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(54) MICROPUMP

(57) A pump (2) comprising a stator (4) and a rotor
(6) axially and rotatably movable relative to the stator,
the stator comprising a rotor shaft receiving cavity (18),
an inlet (14) and an outlet (16) fluidly connected to the
rotor shaft receiving cavity (18), the rotor comprising a
shaft (24) received in the rotor shaft receiving cavity (18).
The rotor shaft (24) comprises a cavity (39) receiving a
piston portion (12) of the stator therein to form a piston
chamber (42), a seal (44) mounted between the piston
portion (12) and inner sidewall of the cavity (39) to seal-
ingly close an end of the piston chamber (42). The rotor
further comprises a port (38) fluidly connecting the piston
chamber (42) to an outer surface (60) of the rotor shaft
(24), the port (38) arranged to overlap at least partially
the inlet (14) over a rotational angle α of the rotor corre-
sponding to a pump intake phase, and arranged to over-
lap at least partially the outlet (14) over a rotational angle
β of the rotor corresponding to a pump expel phase.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a micropump. The micropump may be used for dispensing small quantities of
liquid, in particular for use in medical applications, for instance in a drug delivery device. A micropump related to the
invention may also be used in non-medical applications that require high precision delivery of small quantities of liquid.

DESCRIPTION OF RELATED ART

[0002] A micropump for delivering small quantities of liquid that may in particular be used in medical and non-medical
applications is described in EP1803934 and in EP1677859. The micropump described in the aforementioned documents
includes a rotor with first and second axial extensions of different diameters that engage with first and second seals of
the stator to create first and second valves that open and close liquid communication across the respective seal as a
function of the angular and axial displacement of the rotor. A pump chamber is formed between the first and second
seals of the stator whereby the pumped volume of liquid per rotation cycle of the rotor is a function of both the difference
in diameters between the first and second rotor axial extensions and the axial displacement of the rotor that is effected
by a cam system as a function of the angular position of the rotor with respect to the stator.
[0003] The ability to pump small quantities of liquids by continuous rotation of a rotor is advantageous in many situations.
In view of the small volume of liquid pumped per rotation cycle, the rotary drive output may rotate at speeds that are
generally greater than the speed of a screw mechanism for advancing a piston of a piston pump. The rotary drive is
simple to control and avoiding a piston mechanism allows the pump to be very compact. Also, the pump module may
be made of low cost disposable parts, for instance of injected polymers.
[0004] In certain applications, in particular for pumping liquids containing molecules that are sensitive to friction, the
friction between the rotor shaft and the valve seals of a pump as described in EP1803934 may however be undesirable.
This could for instance be a problem with large molecules such as certain proteins that are sensitive to shear stress.
[0005] The aforementioned problem could be overcome by provision of other pump systems, in particular piston pumps
or pumps comprising cartridges with a plunger that is advanced by a piston rod. Such pump systems are however not
very economical and not very compact in view of the length of the piston mechanism. Reliability and safety of piston
pump systems may also be an issue because they do not inherently block direct fluid communication between the liquid
container and the outlet of the pump system.

