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Description
Field of the invention

[0001] The present invention relates to a tube pump
comprising a pump element inserted in a tube for the
generation of a fluid flow within the tube. The invention
furthermore relates to a pump element for such a tube
pump and to a method of creating a flow of a fluid within
an at least partly flexible tube.

Background

[0002] Different kinds of positive displacement tube
pumps such as roller pumps or peristaltic pumps are
known for pumping a fluid through a flexible tube or hose
and are widely used in e.g. medical applications such as
for instance in infusion pump systems, dialysis pumps,
or bypass pumps for circulatory support.

[0003] A benefit of such pump types making them es-
pecially advantageous in medical applications is the ab-
sence of moving parts in contact with the fluid, whereby
the pumps may be relatively easily sterilized. The peri-
staltic pumps, roller pumps and tube pumps however suf-
fer from a number of drawbacks. Firstly, the pumping
involves a complete or near complete compression or
squeezing of the tube either by rollers, contact plates, or
shoes to obtain the desired fluid flow within the tube. This
inevitably leads tolarge wear on the part of the tube within
the pump. The tube therefore regularly needs to be
moved relative to the pump for the compression to be
exerted on another part of the tube or exchanged com-
pletely thereby resulting in an excessive use of tube ma-
terial and a need for longer tubes. The extra tube length
or the moving of the pressure zones makes the known
tube pumps more expensive and increases the time
needed to setup and operate the pump. Further, the large
wear increases the risk of damaging the hose consider-
ably, leading to a loss of pumping fluid and contamination
of the surroundings, and a reduction or loss of pumping
effect which depending on the circumstances may be
unacceptable and even fatal. Extra surveillance of the
pump and tubes is therefore required to prevent such
situations.

[0004] US 5 947 167 which is considered to be the
closest prior art discloses a cartridge pump comprising
a metering chamber with a valve at each end. The two
valves are aligned in the same direction so as to allow
unidirectional liquid flow. When an external compression
is applied to the chamber by means of electromechanical
actuators, the liquid contained therein is forcibly expelled.
[0005] Further, the complete or near complete com-
pression of the tube or hose may resultin excessive large
stresses and shear forces experienced by the fluid caus-
ing damages to the fluid molecules or separation of col-
loids and slurry fluids.

[0006] Another drawback of the known tube pumps is
their often considerable size necessitating a large
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amount of space which in many medical situations is lim-
ited.

Description of the invention

[0007] Itis therefore an object of embodiments of the
present invention to overcome or at least reduce some
or all of the above described disadvantages of the known
tube and peristaltic pumps by providing a tube pump and
a pump element with improved pumping efficiency and
reduced wear of the tube material. It is a further object
of embodiments of the invention to provide pump ele-
ments and tube pumps with minimized risk of leakages.
[0008] It is a further object of embodiments of the in-
vention to provide pump elements for tube pumps which
are simple and fast to apply and yet effective. It is a yet
further object of embodiments of the invention to provide
products of minimal number of parts and of low manu-
facturing costs.

[0009] Inaccordance with the invention this is obtained
by a tube pump according to apparatus claim 1 compris-
ing a tube and a pump element inserted in the tube, the
pump element comprising a rod element and at least a
first and a second non-return valve member positioned
a distance apart on the rod element and oriented in the
same direction relative to the rod element so as to allow
for a fluid flow in the tube through the first valve member,
along the rod element, and through the second valve
member. The tube comprises an at least partly flexible
tube portion between the firstand second valve members
such that a repeated deformation of the flexible tube por-
tion acts to alternately close and open the valve members
thereby generating a fluid flow through the tube.

[0010] The non-return valve may be a so-called check
valve, a clack valve, or one-way valve, and is a mechan-
ical device, a valve, which normally will allow a fluid (liquid
or gas) to flow through it in only one direction. The non-
return valve may close the fluid passageway off partly or
fully in its closed position. By orienting the non-return
valve members in the same direction relative to the rod
element is obtained that both valve members when in
their open position will allow for a fluid flow in the tube in
the same direction.

[0011] The whole tube may be flexible and may be
made in a material such as a thermoplastic or a rubber,
and may be reinforced. Alternatively or additionally, only
a portion of the tube may be flexible, such as comprising
a length of a flexible hose or comprising flexible tube wall
portions.

[0012] By atube pump according to the above may by
very simple means be obtained an effective pump forand
mechanism for pumping a fluid through the tube. The
fluid flow is generated as the deformation of the tube
between the at least two non-return valve members acts
to squeeze the fluid out of the tube space between the
valve members and out through one of the non-return
valve members. When the deformation is relaxed, a neg-
ative pressure is created in the space, closing the one
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valve member and opening the other drawing in fluid from
upstream the tube. A repeated deformation repeats the
above described alternately opening and closing of the
valve members thereby generating a fluid flow within the
tube.

[0013] The deformation may in an embodiment of the
invention involve a compression of the tube from one or
more sides and/or may involve a decompression of the
tube.

[0014] Unlike many conventional tube pumps such as
roller pumps, the tube need not be completely com-
pressed or squeezed to generate an efficient pumping
motion of the fluid. Rather, even relatively small defor-
mations of the tube may be enough to obtain a relatively
high pumping efficiency due to the construction of the
tube pump with the pump element comprising two or
more non-return valve members. This is further advan-
tageous in minimizing the wear on the tube caused by
the repeating deformation and thereby minimizing the
risk of leaking and loss of the fluid and contamination of
the surroundings.

[0015] The smaller amount of deformation of the tube
needed for obtaining an efficient pump further leads to
lower stresses and shear forces experienced by fluid,
which may prevent damaging of fluid molecules and help
to keep colloids and slurry fluids from separating. This
may be especially advantageous in pumping of specific
types of fluid such as e.g. blood or other fluids comprising
fragile or vulnerable components.

[0016] Due to the construction of the pump element of
the valve members positioned on a rod element, a tube
may fast and easily made ready for pumping by simply
inserting a pump element into the tube. Similarly, the
pump element may be extracted from the tube in an
equally simple fashion, whereby the interior of the tube
which then is the only part of the pump in contact with
the fluid is left without obstacles and may be cleaned and
sterilized easily and effectively. The extracted pump el-
ement is likewise simple to clean and sterilize effectively
before reuse or may simply be disposed of. This makes
the tube pump especially advantageous for medical ap-
plications and in the food industry.

[0017] The tube pump is further advantageous in that
it may be operated to deliver a pulsed flow e.g. like the
heart which may be advantageous in e.g. bypass pumps
or in some infusion pumps.

[0018] The pump element may be pre-manufactured
in one or more sizes dimensioned to tubes of different
diameters and/or shapes.

[0019] The tube pump is advantageous in comprising
only few parts and can be fast and easily assembled and
made ready for pumping. Further, the tube pump is in-
expensive to manufacture and inexpensive to maintain
as the use of a hose or tube makes for a relatively low-
cost maintenance item compared to other pump types.

