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(57) Abstract: The invention concerns a device (1) for measuring a fill level
of a tlexible medicine reservoir (6). The device (1) comprises a support (2)
for supporting the flexible medicine reservoir (6) and a leaf spring member
(3). A first section (31) of the leaf spring member (3) is mounted to a fixed
bearing. A second section (32) of the leaf spring member (3) is guided by
a floating bearing. The leaf spring member (3) is designed for contacting
the flexible medicine reservoir (6) and for providing that changes in the
fill level of the flexible medicine reservoir (6) effect changes of the form
of the leaf spring member (3). A detector (5) is arranged for detecting the
etfected changes of the form of the leaf spring member (3) and for enabling
measuring of the fill level of the flexible medicine reservoir (6).
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DEVICE FOR MEASURING A FILL LEVEL OF A FLEXIBLE MEDICINE
RESERVOIR

Field of the Invention

[0001] The present invention relates to a device for measuring a fill level of a flexible medicine
reservoir. The invention also relates to a medical infusion device comprising a device according

to the invention.

Background Art

[0002] Any discussion of the prior art throughout the specification should in no way be consid-
ered as an admission that such prior art is widely known or forms part of common general

knowledge in the field.

[0003] Medical infusion devices, such as insulin pumps, often comprise a rigid container for
storing the medicine. The container serves as a reservoir for the medicine as well as a dosing
device. Containers can have the form of a cylinder having arranged a plunger. In order to alert a
user when a fill level of a container falls below a minimum, the remaining amount of medicine
stored in the container of an infusion device needs to be monitored. For example, the position of
the plunger in the container can be visually monitored, or an electric signal relating to the posi-
tion of the plunger can be recorded and used to control a display for displaying the remaining
amount of medicine. Displaying the remaining amount of medicine is simple for infusion devic-
es having installed a rigid container with a plunger as described above. However, because of the
strongly varying friction between the plunger and the cylinder of such containers, it is difficult

to discharge small amounts of medicine.

[0004] In order to provide a more sensitive infusion device enabling the discharge of small
amounts of medicine, a flexible medicine reservoir can be arranged. The flexible medicine res-
ervoir can have the form of a bag. A pump can be used as a dosing device. The pump fills its
chamber from the flexible medicine reservoir and discharges the medicine filled in the chamber
in order to administer the medicine to the patient. Because of a small pressure difference be-

tween the flexible medicine reservoir and the environment, small amounts of medicine can be
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administered precisely. However, the remaining amount of medicine in the flexible medicine
reservoir cannot be determined easily. The flexible medicine reservoir can be visibly arranged in
the infusion device, but a user cannot easily determine the remaining amount of medicine from
the geometry of the flexible medicine reservoir. For example, in case the flexible medicine res-
ervoir has the form of a bag, it is very difficult to estimate the remaining amount of medicine
from the shape of the bag. Moreover, contrary to a container in the form of a cylinder with a
plunger, the flexible medicine reservoir in the form of a bag, for example, includes no mechani-
cal element that could be used to record an electric signal in order to determine the remaining

amount of medicine in the flexible medicine reservoir.

[0005] US20110107853 discloses determining a fill level of an inflow-less flexible medicine
reservoir. The inflow-less flexible medicine reservoir has a monotonically decreasing fill level.
A stop surface can be designed and arranged such that the stop surface contacts the inflow-less
flexible medicine reservoir while the inflow-less flexible reservoir is filled above a predeter-
mined level. A release detector can generate an output signal indicative of contact between the
stop surface and the inflow-less flexible medicine reservoir being released and a processing unit
can determine the fill level of the inflow-less flexible reservoir from an output signal of the re-
lease detector. Because of the stop surface, the inflow-less flexible medicine reservoir cannot be
inflated to the same volume as without the stop surface. Accordingly, only a smaller amount of
medicine can be stored in the inflow-less flexible medicine reservoir and the reservoir needs to
be enlarged in order to store the same amount of medicine as can be stored in a reservoir that has

not arranged a stop-surface.

[0006] According to another solution for determining the fill level of a flexible medicine reser-
voir, a first electrode is arranged on the flexible medicine reservoir. The fill level is determined
by capacitively detecting the distance between the first electrode and a counter electrode. The
counter electrode can be arranged on a wall surrounding the flexible medicine reservoir. In an-
other variant, the counter electrode can be arranged on the flexible medicine reservoir opposite
to the first electrode. Measuring the capacitance of the electrodes is sensitive to environmental
noise such as noise induced by body parts of a human, metal objects, etc. and the detection of
the distance between the electrodes is therefore difficult. As an electrode has to be arranged on
the flexible medicine reservoir, manufacturing costs are increased. Mechanical properties of the

flexible medicine reservoir are changed by the electrode, wherein a larger reservoir may be re-
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quired to store the same amount of medicine as can be stored in a reservoir that has not arranged

an electrode.

