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STERILE TUBE CONNECTING DEVICE
FIELD
This invention relates to a sterile tube connecting device for joining two lengths of sterile

tubing.

BACKGROUND

Sterile tube connecting devices are used to join two lengths of sterile tubing together to form a
single length of sterile tubing. This involves first cutting the two tubings with a cutting wafer
that has been heated to a suitable temperature so that the melted cut ends of both tubings can
be brought into contact with each other to form a weld that joins the cut tubings as a single
length of tubing. As both tubings must be cut at the same time or the difference in temperature
and melting state will cause a weak or uneven weld, leading to a failed connection, during
cutting, the wafer should simultaneously cut across both tubings, in a first direction. After
cutting, the retained lengths of one of the tubings must be moved relative to the retained length
of the other tubing in a second direction in order to axially align the central longitudinal axes
of the retained lengths of both tubings. When the retained lengths of both tubings have been
axially aligned, the cut surfaces of the retained lengths must then brought towards each other in
a third direction that is perpendicular to both the first direction and the second direction in
order to bring the melted cut ends of both tubings into contact with each other to form the weld.
The mechanisms required to automate the entire cutting, aligning and contacting/welding
process involve various different directions of motion of the wafer and the tubings, and is
usually achieved using a number of synchronized motors. Existing sterile tube connecting

devices are therefore usually bulky and not readily moved for portable on-site use.

Temperature control of the wafer is also crucial in cutting and welding the tubings as
thermoplastic tubing are highly heat sensitive. A slight deviation in temperature will cause the
tube connection to be either too weak or the weld surface to close off, leading to a failed
connection. The distance between the thermoplastic tubings and heating elements used to heat
the wafer is also a factor because radiating heat from the heating elements could affect the
tubings if the tubings and the heating elements are placed too close together, while heat would
be lost from the wafer as it travels between the heating elements and the tubings if they are
placed too far apart. Thus, temperature control is difficult to achieve because of the delay of
the mechanical transition and varying ambient temperature of the tube connection device

during use, leading to inconsistent heat loss.
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It 1s therefore desirable to provide a sterile tube connecting device that is both compact and

portable while minimizing heat loss to achieve good welds of the cut tubings.

SUMMARY

According to a first aspect, there is provided a sterile tube connecting device for joining a first

tubing with a second tubing, the device comprising:

a first tube clamp longitudinally moveable forward and backward;

a second tube clamp spaced apart from the first tube clamp and laterally moveable leftward and
rightward perpendicular to forward and backward movement of the first tube clamp, the
first tube clamp and the second tube clamp provided to simultaneously clamp the first
tubing and the second tubing such that a central longitudinal axis of the first tubing is
parallel with a central longitudinal axis of the second tubing;

heating elements;

a carriage for supporting and moving a cutting wafer thereon, the carriage being longitudinally
moveable forward and backward and vertically moveable upward and downward,

a lead screw rotated by a motor, the lead screw having a lead screw nut fixedly connected to
the carriage wherein movement of the carriage is driven by rotation of the lead screw;

wherein the carriage is moveable when supporting the wafer thereon to bring the wafer into
contact with the heating elements to heat the wafer to a pre-determined temperature,
wherein movement of the carriage forward and upward after heating of the wafer moves
the wafer away from the heating elements and passes the wafer through the first tubing
and the second tubing between the first tube clamp and the second tube clamp thereby
cutting the first tubing and the second tubing,

wherein the carriage 1s automatically mechanically connected to the first tube clamp after the
first tubing and the second tubing have been cut such that the first tube clamp moves
forward together with the carriage when the carriage moves forward after the first tubing
and the second tubing have been cut, wherein when the first tube clamp has been moved
forward, a retained length of the first tubing clamped by the first tube clamp becomes
axially aligned with a retained length of the second tubing clamped by the second tube
clamp;

wherein the device is further configured to automatically and mechanically displace the second
tube clamp laterally towards the first tube clamp when the carriage moves forward after
the retained length of the first tubing has been axially aligned with a retained length of
the second tubing and the wafer has been removed from contact with the first tubing and
the second tubing, thereby bringing together melted cut ends of the retained length of the
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first tubing and the retained length of the second tubing to form a weld between the
melted cut ends, thus forming a single length of tubing from the retained length of the
first tubing and the retained length of the second tubing; and

an electrical control circuit board programmed to control rotation of the motor to drive

movement of the carriage.

The carriage may comprise an upper carriage assembly and a lower carriage assembly, the
upper carriage assembly being in vertically oriented sliding engagement with the lower
carriage assembly, wherein both the upper and lower carriage assemblies are together
moveable forward and backward and only the upper carriage assembly is moveable upward

and downward.

The device may further comprise upstanding first and second cam plates provided one on each
side of a path of travel of the carriage, the first and second cam plates each having a cam track
facing the path of travel, the upper carriage assembly having first and second upper carriage
cam followers configured to rotatably engage the cam tracks of the first and second cam plates
respectively, wherein longitudinal and vertical movement of the upper carriage assembly is

guided by profiles of the cam tracks.

The upper carriage assembly may comprise an upper carriage block, a longitudinally oriented
wafer support slot provided on the upper carriage block for supporting the wafer therein, wafer
guide pins provided beside the wafer support slot to guide movement and positioning of the
wafer in the wafer support slot, and a wafer latch provided to secure the wafer in the wafer

support slot and prevent backward movement of the wafer.

The first tube clamp may be fixedly provided on top of a displacement mechanism assembly
that is longitudinally moveable forward and backward, and the device may further comprise a
displacement lock mechanism to lock and unlock the displacement mechanism assembly to

prevent and allow longitudinal displacement of the first tube clamp respectively.

The displacement lock mechanism may comprise a vertically moveable and longitudinally

immoveable displacement lock cam guide, a displacement lock pin having a free upper end and

a lower end fixedly attached to the displacement lock cam guide, a displacement lock spring

that biases the displacement lock cam guide and displacement lock pin upward, and a front pin

slot and a back pin slot both provided on the displacement mechanism assembly to separately
3
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engage the free upper end of the displacement lock pin at different times to prevent
longitudinal displacement of the first tube clamp; wherein the device further comprises a pin
provided on the lower carriage assembly to engage the lock cam guide in order to lock the

displacement mechanism assembly.

The cam tracks may each comprise a first horizontal vector for horizontal movement of the

upper carriage assembly to move the carriage to the heating area.

The cam tracks may each comprise a first angled ramp that is angled upward in the forward
direction; wherein when the upper carriage cam followers engage the first angled ramp and the
carriage 1s moved forward, the upper carriage assembly moves forward and upward along the
first angled ramp for the wafer supported on the upper carriage assembly to cut through the
first tubing and the second tubing while the displacement mechanism assembly is locked by
the displacement lock mechanism to prevent longitudinal displacement of the first tube clamp

while the wafer cuts the first tubing and the second tubing,

The sterile tube connecting device may further comprise a displacement catch and a
displacement notch, wherein the displacement catch is provided on one of the upper carriage
assembly and the displacement mechanism assembly, and wherein the displacement notch is
provided on the other of the upper carriage assembly and the displacement mechanism,
wherein the displacement catch automatically engages the displacement notch after the first
and second tubings have been cut and the displacement lock mechanism has unlocked the
displacement mechanism assembly to allow longitudinal movement of the first tube clamp,
wherein engagement of the displacement catch with the displacement notch mechanically
connects the upper carriage assembly with the first tube clamp to move the first tube clamp
forward when the carriage moves forward after the first tubing and the second tubing have
been cut so as to axially align the retained length of the first tubing with the retained length of

the second tubing.

The cam tracks may each comprise a second horizontal vector for forward movement of the

carriage assembly after the first tubing and the second tubing have been cut.

The cam tracks may each comprise a second angled ramp that is angled downward in the

forward direction; wherein when the upper carriage cam followers engage the second angled

ramp and the carriage is moved forward, the upper carriage assembly moves forward and
4
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downward to remove the wafer supported on the upper carriage assembly from the cut first

tubing and the cut second tubing.

The second tube clamp may be fixedly provided on the second cam plate, wherein the second
cam plate is laterally displaceable leftward and rightward and biased towards the first cam
plate by welding mechanism springs provided between the second cam plate and an
immovable welding mechanism back plate, wherein the second cam plate comprises a welding
cam guide facing the path of travel of the carriage, wherein the lower carriage assembly
comprises a lower carriage cam follower that rotatably engages the welding cam guide,
wherein the welding cam guide has a step extending laterally outward such that when the lower
carriage cam follower travels over the step, the welding mechanism springs displace the
second cam plate towards the first cam plate, thereby displacing the second tube clamp towards
the first tube clamp to bring together melted cut ends of the retained length of the first tubing
and the retained length of the second tubing.

The sterile tube connecting device may further comprise a loading mechanism configured to
load the wafer onto the carriage when the carriage moves backward from the heating area to a
loading area, the loading mechanism comprising: a loading lower rack moveable backward
from a forward position to a backward position by backward movement of the carriage when
the carriage is in contact with a forward end of the loading lower rack; a loading pinion gear in
engagement with the loading lower rack; a loading upper rack in engagement with the pinion
gear such that the loading upper rack moves in an opposite direction from movement of the
loading lower rack; and a loading block fixedly attached to the loading upper rack to push a
wafer forward out of a wafer cartridge onto the carriage when the loading upper rack moves
forward as a result of the loading lower rack moving backward when the carriage moves

backward to the loading position.

The loading mechanism may further comprise a loading lower rack spring provided about the
loading lower rack between a loading lower rack plunger head provided at the forward end of
the loading lower rack and a loading mechanism housing supporting the loading lower rack,
wherein the loading lower rack spring returns the loading lower rack from the backward
position to the forward position when the carriage moves forward away from the loading

position.

