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Drive unit for a breast pump and breast pump

FIELD OF THE INVENTION
The present invention relates to a drive unit for a breast pump and to a breast

pump for expressing breast milk from a female breast.

BACKGROUND OF THE INVENTION

Noise- and vibration-reducing arrangements are known from various fields of
application, since most motor-driven devices will emit more or less noise and might vibrate
thus impeding use and handling of the devices.

US 2005/0168046 A1 discloses a method and an apparatus for damping
vibrations in a vehicle seat. Selected components of the seat are decoupled from the other
components by elastomeric elements and tuned to resonant frequencies to absorb noise and
vibrations. Each of the components can be tuned to the required resonant frequencies to
cooperate and act as a single mass damper. However, the proposed solution of US
2005/0168046 A1 needs components whose vibration frequency fits in the range of
frequencies to be eliminated. For many applications, there won’t be enough components or
their frequency won'’t fit to effectively eliminate noise and vibrations.

EP 2 196 229 A1 describes a motorised head for a breast pump comprising a
motor unit including a motor and a drive mechanism for driving a pump, a body mounting
portion which is fixedly mountable to a body of a breast pump, a motor mounting portion on
which the motor and drive mechanism are disposed, and a resiliently deformable member
connecting the body mounting portion and the motor mounting portion such that the
resiliently deformable member reduces the transfer of vibration caused by the motor or drive
mechanism to a breast pump body to which the body mounting portion is mounted.

EP 2 105 151 A1 refers to a suction pump comprising a ventilating valve
having a ventilating body which is operated in such a way that it releases only a partial region
of a ventilating opening when the valve is open and subsequently releases a larger region or
the whole ventilating opening. The ventilating body is a ventilating membrane having an
edge region. The ventilating membrane is connected to an anchor of a lifting magnet via a

connecting pin. The connecting pin is arranged over one corner of the ventilating opening.
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CN 203763554 U describes an electric breast pump with a housing and a
motor part. The housing has two parts being connected to each other by way of clips
comprising a resilient material to avoid transfer of vibrations.

US 2001/038799 A1 refers to a motorized pump that includes a flexible
diaphragm fitting within a rigid member, a motor drive mechanism for drawing a puller
member attached to the diaphragm away from the rigid member to create a space between the
diaphragm and the rigid member and form a negative pressure region within that space, and
an outlet communicating with the negative pressure region. A thermoplastic elastomere
molded into the housing is used for dampening.

US 2012/0116299 A1 describes a drive mechanism for generating a negative
pressure in a vacuum chamber of a breast pump, the drive mechanism comprising a housing,
a motor coupled to a rotatable drive element within the housing, a resilient membrane
coupled to the housing and, a flexible strap coupled between the drive element and the
resilient membrane. Rotation of the drive element causes the flexible strap to pull and
resiliently deform the resilient membrane to create the negative pressure in a vacuum

chamber of a breast pump.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a breast pump which is
effectively reduced in noise in the most bothersome frequency ranges, i.c. in high and mid
frequencies, by simple and cost-effective features which do not require additional
components or complex calculation models.

In a first aspect of the present invention a drive unit for a breast pump is
presented that comprises a housing, internal components arranged in the housing, and a
suspension, wherein the internal components are mechanically coupled to each other to form
a unit which is mechanically coupled to the housing by way of the suspension. The
suspension comprises at least one resilient element mechanically coupling the unit of
components to the housing. The resilient element is a spring, preferably a coil spring or a
plate spring.

In a second aspect of the present invention a breast pump is presented
comprising a drive unit and an expression kit for positioning on a user’s breast to express
breast milk therefrom.

Due to the dependency of the damping behavior of a device on the mass of the

components involved, an increase of the mass by combining the components will lead to a
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reduction in noise and vibrations in the discomforting high and mid-range frequency regions.
Springs like coil springs and plate springs are cheap and easy to fit parts which can be used in
nearly any configuration to obtain the result of optimized dampening and noise reduction.
The remaining frequencies are less disturbing and thus the use of the breast pump is more
comfortable for the user. The springs can also be used to backfit used devices to improve
their performance. As a consequence, the drive unit and thus the breast pump are more
comfortable for the user and the environment. Use of the breast pump can then be more
effective due to the comfortable handling and the relaxation of the user. The user will use the
breast pump more frequently and to a more effective result e.g. in terms of milk volume
expressed.