[0020] A further advantage is that the tube pump may
be constructed to yield a compact yet robust and efficient

pump.
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[0021] Because of rod element of the pump element,
the valve members will be positioned in the tube at a
predefined distance apart given by and fixed by the rod
element whereby the amount of pumping may be equally
well defined for each deformation of the tube and possible
to determine on beforehand.

[0022] Furthermore, by the rod element being relative-
ly stiff and inelastic compared to the flexible tube portion,
the rod element aids the tube portion to relax and return
toits undeformed shape after each deformation and each
pumping movement. Hereby, the tube portion may be
ready for a new deformation and pumping cycle faster.

[0023] Further, the rod element enable a fast and sim-
ple assembly of the pump element and the tube pump
as all the parts of the pump element may by mounted
one after another on the rod element. The assembly may
advantageously be performed from only one side which
enables a high-speed and automated mass production.
[0024] Also, the rod element enables a fast yet precise
and well-controlled insertion of the pump element into
the tube.

[0025] The rod element may further be provided with
recesses for the different parts of the pump element to
be placed in. This facilitates the mounting and positioning
of the parts on the rod element. Furthermore, the dis-
tances between the parts and especially the distance be-
tween the valve members and thereby the pumping vol-
ume may hereby be determined and controlled accurate-
ly.

[0026] Also, the predetermined and fixed distance be-
tween the valve members eases the mounting or placing
of the tube pump in a pumping apparatus such as an
infusion pump.

[0027] The rod element may attain elongate shapes of
different and/or varying cross sections such as e.g. a
circular cylindrical shape, a rectangular cylindrical shape,
a hollow cylindrical shape, or a helical shape. The rod
element may further comprise two or more parallel or
non-parallel bars.

[0028] According to an embodiment of the invention,
the pump element extends into the tube from one end of
the tube, and the pump element further comprises atleast
one sealing part engaging with the tube wall in a fluid
tight fashion in one end of the tube. Hereby is obtained
that the pumping element is easily inserted into a tube
portion and that the pump element may also act as a
coupling member for coupling the tube to another part
such as e.g a further tube, an infusion bag, a syringe or
the like without or with only minimal leaking. In this way
the assembled tube pump may be made ready with only
one connection or coupling.

[0029] The sealing part may engage with the tube wall
by friction. The sealing part may comprise one or more
gaskets e.g. in the shape of a ring or band of rubber or
another deformable or flexible material.

[0030] In a further embodiment of the invention, the
pump element extends through the entire length of the
tube and comprises sealing parts engaging with the tube
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wallin afluid tight fashion in both ends of the tube. Hereby
a tube length of a predetermined length may be pre-man-
ufactured and pre-assembled with the pump element al-
ready inserted and secured to the tube wall. Hereby the
sealing parts may be brought to engage with the tube
wall such as to be able to withstand a higher fluid pressure
e.g. by involving heat sealing or shrinking.

[0031] In a further embodiment of the invention, the
tube is connected to a further tube via a connection part.
The connection part may be configured as a pipe con-
nection part on the end of the pumping element. Hereby
the tube pump may be easily fastened and secured to e.
g. another tube, an infusion bag, syringe or the like for
pumping the fluid to or from such other part. This further
yields the possibility to use less expensive tubes or hoses
leading to or from the tube pump without being con-
strained by any tube diameter or tube material applied in
the tube pump.

[0032] Inyeta furtherembodiment of the invention, the
tube pump comprises at least one actuator of an elec-
troactive polymer material arranged for deforming the
flexible tube portion when actuated. The electroactive
polymer material may be arranged on a wall portion of
said flexible tube portion and may hereby actto compress
or enlarge the tube diameter when actuated by the ap-
plication of a current to the electroactive polymer mate-
rial. The electroactive polymer material may for instance
comprise a silicone and an electrically conductive layer.
[0033] In an embodiment of the invention the flexible
tube portion may by squeezed or compressed e.g. by the
application of vacuum to the tube, prior to the electroac-
tive polymer material being wrapped or otherwise ar-
ranged on the wall portion. When the vacuum is released
and the tube pump is ready for use, the electroactive
polymer material is thereby prestressed by the tube por-
tion. A pretension of the electroactive polymer material
in the range of 10-50%, such as in the range of 20-30%
may increase the efficiency of the electroactive polymer
material. As the electroactive polymer material is sub-
jected to a current, the length of the material film wrapped
around the tube expands allowing for the tube diameter
to increase creating a draw in the tube cavity. As the
current on the electroactive polymer material is released,
the tube portion is again compressed creating the pump-
ing motion. More pump units may be placed parallel or
in series to increase the overall efficiency of the pump.
[0034] The above described tube pump actuated by
an electroactive polymer material may advantageously
be driven by e.g. solar cells thereby obtaining a pump
which may be manufactured at low costs and a reliable
pump suitable for for example outdoor pumping of water
for e.g. the watering of plants or animals, or for the oxi-
dization of lakes or water holes by pumping water from
the surface down to the bottom or vice versa. The dis-
closed tube pumps may work efficiently together with so-
lar cells, in that the tube pumps may work in a discontin-
uous manner whenever power is available with no need
for large capacitors, but may yield at least a single if not
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several pumping strokes with only minimal power.
[0035] Inyeta further embodiment of the invention, the
tube pump comprises at least one actuator comprising a
movable contact plate arranged for deforming the flexible
tube portion by compressing the tube when actuated.
The actuator may be linear or non-linear and may com-
prise one or more contact plates placed to move towards
each other and/or towards a base, so that the tube may
be compressed from one or more sides.

[0036] According to a further example, the tube pump
may comprise at least two pump elements placed seri-
ally. By the use of a number of pumping elements placed
after each other, the pumping effect may be increased
equivalently by repeatingly deforming the tube in several
positions between sets of valve members. The tube may
hereby be deformed in a peristaltic movement.

[0037] In an embodiment, at least one of the valve
members comprises a flexible diaphragm and/or mem-
brane fitted onto the rod element and sized to at least
partly engage in its closed position with the inner wall of
the tube. The pump element and thereby the tube pump
may hereby be constructed of very few parts in that the
valve function is simply obtained by the flexible mem-
brane moving relative to the inner tube wall. Further, the
valve members may be easily positioned onto the rod
element and may be easily exchanged if needed. The
pump element and thereby the tube pump may hereby
be manufactured at very low costs.

[0038] In a further embodiment of the tube pump ac-
cording to any ofthe above described, the valve members
comprise valves placed in valve housings which at least
partly engage with the inner wall of the tube. Here, the
valve opening is primarily established in the valve hous-
ings, whereby the valve opening is not dependent on the
positioning within the tube and therefore may be deter-
mined precisely beforehand and independent of the tube
properties. Further, such construction may be more ro-
bust.

[0039] In a further embodiment of the tube pump ac-
cording to any of the above, at least one of the valve
members comprises a flexible funnel shaped membrane
and a perforated disk fitted onto the rod element, the disk
being sized to engage with the interior of the tube in a
fluid tight fashion. The membrane may be sized to cover
the disk perforations if pressed against the disk.