The sterile tube connecting device may further comprise an extraction mechanism configured
5
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to remove the wafer from the carriage, the extraction mechanism comprising: an extraction
lower rack moveable forward from a backward position to a forward position by forward
movement of the carriage when the carriage is in contact with a backward end of the extraction
lower rack; an extraction pinion gear in engagement with the extraction lower rack; an
extraction upper rack in engagement with the pinion gear such that the extraction upper rack
moves in an opposite direction from movement of the extraction lower rack; an extraction
linkage fixedly attached to the extraction upper rack; and an extraction catch moveable
connected to the extraction linkage and laterally displaceable leftward and rightward relative to
the extraction linkage; the extraction catch engaging a rear edge of a used wafer supported on
the carriage when the extraction upper rack moves backward as a result of the extraction lower
rack moving forward when the carriage moves forward to the extraction position after the first
tubing and the second tubing have been cut, wherein the wafer is pulled forward off the
carriage by the extraction catch when the carriage moves backward away from the extraction
position and the extraction lower rack is returned to the backward position by an extraction
spring provided between an extraction lower rack plunger head provided at the backward end

of the extraction lower rack and an upstanding front plate of the device.

The sterile tube connecting device may further comprise a locating pin provided on the
carriage to interface with: a heating position sensor provided at the heating area, a loading
position sensor provided at the loading area, and an extraction position sensor provided at the
extraction area, in order to automatically detect arrival of the carriage at the heating area, the

loading area and the extraction area respectively.

In one cycle of use of the device, the electrical control circuit board may be programmed to
control rotation of the motor to move the carriage from the heating position backward to the
loading position to load the wafer onto the carriage, from the loading position forward to the
heating position to heat the wafer, from the heating position forward to the extraction position
to cut and join the first tubing and the second tubing, and from the extraction position

backward to the heating position to remove the wafer from the carriage.

According to a second aspect, there is provided cutting wafer for use with the sterile tube

connecting device of the first aspect, the cutting wafer comprising a wafer working area of a

single layer of a metallic material provided to be heated to the pre-determined temperature to

cut through the first tubing and the second tubing, a wafer heating area comprising multiple

layers of metallic material provided for receiving heat from the heating elements and to supply
6
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heat to the wafer working area.

The wafer heating area may comprise two layers of the metallic material of the wafer working

area, the two layers of the metallic material connected by a fold.

The cutting wafer may further comprise a wafer latch slot for engagement by the wafer latch to

secure the wafer in the wafer support slot and prevent backward movement of the wafer.

BRIEF DESCRIPTION OF FIGURES

In order that the invention may be fully understood and readily put into practical effect, there

shall now be described by way of non-limitative example only exemplary embodiments of the

present invention, the description being with reference to the accompanying illustrative
drawings.

FIG. 1A is aright perspective view of an exemplary sterile tube connecting device.

FIG. 1B is aleft perspective view of the device of FIG. 1.

FIG. 2A is a right perspective view of the device of FIG. 1A with right side features hidden to
show more details of left side features.

FIG. 2B is a left perspective view of the device of FIG. 1A with left side features hidden to
show more details of right side features.

FIG. 3A is a right perspective view of a carriage of the device of FIG. 1.

FIG. 3B is a right perspective exploded assembly view of the carriage of FIG. 3A.

FIG. 4A is aright perspective view of a cutting wafer for use with the device of FIG. 1A.

FIG. 4B is a right elevation view of the wafer of FIG. 4A.

FIG. 5A is a right elevation view of the device of FIG. 1A where the carriage is moved
backward to a loading position.

FIG. 5B is a close-up top plan view of a loading mechanism of the device pushing a wafer
from a wafer cartridge onto the carriage.

FIG. 5C is a right elevation view of the device of FIG. 1A where the carriage is moved forward
from the loading position to a heating position.

FIG. 6A is a right elevation view of the device of FIG. 1A where the carriage is moved
forward from the heating position towards two tubings (not shown) clamped on the
device for cutting and joining.

FIG. 6B is a close-up right elevation view of positions of the carriage and wafer, a left tube
clamp, and a displacement lock mechanism of the device at the position of FIG. 6A.

FIG. 6C is a close-up top plan view of positions of the carriage, the two tubings, the left tube
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clamp, a right tube clamp, a displacement mechanism assembly, and a welding
mechanism assembly of the device at the position of FIG. 6A.

FIG. 7A is a right elevation view of the device of FIG. 1A where the carriage is moved
forward and upward for the wafer to cut the two tubings (not shown) clamped on the
device.

FIG. 7B is a close-up right elevation view of positions of the carriage and wafer, the left tube
clamp, and the displacement lock mechanism of the device at the position of FIG.
7A.

FIG. 7C is a close-up top plan view of positions of the carriage, the two tubings, the left tube
clamp, the right tube clamp, the displacement mechanism assembly, and the welding
mechanism assembly of the device at the position of FIG. 7A.

FIG. 8A is a right elevation view of the device of FIG. 1A where the carriage is moved
forward immediately after the two tubings (not shown) clamped on the device have
been cut by the wafer.

FIG. 8B is a close-up right elevation view of positions of the carriage and wafer, the left tube
clamp, and the displacement lock mechanism of the device at the position of FIG.
8A.

FIG. 8C is a close-up top plan view of positions of the carriage, the two tubings, the left tube
clamp, the right tube clamp, the displacement mechanism assembly and the welding
mechanism assembly of the device at the position of FIG. 8A.

FIG. 9A is a close-up top plan view of positions of the carriage, the two tubings, the left tube
clamp, the right tube clamp, the displacement mechanism assembly and the welding
mechanism assembly of the device when the carriage is moved forward and
downward while the wafer is still in contact with the two cut tubings.

FIG. 9B is a right elevation view of the device of FIG. 1A where the carriage is moved forward
and downward after the two tubings (not shown) clamped on the device have been
cut by the wafer and the wafer is no longer in contact with the two cut tubings.

FIG. 9C is a close-up right elevation view of positions of the carriage and wafer, the left tube
clamp, and the displacement lock mechanism of the device at the position of FIG.
9B.

FIG. 10A is a right elevation view of the device of FIG. 1A where the carriage is moved
forward to an extraction position.

FIG. 10B is a close-up top plan view of an extraction mechanism engaging the wafer as the
carriage is moved forward to the position of FIG. 10A.

FIG. 10C is a right elevation view of the device of FIG. 1A where the carriage is moved
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backward from the extraction position toward the heating position after the wafer is

extracted from the carriage by the extraction mechanism.

DETAILED DESCRIPTION
Exemplary embodiments of a sterile tube connecting device 10 and a method 900 of sterile
tube connecting will be described below with reference to FIGS. 1A to 10C. The same

reference numerals are used across the figures to denote the same or similar parts.

As shown in FIGS. 1A to 2B, in general, the sterile tube connecting device 10 comprises at
least an electrical control circuit board 17, a carriage 30 for supporting a cutting blade or wafer
95 thereon, a first tube clamp 421, a second tube clamp 521, a lead screw 26 fixedly connected
to the carriage 30, a motor 27 to drive the lead screw 26, and heating elements 611 to heat the
wafer 95. The device 10 may also compromise a loading mechanism 70, an extraction
mechanism 80 and a cartridge assembly 90 (or wafer cartridge 90). The wafer cartridge 90 is
designed to contain multiple wafers 95 as shown in FIG. 4A for use in the device 10. In an
exemplary embodiment, the first and second tube clamps 421, 521 are provided as left and
right tube clamps 421, 521 respectively, and in the following description will be referred to as
such, although in other embodiments, left and right may be interchanged without departing

from the spirit of the invention.

The device 10 may further comprise an upstanding first cam plate 41 (FIG. 2A) and an
upstanding second cam plate 51 (FIG. 2B) provided one on each side of a path of travel of the
carriage 30 respectively. In the exemplary embodiment, the first and second cam plates 41, 51
are provided as left and right cam plates 41, 51 respectively, and in the following description
will be referred to as such, although in other embodiments, left and right may be
interchangeable without departing from the spirit of the invention. The left and right cam plates
41, 51 each have a cam track 411, 511 facing the path of travel. The carriage 30 is configured
to support and move the cutting wafer 95 in forward 11 and backward 12 longitudinal
directions (as indicated in FIG. 1A) and also upward 101 and downward 102 vertical (up and
down) directions (as indicated in FIG. 1A) in order to move the wafer 95 to a heating area for
heating, move the wafer through two tubings 131, 132 clamped on the device 10 by the left
tube clamp 421 and right tube clamp 21 to simultaneously cut both tubings 131, 132 between
the left tube clamp 421 and right tube clamp 21, and to return the carriage 30 to a start position,
as can be seen in FIGS. 5B, 5C, 6A, 7A, 8A, 9A, 10B and 10C. The carriage 30 is movable in
the forward 11 and backward 12 longitudinal directions and at least part of the carriage 30 is
9
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also moveable in upward 101 and downward 102 vertical directions as guided by the left and
right cam plates 41, 51, as will be described further below. Movement of the carriage 30 is

driven by means of the lead screw 26 rotated by the motor 27.

The device 10 and its components such as a displacement mechanism assembly 42 on which
the left tube clamp 421 is provided, a welding mechanism assembly 52 on which the right tube
clamp 521 is provided, the left tube clamp 421, the right tube clamp 521, the carriage 30, the
left cam plate 41, the right cam plate 51, the lead screw 27, the loading mechanism 70 and the
extraction mechanism 80 may be made of one or more metallic materials such as aluminum
and/or steel. The cartridge case 91 of the wafer cartridge 90 may be made of a plastics material

such as polycarbonate that is preferably transparent or translucent.

