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DESCRIPTION

Field of invention

[0001] The invention relates to a micro dosage peristaltic pump for micro dosage of a fluid.

Background of the Invention

[0002] Peristaltic pumps are widely used for medical purposes, from large pumps used to
pump large volumes of blood, to miniature peristaltic pumps to pump small dosages of blood or
medicament.

[0003] For medical purposes it iIs essential to avoid contamination of a pumped fluid. It Is
therefore essential that the fluid Is not exposed to the surroundings, and that the pump can be
properly cleaned and sterilised, both before use and In storage, as well as after use and In-
between uses, and/or that the parts in contact with the fluid can be easily replaced or disposed
of after use.

[0004] Peristaltic pumps are particularly suitable for medical purposes. In a peristaltic pump,
the fluid Is conducted through the pump in a pliable tube, and no other parts of the pump are In
contact with the fluid. Furthermore, the pliable tube is typically a silicone tube, which i1s easily
sterilised by radiation sterilisation, such as gamma radiation.

[0005] The pliable tube of a peristaltic pump In operational configuration will be compressed at
one or more sites, this is also denoted the peristaltic coupling. However, peristaltic pumps that
are stored and sterilised in a configuration where the tube is compressed, suffer from two main
disadvantages:

Firstly, there I1s a risk of permanent deformation of the pliable tube during storage, and thus
short shelf life of the pump. A deformed tube, such as a partly occluded tube, will affect the
precision and reliability of the pump, and may compromise the safety by increased risk of air
bubbles and clogging of the fluid.

Secondly, there Is a risk of fusing opposing surfaces of the compressed pliable tube together
during radiation sterilisation. The issue is more pronounced for micro dosage pumps where the
diameter of the tube I1s smaller.

[0006] To mitigate the risks, the peristaltic pump may be stored and sterilised In a non-
operational configuration. For example, the tube may be sterilised and stored separately, and
then assembled into the pump shortly before use.
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[0007] Correspondingly, the pump may be partly disassembled during storage, and upon
assembling the tube becomes compressed. US 4,559,040 describes a peristaltic pump
according to the preamble of claim 1 comprising an eccentric rotor, and a detachable part of a
stator, which has a configuration where the tube I1s not compressed, when the detachable part
IS removed.

[0008] However, for a peristaltic pump to be simple and easy to use, it iIs advantageous that
the parts of the pump can be stored and sterilised in an assembled configuration.

[0009] GB 1 405 838 discloses a peristaltic pump for asphaltic material comprising a support
flexible layer placed between the inner surface of the housing of the pump and the flexible
tube. EP 2 674 177 discloses a peristaltic pump, where the transition from mechanically
distressed tube configuration to stressed tube, occur while the parts of the pump are
assembled. The compression/decompression of the tube occur by the engagement and lateral
displacement of a multiple of gears.

[0010] There I1s a need for peristaltic pumps for micro dosage with improved precision and
reliability, such as reduced risk of flow irregularities and particularly backflow. It is furthermore
desirable to obtain pumps comprising a minimum number of parts, and thus require a
minimum of power for operation and maintenance, and where the pump I1s simple to use,
maintain and sterilise, and where the parts in contact with the fluids are easily replaced or
disposed.

Summary of the invention

[0011] A first aspect of the Invention relates to a micro dosage peristaltic pump 3 for micro
dosage of a fluid, comprising: a housing 4 with an inner surface & comprising at least one
circular section 6, a flexible tube 8 placed upon the at least one circular section of the surface,
a tolerance absorbing flexible layer 9 placed between the surface and the flexible tube, at least

one compression element 10, driving means for moving the at least one compression element
InN an eccentric circular motion having a circular circumference 14, whereby the at least one

compression element is peristaltically engaged at the circumference with the tube placed upon
the circular section of the surface.

[0012] A second aspect relates to a kit of parts comprising the pump according to the first
aspect of the invention, and one or more micro dosage peristaltic pump(s), wherein the parts
are optionally assembled to a handheld device.

[0013] A third aspect relates to the use of the pump or kit of parts according to the first and
second aspect of the invention, for pumping fluids such as blood, anticoagulants, and
medicaments.
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Description of the drawings

[0014] The Invention will in the following be described In greater detall with reference to the
accompanying drawings:

Figure 1 shows a schematic top view of a handheld medical device comprising an embodiment
of the pump according to the present invention.

Figure 2 shows a schematic top view of the device in Figure 1 without the housing.
Figure 3 shows a schematic bottom view of the device in Figure 1 without the housing.

Figure 4 shows a schematic embodiment of a pump comprising two rollers, and where the
flexible tube has one occlusion point.

Figure 5 shows a schematic embodiment of a pump comprising two rollers, and where the
flexible tube I1s mechanically distressed.

Figure 6 shows a schematic of driving means for the first and second shaft, comprising a
central gear, driving a first gear attached to the first shaft, and a second gear attached to the
second shaft.

Figures 7-11 show a cartoon of the transfer from a parking position to a working mode with
synchronised shafts, where the first shaft (left) is connected to a coupling 23 with no free run,
and the second shaft (right) is connected to a coupling with a 180 degrees free run 24. Figures
A show the rotation of the shafts and the couplings, Figures B the flexible tube and rollers, and
Figures C show the gears in a top view.

Figure 7 shows a schematic embodiment of the pump In parking position, Figure 8 shows an
embodiment where the gears are rotated 45 degrees, Figure 9 where the gears are rotated 90
degrees, Figure 10 where the gears are rotated 180 degrees, and Figure 11 where the gears
are rotated 270 degrees.

Figure 12 shows a schematic embodiment where the gears are rotated 360 degrees plus 45
degrees, and where there i1s a risk of the shaft disengaging from the coupling.

Figure 13 shows a schematic embodiment, where the rotations of the shafts are slightly
asynchronised in terms of the position in the rotation.

Figure 14 shows a schematic embodiment using a coupling with more than 180 degrees free
run.

Figure 15 shows a schematic embodiment of the reverse rotation, or rotating the pump
backward.