[0040] Hereby is established a very compact yet effi-
cient non-return valve which may be configured to com-
pletely or partly close off any flow effectively in the one
direction while allowing for a full flow in the other direction
caused by a pressure difference across the valve. The
valve may be opened by only a small pressure in de-
pendence of the material properties and stiffness of the
funnel shaped membrane. The funnel shaped (i.e. con-
ical, cup shaped, or trumpet shaped) membrane increas-
es the efficiency of the valve and provides for a smooth
continuous transition from its closed to its open position
and vise versa without any ‘flapping’ or sudden changes
of its shape. Hereby, a more even pumping motion with-
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out or with only minimal cudden changes in the flow
speed may be obtained.

[0041] In both the open and closed position of the
valve, the disk lies sealingly against the interior of the
tube so that the only possible fluid flow is through the
perforations or openings in the disk. The funnel shaped
membrane is mounted on the rod element only allowing
for any possible fluid flow around the membrane in the
space between the membrane and the tube walls. The
membrane is oriented so that the interior of funnel is ori-
ented towards the disk. In the closed and relaxed position
of the valve, the membrane lies against the disk. The
membrane may lie completely or partly against the disk
surface. Hereby the membrane covers at least some of
the perforations in the disk preventing the fluid flow there-
through. In the open configuration of the valve, the mem-
brane is deformed due to the increased pressure on the
disk side of the valve so thata gapis established between
the disk and the membrane allowing for a fluid flow
through the perforations in the disk and around the mem-
brane.

[0042] The perforations in the disk may be applied as
openings or holes through the disk placed randomly or
in a pattern. The perforations may be placed a distance
from the rod element or next to the rod element. The
perforations may e.g. be applied to the disk by the punch-
ing of a star shaped central hole in the disk both func-
tioning as the hole for the disk to be mounted on the rod
element and providing the perforations for the valve func-
tion.

[0043] The disk may be manufactured from e.g. a ther-
moplast, a metal, or a rubber material.

[0044] The funnel shaped membrane may be punched
or cut out from a foil, a film or a cloth of e.g. a silicone
material. The membrane may have a circular or oval
shape with a central hole of a smaller diameter than the
diameter of the rod element (optionally of the diameter
of the recessed rod element) where the membrane is to
be placed. As the membrane then is pushed or drawn
onto the rod element, the initially flat membrane naturally
attains a funnel shape and seals against the rod element.
Alternatively, the membrane may be shaped e.g. by ther-
moshaping or thermoforming. In an embodiment of the
invention the central part of the funnel shaped membrane
attains an angle in the range of 10-40 degrees relative
to the rod element. In a preferred embodiment the cone
angle lies in the range of 20-35 degrees such as approx-
imately 30 degrees.

[0045] Optionally, the funnel shaped membrane in the
inlet valve may be manufactured from a material of a
lower stiffness than the membrane in the outlet valve to
ensure an easier an faster closing of the inlet valve therby
increasing the efficiency of the tube pump.

[0046] According to a further embodiment, the tube
pump may comprise a free flow prevention device mount-
ed on the rod element between the first and second valve
members, the free flow prevention device comprising a
valve element which in the closed configuration of the
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device is sized to engage with the interior of the tube in
afluid tight fashion, and which is configured to be opened
by the deformation of the flexible tube portion pressing
on at least a part of the valve element. The valve element
may simply comprise an element initially filling out the
interior of the tube but deforming differently from the tube,
so that openings between the element and the tube may
occur when the tube is deformed e.g. as a part of the
pumping, and such that the tube will again be closed
when the deformation of the tube seizes. The free flow
prevention device may advantageously completely pre-
vent any fluid flow when the tube is not deformed and
pumping is not intended. Hereby, a more reliable and
automatic closing of the tube may be achieved without
the need for any manual interaction such as the conven-
tional manually placing of clamps on the tube. The free
flow prevention device further acts to make the open and
closed configurations of the pump, and the phases of the
pumping more distinct. The free flow prevention device
may further be used in a priming of the pump, i.e. in filling
the pump cavity between the valve members with fluid
prior to initiating the pumping. This may be achieved by
pressing (automatically or manually) on the tube near the
device opening the free flow prevention device.

[0047] The free flow prevention device according to
embodiments of the invention is furthermore advanta-
geous in preventing the free flow while still allowing the
pumping with only small pressure forces on the tube. The
stiffness of the free flow prevention device may be tai-
lored to require a desired minimum deformation of the
tube or minimum deformation force on the tube to enable
any fluid flow.

[0048] The valve element of the free flow prevention
device may comprise a funnel-shaped membrane of a
larger diameter than the interior diameter of the tube,
thereby sealing off the tube when not compressed. The
funnel shaped membrane may be manufactured from a
flat cloth in the same way as described in relation to the
funnel shaped membranes of the valve members. Ad-
vantages of a funnel shaped membrane are as described
in relation to the funnel shaped membranes of the valve
members.

[0049] The valve element of the free flow prevention
device may comprise a foam member preferably of a
foam with closed cells and e.g. of a cubic shape. The
foam member is easily deformed with minimal forces and
may be manufactured and assembled efficiently and at
low costs.

[0050] The prevention of any free flow in the tube pump
is especially important in relation to applications of the
tube pump in infusionpumps, where the unintended free
flow of medicine is estimated to have added to or been
the direct cause of death of about 500 personsin the USA.
[0051] According to another aspect, the invention re-
lates to a pump element for a tube pump as described
above, where the pump element is configured for inser-
tion into a tube and to aid in generating a flow of a fluid
within the tube. The pump element comprises a rod ele-
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ment with at least a first and a second non-return valve
members positioned a distance apart on the rod element
and oriented in the same direction relative to the rod el-
ement so as to allow for a fluid flow through the first valve
member, along the rod element, and through the second
valve member. Hereby the pump element when inserted
in a flexible tube may act to generate a fluid flow through
the tube upon repeated deformation of said tube between
said first and second valve members. It should be under-
stood that the invention in this aspect may relate to a
pump element as an isolated product independent of the
tube pump for which it is intended to be used.

[0052] A pump element according to the above is ad-
vantageous for the same reasons as apply to the tube
pump given in the previous.

[0053] The pump elementis advantageousin compris-
ing only few parts and which may be easily assembled.
Also the pump element is inexpensive to manufacture
and therefore advantageous as a disposable product,
which may be advantageous for medical applications or
in the food industry where hygiene or sterile equipments
are of outmost importance.

[0054] The pump element is further advantageous in
being easy and fast to insert in a tube whereby a tube
pump may be made ready for operation fast and easily.
[0055] Further, because of the pump element con-
struction, the valve members will inevitably be inserted
in a tube at the predefined distance apart as given by
their position on the rod element, whereby the amount
of pumping may be equally well defined for a given de-
formation of the tube.

[0056] In an embodiment of the invention, the pump
element further comprises a sealing part positioned on
one side of the first and second valve members and con-
figured to establish a fluid tight connection to an end part
of a tube when the pump element is inserted in the tube.
Further, the pump element may comprises a pipe con-
nection part configured for connecting the pump element
to a further tube, syringe, infusion bag or the like. Hereby
is obtained that a tube in which a pumping motion is gen-
erated is easily connected and coupled to another part
via the pump element such that fluid may be pumped on
to this other part. In this way a minimum of couplings are
needed and the risk of leaks is minimized.