Before and during cutting, both tubings 131, 132 are clamped in place by the left tube clamp
421 and the right tube clamp 421 simultaneously, as can be seen in FIGS. 6C and 7C. The left
tube clamp 421 and right tube clamp 521 are provided on left and right sides respectively of
the path of movement of the wafer 95 and laterally spaced apart from each other. Both tubings
131, 132 are clamped by the left tube clamp 421 and the right tube clamp 521 such that their
central longitudinal axes are parallel with each other. In an exemplary embodiment, the central
longitudinal axes of the two tubings 131, 132 when clamped on the device 10 are
perpendicular to the longitudinal directions 11, 12, ie., transversely across the path of
movement of the wafer 95. In this way, both tubings 131, 132 can be simultaneously cut
between the left tube clamp 421 and right tube clamp 521 as a result of forward 11 and upward
101 movement of the wafer 95 between the left tube clamp 421 and the right tube clamp 521
while keeping the tubing 131, 132 stationary. More details about the wafer cutting movement

will be given below.

The left tube clamp 421 is provided on top of the displacement mechanism assembly 42 as can
be seen more clearly in FIG. 1B. The displacement mechanism assembly 42 is longitudinally
displaceable in the forward 11 and backward 12 directions in order to longitudinally displace
or move the left tube clamp 421 forward 11 after both tubings 131, 132 have been cut by the
wafer 95, and to return the left tube clamp 421 backward 12 to a start position. The
displacement mechanism assembly 42 may be connected by linear guide rails (not shown) that
allow longitudinal movement 11, 12 to an immoveable left upstanding wall 40 (FIG. 1B) of the
device 10. After both tubings 131, 132 have been simultaneously cut by the heated wafer 95, a
retained length 134 of the first tubing 131 remains clamped by the left tube clamp 421 while a
10
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retained length 135 of the second tubing 132 remains clamped by the right tube clamp 521. By
moving the left tube clamp 421 forward 11, the central longitudinal axes of both retained
lengths 134, 135 of the first and second tubings 131, 132 can become axially aligned, as shown
in FIG. 8C. The displacement mechanism assembly 42 may further comprise a displacement
mechanism clamp mounting plate 422 on which the left tube clamp 421 is fixedly mounted.
The displacement mechanism assembly 42 is longitudinally moveable relative to the left cam
plate 41. Further description on additional features of the displacement mechanism clamp

mounting plate 422 will be given below.

The right tube clamp 521 is provided on top of the welding mechanism assembly 52. The
welding mechanism assembly 52 is laterally displaceable in leftward 13 and rightward 14
directions (i.e., perpendicular to the forward 11 and backward 12 directions), as indicated in
FIG. 1A. The right tube clamp 521 is moved laterally leftward 13 towards the left tube clamp
421 after the retained lengths 134, 135 have been axially aligned and the wafer 95 has been
moved away from contact with the retained lengths 134, 135. Rightward 14 lateral movement
returns the right tube clamp 521 to the start position. By moving the right tube clamp 521
leftward 13 towards the left tube clamp 421, as shown in FIG. 9C, the melted cut surfaces of
the axially aligned retained lengths 134, 135 are brought into contact with each other and held
in place for a predetermined amount of time in order for welding of the two retained lengths
134, 135 to occur in order to form a single, joined tubing 137. The welding mechanism
assembly 52 may further comprises a welding mechanism clamp mounting plate 522 on which
the right tube clamp 521 is fixedly mounted, and a welding mechanism side plate 523 for
fixedly connecting the welding mechanism clamp mounting plate 522 with the right cam plate
51. Further description on additional features of the welding mechanism clamp mounting plate

522 will be given below.

In an exemplary embodiment, the carriage 30 comprises an upper carriage assembly 31
mounted on top of a lower carriage assembly 32. Upper carriage guide shafts 319 affixed to the
upper carriage assembly 31 are aligned with and slidably inserted in corresponding lower
carriage bearing bushings 325 affixed in the lower carriage assembly 32 (FIGS. 3A and 3B),
thereby allowing the upper carriage assembly 31 to move upward 101 and downward 102
relative to the lower carriage assembly 32 as the guide shafts 319 move within the bushings
325. In alternative embodiments, the guide shafts may be affixed to the lower carriage
assembly 32 while bearing bushings that engage the guide shafts are affixed in the upper
carriage assembly 31. The upper carriage assembly 31 is thus in vertically oriented sliding
11
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engagement with the lower carriage assembly 32, wherein both the upper and lower carriage
assemblies 31, 32 are together moveable forward 11 and backward 12 and only the upper

carriage assembly 31 is moveable upward 101 and downward 102.

In an exemplary embodiment, the lead screw 26 and motor 27 that move the carriage 30
forward 11 and backward 12 are part of a base mechanism assembly 20 that further comprise a
linear guide carriage 24 on which the lower carriage assembly 32 is affixed, and linear guide
rails 25 along which the linear guide carriage 24 is slidably engaged. The linear guide rails 25
are fixedly attached to a base plate 21 of the device 10. The lead screw 26 is rotatably
supported parallel with the base plate 21 at its two ends by an upstanding front plate 22 and an
upstanding back plate 23 that are fixedly mounted at front and back ends of the base plate 21
respectively. The carriage 30 travels between the front plate 22 and the back plate 23. A lead
screw nut 324 of the lead screw 26 is provided within a lower carriage block 321 of the lower
carriage assembly 32 (FIG. 3B) and prevented from rotating by the lower carriage block 321,
so that the lower carriage assembly 32 is moved linearly forward 11 and backward 12 when the

lead screw 26 is rotated by rotation of the motor 27.

The upper carriage assembly 31 is provided with first and second upper carriage cam followers
318 on left and right sides of the upper carriage assembly 31 (FIGS. 3A and 3B). The upper
carriage cam followers 318 are rotatable relative to the upper carriage assembly 31 but not
otherwise movable relative to the upper carriage assembly 31. In an exemplary embodiment,
the upper carriage cam followers 318 comprise rollers having horizontal and lateral axes of
rotation, i.e., the axes of rotation are parallel with the left 13 and right 14 directions described
above, 1.e., perpendicular to the longitudinal forward 11 and backward 12 directions. The
upstanding left and right cam plates 41, 51 are provided on left and right sides respectively of
the carriage 30. The left and right cam plates 41, 51 are each provided with a cam track 411,
511 respectively on each of their inner surfaces that face the carriage 30 moving between them.
The cam tracks 411, 511 preferably mirror each other. The upper carriage cam followers 318
rotatably engage upward 101 facing surfaces of the upper cam tracks 411, 511 to guide
movement of the upper carriage assembly 31 according to the profile of the upper cam tracks
411, 511. The upper carriage assembly 31 1s thus also supported by the upper carriage cam
followers 318 resting on the cam tracks 411, 511 of the left and right cam plates 41, 51.

The profile of the cam tracks 411, 511 can be seen in greater detail in FIGS. 5A, 6B, 7B, 8B
and 9B. Each cam track 411, 511 is preferably a continuous groove made in the left and right
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cam plates 41, 51 respectively in which the upper carriage cam followers 18 are rotatably
engaged. As indicated in FIG. 5A, each cam track 411, 511 comprises: a first horizontal vector
H1 for horizontal movement of the upper carriage assembly 31; a first angled ramp ARI1 that is
angled upward 101 in the forward 11 direction until it reaches a pre-determined height, the first
angled ramp ARI1 provided forward 11 of the first horizontal vector H1; a second horizontal
vector H2 that continues for a pre-determined horizontal length at the pre-determined height,
the second horizontal vector H2 provided forward 11 of the first angled ramp; a second angled
ramp AR2 that is angled downward 102 in the forward 11 direction until it reaches a level in
line with the first horizontal vector H1, the second angled ramp AR2 provided forward 11 of
the second horizontal vector H2; and a third horizontal vector H3 that i1s a horizontal
continuation at the height of the first horizontal vector Hl, the third horizontal vector H3

provided forward 11 of the second angled ramp AR2.

The cam tracks 411, 511 pass through four sections of the device 10, namely: a loading area, a
heating area, a cutting area and an extraction area. The loading area is where the wafer 95 is
mechanically loaded onto the upper carriage assembly 31. The heating area is where the
heating elements 611 (preferably provided in a heater mount assembly 60 that is fixedly
connected to the base plate 21) come into contact with the wafer 95 for thermal transfer to heat
the wafer 95 to the pre-determined working temperature. The cutting area is where the wafer
95 cuts the pre-positioned thermoplastic tubings 131, 132 between where the tubings 131, 132
are clamped in place by the left tube clamp 421 and right tube clamp 521. The cutting area is
also where the first and second tube clamps 421, 521 realign and weld the retained ends 134,
135 of the cut tubings 131, 132. The extraction area is where the wafer 95 is mechanically

removed from the device 10 after cutting.

In an exemplary embodiment, in the start position before use of the device 10, the carriage 30
is at the heating area in a heating position aligned with a heating position sensor 442 provided
on the device 10, as shown in FIG. 1B. (FIG. 5C similarly shows the carriage 30 at the heating
position but after having a wafer 95 loaded thereon.) Upon activation of the device 10, for
example by depressing a start button 15, the motor 27 is activated and rotates in a first
rotational direction which accordingly rotates the lead screw 26 in the first rotational direction.
Rotation of the lead screw in the first rotational direction linearly translates the lead screw nut
324 in the lower carriage assembly 32 along the lead screw 26 in the backward direction 12,
pulling the carriage 30 in the backward 12 longitudinal direction. The carriage 30 is thus
driven in the backward longitudinal direction 12 from the heating position sensor 442 to a
13
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loading position aligned with a loading position sensor 441 provided on the device 10 (FIG
5B). The motor 27 is programmed to stop rotating, thereby stopping the carriage 30
momentarily at the loading position, when a lower carriage locating pin 322 provided on the
lower carriage assembly 32 interfaces with the loading position sensor 441. In an exemplary
embodiment, the locating pin 322 may comprise a light blocker pin while various position
sensors such as the heating position sensor 442 and the loading position sensor 441 may

comprise photosensors.