Figure 16 shows a schematic embodiment of a starting position for reverse rotation.
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Figure 1/ shows a schematic embodiment of steps in the backward rotation untill 180 degrees
backward rotation.

Figure 18 shows a schematic embodiment of 180 degrees backward rotation where the
coupling with free run engages with shaft.

Figure 19 shows a schematic embodiment of the parking position obtained after backward
rotation.

Figure 20 shows a schematic embodiment of an pump with two rollers in exploded view.

Detailed description of the invention

[0015] The present invention provides a micro dosage peristaltic pump with a shape and size
allowing it to be built into a portable or wearable or handheld medical device 1 as illustrated In
Figure 1. The wearable device may comprise multiple micro dosage peristaltic pumps, where
the different pumps may be applied for pumping different fluids. For example, the wearable
device 1 shown In Figure 1, comprises two micro dosage pumps, where the first micro dosage
pump 2 may be used for pumping blood, and the second micro dosage pump 3 may be of a
type according to the present invention, and may be used for pumping a medicament, such as
an anticoagulant.

[0016] The housing may further comprise external holding elements for attaching the micro
dosage peristaltic pump to a desired site.

[0017] By the term fluid as used herein is meant any substance that is capable of flow, such as
liquids, gasses, plasmas, and plastic solids. Examples of fluids for peristaltic pumps for medical
purposes may include blood and medicaments, such as anticoagulants.

[0018] The pumps are placed inside a housing 4 that is part of the wearable device. Figure 2
shows a top view of the pumps without the housing, and Figure 3 shows a bottom view of the
pumps without the housing.

Operational principle

[0019] A sketch of a micro dosage peristaltic pump 3 according to the present invention is
shown In Figure 4. Figure 4 exemplifies an embodiment comprising two compression elements
10 and 11, and where the compression elements are rollers, which is a preferred embodiment.
However, embodiments of the present invention comprising only one compression element or
roller, or more than two compression elements or rollers, are also possible.
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[0020] The operational principle Is based on a fluid being contained within a flexible tube 8,
and where a section of the tube Is placed upon an inner surface 5. A flexible layer 9 Is placed
In between the flexible tube and the surface. The inner surface may be placed within the
housing 4 as lllustrated in Figure 1.

[0021] A part of the flexible tube may be pinched closed, or occluded, by a compression
element 10. When a compression element presses against the tube, the tube Is pressed
against the flexible layer, which i1s then elastically compressed against the inner surface. This
will result Iin the part of the tube under compression being pinched closed, either fully or partly,
as Indicated by 19 and the big arrow in Figure 4.

[0022] The compression element 1s driven In an eccentric circular motion, called the
compression element circular motion. The circumference of the eccentric circular motion Is
Indicated by dashed line 14 and arrow Iin Figure 4.

[0023] The eccentric circular motion of the compression element may be obtained by driving
means (not shown In Figure 4), where the driving means comprise a shaft 12, attached
centrally to the compression element, and where the shaft is rotated in a circular motion,
Indicated by dashed line in Figure 4, and called the shaft circular motion 16. Thus, when the
shaft iIs moved In the shaft circular motion 16, the compression element is moved In the
eccentric circular motion with the circumference 14.

[0024] The shape of the inner surface comprises a circular section 6, which 1s concentric with
the circumference 14, but with a larger radius.

[0025] The radius of the circular section 6 of the inner surface i1s configured such that the
compression element occludes the flexible tube at the point, where the compression element is
along the circumference 14. The point where the flexible tube Is occluded is denoted the
occlusion point 19, and is also indicated by the bigger arrow Iin Figure 4. As the compression
element moves along the circumference 14, the occlusion point will move along.

[0026] The continuous movement of the occlusion point Is also denoted peristaltic
engagement, or peristaltic coupling. The peristaltic coupling in the present invention Is obtained
by the engagement between the compression element, flexible tube, flexible layer and the
Inner surface.

[0027] The peristaltic coupling facilitates fluid being pumped to and from a distal opening 18,
as shown by arrows In Figure 4. The propulsion of a fluid in the tube iIs also known as
peristalsis, and peristaltic motion.

[0028] Occlusion points can only exist for the part of the circumference 14, where the tube Is
placed upon the circular section 6 of the inner surface. Thus, when the compression element
moves along the parts of the circumference, where the tube i1s not placed upon the circular
section, the tube Is not occluded, and thus, the tube will be mechanically distressed.
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[0029] The position of the compression element along the circumference may be defined by
the shaft rotation angle. The shaft rotation angle i1s the angle, by which the shaft is rotated
relative to the center of the shaft circular motion, and counter-clockwise to an x-axis, as shown
In Figures 4-5.

[0030] Thus, In Figure 4, the left roller has a shaft rotation angle of 90 degrees, and the right
roller has a shaft rotation angle of 180 degrees. In Figure 5 the left roller has a shaft rotation
angle of 0 degrees, and the right roller has a shaft rotation angle of 180 degrees.

[0031] In Figures 4-5, the tube will be occluded by the left roller, when the left roller has a shaft
rotation angle between ca. 90-27/0 degrees, such as 90 degrees as In Figure 4. At rotation
angles below 90, and above 270 degrees, the tube will not be occluded by the left roller, such
as 0 degrees as in Figure 5.

[0032] Correspondingly for the right roller, the tube will be occluded by the right roller, when
the right roller has a shaft rotation angle below 90 degrees, and above 270 degrees, and the
tube will not be occluded by the right roller when the shaft rotation angle is between 90-270
degrees.

[0033] Thus, depending on the positions of each of the rollers, the tube may be mechanically
distressed as shown In Figure 5, or have one occlusion point as shown In Figure 4, or have two
occlusion points, when both rollers are occluding the tube.

Inner surface

[0034] The inner surface comprises at least one circular section. The circular section may be a
full circle, or only part of a full circle. The inner surface may further comprise multiple circular
sections.