[0057] Inanexample, the first and second valve mem-
bers comprise valves belonging to the group of ball
valves, duckbill valves, diaphragm valves, wafer valves,
checkvalves, swing check valves, disc check valves, split
disc check valves, tilting disk check valves, cross slit
valves, umbrella valves, and lift-check valves. Hereby
may be obtained a set of effective valves and which may
be pre-manufactured and positioned in the valve mem-
bers in a simple yet effective manner.

[0058] In an example, the valve members used in one
pump element may of different types. For instance, the
inlet valve may be relatively soft compared to the outlet
valve whereby a larger pressure is needed to open the
outlet valve thereby minimizing or avoiding any free flow
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in the tube. This may be especially advantageous for
pumps involving dosing of medicine where it is important
to know the exact flow through the pump to ensure the
correct dosage.

[0059] Inafurtherexample,the connecting rod is made
of a bendable material such as a thermoplast. Hereby is
obtained that the pump element may be easily inserted
into bended tubes or hoses or that the tube may be bend-
ed without affecting the efficiency of the pumping. Fur-
ther, a more compact tube pump may be obtained by
allowing the tube to bend.

[0060] Inafurtherexample,the connecting rod is made
of a plastic material such as e.g. PE (polyethylene), PP
(polypropylene), a rubber, or a metal alloy.

[0061] The invention further relates to an infusion
pump comprising a tube pump according to any of the
embodiments described in the preceding. The advantag-
es hereof are as given in relation to the tube pump. Fur-
ther, the infusion pump is advantageous in making the
use of a drip counter and a flow regulator superfluous,
as otherwise conventionally applied in infusion pumps,
as the tube pump can be controlled and regulated to give
a certain number of pulses per time whereby the flow
may be accurately determined. Further, the infusion
pump can maintain a constant flowrate throughout the
entire emptying of the infusion bag and regardless of how
the infusion bagis placed. In contrast hereto conventional
infusion pumps uses the gravity for a continued and com-
plete emptying of the infusion bag for which reason it may
be essential that the infusion bag and the tube leading
from the infusion bag must hang or be held correctly.
[0062] In a further aspect, a non-return valve member
is used in a tube pump as described above, where the
valve member is configured for insertion into a tube and
to aid in controlling a flow of a fluid within the tube. The
valve member comprises a flexible funnel shaped mem-
brane, and a perforated disk sized to engage with the
interior of the tube in a fluid tight fashion. The valve mem-
ber further comprises a rod element onto which the disk
and the membrane are mounted.

[0063] In an embodiment of the invention, the funnel
shaped membrane in the closed configuration of the
valve member is placed such as to cover the disk perfo-
rations.

[0064] In a further embodiment of the invention, the
membrane is mounted on the rod element by sticking the
rod element through a hole in the membrane, the hole
being of a smaller diameter than the diameter of the rod.
[0065] The advantages of such non-returnvalve as de-
scribed above are as given in relation to the tube pump
comprising such valve member.

[0066] In afinal aspect, the invention relates to a meth-
od for creating a flow of a fluid according to method claim
14 within an at least partly flexible tube, comprising the
steps of connecting at least a first and a second non-
return valve member to a connecting rod element a dis-
tance apart and such that said first and second valve
members are oriented in the same direction relative to
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the rod element, and inserting the rod element with the
valve members into the tube such that said valve mem-
bers when closed at least partly engage with the tube
wall. The method further comprises repeatingly deform-
ing atleast a part of the tube between the first and second
valve members thereby alternately closing and opening
the valve members and thereby generating a fluid flow
through the tube.

[0067] The advantages hereof are as given in relation
to the tube pump and the pump element in the previous
paragraphs.

Brief description of the drawings

[0068] In the following different embodiments of the
invention will be described with reference to the draw-
ings, wherein:

Fig. 1 illustrates an embodiment of a tube pump with
apump elementinserted in a tube as seenin a cross
sectional views from the side,

Fig. 2 illustrates the tube pump as shown in figure 1
in a perspective view,

Figs. 3A and 3B illustrate the working principle of a
tube pump according to the invention during and af-
ter deformation of the tube by an external compres-
sion force,

Fig. 4A and 4B illustrates the working principle of a
tube pump according to the invention during and af-
ter deformation of the tube by an electroactive poly-
mer material,

Figs. 5 and 6 illustrate different embodiments of a
tube pump and a pump element with a electroactive
polymer material,

Figs. 7-11 illustrate different examples of a tube
pump and a pump element with different types of
valve members,

Fig. 12 illustrates an example of a tube pump with a
number of pumping elements in a serial connection,
and the coupling of two tube parts by means of a
pump element,

Fig. 13illustrates aninfusion pump comprising a tube
pump and a pump element according to embodi-
ments of the invention,

Figs. 14 and 15 illustrates a further embodiment of
a tube pump and a pump element with a free flow
prevention device according to the invention,

Fig. 15 illustrates a further embodiment of a tube
pump and a pump element with an electroactive pol-
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ymer material,

Figs. 17A and B illustrate different examples of a
tube wall in a cross sectional view suitable for con-
siderable deformations, and

Figs. 18A, B, and C illustrate the working principle
of a further embodiment of a tube pump and a pump
element with a different type of a free flow prevention
device.

Detailed description of the drawings

[0069] Figure 1 shows an embodiment of a tube pump,
100 according to the invention and as seen in a cross
sectional view. The same tube pump is seen in a per-
spective view in figure 2. The tube pump 100 comprises
atube 101 (in grey) into which is inserted a pump element
102. The pump element 102 is also depicted in figure 2
below in a perspective view as seen before insertion into
the tube. The pump element 102 comprises two or more
non-return valve members 103 attached to a rod element
104 in a spaced apart manner. The two valve members
are oriented in the same direction relative to the rod el-
ement 104, so that a fluid inside the tube portion 101 may
only flow in one direction through the two valve members
103 as illustrated by the arrow 105. The valve members
103 here comprises split disc or duo check valves com-
prising a split disk which is dimensioned to have a larger
surface area than the tube cross sectional area so that
the disks only allow for a fluid flow in the one direction.
The rod element 104 here is in the shape of a flat bar for
optimally supporting the split disk valves but could also
have other shapes such as circular. Other possible
shapes are shown in some of the following figures. The
pump element 102 further comprises a connecting part
106 at its end for connecting to another tube or hose 107.
The connection part 106 could equally well be dimen-
sioned and shaped to connectto tubes of smaller or larger
diameters, to e.g. a syringe, or a infusion bag or the like.
The pump element further comprises a sealing part 108
establishing a fluid tight connection between the pump
element and the tube 101 when the pump element is
inserted herein. The sealing part may optionally comprise
one or more gaskets (not shown).