As the carriage 30 reverses in the backward 12 direction into the loading area, this activates or
triggers the loading mechanism 70 to load a wafer 95 from the wafer cartridge 90 onto the
upper carriage assembly 31. The loading mechanism 70 may comprise a secondary cam track,
a rack and pinion mechanism, or any other appropriate mechanism that converts backward 12
linear motion of the carriage 30 to forward 11 (or other direction) motion of the loading
mechanism 70 that loads the wafer 95 from the wafer cartridge 90 onto the upper carriage
assembly 31.

In an exemplary embodiment as can be seen in FIGS. 1B, 5A and 5C, the loading mechanism
70 comprises a loading mechanism housing 71 fixedly connected to the base plate 21 and
supporting a loading pinion gear 72, a loading upper rack assembly 711, and a loading lower
rack assembly 73. The loading upper rack assembly 711 comprises a loading upper rack 712
that engages the loading pinion gear 72 and is supported by the loading mechanism housing 71.
The loading upper rack assembly 711 also includes a loading block 713 fixedly attached to the
loading upper rack 712 (FIG. 2B). The loading lower rack assembly 73 comprises a loading
lower rack 731 that is supported by the loading mechanism housing 71 and that also engages
the loading pinion gear 72. The loading lower rack assembly 73 includes a loading lower rack
plunger head 732 provided at a forward 11 end of the loading lower rack 731 and facing the
carriage 30, and a loading lower rack spring 733 provided about the loading lower rack 731
between the loading lower rack plunger head 732 and the back plate 23. In this embodiment,
the loading mechanism 70 is thus configured as a rack and pinion mechanism, where the
loading lower rack 731 is biased towards a forward position towards the carriage 30 by the
loading lower rack spring 733 when the carriage 30 is at the start position, i.e., the heating

position.

When the device 10 is activated and a cutting cycle is started, the loading lower rack 731 is
pushed backward 12 into the loading mechanism housing 71 from the forward position to a
14



10

15

20

25

30

35

WO 2021/188049 PCT/SG2021/050138

backward position by the carriage 30 when the carriage 30 is in contact with lower rack
plunger head 732 and the carriage 30 moves in the backward longitudinal direction 12 from the
heating position into the loading position (FIG. 5A). Accordingly, the loading pinion gear 72 is
driven into rotational motion by the lower rack 731 moving backward 12. This rotational
motion of the pinion gear 72 in turn drives and extends the loading upper rack 712 and
attached loading block 713 in the opposite direction, i.e., forward 11. As the loading block 713
continues moving forward 11, the loading block 713 comes into contacts with a rear edge 97 of
a frontmost wafer 95 in the wafer cartridge 90, pushes and slides the wafer 95 forward 11 out
of the wafer cartridge 90, and loads the wafer 95 onto the upper carriage assembly 31, as
illustrated in FIG. 5B.

As the wafer 95 is loaded onto the upper carriage assembly 31 via the loading block 713, a
lower edge of the wafer 95 is slid into a wafer support slot 301 provided on an upper carriage
block 311 of the upper carriage assembly 31, between wafer guide pins 313 on the upper
carriage block 311 that guide movement and positioning of the wafer 95 in the wafer support
slot 301, as can be seen in FIG. 3A and 3B. A wafer latch 315 rotatable about a wafer latch
pivot screw 316 having a vertical axis of rotation is provided on the upper carriage block 311.
The wafer latch 315 has a tip extending into the wafer support slot 301. As the wafer 95 slides
into the wafer support slot 301, a front edge 96 and side of the wafer 95 come into contact with
the tip of the wafer latch 315 to displace and rotate the wafer latch 315 about the wafer latch
pivot screw 316. As the tip of the wafer latch 315 is biased towards the wafer support slot 301
by a wafer latch spring 317 provided in the upper carriage block 31 (FIG. 3B), the tip of the
wafer latch 315 remains in contact against the side of the wafer 95 as the wafer slides along the
wafer support slot 301 until the tip of the wafer latch 315 penetrates and engages a wafer latch
slot 956 provided in the wafer 95, at which point the wafer 95 is considered properly loaded
onto the carriage 30 and backward movement of the wafer 95 is prevented by the wafer latch

315. The wafer latch slot 956 is located adjacent the bottom edge of the wafer 95.

After the wafer 95 has been loaded onto the carriage 30, the carriage 30 is then driven in the
forward longitudinal direction 11 with the wafer 95 into the heating area by the lead screw 26
upon rotation of the motor 27 in a second rotational direction and stops at the heating position
when the lower carriage locating pin 322 interfaces with the heating position sensor 442. This
forward 11 motion of the carriage 30 also resets the loading mechanism 70 to prepare a next
wafer 95 to be loaded from the wafer cartridge 90 as the loading lower rack spring 733 returns
the loading lower rack 731 to the forward position.

15



10

15

20

25

30

35

WO 2021/188049 PCT/SG2021/050138

At the heating position, the wafer 95 is positioned between a pair of heater assemblies 61, as
shown in FIG 5C. The pair of heater assemblies 61 at the heating area each comprises heating
elements 611, an insulating strip 612 and a heater cantilever spring 614 (FIG. 2A). The heater
assemblies 61 are positioned in the path of the carriage 30, on either side of the wafer 95 on the
upper carriage assembly 31, at a location where the heating position sensor 442 is provided.
The heater assemblies 61 are supported by a heater mount assembly 60 that is positioned
across the path of the carriage 30. The heater cantilever spring 614 compresses laterally
inwards towards the wafer 95 to allow the heating elements 611 to completely press onto a
wafer heating area 954 of the wafer 95, while the insulating strip 612 between the heating
element 611 and the heater cantilever spring 614 reduces the amount of possible thermal
energy lost through conduction. When the lower carriage locating pin 322 interfaces with the
heating position sensor 442, the motor 27 is programmed to stop rotating so that the wafer 95
remains stationary between the heater assemblies 61 in contact with the heating elements 611.
At this position, the electrical control circuit board 17 activates the heating elements 611 to

heat up the wafer 95.

A wafer temperature sensor 62 placed near the wafer 95 reads the temperature of the wafer 95
as it is being heated up. In an exemplary embodiment, the temperature sensor 62 may be
provided on the upper carriage block 311 (FIGS. 3B and 3C), for example on one of the wafer
guide pins 313. When the wafer 95 is heated to a sufficient working temperature as determined
by the wafer temperature sensor 62, the motor 27 is activated by the electrical control circuit
board 17 to drive the carriage 30 and wafer 95 in the forward longitudinal direction 11 from
the heating position sensor 442 to the cutting position, to begin the cutting and welding process.

The motion at this stage of the operation is shown in FIGS. 6A, 6B and 6C.

In an exemplary embodiment as shown in FIGS. 4A and 4B, the wafer 95 comprises a folded
metal sheet and may be made of a metallic material such as copper. The wafer 95 may thus be
formed by, not exclusively, folding a metal sheet with dimensionally disproportionate sections.
Thus, the fold of the metal sheet is at the bottom edge 958 of the wafer 95 (FIG. 4A). The
wafer 95 comprises three regions, namely: a wafer working area 953, a wafer heating area 954
and a wafer holding area 955 (FIG. 4B). This configuration of the wafer 95 allows the working
area 953 to be a single layer while the heater contact heating area 954 and holding area 955
comprise two or more layers of the folded metal sheet. The working area 953 is required to be
thin to increase precision and reduce loss of material when cutting and welding the
16
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thermoplastic tubing. A rear corner of the working area 953 is profiled so as to allow uniform
contact with the melted cut ends of the retained lengths of tubings 134, 135 as the wafer 95
leaves the tubing 131, 132 in a way that allows minimal tubing residue on the wafer 95 to
contaminate the cut tubing 134, 135. This profile, not exclusively this particular design, varies

depending on the profile of the corresponding cam tracks 411, 511 used in the device 10.

As mentioned above, the profile of the metal sheet is such that when folded, a cutting portion
of the wafer 95 remains as a single layer section 951 while the remainder of the wafer 95 is a
multiple layer section 952 comprising two layers of the metal sheet connected by a fold. In an
exemplary embodiment as shown in FIG. 4A, the fold is along the front edge 96 of the wafer
95. In alternative embodiments, the fold may be along the bottom edge 958 or rear edge 97 of
the wafer 95. The working area 953 is where both lengths of thermoplastic tubing 131, 132
come into contact with the wafer 95 during the cutting and welding process. Thus, the wafer
working area 953 is the single layer section 951 that comprises the single layer of material that
is required to cut the thermoplastic tubing 131, 132. The heating area 954 is where the heating
elements 611 of the heater assembly 61 press onto the wafer 95 and heat it to the preset
temperature. The holding area 955 is where the wafer 95 is held in the wafer support slot 301
on the upper carriage assembly 31 by the wafer guide pins 313 and wafer support pins 314
(FIG. 3B) that may be provided under the wafer support slot 301 in the upper carriage block
311. The holding area 955 further comprises the wafer latch slot 956 to engage the wafer latch
315 and secure the wafer 95 on the upper carriage assembly 31, as described above. Additional
features to allow or enhance automatic loading and unloading mechanisms may be included at
the holding area 955. The holding area 955 is preferably also multi-layered, giving the wafer
95 increased structural strength to be carried throughout the entire process and prevents the

wafer 95 from bending as thin metal sheets may soften when heated to high temperatures.