[0035] In Figures 4-5, the inner surface comprises two circular sections, 6 and 7, and where
the circular sections are semicircles. A semicircle may also be defined as a circular section with
a central angle of 180 degrees. By the term "central angle” is meant the angle whose apex is
the center of the circle defined by the circular section, and whose legs are the radii intersecting
the circle.

[0036] In Figures 4-5, the Inner surface further comprises linear sections, such that the inner
surface obtains a stadium shape.

[0037] The circular sections may have larger central angles than 180 degrees. When the
circular sections become larger, the shape of the inner surface will approach the shape of the

"figure eight”.
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[0038] Embodiments where the circular section comprises a full circle are also possible, for a
pump comprising only one roller.

[0039] The Inner surface may further comprise an opening for the tube to enter and exit the
Inner surface. At the opening the tube may lie double, 1.e. one tube section above the other, as
exemplified in Figures 4-5.

[0040] In an embodiment of the invention, the at least one circular section 6 i1s concentric with
the circular circumference 14. In another embodiment, the at least one circular section 6 has a
central angle of equal to or above 180 degrees, more preferably above 200 degrees, and most
preferably above 220 degrees. In another embodiment, the at least one circular section 6 Is
selected from the group consisting of. a circle, and a semicircle. In another embodiment, the
surface has the shape selected from the group consisting of. a circle shape, a stadium shape,
a figure-eight-shape, and any combinations thereof.

Tubing

[0041] By the term flexible tube 6 as used herein iIs meant any hollow tube that is capable of
being pinched closed by compression, and return to its original shape when not being pinched
anymore. A hollow tube Is further characterised by having a lumen surrounded by the tube
wall.

[0042] For medical purposes the material of the tube should be capable of being cleaned,
flushed and/or sterilized, and the tube materal should not be reactive with fluids such as blood
and medicaments. Examples of flexible tubes for peristaltic pumps for medical purposes
Include tubes of any type of silicone.

[0043] In general the tubing In peristaltic pumps must be compressed to less than the sum of
the thickness of the two walls being compressed, to ensure complete closure of the lumen.
Complete closure 1s essential for precise dosage of the pumped fluid upon each rotation of the
compression element. Thus, the tube may be compressed to more than the sum of the two
walls, such as at most 80 to 85% of the sum of the two walls.

[0044] The thicker the walls of the tubing the more energy Is expended in occluding the lumen.
Thus, If the flexible tube comprises a thin walled tube, the pump requires a minimum of energy

to compress the tubing, and to ensure complete closure of the lumen for precise dosage of the
fluid within.

[0045] Furthermore, If the inner diameter of the tube wall iIs small, less energy Is expended In
occluding the lumen. Flexible tubes with small inner diameters further enables precise and

accurate dosage of even small micro liter doses, or micro liter flows.

[0046] Thus, a micro dosage pump as described In the current invention, can used In a
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wearable system with Iimited battery power supply. The pump can further accurately deliver an
exact flow or volume of fluid, by using tubing with small inner diameter.

Flexible laver

[0047] Controlled compression and occlusion of the tubing is essential for the precision of the
pump. If the degree of compression on the tube Is not consistent, the degree of occlusion of
the tube can vary, which may result in irregularities in the flow, as well as risk of back flow. To
fully control the compression and occlusion, iIrregularities In the tube properties and
Irregularities of the inner surface must be taken into account as well.

[0048] The compression may be controlled by the incorporation of tolerance absorbing means.
The tolerance absorbing means reduce the variations in the compression force on the tube
that are due to variations in the tube properties, such as diameter, thickness of tube walls or
flexibility, and variations in the roughness of the inner surface engaging with the tube.

[0049] The ability to compensate for structural irregularities 1s particularly necessary in small
pumps, where even small irregularities are relatively large, and where the tube walls are thin
and/or the inner lumen of the tube 1s small.

[0050] Additionally, the Introduction of tolerance absorbing means allows for larger tolerance
variations in the production, which means that the production of the various parts, such as
tube, and roller, may be less costly and less complex.

[0051] Conventional tolerance absorbing means include feathers and flexible materials
connected to the compression element. Thus, additional components are needed for the
compression element to be flexibly attached within the device.

[0052] In contrast to this, the tolerance absorbing means of the invention is provided by the
flexible layer placed between the Iinner surface and the tube. Thus, the Invention provides
tolerance absorbing means that are not directly connected to the compression element, and
which is thus the pump I1s more simple to manufacture.

[0053] Furthermore,the flexible layer makes it possible to make the diameter or length of the
tube path smaller, since the compression element(s) can be made simpler and smaller. Thus, it
IS possible to make the pumped fluid volume per pump revolution smaller, which means that
the pump can pump smaller volumes, and thus provide more precise and accurate pumping.

[0054] The peristaltic pump of the Invention facilitates the pumping or dosage of micro
dosages with improved precision and reliability In an embodiment of the invention, the pump Is
configured to provide a flow rate between 1-20 uL/min, more preferably between 2-10 uL/min,
and most preferably between 3-6 pL/min.
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[0055] The flexible layer provides tolerance absorbance, and ensures that the compression
force on the tube Is essentially constant, when the tube iIs pinched to occlusion. This Is
obtained when the flexible tube i1s pressed by the roller, the tube I1s compressed against the
flexible surface, which provides a flexible counter pressure to occlude the tube. The flexible
surface may also be referred to as a feathering surface, or a cushioning surface. An example
of a flexible surface 1s a surface of a silicone-based material, however, the material may be any
flexible rubberlike material.

[0056] The flexible rubber-like material may be attached, e.g. by gluing or moulding, to a hard
surface, thereby forming a buffer layer, which the tube can be compressed against. The tube
may be either physically contacting the buffer layer, or moulded into the buffer layer.

[0057] The tolerance absorbing means of the invention, 1.e. the flexible surface, ensure that
any variations or roughness in the structural components are compensated for in a simple but
highly effective manner. Thus, by the present invention it is possible to precisely pump, and
dose or dispense even very small volumes of a fluid, and surprisingly high precision of micro
dosage peristaltic pumps can be obtained.