[0070] Figures 3A and 3B illustrate the working princi-
ple of the tube pump 101 in general. The tube 101 sur-
rounding the pump element 102 comprises a flexible tube
wall portion 301 positioned between the two valve mem-
bers 103. The pumping is generated by deforming the
tube between the valve members 103, which in this illus-
trated example is performed by an actuator compressing
the tube 101 by means of two movable contact plates
302, the first valve member 103a will remain closed due
to the increased pressure in the tube, whereas the sec-
ond valve member 103b will be opened. Thereby the fluid
is forced in the direction of the arrow 303. As the contact
plates 302 retract (as shown in figure 3B) and the tube
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deformation is relaxed, an under pressure is created in
the decompressed chamber between the valve members
causing the second valve member 103b to close and the
firstvalve member 103ato open and a flow inthe direction
of the arrow 304. A fluid flow in the tube is thereby ob-
tained by a repeating deformation of the tube between
the valve members 103.

[0071] Figures4Aand4Billustratesthe same pumping
principle, but where the deformation of the tube 101 is
effected by an electroactive polymer material 400 which
changes its size considerably when subjected to a cur-
rent. In this tube pump embodiment the electroactive pol-
ymer material 400 is placed in or on a part of the flexible
tube wall thereby acting to compress the tube when ac-
tuated.

[0072] In figure 5 is shown another embodiment of a
pump element 102 configured for insertion into a tube
101. The tube 101 in this case comprises two bands 501
of an electroactive polymer material which when activat-
ed may act to compress the tube 101 in two places. The
pump element 102 in this embodiment comprises three
valve members 103 which each comprises a disk check
valve 502 in a valve housing 503. The valve housings
503 are dimensioned to fit inside the tube 101 on either
side of each band 501 of electractive polymer material.
Both sealing parts 108 in each end of the pump element
102 are hollow or perforated allowing the fluid to flow past
the sealing parts inside the tube. The bands of electroac-
tive polymer material may be activated on after the other
in serial thereby generating a peristaltic pumping motion.
[0073] Figures 6A and 6B likewise illustrate the use of
electroactive polymer material in the actuator deforming
the tube 101 in a tube pump 100 according to the inven-
tion. Here, the electroactive polymer material is placed
in broader ribbons or bands 601 in a hinged frame 502.
Figure 6A shows the actuator bands 601 in their relaxed
state where the frame parts 602 lay up against the tube
wall. In figure 6B can be seen how the electroactive pol-
ymer bands 601 contract when electrically activated (as
indicated by the hatched lines) thereby forcing the frame
parts 602 to compress or squeeze the tube 101.

[0074] Different types of non-return valve members
may be applied in the pump element 102 as illustrated
in the figures 7-11. These figures also illustrate different
possible shapes of the rod element 104 and of the pipe
connection or coupling part 106.

[0075] The pump element 102 as shown in figure 7
comprises valve members 103 in the shape of flexible
diaphragms or membranes 701 fitted onto the rod ele-
ment and sized to at least partly engage in their closed
position with the inner wall of the tube 100. The pump
element alone is shown in figure 7A, as inserted in a tube
and in a tube pump in figure 7B and 7C in a side view
and perspective view, respectively.

[0076] The pump element 101 may additionally or al-
ternatively comprise valves of the disk check type 801
(figure 8A and 8B), valves of a soft or elastic material
such as a silicone, rubber or thermoplastic material and
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with a movable lid providing for the valve opening 901
(figure 9), duckbill valves 1001 (figure 10A and B), or ball
valves 1101 (figure 11).

[0077] Figure 12illustrates an example of a tube pump
100 with a number of pump elements 102 placed in one
or more tubes 101 in a serial. Hereby the pumping effect
may be correspondingly increased, in that the tube or
tubes 101 may be compressed in more than one place.
This may advantageously be done one place after each
other thereby establishing a peristaltic movement. The
figure further illustrates how two or more tube parts 101
may be coupled to each other and brought in fluid con-
nection by means ofthe one or more pump elements 102.
[0078] Fig. 13 illustrates an infusion pump 1301 com-
prising a tube pump 100 and a pump element 102 ac-
cording to embodiments of the invention. Here, the pump
element 101 is inserted in a tube, coupling the tube to a
further tube or hose at each end of the pump element
which may be coupled at one end to a syringe 1302 and
at the other to an infusion bag of bottle (not shown). The
infusion pump using a tube pump according to the inven-
tion is advantageous over conventional infusion pumps
by being able to provide a well-controlled and steady flow
irrespective of the orientation of the pump (independent
of the gravity force) and irrespective of the amount of
fluid left in the infusion container. Rather the infusion
speed and amount can be precisely controlled and reg-
ulated by controlling the actuator force of the one or more
actuators deforming the flexible tube, 1303.

[0079] The tube pump according to the various em-
bodiments may likewise advantageously be applied in
other types of pumps such as pumps driven by solar cells
for instance in pumps for increased oxidisation of water
where water from lower regions of for instance a lake or
water basinis raised and pumped to higher regions there-
by mixing the water. The disclosed tube pumps may work
efficiently together with solar cells in that the tube pumps
may work in a discontinuous manner whenever power is
available, and may yield at least a single if not several
pumping strokes with only minimal power.

[0080] Figure 14 discloses an embodiment of a pump
element 102 inserted into a flexible tube thereby forming
a tube pump 100. The figure shows the different parts of
the pump elements as assembled and in an exploded
view, respectively. In this embodiment the two non-return
valve members 103 each comprise a funnel-shaped flex-
ible membrane 1401 of a smaller diameter than the inte-
rior diameter of the tube 101. These membranes may
initially be flat membranes of circular shape provided with
a central hole of smaller dimension than the diameter of
the rod element. The membranes may as an example be
punched out or cut from films or foils of a flexible material
such as silicone.

[0081] When pushed onto the rod element, the mem-
brane deform into a funnel as illustrated in the figure. The
funnel shaped membranes are each placed on the rod
element 104 next to a disk 1402 of an outer dimension
and shape so as to lie and seal against the interior of the
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tube. The disks 1402 comprise a number of openings
1403 which may be placed next to the rod element as
illustrated on one of the valve members 1405 or as a
pattern on the disk 1406. When the non-return valve
member is closed as illustrated in the topmost configu-
ration in figure 14, the funnel shaped membrane 1401
lies against at least the outer part of the neighbouring
disk 1402. In case of a larger fluid pressure to the disk
side of the valve (to the left in the figure) than to the
membrane side (to the right in the figure), the membrane
will be pushed away from the disk allowing for a fluid flow
through the openings of the disk and around the mem-
brane as sketched by the arrows 1407. Anincreased fluid
pressure on the membrane side of the valve member,
however, will cause the membrane to press more tightly
against the disk preventing any fluid flow. The rod ele-
ment 104 may optionally be provided with recesses for
receiving and positioning the different parts of the pump
element whereby the distance between the non-return
valve members and thereby the pumping volume can be
determined and controlled accurately.