With sufficient space at the holding area 955, other features such as one-time-use markers 957
can be incorporated to prevent reuse of the wafers. Such markers 957 can be read by sensors
built into the device 10 to reject wafers that have been used before. Markers 957 may comprise,
and are not limited to, RFID tagging, fluorescence coating that is either altered by high
temperature or by mechanical means. In addition, electrical control circuit board 17 may
further be appropriately configured to detect, via sensors (not shown), if the wafer 95 is new
before proceeding to cut and weld the tubing 131, 132. This prevents contamination of

materials from a previous tube connection to the tubing 131, 132 that are going to be connected.
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In the wafer 95, the multilayered wafer heating area 954 (FIG. 4A) has a larger thermal mass
than the wafer working area 953 that comprises the single layer section 951. The wafer heating
area 954 acts as a thermal capacitive feature to decrease rate of heat loss at the wafer working
area 953 when the wafer 95 leaves the heater assemblies 61 for the cutting and welding process.
As further heat loss will occur during the cutting and welding process, the multilayered wafer
heating area 954 and wafer holding area 955 of the wafer 95 will continue to supply thermal
energy or heat to the wafer working area 953 as the stored thermal energy shifts from a higher

potential region 54, 955 to a lower potential region 953.

Notably, some parts of the carriage 30 (e.g., those that come into contact with the wafer 95 or
are close to the heating elements 611 when the carriage 30 is at the heating position) may be
made of a heat resistant polyimide-based plastic such as Vespel® (e.g. the wafer guide pins
313) or zirconia (e.g. the wafer support pins 314) so that they have high thermophysical
stability and thus present minimal dimensional changes when exposed to heat from the heating

elements 611 while minimizing heat loss from the wafer 95 through contact with the wafer 95.

As described above, while the wafer 95 is between the heating elements 911, a temperature
sensor 62 checks the wafer 95 to ensure it is heated to the required temperature. After heating,
the wafer 95 is then driven forward 11 to the cutting area by rotating the motor 27 in the
second rotational direction to move the carriage 30 forward 11. As the carriage 30 moves
forward 11, the upper carriage cam followers 318 move along the first horizontal vector H1 of
the cam tracks 411, 511. When the upper carriage cam followers 318 are at the level of the first
horizontal vector H1, the cutting upper edge 959 of the wafer 95 is lower than both the tubings
131, 132 that are clamped on the top of the device 10 by the left and right tube clamps 421,
521 (FIGS. 6A and 6B).

As the carriage 30 continues to move forward 11, the upper carriage cam followers 318 reach
and engage the first angled ramp ARI of the cam tracks 411, 511 to raise the upper carriage
assembly 31 up along the angled ramp ARI1 of the cam tracks 411, 511 as the upper carriage
assembly 31 is pulled forward by the lower carriage assembly 32. This allows the upper edge
959 of the wafer 95 to maintain a parallel alignment with both lengths of the thermoplastic
tubing 131, 132 in order to cut them both at the same time from below up as the wafer 95 is
simultaneously moved forward 11 and raised, without any rotational movement of the upper or
lower carriage assemblies 31, 32. The upper carriage guide shafts 319 are positioned near the
corners of the upper carriage block 311 of the upper carriage assembly 31, allowing the upper
18
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carriage assembly 31 to maintain a parallel alignment to the tubing 131, 132 as the upper
carriage assembly 31 ascends in an angled vector corresponding to that of the first angled ramp

ARI1. This motion at this stage of the operation is shown in FIGS. 7A, 7B and 7C.

As the upper carriage assembly 31 travels along the first angled ramp grooves AR1 of the cam
tracks 411, 511, the upper carriage assembly 31 is simultaneously moving both forward 11 and
upward 101 while the lower carriage assembly 32 only moves forward. During this time, a pin
provided on the lower carriage assembly 32 (which may be the same pin as the lower carriage
locating pin 322) engages a displacement lock mechanism 43 provided on the displacement
mechanism assembly 42 (FIG. 7B). The displacement lock mechanism 43 is configured to lock
and unlock the displacement mechanism assembly to prevent and allow movement of the
displacement mechanism assembly 42 respectively. When the displacement mechanism
assembly 42 is locked by the displacement lock mechanism 43, such as in the start position, the
displacement mechanism assembly 42 cannot linearly translate in the forward 11 or backward

12 directions.

In an exemplary embodiment, the displacement lock mechanism 43 comprises a vertically
moveable and longitudinally immoveable displacement lock cam guide 431, a displacement
lock pin 432 having a lower end fixedly attached to the displacement lock cam guide 431, a
displacement lock spring 433 (visible in FIGS. 5A and 5C) that biases the displacement lock
cam guide 431 and pin 432 upward 101, and a front pin slot 423 and a back pin slot 424 both
provided on the displacement mechanism assembly 42. The front pin slot 423 and back pin slot
424 each separately engage the upper end of the displacement lock pin 432 at different times to
obstruct movement of the displacement mechanism assembly 42. The front and back pin slots
423, 424 may be provided on an underside of the displacement mechanism clamp mounting
plate 422 of the displacement mechanism assembly 42, the front pin slot 423 being located
forward 11 of the back pin slot 424 in the longitudinal direction.

Notably, while the upper carriage cam followers 318 engage the first horizontal vector H1 of
the cam tracks 411, 511, a free upper end of the displacement lock pin 432 is located in and
engages the front pin slot 423, thereby locking the displacement mechanism assembly 42 and
preventing it from being displaced forward 11 or backward 12.

In an exemplary embodiment, an upward 101 facing surface of the lock mechanism cam guide
431 that interfaces and engages with the lower carriage locating pin 322 has a similar profile to
that of the cam track 411,511, allowing the displacement lock mechanism 43 to be activated
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relative to the position of the carriage 30. As the carriage 30 passes the displacement
mechanism assembly 42 while moving forward 11, the lower carriage locating pin 322 on the
lower carriage assembly 32 pushes down the displacement lock cam guide 431, thereby
lowering the displacement lock pin 432 and disengaging the displacement lock pin 432 from
the front pin slot 423 of the displacement mechanism clamp mounting plate 422 and unlocking
the displacement mechanism assembly 42 to allow forward 11 or backward 12 movement. The
lower carriage locating pin 322 thus may comprise a roller similar to the upper carriage cam
followers 318, that has a horizontal and lateral axis of rotation, in order to rotatably engage the

upward 101 facing surface of the lock mechanism cam guide 431.

In an exemplary embodiment, the displacement lock pin 432 is simultaneously lowered from
the front pin slot 423 as the upper carriage assembly 31 is raised to the predetermined height
(FIGS. 7A to 7C). This means that the lower locating pin 322 is engaging and pushing down
the displacement lock cam guide 431 and bringing down the displacement lock pin 432 with it
at the same time that the upper carriage cam followers 318 are going up the first angled ramps
ARI1 of the cam tracks 411, 511. During this time, as the upper carriage assembly 31 moves
both forward 11 and upward 101 while the displacement lock pin 432 is being lowered, the
wafer 95 is also moved both forward 11 and upward 101 to cut both tubings 131 and 132 at the
same time from below up, due to the upper edge 959 of the heated wafer working area 953 of
the wafer 95 maintaining a parallel alignment relative to the arrangement of both tubings 131,

132 as can be seen in both FIGS. 6B and 7B.

Notably, during cutting, while the displacement lock pin 432 is being lowered out of the front
pin slot 423 as the wafer 95 is being raised to cut through both the two tubings 131, 132, the
free upper end of the displacement lock pin 432 is still has not fully out of the front pin slot
423. Thus, the displacement mechanism assembly 42 is still locked and prevented from
moving longitudinally, thereby keeping the two tubings 131, 132 stationary while the working
area 953 of the wafer 95 passes through them for a clean and controlled cut. After cutting, the
wafer 95 remains between and in contact with both the retained length 134 of the first tubing
131 and the retained length 135 of the second tubing 132, thereby maintaining a sterile closed
loop for both retained lengths 134, 135. After cutting of the two tubings 131, 132, the retained
lengths 134, 135 remain clamped by the left tube clamp 421 and right tube clamp 521
respectively, while waste ends 133, 136 of the first and second tubings 131, 132 remain

clamped by the right tube clamp 521 and the left tube clamp 421 respectively (FIG. 7C).
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As the carriage 30 continues to move forward 11, when the upper carriage cam followers 318
reach the start of the second horizontal vector H2 in the cam tracks 411, 511, the displacement
lock pin 432 becomes fully disengaged from the front pin slot 423 to allow longitudinal
movement of the displacement mechanism assembly 42. At this point, both tubings 131, 132
have been cut, and a displacement catch 312 provided on the upper carriage assembly 31
engages a displacement notch 425 that is provided on the displacement mechanism clamp
mounting plate 422 of the displacement mechanism assembly 42. The displacement catch 312
and displacement notch 425 are located such that they engage each other only when the
displacement lock pin 432 has been fully disengaged from the front pin slot 423 to allow
longitudinal movement of the displacement mechanism assembly 42. In this way, the carriage
30 is automatically and mechanically connected to the left tube clamp 421 to move the left
tube clamp 421 forward when the carriage 30 moves forward after the first and second tubings
131, 132 have been cut.

In an exemplary embodiment, the displacement catch 312 comprises a ridge protruding from a
top face of the upper carriage block 311 along a lateral axis, while the displacement notch 425
comprises a female interface or depression on an underside of the displacement mechanism
clamp mounting plate 422 to receive and engage the displacement catch 312 therein (FIG. 7B).
In this way, the upper carriage assembly 31 can contact and transmit a forward 11 longitudinal
force on the displacement mechanism assembly 42 as the carriage 30 continues to be moved
forward 11 with the upper carriage cam followers 318 engaging the second horizontal vector
H2 of the cam tracks 411, 511, thereby pulling the displacement mechanism assembly 42 with
it forward 11 (along the longitudinal axis), after the displacement lock pin 432 has been
lowered and disengaged from the front pin slot 423. In alternative embodiments, the
displacement catch 312 may be provided on the underside of the displacement mechanism
clamp mounting plate 422 while the displacement notch 425 is provided on the top face of the

upper carriage block 311, for example.