[0058] For controlled compression and occlusion of the tube, and for optimal tolerance
absorbance, it is essential that the flexible layer and flexible tube are fixed with respect to each
other. The tube and layer may be fixed to each other by being attached by glue or by being
moulded together. This will further make the assembly of the pump less complex.

[0059] In an embodiment of the Invention, the flexible tube Is attached to the flexible layer,
such as moulded together.

Compression element(s)

[0060] The compression element(s) 10 and 11 may be In the form of roller(s), which have a
cylindric shape. The cylindric surface of the roller can compress a tube evenly against a
surface. In Figures 4-5, the longitudinal axis of the rollers, corresponding to the height of the
cylindric roller, 1s parallel to the shaft rotation axis. The compression element(s) may further be
configured to rotate around their respective longitudinal axis.

[0061] Other examples of compression elements Iinclude "shoes”, "wipers”, "lobes”, and
"CapS"_

[0062] The compression elements may be attached to the driving means by a shaft that is
centrally attached to the compression element. By centrally attached i1s meant that the
compression element extends radially and concentrically from the shaft. Thus, for a roller
compression element, the shaft is attached centrally to the roller diameter, and parallel to the
longitudinal axis of the roller.
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[0063] In the embodiments exemplified In Figures 4-5, the pump comprises two compression
elements that are rollers, a first roller 10, and a second roller 11. The rollers are driven in a first
and second eccentric circular motion with respectively a first circumference 14, and a second
circumference 15. The eccentric circular motions are obtained by the rotation of the first shaft
12 and second shaft 13, which are attached centrally to the respective compression elements,
and where the shaft is rotated in a first 16 and second 17 shaft circular motion. The rollers may
further be configured to rotate around their respective longitudinal axis by being rotatably
mounted on the shafts.

[0064] The pump with two rollers enables very high precision in dosage and flow rate, with a
minimum of compression elements. A minimum of compression elements are desired as it
Influences on the number of deformations of the tubing, and thus the wear of the tubing and
pump. Higher wear of the tubing increases the energy consumption of the pump, and wear of
the tubing may Include risk of spallation of the inner tubing wall, causing tubing materials to
enter the blood stream of the patient.

[0065] To facilitate the movement between the compression element and the flexible tube, the
compression elements may be configured to be rotatable mounted. In an embodiment of the
Invention, the compression element(s) are configured to rotate around their respective
longitudinal axis. In another embodiment, the driving means comprise a shaft 12 attached
centrally to the at least one compression element, and wherein the shaft is rotated in a shaft
circular motion 16, whereby the eccentric circular motion of the at least one compression
element is obtained.

[0066] In another embodiment, the pump comprises a first 10 and a second roller 11, and
where the rollers are moved In a first and second eccentric circular motion having respectively
a first 14 and second 15 circumference.

[0067] In a further embodiment, the driving means comprise a first shaft 12 and second shaft
13 attached centrally to respectively the first and second roller, and where the shafts are
rotated in respectively a first shaft circular motion 16, and a second shaft circular motion 17.

Confiqurations with two rollers

[0068] Several configurations exist for a pump comprising two rollers. When the rollers are
facing each other as in Figure 5, the tube is not pinched or occluded along any point within the
pump. Thus, In this configuration, the tube will be mechanically distressed.

[0069] In the mechanically distressed configuration, the tube Is fully open for a flow. The
configuration Is also referred to as the starting or parking position, the parking mode, or the

mechanically disstressed mode.

[0070] The position of the compression element in the parking position Is also called the dead
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point.

[0071] For the pump shown In Figure 5, the tube i1s mechanically disstressed when the first
roller (left roller) has a shaft rotation angle of 0 degrees, and the second roller (right roller) has
a shaft rotation angle of 180 degrees.

[0072] A micro dosage peristaltic pump, which has a parking position while the pump being In
fully assembled and operational state, i1s especially advantageous for medical purposes. The
sterilisation of a peristaltic pump and the flexible tube Is preferably done by radiation
sterilisation when the pump iIs Iin a configuration where the tube I1s not compressed. This avoids
a risk of fusing, and partially/fully occluding, the tube during irradiation sterilisation. Thus, a
micro dosage pump with a parking position can be sterilised at any time before storage or use,
without further assembling needed after the sterilisation.

[0073] The pump iIs In operation mode, when at least one of the rollers Is rotated out of the
dead point.

[0074] Each roller will pass the dead point upon a rotation around the circumference; however
a pump comprising two rollers may be configured such that at any point during operation, at
least one of the rollers is not in a dead point.

[0075] A micro dosage pump, which has an operational mode without a parking position during
pumping Is especially advantageous for applications where back flow Is undesired and/or
detrimental, such as for medical purposes where there I1s a pressure difference between the
pump and the target, such as a vein, or where there is a pressure differential caused by an
elevation difference between the inlet (fluid reservoir) and outlet (catheter tip).

[0076] In an embodiment of the invention, the pump Is configured to have a parking position
wherein the flexible tube is not compressed by the rollers, and an operation mode, wherein the
flexible tube i1s compressed by at least one of the rollers at any time during operation.

[0077] In operation, the rollers may be working In unison, or synchronisation. This may be
obtained by driving means comprising gears. Figure 6 shows a schematic of driving means for
the first shaft 12 and second shaft 13, comprising a central gear 20, driving a first gear 21
attached to the first shaft, and a second gear 22 attached to the second shaft. The shafts are
attached eccentrically to the gears, whereby a circular motion of the shafts i1s obtained when
the central gear iIs rotated.

[0078] In an embodiment of the invention, the movement of the first roller 1s synchronised with
the movement of the second roller.

[0079] In another embodiment, the pump comprises a central gear driving a first and a second
gear, and wherein the first and second shafts are attached eccentrically to the first and second
gear respectively.
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[0080] The transfer from a parking position to a working mode, where the rotations of the
shafts are synchronised, may be obtained when both shafts are driven from the same drive
means as exemplified in Figure 6, when one of the shafts are connected to a coupling 24 with
a free run. Thus, as the main gear iIs turned, one shaft will rotate iImmediately, while the shaft
with the free run coupling will remain stationary for the designated number of degrees. The

shaft without a coupling with a free run, may optionally be connected to a coupling with no free
run 23.