SUMMARY OF THE INVENTION

[0006] In view of the foregoing, an object of the invention is to provide a micropump that is capable of pumping small
quantities of liquid in a reliable and safe manner.
[0007] It is advantageous in certain applications to provide a micropump that does not apply shear stress on the liquid
being pumped.
[0008] It is advantageous to provide a micropump that is very compact.
[0009] It is advantageous to provide a micropump that is economical to manufacture and that may be incorporated in
a disposable non-reusable component, such as in a disposable part of a drug delivery device.
[0010] Objects of the invention are achieved by a micropump according to claim 1.
[0011] Disclosed herein is a pump comprising a stator and a rotor axially and rotatably movable relative to the stator,
the stator comprising a rotor shaft receiving cavity, an inlet and an outlet fluidly connected to the rotor shaft receiving
cavity, the rotor comprising a shaft received in the rotor shaft receiving cavity. The rotor shaft comprises a cavity receiving
a piston portion of the stator therein to form a piston chamber, a seal mounted between the piston portion and inner
sidewall of the cavity to sealingly close an end of the piston chamber, the rotor further comprising a port fluidly connecting
the piston chamber to an outer surface of the rotor shaft, the port arranged to overlap at least partially the inlet over a
rotational angle (α) of the rotor corresponding to a pump intake phase, and arranged to overlap at least partially the
outlet over a rotational angle (β) of the rotor corresponding to a pump expel phase.
[0012] In an advantageous embodiment, the port comprises an entry portion having a convex or tapered shape with
a large diameter at the rotor outer surface and a small diameter towards rotor cavity.
[0013] In an advantageous embodiment, the inlet has an oblong shape that extends over an angular segment of at
least at 30°.
[0014] In an advantageous embodiment, the outlet has an oblong shape that extends over an angular segment of at
least at 30°.
[0015] In an advantageous embodiment, the inlet extends over an angle about the axis of rotation A along an inner
surface of the rotor shaft receiving cavity between 30° and 120°.
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[0016] In an advantageous embodiment, the outlet extends over an angle about the axis of rotation A along an inner
surface of the rotor shaft receiving cavity between 30° and 120°.
[0017] In an advantageous embodiment, the piston portion extends from a base wall of the stator, an end of the rotor
shaft positioned adjacent the base wall.
[0018] In an advantageous embodiment, the stator and rotor comprise a camming system defining an axial displace-
ment of the rotor relative to the stator as a function of the angular displacement of the rotor relative to the stator.
[0019] In an advantageous embodiment, the pump comprises a rotary drive coupled in rotation to the rotor via a
coupling, the coupling comprising a biasing mechanism applying a force (Fx) on the rotor towards the stator.
[0020] In an advantageous embodiment, the camming system comprises a cam track on one of the rotor and the
stator, and a cam follower on one of the stator and the rotor, the cam track and cam follower being positioned on an
outer diameter of a head of the rotor, the head being connected to an end of the rotor shaft.
[0021] In another embodiment, the pump may further comprise an elastic membrane positioned between the rotor
and the stator and arranged to cover an entry portion of the port on the rotor shaft, the membrane being deformable into
the entry portion due to a pressure on an inlet side being greater than a pressure in the piston chamber.
[0022] In an embodiment, the membrane may be fixed non-rotatably to the stator.
[0023] In an embodiment, the membrane may be fixed to the rotor and cover the entry portion of the port.
[0024] Further objects and advantageous features of the invention will be apparent from the claims, from the detailed
description, and annexed drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Figure 1 is a schematic cross-sectional view of a pump module of a micropump according to a first embodiment of
the invention;

Figures 2a-2d are schematic cross-sectional views illustrating different four rotor positions in a pump cycle of the
pump according to the first embodiment, from intake to expulsion of liquid;

Figures 3a-3c are views illustrating a developed displacement profile of a rotor valve port relative to a stator inlet
and outlet over a 360° rotation cycle, according to three variants of first embodiment;

Figure 4 is a schematic cross-sectional view of a pump module of a micropump according to a second embodiment
of the invention;

Figures 5a-5d are schematic cross-sectional views illustrating different four rotor positions in a pump cycle of the
pump according to the second embodiment, from intake to expulsion of liquid;