As the displacement mechanism assembly 42 is pulled forward 11 by the upper carriage
assembly 31 moving forward 11, this aligns the retained lengths 134, 135 of the thermoplastic
tubing to be joined (FIGS. 8A to 8C), as already described above, while the wafer 95 remains
in contact with the cut melted ends of the retained lengths 134, 135 of the first and second
tubings 131, 132. When the retained length 134 of the first tubing 131 that is clamped by the
left tube clamp 421 has been displaced forward 11 to be axially aligned with the retained
length 135 of the second tubing 132 that is clamped by the right tube clamp 521, the upper
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carriage assembly 31 follows the second angled ramps AR2 in the cam tracks 411, 511
downward 102 and forward 11 to move the wafer 95 away from the retained lengths 134, 135

of the cut tubings 131, 132.

As the upper carriage assembly 31 follows the second angled ramps AR2 to move forward 11
and downward 102, at the same time, a lower carriage cam follower 323 fixedly provided on
the lower carriage assembly 32 travels over a step 524-1 of a welding cam guide 524 provided
on the right cam plate 51 as shown in FIG. 9A. The step 524-1 is shown in perspective in FIG.
2B and extends laterally outward 14 away from the carriage 30. In an exemplary embodiment,
the lower carriage cam follower 323 comprises a roller having a vertical axis of rotation that is
fixedly provided on a right side of the lower carriage assembly 32 such that relative motion of
the lower carriage cam follower 323 with the lower carriage assembly 32 comprises only
rotation of the lower carriage cam follower 323. The lower carriage cam follower rotatably
engages the welding cam guide 524. The welding cam guide 524 faces the path of travel of the
carriage 30, and may comprise a laterally projecting profiled surface on the inner surface of the
right cam plate 51 along which the lower carriage cam follower 323 rotates. The welding cam
guide 524 may be provided on the right cam plate 51 below the cam track 511, as can be seen
in FIG. 2B. The right cam plate 51 is biased laterally towards the left cam plate 41 by one or
more welding mechanism springs (not shown) that are provided between the right cam plate 51
and a welding mechanism back plate 526 that is fixedly connected to the base plate, i.e., the
welding mechanism back plate 526 is immovable. In this way, the welding cam guide 524,
right cam plate 51, welding mechanism mounting plate 522, and right tube clamp 521 that are
all fixedly connected to each other are all laterally displaceable leftward 13 and rightward 14
from the welding mechanism back plate 526 that is fixedly connected to the base plate 21 of
the device 10. To facilitate this, the welding mechanism mounting plate 522 may be connected
by linear guide rails 528 (that allow lateral movement 13, 14 of the welding mechanism

mounting plate 522) to an immoveable upstanding wall 50 (FIG. 1A) of the device 10.

Notably, the longitudinal travel path of the lower carriage cam follower 323 is configured to
interfere with the laterally projecting surface of the welding cam guide 524. Therefore, it can
be said that lateral displacement and positioning of the right tube clamp 521 (that is fixedly
connected to the right cam plate 51) are determined by the location of the lower carriage cam

follower 323 along the profiled surface of the welding cam guide 24.
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As can be seen in FIG. 2B, the step 524-1 on the welding cam guide 524 is provided on the
laterally surface of the welding cam guide 524. The carriage 30 (including the lower carriage
cam follower 323) is unable to move laterally but the welding cam guide 524 (that is in relative
rolling contact against the lower carriage cam follower 323) is laterally displaceable rightward
14 by the lower carriage cam follower 323, against the leftward 13 bias provided by the one or
more welding mechanism springs. Thus, when the lower carriage cam follower 323 moves
forward 11 to engage the step 524-1 on the welding cam guide 524, the compressed welding
mechanism springs 525 displace the right cam plate 51 (and accordingly the right tube clamp
521) in a lateral direction 13 towards the wafer 95. In this way, the device 10 automatically and
mechanically displaces the right tube clamp 521 towards the left tube clamp 421 (i.e., leftward
13) when the carriage 30 moves forward 11 after the retained length 134 of the first tubing 131
has been axially aligned with a retained length 135 of the second tubing 132. This leftward 13
lateral movement of the right tube clamp 521 towards the left tube clamp 421 moves the
melted cut ends of the retained length 134 of the first tubing 131 and the retained length 135 of
the second tubing 132 into contact with the surface of the wafer working area 953 to
compensate for tubing material lost during the cutting process and to maintain the sterile

closed loop with the retained lengths 134, 135 of the cut tubing 131, 132.

As the carriage 30 continues in the forward longitudinal direction 11, the upper carriage
assembly 31 follows the cam track 411, 511 down the second angled ramp AR2, thereby
lowering the wafer 95 from between the tubings 131, 132 so that the wafer 95 is no longer in
contact with the tubings 131, 132. This motion also causes the displacement catch 312 of the
upper carriage assembly 31 to disengage from the displacement notch 425 on the displacement
mechanism clamp mounting plate 422 (FIG. 9C). At the same time, the lower carriage locating
pin 322 on the lower carriage assembly 32 has moved past and is disengaged from the
displacement lock cam guide 431, thereby causing the upper free end of the displacement lock
pin 432 to be raised into the back pin slot 424 of the displacement mechanism clamp mounting
plate 422 (under the upward 101 biasing action of the displacement lock spring 433) to hold
the displacement mechanism assembly 42 in place (FIG. 9C). Concurrently, the one or more
welding mechanism springs continue pushing the right cam plate 52 (and accordingly the right
tube clamp 521) laterally leftward 13 towards the left tube clamp 421, moving the melted cut
end of the retained length 135 of the second tubing 132 leftward 13 against the axially aligned
melted cut end of the retained length 134 of the first tubing 131 to form a single tubing 137 (as
indicated in FIG. 9A). The left tube clamp 421 and right tube clamp 521 are left to remain in
this position to keep the melted cut ends of both retained lengths of tubings 134, 135 pressed
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together to allow the welded tubing 137 to cool and fuse while the carriage 30 continues

moving forward 11 along the third horizontal vector H3.

Thus, it can be said that as the wafer 95 is moved forward 11 and downward 102 away from
the cut tubings 131, 132 by the continued forward 11 movement of the carriage 30 that also
lowers the upper carriage assembly 31, the welding mechanism assembly 52 is triggered by the
lower carriage assembly 32 to move the right tube clamp 521 laterally 13 towards the left tube
clamp 421. This moves the retained length 135 of the second tubing 132 (that is clamped by
the right tube clamp 521) inwards laterally 13 towards the forwardly 11 displaced retained
length 134 of the first tubing 131 (that is clamped by left tube clamp 421) for welding.

The device 10 may be further provided with an extraction mechanism 80 to automatically
remove the used wafer 95 from the device 10 after the tubing 131, 132 have been cut.
Preferably, further forward 11 movement of the carriage 30 along the third horizontal vector
H3 moves the carriage 30 to the extraction area, where alignment of the lower carriage locating
pin 322 with an extraction position sensor 443 provided on the device 10 halts further forward
11 movement of the carriage 30. When the carriage 30 is driven horizontally forward 11 into
the extraction area, the extraction mechanism 80 (may be similar to that of the loading
mechanism 70) is triggered and engages the wafer 95. When the device 10 is reset (for
example by pressing a reset button 16), the carriage 30 returns to the starting position which

causes the extraction mechanism 80 to remove the wafer 95 from the carriage 30.

In an exemplary embodiment, the extraction mechanism 80 comprises an extraction
mechanism housing 81 fixedly connected to the base plate 21 and supporting an extraction
pinion gear 83, an extraction upper rack assembly 82, and an extraction lower rack assembly
84. The extraction upper rack assembly 82 comprises an extraction upper rack 821 that
engages the extraction pinion gear 83 and is supported by the extraction mechanism housing
81. The extraction upper rack assembly 82 also includes an extraction linkage 822 that is
fixedly attached to the extraction upper rack 821. An extraction catch 823 is moveably
connected to the extraction linkage 822 via an extraction catch spring 824 provided about an
extraction catch shaft 825 that is fixedly connected to the extraction linkage 822. The
extraction catch 823 is laterally displaceable leftward 13 and rightward 14 relative to the
extraction linkage 822 by orientating the longitudinal axes of the extraction catch spring 824
and catch shaft 825 in a horizontal and lateral direction. In the start position, the extraction
linkage 822 and extraction catch 823 are adjacent the e 22 of the device 10, as can be seen in
24
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FIG. 1B. The extraction lower rack assembly 84 comprises an extraction lower rack 841 that
drives the extraction pinion gear 83 to rotate when the extraction lower rack 841 translates
linearly in the longitudinal direction. The extraction lower rack assembly 84 includes an
extraction lower rack plunger head 842 provided at one end of the extraction lower rack 841
and facing the carriage 30, and an extraction lower rack spring 843 provided about the
extraction lower rack 841 between the extraction lower rack plunger head 842 and the front
plate 22. In this embodiment, the extraction mechanism 80 is thus configured as a rack and
pinion mechanism, where the extraction lower rack 841 is biased towards a backward position
towards the carriage 30 by the extraction lower rack spring 843 when the carriage 30 is at the

start position, i.e., the heating position.