Disclosure of the Invention

[0007] It is an object of the present invention to overcome or ameliorate at least one of the dis-

advantages of the prior art, or to provide a useful alternative.

[0008] According to a first aspect the invention provides a device for measuring a fill level of a
flexible medicine reservoir, comprising:

a support for supporting the flexible medicine reservoir;

a leaf spring member having a form;

wherein a first section of the leaf spring member is mounted to a fixed bearing, wherein
a second section of the leaf spring member is guided by a floating bearing, wherein the leaf
spring member is designed for contacting the flexible medicine reservoir, changes in the fill lev-
el of the flexible medicine reservoir effecting changes of the form of the leaf spring member;
and

a detector is arranged for detecting the effected changes of the form of the leaf spring
member and for enabling measuring of the fill level of the flexible medicine reservoir;

wherein the device further includes at least one selected from the group consisting of:

a) the fixed bearing is a hinge bearing, the first section being connected to one or
more barrel sections that are rotationally mounted on a pivot that is fixedly arranged with re-
spect to the support;

b) the floating bearing is a slide bearing. the second section being connected to a
guided section that can slide along a fixed portion that is fixedly arranged relative to the support;

c) the detector is designed for detecting a rotational motion of the first section
about the fixed bearing; and

d) the detector includes a magnetic sensor fixedly arranged with respect to the
support. wherein the magnetic sensor is designed to cooperate with a magnetic element which is
fixed to the leaf spring member in such a manner that the magnetic element follows a rotational

motion of the first part effected because of the changes of the form of the leaf spring member.
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[0009] Unless the context clearly requires otherwise, throughout the description and the claims,
the words “comprise”, “comprising”, and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not

limited to”.

[0010] There is also provided a device for measuring a fill level of a flexible medicine reservoir
that comprises a support for supporting the flexible medicine reservoir and a leaf spring mem-
ber. A first section of the leaf spring member is mounted to a fixed bearing. A second section of
the leaf spring member is guided by a floating bearing. The leaf spring member is designed for
contacting the flexible medicine reservoir and for providing that changes of the fill level of the
flexible medicine reservoir effect changes of the form of the leaf spring member. A detector is
arranged for detecting the effected changes of the form of the leaf spring member and for ena-
bling measuring of the fill level of the flexible medicine reservoir. The fixed bearing can enable
a rotational motion of the first section. The floating bearing can enable a guided motion of the
second section. Accordingly, changes of the form of the leaf spring is enabled in accordance to
the changes of the fill level of the flexible medicine reservoir. In particular, the fill level of the
flexible medicine reservoir effects volume changes of the flexible medicine reservoir, which in
turn effects changes of the form of the leaf spring member contacting the flexible medicine res-
ervoir. In particular a rotational motion of the first section can be precisely detected for enabling

measuring of the fill level of the flexible medicine reservoir.

[0011] In an embodiment, the device is further designed such that when the fill level of the flex-
ible medicine reservoir changes between essentially empty and essentially full, the form of the

leaf spring member changes between an arc-shaped form and a substantially flat-shaped form.

[0012] In an embodiment, the fixed bearing has the design of a hinge bearing, in particular the
first part is connected to one or more barrel sections that are rotationally mounted on a pivot that
is fixedly arranged with respect to the support. The hinge bearing enables a rotational motion of

the first section.

[0013] In an embodiment, the floating bearing has the design of a slide bearing, in particular the

second part is connected to a guided section that can slide along a fixed portion that is fixedly
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arranged relative to the support. The slide bearing enables a guided motion of the second sec-

tion, in particular a guided motion along a curve such as a line.

[0014] The leaf spring member has a flexible design. The flexible medicine reservoir contacts
the leaf spring member. When the flexible medicine reservoir is filled with medicine, the vol-
ume increases. The leaf spring member is arranged such that because of the increased volume
the flexible medicine reservoir pushes against the leaf spring member and deforms the leaf
spring member. The flexible medicine reservoir pushes against the spring forces of the leaf
spring member. When medicine is withdrawn from the flexible medicine reservoir, the volume
decreases. Due to the spring forces, the form of the leaf spring member changes. The leaf spring
member keeps contact with the flexible medicine reservoir. The leaf spring member can change
its form because the first section can perform a rotational motion and because the second section

can perform a guided motion, in particular a guided motion along a curve such as a line.

