

suspended by helical springs (44) from the top (45) and bottom (46) of a frame (47).

10. The apparatus of any preceding claim, wherein each holder comprises a clamp
(21;48;51;121) arranged to flatten a portion of a length of tubing accommodated in the holding

spaces.

11. The apparatus of claim 10, wherein each clamp (51) comprises two jaws (52) and between

the jaws at least one compression spring (53) and at least one stopper (54).

12. The apparatus of claim 11, wherein the at least one compression spring is arranged to limit
the compression load on tubing of less than 20 mm outer diameter and the at least one stopper is

arranged to prevent over-compression of tubing with an outer diameter of less than 10 mm.
12
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13. The apparatus of claim 12, wherein the compression springs are disc springs.

14. The apparatus of claim 12 or 13, wherein the compression springs are arranged to engage
both jaws when the jaws are at a distance of up to 20 mm from each other, such as at a distance

of up to 8, 10 or 15 mm from each other.

15. The apparatus of any one of claims 12 — 14, wherein the stoppers are arranged to engage
both jaws at a distance of 4-10 mm from each other, such as 4 — 7 mm or 5 — 10 mm from each

other.

16. A method of cutting and welding a first (2;102) and a second (3;103) length of thermoplastic
tubing, comprising the steps of:

a) providing the apparatus of any one of claims 1-15, with the holders arranged in the cutting
position;

b) placing the first length of tubing in the first (6;106) and third (10;110) holding spaces and the
second length of tubing in the second (7;107) and fourth (11;111) holding spaces;

¢) cutting the first and second lengths of tubing with the cutting means (13;113);

d) sliding the second holder to the welding position;

e) adjusting the positions of the second holder and the first and second aligning plates until both
aligning plates abut the abutment plate and the outsides of the cut lengths of tubing;

f) urging the first and second holders together and welding the cut lengths of tubing to form a

seam.

17. The method of claim 16, further comprising, between steps b) and ¢), a step b’) of clamping
both the first and second length of tubing to an essentially flat shape.

18. Apparatus (1;101) for aligning and supporting a first (2;102) and a second (3;103) length of
thermoplastic tubing, preparatory to and during cutting and welding of said lengths of tubing,
said apparatus comprising the following components arranged on a base support (4):

a) a first holder (5;105) arranged to accommodate portions of said first and second lengths of
tubing in a first (6;106) and a second (7;107) elongated holding space respectively, wherein said
holding spaces are essentially parallel to each other and separated from each other by a first
distance (8;108);

b) a second holder (9;109) arranged to accommodate portions of said first and second lengths of

tubing in a third (10;110) and a fourth (11;111) elongated holding space respectively, wherein
13
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said holding spaces are essentially parallel to each other and to the holding spaces in the first
holder and separated from each other by a second distance (12;112) substantially the same as the
first distance (8;108), and wherein said second holder is slidable in a direction essentially
perpendicular to the holding spaces of the first and second holders from a cutting position where
said first holding space (6;106) is aligned with said third holding space (10;110) and said second
holding space (7;107) is aligned with said fourth holding space (11;111) to a welding position
where said first holding space (6) is aligned with said fourth holding space (11;111), and;

¢) cutting means (13;113) arranged between said first and second holders for cutting said lengths
of tubing when the second holder is in the cutting position,

wherein each of said first, second, third and fourth holding spaces comprises two elongated
spring loaded opposite v blocks (42) arranged to align the center axes of the tubing lengths

along the center axes of the holding spaces.

19. The apparatus according to claim 18, wherein each holding space comprises two v blocks
(42) arranged vertically above each other, with the v channels (43) facing each other and with
the blocks suspended by helical springs (44) from the top (45) and bottom (46) of a frame (47).

20. The apparatus according to claim 18 or 19, wherein each holder comprises a clamp (51)
arranged to flatten a portion of a length of tubing accommodated in the holding spaces, and
wherein each clamp (51) comprises two jaws (52) and between the jaws at least one

compression spring (53) and at least one stopper (54).