[0082] Thepump elementillustrated in figure 14 further
comprises a free flow prevention device 1410 which is a
valve element configured such that it only opens and al-
lows for passage of a fluid when affected by a pressure
from the exterior on the tube. Hereby any unintentional
fluid flow through the pump may be prevented which may
otherwise be the problem e.g. for hanging infusion pumps
where the gravity forces from a bags of infusion fluids
may cause a small unnoticeable leak in the infusion
pump. In the illustrated embodiment the free flow pre-
vention device is simply made of a circular membrane
placed on the rod element 104 somewhere between the
two valve members 103 and of an outer diameter larger
that the interior diameter of the tube 101. Like for the
membranes 1401 in the valve members 103, the mem-
brane of the free flow prevention device is given a funnel
shape by being pushed on the rod element through a
hole of a smaller dimension than the diameter of the rod
element. As a pressure is applied to the tube, the tube
deforms differently than the free flow prevention device
making openings between the device and the tube wall
for the fluid to flow through. When the pressure is re-
leased, the free flow prevention device attains its unde-
formed shape and closes off any flow through the tube
again.

[0083] Further, the free flow prevention device may ad-
vantageously be used to prime the tube pump, i.e. fill the
tube cavity between the non-return valve members with
fluid prior to initiating any pumping. This may be per-
formed by simply pressing manually or automatically on
the tube near the free flow prevention device,

[0084] Figure 15 shows a tube pump 100 and a pump
element 102 similar to the pump element described in
relation to figure 14. Only here, the tube pump is config-
ured to be attached to other tubes or hoses via the con-
nection parts 106 in each end of the pump element and
placed on each end of the rod element 104. Further, in
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this embodiment the first perforated disk 1501 (the open-
ings in the disk not shown in the figure) sealing of the
one end of the tube 101 and the connection part 106 is
manufactured in one piece. The tube pump may in this
way be manufactured from a minimal number of parts
which furthermore may be effectively and fast assembled
in a production line from optionally just one side.

[0085] Figure 16 depicts an embodiment of a tube
pump suitable to be actuated by means of an electroac-
tive polymer material 400. Here, an intermediate member
1600 is applied on a part of the rod element 104 between
the fist and second non-return valve members 103. After
assembling the different parts of the pump element and
placing the pump element inside the tube 101, the tube
may be shrinked or squeezed onto or close to the inter-
mediate member 1600 by the application of vacuum to
the pump element and the electroactive polymer material
(not shown) is wrapped tightly around the compressed
tube and the vacuum is released. As the electroactive
polymer material is actuated, the material expands there-
by allowing the tube of the tube pump wrapped by the
material to expand likewise and vice versa. In the shown
embodiment of the pump element, the non-return valve
members comprise flexible membranes and perforated
disks like in the embodiment described in relation to the
figures 14 and 15. The type of the non-return valves used
is however not of importance in relation to the described
use of the electroactive polymer material, and other types
of non-return valves may therefore likewise be applied
in relation to the depicted tube pump of figure 16. In this
embodiment, the connection parts 106 are configured to
receive and connect to tubes or hoses through interior
passageways.

[0086] In order to allow for the compression of the tube
against the intermediate member 1600 the tube may for
instance be made of a material comprising closed pores
1700 as illustrated in figure 17A. Alternatively, the tube
may have a tube wall comprising grooves or channels
1701 as sketched in figure 17B whereby the tube diam-
eter may be decreased considerably during the tube
compression with minimal wear and fatigue on the tube.
[0087] Figure 18 shows sketches of another embodi-
ment of a free flow prevention device 1410 according to
the invention. Here, the free flow prevention device is
shaped as a hatch-like member 1800 in connection to
one of the non-return valve members 103 and likewise
placed on the rod element (not shown). In the neutral
position of the tube pump as shown in figure 18A, the
flow is prevented in both directions of the tube. In the
pumping phase illustrated in figure 18B, a compression
and a deformation of the tube 101 causes the free flow
prevention device to open as the tube wall presses
against the hatch-like member 1800. The outlet valve
1802 is further opened and the inlet valve 1803 closed
by the increased fluid pressure. As the external pressure
is removed tube from thin the last phase (figure 18C) the
outlet valve 1802 is closed and the inlet valve 1803 is
opened by the lower pressure in the tube cavity between
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the valves. Furthermore, the free flow prevention device
closes due to the relaxation of the tube. The described
free flow device may likewise be applied in combination
with other types of non-return valves than the onesillus-
trated here.

Claims

1. A tube pump (100) comprising a tube (101) with an
at least partly flexible tube portion (301) and a pump
element (102) inserted in said tube, where the tube
pump is characterized by the pump element com-
prising a rod element (104) and at least a first and a
second non-return valve member (103) positioned a
distance apart on said rod element and oriented in
a same direction relative to the rod element so as to
allow for a fluid flow in the tube through the first valve
member (103a), along the rod element (104), and
through the second valve member (103b), and
wherein the at least partly flexible tube portion (301)
is positioned between said first and second valve
members (103) such that a repeated deformation of
said at least partly flexible tube portion (301) acts to
alternately close and open the valve members (103)
thereby generating a fluid flow through the tube
(401).

2. A tube pump according to claim 1, where the pump
element extends into the tube (101) from one end of
the tube, and where the pump element further com-
prises at least one sealing part (108) engaging with
the tube wall in a fluid tight fashion in one end of the
tube.

3. A tube pump according to any of the preceding
claims, where the pump element extends through an
entire length of the tube and comprises sealing parts
(108) engaging with the tube wall in a fluid tight fash-
ion in both ends of the tube.

4. A tube pump according to any of the preceding
claims comprising at least one actuator of an elec-
troactive polymer material (400, 501, 601) arranged
for deforming said flexible tube portion when actuat-
ed.

5. A tube pump according to claim 4, where said elec-
troactive polymer material is arranged on a wall por-
tion of said flexible tube portion (301).

6. A tube pump according to any of the preceding
claims, where at least one of the valve members
(103) comprises a flexible funnel shaped membrane
(1401) and a perforated disk (1402) fitted onto the
rod element (104), the disk being sized to engage
with the interior of the tube (101) in a fluid tight fash-
ion.
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10.

1.

12.

13.

14.

A tube pump according to claim 6, where the mem-
brane (1401) is sized to cover the disk perforations
when pressed against the disk.

A tube pump according to claims 6 or 7, where the
membrane is mounted on the rod element by sticking
the rod element through a hole in the membrane, the
hole being of a smaller diameter than a diameter of
the rod.

A tube pump according to any of the preceding
claims, further comprising a free flow prevention de-
vice (1410) mounted on said rod element (104) be-
tween said first and second valve members (103),
the free flow prevention device comprising a valve
element which in a closed configuration of the device
is sized to engage with the interior of the tube in a
fluid tight fashion, and which is configured to be
opened by said deformation of said flexible tube por-
tion (301) pressing on at least a part of said valve
element.

A tube pump according to claim 8, where the valve
element of the free flow prevention device comprises
a funnel-shaped membrane.

A tube pump according to claim 8, where the valve
element of the free flow prevention device comprises
a foam member.