[0081] Figures 7-11 illustrates the transfer from a parking position to a working mode with
synchronised shafts, where the first shaft (left) is connected to a coupling 23 with no free run,
and the second shaft (right) is connected to a coupling with a 180 degrees free run 24. Figures
A show the rotation of the shafts and the couplings, Figures B the flexible tube and rollers, and
Figures C show the gears in a top view.

[0082] The pump Is In parking position in Figure 7. The rollers are facing each other, and the
shafts have not started rotating.

[0083] In Figure 8, the central gear is rotated 45 degrees clockwise as illustrated by the arrow
In Figure 8C, whereby the first and second gears synchronically are rotated 45 degrees
counter-clockwise, also indicated by arrows In Figure 8C. This results In the left shaft being
rotated as illustrated in Figure 8A, and compressing the tube as indicated by the arrow In
Figure 8B. Due to the coupling with a free run, the right shaft is not rotated, and the right roller
IS thus not compressing the tube.

[0084] In Figure 9, the central gear Is rotated such that the first and second gears
synchronically are rotated 90 degrees counter-clockwise, indicated by arrows in Figure 9C.
This results In the left shaft being rotated as illustrated in Figure 8A, and compressing the tube
as Indicated by the arrow in Figure 9B. Due to the coupling with a free run, the right shaft is not
rotated, and the right roller is thus not compressing the tube.

[0085] In Figure 10, the central gear Is rotated such that the first and second gears
synchronically are rotated 180 degrees counter-clockwise, indicated by arrows in Figure 10C.
This results In the left shaft being rotated as illustrated in Figure 10A, and compressing the
tube as Indicated by the arrow In Figure 10B. Due to the coupling with a free run of 180
degrees, the coupling and right shaft become engaged at this point.

[0086] In Figure 11, the central gear Is rotated such that the first and second gears

synchronically are rotated 270 degrees counter-clockwise, indicated by arrows in Figure 11C.
Since the coupling and right shaft have engaged, both left and right shafts are now rotated In

unison, and at 270 degrees the two rollers will compress the tube at two points as indicated by
arrows Iin Figure 11B.

[0087] In an embodiment of the invention, the gears are engaged to the shafts through a
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coupling with optionally a free run. In a further embodiment, the second roller is engaged to the
second shaft with a free run that is equal to or above 180 degrees, such as 180, 185, or 190
degrees.

[0088] Alternatively, transfer from a parking position to a working mode, where the rotations of
the shafts are synchronised may be obtained by separate driving means, such as separate
motors, for the two shafts.

[0089] For a shaft connected to a coupling with a 180 degrees free run, there Is a risk of the
shaft disengaging from the coupling. This can occur If the shafts starts rotating faster, e.g. due
to friction and the pressure distribution on the tube, and thus resulting in the compression
element moving into the dead point.. The situation is illustrated in Figure 12. In Figure 12, the
shafts are rotated such that the right shaft has engaged with the coupling with 180 degrees
free run. The rotation may be 360 degrees plus 45 degrees as exemplified in Figures 12A-B,

and where the tube 1s only compressed by the right roller as indicated by the arrow in Figure
12B.

[0090] The force on the right roller stemming from it engaging or pressing on the tube In
Figure 12B, results in the shaft disengaging from the coupling and rotating into the dead-point
as lllustrated in Figure 12C. Thus, In this case In operation mode, there iIs a risk of a parking
position to occur, which can cause detrimental backflow.

[0091] To minimise the risk of backflow, the rotation of the shafts may be slightly
asynchronised in terms of the position In the rotation. The asynchronisation may be obtained
by the shaft engaged with the coupling with a 180 degrees free run being slightly behind the
left roller in the rotation cycle, as shown In Figure 13A. The shaft may be 5-10 degrees behind
In the position of rotation.

[0092] Thus, as the rollers are rotating (Figures 13B-C), and the right roller passes the point,
where the shaft may be disengaged from the coupling, the left roller will occlude the tube at a
point, as shown In Figure 13D. Thus, the tube will always be pinched at least at one place at
any time during operation.

[0093] In an embodiment of the invention, the movement of the first roller is at least 1 degree
asynchronic with the movement of the second roller, such as 3, 5, 10, 15, and 20 degrees
asynchronic.

[0094] Alternatively, the risk of backflow may be minimised by using a coupling with more than
180 degrees free run, as lllustrated in Figure 14. The same effect as shown Iin Figure 13 Is
thereby obtained, where the tube will always be pinched In at least one place at any time
during operation.

[0095] The asynchronisation of the shafts may be obtained during the assembly of the pump.
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[0096] After operation of the pump, It may be needed to store, or flush or sterilise the pump.
Thus, 1t Is necessary to go from the operation mode, where the tube is pinched In at least one
place, to the parking mode, where the tube is not pinched.

[0097] The transfer from operation mode to parking mode may be obtained by reversing the
rotation, or rotating the pump backward, as illustrated in Figure 15. In Figure 15 the rotation

direction of the central gear is counter-clockwise as opposed to the operation mode In Figures
7-11.

[0098] As an example, the rotation Is reversed from the position shown In Figure 16, where
both rollers are pinching the tube. Steps in the backward rotation before the coupling with free
run engages with the shaft are shown in Figure 17. In Figure 18 180 degrees backward

rotation is obtained, and at this point the coupling with free run engages with shaft and the
parking position can be obtained as shown in Figure 19.

[0099] Thus, a coupling with a free run also facilitates that counter rotating for half a revolution
where the free run shaft i1s disengaged, will disengage both rollers from the tubing. It Is
therefore simple at any time after operation, to obtain the parking mode position, where the
tubing 1s not compressed, and where the device can be stored and sterilised safely. An
exploded view of a pump comprising two rollers i1s shown In Figure 20. The flexible tube Is
attached to the flexible layer by being moulded together. The pump may comprise bearings 29,
for the rotating parts such as for the shafts and rollers, as well additional housing 26.