21. Apparatus (1;101) for aligning and supporting a first (2;102) and a second (3;103) length of
thermoplastic tubing, preparatory to and during cutting and welding of said lengths of tubing,
said apparatus comprising the following components arranged on a base support (4):

a) a first holder (5;105) arranged to accommodate portions of said first and second lengths of
tubing in a first (6;1006) and a second (7;107) elongated holding space respectively, wherein said
holding spaces are essentially parallel to each other and separated from each other by a first
distance (8;108);,

b) a second holder (9;109) arranged to accommodate portions of said first and second lengths of
tubing in a third (10;110) and a fourth (11;111) elongated holding space respectively, wherein
said holding spaces are essentially parallel to each other and to the holding spaces in the first
holder and separated from each other by a second distance (12;112) substantially the same as the
first distance (8;108), and wherein said second holder is slidable in a direction essentially

perpendicular to the holding spaces of the first and second holders from a cutting position where
14
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said first holding space (6;106) is aligned with said third holding space (10;110) and said second

holding space (7;107) is aligned with said fourth holding space (11;111) to a welding position
where said first holding space (6;106) is aligned with said fourth holding space (11;111), and,

¢) cutting means (13;113) arranged between said first and second holders for cutting said lengths
of tubing when the second holder is in the cutting position,

d) in each holder, a clamp (51) arranged to flatten a portion of a length of tubing accommodated
in the holding spaces, wherein each clamp (51) comprises two jaws (52) and between the jaws

at least one compression spring (53) and at least one stopper (54).
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The following separate inventions were identified:

1: Claims 1-17 directed to an apparatus and method for aligning and supporting lengths of
thermoplastic tubing characterised by abutting means.

2: Claims 18-20 directed to an apparatus for aligning and supporting lengths of
thermoplastic tubing characterised by spring loaded means.

3: Claims 21 directed to an apparatus for aligning and supporting lengths of thermoplastic
tubing characterised by flattening means.

The present application has been considered to contain three inventions which are not
linked such that they form a single general inventive concept, as required by Rule 13 PCT
for the following reasons:

The closest prior art has been identified as D1: US 4516971 A.

Document D1 discloses an apparatus for aligning and supporting a first and second length
of thermoplastic tubing, preparatory to and during cutting and welding of the lengths of
tubing, the apparatus comprises the following components arranged on a base support:

a) a first holder arranged to accommodate portions of the first and second lengths of tubing
in a first and second elongated holding space respectively, wherein the holding spaces are
essentially parallel to each other and separated from each other by a first distance

b) a second holder arranged to accommodate portions of the first and second lengths of
tubing in a third and fourth elongated holding space, wherein the holding spaces are
essentially parallel to each other and to the holding spaces in the first holder and separated
from each other by a second distance, substantially the same as the first distance and
wherein the second holder is movable in a direction essentially perpendicular to the holding
spaces of the first and second holders from a cutting position where the first holding space
is aligned with the third holding space and the second holding space is aligned with the
fourth holding space to a welding position where the first holding space is aligned with the
fourth holding space

c) cutting means arranged between the first and second holders for cutting lengths of tubing
when the second holder is in the cutting position

Invention 1:

From a comparison of the disclosure of D1 and the technical features of claims 1-17, the
following technical features can be seen to make a contribution over this prior art:

“aligning means arranged to abut the outside of a cut length of tubing accommodated in the
first holding space and the outside of a cut length of tubing accommodated in the fourth
holding space”

These features are hence considered as special technical features in the sense of Rule
vl
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13.2 PCT.

The effect of these features is that as the alignment is done directly by abutment of the
outsides of the cut lengths of tubing, proper alignment is ensured irrespective of their
diameter.

Invention 2:

From a comparison of the disclosure of D1 and the technical features of claims 18-20, the
following technical features can be seen to make a contribution over this prior art:

“wherein each of said first, second, third and fourth holding spaces comprises two
elongated spring loaded opposite v blocks”

These features are hence considered as special technical features in the sense of Rule
13.2 PCT.

The effect of these features is that it is possible to accommodate tubing of a wide diameter
range and at the same time obtain an axial alignment of the tubing portions to be welded
such that a straight transverse weld is obtained.

Invention 3:

From a comparison of the disclosure of D1 and the technical features of claim 21, the
following technical features can be seen to make a contribution over this prior art:

“‘in each holder, a clamp is arranged wherein each clamp comprises two jaws and between
the jaws at least one compression spring and at least one stopper is arranged”

These features are hence considered as special technical features in the sense of Rule
13.2 PCT.

The effect of these features is that a portion of a length of tubing accommodated in the
holding spaces is flattened in order to arrest the liquid inside the tubes while cutting and
welding.

The above analysis shows that the special technical features of invention 1 are neither the
same as, nor correspond to, those of invention 2 or invention 3.

Consequently, neither the objective problem underlying the subject matter of the claimed
inventions, nor their solutions defined by the special technical features, allow for a
relationship to be established between the said inventions, which involves a single general
inventive concept.

Therefore, in conclusion, the three groups of claims are not linked by the same or
corresponding special technical features and define different inventions not linked by a
single general inventive concept.
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Hence, the application does not meet the requirements of unity of invention as defined in
Rules 13.1 and 13.2 PCT.

However, as all searchable claims could be searched without effort justifying additional
fees, this Authority did not invite payment of additional fees.
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