A pump element (102) for a tube pump (100) with an
at least partly flexible tube portion, where the pump
element is configured for insertion into a tube (101)
and to aid in generating a flow of a fluid within the
tube, wherein the pump element is characterized
by comprising a rod element (104) with at least a
first and a second non-return valve member (103)
positioned a distance apart on said rod element and
oriented in a same direction relative to the rod ele-
ment so as to allow for a fluid flow through the first
valve member (103a), along the rod element (104),
and through said second valve member (103b),
whereby the pump element when inserted in the tube
(101) is adapted to act to generate a fluid flow
through said tube upon repeated deformation of said
at least partly flexible tube portion between said first
and second valve members (103).

An infusion pump comprising a tube pump according
to any of claims 1-10.

A method for creating a flow of a fluid within an at
least partly flexible tube (101), characterized by
comprising the steps of

- connecting at least a first and a second non-
return valve member (103) to a connecting rod
element (104) a distance apart and such that
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said first and second valve members are orient-
edinasamedirectionrelative to the rod element,
-inserting said rod element with said valve mem-
bers into said tube (101) such that said valve
members when closed at least partly engage
with the tube wall,

- repeatingly deforming at least a part of the tube
between said first and second valve members
thereby alternately closing and opening said
valve members and thereby generating a fluid
flow through the tube.

Patentanspriiche

1.

Schlauchpumpe (100), umfassend einen Schlauch
(101) mit einem zumindest teilweise flexiblen
Schlauchabschnitt (301) und einem Pumpenele-
ment (102), das in den Schlauch eingesetzt ist, wo-
bei die Schlauchpumpe dadurch gekennzeichnet
ist, dass das Pumpenelement ein Stangenelement
(104) und zumindest ein erstes und ein zweites
Ruckschlagventilelement (103) umfasst, die mit Ab-
stand auf dem Stangenelement angeordnet und in
derselben Richtung relativ zum Stangenelement
ausgerichtet sind, so dass ein Fluidstrom in dem
Schlauch durch das erste Ventilelement (103a), ent-
lang des Stangenelements (104) und durch das
zweite Ventilelement (103b) moglich ist, und wobei
der zumindest teilweise flexible Schlauchabschnitt
(301) zwischen dem ersten und zweiten Ventilele-
ment (103) angeordnet ist, so dass eine wiederholte
Verformung des zumindest teilweise flexiblen
Schlauchabschnitts (301) bewirkt, dass die Ventile-
lemente (103) abwechselnd geschlossen und geoff-
net werden, wodurch ein Fluidstrom durch den
Schlauch (101) erzeugt wird.

Schlauchpumpe nach Anspruch 2, wobei sich das
Pumpenelement in den Schlauch (101) von einem
Ende des Schlauches erstreckt und wobei das Pum-
penelement ferner zumindest ein Dichtungsteil
(108), das mitder Schlauchwand fluiddicht in Eingriff
steht, in einem Ende des Schlauchs umfasst.

Schlauchpumpe nach einem der vorangehenden
Anspriiche, wobei sich das Pumpenelement durch
eine gesamte Lange des Schlauchs erstreckt und
Dichtungsteile (108), die mit der Schlauchwand flu-
iddicht in Eingriff stehen, in beiden Enden des
Schlauchs umfasst.

Schlauchpumpe nach einem der vorangehenden
Anspriiche, umfassend zumindest ein Stellglied aus
einem elektroaktiven Polymermaterial (400, 501,
601), das zum Verformen des flexiblen Schlauchab-
schnitts angeordnet ist, wenn es betatigt wird.
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5.

10.

1.

12.

Schlauchpumpe nach Anspruch 4, wobei das elek-
troaktive Polymermaterial an einem Wandabschnitt
des flexiblen Schlauchabschnitts (301) angeordnet
ist.

Schlauchpumpe nach einem der vorangehenden
Anspriiche, wobei zumindest die Ventilelemente
(103) eine flexible trichterférmige Membran (1401)
und eine perforierte Scheibe (1402) umfassen, die
auf das Stangenelement (104) aufgesetzt ist, wobei
die Scheibe eine derartige GréRe aufweist, dass sie
mit dem Inneren des Schlauchs (101) fluiddicht in
Eingriff steht.

Schlauchpumpe nach Anspruch 6, wobei die Mem-
bran (1401) eine derartige GroRe aufweist, dass sie
die Scheibenperforationen bedeckt, wenn sie gegen
die Scheibe gepresst wird.

Schlauchpumpe nach Anspruch 6 oder 7, wobei die
Membran am Stangenelement durch Einstecken
des Stangenelements durch ein Loch in der Memb-
ran montiert ist, wobei ein Durchmesser des Lochs
kleiner als ein Durchmesser der Stange ist.

Schlauchpumpe nach einem der vorangehenden
Anspriiche, des Weiteren umfassend eine Vorrich-
tung (1410) zum Verhindern eines freien Durchflus-
ses, die an dem Stangenelement (104) zwischen
dem ersten und zweiten Ventilelement (103) mon-
tiert ist, wobei die Vorrichtung zum Verhindern eines
freien Durchflusses ein Ventilelement umfasst, das
in einer geschlossenen Gestaltung der Vorrichtung
so dimensioniert ist, dass es mit dem Inneren des
Schlauchs fluiddicht in Eingriff steht, und das so ge-
staltet ist, dass es durch die Verformung des flexib-
len Schlauchabschnitts (301), die auf zumindest ei-
nen Teil des Ventilelements presst, gedffnet wird.

Schlauchpumpe nach Anspruch 8, wobei das Ven-
tilelement der Vorrichtung zum Verhindern eines
freien Durchflusses eine tunnelférmige Membran
umfasst.

Schlauchpumpe nach Anspruch 8, wobei das Ven-
tilelement der Vorrichtung zum Verhindern eines
freien Durchflusses ein Schaumelement umfasst.

Pumpenelement (102) fir eine Schlauchpumpe
(100), mit einem zumindest teilweise flexiblen
Schlauchabschnitt, wobei das Pumpenelement zum
Einsetzen in einen Schlauch (101) und zum Unter-
stlitzen einer Erzeugung eines Fluidstroms inner-
halb des Schlauchs gestaltet ist, wobei das Pum-
penelement dadurch gekennzeichnet ist, dass es
ein Stangenelement (104) mit zumindest einem ers-
ten und einem zweitem Rickschlagventilelement
(103) umfasst, die mit Abstand auf dem Stangene-
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lement angeordnet und in derselben Richtung relativ
zum Stangenelement ausgerichtet sind, so dass ein
Fluidstrom in dem Schlauch durch das erste Ventil-
element (103a), entlang des Stangenelements (104)
und durch das zweite Ventilelement (103b) mdglich
ist, und wobei das Pumpenelement, wenn es in den
Schlauch (101) eingesetzt ist, dazu ausgebildet ist,
einen Fluidstrom durch den Schlauch bei wiederhol-
ter Verformung des zumindest teilweise flexiblen
Schlauchabschnitts zwischen dem ersten und zwei-
ten Ventilelement (103) zu erzeugen.

Infusionspumpe, umfassend eine Schlauchpumpe
nach einem der Anspriiche 1 bis 10.