Figure 6 is view illustrating a developed displacement profile of a rotor valve port relative to a stator inlet and outlet
over a 360° rotation cycle, according to the second embodiment.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0026] Referring to the figures, a micropump 2 according to embodiments of the invention comprises a stator 4 and
a rotor 6 coupled to a rotary drive 8 that rotates the rotor 6 around an axis A relative to the stator 4. The rotor 6 is also
axially movable relative to the stator, the axial direction Ax being aligned with the axis of rotation A.
[0027] The rotary drive 8 is coupled to the rotor 6 via a coupling 30 that allows axial displacement of the rotor relative
to the motor yet couples the output of the rotary drive in rotation to the rotor. The coupling 30 comprises a biasing
mechanism 36, for instance in the form of a spring, such as a coil spring that applies an axial force Fx towards the stator 4.
[0028] The rotor and stator comprise a camming system 28 that defines an axial displacement of the rotor as a function
of angular displacement of the rotor. The camming system 28 may comprise a cam track 32 biased against a comple-
mentary cam follower 34, the biasing mechanism 36 ensuring that the cam follower presses against the cam track. The
cam track 32 has a profile P that defines the axial position of the rotor relative to the stator as a function of the angular
position of the rotor relative to the stator.
[0029] An example of a cam track profile P developed over a 360° rotation cycle is illustrated in figures 3 and 6.
[0030] In the embodiments illustrated, the cam track 32 is formed on a head 22 of the rotor 6 whereas the complementary
cam follower 34 is provided on a rim of the stator 4. The skilled person will however appreciate that the cam follower
may be provided on the rotor and the cam track on the stator.
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[0031] In the illustrated embodiments, the biasing mechanism 36 and camming system 28 form together an axial
displacement system defining the axial displacement of the rotor relative to the stator as a function of the rotor’s angular
position, however other axial displacement systems may be implemented without departing from the scope of the in-
vention. For instance, axial displacement may be effected by an electromagnetic actuator coupled to the rotary drive,
or may be provided by means of a drive that outputs both a rotational and an axial movement.
[0032] The stator 4 comprises a cavity 18 and the rotor 6 comprises a shaft 24 rotatably and slidably inserted in the
cavity 18. The rotor shaft receiving cavity 18 comprises a sidewall 50 which may in particular have a cylindrical inner
surface in close proximity to an outer surface of the rotor shaft 24. The stator 4 comprises an inlet 14 and an outlet 16.
It will be appreciated that inlet may become an outlet and the outlet an inlet respectively depending on the direction of
rotation of the rotor. In a variant, the pump may be reversible for bidirectional pumping of liquid through the pump, the
direction depending on the direction of rotation of the rotor. Alternatively, the pump may be configured to be unidirectional,
allowing rotation of the rotor only in one direction for pumping of fluid only in one direction through the pump.
[0033] In the illustrated embodiments, both the inlet and the outlet extend through the sidewall 50 of the stator, however
it may be appreciated that the inlet and/or outlet could be formed as a channel of various shapes extending within a
body of the stator for coupling at various positions of the stator to a liquid source or a liquid output device, as a function
of the application and desired configuration.
[0034] A micropump according to embodiments of the invention may advantageously be used in a drug delivery device
for administering a liquid drug to a patient. The outlet may therefore be connected to a needle, for transcutaneous
administration of a drug, or to a catheter or other liquid conduit connected to the patient. The inlet may be connected to
a drug vial, cartridge or other liquid drug source.
[0035] The micropump further comprises a seal 26 between the rotor 6 and stator 4, the seal being positioned within
the rotor shaft receiving cavity 18 of the stator proximate an insertion end 54 of the stator cavity. In the illustrated
embodiment, the cam follower on the stator 24 protrudes from the insertion end 54.
[0036] The rotor 6 comprises a cavity 39, and the stator 4 comprises a piston portion 12 that is slidably received within
the cavity 39. A sealing ring 44 is positioned around the piston portion between the cavity 39 and piston portion 12. The
seal ring 44 is positioned adjacent a free end 56 of the piston portion 12. A piston chamber 42 is thus formed between
the free end 56, seal 44 and inner wall 58 delimiting the rotor cavity 39. The piston chamber 52 is fluidly connected to
an outer surface 60 of the rotor shaft 24 via a port 38.
[0037] In the illustrated embodiments, the port 38 comprises a channel 46 extending from the cavity 39 and an entry
portion 40 extending from the rotor shaft outer surface 60. The outer surface 60 may in particular be an essentially
cylindrical surface. The entry portion 40 is enlarged with respect to the channel 46 and may for instance have an
essentially tapered, funnel, or cup shape with the large opening at the outer surface 60 and a smaller section towards
and connected to the channel 46.
[0038] In the first embodiment illustrated in figures 1 to 3, during rotation of the rotor relative to the stator, the entry
portion 40 of the port 38 moves axially and rotationally relative to the inlet 14 and outlet 16 such that the piston chamber
42 within the rotor 6 may be in liquid communication with the inlet during an intake portion of the pump cycle and
subsequently in liquid communication with the outlet 16 during an expel portion of the pump cycle. A seal 45 surrounds
the inlet 14 on an inner side of the rotor shaft receiving cavity 18 and a seal 45 surrounds the outlet 16 on an inner side
of the rotor shaft receiving cavity 18, the seals biasing against the rotor outer surface 60. A seal (not shown) may also
be provided around the entry portion 40. The inlet and outlet seals 45 ensure that the liquid flowing through the inlet and
outlet does not leak into the space between the rotor shaft and the receiving cavity 18 in the stator.
[0039] During the intake portion of the pump cycle, the entry portion 40 of the rotor overlaps a portion of the inlet 14
over an intake angle α, whereby the axial displacement system imposes an axial movement Ax on the rotor such that
the piston chamber 42 increases in volume thus drawing liquid into the piston chamber 42 from the inlet 14. After the
rotor passes the intake angle α, the port 38 is closed by the inner surface of the sidewall 50 and does not overlap the
inlet 14 nor the outlet 16.
[0040] After rotation of the rotor, the expel phase starts when the port 38 overlaps with the outlet 16. The expel phase
of the pump cycle occurs over an angular expel range β in which the port 38 remains at least partially overlapping with
the outlet 16 and the rotor 6 displaces relative to the stator 4 such that the volume of the piston chamber 42 reduces.
[0041] During the intake phase, overlapping of the rotor shaft port 38 with the stator inlet 14 forms an open inlet valve
V1, whereas overlapping of the port 38 with the stator outlet 16 forms an open outlet valve V2. Inlet and outlet valves
V1, V2 are closed over a certain angular rotation between the intake pump cycle phase and expel pump cycle phase
when the port 38 does not overlap the inlet 14 nor the outlet 16.
[0042] The stator piston portion 12 inserted in the rotor cavity 39 advantageously allows the piston chamber 42 to be
positioned at a level of the inlet and outlet and to be almost completely emptied which reduces the dead volume of liquid
between intake and expel operations. It also enables the pumped volume per cycle to be small in comparison to the
dimensions of the rotor shaft by simply providing a small diameter rotor cavity 39 and corresponding stator piston.
[0043] The piston portion 12 also conveniently improves centering and guiding of the rotor shaft to improve rotational
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and axial guiding of the rotor shaft, while also reducing frictional forces by the seal 44 between rotor and stator. Also
advantageously, the inlet 14 can never be in direct fluid communication with the outlet 16 due to the closed position of
the port 38 between the inlet 14 and the outlet 16. The inlet 14 may be provided with an oblong slot shape extending
over a rotation angle α’ about the axis A that allows overlapping with the rotor port 38 over the intake angle α during
which the rotor effects an axial displacement that increases the pump chamber volume 42 during the intake pump cycle
phase. The outlet 16 may be provided with an oblong slot shape extending over a rotation angle β’ about the axis A that
allows overlapping with the rotor port 38 over the expel angle β during which the rotor effects an axial displacement that
decreases the pump chamber volume 42 during the expel pump cycle phase. In an advantageous embodiment the
rotational angle α of the intake phase and the rotational angle β of the expel phase may advantageously each be in a
range of 60 to 120°. This allows on the one hand a sufficient angular range to effect a smooth axial displacement of the
rotor to fill, respectively to empty, the pump chamber while ensuring a valves closed safety margin between the inlet
and outlet.
[0044] It may be noted that within the scope of the invention, the intake angle α may be different from the expel angle β.
[0045] In an advantageous embodiment, the intake angle α is greater than the expel angle β, for instance as illustrated
in figure 3b. In the aforementioned embodiment, the intake phase of the pump cycle is slower than the expel phase to
reduce the negative pressure on the liquid to avoid any associated adverse effects such as bubble creation. The expel
phase may be shorter since in many applications liquids may support high expel flow rates and pressures. Nevertheless,
in another variant it is also possible to inverse the relationship in order to have a shorter intake phase than the expel
phase, for instance as illustrated in figure 3c. A slower expel phase may for instance be desired in certain applications
to reduce the impulse delivery of liquid during the expel phase.
[0046] In the embodiment illustrated in figure 3a, the intake and expel phases are substantially identical, however as
mentioned above the angular range of the inlets and outlets may be varied in conjunction with the axial displacement
system depending on the desired intake and outtake pressures and flow rates.
[0047] The axial displacement profile P as a function of the angular displacement Φ may also be varied to control and
optimize the intake and expel flow rates of the liquid.
[0048] In the second embodiment illustrated in figures 4, 5a-5d and 6, the piston chamber 42 is not in direct fluid
communication with the inlet 14 or outlet 16. A membrane 20 fixed to the inner surface of the stator sidewall 50 is mounted
between the outer surface 60 of the rotor and the inner surface 62 of the stator cavity 18. The membrane 20 is elastic
and configured to be sucked into the entry portion 40 when there is an under-pressure in the piston chamber 42, which
is in fluid communication with the entry portion 40. During the intake phase, the increased volume of the piston chamber
42 creates an under-pressure in the piston chamber which sucks in a portion of the membrane 20 into the entry portion
40. Since during the intake pump cycle phase the entry portion 40 overlaps at least partially the inlet 14, liquid from the
inlet is drawn into the volume of the entry portion 40 formed by the sucked in portion of membrane. As the rotor turns,
the liquid in the entry portion is rotated with the entry portion, whereby the membrane, which does not rotate, gets sucked
slidingly into the entry portion as the rotor rotates. The liquid within the entry portion is captured in the volume thereof
and moved with the rotor. When the entry portion 40 no longer overlaps the inlet 14, liquid in the entry portion is captured
between the membrane and the inner surface 62 of the stator sidewall 50 and moved therealong until the entry portion
40 overlaps the outlet 16. Under-pressure in the piston chamber 42 is reduced and the membrane within the entry portion
moves back to a position against the stator cavity sidewall thus expelling the liquid that was captured in the entry portion
through the outlet 16. The membrane may in particular be made of a thin elastic polymer sheet configured to easily slide
and deform in and out of the entry portion as the rotor is rotated.
[0049] In a variant, an elastic membrane may be fixed to the rotor covering the entry portion 40 of the rotor shaft port
38. The membrane in this variant thus rotates with the rotor. In this variant, a seal surrounding the entry portion 40 and
biased against the inner surface 62 of the stator sidewall is provided to ensure that liquid captured within the entry portion
between the inlet and outlet is hermetically sealed and remains within the entry portion between the intake phase and
expel phase of the pump cycle.

List of features illustrated

[0050]
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Claims

1. A pump (2) comprising a stator (4) and a rotor (6) axially and rotatably movable relative to the stator, the stator
comprising a rotor shaft receiving cavity (18), an inlet (14) and an outlet (16) fluidly connected to the rotor shaft
receiving cavity (18), the rotor comprising a shaft (24) received in the rotor shaft receiving cavity (18), characterized
in that the rotor shaft (24) comprises a cavity (39) receiving a piston portion (12) of the stator therein to form a piston
chamber (42), a seal (44) mounted between the piston portion (12) and inner sidewall of the cavity (39) to sealingly
close an end of the piston chamber (42), the rotor further comprising a port (38) fluidly connecting the piston chamber
(42) to an outer surface (60) of the rotor shaft (24), the port (38) arranged to overlap at least partially the inlet (14)
over a rotational angle (α) of the rotor corresponding to a pump intake phase, and arranged to overlap at least
partially the outlet (14) over a rotational angle (β) of the rotor corresponding to a pump expel phase.

2. The pump according to the preceding claim wherein the port (38) comprises an entry portion (40) having a convex
or tapered shape with a large diameter at the rotor outer surface (60) and a small diameter towards rotor cavity (39).

3. The pump according to any preceding claim wherein the inlet (14) has an oblong shape that extends over an angular
segment of at least at 30°.

4. The pump according to any preceding claim wherein the outlet (16) has an oblong shape that extends over an
angular segment of at least at 30°.

5. The pump according to any of the preceding claims wherein the inlet extends over an angle about the axis of rotation
A along an inner surface (62) of the rotor shaft receiving cavity (18) between 30° and 120°.

6. The pump according to any of the preceding claims wherein the outlet extends over an angle about the axis of
rotation A along an inner surface (62) of the rotor shaft receiving cavity (18) between 30° and 120°.

7. The pump according to any of the preceding claims wherein the piston portion (12) extends from a basewall (52) of
the stator, an end (48) of the rotor shaft (24) positioned adjacent the basewall.

8. The pump according to any of the preceding claims wherein the stator and rotor comprise a camming system (28)
defining an axial displacement of the rotor relative to the stator as a function of the angular displacement of the rotor
relative to the stator.

9. The pump according to any of the preceding claims comprising a rotary drive (8) coupled in rotation to the rotor (6)
via a coupling (30), the coupling (30) comprising a biasing mechanism (36) applying a force (Fx) on the rotor towards
the stator.

10. The pump according to any one of the preceding claims wherein the camming system comprises a cam track (32)
on one of the rotor and the stator, and a cam follower (34) on one of the stator and the rotor, the cam track and cam
follower being positioned on an outer diameter of a head (22) of the rotor (6), the head being connected to an end
of the rotor shaft (24).

11. The pump according to any of the preceding claims, further comprising an elastic membrane (60) positioned between
the rotor (6) and the stator (4) and arranged to cover an entry portion (40) of the port (38) on the rotor shaft (24),
the membrane being deformable into the entry portion (40) due to a pressure on an inlet side being greater than a
pressure in the piston chamber (42).

12. The pump according to the preceding claim wherein the membrane is fixed non-rotatably to the stator (4).

13. The pump according to claim 11 wherein the membrane is fixed to the rotor and covers the entry portion (40) of the
port (38).
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