Preferred embodiments of the invention are defined in the dependent claims. It
shall be understood that the claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in the dependent claims.

Preferably, all internal components are mechanically coupled. Thus the
complete mass of the components can be used to reduce noise and vibration emissions.

The internal components may comprise at least a pressure unit, the pressure
unit comprising a pump and a motor for driving the pump, a control unit and a user interface.
The pressure unit may be arranged to generate a positive pressure or to generate a negative
pressure. The latter is also known as a vacuum unit. Any other component present in the
housing, like stabilizing elements, control elements etc. can be used to contribute to the
resulting mass and thus increase the effect of noise reduction.

The resilient element may further include a damping element or an elastomeric
element. The choice of the resilient element can be optimized according to the respective
application and conditions like the available space.

According to a preferred embodiment, the damping element is adjustable. This
can help further eliminating certain frequencies.

Preferably two or more resilient elements are provided, the resilient elements
being of the same or of different types. This provides the possibility to combine the damping
characteristics of different shapes and materials.

According to an advantageous embodiment of the invention, the two or more
resilient elements are arranged to stabilize the internal components in the housing. This
allows protecting the internal components from damage during handling by tilts, shocks and

drops.
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The elastomeric element preferably comprises silicone, polyurethane, natural
or synthetic rubber, an elastomeric injection molded polymer or a combination thereof. Such
materials are easy to process and allow designing the elastomeric elements according to the
demands.

Preferably the internal components are fixedly or removably arranged on a
base structure, the base structure being mechanically coupled to the housing by way of the
suspension. On the one hand, the base structure contributes to the total mass of the
components, thus increasing the effect of noise reduction, on the other hand the base structure
allows easy mounting during production since the components can be pre-assembled before
inserted into the housing.

Alternatively, the internal components can be fixedly or removably coupled to
cach other. This is a cost-effective possibility which also does not require additional parts.

In an advantageous embodiment of the breast pump the expression kit is
fixedly or removably connected to the pressure unit. This provides an easy and compact
assembly without additional components.

Preferably, the expression kit is fixedly or removably connected to the housing
of the drive unit by way of a resilient flange with the flange being connected to the pressure

unit. Thus a transfer of noise or vibrations to the expression kit can be avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiment(s) described hereinafter. In the following drawings

Fig. 1 shows a schematic view of a breast pump with a drive unit suitable for
implementation of the invention,

Fig. 2A shows a simplified schematic view of a drive unit of a breast pump
according to the state of the art, and

Fig. 2B shows a simplified schematic view of a drive unit of a breast pump

according to the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Fig. 1 shows a schematic view of a breast pump 1 which is suitable for
implementation of the inventive features. The breast pump 1 comprises an expression kit 2
with an expression kit housing 4. A funnel 3, a container 5 and a pipe 7 are connected to the

expression kit housing 4. The funnel 3 is shaped to be placed on a user's breast to express
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breast milk therefrom. The breast milk is collected in the container 5 which can be connected
to the expression kit housing 4 for example by screwing or by a bayonet fixing. A venting
valve 9 can be provided in the expression kit housing 4 for venting the components during
and after expression. The expression kit 2 is connected to a drive unit 20 via the pipe 7.

The drive unit 20 comprises a housing 21 which contains all internal
components 22 necessary for operation of the breast pump 1. The components 22 comprise at
least a pressure unit 6, a control unit 8 and a user interface 10. Other components might be
present but are not explicitly referred to. In the following, “components 22” refers to the
entity of components present in the housing 21.