When the extraction mechanism lower rack 841 is pushed forward into the extraction
mechanism housing 81 by the carriage 30 as the carriage 30 moves in the forward longitudinal
direction 11 until the lower carriage locating pin 322 interfaces with the extraction position
sensor 443 (FIG. 10A), the extraction mechanism pinion gear 83 is driven into motion, thereby
extending the extraction upper rack 821 and attached extraction linkage 822 in the opposite
direction, 1.e., backward 12. As the extraction linkage 822 moves backward, 12, the extraction
catch 823 comes into contact with a front edge 96 of the wafer 95 on the upper carriage 30 and
1s displaced leftward 13 towards the extraction linkage 822 along the extraction catch shaft 825,
thereby compressing the extraction catch spring 824 while the extraction catch 823 continues
to slide backward 12 along the side of the wafer 95 (FIG. 10B) until the extraction catch 823
falls behind the rear edge 97 of the wafer 95 (FIG. 10A). When the extraction catch 823 is
behind the rear edge 97 of the wafer 95, the compressed extraction catch spring 824 extends
the extraction mechanism catch 823 out behind the wafer 95 in a lateral direction 14 to engage

the rear edge 97 of the wafer 95.

In an exemplary embodiment, upon activation of a reset button 16 of the device 10, the motor
27 is rotated in a second rotational direction which drives the carriage 30 in the backward 12
longitudinal direction from the location of extraction position sensor 443 (FIG. 10C) towards
the location of the heating position sensor 442. At the same time, the compressed extraction
lower rack spring 843 pushes the extraction lower rack plunger head 842 in the backward 12
direction as the carriage 30 is driven backward 12, thereby returning the extraction linkage 822
and extraction catch 823 in the forward direction 11 to the start position adjacent the front plate
22. AS the extraction catch returns to the start position, it pulls the wafer 95 in the forward
longitudinal direction 11, thereby disengaging the wafer latch 315 from the wafer latch slot
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956 to slide the wafer 95 out of the upper carriage assembly 31 and also out of the device 10
through an extraction slot 221 provided in the front plate 22 (as can be seen in FIG. 1A).

As the activation of all supplementary mechanisms such as the displacement mechanism
assembly 42 and the extraction mechanism 80 are dependent on position of the carriage 30
along the linear guide rails 25, these mechanisms are also reset to their starting configurations

as the carriage 30 follows the cam tracks 411, 511 in the reverse or backward 12 direction.

For example, when the upper carriage assembly 32 is going up the second angled ramps AR2
in the backward direction 12, the lower locating pin 322 is engaging and pushing down the
displacement lock cam guide 431 and bringing down the displacement lock pin 432 with it at
the same time so that the displacement lock pin 432 is lowered out of the back pin slot 424 of

the displacement mechanism clamp mounting plate 422.

As the carriage 30 continues to move backward 12, when the upper carriage cam followers 318
reach the second horizontal vector H2 in the cam tracks 411, 511, the displacement lock pin
432 becomes fully disengaged from the back pin slot 424 to allow longitudinal movement of
the displacement mechanism assembly 42. At this point, the displacement catch 312 once again
engages the displacement notch 425 and the upper carriage assembly 31 can contact and
transmit a backward 12 longitudinal force on the displacement mechanism assembly 42. As the
carriage 30 continues to be moved backward 12 with the upper carriage cam followers 318
engaging the second horizontal vector H2 of the cam tracks 411, 511, this pulls the
displacement mechanism assembly 42 with it backward 12 (along the longitudinal axis) to its
starting position and the carriage 30 finally comes to rest at the heating area when the lower
carriage locating pin 322 interfaces with the heating position sensor 442. Similarly, the lower
carriage cam follower 32 travels along the second step 524-2 the first step 524-1 and the rest of
the of the welding mechanism cam guide 524 in the backward direction 12, thereby returning

the right cam plate 51 and right tube clamp 521 to their start positions.

To effect and control the above movements, the device 10 is provided with electrical controls
performed by the electrical control circuit board 17 that is programmed to control operation of
the device 10 according to the following exemplary sequence that describes one complete

cycle of control of the device 10:

26



10

15

20

25

30

WO 2021/188049 PCT/SG2021/050138

e upon activation of the start button 15, rotate the motor 27 in a first rotational direction
to drive the carriage 30 from the start position in the backward longitudinal direction

12 at one or more programmed speeds to load a wafer 95 onto the carriage 30;

e when the lower carriage locating pin 322 interfaces with loading position sensor 441,
stop and rotate the motor 27 in the second rotational direction to drive the carriage 30
carrying the wafer 95 in the forward longitudinal direction 11 at one or more

programmed speeds;

e when the lower carriage locating pin 322 interfaces with the heating position sensor
442, stop the motor 27 and activate heating elements 611 to heat the wafer 95 to the

pre-determined temperature;

e when the wafer temperature sensor 62 detects that temperature of the wafer 95 has
reached the pre-determined temperature, stop heating elements 611 from further
heating and rotate the motor 27 in the second direction to drive the carriage 30 in the
forward longitudinal direction 11 at one or more programmed speeds to cut and join

both tubings 131, 132;

e when the lower carriage locating pin 322 interfaces with the extraction position sensor

443 stop the motor 27,

e upon activation of the reset button 16, rotate the motor 27 in the first direction to drive
the carriage 30 in the backward longitudinal direction 12 at one or more programmed
speeds to extract the used wafer 95 from the carriage 30 and return the displacement

mechanism assembly 42 and welding mechanism assembly 52 to their start positions;

e when the lower carriage locating pin 322 interfaces with the heating position sensor

442, stop the motor 27 as the carriage 30 has returned to the start position.

In the above-described device 10, it can be appreciated that only one motor 27 is needed to
drive all the moving parts of the device 10 in their various different directions in order for the
two tubings 131, 132 to be cut and joined to form a single length of tubing 137 while

maintaining sterile conditions of the tubing 137. Even the loading and extraction of the cutting
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wafer 95 can be automatically performed on the device 10 using the same one motor 27. By
mechanically coupling the longitudinal movement of the carriage 30 with the required
longitudinal displacement of one of the two tube clamps 421, 521 to align the retained lengths
of the two tubings 134, 135 for welding after cutting, and also mechanically coupling the
longitudinal movement of the carriage 30 with the required lateral displacement of one of the
two tube clamps 421, 521 to weld the aligned retained lengths of the two tubings 134, 135
together, only one motor 27 is required in the present device 10 to effect all the necessary
movements to cut and weld the two tubings 131, 132 to form a single length of tubing 137. In
this way, the device 10 is rendered compact and space-saving compared to currently available
sterile tube connecting devices, thereby making the device 10 portable as it can be easily taken
to various different locations for on-site use. The device 10 is also easy to control as it does not
have multiple motors each controlling different parts moving in different directions that need
to be coordinated and synchronized. Instead, the present device 10 is readily programmed by
setting only the directions of rotation and stoppage of the one motor 27 for various
predetermined intervals of time in order for all the different stages of the entire process to be
performed by the device 10, including wafer loading, tube cutting, tube re-aligning, tube

welding and wafer extraction.

Whilst there has been described in the foregoing description exemplary embodiments of the
present invention, it will be understood by those skilled in the technology concerned that many
variations and combination in details of design, construction and/or operation may be made
without departing from the present invention. For example, while it has been described above
that the left tube clamp is longitudinally displaced forward after the two tubings have been cut
and the right tube clamp is thereafter laterally displaced leftward towards the left tube clamp to
join the retained ends of the two tubings to form a single tubing, it should be understood that in
alternative embodiments, it may be the right tube clamp that is longitudinally displaced
forward after the two tubings have been cut and the left tube clamp is thereafter laterally
displaced rightward towards the right tube clamp to join the retained ends of the two cut
tubings to form a single tubing. While the loading mechanism assembly in the above-described
embodiment and as shown in the figures comprises double racks and pinion actuator, in other
embodiments, the loading mechanism assembly may alternatively comprise a cam and guide
mechanism to translate the linear motion of the carriage assembly to a motion in a different
vector to load the wafer. While the extraction mechanism assembly in the above-described
embodiment and as shown in the figures comprises double racks and pinion actuator, in other
embodiments, the extraction mechanism assembly may alternatively comprise a cam and guide
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mechanism to translate the linear motion of the carriage assembly to a motion in a different
vector to load the wafer. While aluminium, steel, copper, Vespel® and zirconia have been
mentioned above as the material that may be used for many of the components of the device,

other appropriate materials may be used to form the components.
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CLAIMS

1. A sterile tube connecting device for joining a first tubing with a second tubing, the device
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35

comprising;

a first tube clamp longitudinally moveable forward and backward;

a second tube clamp spaced apart from the first tube clamp and laterally moveable
leftward and rightward perpendicular to forward and backward movement of the first
tube clamp, the first tube clamp and the second tube clamp provided to
simultaneously clamp the first tubing and the second tubing such that a central
longitudinal axis of the first tubing is parallel with a central longitudinal axis of the
second tubing;

heating elements;

a carriage for supporting and moving a cutting wafer thereon, the carriage being
longitudinally moveable forward and backward and vertically moveable upward and
downward;

a lead screw rotated by a motor, the lead screw having a lead screw nut fixedly connected
to the carriage wherein movement of the carriage is driven by rotation of the lead
screw;

wherein the carriage is moveable when supporting the wafer thereon to bring the wafer
into contact with the heating elements to heat the wafer to a pre-determined
temperature,

wherein movement of the carriage forward and upward after heating of the wafer moves
the wafer away from the heating elements and passes the wafer through the first
tubing and the second tubing between the first tube clamp and the second tube clamp
thereby cutting the first tubing and the second tubing,

wherein the carriage is automatically mechanically connected to the first tube clamp after
the first tubing and the second tubing have been cut such that the first tube clamp
moves forward together with the carriage when the carriage moves forward after the
first tubing and the second tubing have been cut, wherein when the first tube clamp
has been moved forward, a retained length of the first tubing clamped by the first tube
clamp becomes axially aligned with a retained length of the second tubing clamped
by the second tube clamp;

wherein the device is further configured to automatically and mechanically displace the
second tube clamp laterally towards the first tube clamp when the carriage moves
forward after the retained length of the first tubing has been axially aligned with a
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retained length of the second tubing and the wafer has been removed from contact

with the first tubing and the second tubing, thereby bringing together melted cut ends

of the retained length of the first tubing and the retained length of the second tubing

to form a weld between the melted cut ends, thus forming a single length of tubing

5 from the retained length of the first tubing and the retained length of the second
tubing; and

an electrical control circuit board programmed to control rotation of the motor to drive

movement of the carriage.