Verfahren zum Erzeugen eines Fluidstromsin einem
zumindest teilweise flexiblen Schlauchabschnitt
(101), dadurch gekennzeichnet, dass es die
Schritte umfasst:

-Verbinden zumindest eines ersten und zweiten
Ruckschlagventils (103) mit einem Verbin-
dungsstangenelement (104) mit Abstand zuein-
ander und so, dass das erste und zweite Venti-
lelement relativ zum Stangenelement in dersel-
ben Richtung ausgerichtet sind,

- Einsetzen des Stangenelements mit den Ven-
tilelementen in den Schlauch (101), so dass die
Ventilelemente, wenn sie geschlossen sind, zu-
mindest teilweise mit der Schlauchwand in Ein-
griff stehen,

- wiederholtes Verformen zumindest eines Teils
des Schlauchs zwischen dem ersten und zwei-
ten Ventilelement, wodurch die Ventilelemente
abwechselnd geschlossen und gedffnet werden
und dadurch ein Fluidstrom durch den Schlauch
erzeugt wird.

Revendications

Pompe tubulaire (100) comprenant un tube (101),
dotée d’'une partie tubulaire au moins partiellement
souple (301) et d'un élément de pompage (102) in-
séré dans ledit tube, laquelle pompe tubulaire étant
caractérisée par le fait que I'élément de pompage
comprend un élément en forme de barre (104) et au
moins un premier et un second éléments soupapes
anti-retour (103) positionnés a distance sur ledit élé-
ment en forme de barre et orientés dans un méme
sens par rapport a I'élément en forme de barre de
maniere a permettre un écoulement de fluide dans
le tube via le premier élément soupape (103a), le
long de I'élément en forme de barre (104) et via le
second élément soupape (103b) et dans laquelle la
partie tubulaire au moins partiellement souple (301)
est positionnée entre lesdits premier et second élé-
ments soupapes (103) de maniére a ce qu’une dé-
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formation répétée de ladite partie tubulaire au moins
partiellement souple (301) agisse en fermant et en
ouvrant alternativement les éléments soupapes
(103) engénérantainsiun écoulementde fluide dans
le tube (101).

Pompe tubulaire selon la revendication 1, dans la-
quelle I'élément de pompage s’étend dans le tube
(101) depuis une extrémité du tube et dans laquelle
I’élément de pompage comprend en outre au moins
une piece d’étanchéité (108) s’engageant dans la
paroi du tube de maniére étanche au fluide dans une
extrémité du tube.

Pompe tubulaire selon 'une quelconque des reven-
dications précédentes, dans laquelle I'élément de
pompage s’étend sur toute la longueur du tube et
comprend des piéces d’étanchéitée (108) s’enga-
geant dans la paroi du tube de maniére étanche au
fluide dans les deux extrémités du tube.

Pompe tubulaire selon 'une quelconque des reven-
dications précédentes, comprenant au moins un ac-
tionneur en matériau polymérique électroactif (400,
501, 601) congu pour déformer ladite partie tubulaire
souple s’il est actionné.

Pompe tubulaire selon la revendication 4, dans la-
quelle ledit matériau polymérique électroactif est dis-
posé sur une partie paroi de ladite partie tubulaire
souple (301).

Pompe tubulaire selon 'une quelconque des reven-
dications précédentes, dans laquelle au moins un
des éléments soupapes (103) comprend une mem-
brane souple en forme de tunnel (1401) et un disque
perforé (1402) ajusté sur I'élément en forme de barre
(104), le disque étant dimensionné de maniére a
s’engager dans l'intérieur du tube (101) de maniéere
étanche au fluide.

Pompe tubulaire selon la revendication 6, dans la-
quellelamembrane (1401) estdimensionnée de ma-
niére a couvrir les perforations du disque lorsqu’elle
est comprimée contre le disque.

Pompe tubulaire selon la revendication 6 ou 7, dans
laquelle la membrane est montée sur I'élément en
forme de barre en collant 'élément en forme de barre
dans un trou de la membrane, le trou ayant un dia-
meétre inférieur au diamétre de la barre.

Pompe tubulaire selon 'une quelconque des reven-
dications précédentes, comprenant en outre un dis-
positif de prévention d’écoulement libre (1410) mon-
té sur ledit élément en forme de barre (104) entre
lesdits premier et second éléments soupapes (103),
ce dispositif de prévention d’écoulement libre com-
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prenant un élément soupape qui, en position fermée
du dispositif, est dimensionné de maniére a s’enga-
ger dans l'intérieur du tube de maniére étanche au
fluide et qui est congu pour étre ouvert par ladite
déformation de ladite partie tubulaire souple (301)
appuyant sur au moins une partie dudit élément sou-

pape.

Pompe tubulaire selon la revendication 8, dans la-
quelle I'élément soupape du dispositif de prévention
d’écoulement libre comprend une membrane en for-
me de tunnel.

Pompe tubulaire selon la revendication 8, dans la-
quelle I'élément soupape du dispositif de prévention
d’écoulement libre comprend un élément en mous-
se.

Elément de pompage (102) pour pompe tubulaire
(100), doté d’une partie tubulaire au moins partielle-
ment souple, dans lequel I'élément de pompage est
congu pour étre inséré dans un tube (101) et pour
aideragénérerun écoulementdefluide dansle tube,
I'élément de pompage étant caractérisé par le fait
qu’il comprend un élément en forme de barre (104)
comportant au moins un premier et un second élé-
ments soupapes anti-retour (103) positionnés a dis-
tance sur ledit élément en forme de barre et orientés
dans un méme sens par rapport al’élément en forme
de barre de maniére a permettre un écoulement de
fluide dans le premier élément soupape (103a), le
long de I'élément en forme de barre (104) et dans le
second élément soupape (103b), dans lequel I'élé-
mentde pompage, une foisinséré dans le tube (101),
estapte a générer un écoulement de fluide dans ledit
tube sur déformation répétée de ladite partie tubu-
laire au moins partiellement souple entre lesdits pre-
mier et second éléments soupapes (103).

Pompe a infusion comprenant une pompe tubulaire
selon I'une quelconque des revendications 1 a 10,

Procédé de création d’un écoulement de fluide dans
un tube au moins partiellement souple (101), carac-
térisé par le fait qu’il comprend les étapes de

- connexion d’au moins un premier et un second
éléments soupapes anti-retour (103) a un élé-
ment de connexion en forme de barre (104) a
distance et de maniére a ce que lesdits premier
et second éléments soupapes soient orientés
dans un méme sens par rapport a I'élément en
forme de barre,

- insertion dudit élément en forme de barre avec
lesdits éléments soupapes dans ledit tube (101)
de maniere a ce que lesdits éléments soupapes,
une fois fermés, s’engagent au moins partielle-
ment dans la paroi du tube,
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- déformation répétée d’au moins une partie du
tube entre lesdits premier et second éléments
soupapes en fermant et en ouvrant ainsi alter-
nativement lesdits éléments soupapes et en gé-
nérant ainsi un écoulement de fluide dans le tu-
be.
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