Reference numbers

[0100]

1. 1 - wearable device
2. 2 - first micro dosage pump
3. 3 - second micro dosage pump
4.4 - housing
5. 5 - Inner surface
6. 6 - first circular section
/. [ - second circular section
8. 8 - flexible tube

9. 9 - flexible layer
10. 10 - first roller
11. 11 - second roller
12. 12 - first shaft
13. 13 - second shaft
14. 14 - circumference of first eccentric circular motion

15. 15 - circumference of second eccentric circular motion
16. 16 - first shaft rotation
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17. 17 - second shaft rotation

18. 18 - distal opening

19. 19 - occlusion point

20. 20 - central gear

21. 21 - first gear

22. 22 - second gear

23. 23 - coupling with no free run
24. 24 - coupling with free run
25. 25 - bearings

26. 26 - second housing
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PATENTKRAV

1. Peristaltisk mikrodoseringspumpe (3) til mikrodosering af en vaeske, hvilken pumpe

omfatter:

- et hus (4) med en indre overflade (5) omfattende mindst en cirkulaer sektion

(),

- en fleksibel slange (8) placeret pa den mindst ene cirkulzere sektion af den in-

dre overflade,
- mindst et kompressionselement (10)

- drivorganer til at bevaege det mindst ene kompressionselement | en excentrisk
cirkuleer beveegelse med en cirkulaer omkreds (14), hvorved det mindst ene
kompressionselement er peristaltisk | indgreb ved omkredsen med raret place-

ret pa den cirkuleere sektion af den indre overflade,

kendetegnet ved, at den peristaltiske mikrodoseringspumpe (3) omfatter et tolerance-
absorberende fleksibelt [ag (9) placeret mellem den indre overflade (5) og den fleksible

slange (8).

2. Pumpe ifglge krav 1, hvor den mindst ene cirkulaere sektion (6) er koncentrisk med

den cirkuleere omkreds (14).

3. Pumpe ifelge et hvilket som helst af de foregaende krav, hvor den mindst ene cirku-
laere sektion (6) har en central vinkel, der er lig med eller over 180 grader, mere fore-
trukket over 200 grader og mest foretrukket over 220 grader, og/eller hvor den mindst

ene cirkulaere sektion (6) er valgt fra gruppen bestaende af: en cirkel og en halvcirkel.

4. Pumpe ifelge et hvilket som helst af de foregaende krav, hvor den indre overflade
har en form valgt fra gruppen bestaende af: en cirkelform, en stadionform, en ottetals-

form og en hvilken som helst kombination deraf.

5. Pumpe ifelge et hvilket som helst af de foregaende krav, hvor den fleksible slange er

fastgjort til det fleksible lag, sasom stabt sammen.
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6. Pumpe ifelge et hvilket som helst af de foregaende krav, hvor kompressionselemen-
tet eller —elementerne er konfigureret til at rotere omkring deres respektive laengde-

akse.

7. Pumpe ifelge et hvilket som helst af de foregaende krav, hvor drivorganerne omfat-
ter en aksel (12), der er fastgjort centralt til det mindst ene kompressionselement, og
hvor akslen drejes | en cirkuleer akselbevaegelse (16), hvorved den excentriske cirku-

laere bevaegelse af det mindst ene kompressionselement opnas.

8. Pumpe ifelge et hvilket som helst af de foregaende krav, som omfatter en farste rulle
(10) og en anden rulle (11), og hvor rullerne bevaeges | en farste og anden excentrisk
cirkuleer bevaegelse med henholdsvis en farste (14) og en anden (15) omkreds, og
eventuelt hvor drivorganerne omfatter en farste (12) og en anden aksel (13), der er
fastgjort centralt til henholdsvis den ferste og den anden rulle, og hvor akslerne drejes |
henholdsvis en farste cirkuleer akselbevasgelse (16) og en anden cirkulaer akselbevae-

gelse (17).

9. Pumpe ifelge krav 8, der er konfigureret til at have en parkeringsposition, hvor den
fleksible slange ikke komprimeres af rullerne, og en driftsmade, hvor den fleksible
slange komprimeres af mindst én af rullerne pa et hvilket som helst tidspunkt under
drift.

10. Pumpe ifglge et hvilket som helst af kravene 8-9, hvor bevasgelsen af den farste
rulle er synkroniseret med bevaegelsen af den anden rulle, eller hvor bevaegelsen af
den farste rulle er mindst 1 grad asynkron med bevasgelsen af den anden rulle, sasom

3, 5, 10, 15 og 20 grader asynkron.

11. Pumpe ifglge et hvilket som helst af kravene 8-10, som yderligere omfatter et cen-
tralt gear, der driver et fgrste og et andet gear, og hvor den fgrste og den anden aksel

er fastgjort excentrisk til henholdsvis det ferste og det andet gear.

12. Pumpe ifglge et hvilket som helst af kravene 8-11, hvor gearene er | indgreb med
akslerne gennem en kobling med eventuelt et frilab, og fortrinsvis hvor den anden rulle

er 1 Indgreb med den anden aksel med et frilab, der er lig med eller over 180 grader,
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sasom 180, 185 eller 190 grader.

13. Pumpe ifalge et hvilket som helst af de foregaende krav, som er konfigureret til at

tilvejebringe en streamningshastighed mellem 1-20 uL/min, mere foretrukket mellem 2-

10 u/min og mest foretrukket mellem 3-6 uL/min.

14. Kit-of-parts, der omfatter en pumpe ifglge et hvilket som helst af kravene 1-13 og

en eller flere peristaltiske mikrodoseringspumper, hvor delene eventuelt er samlet til en
baerbar indretning.

15. Anvendelse af en pumpe eller et kit-of-parts ifglge et hvilket som helst af kravene 1-

14 til pumpning af vaesker, sasom blod, antikoagulanter og medikamenter.



DK/EP 3408537 T3

DRAWINGS

e e e A o B
- - .