10 2. The sterile tube connecting device of claim 1, wherein the carriage comprises an upper
carriage assembly and a lower carriage assembly, the upper carriage assembly being in
vertically oriented sliding engagement with the lower carriage assembly, wherein both the
upper and lower carriage assemblies are together moveable forward and backward and
only the upper carriage assembly is moveable upward and downward.

15

3. The sterile tube connecting device of claim 2, wherein the device further comprises
upstanding first and second cam plates provided one on each side of a path of travel of the
carriage, the first and second cam plates each having a cam track facing the path of travel,
the upper carriage assembly having first and second upper carriage cam followers

20 configured to rotatably engage the cam tracks of the first and second cam plates
respectively, wherein longitudinal and vertical movement of the upper carriage assembly is

guided by profiles of the cam tracks.

4. The sterile tube connecting device of any one of claims 2 or 3, wherein the upper carriage
25 assembly comprises an upper carriage block, a longitudinally oriented wafer support slot
provided on the upper carriage block for supporting the wafer therein, wafer guide pins
provided beside the wafer support slot to guide movement and positioning of the wafer in
the wafer support slot, and a wafer latch provided to secure the wafer in the wafer support
slot and prevent backward movement of the wafer.
30
5. The sterile tube connecting device of any one of claims 2 to 4, wherein the first tube clamp
is fixedly provided on top of a displacement mechanism assembly that is longitudinally
moveable forward and backward, the device further comprising a displacement lock
mechanism to lock and unlock the displacement mechanism assembly to prevent and allow
35 longitudinal displacement of the first tube clamp respectively.
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6. The sterile tube connecting device of claim 5, wherein the displacement lock mechanism

comprises a vertically moveable and longitudinally immoveable displacement lock cam
guide, a displacement lock pin having a free upper end and a lower end fixedly attached to
the displacement lock cam guide, a displacement lock spring that biases the displacement
lock cam guide and displacement lock pin upward, and a front pin slot and a back pin slot
both provided on the displacement mechanism assembly to separately engage the free
upper end of the displacement lock pin at different times to prevent longitudinal
displacement of the first tube clamp; wherein the device further comprises a pin provided
on the lower carriage assembly to engage the lock cam guide in order to lock the

displacement mechanism assembly.

The sterile tube connecting device of claim 6, wherein the cam tracks each comprise a first
horizontal vector for horizontal movement of the upper carriage assembly to move the

carriage to the heating area.

The sterile tube connecting device of any one of claims 5 to 7, wherein the cam tracks each
comprise a first angled ramp that is angled upward in the forward direction; wherein when
the upper carriage cam followers engage the first angled ramp and the carriage is moved
forward, the upper carriage assembly moves forward and upward along the first angled
ramp for the wafer supported on the upper carriage assembly to cut through the first tubing
and the second tubing while the displacement mechanism assembly is locked by the
displacement lock mechanism to prevent longitudinal displacement of the first tube clamp

while the wafer cuts the first tubing and the second tubing.

The sterile tube connecting device of any one of claims 5 to 8, further comprising a
displacement catch and a displacement notch, wherein the displacement catch 1s provided
on one of the upper carriage assembly and the displacement mechanism assembly, and
wherein the displacement notch is provided on the other of the upper carriage assembly
and the displacement mechanism, wherein the displacement catch automatically engages
the displacement notch after the first and second tubings have been cut and the
displacement lock mechanism has unlocked the displacement mechanism assembly to
allow longitudinal movement of the first tube clamp, wherein engagement of the
displacement catch with the displacement notch mechanically connects the upper carriage

assembly with the first tube clamp to move the first tube clamp forward when the carriage
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10.

11.

12.

13.

moves forward after the first tubing and the second tubing have been cut so as to axially

align the retained length of the first tubing with the retained length of the second tubing.

The sterile tube connecting device of claim 9, wherein the cam tracks each comprise a
second horizontal vector for forward movement of the carriage assembly after the first

tubing and the second tubing have been cut.

The sterile tube connecting device of any one of claims 3 to 10, wherein the cam tracks
each comprise a second angled ramp that is angled downward in the forward direction;
wherein when the upper carriage cam followers engage the second angled ramp and the
carriage 1s moved forward, the upper carriage assembly moves forward and downward to
remove the wafer supported on the upper carriage assembly from the cut first tubing and

the cut second tubing.

The sterile tube connecting device of any one of claims 3 to 11, wherein the second tube
clamp is fixedly provided on the second cam plate, wherein the second cam plate is
laterally displaceable leftward and rightward and biased towards the first cam plate by
welding mechanism springs provided between the second cam plate and an immovable
welding mechanism back plate, wherein the second cam plate comprises a welding cam
guide facing the path of travel of the carriage, wherein the lower carriage assembly
comprises a lower carriage cam follower that rotatably engages the welding cam guide,
wherein the welding cam guide has a step extending laterally outward such that when the
lower carriage cam follower travels over the step, the welding mechanism springs displace
the second cam plate towards the first cam plate, thereby displacing the second tube clamp
towards the first tube clamp to bring together melted cut ends of the retained length of the
first tubing and the retained length of the second tubing.

The sterile tube connecting device of any one of the preceding claims, further comprising a
loading mechanism configured to load the wafer onto the carriage when the carriage moves
backward from a heating area to a loading area, the loading mechanism comprising: a
loading lower rack moveable backward from a forward position to a backward position by
backward movement of the carriage when the carriage is in contact with a forward end of
the loading lower rack; a loading pinion gear in engagement with the loading lower rack; a
loading upper rack in engagement with the pinion gear such that the loading upper rack
moves in an opposite direction from movement of the loading lower rack; and a loading
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14.

15.

16.

block fixedly attached to the loading upper rack to push a wafer forward out of a wafer
cartridge onto the carriage when the loading upper rack moves forward as a result of the
loading lower rack moving backward when the carriage moves backward to the loading

position.

The sterile tube connecting device of claim 13, wherein the loading mechanism further
comprises a loading lower rack spring provided about the loading lower rack between a
loading lower rack plunger head provided at the forward end of the loading lower rack and
a loading mechanism housing supporting the loading lower rack, wherein the loading lower
rack spring returns the loading lower rack from the backward position to the forward

position when the carriage moves forward away from the loading position.

The sterile tube connecting device of any one of the preceding claims, further comprising
an extraction mechanism configured to remove the wafer from the carriage, the extraction
mechanism comprising: an extraction lower rack moveable forward from a backward
position to a forward position by forward movement of the carriage when the carriage is in
contact with a backward end of the extraction lower rack; an extraction pinion gear in
engagement with the extraction lower rack; an extraction upper rack in engagement with
the pinion gear such that the extraction upper rack moves in an opposite direction from
movement of the extraction lower rack; an extraction linkage fixedly attached to the
extraction upper rack; and an extraction catch moveable connected to the extraction
linkage and laterally displaceable leftward and rightward relative to the extraction linkage;
the extraction catch engaging a rear edge of a used wafer supported on the carriage when
the extraction upper rack moves backward as a result of the extraction lower rack moving
forward when the carriage moves forward to the extraction position after the first tubing
and the second tubing have been cut; wherein the wafer is pulled forward off the carriage
by the extraction catch when the carriage moves backward away from the extraction
position and the extraction lower rack is returned to the backward position by an extraction
spring provided between an extraction lower rack plunger head provided at the backward

end of the extraction lower rack and an upstanding front plate of the device.

The sterile tube connecting device of claim 15 when dependent on claim 13 or 14, wherein

the device further comprises a locating pin provided on the carriage to interface with: a

heating position sensor provided at the heating area, a loading position sensor provided at

the loading area, and an extraction position sensor provided at the extraction area, in order
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17.

18.

19.

20.

to automatically detect arrival of the carriage at the heating area, the loading area and the

extraction area respectively.

The sterile tube connecting device of claim 16, wherein in one cycle of use of the device,
the electrical control circuit board is programmed to control rotation of the motor to move
the carriage from the heating position backward to the loading position to load the wafer
onto the carriage, from the loading position forward to the heating position to heat the
wafer, from the heating position forward to the extraction position to cut and join the first
tubing and the second tubing, and from the extraction position backward to the heating

position to remove the wafer from the carriage.

A cutting wafer for use with the sterile tube connecting device of any one of claims 1 to 17,
the cutting wafer comprising a wafer working area of a single layer of a metallic material
provided to be heated to the pre-determined temperature to cut through the first tubing and
the second tubing, a wafer heating area comprising multiple layers of metallic material
provided for receiving heat from the heating elements and to supply heat to the wafer

working area.

The cutting wafer of claim 18, wherein the wafer heating area comprises two layers of the
metallic material of the wafer working area, the two layers of the metallic material

connected by a fold.
The cutting wafer of any one of claims 18 or 19 when dependent on claim 4, further

comprising a wafer latch slot for engagement by the wafer latch to secure the wafer in the

wafer support slot and prevent backward movement of the wafer.
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