[0015] In an embodiment, the flexible medicine reservoir is arranged between the support and
the leaf spring member. The leaf spring member is arranged such that the spring forces effect the
contact with the flexible medicine reservoir. Accordingly, the leaf spring member can follow the
volume changes of the flexible medicine reservoir due to filling medicine into the reservoir and

depleting medicine from the reservoir.

[0016] In a variant, the leaf spring member is fabricated from a sheet material. In particular, the

costs for the leaf spring member are low.

[0017] In a variant, the leaf spring member includes at least one of: cut-outs, and breakthroughs.
In particular, mechanical properties of the leaf spring member can be optimized, such as flexi-

bility, spring forces, danger of damaging the flexible medicine reservoir, etc.

[0018] In a variant, the leaf spring member includes a contact section for contacting the flexible
medicine reservoir, wherein the contact section is located between the first section and the sec-
ond section. In particular, the contact section can be optimized for contacting the flexible medi-
cine reservoir, the first section can be optimized for enabling a rotational motion, and the second

section can be optimized for enabling a guided motion. Optimization can be achieved by form-
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ing the leaf spring member accordingly, such as by arranging appropriate cut-outs, break-

throughs, etc.

[0019] In a variant, the detector is designed for detecting a rotational motion of the first section
about the fixed bearing. Rotational motion can be detected precisely. Precise measuring of the

fill level is further improved.

[0020] In an embodiment, the detector includes at least one of a magnetic, an optic, and a me-

chanical detector for detecting the changes in the form of the leaf spring member.

[0021] In an embodiment, the detector includes a magnetic sensor fixedly arranged with respect
to the support, wherein the magnetic sensor is designed to cooperate with a magnetic element
which is fixed to the leaf spring member in such a manner that the magnetic element follows a
rotational motion of the first part effected because of the changes of the form of the leaf spring

member.

[0022] In a variant, the device further comprises a processing unit for receiving an electric sig-
nal from the detector and for transforming the electric signal into a fill level of the flexible med-

Icine reservoir.

[0023] According to a second aspect the invention provides a device for measuring a fill level of
a flexible medicine reservoir, comprising;:

a support for supporting the flexible medicine reservoir; a leaf spring member having a
form,

wherein a first section of the leaf spring member is mounted to a fixed bearing, wherein
a second section of the leaf spring member is guided by a floating bearing, wherein the floating
bearing is a slide bearing, the second section being connected to a guided section that can slide
along a fixed portion that is fixedly arranged relative to the support,

wherein the leaf spring member is designed for contacting the flexible medicine reser-
voir, changes in the fill level of the flexible medicine reservoir effecting changes of the form of
the leaf spring member, and;

a detector arranged for detecting the effected changes of the form of the leaf spring

member and for enabling measuring of the fill level of the flexible medicine reservoir, wherein
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the detector is designed for detecting a rotational motion of the first section about the fixed bear-

ing.

[0024] According to another aspect the invention provides a device for measuring a fill level of
a flexible medicine reservoir, comprising;:

a support for supporting the flexible medicine reservoir;

a leaf spring member having a form,

wherein a first section of the leaf spring member is mounted to a fixed bearing, wherein
a second section of the leaf spring member is guided by a floating bearing, wherein the leaf
spring member is designed for contacting the flexible medicine reservoir changes in the fill level
of the flexible medicine reservoir effecting changes of the form of the leaf spring member, and;

a detector arranged for detecting the effected changes of the form of the leaf spring
member and for enabling measuring of the fill level of the flexible medicine reservoir, wherein
the detector is designed for detecting a rotational motion of the first section about the fixed bear-

ing.

[0025] There is also provided a medical infusion device comprising a device in accordance to
the invention, wherein the flexible medicine reservoir is designed to deliver medicine to the
medical pump and/or to receive medicine from the medical pump. Medicine can be withdrawn
from the reservoir and refilled, wherein the fill level of the flexible medicine reservoir can be

precisely measured.

[0026] In an embodiment, the medical pump is an insulin pump, and wherein the flexible medi-

cine reservoir is designed to store a medicine that includes insulin.

[0027] There is also provided a method for measuring a fill level of a flexible medicine reser-
voir being supported by a support. The method comprises: providing that changes in the fill lev-
el of the flexible medicine reservoir effect changes of the form of a leaf spring member, and
detecting the effected changes of the form of the leaf spring member for measuring the fill level
of the flexible medicine reservoir. In order to provide that changes in the fill level of the flexible
medicine reservoir effect changes of the form of the leaf spring member, a first section of the
leaf spring member can be mounted to a fixed bearing, a second section of the leaf spring mem-

ber can be guided by a floating bearing, and the leaf spring member can be designed for contact-
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ing the flexible medicine reservoir. For detecting the changes of the form of the leaf spring
member, a detector can be arranged for detecting the effected changes of the form of the leaf
spring member and for enabling measuring the fill level of the flexible medicine reservoir. In
particular, the changes of the form of the leaf spring member are caused by changes of the
thickness of the reservoir, which depends on the fill level. In particular, detecting the effected
changes of the form of the leaf spring member relate to the detection of a rotational movement
of a section of the leaf spring member, wherein the rotational movement is detected by the de-

tection of a change of an angle.

[0028] Advantageously, embodiments of the invention may provide a device for measuring a fill
level of a flexible medicine reservoir, which device does not have at least some of the disad-
vantages of the prior art. Advantageously, embodiments of the invention may provide a device
for measuring a fill level of a flexible medicine reservoir, which device enables precise monitor-
ing of the fill level of the flexible medicine reservoir. Advantageously, embodiments of the in-
vention may provide a device for measuring a fill level of a flexible medicine reservoir, which
device enables precise monitoring of the fill level of a standard flexible medicine reservoir that
is designed to deliver medicine to a medical pump and/or receive medicine from a medical
pump. Advantageously, embodiments of the invention may provide a device for measuring the
fill level of a flexible medicine reservoir, which device enables precise monitoring of the fill

level of the flexible medicine reservoir and has a simple design.

Brief Description of the Drawings

[0029] The herein described invention will be more fully understood from the detailed descrip-
tion given herein below and the accompanying drawings which should not be considered limit-

ing to the invention described in the appended claims. The drawings are showing:

[0030] Fig. 1 illustrates schematically a perspective view of a device for measuring a fill level

of a flexible medicine reservoir;

[0031] Fig. 2aillustrates schematically a device for measuring the fill level of a flexible medi-

cine reservoir which is essentially empty; and
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[0032] Fig. 2billustrates schematically a device for measuring the fill level of a flexible medi-

cine reservoir which is essentially fully filled with the medicine.

Mode(s) for carrying out the invention

[0033] Figure 1 illustrates schematically a perspective view of a device 1 for measuring a fill
level of a flexible medicine reservoir. The device 1 comprises a support 2 for supporting the
flexible medicine reservoir. The flexible medicine reservoir is not illustrated in Figure 1. The
device 1 comprises a leaf spring member 3. In the embodiment illustrated in Figure 1, the leaf
spring member 3 is in an unstressed state. The leaf spring member 3 has an arc-shaped form in
the unstressed state. As illustrated in Figure 1, the arc-shaped form of the leaf spring member 3

can extend down to the support 2.

[0034] A first section 31 of the leaf spring member 3 is mounted to a fixed bearing. As illustrat-
ed in Figure 1, the fixed bearing has the form of a hinge bearing 41. As will be described in
more detail below, a second section 32 of the leaf spring member 3 is guided by a floating bear-
ing. The floating bearing can have the form of a slide bearing 42. Neither the floating bearing
nor the slide bearing 42 are illustrated in Figure 1, which is indicated by a dashed arrow instead

of a normal arrow.

[0035] The first section 31 of the leaf spring member 3 can form one end of the leaf spring
member 3. The second section 32 of the leaf spring member 3 can form another end of the leaf

spring member 3.

[0036] The first section 31 of the leaf spring member 3 can rotate about an axis defined by the
fixed bearing, which can have the form of the hinge bearing 41. As illustrated in Figure 1, the
hinge bearing 41 includes a pivot 41p and barrel sections 41b. As will be described in more de-
tail below, the pivot 41p is fixedly mounted relative to the support 2. The barrel sections 41b are
fixedly connected to the leaf spring member 3. The pivot 41p extends through the barrel sections
41b and defines the axis about which the first section 31 of the leaf spring member 3 can rotate.

One or more barrel sections 41b can be arranged.

[0037] The fixed bearing can have the form of a hinge bearing 41. The floating bearing can have

the form of a slide bearing 42. The hinge bearing 41 enables rotational motions of the first sec-
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tion 31 of the leaf spring member 3. The slide bearing 42 enables guided motions of the second
section 32 of the leaf spring member 3 in a direction defined by the slide bearing 42. The flexi-
ble medicine reservoir, which is not shown in Figure 1, can be arranged between the support 2
and the leaf spring member 3. When the volume of the flexible medicine reservoir is small, for
example when the flexible medicine reservoir is essentially empty, the leaf spring member 3 has
an arc-shaped form, as illustrated in Figure 1. The flexible medicine reservoir is supported by
the support 2, which is fixedly arranged. The flexible medicine reservoir contacts the leaf spring
member 3, which has a flexible design. When medicine is filled into the flexible medicine reser-
voir, the volume of the flexible medicine reservoir increases. The flexible medicine reservoir
pushes the leaf spring member 3 upwards and effects changes of the form of the leaf spring
member 3. In particular, the first section 31 of the leaf spring member rotates about the hinge
bearing 41 and the second section 32 of the leaf spring member 3 slides along the slide bearing

42.

[0038] As schematically illustrated in Figure 1, the device 1 for measuring a fill level of a flexi-
ble medicine reservoir includes a detector 5 for detecting the effected changes of the form of the
leaf spring member 3 and for enabling measuring the fill level of the flexible medicine reservoir
6. The detector 5 includes a mounting 50 which is fixedly arranged relative to the support 2. The
mounting 50 can include a sensor, such as a magnetic sensor, an optic sensor, a mechanical sen-
sor, etc., for sensing changes of the form of the leaf spring member 3, in particular a rotational
motion of the first section 31 of the leaf spring member 3. The sensor is designed to generate an
electric signal in accordance to the changes of the form of the leaf spring member 3, in particu-
lar a rotational motion of the first section 31 of the leaf spring member 3. As illustrated in Fig-
ure 1, the mounting 50 can include electric lines or wires for transmitting electric signals and/or

electric energy.

[0039] In the embodiment illustrated in Figure 1, a magnetic sensor 5s is fixed to the mounting
50. The magnetic sensor 5s cooperates with a magnetic element Sm. The magnetic element 5Sm
is fixed to the leaf spring member 3, in particular to the first section 31 of the leaf spring mem-
ber 3. For example, as illustrated in Figure 1, the design of the leaf spring member 3 can include
a small plate 3e bent off from the first section 31, wherein the magnetic element 5Sm can be fixed
to the plate, for example by gluing, bonding, etc. The magnetic element Sm performs a rotation-

al motion about the magnetic sensor 5s in accordance to the rotational motion of the first section
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31 of the leaf spring member 3. The magnetic sensor 5s can generate a signal related to the rota-
tional motion of the magnetic element Sm. The changes of the fill level of the flexible medicine
reservoir effect changes in the form of the leaf spring member 3 and a rotational motion of the
first section 31 of the leaf spring member 3, in particular a rotational motion about the axis de-
fined by pivot 41p. Accordingly, the signal generated by the magnetic sensor 5s, which cooper-

ates with the magnetic element 5m, is related to the fill level of the flexible medicine reservoir.

[0040] Figure 2a illustrates schematically a device 1 for measuring the fill level of a flexible
medicine reservoir 6. The flexible medicine reservoir 6 illustrated in Figure 2a is essentially

empty.

[0041] Figure 2b illustrates schematically a device 1 for measuring the fill level of a flexible
medicine reservoir 6. The flexible medicine reservoir 6 illustrated in Figure 2b is essentially

fully filled with the medicine.

[0042] As illustrated in Figure 2a, the leaf spring member 3, in particular the contact section 33
of the leaf spring member 3, contacts the essentially empty flexible medicine reservoir 6. The
leaf spring member 3 illustrated in Figure 2a is in an essentially unstressed state. The leaf spring

member 3 has an arc-shaped form in the unstressed state.

[0043] As illustrated in Figure 2b, the leaf spring member 3, in particular the contact section 33
of the leaf spring member 3, contacts the flexible medicine reservoir 6, which is essentially fully
filled with the medicine. The leaf spring member 3 illustrated in Figure 2b is in an essentially
fully stressed state. The leaf spring member 3 has a substantially flat-shaped form in the essen-

tially fully stressed state.

[0044] The form of the leaf spring member 3 illustrated in Figure 2a and Figure 2b is signifi-
cantly different.

[0045] The material of the leaf spring member 3 and the dimensions such as the thickness of the
leaf spring member 3 provide that the leaf spring member 3 has a flexible spring design. The
flexible spring design is such that external forces to the leaf spring member 3 can effect that the
leaf spring member 3 can be brought from the essentially unstressed state into the essentially

fully stressed state, or any state there between. The flexible spring design is such that absence of
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external forces, spring forces of the leaf spring member 3 effect that the leaf spring member 3
returns automatically from the fully stressed state, or any state below the fully stressed state,
into the essentially unstressed state. Between the essentially unstressed state and the essentially
fully stressed state, the leaf spring member 3 changes its form between an arc-shaped form and a
substantially flat-shaped form, wherein the arc-shaped form corresponds to the essentially un-
stressed state and the substantially flat-shaped form corresponds to the essentially fully stressed

state.

[0046] When the flexible medicine reservoir 6 is essentially fully filled with the medicine, the
spring forces of the leaf spring member 3 put a pressure on the flexible medicine reservoir 6.
The flexible spring design of the leaf spring member 3 can be adapted to the flexible medicine
reservoir 6 in such manner that the leaf spring member 3 essentially palpates the flexible medi-
cine reservoir 6, but does not noteworthy deform the leaf spring member 3 or apply a significant
stress to the leaf spring member 3. Usually, spring forces of some ten milli-Newton, such as
between ten and fifty milli-Newton, preferably between ten and thirty milli-Newton, are suffi-

cient,

[0047] The leaf spring member 3 needs to provide only small spring forces. Accordingly, the
leaf spring member 3 can have a thin design enabling that the available space for the flexible
medicine reservoir is essentially not reduced. For example, the fully filled flexible medicine
reservoir can extend essentially from one wall of the housing of a medical infusion device to
another wall, wherein, because of the thin design, the leaf spring member 3 does not reduce the

available space.

[0048] As illustrated in Figure 2a and Figure 2b, the first section 31 of the leaf spring member 3
is mounted to the fixed bearing in the form of a hinge bearing 41. The second section 32 of the
leaf spring member 3 is guided by the floating bearing in the form of a slide bearing 42. The
hinge bearing 41 includes the pivot 41p, which is fixedly mounted relative to the support 2. The
pivot 41p has mounted the barrel sections 41b, which are connected to the first section 31 of the
leaf spring member 3. The slide bearing 42 includes the guided section 42g that can slide along
the fixed portion 42x. The fixed portion 42x is fixedly mounted relative to the support 2. The
guided section 42¢ is connected to the second section 32 of the leaf spring member 3. The guid-

ed section 42g that can slide along the fixed portion 42x in an essentially horizontal direction
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relative to the support 2. For providing a smooth and long-term operation of the slide bearing
42, as illustrated in Figure 2a and Figure 2b, the guided section 42g can have a curved shape and

the fixed portion 42x can have a flat surface.

[0049] The flexible medicine reservoir 6 illustrated in Figure 2a is essentially empty. The leaf
spring member 3 has an arc-shaped form. By filling medicine into the flexible medicine reser-
voir 6, the volume of the flexible medicine reservoir 6 increases. The contact section 33 of the
leaf spring member 3 is pushed upwards away from the support 2 and effects a deformation of
the leaf spring member 3. The first section 31 rotates about the axis defined by the pivot 41p of
the hinge bearing 41. The second section 32 slides in horizontal direction along the fixed portion
42x of the slide bearing 42. Spring forces of the leaf spring member 3 increase. The flexible
medicine reservoir 6 illustrated in Figure 2b is essentially fully filled with medicine. The leaf

spring member 3 has a substantially flat-shaped form.

[0050] As illustrated in Figure 2a and Figure 2b, the mounting 50 is arranged in a fixed position
relative to the support 2. The magnetic sensor 5s is fixed to the mounting 50. The magnetic sen-
sor 5s cooperates with the magnetic element Sm. The magnetic element Sm is fixed to the leaf
spring member 3, in particular to the first section 31 of the leaf spring member 3. As illustrated
in Figure 2a and in Figure 2b, when the flexible medicine reservoir 6 is essentially empty ac-
cording to Figure 2a, the magnetic element Sm has a different relative position to the magnetic
sensor 5s than when the flexible medicine reservoir 6 is essentially fully filled with the medicine
according to Figure 2b. As illustrated in Figure 2a and Figure 2b, the magnetic field lines 5f of
the magnetic element Sm cross the magnetic sensor 5s in an inclination that depends on the fill
level of the flexible medicine reservoir 6. The change in inclination of the magnetic field lines 5f
can be detected with the magnetic sensor 5s, which can have a small, cheap and robust design.

Magnetic sensors 5s having such a design are available off-the-shelf.

[0051] The magnetic sensor 5s can have a design providing that two coupled signals are gener-

ated which depend on the direction of the magnetic field, for example two voltages that are pro-
portional to the sine and cosine of the angle of the magnetic field relative to the magnetic sensor
5s. By determining the ratio between these two signals, eliminated can be the dependency on the

absolute field strength of the magnetic field at the magnetic sensor.
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[0052] Alternatively or additionally, two hall effect sensors can be arranged for detecting the
magnetic field of the magnetic element Sm. The two hall effect sensors can be arranged perpen-

dicular to each other.

[0053] The small plate 3¢ bent off from the leaf spring member 3, as illustrated in Figure 1, can
be designed to include a mirror instead or additionally to providing a fixture for the magnetic
element 3m. The mirror can cooperate with a light source and a light detector, such as a LED
(Light Emitting Diode) and a photo detector, in such a manner that the signal of the light detec-
tor relates to an angle of the first section 31 respectively to the fill level of the flexible medicine

reservoir 6.

[0054] Alternatively or additionally, a mechanical design, for example based on a potentiome-

ter, can enable measuring of the fill level of the flexible medicine reservoir 6.

[0055] The device 1 for measuring the fill level of the flexible medicine reservoir 6 can be cali-
brated. First, an empty flexible medicine reservoir is arranged and the measured fill level is rec-
orded. Then, the flexible medicine reservoir is filled with medicine, wherein the volume of the
filled in medicine and the measured fill level are recorded. In a variant, calibration can be per-
formed by the user at least partly. For example, the user can fill medicine into the flexible medi-
cine reservoir and can record the volume of the filled in medicine together with the change of
the measured fill level. For example, tolerances in the design of the flexible medicine reservoir

can be accounted for.

[0056] During operation of the device 1, medicine can be withdrawn from the flexible medicine
reservoir and refilled. For example, a unused amount of medicine in a pump can be refilled into
the flexible medicine reservoir, wherein the device 1 can correctly measure the fill level of the

flexible medicine reservoir, contrary to the prior art such as US20110107853.

[0057] The first section 31, the contact section 33 and the second section 32 of the leaf spring
member 3 can follow one after the other. In other words, the contact section 33 can be located
between the first section 31 and the second section 32. However, as the skilled person under-

stands, a more precise definition of the geometry of the first section 31, the contact section 33

and the second section 32 is not required.
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[0058] The leaf spring member 3 can include cut-outs or breakthroughs, as illustrated in Figure
1, in order to provide required mechanical properties of the leaf spring member 6 such as the

flexibility, stability, surface of contact with the flexible medicine reservoir, etc.
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Claims

1. A device for measuring a fill level of a flexible medicine reservoir, comprising:

a support for supporting the flexible medicine reservoir;

a leaf spring member having a form;

wherein a first section of the leaf spring member is mounted to a fixed bearing, wherein
a second section of the leaf spring member is guided by a floating bearing, wherein the leaf
spring member is designed for contacting the flexible medicine reservoir, changes in the fill lev-
el of the flexible medicine reservoir effecting changes of the form of the leaf spring member;
and

a detector is arranged for detecting the effected changes of the form of the leaf spring
member and for enabling measuring of the fill level of the flexible medicine reservoir;

wherein the device further includes at least one selected from the group consisting of:

a) the fixed bearing is a hinge bearing, the first section being connected to one or
more barrel sections that are rotationally mounted on a pivot that is fixedly arranged with re-
spect to the support;

b) the floating bearing is a slide bearing. the second section being connected to a
guided section that can slide along a fixed portion that is fixedly arranged relative to the support;

c) the detector is designed for detecting a rotational motion of the first section
about the fixed bearing; and

d) the detector includes a magnetic sensor fixedly arranged with respect to the
support. wherein the magnetic sensor is designed to cooperate with a magnetic element which is
fixed to the leaf spring member in such a manner that the magnetic element follows a rotational

motion of the first part effected because of the changes of the form of the leaf spring member.

2. The device according to claim 1, further designed such that the leaf spring member has
an arc shaped form when the fill level of the flexible medicine reservoir is essentially empty and
the leaf spring member has a substantially flat-shaped form when the fill level of the flexible

medicine reservoir is essentially full.

3. The device according to claim 1 or 2, wherein the fixed bearing is a hinge bearing, the
first section being connected to one or more barrel sections that are rotationally mounted on a

pivot that is fixedly arranged with respect to the support.
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4. The device according to any one of claims 1 to 3, wherein the floating bearing is a slide
bearing, the second section being connected to a guided section that can slide along a fixed por-

tion that is fixedly arranged relative to the support.

5. The device according to any one of claims 1 to 4, wherein the flexible medicine reservoir

is arranged between the support and the leaf spring member.

6. The device according to any one of claims 1 to 5 wherein in the leaf spring member is

fabricated from a sheet material.

7. The device according to any one of claims 1 to 6, wherein the leaf spring member in-

cludes at least one of: cut-outs, and breakthroughs.

8. The device according to any one of claims 1 to 7, wherein the leaf spring member in-
cludes a contact section for contacting the flexible medicine reservoir, wherein the contact sec-

tion is located between the first section and the second section.

9. The device according to any one of claims 1 to 8, wherein the detector is designed for

detecting a rotational motion of the first section about the fixed bearing.

10.  The device according to any one of claims 1 to 9, wherein the detector includes at least
one of a magnetic, an optic, and a mechanical detector for detecting the changes in the form of

the leaf spring member.

1. The device according to any one of claims 1 to 10, wherein the detector includes a mag-
netic sensor fixedly arranged with respect to the support, wherein the magnetic sensor is de-
signed to cooperate with a magnetic element which is fixed to the leaf spring member in such a
manner that the magnetic element follows a rotational motion of the first part effected because

of the changes of the form of the leaf spring member.

12.  The device according to any one of claims 1 to 11, further comprising a processing unit
for receiving an electric signal from the detector and for transforming the electric signal into a

fill level of the flexible medicine reservoir.
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13.  The device of claim 1 in which the leaf spring member is continuously in contact with
the floating bearing for all conditions of the flexible medicine reservoir from an empty condition

to a full condition.

14. The device according to any one of claims 1 to 13, wherein the detector includes a mag-
netic sensor fixedly arranged with respect to the support, wherein the magnetic sensor is de-
signed to cooperate with a magnetic element which is fixed to the leaf spring member in such a
manner that the magnetic element follows a rotational motion of the first part effected because

of the changes of the form of the leaf spring member.

15.  The device according to claim 14, wherein the floating bearing is a slide bearing, the
second section being connected to a guided section that can slide along a fixed portion that is

fixedly arranged relative to the support.

16.  The device according to claim 15, wherein the floating bearing is a slide bearing, the
second section being connected to a guided section that can slide along a fixed portion that is

fixedly arranged relative to the support.

17. A medical infusion device comprising a device according to any one of claims 1 to 16
and a medical pump, wherein the flexible medicine reservoir is designed to deliver medicine to

the medical pump and/or to receive medicine from the medical pump.

18.  The medical infusion device according to claim 17, wherein the medical pump is an in-
sulin pump, and wherein the flexible medicine reservoir is designed to store a medicine that in-

cludes insulin.

19. A device for measuring a fill level of a flexible medicine reservoir, comprising:

a support for supporting the flexible medicine reservoir; a leaf spring member having a
form,

wherein a first section of the leaf spring member is mounted to a fixed bearing, wherein
a second section of the leaf spring member is guided by a floating bearing, wherein the floating
bearing is a slide bearing, the second section being connected to a guided section that can slide
along a fixed portion that is fixedly arranged relative to the support,

wherein the leaf spring member is designed for contacting the flexible medicine reser-
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voir, changes in the fill level of the flexible medicine reservoir effecting changes of the form of
the leaf spring member, and;

a detector arranged for detecting the effected changes of the form of the leaf spring
member and for enabling measuring of the fill level of the flexible medicine reservoir, wherein
the detector is designed for detecting a rotational motion of the first section about the fixed bear-

ing.

20. A device for measuring a fill level of a flexible medicine reservoir, comprising:

a support for supporting the flexible medicine reservoir;

a leaf spring member having a form,

wherein a first section of the leaf spring member is mounted to a fixed bearing, wherein
a second section of the leaf spring member is guided by a floating bearing, wherein the leaf
spring member is designed for contacting the flexible medicine reservoir changes in the fill level
of the flexible medicine reservoir effecting changes of the form of the leaf spring member, and;

a detector arranged for detecting the effected changes of the form of the leaf spring
member and for enabling measuring of the fill level of the flexible medicine reservoir, wherein
the detector is designed for detecting a rotational motion of the first section about the fixed bear-

ing.

21.  The device according to claim 20, wherein the fixed bearing is a hinge bearing, the first
section being connected to one or more barrel sections that are rotationally mounted on a pivot

that is fixedly arranged with respect to the support.

22.  The device according to claim 20, wherein the detector includes a magnetic sensor fixed-
ly arranged with respect to the support, wherein the magnetic sensor is designed to cooperate
with a magnetic element which is fixed to the leaf spring member in such a manner that the
magnetic element follows a rotational motion of the first part effected because of the changes of

the form of the leaf spring member.
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