-«

e N N T T -,

o NN Ny

g -
et R R R R

F
'
’
!
»
’
b
A
b
:
4
’
W\

S —————

'y YTy
N ¥

AL LT

-

G L L L L L L L L L R L L L L L L L L L L L L DL L L UL L L L L L Tl

Fig. 1



DK/EP 3408537 T3

S

wwwwryvrvvwewhwn

WKAEEELLLAR

Fig. 2



18

Fig. 3

DK/EP 3408537 T3



DK/EP 3408537 T3

X-axIs

5 AT TR T —

\\E"'M. AL DA S S 1'\_:‘:{.:_ i ’ ¥ B
e o
i -
v
e \

Lt N N

- f-..\I“Z;%-‘ e

sl e e A a0
JETERREA AT g AR AL A,

RN

.\
SO RN 3

_1'-\

v
AR Ve o'
- ittty v O

ARRRRRER SO S A

10

-

DR NN

. . TR Y

14 \%\&\ \(

!\k‘.

- A0 I‘.‘. L ]
e RN, A
e S
et en’; : gk .--'.'?::'.2.';5;‘;:71;:;:_‘._ '

Y

17




1

14

L I > DU ) . .
wpals o . oS T
. e L
R AN : N SO
\ul'-‘r . : '-'r'v .'.l%..“ .o
. MR ".‘NQ A \:.-.
ch . R W P TRONGG

R SO N

o R
BT oo \;\‘:3-\-\\\' RN

R RS
SEEE TS

: ~ A ".7.;' S
e g T e R
O R R Y %

16

6 .-, R

. v

RRRRIEDRMEE SN SR,

AR b 4

e

sanse
.‘

. ;;::.:-.\'-j.o. T = .Q:

DK/EP 3408537 T3

X-axis

IR, oo

27

LU PR
RO
LI
..

s

J‘l‘:{"{:o. Pl
-
A

LA 3

W,

W

*
-
..

s

SEN,

11

G

15

0
\ LR}
M .

17



DK/EP 3408537 T3

-
- ’
G .
Tatets ‘ot
T e
> L)
. . e
v v > 4+ m
ot " a'n
' s 0. A
a e e P
[ L e
» PO 1Ay
e I e
ads . T S R R
O rw, B 3
- et et L aawa
. SRR AR
- Vel L ata s
.« - LU N
.. e
v ottt
et M0
‘-t-ll; \‘. .l--b
ST e _—
o L '
e o e et
' ’ .
- o
v\l.. o-lls o-\I-I-O .
rd rrm rE e .
Va el -
o mle Ay A L=
ST L rw 0
- ey - rmw s ="e .
. > e

S
>+
'.\.
)
o
X
-3
s

+ -e
. - ' -
cae e - . -\l-
e At e
P oL ¥ « v e
e = i~y - .. a
- - O O 20 )
ala - - - .
. ' a

AN
A

.
-

N
+

-

.

*y
Vs

KO0
o

4
)
- v‘\
-
>
- '.. .
3

’
.QH-‘..v v'a', e
. . e
. ' Fe
e “aa.
e A%
‘o . Mfate,
O T
. YRR
N ot SN0
et e ~rmo 4 -
s [ OV I
o oa Sael e
e 1ore e e e
* St T
' elets et
I B .
IO S
Sl ' MR
. e 0N
i i
Lt
et e
EAL i
. -.\. .
e
o'
o
ﬁ.
av!l;.
O
et
RO
A
%
.
-
‘\-\
LA
- 4" -
DG .
., 4+ .
JOCRCES o
- rs .
HJeo- D
. ' V. .
. e P
- . Sy e
2 " ' .
AT TR K
s ettt cratats et
A S
L} UL e
T, T, e
et .U\vv. LA
- P
et LR
-a ae
' et
- v Vele

crmow v cmewe .-
R N .ss.\“

M\\.A-..n "1 e .J\\\n\.. .

o s AR
I “\ R
e ..\\ et
S W R
i o Rt
- SR s *

R
drerarw

AR

- -y b

..\v‘.\tt.

ORI

+ s
)
-

o .
"2°s’a’e’i
v ¥

1
A\

e

R e,

A )

-
v ‘I\
O
PO

MM R XX
Y

.';‘\\g:

‘-
.I
- .

20

Fig. 6



o 24

iR
e .:\'}\%‘
'\.‘.- .y

) : 13

\'::"‘C e
R \;x-;a'.«:«:'u@\

S
N
TR

11

.‘-.\‘\"' . .
-;“t- N A _-.,.,,_..__,.~.- . ‘\:':,- o
£ N £ R
n L) . - Ry | .b‘ X .\
$8 . O \\ \;‘:\\'
1:; ‘ \: R Wy N
Nyt NI, s
. SR

.o M

.‘::‘\:é\;\:\‘\-_\‘
AU - - @

3 \\‘;‘?Q»ﬂ\‘;._\ ":?{, N

h

4z
AL Ot .

"
LA N
P
2 4.0
RS AT L L s

ukaas

~
e

R L)
dos .
s

s
‘o

»
l.‘-

¥
up,

> 22

-, T .
AT e
13 .

. e
AN N e 4™

20

DK/EP 3408537 T3



DK/EP 3408537 T3

23

13

‘;\‘\.SE- .

3
o
e

- !..l

RS

»

§
=

-

-
T

~—
T

Lo

I.I.... -
N

e,

+ -

LR I N ) . -'u
o™ "‘:\ a'as 4'-<'

,.;I\l'\ I.Q‘q

.
N S

re .