The pressure unit 6 generally consists of a pump for generating a positive
pressure or negative pressure, also called vacuum, in the expression kit 2 and a motor for
driving the pump. The pressure unit 6 is connected to the housing 21 by way of a suspension
17 as will be described later in more detail. In the control unit 8 at least a processor 11 is
provided for controlling the operation of the pressure unit 6. Furthermore, the control unit 8
may comprise for example a storage 12 which can be used to store operational parameters
and measured values recorded in connection with the operation of the breast pump 1. The
user interface 10 may comprise for example a display 13, a speaker 14, a vibrational unit 15
and one or more actuation elements 16. The components of the user interface 10 can be used
to control the function and the operation of the breast pump 1 for example by way of
controlling the pressure via the power of the pump and to give feedback to the user of the
breast pump 1 for example by vibrational signals or by audio messages emitted by the
speaker 14. Likewise, on the display 13 information about the operational state of the breast
pump 1 or about the expressed milk volume in the container 5 can be displayed.

A general problem of such breast pumps 1 is the generation of noise and
vibration when in use. The emissions might be annoying for the user. The main source for the
emissions is the pressure unit 6 with the pump and the driving motor whose noise and
vibrations are transferred to the housing 21 via mechanical coupling of the components. The
emission is then transferred to the housing by way of structure-borne sound. High frequencies
normally will be filtered out by noise-reducing features as described later on with reference
to Fig. 2A. However, mid-range and low frequencies still pass to the housing 21 and will be
perceived by the user.

Turning now to Fig. 2A, a drive unit 20 for a breast pump 1 according to the
state of the art is briefly described. To eliminate noise and vibrations emitted by the pressure

unit 6, it is known to arrange the pressure unit 6 on a suspension 17 which decouples the
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noise-generating components from the housing 21. By way of this, the higher frequencies

above the so-called natural frequency will be filtered out. The natural frequency is defined by

wherein c is the stiffness of the suspension 17 and m is the mass of the suspended
components. While high frequencies above the natural frequency will be filtered out, all low
and mid-range frequencies will be passed to the housing 21.

In Fig. 2B an embodiment of the invention is shown in a similar illustration as
in Fig. 2A.

In contrast to the drive unit 20 according to the state of the art, the drive unit
20 in Fig. 2B is designed to eliminate not only high frequencies but also mid-range
frequencies of the noise-generating components. To achieve this, not only the pressure unit 6,
but also the control unit 8 and the user interface 10 and possible other components present in
the housing 21 are arranged on the suspension 17. By way of this, the total mass of the

decoupled components 22 is higher as in Fig. 2A. The natural frequency now is:

with ¢ being the stiffness of the suspension 17 and M being the mass of the suspended
components 22. Comparing the two formulas it is apparent that if M is larger than m, not
only high frequencies but also mid-range frequencies will be filtered out. Only low-frequency
noise will now be passed to the housing 21. Low frequency noise and vibrations normally are
not perceived as disturbing. Thus, the convenience of the user of the breast pump 1 can be
improved.

The suspension 17 can be designed in different ways to meet the demands of
respective application in the breast pump 1. Normally, the suspension 17 will comprise at
least one resilient element which connects the components 22 to the housing 21. The resilient
element can be a spring, for example a coil spring or a plate spring, a damping element, a
vibration absorber, or an elastomeric element. The damping element can be adjustable to tune
the frequencies which are eliminated from the frequency spectrum. If an elastomeric element

is used, the element may comprise materials like silicone, polyurethane, natural or synthetic
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rubber, an elastomeric injection molded polymer (TPE) or other applicable resilient
materials.

It is possible to suspend the components 22 on one resilient element only, but
it 18 also possible to use more than one resilient element for better reliability. In case that
more than one resilient element is used, all elements can be of the same type or of different
types. It is for example possible to combine a spring with a number of elastomeric elements.
Further combinations can provide springs with damping elements.

The internal components 22 can be either mounted fixedly or removably on a
base structure 23. The base structure 23 can be for example a flat element on which the
components 22 can be grouped together and fastened. The weight of the base structure 23 can
contribute to the total mass M. A fixed connection has the advantage that vibrations cannot
disintegrate the unit. On the other hand, a removable arrangement of the components 22 on
the base structure 23 allows easy change of components 22 which are out of function.

Besides, the internal components 22 can be fixedly or removably connected to
cach other. By way of this, the unit can be stabilized and is more resistant to the vibrations of
the pressure unit 6. If the components 22 are grouped and reliably fixed to each other, the
base structure 23 can be omitted and the components 22 suspended directly by the suspension
17. A coupling between the components 22 can be any suitable means like gluing, welding,
connecting by straps etc. Stabilizing elements can be present to avoid disintegration of the
unit during handling. Handling of the drive unit 20 will most probably include some tilting
and shaking, and an occasional drop of the breast pump 1 or its components could also occur.
Stabilizing elements can be for example further resilient elements which thus administrate a
double function of decoupling and stabilizing.

The expression kit 2 of the breast pump 1 is connected to the drive unit 20.
The connection can be permanent or removable. Due to the fact that the vibrations of the
pressure unit 6 can proceed to the expression kit 2 via the pipe 7, the expression kit 2 can be
connected to the housing 21 of the drive unit 20 by way of a resilient flange. The flange then
can be connected to the pressure unit 6, thus decoupling the expression kit 2 from the
vibrations and noise of the pressure unit 6. If the pipe 7 is resilient itself, the expression kit 2
can also be coupled directly to the pressure unit 6, as schematically shown in Fig. 2A and 2B.

The breast pump 1 can be operated by connection to an external power supply
system by way of an electrical line 24. Care should then be taken not to couple the internal
components 22 by way of the electrical line 24 to the housing 21. This could be prevented by
a duct in the housing 21. Alternatively, the breast pump 1 can be operated by batteries.
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While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.

In the claims, the word "comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

A computer program may be stored/distributed on a suitable medium, such as
an optical storage medium or a solid-state medium supplied together with or as part of other
hardware, but may also be distributed in other forms, such as via the Internet or other wired
or wireless telecommunication systems.

Any reference signs in the claims should not be construed as limiting the

scope.
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CLAIMS:

1. Drive unit (20) for a breast pump, comprising
- a housing (21),
- internal components (22) arranged in the housing (21), and
- a suspension (17), wherein the suspension (17) comprises at least one resilient
element mechanically coupling the unit of components (22) to the housing (21); and

wherein the internal components (22) are mechanically coupled to each other
to form a unit which is mechanically coupled to the housing (21) by way of the suspension
(17), and

wherein the resilient element is a spring, in particular a coil spring or a plate

spring.

2. Drive unit (20) according to claim 1, wherein all internal components (22) are

mechanically coupled.

3. Drive unit (20) according to claim 1, wherein the internal components (22)
comprise at least a pressure unit (6), the pressure unit (6) comprising a pump and a motor for

driving the pump, a control unit (8), a user interface (10).

4. Drive unit (20) according to claim 1, wherein the resilient element includes a

damping element or an elastomeric element.

5. Drive unit (20) according to claim 4, wherein the damping element is
adjustable.
6. Drive unit (20) according to one of claims 1 to 5, wherein two or more

resilient elements are provided, the resilient elements being of the same or of different types.

7. Drive unit (20) according to claim 6, wherein the two or more resilient

clements are arranged to stabilize the internal components (22) in the housing (21).
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8. Drive unit (20) according to claim 4, wherein the elastomeric element
comprises silicone, polyurethane, natural or synthetic rubber, an elastomeric injection molded

polymer or a combination thereof.

9. Drive unit (20) according to claim 1, wherein the internal components (22) are
fixedly or removably arranged on a base structure (23), the base structure (23) being

mechanically coupled to the housing (21) by way of the suspension (17).

10. Drive unit (20) according to claim 1, wherein the internal components (22) are

fixedly or removably coupled to each other.

11. Breast pump (1) comprising a drive unit (20) according to one of the preceding
claims, and an expression kit (2) for positioning on a user’s breast to express breast milk

therefrom.

12. Breast pump (1) according to claim 11, wherein the expression kit (2) is

fixedly or removably connected to the pressure unit (6).

13. Breast pump (1) according to claim 11, wherein the expression kit (2) is
fixedly or removably connected to the housing (21) of drive unit (20) by way of a resilient

flange with the flange being connected to the pressure unit (6).
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