LN

;-
.
..
.
. r
v -
.
-
"
.
4 -
-
.
e
L] L
‘.
-
v
b
.
-

XD u...,..\_..h. . S v,
P ..“\-.-” .\.- lwu\“.\.\t-\.-\-xus“\k“!hs ' :-

™
N

Ao v
L Mv\!-." n.”ﬁ“ +
4 235
o . - RS
3
oLy ”“ : “..-. b

>

St

Fig. 8



10

23

21

L g L)
‘. -

RO
bk

AR 0 N LR o
\\" ' \\l\I‘i‘l‘t?)‘h‘l‘l‘i‘l‘.’:l. " \\:- N :\ \r\' a7 . .
;" '(.'I R ., '4.‘ PR T p
, .‘:’:‘:‘:':‘:‘:‘- e N ' L
. LN . . “e . . . .
AR, ~ - it n R
- SR

o L S A
AR e s
e Y
X .'I.“..‘.....I ’,\ "“ ".'\.-
l‘t‘l‘l‘i‘b'l'l‘l‘\\.l“'\ -«
I A O et
N e AN
R e st
ey
.n' W 't.
NN
"~ . o'.' .‘0\ \.\.‘
'0 . " . . “ :‘" . 8
‘. .' .I‘ .
. . RN .
- .
P RN
.0' : " 'I_ .
LE .; . .

wd . .
. S SRS
- v r
v .‘_;'.:1\\5”1\;\:-'\ '. 'Q..\ . ua‘ . aa "
ST RN S A Rl

POV

-
s ww'd' e

-;x’

' v'.‘.'!:l"
R \' '-_.‘ B2 -\:\‘- .
e TN

.
..

20

22

DK/EP 3408537 T3



23

'-.x%:&;- ORI A

13

5 . S —~ o

10 11

3

A MBI AN
a8 " ..

n l't‘t..‘\‘ . 0. .
'

WE LY
Y Do >,

L - .'_\
RN

neel

aatA v,
™

22

-

) R
R
g

20

Fig. 10

DK/EP 3408537 T3



10

23

1

12

R I I I Sy

L4 .
wne

. -
NN

i Y

4T O vie's

kY
SN
R
|

20

DK/EP 3408537 T3



23

12

23

e
SRR

¢S

12

24

13

/24

et
d_r_b_b_w

R

13

Fig. 12

DK/EP 3408537 T3

10

........ -’ ; ‘wmdia’e’
o= B L IO .
L i’ = b v s

R OO B U RO T
VT T el T

A '\(.\\\'\";"::3-'.. : .
o, V‘g_\.\nu . n\‘-' * TV Y TT « AR A AT . -
AR .-‘b ~aat -.-...-.h‘...:\‘ R N: ----- e -'\‘ .
) --.0\5'-l||..bt-| lu;‘\.. . \\ U MO T
L oSt e : et OO,

L .- LR LI -

et e N
R SRR OO0

j\.: L .\L e
DUOUU O COU U g}o .

OO0
ettt .:’

oS IR

R
] .
-’ NN
4 -. .
) . \
e N < W
. ~0 0' 'l - -. v
. -
4 4 4‘
. : 8
-
" .( \_ \'. P
.-. - ‘. " -‘
» .t " )
. > i, e
R S
. -

10 11

.Sl e

- |'-- - NN E .n.u"' - . -\. : ‘l -
AN T e e

a® . .... -'-:u.l...l‘l‘b.l‘l.l..." *a'.

\‘ﬁlﬂ-"\

-------

. ‘atut,
:, " - .‘.I.I. .-I-I-b-..l.....‘-l-l-) .::::::\
.\. . -l.' .‘l‘i‘l%.....lvl.l‘..I.l....'thlhb.l.l.l.l..
.}_ .
‘I
4
"



23

-

h
h
N
N
]|
1
D|
h
h

10 11

. ~‘-.- ‘.m." -'. .-\ .

. - « - .

}:. -

S
R e N
'l O\I‘llbl!lb l' . W
Lo SRR

..
TR LER 0
T

SN T

" -
. ’ "
- . -

. - . »
- . . .
. + » .

. ~ '
. » . ‘.
- .
. -

10 11

Vi

ArAL
e e,

U L L
. A a
. . .

/-3‘1

10

. ‘wos ‘i R '-,-,-. K LTI . N s oo . .
S N I A R

S Nt
LN
S .
- .
. .
) .
o SN .
R ‘6 + .,
. - \ .
- -
PN
. .
N
L e PR
- -
' ' ‘.
N . s .
- o ., .
e - " .
. - - =
- . . .
» R v\. .,
LI Lt

Fig. 13

DK/EP 3408537 T3



DK/EP 3408537 T3

o
o aé,""-
ST

.

.. ‘F’fi:}’:{:;l%

v
L

LN

“- )
i "
@ .‘;
e T
T L
. et }'\ '
A R I R, s A O e ) -
; : "
“

i, s

‘e Tw.
R Jwv. - " BT
A R Tt NI R
. \‘\ ‘..\'4‘ O ' EERE .: “» _.I_'. RICUR 'c. - . .
- R T e T, R G e
, ‘B, w W > . N
o~ - “- T"

]
. 7
L
‘¥

22

- -\!:\ .

o -.';ﬂ.‘:-'o...'---o 4‘\
. LN R -
N R
.'._..._‘ N ..‘.\o'!

Fig. 15



DK/EP 3408537 T3

Fig. 16

13

S

Ty

S

“ N | ::‘\\:‘-\\:\\‘-\i . -:‘-'\\;:'_

MR

llllll

‘\24

13

. o
- .
1 UL ]
» - an .
R . -

© . ';P.@\“.. . ‘;‘n IO -'N 4..
DL . * rh . “ 4R - v 4
ANy, N ST e T
.l.l. t.ﬁ. .l_' .! . - .l.

. PRI N ST

. - v
;.' . " ..‘ ‘. .-1". . '1‘
» « 4

e

Do NRR RS
DA e e o
e ., , T . e TmNTT,

-----




DK/EP 3408537 T3

24

L X

'5:‘-:\:.. . LU
: .“%:\:‘\.}'\ AR | N i.'.'.;.'.':‘.".'.'.'.;.\“'. A S R 5
R e TRERERERST T RS o
\\%@% \ T IS L DL PSS

R \\'\{'ﬁ:&\\ . "‘ .f“




DK/EP 3408537 T3

-4

TR

e A

3 L) '-
R R R

L,
S
‘-. ,

A
o

SO U PR

s el

-.-.\l-. L

Fig. 20



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - CLAIMS
	Page 19 - CLAIMS
	Page 20 - CLAIMS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS

